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FOREWORD
 

Agricultural change at the southern edge of the Sahara Desert has
 

an important bearing on economic development throughout the Sahelian
 

states of West Africa. The northward spread of grain cultivation closer
 

and closer to the Sahara has increased fears of desertification, although
 

the ecological evidence is far from unanimous. In times of droughts
 

those cultivators who had moved north in earlier, wetter periods become
 

famine stricken refugees placing a great burden on national relief capa

cities. In a more positive vein, the Southern edge of the Sahara might
 

become a critical breeding zone in the cattle stratification strategy
 

that some consider a key to Sahelian development.
 

These and related issues are considered by Edward Eddy,III, in this
 

monograph on agricultural production alternatives in Niger's pastoral
 

zone. Eddy first provides detailed descriptions of several farming sys

tems in his research area. This information is especially valuable be

cause there are so few intensive farm management studies in such marginal,
 

dryland areas. Data on the predominant farming system are used to build
 

a linear programming model for predicting farmers' likely reactions to
 

government policies aimed at increasing cattle production and decreasing
 

grain production. The model is particularly rich in allowing for several
 

different traditional cult-. ation technologies and incorporating a mini

mum subsistence grain production constraint.
 

Eddy finds that labor scarcity and subsistence requirements will pro

bably limit the expansion of cattle production even in the face of policies
 

to change relative prices and improve cattle productivity. To supplement
 

these approaches, Eddy suggests institutional changes that would provide
 

secure tenure and damage protection for forage production. He also stresses
 

the desirability of increasing the productivity of goats as a means of im

-proving the welfare of the largest number of farmers, including many of
 

the poorest.
 

This monograph is part of a three-year study of West African live

stock economics undertaken by the Center for Research on Economic Develop

ment, University of Michigan, for the United States Agency for International
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Development under Contract AID/afr-c-1l69. The full study consisted of
 

four eighteen-month field studies, including Eddy's,two focusing on pro

duction and two on marketing, in addition to several investigations based
 

on the existing data and literature. The geographic area of focus in

volved the five member states of the Conseil de i'Entente, Ivory Coast,
 

Togo, Benin, Niger, and Upper Volta, but also included, in a more general
 

fashion, 	Mali and Nigeria. The following documents have been produced
 

as a result of this study:
 

K. Shapiro, ed., Livestock Production and Marketing in the Entente States
 
of West Africa: Summary Report. (This volume contains an overview
 
plus separate summaries of each monograph.)
 

A. Ergas, ed., Livestock Production and Marketing in the Entente States
 
of West Africa: Annotated Bibliography. (Included as part of the
 
summary report.)
 

MONOGRAPHS:
 

Delgado, C., Livestock versus Foodgrain Production in Southeast Upper
 
Volta: A Resource Allocation Analysis.
 

Staatz, J., The Economics of Cattle and Meat Marketing in Ivory Coast.
 

Eddy, E,, Labor and Land Use on Mixed Farms in the Pastoral Zone of Niger.
 

Herman, L., The Livestock and Meat Marketing System in Upper Volta: 
 An
 
Evaluation of Economic Efficiency.
 

WORKING PAPERS:
 

I. Ferguson, D., A Conceptual Framework for the Evaluation of Livestock
 
duction Development Projects and Programs in Sub-Saharan West
 
Africa.
 

2. Wardle, C., Promoting Cattle Fattening Amongst Peasants in Niger.
 

3. Swift, J., West African rastoral Production Systems.
 

4. 	Sleeper, J., An Economic Analysis of the Role of Ox-Plowing and Cattle-

Feeding in the Stratification of West African Livestock Prcduction.
 

DeBoer, A.J., The Short Run and Long Run Position of Australian Beef
 
Supplies and the Competitiveness of Australian Beef in Inter
national Trade.
 

6. Porter, R., The Uses of Economic Mcdels in Analysis of the Cattle Sector.
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These documents are available from the United States Agency for
 

International Development, Bureau for Africa, Office of Development
 

Resources (AFR/DR), New State Department Building, Washington, D.C.
 

Some may be available from the Center for Research on Economic-Develop

ment. The monographs and the summary report are also available in
 

French.
 

Ann Arbor, Michigan Kenneth Shapiro
 
July, 1979 Project Director
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CHAPTER 1
 

INTRODUCTION
 

Introductory Statement
 

This report is based on the results of a research project conducted
 

by the author among Haussa and Tuareg mixed farmers. The project covered
 

the area around one of the northernmost market towns in west central
 

Niger. The farm management survey which was the core of the research
 

produced detailed input-output data for forty-eight households over one
 

full calendar year from June 1976 to June 1977.
 

The project was one of four field studies conducted in West Africa
 

as part of the Entente Livestock Project of the University of Michigan's
 

Center for Research on Economic Development (CRED). The aim of the Entente
 

Livestock Project was to study livestock (primarily cattle) production and
 

marketing within the member states of the Conseil de l'Entente.
1
 

Accordingly, in addition to the survey on which this report is based,
 

marketing studies were carried out in Ivory Coast (Staatz, 1979) and
 

Upper Volta (Herman, 1979), and a production survey comparable to the one
 

discussed herein was conducted in southern Upper Volta (Delgado, 1979).
 

Several extensive literature reviews also were conducted by CRED senior
 

staff members in conjunction with the overall Project (Shapiro, 1977;
 

Ferguson, 1977). These four studies and the literature surveys were made
 

possible by a grant to the University of Michigan from the United States
 

Agency for International Development (USAID).
 

This research effort was a response to the concern on the part of the
 

international donor community that the Sahelian states of West Africa
2
 

1Ivory Coast, Upper Volta, Niger, Togo, and Benin, with Mali as 
an
 
Associate Member.
 

2Mauritania, Mali, Upper Volta, and Niger.
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have not been able to exploit their position of comparative advantage as
 

cattle producers and suppliers of meat to urban markets in the coastal
 

states. 
This concern was prompted by an extended period of drought in
 

West Africa which began in 1968. 
The drought had a particularly severe
 

impact on the inland Sahelian states, where in some areas rainfall in a
 

normal year is barely enough to support the level of agrialtural produc

tion required to meet subsistence needs. In addition to the failure of
 

the subsistence grain crops, the drought decimated the livestock population
 

of the Sahel. Estimates of the number of animals which died of starvation
 

during the drought suggest that the cattle population of the Sahelian
 

states was reduced by one-third.
 

On the other hand, rapid population and income growth in urban
 

centers alon' the West African coast have brought about an increase in the
 

demand for meat. However, trypanosomiasis is endemic in the high

rainfall areas of the coastal states, and the presence of the disease
 

precludes the possibility of large-scale cattle production. N'dama cattle
 

are resistant to the disease and are presently being produced in coastal
 

states, but these animals are quite small and have a low meat yield when
 

compared to their northern zebu counterparts. However, the zebu, which
 

is well adapted to the open grasslands of the Sahel, succumbs readily to
 

trypanosomiasis and cannot be raised successfully along the coast.
 

In response to this dilemma, a stratification strategy has been pro

posed. The zones of stratification would run from north to south across
 

West Africa. The following is a brief outline of this strategy and a
 

description of how the research projects described above fit into it.
 

The essence of the stratification stiategy in the northernmost zone,
 

which would include the area covered by the author's research project, is
 

to promote the specialization of the northern Sahel 
 as a breeding zone
 

for cattle. The animals would be born into nomadic herds held 
on the 

grasslands between the desert and the savannah to the south. Grain produc

tion would be discouraged in this northern breeding zone. 

I
 
An eco-climatic 
zone between the desert and the savannah as distinct
 

from the definition of Sahelian countries in the footnote to page 1.
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Immature animals bLrn in this zone would be moved to an intermediate
 

zone for growing-out at approximately two years of age. Growing-out
1
 
projects would involve grain producers in higher rainfall areas who do
 

not currently manage large herds of cattle, although they may collectively
 

own a substantial number of animals which they entrust to specialized
 

herders. The intention of the projects would be to encourage such grain
 

producnrs to manage larger herds of cattle consisting primarily of the
 

immatures evacuated from the breeding zone. They would hold the animals
 

for two to three years, feeding them agricultural by-products and
 

harvested grasses. Some of the proposed projects advocate the use of the
 

animals for traction and more systematic fertilization. The feasibility
 

of growing-out projects in southeastern Upper Volta has been investigated
 

by Delgado (Delgado, 1979).
 

Following the growing-out process, the mature animals or their meat
 

would be shipped to consumption centers along the coast. The marketing
 

process in the zone where growing-out projects have been proposed has
 

been investigated by Herman (Herman, 1979). The marketing process along
 

the coast was the subject of the study conducted by Staatz (Staatz, 1979).
 

The process of transporting the animals or their meat from the growing-out
 

zone to the coast has been treated by both Herman and Staatz.
 

The above outline is a generalization from a number of projects and
 

)grams which are under review by West African governments and inter

national donor agencies or which have been implemented recently. There
 

are many variations on this theme. One such variation is the subject of
 

the present report. As indicated above, this report concerns an area
 

located along the southern edge of the proposed northern breeding zone,
 

as defined in this chapter. Although advocates of the stratification
 

strategy would argue that grain production should be discouraged within
 

that zone, the area planted to grain in the southern portion of the zone
 

has in fact increased over the past thirty years. Some of the grain
 
producers living within the area also manage their own cattle on the type
 

of mixed farming operation envisioned by advocates of the stratification
 

1Above 600 mm/year.
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strategy for zones further south. This report examines the organization
 

of agricultural production within such mixed farming operations in the
 

northern (pastoral) zone and the role which such operations might play
 

in the development of cattle production in Niger. The structure of the
 

report and the nature of its conclusions are described in the following
 

section.
 

Overview
 

The remainder (-f Chapter 1 is an introduction to the research site,
 

including the history of the area, the environment, the infrastructure
 

in place at the time of the survey, and the agricultural production systems
 

within the area. This latter part of the introduction also includes
 

a description of the three major production systems covered by the sur

vey, denominated throughout this report as Haussa, Village Tuareg. and
 

Bush Tuareg.
 

Chapter 2 focuses on the methodology employed to conduct the survey.
 

Copies of the questionnaires and the main coding manual employed by the
 

research team are contained in Appendices I and II.
 

Chapters 3 through 7 cover the inputs to agricultural production.
 

The inputs measured by the survey include labor, land, water,
 

and livestock. Chapters 3 and 4 are devoted to labor input. Overall
 

labor patterns, including tasks not related to agricultural production, are
 

described in Chapter 3. A more detailed look at the labor input to
 

grain and livestock production is contained in Chapter 4. In these two
 

chapters, as throughout the entire report, the relevant characteristics of
 

the three production systems named above are compared and contrasted.
 

Chapter 5 is devoted to land use and includes descriptions of overall
 

land use within the survey area and the land input to agricultural produc

tion within the three systems studied. Chapter 6 contains a
 

description of rainfall distribution and other water sources. The survey
 

area had received an average of ten inches of rainfall per year over the
 

eight years preceding the survey. The low rainfall, combined with extensive
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intertemporal variations, suggests that water availability is 
a
 

critical determinant of the success of agricultural enterprises. Chapter
 

7 contains descriptions of the animal types produced and an overview
 

of the management practices applied to livestock enterprises.'
 

Following the descriptive aalysis of the agricultural inputs employed
 

by the three production systems, Chapter 8 examines the market for agri

cultural products. The results of the several marketing surveys conducted
 

as part of the overall research project are presented in this chapter.
 

The data from the marketing surveys also are Lsud to derive the prices
 

used in the production model of Chapter 11.
 

Chapters 9 and 10 focus on agricultural output and its disposal.
 

Chapter 9 concentrates on grain enterprises. A complementary treatment
 

of livestock enterprises is contained in Chapter 10. 
 The more intricate
 

problems involved in estimating the value of livestock output necessitates
 

the derivation of models which are presented in Chapter 10. 
 In addition
 

to 
the discussion of yields obtained by sample households, the patterns
 

of acquisition and disposal of grain, milk, and meat also are considered
 

in these two chapters.
 

Chapter 11 brings together the material presented in Chapters 3
 

through 10 to form a linear programming model of agricultural production
 

by Bush Tuareg households. Of the three systems studied, the Bush Tuareg
 

system was selected since it is probably the most representative of the
 

majority of mixed farm households in Niger's southern pastoral zone. In
 

addition, Bush Tuareg households on the average currently manage the
 

largest livestock herds. They also rely almost exclusively on their own
 

agricultural production as 
sources of food and income and on household
 

labor to meet the requirements of the households' agricultural enterprises.
 

The model is used to analyze the effects of changes in labor
 

availability, herd size, grain prices, and milk yields. 
Given the
 

validity of 
the model and certain additional behavioral assumptions, the
 

analysis suggests the production of cattle is limited to households of
 

above average size. Furthermore, even the cattle herds managed by the
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larger households are limited in size to no more than seven head. The
 

factors found to be limiting cattle production are: 1) the high level
 

of risk associated with that enterprise; 2) labor bottlenecks at the
 

beginning and end of the growing season; and 3) the relative profitability
 

of grain produrtion as compared to livestock production.
 

Chapter 12 contains a summary of these results and a discussion of
 

the policy conclusions which may be derived from them. In particular,
 

a system of protected forage cultivation is proposed as a means of
 

alleviating the constraints defined in Chapter 11. The feasibility of
 

other policy initiatives, such as marketing interventions and technological
 

innovations, also is considered.
 

Livestock in Niger
 

The livestock sector plays a significant role in Niger's economy. Recent
 

estimatis attribute up to 20 percent of Gross National Product to live

stock production an- related activities, and livestock production and
 

marketing activities enter the daily lives of over half of the country's
 

predominantly rural population. Livestock provide the primary means of
 

livelihood for Niger's nomads, who constitute approximately one-fourth of
 

the country's total population. For the sedentary agriculturalists who
 

comprise the bulk of the population, meat and milk products are an important
 

source of protein, and the animals themselves are a preferred means of
 

accumulating wealth. Recent national herd estimates indicate that, even
 

after the disastrous drought years of 1968 and 1973, the ratio of the
 

cattle population to the country's human population is one-to-one, and
 

there are more than two small ruminants per person in the country.I
 

1The presentation of such national statistics is left purposefully
 
vague. A thorough census of Niger's human population was to be conducted
 
in 1977, and-the results are not yet available to the author. Apart
 
from that census, however, most aggregate statistics (including national
 
income data) are tentative estimates at best. Thus, the above information
 
is presented as an indicator of the importance of the livestock sector
 
rather than a summary of national statistics, and estimates are derived
 
from a variety of official and unofficial sources which the author deems
 
to be the most reliable.
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The country of Niger can be broken down into three geographic regions
 
containing distinct livestock production systems. 
This breakdown is
 

illustrated in Figure 1.1.
 

The South: Agricultural Zone.-- The southern quarter of the country
 
is the agricultural zone, which may be defined as the area where rain-fed
 
cereal production is a reliable means of subsistence; this zone corresponds
 

to the area where growing-out projects have been proposed. 
During the fif
teen-year period from 1960 to 
1974, average annual rainfall in the agri
cultural 
zone ranged from 800 mm in the southern tip of the country to
 
350 mm at the northern limit of the zone.1 
 Vegetation is of the Sahelo-


Sudanese variety, and the natural landscape consists of flat lightly
forested savannah, broken only occasionally by low hills of lateritic rock.
 
The main food crops are millet, sorghum and cowpeas, and rice and vege
tables are produced where water availability permits. The predominant
 

cash crops are cotton and peanuts. Their production is concentrated in
 

the eastern portion of the zone, between Zinder and Maradi.
 

Livestock production in the agricultural zone coexists (sometimes
 
peacefully, other times not) with farming activities throughout the 
zone.
 
This coexistence is the characteristic of the agricultural zone which
 

distinguishes it from the two 
zones farther north. 
Most of the animals
 
raised in this zone and the zones farther north are cattle, sheep, and
 
goats. Camels, horses, and donkeys are also 
common and are used for
 

transport. Pig production is rare throughout Niger, since it is a pre
dominantly Muslim country. 
Because of their importance as a source of food
 
and income, this study will concentrate on cattle and goat production.
 

The livestock production system most 
frequently encountered in Niger's
 
agricultural zone 
is that involving peasant-owned cattle managed by herders
 

under contract. Farmers desiring milk, meat, 
or a form of investment not
 
subject to the vagaries of merchants or the civil servant class may buy
 
animals and confide them to specialized herders, usually Fulani. 
 The
 
terms of the contract with the herder vary widely, and disputes between
 
owners 
and herd managers are frequent. However, since the animals must
 
be kept away from the fields during the crop cycle, and since farmers and
 
their families apparently prefer to devote their efforts to crop production,
 

1Data from ASECNA, Service M~t~orologique. See Chapter 6.
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this form of livestock production is the most prevalent in the agricultural
 

zone. 
 Other systems include intensive fattening schemes (mainly limited
 

to the Niger River area), commercial herds (often large holdings owned by 
merchants or civil servants), and government ranches. 

The North: Desert Zone.--The northern half of Niger lies in the
 
midst of the Sahara Desert. 
 This entire area of over one-half million 

square kilometers receives less than 150 mm 
of rainfall annually. Due to
 

the low rainfall and the resulting poor pastures and scarcity of available
 

ground water supplies, permanent (year-round) livestock production is
 

impossible, except in isolated 
areas in the mountains north of Agadez and
 
Bilma. 
 Seasonal livestock production is mainly limited to goat and camel
 

raising, since these animals are able to browse vegetation on the trees.
 

Agricultural production is limited to dates in the oases and winter wheat,
 

corn, and vegetable production in the lowlands. 
Camel milk is the staple
 

food of the majority of the area's inhabitants.
 

The desert zone is sparsely populated. The bulk of the country's pop

ulation lives within the agricultural zone in the south. The rest of the
 
population is scattered about the pastoral zone, the transitional area
 

wedged between the desert and the viable agricultural zone. This is the
 

dotted area on Figure 1.1.
 

The Transition: Pastoral Zone.-- The pastoral 
zone is that area
 

where cattle and small ruminant production is possible in all seasons
 

of the year and where rain-fed grain production is precarious at best
 

(SEDES, 1973). This corresponds to the area proposed for the northern
 

breeding zone described above. During the fifteen years from 1960 to
 

1974, weather stations in the pastoral zone received an average annual
 

total rainfall varying from 350 mm 
along the southern edge of the zone
 

to 150 mm in northern areas. Climate and vegetation may be classified
 

as Sahelo-Saharan. Moving north from the agricultural zone, the lightly

forested steppes give way to uninterrupted rolling grasslands dotted by
 

low acacia trees. The pastures of the pastoral zone are deeply verdant
 

for a brief two-month period after the annual rains, but during 
the eight
 

to tmn-month dry season, the only healthy vegetation to be found is 
con
centrated in low-lying marshlands spread about the zone. With the
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exception of the small "forests" uf acacias which populate the occa

sional marshlands and lakes, the tree cover of the zone is dangerously
 

sparse and becoming sparser.
 

The distinctive feature of livestock producti.on in the pastoral zone
 

is the predominance of nomaic pastoralism and seasonal transhumance.
 

There is enough rain in the area to support grasses, but rarely enough
 

even on the southern fringe to support rain-fed agriculture. With little
 

interference from grain fields in most areas and adequate water supplies
 

for livestock throughout most of the year, the pastoral zone is well
 

suited for extensive livestock production. As indicated above, the
 

mixed farm enterprises which persist along the southern edge of this zone
 

are the subject of this report.
 

Introduction to the Research Site: The Natural Environment
 

The research site covered a 900-square kilometer area around the
 

market town of Kao in the Tchin-Tabaraden Arrondissement (Tahoua Depart

ment). The site location is indicated in Figure 1.1. Figure 1.2
 

is a detailed map of the area. The site lies in a region known tradi

tionally as the Azawak (cross-hatched portion of the pastoral zone indi

cated on Figure 1.1). This section will describe the distinctive natural
 

features of the research site, the Azawak, and the southwestern pastoral
 

zone. In so doing, it will delineate a geographical area to which the
 

research results may be directly applicable. The section begins by
 

discussing the climate, water, and soil resources of the research site.
 

Topography.-- Kao lies on the southern edge of Niger's pastoral
 

zone, between the 300 and 350 mm isohyets f average annual rainfall.1
 

As indicated in Figure 1.2, the village is surrounded by low laterite
 

hills which form the northern boundary of the Ader Mountains. Aside
 

from the hilly region to the west of the village a:,d one line of cliffs
 

IBased on the mean of observations from 1960 to 
1974. The actual
 
mean annual rainfall for Kao during this period was 323 mm. See
 
Chapter 6.
 

http:producti.on
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FIGURE 1.2
 

KAO AND THE SURVEY AREA
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immediately to the north, the survey area consists of flat, unbroken sub

desert oteppe, punctuated occasionally by forests clustered in the low

lying marshlands. A few of these marshlands may contain surface water
 

throughout the year, and the two forests to the north and west of the
 

village of Kao were large permanent lakes only a decade ago. However,
 

in all but the years of exceptionally high rainfall, the surface water
 

in the lowland forests evaporates within two months after the end of the
 

rains.
 

Rainfall.-- There is one rainy season during the year. Rainfall
 

patterns are highly variable over time and space, but in Kao the rains
 

usually start in June and terminate in September. It is enough to look
 

at the seventeen years for which rainfall data are available for Kao to
 

3ee the extent of variability: during the years from 1960 to 1976, rain

fall ranged from a high of 474 mm 
in 1966 to a low of 185 mm in 1973.
 

Furthermore, within the four-month rainy season, the timing and spatial
 

distribution of rainfall are very unpredictable. The problems posed by
 

these conditions are discussed further in Chapter 6.
 

Temperature.-- Representative temperatures for the southern pastoral
 

zone are 
given in Table 1.1 and Figure 1.3. The statistics presented
 

are derived from data for Tahoua, the regional capital 100 km southwest
 

of Kao. I Characteristics of rainfall and temperature break the year into
 
four seasons, each of which are described below along with the major acti

vities occurring in the survey area at that time.
 

Seasons of the Year.-- The hot dry season begins in late March and
 

lasts until the early rains in June. This is the time of year when the
 

1Although only a short distance apart, 
the climate regimes in the
 
two locations are quite different: Tahoua lies within the agricultural
 
zone and receives more rain than Kao. The rains begin earlier, thus
 
relief from the hot, dry season comes sooner. Also, in Tahoua and other
 
locations south of Kao, there is likely to be less daily fluctuation in
 
temperature during the cold season. 
Data for Tahoua were utilized since
 
Tahoua is 
the closest station to Kao for which such data are available.
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TABLE 1.1 

MEAN MINIMUM AND MAXIMUM TEMPERATURE (0 C)
BY MONTH : TAHOUA, NIGER, 1960-1976 a 

Month Maximum b Minimumb 

January 32.0 15.0 
February 35.0 17.9 
March 37.7 21.7 
April 40.9 25.8 
May 40.9 26.9 
June 38.7 25.7 
July 35.2 23.8 
August 33.2 23.0 
September 35.5 23.4 
October 38.1 23.1 
November 35.2 19.0 
December 32.8 16.3 

aSource: 
ASECNA, Service M~t~orologique.
 
bTo calculate these figures, daily temperatures (maximum and minimum)
 

were averaged over 
the month, then monthly means were taken over the 
seven
teen year period.
 



FIGURE 1.3 

MEAN MONTHLY MINIUM AND MAXIMUM TEMPERATURE: 
TAHOUA, NIGER, 1960-1976 
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water table is at its lowest Doint and what little green grass remains has
 

turned to straw. Animals may be forced to travel great distances in search
 

of available water and forage. It is also the time when farmers begin
 

clearing and preparing the lowland sorghum fields.
 

The rainy season usually begins in June and lasts through September.
 

This is the time of peak labor demand for grain production activities,
 

mainly consisting of planting and weeding. It is also the time when
 

nomadic Fulani herds pass through the survey area on their way to northern
 

pastures where they are unencumbered by grain production.
 

The hot wet season lasts from the end of the rains in late September
 

or October to the onset of the harmattan winds in late November. Although
 

the rains have stopped in the sarvey area, ground water is still abundant in
 

the low-lying marshlands, and pastures are still in excellent condition.
 

The grain harvest takes place during this season. It is also the time of
 

year when nomadic Fulani herds return to the survey area from the north
 

as northern lakes and pastures begin to dry up.
 

The cold season begins during the latter half of November and continues
 

into Mar h. It is marked by severe dust storms brought on by dry winds
 

blowing off the desert. These are the winds known as the harmattan. This
 

is the time of year when the daily temperature differentia1 is the greate.

(see Figure 1.3, above), and the air temperature drops by as much as 170 C
 

between the late afternoon and night. Temporary, lakes dry up, and
 

communities of nomads disperse as water for their herds grows scarce.
 

Tuareg semi-nomads move from their upland rainy season homes, from which
 

they can survey their fields, to camps in the lowland forests where the
 

trees offer protection from the driving sand. Other Tuareg camel nomads
 

move into the survey area from the north to wait out the dry season before
 

their return to the desert. At the same time, many young men from
 

families in the market towns migrate to urban areas in search of work
 

since their labor is no longer needed in i:he grain fields.
 

A final characteristic of the seasons of the year is the prevalence
 

of infectious human diseases in the hot wet and cold seasons. Stagnant
 

ground water provides excellent breeding conditions for malaria-bearing
 

mosquitoes during the hot-wet season, and attacks of malaria are a common
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problem at that time. The duststorms and cold nights of the cold season
 

facilitate the spread of tuberculosis and other respiratory diseases.
 

Applicability of Results to Similar Environments.-- The above des

criptions and the research results which follow can be generalized to areas
 

surrounding any of the market towns in a geographic area which may be
 

defined as Niger's southwestern pastoral zone, or the southern Azawak.
 

The southern Azawak comprises an area approximately 350 km long and 50 km
 

wide, the southern border of which runs directly eadt of the market town
 

of Abala (Filingug). Within this area, the social, cultural, and his

torical setting, as well as the natural environment, is similar tc that
 

of the research site.
 

Prior to the recent drought, this is the area whose animal markets
 

supplied most of the beef cattle destined for the consumers of both Niger's
 

and Nigeria's major urban centers. If it has not continued in that role in
 

more recent years, it certainly has the potential to resume it. It is
 

also an area which forms a fragile buffer between the desert and the
 

agricultural zone, an area whose natural endowments are sought after by
 

Haussa farmers and merchants, by Fulani cattle nomads and by Tuareg camel
 

nomads, as well as by the Tuareg mixed farmers who were the area's first
 

permanent occupants in recent history. Some of the characteristics of
 

these groups are described in the next two sections of this chapter.
 

Introduction to the Research Site: The People
 

The following section is an introduction to the historical and
 

cultvral setting within which the research was conducted. The section
 

presents background information for each of the major ethnic groups in
 

Niger's southern pastoral zone and the role of each group in the
 

development of the survey area. Three major ethnic groups are represented
 

iFrom the unpublished thesis of Dr. Haladou Sani, former Director
 
of the Tahoua Department Livestock Service. (Sani, n.d.)
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in the population of the survey area: Haussa, Tuareg, and Fulani. In
 

this context, ethnic affiliation is defined by the family's primary
 

language, that is, whether the family head's primary language is Haussa,
 
1
 

or Fulfulde.
Tamasheq, 


It is impossible to say with any certainty in what proportion the
 

three major ethnic groups are contained within the population of the
 

survey area, nor is it possible to state even what the total population
 

of the survey area is. The last population census conducted in the Tchin-


Tabaraden Arrondis.3ement was .he administrative census conducted for tax
 

purposes in late 1974 and eariy 1975. Since the census was cooducted in
 

order to determine each family's tax obligations, the information
 

collected is of dubious quality at the outset. Furthermore, since Tchin-


Tabaraden is within the "nomad zone," the inhabitants of the
 

Arrondissement are registered according to "nomad group" and "tribe," not
 

according to place or region of residence. This is inevitable, since
 

most of the Arrondissement's inhabitants actually are nomads, but it means
 

that it is impossible to derive an accurate population estimate for any
 

particular region within the Arrondissement. A thorough population census
 

currently is underway for the entirety of the Republic of Niger, using
 

information oerived from April 1975 aerial photographs and surveys to be
 

conducted in a selective sample of villages. However, the above techniques
 

are being applied only for the census in southern agricultural zones.
 

As of February 1977 the census of the northern "nomad" zone had not
 

begun nor had the census team decided upon an acceptable methodology
 

for a census of that area.
 

Thus, lacking an adequate sampling frame, this research team
 

conducted a preliminary census of Kao village and some of the surrounding
 

semi-permanent encampments. The remainder of this section draws on the
 

results of this census, the results of qualitative interviews conducted
 

among area residents and sample members, and the results of a special
 

1 In the Haussa language, the word "Haussa" refers to 
the language
 
itself, whereas "Haussawa" indicates the people whose primary language
 
is Haussa. Similarly, in the Tamasheq language, "Kel Tamasheq" rather
 
than "Tuareg" indicates the people whose primary language is Tamashe.
 
However, "Haussa" and "Tuareg" will be used in this report in reference
 
to Haussa speakers and Tamasheq speakers, respectively, since Haussa
 
and Tuareg are the terms in more common usage.
 



-18

family history questionnaire administered to sample members during the
 

survey in October and November 1976. The final sample of forty-eight
 

households, for which the survey team was able to collect detailed data
 

for one calendar year, represented the major ethnic groups in the
 

proportions indicated in Table 1.2. A detailed description of how the
 

sample was selected is given in Chapter 2.
 

TABLE 1.2
 

STRATIFICATION OF FINAL SURVEY SAMPLE BY ETHNIC GROUP
 

Group Number of Households
 

Tuareg 29
 

Haussa 
 16
 

Fulani 
 3
 

TOTAL 
 48
 

Tuareg: Historical Perspective.-- From qualitative interviewing and
 

secondary sources, it was determined that the Tuareg were the first group
 

to move 
into the survey area and the Azawak region in recent history and
 

that they still constitute the largest segment of the region's population.
 

Tuareg warriors (immazheren) of the Iwllimeden Confederation ruled over
 

the region in the pre-colonial era.
 

Practically all of the Tuareg living in the survey area are
 

descendants of the slave caste (Tamasheq: iklan; sing. akli). In the
 

precolonial feudal Tuareg society slaves were chiefly responsible for
 

agricultural work, herding animals, and household chores. 
Other social
 

classes were assigned the duties of managing herds, making war, providing
 

religious leadership, and working iron. However, the ancestors of most
 

of the modern Tuareg residents of the survey area were slaves only
 

nominally. In fact, they were iklan of the Tiggirmatt, a relatively
 

wealthy and independent group of freeholders who paid tribute to the Tuareg
 

nobles who "protected" them, but who owned and managed the productive
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resources from which they derived their livelihood. Twelve of the twenty

nine Tuareg households in the final sample belong in this category. 
For
 

convenience in distinguishing these households from other Tuareg households
 

in the sample, this group of households will subsequently be referred to
 

as the "Bush Tuareg" subsample.
 

In comparison to their counterparts in the countryside, the Tuareg
 

iklan living in the village of Kao and similar market towns in the
 

southern pastoral zone are of more diverse origins. Prior to the 1968

1973 drought, mist of them lived with Taureg noble families (immazheren),
 

working for them as herders. During this period, their patrons assured
 

their support, which included the payment of their taxes. However, many
 

members of the Tuareg aristocracy suffered substantial losses of animals
 

during the drought and were no longer capable of supporting any but their
 

immediate family. 
Deprived of their former means of subsistence, these
 

iklan moved to villages such as Kaowhere emergency food distribution and
 

relief efforts were being carried out. Their former patrons now collect
 

taxes 
from them, which they are still responsible for paying to government
 

officials. Thus, most of the Tuareg households in this category were
 

formerly nomads and now live in the recently established villages and
 

towns of the southern pastoral zone, where the population was predominantly
 

Haussa farmers and traders in pre-drought years. Most of them now work
 

for Haussa households as laborers or craftsmen. They gradually are
 

building their own herds, which at present consist of small ruminants.
 

Most of the remaining seventeen Tuareg households fit this description.
 

Again, for convenience in distinguishing these households from their Bush
 

Tuareg counterparts, these seventeen households will be referred 
to as the
 

"Village Tuareg" subsample.
 

With the exception of the Village Tuareg living in the market towns,
 

whose relative poverty constrains them to these villages, Tuareg households
 

in the survey area move two or three times a year. 
 This seasonal trans

humance usually takes place at the beginning of the rainy season and again
 

at the onset of the cold season. Other Tuareg groups in the Azawak region
 

move more frequently; these are 
the Tuareg nomads who specialize in
 

camel and cattle production and do not produce grain. These nomadic
 

households were not represented in the survey sample. Most of the Tuareg
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living in the survey area, however, are farmers whose fathers were among
 

the first to till the soil of the region. Other than the short periodic
 

transhumance required to pasture their herds, they rarely camp more 
than
 

20 km from their grain fields. They move at the beginning of the rainy
 

season to conical straw huts on high ground from wh:.ch they are able 
to
 

survey their fields. Then, after the harvest is in and stored in the
 

granaries, they set up their goatskin tents in the lowlands where they
 

are closer to water sources and where trees offer them protection from dust
 

storms. 
Later, during the dry season, they may erect a cubical structure
 

covered with thatch in place of their tents.
 

This is the calendar of activities which Bush Tuareg households
 

have followed in recent years. It has not always been thus. Over the
 

past thirty years, Haussa grain cultivators and Fulani cattle nomads
 

have moved into the survey area in large numbers. Both these groups
 

compete with the Tuaree mixed farmers for pasture and cropland. Before
 

such comDetition existed, the Tuareg mixed farmers (Bush Tuareg) of the
 

southern pastoral zone would broadcast some millet seed on the dunes at
 

the beginning of the rainy season, then move north with their animals to
 

participate in the Salt Cure. 
The Salt Cure was an annual reunion of
 

nomadic herders which took place in the mineral-rich pastures in the area
 

around In-Gall and Tegguida-in-Tessoum.
 

This practice left southern pastures in areas similar to the research
 

site unexploited during the rainy season so that these pastures could be
 

relied upon as dry season grazing reserves. However, in recent years,
 

competition for the lands of the southern pastoral zone has forced Tuareg
 

mixed farmers to abandon the long seasonal transhumance associated with
 

the Salt Cure. Currently, they prefer to remain within the survey area
 

during the rainy 
season to guard their grain fields against incursion by
 

animals and exploit the grasses which now would otherwise be cleared for
 

more grain fields or consumed by passing Fulani herds. A more detailed
 

discussion of these changes in land use patterns is presented in Chapter 5.
 

Tuareg: Background Information on Sample Households.-- The following
 

is derived from the family history questionnaires described above. The
 

information given pertains to the twenty-nine Tuareg households in the
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final sample. Information for Village and Bush Tuareg subsamples is
 

treated separately. The information presented concerns the origin, edu

cation, and travel eyperience of these sample households.
 

In the Bush Taureg subsample, all twelve household heads considered
 

themselves to have come from families that produced both grain and live

stock. Half of the household heads in this subsample declared that their
 

father had an alternative profession, either that of the religious scholar
 

or the blacksmith. Similarly, in the Village Tuareg subsample, twelve
 

of the seventeen household her ds declared that they came from "mixed
 

farm" (grain and livestock producing) families. The remainder felt that
 

they came from either livestock or crop producing families, and only one
 

mentioned that his father had an additional profession, that of the mara

bout, or Islamic religious scholar.
 

With only one exception, all of the members of the twelve households
 

in the Bush Tuareg subsample were born in the survey area. However, of
 

the seventeen households in the Village Tuareg subsample, only six heads
 

of household were born in the survey area, four had moved to Kao from the
 

northern Azawak prior to 1970, and seven moved to the village from the
 

northern Azawak between 1970 and 1975. Of the eleven families who had
 

recently moved to the survey area, five had come to the village in search
 

of medical care from the Dispensary or grain from the Government-operated
 

emergency food distribution center. The other six families claimed that
 

they had originally moved to the area in search of land available for
 

grain crops or pasture.
 

None of the children of the twelve families in the Bush Tuareg sub

sample were attending or had attended Government primary schools, and only
 

three families had children who regularly attended Koranic schools. Seven
 

of the seventeen families in the Village Tuareg subsample had children
 

enrolled in the Government primary school, and one additional family sent
 

its children only to Koranic schools. All children attending the Govern

ment primary schools attended the Koranic schools as well. None of the
 

sample members of any ethnic group had ever had any formal education above
 

the primary level.
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Of the twelve household heads in the Bush Tuareg subsample, only
 
four had travelled outside of the Tahoua Department and only one of those
 
four had been to a foreign country (Nigeria). Of the seventeen household
 
heads in the Village Tuareg subsample, only nine had been outside of the
 
Tahoua Department and only three had travelled outside of 
the Republic
 
of Niger (two to Nigeria, one to the Ivory Coast and Libya). 
 Members of
two of the twelve families in the Bush Tuareg subsample had worked abroad,
 
all of them in Libya. Only one additional member of this subsample de
clared an intention to leave to find work. 
Members of three of the seven
teen families in the Village Tuareg subsample had been or were presently
 
working in a foreign country, either in Nigeria, Libya, or the Ivory Coast.
 
Members of an additional three families declared that they intended to
 

leave to find work abroad.
 

Haussa: 
 Historical Perspective.-- Although for administrative pur
poses Haussa residents of the survey area are considered as residents of
 
the Azawak and are registered along with the "nomads", they are actually
 
sedentary cultivators or 
traders with stronger cultural ties to the Ader
 
region to the south. Of the three major 
ethnic groups living in the
 
survey area, the Haussa are in the minority and are amcng the most re-ent
 
arrivals to the area. 
 In the 1950s 
 and 1960s, as more rapid population
 
growth made land suitable for grain cultivation more scarce in the north
ern savannah zones, Haussa farmers from the Gobir (the area around Birni
 
N'Konni and Madaoua) moved north to find available land. This was a pro
pitious time for such a migration, since rainfall in the Sahel during
 
these two decades was abnormally high and the rule of the Tuareg warlords
 
over the area had been partially checked by the colonial administration.
 
The high rainfall made grain cultivation feasible in areas where grain
 
cultivation had never before been practiced extensively. The pacification
 
of the area made it safe for southerners to move into it. As the rains
 
dropped off in the late 1960s and farmers could no longer grow enough
 
millet to sustain themselves, the Haussa migrants either returned to 
the
 
south or turned increasingly towards trade with the nomads as 
a source
 

of livelihood.
 



-23-


Of the three groups present in the survey area, Haussa households
 

live in the most permanent settlements, consisting of square mudbrick
 

houses with mudbrick or mud plaster walls and conical thatch roofs.
 

One family's concession (Haussa: gida) usually is enclosed by awall of
 

mudbrick, interwoven straw, or millet stalks. The concession can be
 
1
 

quite extensive, containing one or several dwellings units. Small rumi

nants, cows in milk and their young, and animals used for transport
 

(horses and donkeys) usually are tied within the concession at night and
 

graze on the outskirts of the village during the day. Occasionally,
 

farmers also will build temporary dwellings alongside their fields to be
 

used during the main crop season.
 

Haussa: Background Information on Sample Households.-- Of the sixteen
 

Haussa household heads in the final sami'e, only two considered themselves
 

to be livestock producers as well as cultivators of the soil. All Haussa
 

heads of household considered their fathers to be cultivators, and five
 

of the sixteen declared that their fathers had a profession in addition
 

to agriculture (mason, blacksmith, butcher, market intermediary, magician).
2
 

Only twc household heads were born in the survey area. The remain

ing fourteen families moved to the survey area from the south during the
 

years from 1953 to 1968. When questioned, twelve of the fourteen immi

grant families claimed that they had moved to the survey area in search
 

of unoccupied arable land.
 

All of the families in the Haussa subsample who had school age child

ren (ten out of sixteen)sent their children to the Government primary

3
 

school in Kao as well as to Koranic schools. All of the heads of house

1The concession may contain several households, as they are defined
 
for the purposes of this survey: see Chapter 2.
 

2Commerce was not considered to be a separate profession.
 
3Small informal schools where children learn to read and write the
 

Koran in Arabic.
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holds in the Haussa subsample had at some point travelled outside the
 
Tahoua Department, and only three of the sixteen had not visited a foreign
 
country. 
Most of those who had travelled abroad had visited either the
 
Ivory Coast or Nigeria or both. Also, members of four of the sixteen
 
families in the Haussa subsample had worked or were presently working in
 
a foreign country. 
All but one of those who had lived and worked outside
 
of the Republic of Niger had been to Abidjan, the capitol of the Ivory
 
Coast. Young male members of an additional six families declared that
 
they intended to leave in the near future to find work abroad.
 

Fulani.-- It is difficult to draw any conclusions based on the limited
 
sample of three Fulani households contained within the final survey sample,
 
partizularly since none of the three households is typical of most Fulani
 
households living in or passing through the survey area. 
Most of the
 
Fulani households in the survey area live in the bush, move frequently,
 
and visit the village only to sell milk or 
to attend the weekly market.
 
The three Fulani families participating in the survey were village resi
dents. 
All three family heads had occupations in addition to agriculture
 
which were a major source of income, again unlike most of the Fulani fami
lies in the area. Accordingly, data from these three households will not
 
be given extensive consideration in this report. Although more typical
 
Fulani households were not represented in the base survey sample, much
 
information relevant to most of the Fulani households in the survey area
 
was collected by means of qualitative interviews with Fulani herders in
 
the area. Such information is presented where relevant throughout this
 

report.
 

Summary of Background Survey Results.-- Summarizing the results of
 
the background survey, it appears that Haussa sample members are recent
 
migrants to the survey area, that 
they consider themselves to be primar
ily grain producers, and that they are well-travelled and relatively
 
better educated. 
Tuareg sample members consider themselves to have come
 
from "mixed farm" (grain and livestock producing) families. The Tuareg
 
living in the bush have spent most of their lives in the survey area,
 
rarely travel outside of the area, and have little, if any, formal educa
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tion. The Tuareg living in the village are a more diverse group, some
 

of whom are recent migrants to the survey area. They have travelled
 

relatively more extensively than their bush counterparts, and their child

ren are relatively better educated.
 

Overview of Production Systems in the Southern Azawak
 

The following provides a general description of each of the major
 

agricultural production systems encountered in the southern Azawak (Niger's
 

southwestern pastoral zone). These production systems can be grouped into
 

three broad categories: nomadic pastoralism, mixed agriculture, and gov

ernment and commercial enterprises. The former two categories can be fur

ther subdivided into systems which are associated with a particular lang

uage group (Haussa, Tuareg, or Fulani) or cultural group (e.g., Bororo or
 

Farfarou Fulani). This classification scheme can be outlined as follows:
 

I. Nomadic Pastoralism
 

A. Tuareg
 

B. Fulani
 

1. Bororo
 

2. Farfarou
 

II. Mixed Agriculture
 

A. Haussa
 

B. Tuareg village-dwellers (Village Tuareg)
 

C. Tuareg semi-nomads (Bush Tuareg)
 

III. Government and Commercial Enterprises
 

A. Government Breeding Centers
 

B. Trader's/Exporter's Herds
 

Nomadic Pastoralism.-- As indicated above, this type of production
 

system is the one most frequently encountered throughout the pastoral
 

zone. The nomadic pastoralists specialize in livestock production, and
 

few, if any, till the soil. Instead, they rely on the markets along the
 

southern fringe of the pastoral zone for grain to supplement their diets,or
 

they tend animals for the region's farmers. In the latter case, they are
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partially compensated in grain for their services. 
The remainder of
 
their compensation may consist of money or gifts of cloth, tea, etc.
 

The pastoralists may not be present in areas such as 
the survey
 
area throughout the year. 
During the rainy season, they will move to
 
the north to avoid conflicts with farmers over crop damages, and during
 
the dry season, they will move south to more permanent water sources and
 
better dry season pastures. Variations on this pattern will be discussed
 
below, but generally, the pastoralists and their herds are in transit
 
through the southern pastoral zone at 
the beginning of the rainy 
season
 
and during the hot wet season which follows the end of the rains.
 

The pastoralists graze their animals on public grasslands or, 
during
 
the latter part of the year, on 
fields which have been abandoned by
 
ar'iers until the next crop cycle. 
Over the past two decades, several
 

factors have caused public rangeland to become increasingly scarce in the
 
survey region. 
To begin with, the hills which cover approximately one
half of the survey region (see Figure 1.2) have only sparse grass on them
 
for two or three months out of the year. 
 In addition, for the past twenty
 
years, Haussa farmers from the south have moved into the survey area and
 
occupied large tracts of the remaining ranc~eland in the valleys and plains
 
with sorghum and millet fields. 
 Also, since 1968, 
the region has experienced
 

lower than average rainfall I wich has severely affected the quality of
thie 
range, killing off many of the more nutritive perennial grass species.

Finally, over the past five years, the Niger Government has restricted
 
access to 
several thousand hectares of prime rangeland in the plains 
to
 
the east of Kao where the Government is building a cattle breeding ranch
 
(Centre de Multiplicat Jn: 
 see section on Government Enterprises, below).

During the survey year, the center still was not operational, and the only
 
apparent purpose it seived was to restrict access 
to formerly public range
land. 
 These three factors  the expansion of cultivation, the recent
 
drought, and the closing of formerly public rangeland - have combined with
 
the topography to 
limit the role of the nomadic pastoralist in an area
 
which twenty years ago was exclusively his own.
 

iMean annual rainfall in Kao over 
the period from 1960 to 
1967 was
375 mm, whereas the mean for the period from 1968 to 

mm, 

1976 was only 260
and rainfall during the survey year amounted to only 200 mm. 
See
 
Chapter 6.
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Nomadic Pastoralists: The Tuareg.-- As indicated in the above out

line, most of the nomadic pastoralists in the Azawak are either Tuareg
 

or Fulani, although a small number of Arabs will bring their herds of
 

camels south from the desert to pasture in the survey region for brief
 

periods. Tuareg society is rigidly structured, and only the privileged
 

classes practice nomadic pastoralism. To tend one's own herds, or
 

supervise those who tend them, while studying the Koran is considered to
 

be a prerogative of the aristocracy.
 

Tuareg pastoralists keep mostly camels, small ruminants, and some
 

cattle. Camels, cattle, and goats are kept for milk, and both sheep and
 

goats provide a regular supply of meat and a source of ready cash for the
 

markets. Camels also are used for personal transport, and donkeys trans

port household goods and haul water and grain.
 

Animal products provide shelter and sustenance. Goatskins are used
 

for a variety of items, including tents, waterbags, scabbards, wallets,
 

and decoration on saddles. Milk which is not consumed by the family or
 

the young animals in the herd is made into cheese and stored or sold on
 

the local market. Unlike the Fulani pastoralists, the Tuareg rarely sell
 

fresh milk.
 

Tuareg pastoralists spend most of the year in the Azawak north of
 

the survey region, moving south to the survey region and similar areas
 

during the cold season in December and January when forage is scarce in
 

more northern pastures. They remain in and around the survey region
 

throughout the dry season, pasturing their animals in the lowlands around
 

the more permanent watering points. At the end of the dry season, they
 

move north again to take advantage of the early grasses appearing in the
 

desert at the time of the first rains.
 

These Tuareg pastoralists were the first occupants of the survey
 

region in recent history. The Tuareg aristocracy still holds primary
 

rights to the lands of the Azawak and still exacts tribute from its in

habitants. Up to the time of the French invasion in the early
 

the Tuareg Iwllimeden Confederation, composed of immazheren nobles and
 

warlords, ruled the Azawak and pillaged the sedentary villages to the
 

south. Under the feudal system of land tenure which prevailed at that
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time, the Tuareg immazheren apportioned the Azawak among themselves, each
 
warlord controlling grazing and water rights in his allotted portion.
 
However, the French colonial wars and the influx of Haussa farmers and
 
Fulani cattle nomads into the pastoral zone brought about the demise of
 

this land management system.
 

Nomadic Pastoralists: 
 Bororo Fulani.-- The Fulani pastoralists who
 
currently live in or pass through the survey area are associated with
 
two major groups of Fulfulde-speakers: 
 the Bororo and the Farfarou. Both
 
are groups of livestock producers specializing in cattle production, the
 
Bororo being the most famous subsistence cattle herders of West Africa.
 

Most Bororo cattle herds consist of only one breed, which is commonly
 
known as the Bororo. These animals are tall zebu longhcrnkL which are
 
known for their ability to walk great distances and are thus well adapted
 

to prolonged transhumance. Herd size typically ranges between twenty and
 

fifty head of cattle.
1
 

The Bororo also keep camels for personal transport, dorkeys for the
 
transport of household goods and hauling water, and a breed of long
legged, short-haired sheep, which also bears their name. 
 Sheep are kept
 
as a source of meat and ready cash, but they are never milked. Cow's
 

milk apparently is preferred.
 

The Bororo live off the milk of their cattle, trading excess milk
 
for grain to supplement their diets. 
Unlike the Tuareg, who make cheese
 
from the excess milk and then sell the cheese on the market, Bororo women
 
exchange the milk directly for grain, usually in a 2:1 ratio 
 (two volumes
 
of milk for one similar volume of grain). The women deliver the milk to
 

their clients each morning.
 

IDefined as 
the size of the herd under the care of one herder and
 
his immediate family. 
This is the size of a management unit, which is
 
not necessarily commensurate with animal ownership. 
Not all of the ani
mals found with one herder belong to him, and the family may own other
 
herds or animals which are kept elsewhere. The range cited is based on
 
the size of herds encountered by the research team and is not the result
 
of any systematic survey. However, the figures cited have been checked
 
against similar estimated by Niger Government authorities and other know
ledgeable sources.
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Since the Bororo specialize in cattle production and since cattle
 

have the most limited set of grazing options (cattle cannot browse trees
 

and thornbush as can camels and goats, and they require more water than
 

sheep or donkeys), the Bororo are constantly on the move. Durin., the
 

rainy season they break camp twice a week to search for unexploited
 

rangeland. In the dry season they move somewhat less, staying around
 

base camps in the lowlands near permanent water sources. Several such
 

dry season base camps are located in the survey area.
 

Nomadic Pastoralists: Farfarou Fulani.-- The other major group of
 

Fulani pastoralists encountered in the survey area is the Farfarou, who
 

are less mobile and live farther south than the nomadic Bororo. The
 

Farfarou Fulani who bring their herds through the survey area in the
 

rainy season spend the rest of the year in the agricultural zone in
 

villages adjacent to those of Haussa farmer/traders. In addition to
 

managing their own herds, Farfarou Fulani are often engaged as cattle
 

herders for the Haussa. The Farfarou take the farmers' animals north
 

during the growing season to evacuate the animals from cultivated areas
 

and to allow the animals to graze on the open g.asslands of the northern
 

Azawak. The rest of the family remains in the south, where they culti

vate grain crops. The Farfarou herders leave the survey area to return
 

to their southern villages when harvests in the agricultural zone are
 

completed in October and November.
 

Mixed Agriculture: Crops Produced.-- The crops produced in the
 

survey area are millet, sorghum, cowpeas, spices, and vegetables. The
 

main crop cycle coincides with the rainy season: fields ar2 planted just
 

before and during the early rains in June and July, several weedings are
 

done in July and August, and the harvest begins at the end of the rainy
 

season in late September and runs to mid-November. The major staples
 

(millet and sorghum), cowpeas, and some spices are produced at this time.
 

A secondary cycle runs from the end of the grain harvest tc March.
 

This is the time of winter gardening when vegetables (mainly tomatoes
 

and onions) and spices are produced in small plots bordering the lowland
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marshes and forests. Some irrigation is provided as the water table
 

declines. Vegetables begin to 
ripen in January and continue to appear
 
on the local market until the end of March. Gardening is heavily depen
dent on the availability of surface water and is not possible in all
 
years. 
This was the case during the survey year, when marshes in the
 

survey area were dry by December.
 

Although mos'; 
of the area planted by sample members during the 
sur
vey year was under millet, millet only accounted for about 10 percent
 

of total grain production (millet and sorghum combined). The fifty-three
 

households for which data are available for the entire primary crop cycle
 

produced 42.4 metric tons of grain, of which only 4.5 tons were millet.1
 

Most of the remainder (37.8 tons) was sorghum.2
 

Millet is sown on upland fields along the sides of dunes. The seeds
 

are sparsely planted, with 1.0 to 
1.5 meters between pockets and between
 
rows. 
 It is a totally rain-fed crop, and fields planted under millet
 

will yield practically nothing when annual rainfall drops below 300 mm.,
 

as it has in the survey area since 1968. However, Haussa farmers have
 
a distinct preference for millet over 
sorghum, and they continue to plant
 

millet in the hope 
that the highly variable rainfall will permit some
 

harvest. Cowpeas and spices are intercropped with the millet on upland
 

fields, but these crops make an insignificant contribution to total prod

tion.
 

1The results presented in the rest of 
this section are based on pre
liminary calculations from a larger sample than that for which data 
are
 
available for the full calendar year; since certain production statistics
 
were available for the households in 
this larger sample, they are presented

here for comparative purposes as an introduction to the production systems

covered by the survey. However, the descriptive analysis in most of the
 
rest of the report will be limited to those forty-eight households for which
 
data are available for the full calendar year. 
 The larger sample will hence
forth be referred to as the preliminary sample to distinguish it from the
 
final sample of forty-eight households.
 

2One household in this sample accountej for 38 percenL of

total grain production by sample members. 
This household produced 16.25
 
tons of sorghum.
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Sorghum is grown along lowland water courses which carry rainwater
 

from the surrounding hills into marshland. Sorghum cultivation is re

stricted to such water courses; thus sorghum fields may provide food in
 

years when rainfall is insufficient to sustain a strictly rainfed crop.
 

In this sense, sorghum cultivation is a hedge against risk. However,
 

land suitable for sorghum production is less abundant than land suitable
 

for millet production. Sorghum is more densely planted than millet
 

is intensively cropped, and labor requirements per hectare are much higher
 

than those for millet. Among sample members, sorghum yields ran as high
 

as 2.3 metric tons/ha.
 

Total farm size (total area planted by one household, including all
 

plots) for the crop cycle covered by the survey year ranged from 0.3 to
 

49.6 hectares, split among one to four plots. The overall mean area
 

planted for the fifty-three households was 5.35 ha, and the mean plot
 

size was 2.0 ha. Since rainfall is so variable and highly localized,
 

plots are spread out around the region as a hedge against risk.
 

The next four subsections contain summary descriptions of the produc

tion systems covered by t'.- survey. Much of the material presented there

in was introduced in the previous section. The two subsections following
 

these summary descriptions use the data derived from the preliminary
 

sample to analyze the major differences between the four mixed farming
 

systems described below.
 

Mixed Agriculture: Bush Tuareg.-- The survey defined three major
 

categories of mixed farmers: Haussa farmer/traders (Haussa subsample),
 

former nomads now living in market towns and working as craftsmen or wage
 

laborers (Village Tuareg subsample), and independent Tuaregs living in
 

the bush (Bush Tuareg subsample). Of these three, the only true subsis

tence farmers - those who derive their livelihood from their herds and
 

their fields - are the latter, the Bush Tuareg. Of the three groups,
 

they were also the first occupants of the land in the survey area. As
 

indicated in the previous section, they are descendants of members of an
 

independent slave class (the iklan of the Tiggirmatt) who were granted
 

the rights to cultivate the plains to the west of Kao by the Tuareg
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warlords who controlled that area. 
Unlike some other classes, they
 
managed directly the productive resources allocated to them by the war

lords.
 

Mixed Agriculture: Haussa.-- Of the three major groups covered by
 
the survey, the Haussa farmers were the next most recent occupants of
 
the land around Kao. The first Haussa families moved into the area
 
around 1946, and the bulk of the Haussa population arrived during the
 
next two decades,when rainfall in the area was high enough to encourage
 
grain cultivation and land pressure in the south was forcing peasants
 
with unproductive fields to seek new land beyond the previous limits of
 
cultivation in the north. Haussa households moving into the survey area
 
acquired possessory interests in arable land by arrangement with the
 
Tuareg aristocracy, who retained some control over 
 and use, although
 
their control has vastly diminished in revcnc years. 
 From 1968 to the
 
present, when rainfall dropped off sharply below the levels which could
 
reliably sustain millet cultivation, those Haussa who were not established
 
traders left the area, and those who remained came to rely increasingly
 
on the income which they derived from their trading activities.
 

Mixed Agriculture: Village Tuareg.-- The third major category of
 
mixed farmers comprises the most recent arrivals to 
the survey region,
 
most of whom moved to the village of Kao during the recent drought. They
 
are members of the region's rural proletariat. Prior to the drought,
 
most were attached to households of Tuareg nobles or religious leaders,
 
working for them as 
herders or household servants. When the recent drought
 
diminished Tuareg herds, the Tuareg artistocracy could no longer feed
 
their labor force, and the laborers were forced to 
move to emergency food
 
distribution centers, such as Kao. 
Many stayed on in Kao and similar mar
ket towns 
to work as wage laborers for the Haussa while supplementing
 
their income with small ling operations and the sale of crafts. Cur
rently, half of the inhau 
 ts of Kao village fall within this category,
 

the other half being Hauls,. armer/traders.
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Mixed Agricultural: Fulani.-- The preliminary sample of fifty-three
 

households included four Fulani households, none of which was representa

tive of a major production system. Heads of household wel e either retired
 

civil servants, local dignitaries, or herders who kept animals'belonging
 

to the Haussa households.
 

Mixed Agriculture: Grain Production.-- Table 1.3 gives summary
 

statistics on grain enterprises for the entire sample and each of the
 

four categories of production systems described above. Bush Tuareg
 

households appeared to be the most sucessful grain producers during the
 

survey year. This is largely because most of their fields lay in the
 

lowlands and were seeded with sorghum, which gave a much higher per hec

tare yield during the survey year. Haussa households kept most of their
 

farmland under millet, thus yields and total grain production per house

hold were nearly half of that of the Bush Tuareg. Furthermore, Haussa
 

households derived a significant proportion of their income from trade
 

and thus did not devote as much of their resources to agriculture as did
 

the Bush Tuareg.
 

Members of the other major category (Village Tuareg households) were
 

relatively new to grain production and did not appear to be particularly
 

adept at it. Part of the reason why total grain production by Village
 

Tuareg households was so low was that these households were only able to
 

obtain land which was marginal or sub-marginal for grain production. They
 

usually cultivate fields loaned to them by Haussa farmers. These are the
 

fields which the Haussa find least productive and do not wish to culti

vate themselves. Since the Village Tuareg were not able to farm produc

tive land and since most of them were not skilled or experienced farmers,
 

they devoted more of their time to wage labor, trade, and crafts.
 

Mixed Agriculture: Livestock Production.-- Since animal ownership
 

is such a sensitive issue, it was difficult to obtain complete informa

tion on the herds owned by sample members. Sample members may own several
 

herds, some of which are kept far from the survey region for discretion
 

and to avoid the risk of having all livestock holdings wiped out in a
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TABLE 1.3
 

PLANTED AREA AND PRODUCTION OF GRAIN: KAO, NIGER, 1 976a
 

Mean Area Mean Total Mean Yield
 
Planted Grain Productign (Total Grain)


Per Household Per Household 
 (Total Area)
 
(ha) (kg) 
 (kg/ha)
 

Entire Sample 4.31 498 
 ill
 
(n=51) (2.90) 
 (621) (116)
 

Haussa 
 5.94 567 113
 
(n=15) (3.68) (516) 
 ( 78)
 

Village Tuareg 2.69 
 167 59
 
(n=17) (1.43) (140) 
 ( 47) 

Bush Tuareg 4.66 924 
 195
 
(n=15) (2.40) 
 (833) (160)
 

Fulani 
 3.82 
 41 13
 
(n=4) (3.20) (44) (16)
 

aStandard deviations are given in parentheses. This table includes
 
all households for which data are available for the entire primary crop

cycle, with the exception of two outlying observations: the household
 
of the Haussa village chief (ma~gari), which planted 49.62 ha and
 
harvested a total of 815 kg 
 of grain, and the household of a Tuareg

camp chief, which planted 13.90 ha and harvested a total of 16,250 kg

of grain.
 

blncludes millet and sorghum production.
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localized epidemic. Descretion is required since animals are a form of
 

savings. Owners are hesitant to display or discuss their wealth in
 

animals since a man known to be wealthy is subjected to constant demands
 

for gifts and assistance. Also, livestock owners keep their animals in
 

different locations to avoid the risk of having all livestock holdings
 

wiped out in a localized epidemic. Since total animal holdings may be
 

dispersed about the region and households are not anxious to make known
 

their holdings, most of the livestock production data collected by the
 

research team relates to immediate management units, which includes those
 

animals which are managed by household members themselves or which are
 

confided to herders in the immediate area (e.g., within the survey region).
 

A preliminary livestock census conducted in October of the survey
 

year indicated that the fifty-three households in the sample at that
 

time held a total of 147 cattle, 94 sheep, 263 goats, 22 camels, 8 horses,
 

and 42 donkeys in such immediate management units. The four Fulani house

holds accounted for sixty-five percent of total cattle holdings, and six

teen families in the Bush Tuareg subsample held 60 percent of
 

the total goat herd and half of the total camel and donkey herds. Sixty
 

percent of the sheep herd was claimed by the sixteen Haussa families.
 

Most Village Tuareg families held no animals, with only four of the seven

teen families in that category claiming to own any animals at all. Animal
 

holdings are well distributed among the Bush Tuareg, but not among the
 

Haussa. Three Haussa families claimed three-fourths of the cattle and
 

goats, half of the sheep, and 60 percent of the total number of donkeys
 

held by all Haussa families in the sample. This brief overview will be
 

expanded upon in the chapters which follow, as discussed below. Some of
 

the results of this preliminary census had to be modified by subsequent
 

findings.
 

Government and Commercial Enterprises.-- This is the final category
 

in this classification scheme of the survey region's production systems.
 

The first system within this category is the Niger Government Multipli

cation Center, or breeding ranch at Ib~s~ten. This operation is discus

sed here, as well as in the section on government programs below, since
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it has such a tremendous influence on regional production systems. 
This
 
is primarily because the ranch lies on 80,000 ha (800 sq km) of prime
 
rangeland, part of which lies in the eastern half of the survey region,
 
which has been fenced off and restricted to the use of government-owned
 
herds. 
 The Center has been under construction for several years and
 
currently is being completed with aid from the European Development Fund.
 
The purpose of the Center is to selectively breed local animals for dis
tribution to herdsmen, to 
produce steers to be fattened by farmers to
 
the south, and to run local extension programs. Two deep wells equipped
 
with pumping stations are contained within the Center, and a number of
 
other infrastructure projects, including housing for Center personnel,
 
holding pens, and electrical lighting are underway. 
 The Center is not
 
expected to begin distributing animals for several. years. 
During the
 
survey year, brush fire destroyed several thousand hectares of grassland
 

around one of the pumping stations.
 

The final type of production system in this category is that which
 
is linked with the livestock trade. This involves cattle and small
 
ruminants which are purchased by animal merchants in primary collection
 
markets such as Kao, then confided to hired herdsmen, who either trek
 
the animals to southern markets or hold them on the pastures of the sur
vey region until an advantageous market situation is found. 
 Such herds
 
are often encountered in the region between Kao and Tahoua.
 

Introduction to the Research Site: 
Infrastructure
 

Transportation.-- The research team's base in Kao village lay twenty km
 
to the north of the partially improved dirt road which links Tahoua and
 
Agadez. The Tahoua-Agadez road is a major artery which, along with the
 
Zinder-Agadez road, links Agadez with the south, carrying truck traffic
 
across the Sahara Desert. The road is due to be paved over the next few
 
years so 
that:it can carry the trucks evacuating uranium ore from the
 
mines around Arlit. 
Paving of the road is to be financed by the uranium
 

mining companies.
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Kao, the center of the survey area, is linked to this truck road by
 

an improved laterite road completed in 1975. The improved road continues
 

for 10 km to the north of Kao in the direction of Tchin-Tabaraden, the
 

government administrative center for the northern Tahoua Department,

which is 60 km north of Kao. The remainder of the road between Kao and
 

Tchin-Tabaraden is a sand track which continues north past Tchin-Tabaraden
 

to Tassara and the Azawak valley. The only other vehicle road linking
 

Kao to the south is the former main road, which passes through Barmou and
 

continues south to Tahoua. This road is not currently maintained and is
 

often not passible by motorized vehicles. The roads mentioned here are
 

indicated in Figure 1.2.
 

Commercial transportation to the survey Prea from Tahoua and the
 

south normally is available only on trucks travelling to the weekly Kao
 

market (Tuesday) and the weekly market in Tchin-Tabaraden, held every
 

Sunday. Throughout most of the survey period, the round-trip fare between
 

Kao and Tahoua for passengers or 100 kg of baggage was 1,000 f CFA.1
 

Most travellers coming from points north of the survey area travelled
 

by camel or donkey or on foot.
 

Schools.-- One government primary school operates within the survey
 

area. The school is located in Kao village and was founded in 1944 as
 

a school for the children of nomad families (Ecole Nomade). It was the
 

first government school to be founded in the Azawak region. It currently
 

is staffed by one teacher and two assistants, who offer instruction up
 

to the BEPC (elementary school certificate) level. Students are drawn
 

from the surrounding nomad camps as weJl as from Kao village. Most Tuareg
 

nomads now willingly send their children to such schools, although they
 

resisted recruitment in the past. However, there are still few children
 

of Fulani families at the Kao school, despite the significant number of
 

Fulani settlements in the area. Classes a taught in French.
 

1See note on monetary units at end of Chapter 2.
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Students who complete the BEPC at the Kao Nomad school and pass an
 
examination administered by a panel of elementary school teachers may go
 
on to 
further studies at the secondary school (Centre d'Enseignement
 

General) in Tahoua. As indicated above, none of the members of the sample
 
households had attended or were attending secondary school at the time
 

of the survey.
 

The imezzewen, a socio-professional caste of Tuareg religious
 

scholars, also offer instruction in small, privately organized Koranic
 
schools. Each scholar usually teaches less than ten pupils at a time.
 
Classes are given in Arabic, and the curriculum consists of the Koran
 
and other books of Islamic law. It is impossible to say how many such
 
"schools" are operating within the survey area.
 

Markets.-- Kao is 
one of a group of weekly markets spread along the
 
southern edge of the pastoral zone which serve the nomadic and semi
nomadic herders of the pastoral zone and act as primary collection points
 
(points of first sale in the marketing chain) for animal merchants buying
 
animals for resale in the south. 
 During the survey year, Kao, Taza, and
 
Abalak were the largest and most active markets serving the eastern Azawak
 
region. As many as 1,000 animals were presented for sale at each weekly
 
market in Kao. This group of markets used to operate 30 to 50 km 
 farther
 
south in towns such as 
Barmou and Chadawanka. In the post-drought years
 
after 1973, animal merchants working in the Azawak region began to 
move
 
farther north to buy their animals in the hope of beating the rapid in
creases 
in the price of live animals by moving closer to. the prodicers'
 
homeland. Thus, in the post-drought years, Kao and Abalak replaced Barmou
 
and Chadawanka as the major primary collection markets of the eastern
 

Azawak corridor.
 

The Kao market, which serves the survey region and beyond, takes
 
place each Tuesday. It provides livestock producers with a place to sell
 
their animals and, with their cash earnings, to buy cloth, tea, sugar,
 
dates, grain, salt blocks, and various i ported or domestically produced
 
items brought to Kao by merchants from the south. In addition to the
 
large weekly market in Kao, several small shopkeepers keep their stores
 



-39

in the village open during the rest of the week to sell items such as
 

perfume, cloth, tea, batteries, and soap to villagers and occasional
 

travellers. The role and operation of the Kao market will be discussed
 

further in Chapter 8.
 

Government Structure.-- In terms of Government administrative dis

tricts, Kao and the survey area lie within the Tchin-Tabaraden Arrondis

sement, which is the northern portion of the Tahoua Department. Thus,
 

Kao is within the jurisdiction of the Sous-Pr~fct of Tchin-Tabaraden and
 

the Pr~fet of Tahoua, and government services are administered from Tchin-


Tabaraden and/or Tahoua, the former being 60 km to the north and the
 

latter 100 km to the southwest.
 

Government business in Kao village is transacted through the Haussa
 

chief of the village and the chief of the marketplace. The village chief
 

represents the government in daily affairs, such as settling marital
 

disputes and damage suits brought against herders whose animals have
 

trespassed onto grain fields. The chief of the marketplace, who is also
 

the head of the local Samaria youth group (see below), is responsible for
 

commercial affairs and special events. Throughout most of the survey
 

year, the chief of the marketplace was also the representative of the
 

national grain marketing agnecy (OPVN: see below).
 

The village chief is charged with the collection of the head tax
 

(Imp6t Minimum Fiscal). The chief of the marketplace collects business
 

taxes, which include the licenses (patentes) required of local merchants,
 

merchants who trade on the weekly Kao market, and intermediaries (dillali).
 

He also is responsible for the collection of a tax levied on livestock
 

presented for sale at the Kao animal market.
 

1The head tax in the area during the survey year was 835 f CFA per
 
adult family member per year. The head tax varies among regions and be
tween years. The tax during the survey year was lower than the 1975 tax.
 
The Government claims that it is lowering the tax due to the increase in
 
revenues derived from the uranium industry. Tie tax normally is collected
 
toward the end of the year after the grain harvest.
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As explained above, residents of the pastoral zone are organized
 

into Nomad Groups (Groupements Nomades) and each Group is sub-divided
 

into Tribes (Tribus), for administrative purposes. A Chief is appointed
 

for each Group and Tribe. The Chief is responsible for tax collection.
 

The Haussa residents of Kao village make up one such Tribe. 
 In the case
 

fo the Tuareg, the administrative structure generally follows the caste
 

system, with leadership of the Group going to the most influential family
 

of the aristocracy (immazheren).
 

Government Services.-- Aside from the Kao Nomad School, the only
 

government services which maintain representatives permanently stationed
 

in the Kao area are the Health Service (Service de la SantG) and the
 

Water and Forestry Service (Service des Equx et For~ts). The Health
 

Service has operated a Dispensary in Kao since 1951. The Dispensary is
 

staffed by a paramedic (Infirmier) and a watchman. The primary function
 

of the Dispensary is to distribute imported pharmaceuticals, and the
 

paramedic is equipped to administer only the most basic medical care.
 

Emergency cases must be evacuated to 
the Tahoua Hospital, where a German
 

medical mission maintains more sophisticated equipment. Such evacuations
 

are risky. They must be done by Land Rover or 
truck, and vehicles are
 

scarce other than on market days. The research project's Land Rover was
 

the only vehicle permanently operating within the survey area during the
 

survey year, and the research team was often called upon to assist with
 

emergency medical evacuations.
 

The 'later and Forestry Service stations a Forest Guard on the out

skirts of Kao to protect the trees in the Kao and Eghad6 marshlands. A
 

permit is required to cut down live trees for the construction of dwell

ings or to clear a plot of land. Such permits are usually 1,000 to 2,000
 

f CFA, and the fine for cutting trees without a permit may be 4,000 f CFA
 

or more. It 
is the job of the Forest Guard to issue and enforce such
 

permits.
 

- In addition to the above, the Public Works Departmeat (Service des
 

Travaux Public.) has maintained a works camp in Kao for the past few years.
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Some equipment is stored there, and housing is provided for the laborers
 

who maintain the improved laterite road which connects Kao to the Tahoua-


Agadez trucks road.
 

Other government services periodically send representatives to Kao
 

and the survey area. A market inspector (Controleur des March~s) from
 

the Livestock Service office in Tchin-Tabaraden visits the weekly markets
 

in Kao to inspect animals to be slaughtered for meat. Once a year,
 

usually in January, a Livestock Service vaccination team spends four days
 

in Kao vaccinating animals against contagious diseases.
 

During the growing season for cereals, two Nomad Guards (Gardes
 

Nomades) are stationed in Kao to enforce judgments against herders whose
 

animals have damaged grain crops. A detachment of Police from Tchin-


Tabaraden also come to Kao once a week to patrol the weekly markets.
 

Extension Service (Service de l'Animation) agents from Tchin-


Tabaraden occasionally visit Kao to conduct special programs. An adult
 

literacy program (alphab~tisation) has trained a graduate of the Kao
 

Nomad School, who now conducts reading courses in the village.
 

The Niger Government actively supports local youth groups, known as
 

the Samaria. Such groups have a wide range of activities, including
 

communal agriculture, public works, dance competitions, and receiving
 

visitors. The Samaria of Kao is the only one within the survey area.
 

The national grain marketing agency, the Office des Produits Vivriers
 

du Niger (OPVN), maintains a warehouse and representative in Kao. Grain
 

from the warehouse is used for free distribution programs or sold at Gov

ernment-controlled prices which are ussally well below the prevailing
 

market price. At the beginning of the survey, OPVN grain was transported
 

to the Kao warehouse by light (2-5 ton) four-wheel drive trucks. During
 

the course of the survey, however, Kao became a major OPVN distribution
 

center for the eastern Azawak region and began receiving larger allotments
 

of grain transported by large capacity (35 ton) tractor-trailers.
 

1The market day is 
the only day of the week on which such inspections
 

are done, even though animals are slaughtered daily.
 



CHAPTER 2
 

RESEARCH METHODOLOGY
 

The chapter contains a discussion of how the survey on which this
 
report is based was organized and executed. 
It includes the reasons
 
underlying the choice of the research site and the selection of the popula
tions to be covered by the survey. 
The process of sample selection is
 
covered in some detail to 
enable readers to evaluate the reliability of
 
the data presented in subsequent chapters. A disr-,sion of some of the
 
problems encountered by the principal investigator is presented as a
 

guideline for future research.
 

The second section discusses the methodology employed to collect the
 
various types of data required for the analysis. Once again, problems
 
and suggestions are presented as 
guidelines for future research. 
The
 
final section of the chapter outlines how the raw survey data was processed
 
and analyzed. 
Further details on analytical methodology are presented
 
where appropriate in later chapters so that the reader is able to 
under
stand at each step how the data have been aggregated and summary
 

statistics computed.
 

The Administration of the Survey
 

Scope of 
the Survey.-- The objective of the research, as originally
 
defined, 
was to examine the trade-offs between crop and livestock enter
prises on mixed farms in the northern Sahel. 
Given these objectives, the
 
principal investigator focused on 
the frontier bLtween crop-producing regions
 
to the south (the agricultural zone) and the northern regions specializing in
 
extensive livestock production on open rangeland (the pastoral zone). 
 The
 
research site lies along such a frontier, at the northern edge of 
the
 
ecological zone known as the Sahel and the southern edge of the pastoral
 

zone as defined in Chapter 1.
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Institutional Arrangements and Government Clearance.--The principal
 

investigator first contacted Niger Government officials concerning this
 

survey in November 1975. At that time, the principal investigator was
 

a consultant to USAID's Regional Economic Development Services Office
 

(REDSO) in Abidjan and was in Niger to participate in a design mission for
 

a proposed livestock project. With the assistance of the Regional
 

Development Officer and staff of the USAID Area Development Office (ADO)
 

in Niamey, the principal investigator submitted a research proposal to
 

the Niger Government's Ministry of Foreign Affairs and Ministry of Rural
 

Development. Official clearance was granted in February 1976, and the
 

principal investigator was 
assigned to the Institut National de Recherches
 

Agronomiques de Niger: (INRAN).
 

The principal .., tigator then submitted a more detailed proposal
 

defining the subject. goals, and methodology of the research to the
 

Director of INRAN, and in March 1976, the principal investigator received
 

Orders of Mission to investigate potential research sites in the Tahoua
 

Department. This region was selected after consultation with livestock
 

production specialists, veterinarians, and agronomists at INRAN and the
 

Niger Livestock Service, as explained below.
 

Site Selection.--Out of Niger's six Departments, the Tahoua Department
 

in general and the Azawak in particular appealed to the research team
 

for the following reasons:
 

--At least prior to the drought of 1973, the Azawak was
 

Nigeria's main source of supply of live animals for slaughter
 

(Sahi, n.d. ). 

--The north-south animal marketing channels from the Azawak to
 

Nigeria are unaffected by the important intermediate meat markets
 

in Niamey and Maradi and thus are more likely to be representative
 

of marketing channels from the Sahel to the coast.
 

The economy of the Azawak is not so heavily intertwined with
 

the Nigerian economy as is the economy of Niger's eastern pastoral zone
 

zone (the area north of the Tanout-Diffa axis: see Figure 1.2).
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--A Departmental administrative center (Tahoua) exists close
 

to the southern edge of the pastoral zone, providing a potential
 

supporv' base for a research team working in that area.
 

-- Th: agency sponsoring the research (USAID) had tentatively 

selected portions of the eastern Azawak for inclusion in a proposed
 

major livestock development project.
 

Thus, in March and April 1976, the principal investigator spent
 

several weeks visitin- p~ucential research sites throughout the Tahoua
 

Department. Given that the objective of the survey was to study
 

mixed farming (crop and livestock) production systems, the
 

principal investigator concluded that the most desirable region within
 

the Tahoua Department would be the southern Aza.. k. Within that region,
 

Kao finally was selected as the research team's base. The reasons for
 

this choice were: 

--Kao lies along the northernmost limit of extensive cereal
 

cultivation. It is thus representative of an east-west chain
 

of villages in the northern Sahel where grain production co

exists with semi-nomadic livestock production.
 

--Kao is one of the farthest points north along the north

south animal marketing chain which connects livestock-producing
 

regions to the West African coast. The weekly animal market
 

held there is an important point of first sale for export animnals.
 

--An agrostological survey of the pastoral zone in Niger,
 

conducted by experts of the Institut d'Elev~age et de M~decine
 

Vgt6rinaire des Pays Tropicaux (IEMVT), evaluated the forage 

resources of the Kao region as "good". Numerous grass species 

in the area have a high nutritive value and are of good auality 

(Rippstein et al., 1972, p. 35). Thus, the Kao area ,.,as deemed 

to have a high potential for livestock production. 

A number of practical considerations also dictated the choice of 

Kao as a research base. These were: 

--Kao is linked to the Departmental administrative center 

(Tahoua) by a road which can be traversed by four-wheel drive 

vehicles in all seasons. Since the research team was equipped 

with a Land-Rover, this meant that in an emergency, team members 
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could be evacuated to the hospital in Tahoua within two hours,
 

except after heavy rains.
 

--Community leaders and area residents were extremely receptive
 

to the idea of the survey. The research team received excellent
 

cooperation from the outset and throughout the course of the survey.
 

The principal investigator then was required to submit another
 

proposal justifying the site selection to the Director of INRAN. Approval
 

of the site selection was granted, and on May 8, 1976, the research team
 

was authorized by the Minister of Rural Development to travel to the
 

Tahoua Department, make contact with regional authorities, and begin the
 

survey. Six months had elapsed between the time initial contacts were
 

made with the Government of Niger and the time that the research team
 

received the final authorization required to begin the survey.
 

While in the field, the research team was responsible to the Pr~fet
 

(regional governor) of the Tahoua Department and the Sous-Pr~fet of the
 

Tchin-Tabaraden Arrondissement. Quarterly reports were issued to these
 

two officials as well as to the Directors of all of the government
 

agencies operating within the Tahoua Department. The research team was
 

extremely fortunate in obtaining the close cooperation and support of the
 

Pr~fet in Tahoua and the Sous-Pr~fet in Tchin-Tabaraden. Furthermore,
 

several agency directors took an active interest in the survey, visiting
 

the research site from time to time and making themselves available to
 

the principal investigator for consultation and advice.
 

Recruitment and Training of the Research Team. -- To attract candidates
 

interested in working as enumerators, an announcement was broadcast by
 

INRAN on the Niger national radio. Fifty-five candidates responded.
 

After a series of written and oral examinations, four of the candidates
 

were selected to work for a trial period of one month. Several training
 

-sessions then were held in Niamey and i.i Tahoua to introduce the four
 

finalists to the objectives and meth. ology of the survey and the basic
 

questionnaires which they would use. This research team moved to Kao
 

in mid-May 1976.
 

At the end of the trial month, two of the four enumerators hired in
 

Niamey were selected to continue working on the survey. A third enumerator
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was selected from the surrounding region. Due to the latter's fluency
 
in Tamasheq and his ability to work well with the nomads, he was placed in
 
charge of data collection for the Bush Tuareg subsample. It is worth
 
noting that considerable difficulty was encountered in finding someone
 
with a knowledge of Tamasheq or Fulfulde who had sufficient formal
 
education and the proper temperament to handle the work of an enumerator.
 
The research team was particularly fortunate in obtaining the services of
 

this man.
 

Based on the performance of the three enumerators who remained with
 
the survey, a primary school certificate and some previous salaried work
 
experience are the minimum qualifications which should be required of an
 
enumerator. 
All three enumerators had these qualifications, and the two
 
who were recruited in Niamey had training beyond the primary school level,
 
although neither of them had completed a secondary school program. 
One
 
enumerator had had several years of experience as 
an extension agent wich
 
the Agriculture Service, and another had worked with both the Agriculture
 
Service and OPVN (the national grain marketing agency).
 

Following the selection of the sample described below, the first
 
three weeks of regular interviewing were used as an additional on-the-job
 
training period. 
Data from this period were discarded. This training
 
period was terminated at the end of June, and regular data collection began
 
in Kao village on June 20 and in the nomad 
 camps on June 27, 1976.
 

In addition to the three regular enumerators, a translator fluent in
 
French, Tamasheq, Arabic, and Haussa lived with his family in the com
pound of the principal investigator. The translator had had previous
 
experience working with Lina Brock, a Columbia University anthropologist
 
who conducted a survey among nomads living in the valleys to the south of
 
Tahoua. 
Two young men from Kao village who had completed primary school also
 
were hired on a part-time basis to work as interpreters and file clerks.
 
These three staff members provided the principal investigator with
 
invaluable background information on 
the area and its inhabitants.
 

The head of the animal market intermediaries (Sarkin Dillali) at the
 
Kao market was hired to assist with the animal market survey. He also
 
provided the principal investigator with information on the structure of
 
the animal markets and the conditions prevailing in nearby markets, which he
 

visited weekly.
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Preliminary Census and Sample Selection.-- As indicated in Chapter 1,
 

tax rolls derived from the 1975 administrative census did not provide an
 

adequate sampling frame. Since the census was conducted for tax purposes,
 

the reliability of responses was widely acknowledged to be dubious. Also,
 

the census was organized by "tribe" (tribu) and "group" (groupement), not
 

by locality. Members of a given group were spread throughout the Tchin-


Tabaraden Arrondissement, and each region, such as the area around Kao,
 

contained members of several different groups. Thus, it was necessary to
 

conduct a census of the village and surrounding nomad camps in order to
 

derive a sampling frame from which a random sample of area residents could
 

be chosen.
 

Before undertaking the census, several meetings were held with village
 

leaders, and a general meeting was convened at the weekly market to explain
 

the objectives of the research to area residents. The explanation was
 

translated into Haussa, Tamasheq, and Fulfulde, the three major local
 

languages.
 

At the same time, smaller meetings were held with village elders and
 

local dignitaries. Since most area residents had never previously
 

participated in anything similar to an intensive farm management survey,
 

there was some confusion about the goals of the survey at the outset,
 

despite explanations offered at the public and private meetings. Since
 

Kao had been a major emergency food distribution center during the recent
 

drought, many area residents initially expected the survey to be linked
 

to a program of free distribution of food or animals. Thus, for several
 

days prior to the initial census-taking, nomads lined up at the researcher's
 

home to be registered for whatever was to come. This impression eventually
 

was corrected by several of the community leaders who worked with the
 

principal investigator in setting up the survey. However, most area resi

dents continued to be well disposed towards the survey even after it was
 

made clear to them that participants would not benefit directly from it.
 

Part of the reason why the research team received exemplary coopera

tion from area residents was that throughout the census (and the qurvey),
 

respondents were assured that all information provided would be held in
 

the strictest confidence. Such assurances were tested on several occasions
 

when local authorities requested census data and were politely denied
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access to 
it. Local authorities were extremely cooperative and understand
ing at such times. The principal investigator is grateful that government
 
officials had the foresight to allow the research team to work in an
 

atmosphere of trust and confidence.
 

Following the meetings at which the objectives of the research were
 
outlined, vill-ge elders informed residents of the village that the
 
research team would be conducting a census of the village. Village resi
dents were requested to remain at home during the census until visited by
 
a member of the research team. 
To ensure that all of the households in
 
the village were registered, village leaders or 
their delegates accompanied
 
the research team. Two hundred and twenty-two households were registered
 

during the census.
 

Following the village census, the project staff began a census of
 
the Fulani and Tuareg nomad camps surrounding the village. During the
 
census, camp chiefs and traditional leaders accompanied the project staff
 
to introduce them into the camps. Since there may be as many 
as 100 nomad
 
camps around Kao, it 
was not possible for the research team to extend the
 
census to all of them. Therefore, during the remaining two weeks devoted
 
to 
the preliminary census, census-taking trips were made to as many
 
different camps in as many different locations as possible. Twenty of the
 

camps in the Kao region were covered by the census.
 

For each housebold registered during the preliminary census, informa
tion was collected on the animals owned, location of grazing grounds, crops
 
cultivated, location of fields, last year's harvest (in bundles), household
 
size, and languages spoken. 
For the purposes of the survey, a "household"
 
was defined as a group of people who eat out of the same pot. 
 In the case
 
of the populations covered by the survey, this definition conveniently
 
delineates a management unit within which all members usually work on the
 
same fields and tend the same animals. The household as defined by the
 
survey does not coincide with the faussa gida, or compound, which may
 
include several household nianagemeit units. 
 In the case of the Tuareg,
 
however, the household usually lives within its own dwelling unit
 
consisting of a goatskin tent or conical shaped house of woven straw.
 

Unlike Haussa villages to the south of the survey area, Kao was a
 
recently settled village composed of recent migrants to the pastoral zone.
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At the time when most households had moved to Kao, land suitable for rain

fed grain production was relatively abundant. Each household was able to
 

obtain several plots within a few kilometers of the village. The relative
 

abundance of cropland and the lack of a rigid social structure within the
 

village resulted in an absence of the communal farming systems present in
 

the south. In contrast to southern areas, where some plots are managed
 

communally by several households, all of the plots managed by sample house

holds in the survey area were managed by only one household. Thus, the
 

household as defined above was found to be a convenient definition of a
 

management unit. The same applied to the management of grain and live

stock enterprises in the nomad camps.
 

In early June, following the partial census of the nomdl camps, Kao
 

village residents were convened at a meeting during which forty households
 

were selected at random from among the 222 families registered during the
 

village census. The selection was accomplished by asking village leaders
 

to draw the names of household heads from a drum containing slips of
 

paper on which the names of all 222 household heads were written. These
 

forty households subsequently were invited to participate in the survey,
 

as were the householes of four local dignitaries. The dignitaries were
 

invited out of courtesy and to solicit their support for the survey. Only
 

two of the forty-four households (two local dignitaries) declined the
 

invitation. Substitutions had to be made for two more households which
 

had left the survey area since the time of the village census.
 

Three weeks later, once the survey was well established in the village,
 

coding lists and questionnaires had been pre-tested, and the enumerators
 

had had additional on-the-job training, a meeting was arranged with the
 

residents of three Tuareg camps located five kilometers to the west of Kao.
 

During the meeting, twenty households were selected at random from among
 

the thirty-seven households which had been registered as residents of the
 

three camps during the census. The same technique was employed for the
 

selection: camp chiefs drew names from a drum. The twenty households
 

selected by the drawing and one additional household of a camp chief were
 

invited by the principal investigator to participate in the survey. All
 

households accepted.
1
 

IThe enumerator responsible for this sample moved out to the camps
 
the next day to begin regular data collection.
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The principal investigator originally had envisioned the addition
 
of another twenty families to the sample from another set of Tuareg or
 

Fulani camps. However, the research 
team lacked an additional enumerator
 
who had both the language skills and the formal education required to be
 
able to work as an enumerator in the camps. 
 Thus, the initial sample
 

was limited to sixty-five households.
 

Of the sixty-five households originally selected for participation
 
in the survey, fifteen left the survey 
area during the course of the
 

survey and had to be dropped from the sample. Nine of the fifteen were
 
Bush Tuareg households (residents of the nomad camps) who moved to other
 
regions in search of better pasture for their animals. The remaining six
 

were village households in which the head of the household moved 
to
 
southern urban centers in search of work and the rest of the family moved
 

south to stay with relatives while awaiting his return. 
This suggests
 
that future research projects in similar areas should plan on an annual
 
rate of attrition of at least 25 percent when selecting the sample size.
 

Pre-Testing of Questionnaires.-- As mentioned above, the three weeks
 

which followed the selection of the village sample were set aside for the
 
pre-testing of questionnaires and code lists and additional enumerator
 

training. During this time, 
the baseline questionnaires employed for the
 
twice-weekly interviews were tested and modified. 
The code list designed
 

for these questionnaires also was drawn up. However, a number of codes
 
were left unassigned, and the coding system was designed 
to be flexible
 

enough so that codes could be added as 
necessary during the course of the
 

survey. This was 
found to be essential.
 

Other questionnaires designed to supplement the baseline questionnaire
 

were tested just prior to administration. 
Usually, the test consisted of
 
administering the questionnaire to 
a head of household with whom the
 
principal investigator was on particularly good terms. 
 The reaction of
 
the household head to the questionnaire was studied, and at the end of
 
the interview, the respondent sometimes was asked if he found the
 

questionnaire to be unduly long or bothersome. 
Almost all questionnaires
 

underwent revision 
after this testing process. Some questionnaires -
including those dealing with livestock ownership 
-- were dropped entirely.
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MaintainingCooperation among Sample Members.-- This was the most
 

sensitive and probably the most essential part of the work performed by the
 

principal investigator and the research team. It also was the most time

consuming. The factor which contributed most to the success of the research
 

team in this regard was that the entire research team, including the
 

principal investigator and his wife, lived at the research site throughout
 

the course of the survey. This not only made them accessible to sample
 

members and area residents; it also provided the principal investigator
 

with a wealth of background information on which to base his analysis.
 

Many sample members took advantage of the presence of the principal
 

investigator to drop by his compound to share their thoughts with him over
 

tea, a meal, a kola nut, or whatever was being served at the time. Sample
 

members were encouraged to do so, and much information was gleaned from
 

these informal conversations. The extension of hospitality to visitors
 

was an established custom in the survey area and a responsibility for the
 

area's wealthier residents. The principal investigator and the research
 

team went to great efforts to return the hospitality offered to them and
 

to be accessible to visitors at all times. The team felt that refusing
 

access to visitors could result in the withdrawal of participation by
 

sample members. Unfortunately, however, some area residents abused the
 

team's hospitality, and lines had to be drawn. The principal investigator
 

found that the most frustrating aspect of life at the research site was
 

learning when and how to draw such lines.
 

The principal investigator and the research team also participated
 

as often as possible in social events such as the celebration of baptisms,
 

marriages, the first wearing of the turban, and dance festivals organized
 

by the local youth group (Samaria). Participation in such occasions was
 

taken by area residents to be an expression of genuine interest in the
 

community. Also, the principal investigator organized several festivals of
 

-his own during the course of the survey. One such festival which was
 

particulary appreciated by area residents came just before the beginning
 

of the grain harvests when food supplies were low. The festivals boosted
 

morale among sample households and increased the interest of area
 

residents in the survey.
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Supervision of Data Collection.-- The other major task which the
 
principal investigator faced was supervising and maintaining the morale
 
of the research team. 
During the first three months at the research site,
 
the principal investigator held daily meetings with his main translator,
 
the three enumerators, and the two clerks. 
 At these meetings, regular
 

interviewing schedules were established and checked, supplementary
 

questionnaires were designed, the reaction of sample members to the survey
 
was evaluated, and qualitative information was compiled.
 

Following these first three months, weekly meetings of the research
 
team and the principal investigator were held on the day following the
 
weekly market. 
At the weekly meetings, the principal investigator checked
 
to see that all scheduled interviews had been completed, that the question
naires had been properly coded, and that the market survey sheets contained
 
all the required information. Once the questionnaires and survey sheets
 
were checked and logged, the clerks filed them in preparation for keypunch
ing. As the questionnaires were filed, the research team and the principal
 
investigator discussed trends in the market and recent events which had
 
occurred among sample households. Once again, these discussions provided
 

valuable sources of background information.
 

Logistical Problems Associated with Work in Niger's Pastoral Zone.--

In selecting a research site within the pastoral zone, the research team
 
took upon itself certain inconveniences which they might not have faced in
 
areas farther south. The primary inconvenience was the lack of support
 
facilities at the research site. 
 All research supplies, including gas and
 
other supplies required for the project vehicle, had to 
come from Tahoua,
 
a two to three-hour drive from the research team's base in Kao. 
 Even in
 
Tahoua, stocks of practically everything required for the project were
 
minimal and often non-existent. For example, gas sLations in Tahoua ran
 
out of gas every few weeks. During the rainy season, the supply was even
 
more irregular as the roads became impassable for large trucks. This
 
forced the principal investigator to maintain a stock of at least fifty
 
gallons of gasoline at the research site so 
that the research team could
 

be evacuated in the event of an emergency.
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Maintaining regular correspondence with the outside world also was
 

difficult since Kao had no post office and no long-distance communications
 

facilities. The principal investigator was obliged to receive and send
 

mail from Tahoua, and approximately two days out of every two weeks was
 

devoted to traveling to and from Tahoua for supplies and mail. Also,
 

trips to Niamey were required once every two or three months in order to
 

submit reports to INRAN and regulate administrative problems which could
 

not be handled from Tahoua.
 

Although a relatively minor inconvenience, dust storms were an ever

present problem. Great care had to be taken to store questionnaires and
 

research documents in metal trunks every night. For the research team,
 

the dust also carried with it a high risk of infection from respiratory
 

diseases.
 

If anything, this portrait of life at the research site is unduly
 

pessimistic. It is intended as such in order to guide researchers
 

planning projects in similar areas. In actuality, the inconveniences
 

associated with conducting a research project in Kao were far outweighed
 

by the excitment and challenge of life in the pastoral zone and the
 

perceptions gained from friendships with residents of the area.
 

Data Collection Methodology
 

This section describes the types of data collected in the field and
 

the methods employed to obtain the data in each category. The section
 

contains an example of a completed questionnaire of the type used during
 

regular twice-weekly interviews with each sample household. The main
 

coding manual designed for this baseline questionnaire and
 

samples of the other questionnaires referred to in the text are contained
 

in Appendices II and I, respectively.
 

Background Data.-- In addition to the preliminary census described
 

in the previous section, a series of supplementary family history
 

questionnaires (Appendix I, Questionnaire 1) were administered once the
 

sample had been selected and the survey had been in process for over
 

four months. These questionnaires were designed to generate historical
 

background data for each sample household. The information gathered from
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these questionnaires included: 
 the origin and travel history of the house
hold head, the level of formal education attained by household members,
 
and alternative sources of income in addition to agriculture. Tis
 
information was presented in the section on the people of the survey area
 
in the previous chapter.
 

Labor Allocation Data --
 Data on labor flows and household budgets were
 
collected on a baseline questionnaire administered twice a week to each
 
household by the three enumerators. 
 Each enumerator originally was
 
placed in charge of regular data collection for twenty households.
 
Since this number diminished over the course of the survey as households
 
left the survey area, the principal investigator feels that the enumera
tors could have handled more households at the outset. 
 However, an original
 
assignment of thirty households would be a maximum, given the interviewing
 
frequency and the additional work load imposed by field and yield measure
ments, supplementary questionnaires, and market surveys. 
Also, an original
 
assignment of twenty households was found to be a maximum for the enumera
tor working in the camps outside of the village. This enumerator often
 
had to walk up to ten kilometers to find sample households during the dry
 
season when households spread out around the region to search for pasture
 
for their herds.
 

Following the three-week trial period, the regular twice-weekly
 
interviews covered one full calendar year from June 21, 1976 to June 21,
 
1977 for all forty-eight households in the final sample, generating 104
 
of the baseline questionnaires for each of the forty-eight households.
 
The questionnaires were designed so 
that coding could be done on the
 
questionnaires themselves and keypunchers could work directly from the
 
questionnaires. 
 This avoided the time loss and errors associated with
 
recopying the data to separate coding sheets, although the questionnaires
 
did require slightly more keypunching time. Coding was done by the
 
enumerators and was 
checked at weekly nieeitings by the principal investigator.
 
After the final code list was drawn up it the end of the trial period of
 
three weeks, the enumerators required very little time to become pro
ficient with the coding system.
 

On the following page is 
an example of a completed questionnaire.
 
Interviev,'s 
were conducted in Haussa or Tamasheq, and the questionnaires
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FIGURE 2.1: EXAMPLE OF COMPLETED BASELINE QUESTIONAIRE
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were filled out in French. The design for the questionnaire was adapted
 

from a design employed by Shapiro in Tanzania (Shapiro, 1974 ). The
 
example gives the household budget and activities over a four-day period
 
for a household containing two members during that four-day period.
 

With the exception of the budget column, each column is.devoted to
 
the activities of one household member of working age (over eight years).
 
Children under eight years of age were not included on the questionnaires.
 

Additional columns were devoted where necessary to activities undertaken
 
by hired laborers or visitors to the household. For hired laborers, only
 
those activities for which they received remuneration were listed on the
 
questionnaire. 
 For all others, all activities undertaken during the twelve
 
daylight hours of each day were listed. 
To account for variations in
 
household size due to travel by household memers to places outside of
 
the survey area, a household member was not listed on 
the questionnaire
 

if he or she had been away from the survey area during tvie entire three or
 
four-day interview period.
 

Each row of the questionnaire was devoted to one activity (or budget
 
item). For each activity, the total hours allocated to that activity by
 
each household member were calculated and placed in the totals (TOT)
 
column. 
This was the figure entered by the keypunchers along with the
 
appropriate identification codes, including the household number, inter
view period, labor type (age/sex) code, plot code, crop (enterprise) code,
 

and activity code.
 

The enumerators calculated the number of hours allocated to each
 
activity by using the Haussa or Tamasheq language terms for times of day
 
then converting this information to hours during the interview. 
Since the
 
principal investigator had daily contact with sample members and was 
able
 
to observe their activities directly, he was able to cross-check some of
 
the information collected on the questionnaires. It was found that this
 
system of time measurement was 
fairly accurate and that the enumerators
 

were sufficiently conscientious about their work.
 

Interviewing frequency contributed to 
the accuracy of the labor
 
flow data. Respondents had no difficulty recalling what their activities
 
had been over the last four days. Every effort was made by the research
 
team to conduct the interviews immediately following the period for which
 
data were collected, although this was not always possible for Bush Tuareg
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households which travelled around the survey area in the dry season in search of
 

pasture. Some of these hnuseholds had to be interviewed on a weekly
 

basis, the enumerator contacting them when they arrived at the weekly
 

market.
 

Access to household members other than the head of household also
 

did not prove to be a problem. The enumerators were able to obtain infor

mation directly from all household members present at the time of the
 

interview, including young women. At least one household member was always
 

aware of the activities of those not present at the interview. It was
 

felt that the open attitude of sample households towards the survey was a
 

result of the involvement of the research team in the community and the
 

fact that all three enumerators were married ano lived with their families
 

at the research site.
 

The original French and an English translation of the final list of
 

activity and budget codes used in coding the baseline questionnaires is
 

contained in Appendix II. Use of the codes related to the measurement of
 

output and household budgets is described in the next subsection.
 

Household Budget Surveys.-- As indicated above, one column of the
 

baseline questionnaire was devoted to the measurement of flows of output,
 

expenditures, income, consumption, and exchanges. The relevant items
 

were summed over all household members and over the three or four-day
 

interview period. This was found to be an ideal way to keep track of
 

small daily or weekly expenses which household members could not recall
 

over a longer period of time and which added up to a substantial amount
 

over the year.
 

Consumption and exchanges were most often measured in local units,
 

such as the tia, maraba, or akabar, as indicated on the last page of the
 

eoding manual. The tia and maraba were common reference units which
 

were found to be uniform across sample households. Forty tias of grain
 

are supposed to fill a sack designed to hold 100 kilograms, and a maraba
 

is one-half of a tia. As a cross-check, the principal investigator
 

weighed with a balance scale several of the measures which sample house

holds referred to as a tia or maraba. The results were not found to be
 

significantly different from those suggested by the above.
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The women responsible for meal preparation always were aware of the daily
 

amount of grain consumed in terms of tias or marabas.
 

An akabar is a Tuareg milking pail which was not always of standard
 

size. Thus, for those households using an akabar, the size of the akabar
 
was measured using a one-liter bottle. The results were stratified by
 

size into two groups, and the conversion factors used were the average
 

sizes obtained from each group. The conversion factors employed for the
 

most common local units of measure are listed in the following table:
 

TABLE 2.1
 

FACTORS USED TO CONVERT LOCAL UNITS OF MEASURE TO KILOGRAMS
 

Measure Kg (L.) Equivalent 

Maraba 

Tia 

1.25 

2.50 

Ladle 

Akabar (large) 

Akabar (small) 

0.33 

3.50 

2.50 

Most budget items were acquired or sold through the market in trans
actions involving cash. Such transactions were coded in hundreds of
 

francs (CFA), identified by the appropriate product and transaction codes.
 
When the transaction involved more 
than 9,900 francs, additional lines of the
 
questionnaire were used. This system enabled the research team to keep
 
track of the receipts and expenditures of several Haussa merchants who
 

were within the survey sample. The merchants, and sample households in
 
general, were surprisingly forthcoming with iLiformation on cash flows and
 
were genuinely interested 1.n the results of preliminary analyses of such
 
data conducted by the prinr.ipal investigator while the team was in Lhe field.
 

The most frequent exception to cash transactions was the exchange of
 
milk and gr.iLL. Village residents, and particularly members of the Village
 
Tuareg subsample, would exchange grain for milk brought into the village by
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Fulani women whose herds were grazing on the outskirts cf the village.
 

Two units of milk were exchanged for a similar unit of grain. The measures
 

most cmmonly employed for the transaction were ladles or marabas. Such
 

transactions were coded using the exchange codes 95 and 96.
 

In order to verify that information was being obtained on larger and
 

less frequent exchanges in kind as well as transfers of income and goods
 

into and out of sample households, a supplementary questionnaire was ad

ministered at monthly intervals during the last four months of the survey
 

(Appendix I, Questionnaire 2). The first administration of these
 

questionnaires covered the first nine months of the survey. After
 

implementing these questionnaires, the research team discovered that
 

household members occasionally neglected to mention (or the enumerators
 

occasionally neglected to ask about) larger, irregular exchanges or
 

transfer-. Such instances were few in number but sometimes involved
 

important quantities.
 

Measurement of Agricultural Output.-- Production of milk available
 

for human consumption from herds managed by sample households was recorded
 

in the budget column of the baseline questionnaires. The unit of measure
 

most frequently employed was the aksbar, or Tuareg milking pail (see above).
 

Unless otherwise indicated on the questionnaires, all milk produced was
 

coi.:,,med Ly the household. Entries and exits from the household herd were
 

recorded on several questionnaires described in the subsection on livestock,
 

below.
 

Output from grain enterprises was initially measured in bundles.
 

During the harvest, the heads of grain were cut from the stalk and tied
 

into bundles. The bundles then were transported on foot or by donkey from
 

the field to the granary. Since the size of the bundles for a given house

hold was determined by vhe amount that a household member could carry to
 

the granary in one trip, the amount of grain in each bundle varied according
 

to the average age and strength of the household members involhed in the
 

harvest. Thus, to derive an accurate measure of grain output, several
 

bundles were weighed with a spring scale for a sample of households, then
 

the grain in each bundle was taken off the head, dried in the sun, and
 

weighed on a balance scale.
 

The number of bundles of each type of grain taken from each plot
 

was recorded in the budget column of the baseline questionnaires
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as the grain was harvested. To verify the final output from each plot
 

after the-harvests were completed, a separate survey was conducted during
 

which household heads were asked for the total number of bundles harvested
 

from each plot. The results were not found to be significantly different
 

from the 
sum of the declarations recorded on the baseline questionnaires.
 

It was found that household heads paid a great deal of attention to
 

remembering the output of each plot in bundles and that they claimed to
 

be able to recall the output in bundles from each plot over the past
 

five years.
 

To convert bundles to kilograms of grain, the average weight for
 

each household of grain derived from a bundle of each grain type was 
used
 

for the conversion. Since it was not possible to measure the size of
 

each household's bundles, nor was it possible to measure the amount of
 

grain derived from each bundle weighed, regressions of grain weight on
 

bundle weight were run for each major type of grain, giving the following
 

results: 

Y = 0.4293 X 
m m 

Ys = 0.7923 Xs 

where: X = weight of the bundle (kg) 

Y = weight of grain (kg)
 

m,s = subscripts indicating millet and sorghum, respectively.
 

The regression equations and the mean bundle weights were used to convert
 

bundle to grain weights for those households for which direct observations
 

were not available.
 

Similar techniques were used for measuring the output of crops other
 

than cereal grains. The gumbo harvest was measured in sacks, and the
 

amount of dried gumbo contained in several sacks was weighed on a balance
 

scale. The cowpea harvest was measured in baskets, and once again, the
 

weight of cowpeas contained in a sample of baskets was determined with a
 

balance scale.
 

For the particular region in which the survey was conducted, the
 

technique of measuring the harvest in local units and then converting
 

local units to a standard measui:- was found to be preferable to the
 

technique of estimating yields by staking out yield plots and harvesting
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and weighing the grain produced by plants on the yield plot. This was
 

due to extensive intrafield variations in output, particularly on fields
 

planted to millet. Portions of some fields yielded nothing and were
 

abandoned in the midst of the crop cycle. Estimates derived from yield
 

plots on these fields would have been less accurate than those derived
 

from the producer's declaration of output measured in bundles.
 

Two more reasons prompted the research team to base yield estimates
 

on producer declarations. First, following Islamic law, one out of every
 

ten bundles was to be distributed to the needy. Thus, the community
 

kept track of the amount harvested by each household, and household heads
 

were severely criticized if they attempted to unoerestimate the size of
 

their harvest, although the tradition provided them an incentive to do so.
 

Second, the principal investigator participated in several harvests and
 

was able to observe directly the number of bundles harvested. A comparison
 

of the principal investigator's observations and the producer's declarations
 

proved the latter to be fairly accurate.
 

Land Use Surveys.--Rangeland accessible to herds managed by sample
 

households was public land. Since the time of the French colonial conquest,
 

no ownership rights or special user rights have been acknowledged for
 

public rangeland in the surve:" area. Thus, it was impossible for the
 

research team to measure the magnitude of the land input to livestock
 

enterprises. Consequently, land use surveys were restricted to the uses
 

of land as an input to crop production.
 

During the survey year, each sample household planted between one
 

and four plots of millet and sorg',um. Each plot was assigned an arbitrary
 

number at the beginning of the crop cycle. Following the final plantings
 

in July, the research team began measuring the area of each plot on which
 

creps had been planted. Several different techniques of measuring land
 

were tested. The one which was found to be the most successful and the
 

least time-consuming made use of a compass and pacing. The compass
 

employed was an engineering compass equipped with a level and hairline
 

sight.
 

1This practice was limited to households harvesting a total of
 

more than fifty bundles.
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Using this technique, fields were measured as follows: first,
 

the household head and the enumerator made one tour of the boundary of
 

the plot. Then the enumerator measured each azimuth formed by a pair of
 

adjacent corners and paced out the distance3 between corners. Young boys
 
were hired to assist the enumerators in mcasuring the azimuths by holding
 

a flag tied to a pole at each adjacent ccrner. During this process, the
 

enumerator filled out a sheet containing the household number, the plot
 

number, the crops planted on the plot, the name of the area where the
 

plot was located, the approximate distance of the plot from the home of
 

the household, a rough sketch of the plot with each corner
 

labelled, the azimuth corresponding to each corner, and the distance in
 

paces between corners. Two of the enumerators had had previous experience
 

with similar field measuring techniques.
 

The principal investigator then checked the angles to ensure that
 

they summed to the proper amount (180 x (n - 2) where n is the number of
 

sides of the plot), converted the paces to meters,1 and coded the results.
 

The coding sheets were sent to the University of Michigan where the
 

surface area was calculated with the aid of a computer. A sample of the
 

resulting output is contained in Appendix I. The output then was mailed
 

to the principal investigator. As a rule of thumb, when the closing gap
 

exceeded 10 percent of the longest side of the plot, the plot was re-.
 

measured.
 

Other methods attempted by the research team either involved 

excessive amounts of time in the field or excessive hand calculations. 

Measurement with tape measures or string devices proved to be especially 

difficult, since the tape was often picked up by the wind or caught in 

trees or brush bordering the field. Even with the more rapid technique 

of compass and pacing, f~eld measurements required an enormous amount of 
time on the part of the enumerators and the principal investigator. 

Appointments had to be made in advance with the household head to ensure
 

that he or 
she would be free from other chores. Given the amount of
 

time required to travel between fields, the enumerators were rarely able
 

to measure more than two plots in a day without interfering with their
 

regular interview schedules.
 

1Conversion factors were obtained by measuring the pace of each
 
enumerator with a Topofil Chaix.
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In addition to the measurement of the area of each plot, the
 

enumerators administered a field history questionnaire (Appendix I,
 

Questionnaire 4). One questionnaire was completed for each plot planted
 

during the survey year. The questionnaire was designed to collect
 

information on how the plot had been obtained, for how long had it been
 

cultivated, how many bundles of each major crop had been harvested from
 

the plot over the past five years, how seed was obtained and what varieties
 

were planted, and what was the composition of the soil.
 

For each plot, the surface area, yield data, and labor data were
 

compiled on a summary sheet (Appendix I, Questionnaire 5). The summary
 

sheets were used to calculate the output in kilograms and obtain rough
 

estimates of the returns to land and labor for use while the research
 

team was still in the field.
 

Livestock and Livestock Management.-- Livestock ownership was found
 

to be the most sensitive issue broached by the research team. To cite
 

an example, during the pre-testing of a questionnaire designed to
 

collect information on the composition of herds owned or managed by
 

sample households, the principal investigator was informed that this was
 

too delicate an issue and that in attempting to gather information on
 

livestock holdings, he risked losing the cooperation of the sample.
 

Although the lack of information on livestock ownership was disturbing,
 

the principal investigator took comfort in the fact that sample members
 

would indicate when they were not willing to discuss an issue rather
 

than simply lying about it. This lent more credibility to the rest of
 

the data, which was offered willingly by sample members.
 

Two factors contributed to the reluctance of sample members to
 

discuss livestock holdings. First, until recently, the government had
 

placed a head tax on cattle. Although the tax bad not been collected for
 

four years prior to the survey, sample members were hesitant to let their
 

cattle holdings be known lest the tax be imposed once more. Second,
 

and probably more important, livestock are the most common form of
 

accumulating wealth. Sample members were as reluctant to disclbse their
 

assets as any American would be to publish his tax returns. Communal
 

responsibilities only contributed to this reluctancy: public knowledge
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of an individual's wealth made him or her subject to incessant requests
 
for gifts or assistance. Thus, livestock holdings sometimes were entrusted
 

to family"or friends living outside of the survey area in order to make
 

them less conspicuous.
1
 

For the above reasons, the survey confined its attention to the
 
immediate management units defined in Chapter 
 Even when the analysis
 
was restricted to such units, however, the research team had to use an
 
indirect approach to obtain information on herd structures. A herd
 
inventory (Appendix I, Questionnaire 6) based on producer declarations
 

was taken in the early stages of the survey, but the herd sizes derived
 
from this inventory were found to be of dubious value in some cases.
 
Alternative sources of information were: 1) a questionnaire covering
 

livestock management techniques (Appendix I, Questionnaire 7);
 

2) the output of milk available for human consumption, as recorded on
 
the baseline questionnaires: 3) labor allocated to livestock enterprises,
 
as recorded on the baseline questionnaires; and 4) 1ata on entries
 

(births, purchases, loans) and exits (deaths, slaughters, thefts, losses,
 
sales) from the herds as recorded on a questionnaire specifically for
 
that purpose (Appendix I, Questionnaires 8 and 9), on the baseline
 

questionnaires, and on the supplementary income questionnaires administered
 

during the last four months of the survey. Data from these sources were
 
combined where possible with direct observation of sample members' herds
 

to derive estimates of the size and composition of the herd managed by
 

each household.
 

Since each household managed several types of animals, animal
 
holdings had to be converted to some standard animal unit to 
facilitate
 
the analysis. The reference unit selected was 
the Tropical Bovine Unit
 

(Unit6 Bovine Tropicale, or U.B.T.). This is roughly equivalent to an
 
animal with a live weight of 250 kilograms. To convert the estimated
 

herd sizes to U.B.T., the following conversion factors were used: 2
 

-This 
 applied particularly to Haussa hou .hc '', but was not an
 
important problem with Bush Tuareg households, ,.J-nanaged most of the
 
animals they owned themselves. 

2There is some disagreement as to the appropriate factors to use in
 
the conversion. The factors listed are derived from 
(Granier, 1977) and
 
were considered to be the most appropriate for the purposes of this study.

In this context, the concept of a U.B.T. is used to define a standard
 
production unit.
 



-65-


TABLE 2.2 

CONVERSION FACTORS USED TO HERD ESTIMATES
 
TO TROPICAL BOVINE UNITS (U.B.T.)
 

Animal Type U.B.T. Equivalent 

Goats, Sheep 0.20 

Cattle 0.83 

Camels, Horses 1.00 

Donkeys 0.50 

The final source of information on livestock production in the
 

survey area was the direct experience of the principal investigator, who
 

raised a small herd of goats and sheep and a flock of chickens while at
 

the research site. The principal investigator also directly experienced
 

the risks associated with livestock production when two of his sheep were
 

stolen at the time of one of the weekly markets.
 

Commodity Price Survey.-- In order to evaluate the demand for
 

agricultural output and the value of agricultural production, the
 

research team recorded prices at the weekly Kao market. During the
 

first three months at the research site, the prices recorded were in
 

terms of local units of measure (price per glass of tea, price per tia
 

of millet, price per block of salt, etc.) However, it was discovered that
 

in making weekly adjustments in prices, sellers preferred to vary slightly
 

the size of the local unit rather than vary the price per unit. As an
 

example, a supplier might put 1.2 kg of millet in a measure sold for
 

50 francs in one week, then decrease the amount of millet placed in the
 

measure to 1.0 kg, but still sell the measure for 50 francs the next
 

-week when market conditions dictated a rise in price.
 

Thus, in order to keep an accurate record of fluctuations in price,
 

purchases of locally pr duced items and major budget items were made at
 

the weekly markets starting at the end of August. These purchases then
 

were taken to the home of the principal investigator, where they were
 

weighed on a balance scale and the price per kilogram was calculated.
 



-66-


The results for each week were recorded on a market survey schedule
 
(Appendix I, Questionnaire 10). 
 For each of the major grains and cowpeas,
 
two purchases of different sizes were made and the resulting prices
 
compared. 
The weekly prict used for the analysis was the average of these
 

two prices.
 

Animal Market Survey.-- During the survey, a cattle park was being
 
completed on the outskirts of Kao to be used as a site for the local
 
animal market. The park was equipped with cattle scales and holding pens.
 
Because a set of cattle scales was available, the principal investi
tor had hoped to obtain weights of the animals sold at the local market.
 
This was attempted during the first two months of the survey. 
However,
 
despite the initial cooperation of producers, intermediaries, and
 
merchants, the weighing procedure had to be abandoned since: 
 1) the
 
cattle park had been built on the opposite side of the village from the
 
present market and a great deal of time was 
required to lead the animals
 
out to the scales, then back into the regular market; and 2) the scales
 
had been improperly installed and required frequent regulating, further
 
delaying the normal marketing process. 
 The cattle park was not completed
 
and put to use until the final week of the survey.
 

Consequently, the principal investigator revised the methodology of
 
the animal market survey. From the end of August to 
the end of the survey,
 
the regular weekly weighings were abandoned. Instead, a team of
 
enumerators remained in the market throughout the day and, for as many
 
transactions as possible, recorded the purchase price, age, sex, breed,
 
origin, and destination of the animal and the occupations of the buyer
 
and the seller. The enumerators recorded this information during the
 
market on a market survey schedule (Appendix I, Questionnaire II), and
 
the data were coded and keypunched directly from these schedules. The
 
detailed survey covered cattle, sheep, and goats, the three types of
 
animals appearing in the largest numbers on 
the market. Although detailed
 
information on individual transactions was not recorded for other animal
 
types, a record was kept of the estimated prevailing price of different
 
age and sex categories of camels, donkeys, and horses appearing on the
 

market.
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As indicated in the previous section, the chief of the Kao animal
 

market intermediaries was hired to assist with the animal market survey.
 

He was particularly helpful in estimating the ages of the animals and
 

informing the enumerators of the final price decided upon for the major
 

cattle transactions. He also provided the principal investigator with
 

valuable information about the structure of the animal markets.
 

In addition to the data on individual transactions, the enumerators
 

recorded the number of each type of animal appearing on each weekly
 

market. The data on presentatious were used as a proxy for supply. It
 

should be noted, however, that not all of the animals appearing in the
 

market area may have been for sale: often producers would bring several
 

animals into the market area just to accompany the animal intended for sale
 

and to make it easier to handle the animals on the way to the market.
 

Weather Data.-- Using equipment loaned to the research team by the
 

National Weather Service (ASECNA), the principal investigator was able
 

to record rainfall in millimeters in the village and in the midst of the
 

nomad camps. Similar daily rainfall data for Kao village from J.960 up to
 

the start of the survey was obtained from the local ASECNA agent, a
 

retired paramedic who was one of the original founders of the Haussa
 

village at Kao.
 

Qualitative Interviews.-- In addition to the formal data collection
 

process and experience gained from life at the research site, the
 

principal investigator conducted qualitative interviews durinR several
 

trips to camps of nomadic Tuareg and Fulani livestock producers living
 

in and around the survey area. On one such occasion, the principal
 

investigator was invited to a Bororo Fulani worso, an annual festival
 

which occurs towards the end of the rainy season in September. The
 

principal investigator, his wife, and several members of the research
 

team spent four days at the festival, during 16 time many instructive
 

discussions were held with Fulani livestock producers. The worso
 

provided a unique opportunity to encounter large numbers of Fulani herds
 

and herders concentrated in one place.
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Data Processing and Analysis
 

The final section of this chapter deals with the processing of the
 

data following the termination of the survey. The section covers only
 

the initial levels of analysis. The methodology employed at higher
 

levels of analysis is discussed where appropriate in each of the sub

sequent chapters.
 

Keypunching and EL. _g.-- As mentioned in the previous section,
 

most of the questionnaires were designed so that coding and keypunching
 

could be done directly from the questionnaire. After the coding had
 

been checked by the principal investigator, completed baseline
 

questionnaires were transported to Ouagadougou where tho data were transferred
 

onto tape at the Centre National de Traitement Infocmatiaue (CENATRIN).
 

CENATRIN personnel punched all but the final four months of data from
 

the baseline questionnaires. The rest of the keypunching was done at
 

the University of Michigan's Institute for Social Research.
 

The results of the keypunching were machine and hand edited by the
 

principal investigator. The proportion of detectable errors was less
 

than .1%. The proportion of detected errors in the work done at
 

Ouagadougou was not significantly higher than that of the work done in
 

Michigan.
 

Aggregation.-- As punched, data from the baseline questionnaires
 

were aggregated over three or four day periods. A higher level of
 

aggregation was required for the analysis, and it was decided that an
 

aggregation over fortnights (two-week periods) would be appropriate.
 

The aggregation was performed using the capabilities of the Michigan
 

Interactive Data Analysis System (MIDAS), a statistical package
 

supported by the Statistical Research Laboratorv of the University of
 

Michigan. The entire process of keypunching, editing, and initial
 

aggregation of data required six months beyond the termination date of
 

the field survey.
 

Treatment of Different Age and Sex Categories at Higher Levels of
 

Analysis.-- Unless indicated in the following chapters, equal weights
 

were assigned to different age and sex categories at subsequent levels
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of aggregation. The assignment of equal weights was decided upon since
 

for some tasks, productivity did not appear to vary widely between labor
 

categories, and for other tasks for which it did, the extent of the variation
 

was unknown to the principal investigator. Also, based on casual
 

observation, it was not clear that consumption requirements differed
 

greatly across age and sex categories (with the obvious exception of
 

children under eight years of age). However, the analysis presented in the
 

following chapters would have benefited from more precise information on
 

differences in consumption requirements and labor productivity across
 

age and sex categories.
 

Note on Monetary Units
 

The monetary unit used throughout this report is the CFA franc, a
 

unit of currency common to Senegal, Ivory Coast, Upper Volta, and Niger,
 

among others. The CFA franc is supported by the French banking system and
 

is guaranteed parity with the French franc at a rate of 100 (CFA) to
 

1 (French). During the survey year, the CFA franc rose in value relative
 

to the U.S. dollar. The prevailing exchange rate for purchases of CFA
 

francs at Niger banks at the beginning of the survey (June 1976) was 222
 

francs per dollar. This figure rose to 246 francs per dollar at the end
 

of the survey (June 1977). Throughout the following, the CFA franc will
 

be designated as "f CFA" when employed as a unit for measuring value.
 



CHAPTER 3
 

LABOR PATTERNS AND AVAILABILITY
 

The discussion of labor use is presented in two chapters and four
 

main sections: 1) labor availability; 2) total labor patterns; 3) labor
 

as an input to crop production; and 4) labor as an input to livestock
 

production. Throughout both chapters, the three major subsamples (Haussa,
 

Village Tuareg, and Bush Tuareg) are given separate consideration, since
 

labor patterns and availability were found to vary considerably among
 

subsamples. A final section of each chapter summarizes those findings which
 

indicate ways in which labor constrains agricultural production and ways
 

in which crop and livestock enterprises pose conflicting or complementary
 

demands on the labor force.
 

Since the objective of the research was to determine the constraints
 

to agricultural production, only passing consideration is given to non

agricultural activities. Such activities are discussed to the extent that
 

they affect agricultural work or agricultural production. The emphasis is
 

explicitly on agricultural labor.
 

In each section describing labor use, activities are grouped into five
 

categories or less for c.arity of exposition. Each section begins with a
 

subsection on analytical methodology which describes the activity groupings.
 

Each section on crop and livestock production in Chapter 4 concludes
 

with a subsection covering the division of labor by age and sex for each
 

major work category. 
In each chapter, the tables contain summary statistics
 

for the major subsamples. Data for individual households are contained in
 

the Appendices.
 

Labor Availability
 

This section examines the components of the family labor force and
 

the impact of labor availability, including hired labor, on area planted
 

and grain and milk production.
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Age/Sex Composition of Sample Households.-- The composition of sample
 

households by age and sex is given in Appendix III and 
in summary form
 

in Table 3.1. The number of household members in each age/sex category is
 

measured in full-time resident equivalents. For example, a 1.60 is 
-

registered for each family member present in the household during the
 

entire survey year. If a household member left the survey area for three
 

of the twe-ve survey months, then only a .75 is registered for that
 

household member. 
The same applies to hired labor and visitors: a man
 

hired to work full time in a household's fields during an entire week
 

shows up as 
.02 in the hired labor column. This method of presentation
 

was chosen in order to show the actual amount of labor available for
 

household enterprises over the year while accounting for changes in
 

household size as individuals moved into and out of households.
 

Of the four subsamples, the twelve households which comprise the
 

Bush Tuareg subsample had, on the average, the greatest number of family
 

members of working age (a mean of 4.24 resident equivalents above eight
 

years of age) and the smallest number of children under eight. All
 

households in that subsample had at most three children. 
In contrast,
 

Village Tuareg households had the least amount of working-age labor
 

available. Ten of the seventeen households in that subsample had less
 

than three full-time working age residents, whereas only four Haussa and
 

four Bush Tuareg families fell within that category.
 

On the average, household size varied among the four subsamples from
 

five to seven full-time resident equivalents of all ages (including
 

children). 
 Out of the entire sample, eighteen households had less than
 

five full-time residents, eighteen bad between five and seven, and twelve
 

had more than seven. Over half of the larger fanilies were Haussa, and
 

nearly half of the smaller families were Village Tuareg. Haussa families
 

had the greatest number of children under eight years of age. There were
 

three children per household on the average, and six of the sixteen families
 

in that subsample had more than three children.
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TABLE 3.1
 

AGE/SEX STRUCTURE OF SAMPLE HOUSEHOLDSa
 

(Mean Number of Resident Equivalents by Subsample)
 

Age/Sex Category Haussa 

Males 

8-14 
15-40 
41-60 
61+ 

.28 

.81 

.0 

Females
 

8-14 .73 

15-40 1.56 

41-60 .05 

61+ 


Hired .09 

Visitors .01 


TOTAL WORKING 3.82 


Children 2.88 


aData from Appendix III.
 

Village
 

Tuareg 


.40 


.63 


.10 


.23 


.05 

1.02 

.12 

.11
 

.02 


.06 


2.74 


2.00 


Bush Tuareg Fularti 

.92 
1.21 
.25 
.08 

.99 

.94 

.46 

.51 
1.22 
.05 

.04 
1.33 

.02 

.01 
.08 
.17 

4.27 4.14 

1.83 2.33 
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Table 3.2 gives a frequency distribution of the age of male
 

heads of household. Nearly two-thirds of all households in the sample
 

could be considered younger families, in which the male head of household
 

was under forty years of age. Only five of the forty-eight families-in the
 

final sample contained an elderly person (over sixty years of age). It is
 

possible that the small number of older people (less than 10 percent of the
 

total sample over forty years of age, as indicated below) may be due to a
 

areas where living
southward migration of people in this age group to 


conditions are more favorable.
 

TABLE 3.2
 

AGE OF MALE HEAD OF HOUSEHOLD
 
(No. of Households)
 

Subsample 15-40 41-60 61+ 

Bush Tuareg 8 3 1 

Village Tuarega 10 2 4 

Haussa 11 5 0 

Fulani 1 2 

Total 30 12 5 

aOne household in this subsample had no male head of household.
 

The age and sex composition of the total sample of 171 full-time
 

resident equivalents of working age registered during the survey and
 

109 children under eight years of age is given as a percentage of the
 

total sample in Table 3.3. Over half of the members of the final sample
 

were under fifteen years of age. While the number of men and women was
 

roughly equivalent in the overall sample, Haussa households had a larger
 

proportion of working-age women, and Bush Tuareg households had a larger
 

proportion of working-age men (on the average, one more full-time resident
 

equivalent per household than the number for the opposite sex in either
 

case).
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TABLE 3.3
 

AGE AND SEX COMPOSITION OF TOTAL SAMPLE
 
(Percent)
 

Category 

Children (both sexes): under 8 yrs. 39 

Males: 8-14 yrs. 9 
15-40 yrs. 15 
41-60 yrs. 4 
over 60 yrs. 2 

Females: 8-14 yrs 7 
15-40 yrs. 22 
41-60 yrs. 1 
over 60 yrs. 1 

TOTAL 100 

Effects of Migration.--The above results suggest that one important
 

difference in labor availability among subsamples was the scarcity of young
 

male labor within Haussa households and the relative abundance of it within
 

Bush Tuareg households. Young males between eight and fourteen years of
 

age were resident for at l.east part of the year in only three Haussa
 

households, whereas eight of the twelve households in the Bush Tuareg
 

subsample had access to young male labor. This is important in that most work
 

related to small ruminant production was undertaken by males in that age
 

group. The absence of Haussa males in that age group and the larger
 

proportion of women in Haussa households was probably due to the southward
 

migration of young males in search of work. Many Haussa households informed
 

the research team that immediate family members were working in the Ivory
 

Coast, Libya, or Nigeria.
 

Typically, young Haussa men leave the village each year just before
 

the grain harvest and after the most arduous agricultural tasks (weeding
 

and ridging) have been completed. In the category of males age fifteen
 

to forty, the mean hours of labor available to Haussa households dropped
 

from 167 in the last fortnight (two-week period) of September (just
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before the grain harvest) to 99 in the first fortnight of January. Many
 

return to the village at the beginning of the next rainy season, so that
 

their temporary absence is not a hindrance to crop production. However,
 

their absence during the dry season restricts the number and type of
 

animals which can be managed by the household, since herd management places
 

demands on family labor throughout this time of year.
 

The departure of young males to urban areas was not a common occurrence
 

among Bush Tuareg households. As indicated in Chapter 1, very few members
 

of this subsample had travelled outside the Azawak. The young men seemed
 

more content to remain at home and tend their household's flocks, which
 

suggests that the availability of young male labor was not as serious a
 

constraint to livestock production among these households.
 

Use of Hired Lab)r.-- The use c ':red labor was restricted almost
 

exclusively to Haussa households, and the selling of labor services was
 

practiced almost exclusively by Village Tuareg households. Within the
 

two Tuareg subsamples, only six of twenty-nine households employed more
 

than seven man-days of labor services during the survey year. However,
 

nine of sixteen Haussa households hired labor from outside the family for
 

a total time in excess of seven man-days. On the average, each of these
 

nine households hired an equivalent of fifty-eight man-days of labor
 

services, whereas the six Tuareg families who purchased labor services each
 

purchased only half that amount (an average of twenty-eight man-days for
 

the survey year).
 

The going wage for field labor during the survey year depended on the
 

amount of time spent in the fields each day. It varied between 150 and
 

250 f CFA per day, plus meals. A "man-day" in the serse used above is
 

considered to be a twelve-hour work day, for which the top wage of 250 f CFA
 

would be paid. Thus, the cash outlay required during the survey year for
 

the average Haussa household purchasing labor services would be approximately
 

12,000 f CFA.
 

As suggested above, most hired labor was allocated to grain production
 

activities, mainly to weeding. When labor was hired to assist-with the
 

harvest, laborers were usually paid in grain rather than cash. In addition
 

to field labor, outside labor was also obtained by Haussa households for
 

domestic chores, such as hauling water and pounding grain.
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Effect of Labor Availability on Land Use and Outut.-- Summary
 
statistics on the amount of labor available, the area planted and grain and
 

milk production for each subsample are presented in Table 3.4. 
 These
 

statistics and the underlying data in Appendix IV will be referred to
 

frequently in the ensuing discussion. The outstanding characteristic of
 

these summary statistics is the broad range and the amount of variability
 

in the area cultivated and agricultural output. The distribution of
 

sample observations for each variable is such that the standard deviation
 

exceeds the mean.
 

Of the forty-eight final sample households, two households are potential
 

outliers and may contri.bute to the high sample variance. These two
 

households were the largest in terms of available household labor. 
 One
 

was the household of the Haussa village chief and the other the household
 

of the chief of the Bush Tuareg camps covered in the Bush Tuareg subsample.
 

The former household was outstanding in that the area planted by that
 

household, combining all plots, was over three times that of any other
 

household in the sample. The latter household was outstanding in that
 

total milk production over the survey year was at least twice that of any
 

other household, and total grain production was almost seven times that
 

of the next largest grain producer in the sample. However, despite the
 

exclusion of the two obvious outliers, the distributions of areas planted
 

and household grain and milk production still display an enormous degree
 

of dispersion. The extent to which variation in labor availability
 

accounts for this dispersion is indicated in the correlation matrix
 

contained in Table 3.5. The coefficients are based on data from the
 

entire final sample of forty-eight households.
 

The correlation coefficient for labor availability as correlated with
 

area planted indicates that there is only a small probability that there
 

is no association between these variables. In other words, the data
 

provide evidence that the true coefficient measuring the association
 

In Appendix IV, summary statistics for the Haussa and Bush Tuareg
 
subsamples were recalculated after excluding the two outliers, and the
 
results are presented at the bottom of the tables for those subsamples.
 



TABLE 3.4
 

LABOR AVAILABILITY, AREA PLANTED AND GRAIN AND MILK PRODUCTIONa
 

Village Bush
 
Statistic Units Haussa Tuareg Tuareg Fulani
 

Labor Availability resident equiv./household
 

Range 1.37 
- 8.33 1.83 - 3.82 1.94 - 7.74 1.89 - 7.66
 
Mean 3.82 2.74 4.27 4.14
 

Area Planted ha /household
 

Range 
 2.29 -49.62 .82 - 5.31 .96-13.90 1.36 - 8.52
 
Mean 8.67 2.74 5.18 4.25
 

Grain Production kg /household
 

Range 33 - 2912 
 0 - 481 0 - 16,250 0 - 104
 
Mean 
 580 164 2348 45
 

Milk Production liters/household
 

Range 0 - 379 
 0 - 988 70 - 2465 0'- 1045
 
Mean 
 56 170 761 599
 

aData from Appendix IV.
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TABLE 3.5
 

CORRELATION MATRIX FOR LABOR
 

AVAILABILITY, AREA PLANTED AND GRAIN AND MILK PRODUCTION
 

Variable Labor Area Grain Milk 

Labor 1.0000 

Area .6204 1.0000 

Grain .4380 .2140 1.0000 

Milk .4752 .0842 .7121 1.0000 

between these variables is significantly different from zero. 
 This
 

suggests that the size of the labor force available to the household,
 

including hired labor as employed during the survey year, has some
 
influence on the area planted. 
 However, the correlation coefficients for
 
the association between labor availability and grain and milk production
 

suggest that the variance in labor availability by itself "explains" less
 
than half of the variance in agricultural output as measured by grain and
 

milk production.
 

Two other interesting facts emerge from the correlation matrix in
 
Table 3.5, although they are not directly relevant to the effect of labor
 
availability on agricultural enterprises. 
One is that there is a low
 
degree of correlation (correlation coefficient not significant) between
 
land input, measured as area planted, and grain output. 
The other is that
 
the correlation betweengrain output and milk output indicates that there
 
is only a small chance that the variance in these variables is not
 
associated. The latter coefficient suggests at least 
some complementarity
 

between crop and livestock enterprises. 
 The extent of that complementarity
 

as regards the labor input will be examined in the following sections.
 

Total Labor Patterns
 

This section focuses on total labor use throughout the year as allo
cated to five major work categories: crops, livestock, commerce, domestic
 

work, and rest (including non-productive social activities). Labor use
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data for the three households in the Fulani subsample are not considered
 

here, since this subsample was too small and was not found to be particu

larly representative of any of the region's major production systems.
 

This section begins with a subsection on analytical methodology which in

cludes a description of the activities falling under each of the major work
 

categories. In subsequent subsections, the year is broken don into fort

nights (two-week periods), and data on labor allocation are presented for
 

each major subsample in each fortnight. A fifth subsection discusses the
 

relative importance of each of the major work categories compared among
 

the major subsamples, and a final subsection summarizes the results and
 

their implications for the development of agricultural production.
 

Analytical Methodology.-- To facilitate the description of major labor
 

patterns, the seventy-seven activities defined by the coding manual drawn
 

up by the principal investigator (see Appendix II) were regrouped into the
 

five categories listed above. The category entitled "crops" incorporated
 

all activities :.elated to grain production, as well as gathering activities
 

during which wild grains were harvested for consumption as a dietary supple

ment and time spent building and repairing grain storage facilities. The
 

"livestock" category included livestock marketing and chicken production,
 

as well as all labor allocated to livestock production. The use of labor
 

allocated to these two categories will be discussed in greater detail in
 

Chapter 4.
 

"Domestic" work consisted primarily of carrying water and firewood,
 

pounding grain, prepari g meals, and looking after children. This
 

category also included time lost due to illness. "Commerce" activities
 

covered all productive non-agricultural labor. This included crafts for
 

the household and for sale, the construction of buildings not related to
 

agricultural enterprises, trading and other commercial activities, and
 

wage labor employed for non-agricultural tasks. The final category,
 

labelled "rest", grouped together all social activities which were not
 

directly productive, such as receiving visitors, taking tea, attending
 

meetings and festivals, and, inevitably, answering questionnaires. This
 

catpgory also included time spent studying or in school and time spent
 

visiting or browsing in the market.
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After the recorded labor data were regrouped into these five
 
categories, means were calculated across households for each fortnight
 

and each subsample. The results are presented in the graphs which
 

accompany the following discussion.
 

Bush Tuareg.-- Data obtained from households in the Bush Tuareg sub
sample are compiled in Figure 3.1. Labor is measured in total hours
 
allocated per two-week period to each of the major categories, as indicated
 

by the labels to the right-hand side of the graph. As mentioned above,
 
this subsample contained on the average the largest families, and most
 
households were subsistence crop and livestock producers who relied
 
relatively little on alternative sources of income (crafts, trading, etc.).
 
Thus, of the three major subsamples, Bush Tuareg households allocated the
 
largest portion as well as the largest total amount of available labor
 

to agricultural enterprises.
 

Variations in total labor availability were marked by a dip during the
 
hot dry season (February through May). 
 The dip was a result of household
 
members travelling outside of the survey area during this period of slack
 
demand for agricultural labor. 
Many of those who had gone during the dry
 
season returned during the growing season 
(June through August) to assist
 
with cultivation, causing a slight rise in labor availability as the
 
amount of labor allocated to crops rose. In September there was a brief
 
period of slack demand for crop labor after the final weedings were completed
 
and before the grain was mature enough to harvest. The slack demand for
 
crop labor was offset by an increase in demand for livestock labor as
 
livestock producers struggled to keep their animals away from the
 
ripening grain. 
As the harvest began in October, the household labor force
 
was augmented!by visitors who, hearing of 
the successful harvests, dropped
 
by to assist with the consumption as well as the harvesting of the grain.
 
The height of the harvest in late October was the time when average house
hold size was.largest and average total labor reached itE annual peak of
 
over 800 hours per household per two-week period. It was also the 
time
 
when th 
 amount of labor allocated to crops, livestock and commercial
 
activities was rising, and household rest time reached one of its annual
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lows of less than 250 hours per two week period, amounting to an average
 
of approximately 3.5 hours of rest activities, including meals, for each
 
household member of working age during the twelve daylight hours of each
 
day. This suggests that although labor availability was high relative
 
to other times during the year, labor may have been a bind4ng constraint
 
to agricultural production during this critical period. 
This hypothesis
 
will be investigated further as a part of the production analysis.
 

The schedule of crop production activities was bimodal, with a Snarp
 
rise in crop production labor during the period from June through A!gust
 
and again during the harvest period in October, as mentioned above. The
 
labor calendar shows that cri production placed demands on househol'
 
labor only during the latter six months of the year. The components Df
 

this demand are analyzed in Chapter 4.
 
The June through August period corresponds to the height of the
 

rainy season. 
As the amount of labor allocated to crop production rose
 
at the beginning of this period, total labor availability rose, labor
 
allocated to livestock enterprises fell, and the time spent on rest ac
tivities declined. Once again, the amount of time spent on 
rest activi
ties reached 
an annual low, but the drop in time spent on the livestock
 
enterprises indicates that there may be enough flexibility in the system
 
to relieve the potential constraint which might have been induced by the
 
rise in crop production activities (mainly weeding) during this period.
 
In contrast, the rise in livestock labor requirements which accompanied
 
the rise in crop production labor at harvest time 
 creates potential con

flicts in labor demand.,
 

Outside of the drop in labor allocated to livestock enterprises from
 
June to mid-September, livestock production labor remained relatively
 
constant throughout the year at an average of slightly more than 150 hours
 
per household in a two-week period. 
This corresponds to two household
 
members each working five to six hours per day on livestock enterprises.
 
The slight dip in early May, which accompanied a drop in time allocated
 
to rest activities, coincided with the time of land preparation in the
 
sorghum fields, again indicating some degree of flexibility during this
 

period.
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Domestic labor also was fairly constant over the year, requiring
 

the equivalent of two household members each working six hours per day
 

on average. Commercial activities accounted for only a small portion
 

of household labor outside of the harvest season (October). Even during
 

that period, time allocated to commercial activities by all household
 

members combined did not amount to more than a total of six hours per
 

day on the average, or slightly more than one hour per person per day.
 

The above analysis of labor patterns for a typical Bush Tuareg house

hold can be summarized as follows: In the dry season, which runs through
 

the first five months of the year, there are four people of working age
 

present in the household: an adult male and female and a younger girl
 

and boy. The woman and the young girl each spend six hours a day on
 

domestic tasks. The man and the young boy tend the animals for five or
 

six hours of every day, and once a week the entire family visits the
 

weekly market.
 

Labor in the fields begins in late April, and the entire family de

votes correspondingly less time to rest and to the animals. A male fam

ily member returns to the household in June as the rains begin and as
 

crop production begins in earnest. During July and August, the animals 

are left to the young boy, who devotes four hours a day to their care. 

The women continue with the domestic work, but in addition, they each 

assist the men for two hours a day in the fields, as does the young boy 

when he is not working with the animals. Each of the men cevotes an 

average of eight hours a day to crop production at this time. This com

bination of activities leaves just enough time during the daylight hours 

of each day for the family to eat their meals. In order to free up more 

time for social activities, the household may hire labor to assist with 

the work in the grain fields. 

- After the final weedings are completed in the grain fields in late 

August, one of the adult household members travels to visit a relative. 

The adult male devotes more time to assisting the young boy with the ani

mals, since extra care is required at this time in order to keep the ani

mals away from the enticing heads of grain. 
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As the harvest begins, each of two household members must continue
 
to spend six hours per day with the animals in order to keep them out of
 
the fields, and each of the two women still are confined to six hours of
 
domestic chores per day. Commercial activities take up another three
 
hours per day of the family's available labor time in addition to the
 
time spent in the weekly market, since the supplemental income derived
 
from crafts is required to finance grain purchases at a time when stocks
 
are low. Each family member requires three hours each to eat his meals.
 
This leaves approximately fourteen hours each day for harvesting from
 
the household's entire available stock of labor of sixty hours per day.
 
In some cases, that fourteen hours - amounting to only two or three hours'
 
labor per day per working household member - is not enough labor to evac
uate the grain to storage areas before animals, birds or rodents reach it.
 
The problem is further exacerbated by herds returning from the north who
 
are anxious to rejoin their southern dry season pastures. By November,
 
the harvest is completed, and as visitors leave the household in late
 
December, the household returns to its more regular dry season 
labor
 

schedule.
 

Village Tuareg.-- Households in this subsample wert among the smal
lest. Most households contained no more than two or three people of
 
working age throughout the year. 
As indicated above, households in this
 
subsample lived in the village of Kao, many of 
them having moved there
 
after the disastrous drought years of 
the early 70s, when their aristo
cratic patrons lost the means by which they had been supporting them.
 
They now do some farming and tend a few small ruminants, but the main
 
source of their livelihood is income derived from sales of crafts and
 
services. 
 Their average labor calendar is illustrated in Figure 3.2.
 

Relative to the Bush Tuareg households, commerce replaced the role
 
of livestock in the labor calendar. On the average, very little labor
 
was .devoted to livestock enterprises: only two or three hours per day
 
per household throughout most of the year, less during the crop cycle.
 
Only three households out of seventeen in the subsample owned and managed
 
animals throughout the survey year. 
An additional four households kept
 
animals during the off-season for crops when there was little risk of
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animals damaging fields and when labor was not constrained by crop pro

duction requirements. These households purchased animals after the har

vest and held them until the next planting season. Two more households
 

purchased small ruminants in early September and held them until early
 
December, fattening them for the Tabaski festival held at that time.
 

These managEment patterns, combined with the drop in livestock labor re
quirements in the early part of the crop cycle, explain the slight drop
 

in labor allocated to livestock enterprises by Village Tuareg households
 

during the June to September peric.
 

Aside from the reversal of the roles of 
commerce and livestock as
 
sources of demand for household labor, overall labor patterns of the
 

Village Tuareg households were roughly similar to those of 
the larger
 

Bush Tuareg households. Most crop production activities were confined
 

to the latter six monLhs of the year, but they did not place as 
much of
 

a strain on the household labor force as 
did the crop production activities
 

of the self-sufficient (in grain and milk, at least) Bush Tuareg house

holds. 
The rise in labor allocated to crop production activities during
 

the period from June through August was offset primarily by a decrease
 

in time allocated to commerce and rest activities, but also by a decrease
 
in labor allocated to livestock during the time of planting and weeding
 

in the grain fields (late June through August). During this period of
 

peak demand for crop production labor, five of the seventeen households
 

in the subsample chose to supplement the household labor force with 
.ired
 

labor. Thus, as is the 
case with the Bush Tuareg households, there
 

appears to be enough flexibility in the system to provide labor to grain
 

fields during the June through August period. For only six weeks out of
 

this three month period did time spent on rest activities fall below a
 

level which would provide an average of four hours of rest per household
 

member of working age during the twelve daylight hours of each day. Thiswas the
 

period from mid-June through July when there was a drop in average total
 

labor availability. However, labor availability rose to meet the peak
 

demand for crop production labor in August.
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The only other point during the year when time spent on rest activ

ities fell below the level providing four hours of rest daily per house

hold member was during the month of October. This was the time of the
 

grain harvest. Although crop production labor requirements were lower
 

than the August peak, they were still relatively high and were matched
 

by a steady increase in the amount of time allocated to commercial activ

ities. The combined demands of commerce and crop production were parti

ally offset by a decrease in domestic labor, but the remainder had to be
 

drawn from rest activities. This suggests that, as with the Bush Tuareg
 

households, labor could be a binding constraint to agricultural production
 

during the October harvests.
 

The preceding summary of labor allocation when applied to a represen

tative Village Tuareg household suggests the following: a typical house

hold had five full-time members; an elder man, his wife, a teen-age
 

child and two younger children. During the dry season which spans the
 

first five months of the year, the woman and the teen-age child each spend four
 

to five hours per day on domestic chores. The man spends two hours each
 

day tending animals owned by wealthier village residents. During this
 

period, the man and woman each spend four hours of every day working as
 

hired laborers, tending small stands in the marketplace, or making crafts
 

for sale to supplement the household's income.
 

In late April, the woman takes time away from domestic work to assist
 

the man in planting the small millet field which has been loaned to them
 

by more wealthy Haussa village residents. As the rains begin in June and
 

crop production activities pick up, time allocated to commerce declines
 

and remains at a low level until late July. From late July through August,
 

the man undertakes work in the fields owned by Haussa village residents
 

while continuing to work on his own fields. In October, as the harvests
 

-come in, the woman once again takes time away from domestic work to assist
 

with the transport of the grain. While he is harvesting his own fields,
 

the man devotes more time to commerce during a period when the markets
 

are active. As the harvest is completed in November, the dry season work
 

patterns are resumed.
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Haussa.-- The distinctive feature of the Haussa production system
 

as regards the labor input is that seasonal crop production activities
 
do not detract significantly from time spent on any other producti%'e work
 

category. 
This is because the hiring of labor relieves any possible con
scraint due to crop production activities during the June through August
 
period. This is evidenced by the sharp increase in total labor availa
bility during that period as shown in Figure 3.3. During July, house

holds in the Haussa subsample hired an average of twenty hours per week
 
of labor services. The amount of labor hired rose to seventy-five hours
 
per week during August, which was the month when the maximum amount of
 
rain fell and crop-weeding labor requirements were at their peak. The
 
household also was assisted during the crop cycle by the return of the
 

young men who had sought work in urban centers duriizg the dry season.
 
Furthermore, the increase in water sources during the rainy season en
abled household members to spend less time on domestic work and more 
time
 

assisting laborers in the fields. 
The combined additions to the house
hold labor force provided sufficient labor for crop production so that
 
other activities could continue uninterrupted. Working household members
 
were able to engage in non-productive social activities for an average
 
of at least 4.5 of the twelve daylight hours of every day throughout the
 

growing season.
 

Having assisted their families with the most arduous crop production
 

tasks (weeding), the young men began to leave the village again in early
 
October as the 
harvest period started. There was a resultant drop in
 
labor availability, but during the survey year, the average Haussa house

hold had sufficient labor to cover both harvest act!vities and the increase
 
in commercial activities prompted by the active November markets without
 
hiring additional labor and without reducing rest activities below a level
 
which allowed for an average of over four hours of rest daily per working
 

household member.
 

H1ost Haussa households owned animals, but most of 
these animals 
particularly the large ruminants 
- were kept in communal herds managed
 
by a Fulani herder employed by the village or were confined to area nomadic
 

livestock producers with whom the household head was on good
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terms. 
 Only a few small ruminants and milk cows were managed by the
 
household. These animals were most often let out 
to graze unguarded around
 
the village. Accordingly, livestock production was not an 
impor
tant source of labor demand for Haussa households. Only two of the six
teen households in the subsample allocated household labor to livestock
 
production throughout the survey year. 
One of these households raised
 
horses, 
 and the other raised a fairly large herd of small ruminants.
 
However, the average household allocated no more than 
ten hours per week
 
of household labor to livestock production throughout most of the year.
 
An exception was 
the period from late September to November, which cor
responded to the time when sheep were 
fattened in preparation for the
 
Tabaski festival toward the end of 
the year.
 

Commerce was found to be the most 
important source 
of income for
 
households in the Haussa subsample. 
Access to labor for hire and the
 
use of profits derived from trade to purchase labor services enabled
 
household members to devote 
a fairly consta't amount of time to 
commer
cial activities throughout the year.
 

Relative Importance of Agricultural Production as 
a Source ofDemnd
 
for Household Labor.-- Figure 3.4 indicates for each subsample the per
centage of available labor allocated to agricultural production in each
 
fortnight of the year. 
 As suggested by the above analysis, activities
 
related to agricultural production were most important among households
 
in the Bush Tuareg subsample. 
 The average Bush Tuareghousehold devoted
 
between 20 and 50 percent of available labor to agricultural production
 
throughout the year. 
This was not the case among village residents, who
 
devoted less than 10 percent of available household labor to agricultural
 
production outside of the June-to-October crop cycle. 
 Even within the
 
crop cycle, the only month when more than 30 percent of available labor
 
was devoted to agricultural enterprises was the month of August. 
However,
 
this reflects the increase in the use of hired labor during that month
 
as much as it does a re-allocation of household labor.
 



-91-


FIGURE 3.4: 	 Percentage Allocation of Labor 
to Agricultural Production 
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Among village households, the proportion of time allocated to rest
 
and nonproductive social activities was roughly constant throughout the
 
year at about 30 to 40 percent of available daylight labor time.
 
This suggests that each working person was 
able to get an average of
 
four to five hours of rest per day. 
However, among households in the
 
Bush Tuareg subsample, the proportion of time allocated to rest activi
ties varied from one quarter to one-half of available labor time. Indi
vidual household members took an average of as much as six hours of rest
 
per day during the hot dry season and as little as three hours daily
 
during the crop cycle. This suggests that there may be excess demand
 
for labor during the crop cycle, but on the other hand, 
some slack in
 
the system is present during part of the hot dry season.
 

Summary of Results.-- Among all subsamples, the harvest period in
 
September and October appeared to be the time when labor availability
 
most seriously restricted agricultural production. The peak period of
 
crop production labor demand occurred during August, but all three pro
duction systems displayed sufficient flexibility to provide for the labor
 
required in the 
fields during this period. Bush Tuareg households re
allocated labor from livestock and rest activities, Village Tuareg house
holds re-allocated labor from commerce, and Haussa households made use
 
of returning migrants and hired labor to supplement the household labor
 
force. 
Only the Bush Tuareg households, who strove to be self-sufficient
 
in food, showed any signs of strain on the labor force during this period.
 

However, during the harvest period, the labor requirements of crop
 
production were accentuated by the need to complete harvest activities
 
rapidly in order to avoid losing the grain to birds, to the household's
 
own animals, or the animals which were passing through the survey area
 
on 
their way back from northern pastures at that time. The increase in
 
the amount of labor required for the harvest conflicted with the amount
 
of time required to guard animals to keep them out of the grain fields
 
and the need to engage in commerce to provide income to finance grain
 
purchases at a time when grain stocks were low. 
Only Haussa households
 
appeared to be able to deal effectively with the crunch in labor demand
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during this period. The analysis suggests that development programs could
 

assist subsistence producers by relieving the labor constraint which
 

occurs towards the end of the growing season. Such relief could be pro

vided by developing means of guarding or feeding livestock during the
 

harvest, by promoting more rapidly maturing varieties of grain or forage
 

which would ripen during September, or by providing alternative sources
 

of income during the dry season so that grain producers could build up
 

stocks of forage and grain which would carry them and their animals through 

the harvest season. These alternatives will be investigated as part of
 

the formal analysis of Chapter 11 and the policy analysis of Chapter 12.
 

But before determining the effects of such policies, it is necessary to
 

analyze the components of demand for crop and livestock production labor.
 

ThM.s is the subject of the next chapter.
 



CHAPTER 4
 

LABOR AS AN INPUT TO AGRICULTURAL PRODUCTION
 

This chapter continues the discussion of labor use developed in the
 

previous chapter by looking specifically at labor as applied to agricul

tural enterprises. The chapter is separated into two sections, the first
 

devoted to labor as an input to crop production and the second to the labor
 

input to livestock production. The production options considered are
 

millet, sorghum, goats and cattle combined with goats. Labor calendars
 

are presented for each option and eacn major subsample.
 

The analysis indicates that the two periods of peak demand for labor
 

as an input to crop production are associated with weeding requirements in
 

August and harvest requirements in October. The analysis of labor require

ments associated with the livestock enterprises indicates that requirements
 

per animal unit are low in August, but high and rising in October. Thus,
 

of the two periods, it appears that the combination of crop and livestock
 

enterprises poses conflicting demands 
on the labor force only during the
 

October grain harvests.
 

Grain Production
 

This section examines the components of the demand for labor as applied
 

to grain production. It contains a comparison of techniques among subsamples,
 

which partially explains the high variability in yields obtained by sample
 

households. The hypothesis entertaine, is 
that, under the assumption of
 

equal amounts of rainfall and equivalent soil conditions, the timing and
 

amount of the labor input is a significant factor in explaining the varia

bility in yields.
 

The section begins with a description of analytical methodology, fol

lowed by a subsection in which the validity of the assumptions underlying
 

the above hypothesis is examined. The next two subsections present those
 

characteristics of the technologies used to produce the major grains (millet
 

and sorghum) which are common to all subsamples. Most of the ensuing
 

-94



-95

analysis is limited to the technologies used to produce these two grains.
 

Other crop mixes are considered in a separate subsection, which shows that
 

other crops were not important sources of labor demand, nor were they
 

important contributors to food needs or household income.
 

The next five subsections look at each of five major crop production
 

activities and how the timing and importance of these activities varies
 

among subsamples. The division of labor by age and sex is considered for
 

each of these major production activities. A final subsection summarizes
 

the more important results and discusses their implications.
 

Analytical Methodology. -- Labor allocated to crop production was
 

divided into two crop categories (millet and sorghum) and five activity
 

categories (land preparation, planting, weeding, guardinggand harvesting).
 

For each household, the number of hours per fortnight allocated to each
 

major crop and each major activity was calculated; then this sum was
 

divided by the number of hectares planted to that crop by that household.
 

To derive the agricultural calendars for each crop and each subsample,
 

the mean number of hours per hectare was calculated across the households
 

in each subsample.
 

One weakness of this technique is that it probably underestimates
 

per-hectare production requirements for millet. This is because the area
 

figure used for the calculations was the area planted, not the area har

vested. After planting the millet plots, no further labor inputs were
 

supplied to those portions of the plot where plants did not come up. Thus,
 

labor may have been supplied to a smaller portion of the plot than is
 

suggested by the area. planted.
 

Since there was some intercropping of sorghum and millet, it was not
 

possible to separate labor allocated to millet from that allocated to
 

sorghum for all households. This was a particular problem with Haussa
 

households, among which intercropping of millet, sorghum, cowpeas, gumbo
 

and other spices was more common. Village Tuareg households tended to
 

adopt Haussa production practices, but where they planted millet and sor

ghum on the same plot, each grain was planted in a fairly well-defined
 

section. When this was the case, the research team estimated the percen

tage area allocated to each grain at the time when the fields were measured,
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and producers were asked to distinguish hours allocated to millet from
 
those allocated to sorghum on the same plot. This procedure was not always
 

possible for Haussa producers, as noted in Table 4.1. All households in
 

the Bush Tuareg subsample planted millet and sorghum on separate, clearly
 
defined plots; thus, the task of separating labor allocated to millet from
 
labor allocated to sorghum was considerably easier for this subsample.
 

Also, all households produced (or attempted to produce) millet, but
 
not all produced sorghum. Since there were some households which did not
 

produce sorghum and other households which appeared to be atypical cases
 
(an old woman working the fields alone, male head of household imprisoned
 
during the survey year, etc.), the labor calendars for two of the subsamples
 

are based on fewer households than the actual number contained in the sub
sample. Specifically, labor calendars for the Haussa subsample are based
 

on data from ten out of sixteen households, and the calendars for the
 

Village Tuareg subsample are based on seven out 
of seventeen households.
 

The activity categories are fairly self-explanatory. Land prepara

tion included clearing, burning, ground-breaking, and the construction
 

of thorn-brush fences or other enclosures. Weeding also included ridging
 

and the working of the soil after germination of the seeds. Guarding
 

consisted of surveying the fields to prevent damage to the crop by birds
 

or trespassing animals. Harvesting incorporated all the activities associ
ated with removing the ripened grain from the standing stalks to storage in
 

the granaries.
 

Effect of Rainfall on Labor Patterns and Yields. -- Although an equal
 

distribution of rainfall over the survey area has been assumed for the
 

purposes of the analysis of grain production labor demand, it may well be
 

that interplot variations in rainfall are as important a factor in deter

mining yields as are variations in the labor input. This is because rain

fall is highly localized, to the extent that some storms may hit only a
 
few of the plots in the survey area. Typically, during a given rainstorm,
 
three or 
four storm centers would strike the survey area, each providing
 

rain to an east-west belt less than five kilometers wide. Thus, rain
 

may hit one plot during a given storm, leaving a bordering plot completely
 

dry. 
However, it is assumed that the effect of localized rainfall is
 

averaged out over the plots cultivated by each subsample, so that the
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TABLE 4.1
 

MILLET PRODUCTION STATISTICS BY SUBSAMPLE
 

Statistic (Per Household) 


Total Area Mean 
Planted (Ha.) Range 

Total Labor Mean 
(Hours) Range 

Total Grain Mean 
Produced (Kg.) Range 

Hours/Ha. Mean 
Range 

Kg./Hour Mean 
Range 

Kg./Ha. Mean 
Range 

SOURCE: Appendix V.
 

Haussa 

(n-16) 


7.40 

.74 - 47.30 


1224 

408 - 3020 


189 

0 - 604 


258 

64 - 589 


.13 

.00 - .34 


46 

0 - 136 


Subsample 

Village 
Tuareg 
(n=17) 

Bush 
Tuareg 
(n=12) 

.19 
2.15 
- 4.05 .32 

2.99 
- 6.88 

36 
833 

- 2467 136 
498 
- 1097 

0 

73 
248 

7 
0 - 90 

60 
436 

- 1132 54 
212 
- 734 

.10 
.00  .29 

.01 
.00  .08 

39 
0 -159 

1 
0 - 17 
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ensuing analysis may focus on the timing and quantity of the labor input
 
as 
a factor in explaining the variability of yields among subsampies.
 

In addition to its effect on 
interplot variations in yields, rainfall
 
was 
the most significant factor in determining the timing of the labor
 
input to grain production. Thus, due to the variability of rainfall pat
terns, labor patterns shown may be relevant only for years in which the
 
spatial and temporal distribution of rainfall is similar to that of the
 
survey year. 
A detailed analysis of intertemporal variations in rainfall
 
distribution is presented in Chapter Six. 
 That analysis indicates two
 
abnormalities in rainfall distribution during the survey year which should
 
be kept in mind when studying the observed labor calendars.
 

The first abnormality was the thi-ty-day drought running 
 from June 21 
to July 22 which followed the first rains. 
 This destroyed plants which
 
had come up after two series of plantings, one before the rains in late
 
April and the other during the early rains in June. 
Plantings were repeated
 
after the rains resumed in late July, but by then the temporary absence
 
of rainfall had already had a disastrous effect on the rain-fed millet
 

crop.
 

The second abnormality was that the rains continued well into October
 
and that an unusually large amount of rain fell during that month. 
The
 
late rains brought forth a second sorghum harvest, prolonging the harvest
 
period through November. Labor patterns and yields might have been quite
 
different had rainfall patterns been more consistent with those of the
 

previous fifteen years.
 

Millet.-- Tables 4.1 and 4.2 present selected statistics for each
 
subsample describing grain production per household. 
 Data for individual
 
sample households are contained in Appendix V. 
A more detailed analysis
 
of these production statistics is presented in Chapter 9.
 

The tables here show that millet cultivation was less intensive than
 
sorghum. 
For all three major subsamples, the mean number of hours applied
 
per hectare to millet fields was approximately half of the labor input
 
per hectare to sorghum fields. The difference in labor intensity may be
 
accounted for in part by the underestimation of per-hectare labor requirements
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TABLE 4.2 

SORGHUM PRODUCTION 	STATISTICS BY SUBSAMPLE
a
 

Subsample
 
Village Bush
 

Haussa Tuareg Tuareg
 
Statistic (Per Household) (n=14) (n=12) (n=12) 

Total Area Mean 1.38 .75 2.26 
Planted (ha.) Range .20 - 3.34 .13 - 1.68 .31 - 7.90 

Total Labor Mean 579 544 1592 
(Hours) Range 163 - 1365 24 - 1821 297 - 3670 

Total Grain Mean 444 128 2341
 
Produced (Kg.) Range 0 - 2066 0 - 435 0 - 16250
 

Hours/Ha. 	 Mean 413 765 895
 
Range 105 - 792 154 - 1917 412 - 2137
 

Kg./Hour 	 Mean 1.08 .22 1.02
 
Range .59 - 1.51 .00 - .66 .00 - 4.43
 

Kg./Ha. 	 Mean 373 146 731 
Range 0 - 637 0 - 345 0 - 2057 

SOURCE: Appendix V.
 
aStatistics based on data for those households which cultivated sorghum,
 

as indicated by the subsample size. 
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for millet production repulting from the partial abandonment of
 

millet fields mentioned above.
 

Millet was cultivated as a rain-fed crop, meaning that its only
 

source of moisture was rain falling directly on the plants. This is in
 

contrast to 
the sorghum crop, most of which was planted in runoff channels
 

receiving water from rain hitting the surrounding hills. Correspondingly,
 

in millet fields, more space was 
left between rows and between pockets.
 

As 
the tables indicate, millet production per household varied widely.
 
Furthermore, households in the Haussa subsample appeared to be more suc

cessful millet producers than others, particularly those of the Bush Tuareg
 

subsample. Mean millet production per Haussa household was 189 kilograms,
 

whereas only one of the twelve Bush Tuareg households harvested any millet,
 

and that harveit amounted to only 90 kilograms. The hypothesis that these
 

means are significantly different will be tested as 
part of the grain pro

duction analysis in Chapter 9.
 

Sorghum.-- Although Haussa households appear to be more successful
 

millet producers, the statistics in Table 4.2 suggest that Bush Tuareg
 

households were the most successful sorghum producers.1 
 Households in
 
that subsample accounted for 78 percent of total sorghum production
 

by the three major s-bsamples. One Bush Tuareg household produced over
 

sixteen metric tons of sorghum.2 
 Average sorghum production among the
 
other nine households in that subsample who had some harvest was 1315
 

kilograms, or more 
than twice the average production of Haussa sorghum

producing households and ten times the average production of the Village
 

Tuareg households which planted sorghum.
 

As indicated above, sorghum was much more intensively cultivated
 

than millet. This was especially true among households in the Bush Tuareg
 

1More formal statistical tests of this hypothesis will be conducted
 
as part of the grain production analysis of Chapter 9.
 

2This most successful sorghum producer insisted on employing Haussa
 
laborers to work his fields rather than the Village Tuareg laborers most
 
commonly employed by other grain producers.
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subsample, which applied an average of up to 200 hours per hectare and
 

per fortnight to sorghum enterprises during the crop cycle. As is shown
 

below, the average labor intensity for millet enterprises never exceeded
 

100 hours per hectare in a two-week period.
 

Other Crops.-- The two other major crops planted in addition to
 

grains were cowpeas and gumbo. Only three sample households kept small
 

plots in their courtyards on which crops other than the four mentioned
 

above were grown. These plots contained spices which were harvested as
 

needed for cooking, and the value of production derived from these plots
 

was not significant. Thus, this subsection considers only the importance
 

of cowpeas and gumbo during the survey year and the role of winter garden

ing in previous years.
 

Thirty-three of the forty-eight households in the final sample planted
 

cowpeas, which were intercropped with millet on upland soils. This included
 

thirteen Haussa, fourteen Village Tuareg, thre.. Fulani and three Bush
 

Tuareg households. Of these thrity-three households, only eleven (eight
 

Village Tuareg and three Haussa) harvested any cowpeas during the survey
 

year. The combined cowpea production of these eleven households amounted
 

to only 110 kilograms, and maximum production by any one household was
 

th. c kilograms. Thus, the mean production of cowpeas by households
 

plat .Angthat crop was only three kilograms, equivalent to a mean value
 

product of only 370 f CFA.
 

Gumbo (okra) was intercropped with sorghum on lowland soils and was
 

planted by only three sample households, all Haussa. One household har

vested seventy kilograms, and the other two harvested ten kilograms each.
 

Since cowpeas were intercropped with millet and gumbo intercropped
 

with sorghum, most activities related to these crop combinations took
 

place simultaneously. It was impossible to separate out labor allocated
 

to cowpeas, for instance,from labor allocated to the millet crop on the
 

same plot. Thus, since cowpeas and gumbo made insignificant contributions
 

to output, no separate consideration of these cro, combinations will be
 

given as part of the analysis of labor patterns. In most cases,-where
 

it was obvious that the plants would not yield, the leaves were harvested
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for use as supplemental animal feed, and io further labor inputs were pro

vided, leaving labor patterns unaffected by the additional crop. Thus,
 

the foll6wing assumes that intercropping did not affect labor patterns,
 

and labor schedules will be presented only for the major grains. Although
 

the effect of intercropping on labor demand is excluded here, the effect
 

of intercropping on output will be considered in subsequent chapters.
 

As a result of the variation in rainfall patterns, there is one
 

additional reason why labor patterns observed during the survey year may
 

have been unusual for households in the Haussa and Village Tual-g subsamples.
 

This is that below..;i.erage rainfall during the survey year prevented vil

lage residents from cultivating winter gardens. These winter gardens are
 

plots on which tomatoes, onions and a few other vegetables are grown during
 

the cold season from late November to March. Most of the thirty-six
 

sample households living in Kao village normally engage in such winter gar

dening around the borders of the semi-permanent lake on the edge of the
 

village. Howev.e-r, due to low rainfall during the survey year, lakes in
 

the survey area were dry by the end of November, so that there was not
 

sufficient moisture for the winter gardens. This partially explains the
 

lack of agricultural activity in households living in the village during
 

the period from December to March. The lack of surface water to support
 

gardens during tie cold season did not affect the labor patterns of house

holds in the Bush Tuareg subsample, who do not normally cultivate such
 

gardens.
 

Land Preparation.-- Graphs showing the average seasohal labor require

ments 
for millet and sorghum for each major subsample are contained in
 

Appendix VI. The remainder of this section analyzes the timing and impor

tance of each major activity as reflected in the six labor calendars.
 

Land preparation as observed during the survey year was not a time

consuming activity. Furthermore, no land perparation was required for
 

the millet crop, in contrast to sorghum. Depending on the subsample, a
 

total of forty to eighty hours per hectare was required for preparing
 

sorghum land. Most of the land preparation was done during May, the month
 

before the rains normally begin.
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Planting.-- Several series of plantings occurred over 
the course of
 

the crop cycle. Among some subsamples, fields were seeded when dry. This
 

generally took place in late April. 
Most of the early seeding was executed
 

by households in the Village Tuareg and Fulani subsamples who were,.on
 

average, the least successful grain producers. Bush Tuareg households, who
 

were the most successful grain producers, did not practice early seeding.
 

Other than the dry seeding in late April, the timing of planting
 

activities was heavily dependent on the timing of rainfall. 
 A series of
 

millet plantings took place in June during the initial rains, followed by
 

a series of sorghum plantings in late June. Both millet and sorghum
 

fields were replanted after the thirty-day break in rainfall from late
 

June to late July. Haussa households continued to plant millet through
 

August.
 

Weeding.-- Weeding is probably the most critical task and certainly
 

the most demanding in terms of total hours per hectare applied during
 

the course of the crop cycle. The more successful sorghum producers
 

(Bush Tuareg households) connentrated weeding labor on the sorghum crop
 

early in the season, then maintained a high level of labor input to weed

ing sorghum through August. The greatest per-hectare labor input to sor

ghum weeding occurred in early July during the thirty-day lull in rainfall
 

when only sorghum fields, which receive water runoff from the hills, were
 

still moist.
 

In contrast to Bush Tuareg weeding patterns, Village Tuareg house

holds weeded sorghum during the rainfall lull, then broke off the labor
 

input to sorghum in order to devote their efforts to the millet crop when
 

the rains resumed in late July and early August. Weeding of sorghum was
 

not resumed until late August. Haussa households supplied the major input
 

to sorghum weeding during August, beginning weeding in late June and
 

interrupting the weeding effort in late July to concentrate their efforts
 

on replanting.
 

Weeding activities placed a daily constraint on the labor force. The
 

research team was informed that each 
time a rain of seven millimeters or
 

more fell on a grain field, the producers would attempt to weed and turn
 

http:were,.on
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1
 
over the soil in that field as soon as possible after the rain. Thus,
 

producers were faced with a labor constraint after each sizable rainstorm.
 

Haussa households bypassed this constraint by hiring additional
 

labor, particularly during August, the month of heaviest rainfall. The
 

hiring of labo_. enabled Haussa producers to spend roughly equal amounts
 

of time per hectare on weeding millet and sorghum fields during the
 

critical period of heavy rainfall in August.
 

On the other hand, Tuareg producers, who hired little or no labor
 

services, relying instead on the household labor force, were forced to
 

choose between weeding millet or sorghum fields during the critical
 

period of heavy rainfall. The twelve Bush Tuareg households allocated
 

most of the available labor to sorghum, spending up to 183 hours per
 

hectare weeding that crop in each fortnight during July and August.
 

These households postponed weeding on millet fields from late June to
 

early August. The postponement probably contributed to the failure of
 

the millet crop among households in this subsample.
 

The twelve hoxseholds in the Village Tuareg subsample which
 

cultivated both milLet and sorghum chose on the average to allocate labor
 

to weeding sorghum in late June and early July (during the thirty-day
 

break in rainfall) and again in late August. In the interim, in late
 

July and early August, labor was concentrated on the weeding of millet
 

fields at the expense of the sorghum crop.
 

Guarding.-- Haussa households, which were the most successful millet
 

producers, guarded their millet fields during planting at the time of the
 

early rains to prevent birds and rodents from eating the seeds. This
 

practice was not common to any other subsample. Among other households,
 

fields were guarded only during the harvest season to prevent incursions
 

by animals attracted to the ripening grain.
 

1This information was provided to the researcher by one of the
 

three founders of the Haussa village at Kao, who was responsible for
 
collecting rainfall data for the national weather service.
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For Tuareg households (both the Bush and Village Tuareg subsamples),
 

guarding of the sorghum fields to keep away birds and animals began in
 

September and continued through the end of the year. As opposed to Bush
 

Tuareg households, more guarding time was required per sorghunf hectare
 

for Village Tuareg households, since most of their fields were in the
 

proximity of the village and 
there was a higher animal population density
 

in that area. Tuareg millet fields were guarded throughout the harvest,
 

or, in the case of the Bush Tuareg subsample, until it became clear that 

no millet harvest was forthcoming. 

Relative to Tuareg households, there was little labor input to 

guarding fields by Haussa households during the harvest season. This may
 

have been because Haussa merchants in the village had greater access 
to
 

civil servants and greater influence at the regional level of government.
 

Thus, they may have felt more assured of recourse through the legal
 

system if damage was done to their grain crop by trespassing herds.
 

Harvesting.-- The grain harvests normally begin in late September
 

and are completed by November. However, during the survey year, the
 

research site received an unusually large amount of rain in October
 

relative to the past fifteen years. The large October rain brought
 

forth a second sorghum harvest by bringing to fruition plants which
 

previously were immature. This prolonged the harvest through the end of
 

the year, with most households experiencing a peak demand for harvest
 

labor at the end of October, a time when household labor also was re

quired for guarding fields and animals.
 

The late rains did not assist the millet crop. The millet harvest was
 

concentrated in late September and October and was completed by November.
 

Division of Labor Allocated to Crop Production by Age and Sex.--


Tables 4.3 
to 4.5 give mean percentage breakdowns by age and sex of the
 

total amount of labor devoted to each work category as compared to the
 

mean percentage of household labor available in each age/sex category
 

during the survey year. The tables show that most of the work of crop
 

production was undertaken by males aged fifteen to forty.
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TABLE 4.3 

MEAN PERCENTAGE DIVISION OF CROP PRODUCTION LABOR
 

BY AGE AND SEX: BUSH TUAREG SUBSAMPLEa
 

M A L E F E M A L E Hired 
Activity 8-14 15-40 >40 8-14 15-40 >40 Labor Visitors
 

Total b
 
Available 19 32 6 11 31 1
 

Land
 

Preparation 4 73 15 8
 

Planting 21 43 8 13 16
 

Weeding 27 50 4 14 1 4
 

Guarding 25 48 17 6 4
 

Harvest 7 55 15 7 13 3
 

NOTES: apercentage allocations for each household averaged over twelve
 

households in subsample. 

bDerived from Appendix iII (Household labor only).
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TABLE 4.4
 

MEAN PERCENTAGE DIVISION OF CROP PRODUCTION LABOR
 
BY AGE AND SEX: VILLAGE TUAREG SUBSAMPLEa
 

M A L E F E M A L E Hired 

Activity 8-14 15-40 >40 8-14 15-40 >40 Labor Visitors 

Total
 
Availableb 13 23 13 2 39 9
 

Land C 
Preparation 5 64 27 3 

Planting 16 33 20 3 18 7 1
 

Weeding 14 43 23 12 1 7
 

Guarding 11 47 29 11 2
 

Harvest 9 35 15 27 9 5
 

NOTES: apercentage allocations for each household averaged over seventeen
 

households in subsample, unless otherwise stated.
 

bDerived from Appendix III (household labor only).
 

cBased on the ten households allocating labor to this activity.
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TABLE 4.5
 

MEAN PERCENTAGE DIVISION OF CROP PRODUCTION LABOR
 
BY AGE AND SEX: HAUSSA SUBSAMPLEa
 

M A L E F E M A L E Hired
 
Activity 8-14 15-40 >40 8-14 15-40 
 >40 Labor Visitors
 

Total b
 
Available 4 
 23 9 16 45 1 

Land 

Preparationc (- 63 21 1 1 8 

Planting 
 5 43 11 15 16 7 3
 

Weeding 5 5
41 18 2 29 

Guarding 68 24 7 1 

Harvest 5 51 14 9 9 12 

NOTES: apercentage allocations for each household averaged over 
sixteen
 
households in subsample, unless otherwise stated. 

bDerived from Appendix III (household labor only). 

CBased on the 
thirteen households which allocated labor to 
this
 
activity.
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With only a few exceptions, women made only minor contributions to
 

crop production lobor. This is because women of working age had to spend
 

the bulk of their time pounding grain and preparing meals. Although
 

women comprised between 40 and 60 percent of the available household labor
 

force, they rarely contributed more than 15 percent of the total labor
 

input to crop production activeties. Two exceptiono were planting and
 

harvesting, activities for which women contribute- between 20 and 30
 

percent of the total labor input.
 

Of the three subsamples, Haussa households relied most heavily on
 

hired labor. Labor was hired to assist with all but one of the major
 

crop production activities. Haussa households were able to hire more
 

labor on the average since they had more discretionary income derived
 

from commerce than households in other subsamples.
 

Of the five major activities, land preparation and weeding involved
 

the most arduous tasks. On the average, at least 85 percent of
 

the labor input to land preparation was contributed by adult males. The
 

weeding category encompassed those activities for which the quality of
 

the labor input was probably the most critical. This was the category
 

for which the most labor was hired to supplement household labor resources.
 

Laborers were hired for weeding by eighteen households, most of them Haussa.
 

In twenty of the forty-eight sample households, over 75 percent
 

of the labor input to weeding was supplied by adult males fifteen to forty
 

years of age (including hired laborers).
 

Planting and harvesting were less strenuous tasks. Most of the
 

planting work consisted of breaking the ground with a long-handled hoe
 

and throwing in seven or eight seeds per pocket. This work was shared
 

by all age/sex categories. As with planting, members of all age and sex
 

categories participated in the harvest. The harvest season appeared to
 

be a time of critical labor shortage when all available household labor
 

-was diverted to work in the grain fields.
 

IAn additional exception was that Haussa women contributed twenty 

percent of the input to weeding labor. However, relative to the Tuareg
 
subsamples, women comprised a larger proportion (60 percent as opposed to
 
40 percent) of available household labor.
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Among Tuareg households, young males (eight to 
fourteen years of age)
 
made minor contributions to land preparation and harvesting labor relative
 
to their contributions 
to other work categories. This was probably because
 
these two activities occurred at the beginning and end of the crop cycle,
 
times when the labor requirements of the livestock enterprises were high.
 
As will be illustrated in the next section, Tuareg livestock enterprises
 
relied heavily on young male labor. 
Thus, the services of young male
 
laborers probably were pre-empted by livestock enterprises at the time of
 

land preparation and harvesting.
 

Table 4.6 indicates the extent to which households engaging in dif
ferent livestock production activities made 
use of labor from outside of
 
the household 
to supplement household labor resources. 
Clearly, the
 
households with larger herds (large and small ruminant producers) employed
 
more non-household labor. 
There are two possible interpretations of this
 
phenomenon: 
 1) livestock ownership is an indicator of wealth, and wealthier
 
households 
were able to hire more 
labor for the critical work associated
 
with weeding and harvesting; and 2) marketing of the surplus derived from
 
higher milk yields and births into the herd during the rainy season pro
vided livestock producing households with greater cash flows with which
 
to hire labor or feed visitors at 
the time of weeding and harvesting.
 
The producers themselves offered the latter interpretation when questioned
 
about the desirability of combining crop and livestock enterprises.
 

Summary of Results.-- Millet and sorghum production were the most
 
important sources of demand for agricultural labor among sample households
 
during the crop cycle. 
Of the two, sorghum was a more labor-intensive
 
crop, requiring a higher labor input per hectare planted. 
Other crops were
 
intercropped with these two major grains, but made insignificant contributions
 
to total output. 
 The winter gardens which produce vegetables during the
 
dry season were not &ltivated 
during the survey year due to inadequate
 
rainfall. The inability to cultivate winter gardens affected labor
 

patterns among village residents only.
 

The two 
critical periods when peak demand for crop production labor
 
indicated that labor availability may have been a binding constraint 
to
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TABLE 4.6
 

MEAN PERCENTAGE DIVISION OF WEEDING AND HARVEST LABOR BY
 
ANIMAL PRODUCTION CATEGORY
 

Weeding Harvest 
Production 
Category Household Non-Householda Household Non Householda 

Large + 
Small 
Ruminants 68 32 88 12 
Producers 
(n = 14) 

Small
 
Ruminant
 
Producers
 

(n = 17) 

No Live
stock 95 5 00 0
 
Production
 

(n = 17) 

aIncludes hired laborers and visitors.
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production of the key millet and sorghum crops were August and October.
 

August was the month of heaviest rainfall, thus also the month when pro
ducers faced the highest per hectare labor requirements for weeding in the 
grain fields. The nature of weeding activities required that most of the
 
weeding be performed by adult males in their prime. 
Haussa producers
 

alleviated the labor constraint during this period by hiring labor 
to
 
supplement household labor resources, enabling them to allocate labor to
 
both main crops throughout the period of heavy rainfall. 
Tuareg producers
 

responded to the problem in two ways: 
 1) by reducing the amount of labor
 
allocated to activities other than grain production (see Chapter 3); 
and
 
2) by selectively allocating labor to one main grain crop at 
the expense
 

of the other. The discretionary income derived from livestock, trading,
 

crafts or other alternative enterprises could have contributed 
to the
 
success of the grain crop by providing funds with which to hire labor
 

during this period, as suggested in Table 4.6.
 

The high labor requirements during October, the other period of peak
 
demand for crop production labor, were 
associated with harvesting activities.
 

The work of harvesting was shared by all age and sex categories and was
 
not confined to adult males, as 
was most of the weeding work. However,
 
labor resources were less flexible during the October period, and thus
 
the constraint imposed by labor availability was potentially more b1 nding.
 

This was particularly true for producers combining crop and self-managed
 

livestock enterprises, since the animals had 
to be watched carefully to
 

prevent them from wandering into the grain fields during 
the harvest.
 
The next section examines the extent to which this conflict between grain
 
and livestock enterprises also constrained livestock production.
 

Livestock Production
 

This section examines the components of the demands for labor as 
applied to livestock production. The scope of the analysis is limited 
to two options exercised by Bush Tuareg producers: goat production and
 
mixed cattle and goat production. The reasons behind this choice of scope 
are outlined in 
the first subsection. A description of the analytical
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methodology is offered in the second subsection.
 

The remainder of the section investigates, for each of the two options,
 

the characteristics of Bush Tuareg hou.seholds exercising that option and
 

the labor requirements associated with it, A final subsection is devoted
 

to the division of labor allocated to livestock production by age and sex
 

for each of the three major production activities and for households in
 

the Bush Tuareg subsample,
 

Scope of Analysis.-- A variety of animals are raised within the survey
 

region: cattle, sheep, goats, camels, horses and donkeys, Cattle, goats
 

and camels are raised primarily for milk, but also for meat. Sheep are
 

raised for meat, and camels, horses and donkeys are used for transport,
 

Further descriptions of the characteristics and functions of each animal
 

type are given in Chapter 7. This report focuses on cattle and goats
 

for the following reasons: 1) Most of the labor allocated to livestock
 

production was devoted to the production of these two animal types.
 

2) Cattle and goats provide a locally produced food source (milk) which
 

is an alternative to grain. 3) Most of the domestic animal population in
 

the survey region consists of cattle and goats: 410 of the 576 animals
 

registered during the census of animals managed by sample households
 

conducted during October of the survey year were cattle or goats.
 

4) Cattle and goats were the animal types most commonly held in sample
 

members' herds,
 

Of the four subsamples, only Fulani and Bush Tuareg households as
 

a group consistently devoted household labor to animal production through

out the year. Haussa households confided their animals to hired herders,
 

with the exception of transport animals (horses and donkeys), cows in milk,
 

and small ruminants raised for meat and social obligations, which were
 

kept in the household's courtyard and let out to graze unguarded during
 

the day. Only four of the seventeen Village Tuareg households held
 

animals throughout the year. Since the *tilani subsample was too limited
 

and probably unrepresentative and since the Bush Tuareg production system
 

was considered to be the most representative of the technology employed
 

by most permanent residents of the southern pastoral zone, the ensuing
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labor analysis will focus on labor allocated to cattle and goat herds by
 

Bush Tuareg households.
 

Within the Bush Tuareg subsample, eight of the twelve households
 
kept animals throughout the year and maintained a consistent herd compo
sition and structure. 
The other four kept some animals only for part of
 
the year, altering the mix of animals held in household herds during the
 
course of 
the survey. Thus, of the twelve households in the Bush Tuareg
 
subsample, the analysis 
concentrates on the eight households which main
tained consistent herd structures, 
four of which managed goats and four
 
of which combined large and small ruminants.
 

The four Village Tuareg households which held animals throughout the
 
year also maintained consistent herd structures. However, as 
mentioned
 
above, the conditions of production were considerably different due 
to
 
the higher density of both human and animal populations in and around the
 
village. 
Thus, Village Tuareg production conditions were not considered
 
to be as representative of production systems in the southern pastoral
 

zone as Bush Tuareg conditions.
 

For those households managing a mixed milk-producing herd of large
 
and small ruminants (goats combined with either cattle or camels), 
it was
 
impossible to distinguish the labor allocated to 
one particular animal
 
type from that allocated to another. 
The animals were managed jointly
 
and were pastured, watered, and milked together. 
It was also observed
 
that, at least among the populations represented in the survey sample,
 
large ruminants were not acquired until the household had built up 
a
 
basic subsistence herd of small ruminants. 
 Thus, the production conditions
 
considered are 
those of Bush Tuareg households, and the production option
 
is that of managing a basic small ruminant herd as opposed to a mixed herd
 

of large and small ruminants.
 

Analytical Methodology.-- For the purpose of this analysis, livestock
 
production activities were separated into three categories: pasturing,
 
watering, and milking. 
 Pasturing included primarily the surveillance of
 
animals while grazing. Animals were not 
constantly attended while grazing,
 
as evidenced by the ensuing analysis. 
At certain times of year, they
 



-115

would be left to wander in search of pasture, and some member of the
 

household would go out in the evening to bring them back to camp. Also
 

included in this category was the time spent making feed supplements
 

available, 
 such as bran and salt licks.
 

Most of the labor allocated to the category labelled "Watering"
 

consisted of leading animals to surface water or drawing water for them
 

from hand-dug wells. This category also included the time spent looking
 

for lost or strayed animals, ti,. time spent rescuing trapped animals, and
 

the time spent in animal healtb care. However, very little time was
 

spent by any household on this latter group of activities.
 

Milking included all the activities associated with "harvesting" 

the output of the household herds. As indicated, most of the labor in 

this category went to milking and transporting the milk to the household.
 

This category also included the relatively small amounts of time spent
 

buying and selling animals on the local market.
 

As with all other activities, hours of labor allocated to each
 

category were aggregated by fortnight (two-week period). Different age
 

and sex categories received equal weights in the aggregation. Totals for
 

each activity in each fortnight and for each household were then divided
 

by the estimated average herd size measured in Tropical Bovine Units
 

(Unit6 Bovine Tropicale, or U.B.T.)l The results are averaged over the
 

four households in each of the two production categories to obtain the
 

average labor requirements in standard units for two types of herds:
 

1) a basic subsistence herd of twenty to twenty-five goats; and 2) a mixed
 

herd consisting of twenty to twenty-five goats and three to five head of
 

cattle.
 

The data base for this analysis obviously suffers from the fact that
 

it is derived from such a small sample. On the other hand, the grain
 

production labor analysis suffered from the fact that labor patterns are
 

IThis corresponds to an animal with a liveweight of 250 kg and is
 

equivalent to 1.0 camel, 1.2 cattle, and 5.0 sheep or goats. Converstion
 

factors are derived from Granier et al. (1977). See Chapter 2."
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highly dependent on rainfall patterns and that time series data are not
 

available for comparison. However, time series data are not as essential
 

in the case of livestock production since the timing of labor requirements
 

associated with livestock production may not be subject to as much varia

bility Lie to rainfall as are crop production requirements, Thus, sample
 

households would be likely to devote roughly the same amounts of time to
 

their herds during the survey years as they would in years in which rain

fall patterns were different from those of the survey year.
 

Characteristics of Goat-Producing Households.-- Table 4.7 contains
 

production statistics for those Bush Tuareg households which consistently
 

maintained goats throughout the survey year. These households were of
 

roughly average size in comparison to the mean for households in this
 

subsample. However, the three smaller households each maintained three
 

children below eight years of age, thus facing greater maintenance require

ments per working household member than most other sample households.
 

Total production of milk available for human consumption during the
 

survey year was slightly below the subsample mean. However, when the
 

households holding larger mixed herds are excluded, 
mean milk production
 

for goat-producing households is just slightly above the mean for the
 

remaining eight households (411 liters per year of milk available for
 

human consumption).
 

Mean area planted for these four households was slightly above the
 

subsample mean (excluding the household with abnormally large land inputs).
 

However, as with the entire sample, this distribution displays a great
 

deal of dispersion which is not significantly correlated with grain or
 

milk production (see Chapter 3). Total grain production was well above
 

the subsample mean for all but one of the four goat-producing households.
 

In summary, the four goat-producing households appear to be of
 

average size for the subsample in terms of the available labor force.
 

These four households produced grain somewhat in excess of other house

holds in the same subsample, with the exception of those households
 

holding larger mixed herds (see Table 4.8).
 



TABLE 4.7
 

SELECTED PRODUCTiON STATISTICS FOR BUSH TUAREG HOUSEHOLDS MANAGING
 
GOATS THROUGHOUT SURVEY YEAR
 

Average
 

Working Age Herd Total Milk Area Total Grain
 

Resident Sizeb ProductionC Planted Production
 

Household Equivalentsa (U.B.T.) (Liters) (ha) (kg)
 

46 3.98 4 442 6.70 1231
 

53 2.87 5 650 2.81 1332
 

57 4.27 4 498 2.84 260
 

61 4.76 4 491 8.59 2406
 

Mean for Akove
 
Households 3.97 -- 520 5.24 1307
 

(0.80) (90) (2.89) (878)
 

Mean for 
Sub-Sample 3.95 -- 606 4.45 1084 

(n = 11)e (1.54) (378) (2.51) (886) 

aSee Chapter 3.
 

bSee Chapter 10 for details of calculation of herd size. One U.B.T. corresponds to 5 goats.
 

cMilk available for human consumption produced by household herds during survey year.
 

'dStandard deviation in parentheses.
 

eExcludes Household 64.
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Labor Requirements for a Basic Goat Herd.-- Figure 4.1 shows the
 

amount of labor required per U.B.T. and per fortnight to maintain a herd
 

of approximately twenty goats. 
 The most outstanding characteristic of
 

the labor flows is the sharp drop in allocations to the goat herd from
 

mid-June through August. This was the period during the rainy season
 

when water and pasture were plentiful. It was also the period when crops
 

were in the ground and were developing. However, most crop producers
 

were in their fields either planting or weeding at this time, so there
 

was relatively little danger of animals wandering into the grain fields
 

without being noticed. Thus, during the height of the rainy season,
 

the animals could be left to wander on their own 
in search of relatively
 

abundant pasture and water, and more household labor could be devoted to
 

grain production. For this reason, goat production labor requirements
 

dropped 
to their annual low in late August when the combined requirements
 

for weeding in both millet and sorghum fields were at an annual peak
 

(cf. discussion of crop labor requirements in previous section).
 

By September, the weeding of the grain crop was completed, and activi

ties in the grain fields dropped off until the harvests began in October.
 

The grain fields were vacant at this time, and as the grain ripened, it
 

became more attractive to the herds. At this time, the herds had to be
 

placed under more regular surveillance to prevent them from entering
 

the fields and damaging the grain crop. Thus, labor requirements rose
 

sharply between August and September and increased more gradually throughout
 

the harvest period as more labor was devoted to keeping the herds away
 

from the harvested grain. At the same time, watering requirements were in

creasing as surface water supplies dried up and herders had to begin watering
 

their animals from the wells. Milking requirements also rose at this
 

time since more animals in the herd were coming into milk. Thus, at the
 

time of the grain harvest, sorghum and goat-producing households were
 

faced simultaneously with rising demands for harvest labor and rising
 

demands for labor allocated to all three major goat production activities.
 

Labor requirements were stable throughout the cold season and hot
 

dry season, with three exceptions. One of these was the drop in labor
 

allocated to pasturing in late April and early May while the sorghum
 

fields were prepared for planting. The high dry season level of inputs
 



50 FIGURE 4.1: Labor Requirements for an Average Goat Herd 

40r 

\ ---- I TOTAL 

I 

30 . 

I II 

PASTURE 

a, 
20 

0 

10 

-- WATERING 

M ILK IN G 

JANI FEeI MARl APRI APR/M. MAYZ JUN 2 JUL2 AUG2 SEPT2 OCT2 NOVI DECI 

JAN FEB2 MARZ APRZ MAYI JUNI JULI AUGI SEPTI OCTI OCT/N. NOV2 DECZ 

Fortnight 



-120

to pasturing labor was resumed in late May and early June when pasture and
 

water were most scarce. At this time, labr requirements for the goat
 

herds reached their annual peak.
 

The second exception to stable dry season labor requirements was
 

that labor allocated to milking declined throughout the early hot dry sea

son as milk yields declined. Milking labor requirements rose again in
 

late April. Animals were left to wander at this time as 
land preparation
 

was undertaken in the sorghum fields. 
Thus, they had to be sought out
 

each evening and driyen back to the camps for milking, accounting for the
 

increase in labor allocated to that activity.
 

Finally, there was a decline in labor allocated to watering through

out March and the first half of April. The research team found no adequate
 

explanation for this phenomenon, which was witnessed as well among the
 

mixed herds of large and small ruminants, as indicated below.
 

Characteristics of Cattle and Goat-Producing Households,-- Selected
 

production statistics for Bush Tuareg households with mixed milk-producing
 

herds are presented in Table 4.8. Two of these households were of average
 

size relative to other households in the subsample and in the entire
 

sample. However, the other two had the largest available labor forces
 

of the entire sample, with the exception only of the Haussa village chief.
 

The two smaller households planted to grain an area which was average
 

in size for the Bush Tuareg subsample. However, the management of their
 

grain production enterprises was distinctive in that they were able to
 

supplement the household labor force at critical times 
(weeding, harvest)
 

with hired labor or the assistance of visitors. The larger milk yields
 

and cash flows emanating from the mixed herd enabled these households to
 

support the additions to the household labor force.
 

The two larger households planted abnormally large areas to grain.
 

Land inputs to grain enterprises were among the eight largest of the
 

entire sample (all over eight hectares). The other six households planting
 

an equally large or larger total land area included the Haussa village
 

chief, the Haussa overseer (chief) of the Kao marketplace, two successful
 

Haussa merchants, and a retired Fulani civil servant. 
 With the exception
 

of one Bush Tuareg goat-producing household, which utilized the largest
 



TABLE 4.8
 

SELECTED PRODUCTION STATISTICS FOR BUSH TUAREG HOUSEHOLDS MANAGING
 
LARGE AND SMALL RUMINANTS THROUGHOUT THE SURVEY YEAR
 

Average 
Working Age Herd Total Milk Area Total Grain 
Resident Size Production Planted Production 

Household Equivalents (U.B.T.) (Liters) (ha) _(kg) 

45 3.91 7 1166 4.91 2031 
63 3.93 7 1169 4.13 621 
64 7.74 10 2465 13.90 16250 
65 7.16 7a 1042 8.51 2080 

Mean for Above 
Households 5.69 -- 1461 7.86 5246
 

(2.05) 
 (672) (4.45) (7367)
 

Mean for 
Sub-Sample 
(n = 12) 4.27 -- 761 5.18 2348 

(1.83) (646) (3.48) (4459)
 

aHousehold held camels and goats. The other three households combined cattle with goats.
 

bStandard deviation in parentheses. (See also footnotes to Table 4.7.)
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quantity of hired labor relative to other households in that subsample,
 
all of these households held substantial cattle herds. 
All, again with
 
c-ne 
exception, made use of the substantial amounts of hired labor, which
 
was allocated to grain production.
 

As is to be expected, milk production was well. above that of house
holds not holding large ruminants. The mean total annual production of
 
milk available for human consumption was over three times that of the mean
 
for the other eight households in the Bush Tuareg subsample.
 

Labor Requirements for a Mixed Cattle and Goat Herd.-- Figure 4.2
 
illustrates the average amount of labor required per U.B.T, and per fort
night to maintain a combined herd of twenty to twenty-five goats and three
 
to five head of cattle. The overall pattern is very similar to t.at of
 
the basic goat herd. In comparison to 
the goat herd, the most outstanding
 
characteristic of the labor requirements of the mixed herd is tnat there
 
appear to be no substant al economies of scale attached to the larger mixed
 
herds. Average labor requirements for the mixed herd varied between
 
twenty-six and thirty-six hours per U.B.T. and per two-week period in all
 
but the June to August slack period. Similar totals for the basic goat
 

herd varied between 26 and 40 hours.
 

The labor calendar for the mixed herd is marked by the same drop in
 
labor requirements as 
that of the goat herd during the June-to-August
 
period. 
However, average (per U.B.T.) labor requirements never dropped
 
as low as 
those for the goat herd during this slack period. This probably
 
was due to 
the fact that unattended cattle may do more damage to a grain
 
field in a short period than goats. Therefore, the cattle had to be watched
 
more carefully, even during the rainy season when water and pasture were
 
more plentiful. 
Thus, the rainy season labor requirements for the mixed
 
herd were not as flexible as those for the goat herd.
 

The relative inflexibility of labor requirements applied equally well
 
to the month of September, the time at the beginning of the grain harvest
 
when labor requirements for the mixed herd rose to 
one of three annual
 
peaks. 
 During this time, the cattle had to be watched closely, since
 
they in particular were attracted to 
the ripening heads of grain at a
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time when the grass cover which they relied on for feed was beginning to
 
be depleted, The goats could still browse from trees and shrubs at this
 

time, but the cattle did not have this option and were ever more attracted
 

to the ripening grain.
 

As the harvest progressed and as harvest labor requirements reached
 
a maximum in late October, labor allocated to the mixed herd dropped off
 

slightly. Presumably, the drop in labor requirements occurred since more
 

people were in the grain fields at this time; thus there was less risk
 

of animals straying into the fields unobserved.
 

Time allocated to watering the animals rose as the harvest was com

pleted, driving the total labor requirement back up, As with the goat
 

herd, the rise in watering time was occasioned by the drying-up of surface
 

water sources during the month of November. The rise was more abrupt for
 

the mixed herd, however, since the cattle required more water than the
 

goats.
 

Dry season labor requirements were marked by two peaks; one in early
 

February, the other in late April. 
The peak in early February probably
 
was due to the scarcity of pasture around the dry season camps and the
 

resultant need for the animals to travel farther to find adequate pasture.
 

By this time also, the scarcity of pasture had been exacerbated by the
 

Tuareg camel herds which pass through the area from the north during the
 

cold season (November to March).
 

Late February also was the time when the Livestock Service came to
 
the survey area to conduct its vaccination campaign. Thus, the animals
 

may have required extra care prior to the administration of the vaccines.
 

An alternative explanation is that the animals may have required extra
 

care in order to avoii the veterinary agents. The latter explanation
 

may be more likely, since few of the livestock producers in the survey
 

sample had availed themselves of the vaccination services in previous
 

years. A rise in the amount of labor allocated to goat herds was also
 

observed at this time. (See Figure 4.2.)
 

- The April peak was due to the increase in time required to water the 

animals during the period when the water table was at its lowest point. 

The sharp drop in total livestock labor following this peak probably was
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due to a diversion of labor to sorghum land preparation, as was true with
 

the households managing basic goat herds.
 

Finally, in contrast to the goat herd, milking labor requirements
 

remained fairly constant throughout the year. This was due to the fact
 

that, as indicated in Chapter 10, milk yields from the mixed herd were
 

more consistent over the year than were yields obtained from goats alone.
 

Division of Labor Allocated to Livestock Production by Age and Sex.--


Table 4,9 shows the average proportion of labor derived from each age and
 

sex category for each of the major livestock production activities by Bush
 

Tuareg households during the survey year. The results include labor allo

cated to all animal types. Only Bush Tuareg households are included, since
 

only seventeen of the thirty-six households outside of that subsample
 

devoted other than occasional labor to livestock enterprises. Further

more, as indicated above, the Bush Tuareg households were deemed to be
 

the most representative of the largest segment of the population of sub

sistence crop and livestock producers in the southern pastoral zone.
 

On the average, for each category, over 89 percent of the work was
 

performed by males from eight to forty years of age, although males in this
 

category comprised only half of the average labor force available to Bush
 

Tuareg households. Very little of the work related to livestock production
 

was performed by women: less than 5 percent in each work category, on the
 

average. None of the work related to livestock production was performed by
 

hired laborers or visitors.
 
The most striking characteristic of the division of livestock produc

tion labor by age and sex is the reliance of Bush Tuareg livestock enter

prises on young (age eight to fourteen) male labor. The analysis of labor
 

requirements indicated that most of the time spent on the livestock enter

prise was devoted to pasturing the animals. In this category, the major
 

responsibility was borne by young males. Of the eight households in the
 

Bush Tuareg subsample which had access to young male labor, six households
 

relied on young males for 85 percent or more of total labor allocated to
 

pasturing the animals. Within these eight households, young ma.les also
 

contributed over half of the labor devoted to watering.
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TABLE 4.9 

AGE/SEX DIVISION OF LABOR FOR BUSH TUAREG 
LIVESTOCK PRODUCTION ACTIVITIESa 

Age/Sex 
Categories 

Males 

8-14 

15-40 

Over 40 

Pasturing 

56 

39 

1 

(Mean %) 

Activities 
Watering 

44 

50 

2 

Milking 

26 

64 

8 

Females 

8-14 

15-40 

Over 40 

3 

1 

2 

2 2 

TOTAL 100 100 100 

aFrom Appendix VII. 
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The important contribution of young male labor to livestock enterprises
 

managed by Bush Tuareg households probably contributed to the reluctance
 

of Bush Tuareg household heads to send their children to the government
 

boarding schools such as the Nomad School at Kao. This would explain why
 

Bush Tuareg households had more young males in residence than the households
 

of any other subsample, with the exception of the calztle-producing Fulani
 

households, which had the same incentives to keep young men with the herds.
 

Summary of Results.-- Of the livestock production options selected by
 

households within the survey sample, the two options consisting of goat
 

and combined cattle and goat production by Bush Tuareg households appeared
 

to be the most representative of combined crop and livestock production
 

systems in Niger's southern pastoral zone. Thus, these twu options were
 

considered alongside the option to produce millet or sorghum or both of
 

these grains.
 

It was found that with regard to the labor input, the major source
 

of complementarity between grain and livestock enterprises was that live

stock enterprises provide a cash flow with which to hire labor for grain
 

production at the height of the rainy season (June through August). Fur

thermore, since the labor requirements of livestock enterprises were low
 

during this period, herd management did not interfere with crop production.
 

Thus, livestock producers were able to alleviate a potentially binding
 

labor constraint stemming from weeding requirements in the grain fields.
 

However, during the October grain harvest, livestock labor requirements
 

rose to an annual peak due to the need to spend more time per animal unit
 

on all three major production activities (pasturing, watering and milking).
 

This coincided with peak labor requirements in the grain fields due to the
 

need to evacuate the ripened grain to storage areas as rapidly as possible.
 

This conflict in labor demand was accentuated when cattle were combined
 

with goats. The cattle required more care during the harvest season, and
 

labor requirements per animal unit appeared to be less flexible for the
 

combined herd than for the basic goat herd. There appeared to be no sub

stantial economies of scale resulting from the combination of cattle and
 

goat herds.
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Households caring for both large and small ruminants had significantly
 

more resources in terms of land, 
labor and grain than did those households
 

maintaining only small ruminants. All livestock-producing households relied
 

heavily on young males to fulfill livestock labor requirements. Thus, live

stock enterprises drew young males from the household labor force available
 

for grain production. This placed further stress on the labor force during
 

the harvest season, a time when household members of all age and sex cate

gories were put to work in the grain fields. Since almost all livestock
 

work was performed by males under forty years of age, the combination of
 

crop and livestock enterprises required that there be a large proportion
 

of males in this age category within the household labor force.
 



CHAPTER 5
 

LAND
 

This chapter describes the nature of the land input to agricultural
 

production. The first section discusses current land use patterns in
 

the survey area and the historical evolution of land use since the pre

colonial era. The second section concerns land as an input to grain
 

production. A final section covers the land input to livestock production.
 

Land Use in the Survey Area
 

Current patterns of land use in the survey area restrict the amount
 

and quantity of rangeland available to regional livestock enterprises.
 

Two major historical trends have contributed to the tightening of the
 

iand constraint to llvebtock production: 1) the dissolution of the
 

Tuareg land management system as a result of the French colonial occupa

tion; and 2) the northwaTd migration of Haussa grain producers and
 

Fulani cattle nomads prompted by the high rainfall of the 50s and early
 

60s and the opening of mechanized water pumping stations. The follow

ing discusses the effect of these trends and what the present land tenure
 

system implies for the development of agricultural production in the
 

survey region.
 

Current Patterns of Land Use.-- Figure 5.1 shows the 900-square

kilometer area surrounding the research team's base at Kao. Only a limited
 

portion of this area is even marginally suitable for crop production or
 

accessible for grazing. The central portion of the survey area contains
 

plots cultivated by sample members. This is an area of approximately
 

150 square kilometers, or 15,000 hectares.
 

Laterite cliffs lie to the north and west of this central portion.
 

The rocky slopes of these cliffs are not suitable for grain production,
 

nor do they support a grass cover for grazing. To the east of the
 

central survey area, the government has fenced off approximately 80,000
 

hectares of land for use as a breeding ranch under the Cattle Multiplication
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Centers program. The fences are patrolled, and access to the land is
 

allowed only to government herds.
 

The village of Kao lies along the edge of the semi-I ermanent lake 

marked in the center of the map. Thirty-six of the final sample house

holds lived within the village, including members of the Haussa, Village 

Tuareg, and Fulani subsamples. The semi-nomadic Bush Tuareg spent most 

of the year in camps bordering a larger semi-permanent lake (not marked
 

on the map) in the valley to the west of Kao, between Kao and the water

ing point marked Ehezor. During the dry season, they spread around the
 

central portion of the survey area in order to find pasture for their
 

herds.
 

Since all sample households did not plant parcels more than five
 

kilometers away from their homes, the limited access to land occupied
 

by the breeding ranch did not appear to be a serious hindrance to crop
 

production, although it was an obvious hindrance to livestock production.
 

The constraint which the breeding ranch placed on crop land may have been
 

more restrictive for those camps of Bush Tuareg households ving at the
 

base of the cliffs to the east of Kao. These households reputedly were
 

the first to move to the survey area. Although they were covered in the
 

preliminary census, they were not selected to be members of t1e survey
 

sample.
 

The dashed line at the top of the map indicates the approximate
 

actual northern limit of extensive rain-fed grain cultivation. Beyond
 

this northern boundary lie rolling grasslands uninterrupted by grain
 

cultivation. This actual boundary lies approximately fifty kilometers
 

north of the legal northern limit of cultivation fixed by a 1961 law.
 

The events which led to the passage of this law are discussed in the
 

following subsection.
 

The laterite cliffs surrounding the central portion of the survey
 

area are a distinctive feature common to similar eco-climatic zones.
 

Alluvial basins created by runoff from the surrounding hills endow the
 

area with a land resource suitable for sorghum production, despite the
 

low average annual rainfall. Aside from the alluvial basins and the
 

rock-strewn areas at the base of the laterite cliffs, the survey area
 

is covered with predominantly sandy soils which support grasses and a
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few scattered trees. As will be discussed in the following sections,
 

this is the area where the land requirements of grain production come
 

into conflict with those of livestock production.
 

Historical Evolution.-- In prehistoric times, most of the survey
 

area lay under water as part of an inland ocean which covered most of
 

the Sahara. As evidence of this, the principal investigator found
 

numerous fossils of sea urchins and other aquatic life on the tops of
 

the hills surrounding Kao village. After the waters had receded and the
 

Sahara had dried up, the survey area turned to grassland. This continu

ing process of desertification has been exacerbated by recent events ip
 

the area, as described below.
 

Under the Tuareg land tenure system which prevailed prior to the
 

colonial era, the lands of the Azawak were controlled by the Iwllimiden
 

Confederation. The Confederation consisted of Tuareg aristocratic clans
 

(immazheren). Each clan was allotted primary rights to a portion of the
 

Azawak grasslands and the water soulces within that portion. The survey
 

area fell under the rule of the Kel Nan, one of the most powerful clans
 

of the Confederation. The warlords of the Confederation apportioned
 

their allotted lands among the vassal (imrad) and slave (iklan) clans owing
 

allegiance to them. For instance, the ancestors of the current Bush
 

Tuareg occupants of the survey area were assigned land in the southern
 

Azawak where they could grow grain as well as raise livestock.
 

Grain cultivation was rather haphazard, compared to methods currently
 

employed. Producers would broadcast seeds on the sandy upland soils along
 

the sides of the dunes. After the early rains, the young men would leave
 

the area to herd the animals to northern pastures around the salt fields
 

of Tigidda and In Gall. Some household members stayed behind to tend to
 

the crops. The practice of evacuating animals from the area allowed the
 

grasses to develop during the period of heaviest rainfall. It also pre

vented the animals from interfering with grain enterprises. The herders
 

and their animals would return to the southern Azawak around the time of
 

the harvest. The young men could then assist with the harvest while the
 

animals grazed from the then ample grass cover and the stubble of the
 

grain plants.
 



-133-


Elder residents of the survey area informed the research team that
 

wild game was abundant in those days. The area was heavily populated 

with duikers (small deer), large cats, and other game. Most of these 

animals were killed off as northward migration increased the density of 

the human population. A few duikers can still be seen in the area, but 

the last lion was hunted down several years ago.
 

During the resistance to the French colonial conquest in the early
 

years of this century, many of the immazheren were killed. Although the
 

French colonial administration did not impose radically different systems
 

of land management, the death or subjugation of the former Tuareg war

lords began the disintegration of the Azawak's traditional land management
 

system. The French conquest and presence brought an enforced peace to the
 

Azawak and opened up the possibility of northward migration to those who 

were finding it difficult to obtain arable land as population density in

creased in the agricultural zone.
 

Above average rainfall in the 1950s and early 1960s further enhanced
 

the desirability of the southern pastoral zone as a new home for southern
 

grain producers. During the 1.950s several large Haussa communities
 

similar to Kao were established in the southern Azawak. With this north

ward migration came an expansion and intensification of rain-fed millet
 

production and the introduction of lowland sorghum production.
 

Concurrent with the northward migration of grain producers, Fulani 

cattle nomads began moving from the agricultural zone into the southern 

pastoral zone. This latter migration was prompted by the construction of 

cement-lined wells and water pumping stations in the pastoral zone. Access 

to these more permanent water sources was not restricted by rights of 

ownership as was access to hand-dug wells. 

The Fulani had no place in the traditional Tuareg land management
 

system and no established patterns of transhumance about the Azawak. 

Thus, they moved about the area at will, taking advantage of the best 

pastures they could find. As Fulani herds became more prevalent, Bush
 

Tuareg crop and livestock producers abandoned the practice of herding
 

their animals north during the rainy season. The Tuareg realized that on
 

the one hand, grain producers risked damage to their crop if the crops
 

were left unguarded, and on the other hand, evacuating Tuareg animals
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from the survey region no longer meant that the gzasses would be allowed
 

to grow out, but rather that Fulani animals would move in to consume the
 

unoccupied pasture.
 

Effect of Recent Trends on the Resource Base.-- The colonial conquest,
 

the influx of Haussa grain producers to the southern pastoral zone, and

the concomitant influx of Fulani cattle nomads radically altered land
 

use patterns and land resource capabilities in the southern pastoral zone.
 

The recent drought (1968-73) has further deteriorated land resource 

capabilities. The combined effects have been: 1) increase in the density
 

of the human population; 2) clearing of the tree cover; 3) clearing of
 

perennial grasses; 4) consumption during the rainy season of grasslands
 

previously set aside as dry season forage reserves; and 5) the introduction
 

of intensive grain cultivation involving land clearing and weeding.
 

Of the above, probably the most severe and the most irreversible
 

trend has been the elimination of the tree cover. Practically the only
 

tree cover which persists is contained in the semi-permanent marshes
 
1
 

scattered about the area. Even these occasional "forests" have been
 

thinned to such an extent that they are no longer capable of healthy
 

growth and reproduction. Elder sample members informed the principal
 

investigator that twenty years ago, the stand of trees in the semi

permanent lake bordering the village of Kao was impenetrable. Now camels
 

and cattle walk freely through the sparse forest which remains.
 

To determine the extent of the change in the natural environment of
 

the research area over the past twenty years, the principal investigator
 

obtained aerial photographs of the research site taken in 1955 and 1975.3
 

1The species most commonly encountered in such areas are: 
 Acacia
 
nilotica, Ziziphus mauritania, and Salvadora persica (from Bernus (1974),
 
p. 19). 

2The principal investigator was informed that species found in the
 

marshlands grow best in the environment of the survey area when densely

planted. If stands are excessively thinned out, the remaining trees
 
begin to.die off.
 

3

The photographs were on a scale of approximately 1:60,000.
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These were examined with the assistance of the staff of the Remote Sensing
 

Program at the University of Michigan's School of Natural Resources. Even
 

with only the slightest magnification, it was clear that the tree popula

tion had been decimated during the twenty-year period. Using the same
 

techniques for a study of an area similar to the research site (the
 

Ekrafane Ranch,approximately 225 kilometers directly west of Kao), Granier
 

obtained the following results:
 

TABLE 5.1
 

REDUCTION IN THE TREE COVER OF THE
 
SOUTHERN PASTORAL ZONE, 1955-1973
 

No. of Trees/ha % Change
 
Species 1955 1973 1955 to 1973
 

Balanites aegyptiaca
 

(upland sandy soils:
 
dunes)a 5.2 3.2 -28%
 

Acacia nilotica
 

(lowland marshes) 7.2 4.3 -44%
 

SOURCE: Granier (1977), p. 6.
 
aApplies to those areas where trees 
are concentrated, not to upland
 

soils in general.
 

Granier also found that the land area of tree-covered lowland marshes
 

had been reduced by approximately 33 percent over the eighteen-year
 

period.
 

Several factors contributed to the reduction in the tree population.
 

First, the increase in the human population brought an increased demand
 

for firewood. Second, Haussa farmers moving into the area built larger,
 

more permanent dwellings requiring much more wood than the dwellings of
 

the Tuareg nomads. Third, trees were cleared to make room for millet
 

and sorghum fields as grain cultivation became more intensive. Fourth,
 

as animal populations increased, more herders cut branches and occasionally
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whole trees to find forage for their animals in the dry season. Finally,
 

since 1968, the area has received below average rainfall.
 

The same factors have contributed to the disappearance of perennial
 

grasses. In particular, the recent drought killed off many of the more
 

nutritive perennials. Granier found that these perennials in particular
 

are more sensitive to variations in rainfall. In field trials, it was
 

discovered that a significantly larger proportion of the seeds of
 

perennial grasses germinated after one large rain, whereas more of the
 

annuals remained dormant. A crop of annuals thus had the potential for
 

surviving through sporadic rainfall, but in a year in which the rains
 

were interrupted, too many of the perennials might have already
 

germinated and would be killed off in the ensuing dry period (Granier,
 

1977).
 

Just as the removal of the tree cover has had the most severe impact
 

on the environment as a whole, the rainy season exploitation of the 

pastures of the southern pastoral zone has had the most severe impact on
 
1
 

the carrying capacity of that region. Currently, the grasses of the
 

survey area are consumed during the rainy season either by nomadic Fulani
 

herds or by local herds which no longer depart for northern pastures.
 

This not only eliminates dry season grazing reserves; it also eliminates
 

the seed crop required to sustain and improve the grass cover from year
 

to year. Currently, maximum stocking rates in the survey area are
 

achieved at the beginning and end of the rainy season when Fulani herds
 

are in transit through the area. These are critical periods for plant
 

growth. The presence of the excess charge on the range during th:se
 

times means that grasses are not allowed to grow to fruition and cannot
 

produce enough seeds to maintain the quality of the range. This tendency
 

towards the deterioration of the range has been furthered by the clearing
 

of previously uncultivated land for crop production.
 

1The carrying capacity of a region is the number of animal units
 

which can be adequately sustained with La.e forage and water resources 
of the region at a given time of year. 
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Present Land Tenure Systems.-- In 1961, the Niger Government passed 

a law fixing a northern legal limit of cultivation. Under the terms of 

this law, crop producers would not be able to collect for damages done to 

their crops by livestock in areas north of the limit. As indicated above, 

the village of Kao lay 35 km to the north of the legal limit. 

The law, however, has never been enforced. As the following sections
 

make clear, grain producers still are offered legal protection for their
 

crops. In this way, the legal system acknowledges some ownership rights
 

for the crop producer, but none for the livestock producer. In the survey
 

area, disputes over crop damages are settled in the first instance by the
 

Haussa village chief, a forum which virtually guarantees a favorable
 

settlement for the crop producer. When a satisfactory settlement is not
 

reached at this level, the suit is taken to the office of the Sous-Pr~fet,
 

or regional governor, in Tchin-Tabaraden. The influence of Haussa
 

merchants with the regional administration and the predominance of Haussa
 

civil servants in the government also provide a favorable atmosphere for 

the crop producer in the event of an appeal.
 

The recent drought has prompted an official land tenure policy which
 

further encourages grain production. The current policy is that if a man
 

clears and plants a field for three successive years, he obtains some
 

rights to that land. If he leaves it unplanted for more than one year,
 

however, he forfeits those rights to anyone willing to plant on that
 

plot. The ultimate effect of this policy is to encourage producers to
 

put grain in the ground whether or not they seriously intend to cultivate
 

that plot. This, combined with the assurance of legal protection for the
 

grain crop,enhances the profitability of grain enterprises relative to
 

livestock. Currently, no official recognition of land use rights is
 

extended to the livestock producer.
 

Land as an Input to Crop Production
 

This section deals with the current actual land input to grain
 

enterprises. The section covers the magnitude of the land input, the
 

major soil types of the survey region and the differentiation of the
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crop mix by soil type, and the methods of acquiring crop land. The
 
survey found that millet is planted predominantly on upland sandy soils
 
and sorghum predominantly on lowland clay soils. 
The latter soil type
 
is relatively less abundant in the survey area, thus the land constraint
 
to sorghum production is potentially more restrictive.
 

Magnitude of the Land Input.-- Figure 5.2 contains 
a frequency
 
distribution of the total area planted per household,measured in hectares.
 
The median area planted per household is between two and three hectares.
 
However, the distribution displays a great deal of dispersion, and twelve
 
households planted at least twice 
the median area. Four households plant
ing a total of over ten hectares -- three successful Haussa merchants and
 
a Tuareg camp chief --
have been excluded from the distribution. Summary
 
statistics for the remaining forty-four households are presented in the
 
upper right-hand corner of the table.
 

During the survey year, the total area planted per household was
 
split among as many as four plots per household. There are two principal
 
reasons why more than one as
plot is planted: indicated below, the
 
technologies associated with the 
two main grains are soil-specific, millet
 
being produced on sandy soils and sorghum on clay soils; and spreading
 
plots around the region decreases the probability that crops will be
 
affected by an adverse spatial distribution of rainfall. 
There is enormous
 
regional variation in rainfall such that one plot may receive rain whereas
 
a neighboring plot receives nothing. 
The frequency distribution of plots 
planted per househuld is indicated by major subsample in Table 5.2. 

Figure 5.3 shows a frequency distribution of plot sizes. Again, the
 
four households planting abnormally large plots have been excluded. 
The 
median plot size was approximately one hectare. The largest single plot 
cultivated by any sample member was 38.67 hectares. This was a millet
 
plot planted by the Haussa village chief. This extraordinarily large
 
plot, measured by the principal investigator, was over three times the 
size of the next largest plot, a plot planted by a successful Haassa
 

merchant. 
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TABLE 5.2 

FREQUENCY DISTRIBUTIONS BY MAJOR SUBSAMPLE OF
 
NUMBER OF PLOTS PLANTED PER HOUSEHOLD
 

Number of Plots
Subsample 
 1 2 
 3 4
 

Haussa 
 3 6 6 
 1
 
(n=16)
 

Village Tuareg 
 7 6 
 3 1
 
(n= 17)
 

Bush Tuareg 
 3 8 1
 
(n=12)
 

TOTAL 
 10 15 
 17 3
 
(n= 45)
 

Soil Types and Differentiation by Major Crop.-- Two major soil types
 
exist within the central portion of the survey area, each associated with
 
a different major grain crop. Most of the area's soils (probably 90 percent) 
could be classified as upland, predominantly sandy soils. 
 The major grain
 
type planted on 
these soils is almost exclusively millet. 
As indicated
 
below, village residents often intercrop legumes (mainly cowpeas) with
 

the millet on such upland soils.
 

The other major soil type comprises the alluvial soils contained
 
in the runoff channels which carry water from the hills surrounding the
 
central portion of the survey area to 
the semi-permanent lakes within that
 
central portion. These soil 
types accouut for the remaining ten percent of 
the soils of the central portion of the survey area. 
They are soils with
 
a high clay content. 
 The major grain type planted on such soils is
 
sorghum, which is occasionally intercropped with gumbo (okra).
 

-Table 5.3 shows 
the area planted of each major soil type broken down
 
by subsample. 
 Since parcels of upland soils suitable for millet
 
production are available in greater quantity, land did not appear to be a
 
binding constraint to millet production. Thus, millet was more
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TABLE 5.3
 

TOTAL AND MEAN AREA PLANTED OF EACH
 
MAJOR SOIL TYPE BY SUBSAMPLE
 

(ha)
 

Upland Lowland 
Total Total Total 

Sub-Sample (Mean) (Mean) Planted 

Haussa 118.39 19.32 137.71
 
(N=16) (7.40) (1.21)
 

Village Tuareg 36.55 9.04 45.59 
(N=17) (2.15) (0.. ) 

Bush Tuareg 35.82 27.07 62.89
 
(N=12) (2.99) (2.26)
 

Fulani 
 8.40 4,36 12.76
 
(N=3) (2.80) (1.45)
 

TOTAL SAMPLE 199.16 
 59.79 258.95
 
(N=48) (4.15) (1.25)
 

NOTES: Areas planted by each household are listed in the
 
appendices.
 

extensively planted: over three times 
as much land area was planted to
 

millet by sample households during the survey year as was planted to1 
sorghum. Lowland soils suitable for sorghum production are scarcer
 

and in greater demand, particularly during dry yearc, since these soils
 

receive runoff water from the su- :ounding hills as well as rain water.
 

On the average, Haussa hou,.aholds planted the greatest amount of land
 

to millet. This 
statement holds even when the three householas with the
 

largest millet enterprises are excluded, reducing the mean area of upland
 

soil planted by the remaining thirteen households to 3.46 hectares per 

household. 

1Note that this includes the fields of the Haussa village chief, 
whose household planted 47.30 hectares to millet.
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Of the four subsamples, Bush Tuareg households planted the largest
 

amount of lowland soils to sorghum. This may have been because households
 

in this sample had been in the survey region the longest, thus.having
 

more access to prime sorghum land than Haussa or Village Tuareg households.
 

Table 5.4 gives the number of plots planted to combinations of major
 

grain types by each subsample. The latter two strata in the table were
 

defined by the relative yields of millet as opposed to sorghum. The
 

largest category consists of fields planted to sorghum alone, but as indicated
 

below, the size of sorghum plots was small relative to the size of plots
 

planted predominantly to millet. Note that within the Bush Tuareg sub

sample, there was no intercropping of major grains. Plots on which village
 

residents combined the major grains contained both upland and lowland soils.
 

Tables 5.5 and 5.6 give the frequency distributions and summary
 

statistics of plot size for each major grain type. The distributions and
 

statistics exclude plots planted by one household with an unusually small
 

land input to grain (.04 ha ) and eight households with unusually large
 

land inputs (individual plots ranging in size from six to thirty-nine ha). The
 

latter eight households include the households of two retired civil
 

servants, four local dignitaries, and two successful merchants. As
 

suggested above, Haussa households plant the largest millet plots. Village
 

Tuareg households, most of which are recent migrants to the survey area,
 

plant the smallest sorghum plots. All plots planted to sorghum by hcuse

holds in that subsample were .ider 1.3 hectares. 

As indicated in the previous chapter, the major grains are sometimes
 

combined with other crops. Gumbo is occasionally planted on sorghum
 

fields, but during the survey year, only four households planted gumbo.
 

The number of plots on which cowpeas were combined with millet is
 

indicated in Table 5.7. Note that the intercropping of cowpeas and millet
 

was not a common practice for those hc,. holds living outside of the
 

village.
 

One final crop combination which was not undertaken by sample house

holds during the survey year is winter gardening. These are the vegetable
 

gardens mentioned in the previous chapter which are cultivated-along the 

borders of the survey area's semi-permanent lakes. Although some land 

preparation for gardens was undertaken following the grain harvests, the
 

lack of ground water prevented households from planting anything on these
 

plots.
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TABLE 5.4 

CROP COMBINATIONS: MAJOR GRAINS 
(NO. OF PLOTS) 

Crop 

Combination 

Millet only 

Sorghum only 

Haussa 

9 

14 

Sub Sample 
Village 

Tuareg 

12 

10 

Bush 

Tuareg 

13 

21 

Total 

34 

45 

Millet with some 
Sorghum 10 9 19 

Sorghum with some 
Millet 3 1 4 

TABLE 5.5
 

FREQUENCY DISTRIBUTION AND SUMMARY STATISTICS OF SIZE OF
 
PLOTS PLANTED PRIMARILY TO MILLET
 

Number of Plots 
Plot Size (ha) Haussa Village Tuareg Bush Tuareg 

.10 - .61 2 1 

.61 - 1.60 4 7 
1.61 - 2.60 3 6 9 
2.61 - 3.60 4 4 1 
3.61 - 4.60 2 2 
4.61 - 5.10 1 

TOTAL 
 14 21 11
 

Statistics
 
2.50 1.84 2.09
 

s 1.33 1.03 

Range .74-4.94 .17-3.85 .32-3.46
 

x 

.76 
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TABLE 5.6
 

FREQUENCY DISTRIBUTION AND SUMMARY STATISTICS OF SIZE OF
 
PLOTS PLANTED PRIMARILY TO SORGHUM
 

Number of Plots 
Plot Size (ha) Haussa Village Tuareg Bush Tuareg 

.10 - .60 6 5 7 

.61 - 1.60 6 5 9 
1.61 - 2.60 1 1 
2.61 - 3.60 2 3 
3.61 - 4.60 
4.61 - 5.10 1 1 

TOTAL 16 10 21 

Statistics 

X 1.35 .70 1.29 

s 1.43 .41 1.25 
Range .23-5.54 .23-1.29 .28-5.05 

TABLE 5.7 

CROP COMBINATIONS: COWPEAS WITH MILLET 
(NO. OF PLOTS) 

Village Bush 

Combination Haussa Tuareg Tuareg 

Millet only 6 6 10 

Millet with Cowpeas 16 18 3 
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Acquisition of Crop Land.-- Tables 5.8 and 5.9 
give, for each
 

major grain type, the number of plots and total area acquired by various
 

means. 
 The most common forms of acquisition are: clearing unoccupied
 

land, or inheriting plots from the previous occupant. An exception to
 
this are households in the Village Tuareg subsample, most of whose crop
 

land was acquired through borrowing unused plots from Haussa village
 

residents. As is to be expected, the land borrowed was of inferior
 

quality.
 

Tables 5.10 and 5.11 show the dates when plots planted during the
 
survey year were acquired. For Tuareg households, over 60 percent of all plots
 
had been acquired since the beginning of the recent drought in 1968. This
 

reflects a shift by these households into grain production in recent
 

years. Several households had been producing grain for only two years
 

at the time of the survey. This was particularly true of members of the
 
Tuareg professional caste of blacksmiths (inaden) who by tradition make
 
wood, leather, and metal products, but who have gone into grain production
 

only over the last two years. When questioned about this trend, many
 
Tuareg households indicated that the drought had imbued them with the
 

desire to be self-sufficient in grain. After their herds had been
 
decimated, they realized that livestock enterprises were more sensitive
 

to fluctuations in climate than diversified grain production involving
 

both upland and lowland fields. Thus, they have concentrated their
 
efforts on grain production over the past two years while investing any
 

income derived from surplus production in animals in order to build up
 

their herds.
 

Land as an Input to Livestock Production
 

This section briefly discussc>. the quality of the land available for
 
livestock production in the survei area and some of the problems associated
 

with the current use of that land. As indicated below, the public nature
 

of ownership of grazing land precludes the sort of quantitative analysis
 

of land use presented in the previous section.
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TABLE 5.8
 

MEANS OF ACQUIRING !AND PLANTED PRIDARILY TO MILLET
 

Subsample 

Means of Village Bush 
Acquisition Haussa 

HA N 
Tuareg 

HA N 
luareg

HA N 
Total 

HA N 

Inherited 68.15 8 10.18 2 18.06 7 96.39 20 

Borrowed 9.15 3 16.22 7 4.38 2 29.75 12 

Gift 7.76 1 2.22 1 9.98 2 

Occupied 16.29 5 11.85 7 ll.±6 3 39.30 15 

Bought 6.86 6.86 2 

Government 

Within 
Compound .38 2 .38 2 

TABLE 5.9
 

MEANS OF ACQUIRING LAND PLANTED PRIMARILY TO SORGHUM
 

Subsample
 

Means of Village Bush
 
Acquisition Haussa Tuareg Tuareg Total
 

HA N HA N HA N HA N
 

Inherited 10.92 4 
 2.21 2 8.42 5 21.55 11
 

Borrowed 7.21 5 1.10 3 
 8.31 8
 

Gift 
 1.43 4 1.43 4
 

Occupied 10.25 6 2.39 4 14.36 11 27.00 21
 

Bought 1.51 2 
 1.51 2
 

Government 
 1.29 1 2.85 1 4.14 2
 

Within
 
Compound .04 1 .04 1
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TABLE 5.10
 
DATE OF ACQUISITION OF MILLET FIELDS
 

Subsample 

Date 
Haussa 

# plots % 
Village Tuareg 
# plots % 

Bush Tuareg 
# plots % 

Before 1945 .... 1 7.7 

1945-49 ...- -

1950-54 - - - - 1 7.7 

1955-59 1 5.3 3 14.3 - -

1960-64 5 26.5 1 4.8 - -

1965-69 8 42.4 4 19.1 3 23.1 
1970-74 4 21.2 4 19.1 6 46.2 

1975-76 1 5.3 9 42.8 2 15.4 

TOTAL 19 21 13 

TABLE 5.11 
DATE OF ACQUISITION OF SORGHUM FIELDS 

Date 
Haussa 

# plots % 

Subeample 
Village Tuareg 
# plots % 

Bush Tuareg 
i plots % 

before 1945 - - - - 2 9.6 

1945-49 2 11.8 .- -

1950-54 - - - - 1 4.8 

1955-59 - - 1 9.1 2 9.6 

1960-64 3 17.7 - - - -

1965-69 4 23.6 2 18.2 3 14.4 

1970-74 4 23.6 2 18.2 6 28.8 

1975-76 4 23.6 6 54.6 7 33.6 

TOTAL 17 11 21 
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Evaluation of Forage Resources in the Survey Area.-- As mentioned
 

earlier, the prevailing land tenure system provides unlimited access to
 

public rangeland. Under such conditions, it is difficult to evaluate
 

the land input to an individual household's livestock enterprises. How

ever, it is possible to compare the forage resources of the survey region
 

as a whole with other regions in order to evaluate the relative potential
 

of the area.
 

A French technical team evaluated the forage and water resources of
 

Niger's entire pastoral zone in the early 1970s. The dry season forage
 

resources of the survey area compared favorably with those of other areas.
 

The rolling hills of the central portion (see Map 5.1) in particular were
 

found to have excellent potential as pasture land, even during the dry
 

season (Greigert & Sauvel, 1972).
 

Conflicting Land Requirements of Crop and Livestock Production.--


There are two times of year when the land requirements of crop and live

stock production are potentially conflicting: 1) those times during
 

the main crop cycle when the plants have sprouted and are growing, but
 

few people are at work in the fields; and 2) those times during the
 

cold season when vegetables are ripening in the winter gardens, but the
 

animals have to pass alongside the gardens to get to sources of water.
 

The latter was irrelevant for the survey year since rainfall was inade

quate for the cultivation of winter gardens.
 

It appeared, then, that during the survey year, the most critical
 

time of conflict was during September. At this time, most of the final
 

weeding had been completed, and producers spent little time in their
 

fields as they waited for the grain to ripen. At the same time, cattle
 

became attracted to the ripening heads of grain.
 

The records of the chief of the Haussa village at Kao show that from
 

mid-July to mid-September during the survey year, twenty damage cases
 

were brought to his attention. Of these, thirteen occurred during the
 

first half of September. Only four of the twenty cases did not involve
 

cattle.
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As indicated previously, the fines were a fixed amount depending on
 

the number and type of animals found in the field and whether or not the
 

animals entered the field at night. For daytime damage, the herder was
 
fined 25 f CFA per goat found in the field and 250 f CFA per large rumi

nant. These fines were
1 
doubled for damage done to the fields at night. 

Two armed Nomad Guards" were stationed in Kao village during the crop
 

cycle (June through October) to enforce the settlement of crop damage
 

cases.
 

Of the twenty cases brought for settlement during the midst of the
 

crop cycle, compensation was awarded to crop producers in all but four.
 

In one of these four, the village chief decided in favor of the herder.
 
In the other three, no satisfactory solution was reached at the village
 

level, and the case had to be taken to the Sous-Pr~fet.
 

The twenty cases involved twenty crop producers. For those sixteen
 

cases in which compensation was awarded, individual crop producers 
re
ceived between 750 and 20,000 f CFA (X = 8052, s = 
6506). Twelve of the
 

sixteen cases involved cattle, and for these cases, between 3,500 and
 

20,000 f CFA was received by crop producers (X = 10,262, s = 6023).
 

Damage cases often involved more than one herder. The twenty cases
 
for which records are available involved thirty-three livestock producers.
 

For damages involving cattle, nineteen livestock producers were fined
 

between 500 and 20,000 f CFA (X = 6482, s = 6178). 
 Eight livestock pro

ducers were fined for damages involving goats, and in these instances,
 

fines ranged from 125 to 1200 f CFA (X = 428, s = 450).
 

The records of crop'damage settlements bring out two interesting
 
points. 
 The first is that at the village level, the crop producer is
 

relatively assured of obtaining compensation for crop damages. The second
 

is that it appears that cattle producers run a higher risk of loss from
 

having their animals damage grain fields than do small ruminant producers.
 

This assists in explaining the additional time required per animal unit
 
of cattle herds, as compared to goat herds, following the August weedings
 

(See Chapter 4).
 

1The Nomad Guards are a branch of the national Gendarmerie. They
 
are responsible for patrolling the pastoral zone.
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Problems and Potential for Alternative Land Management Systems
 

This final section briefly examines some of the reforms which have
 

been suggested for altering land tenure and land use patterns in the
 

pastoral zone. The issues of land tenure and land use reform are critical
 

to the development of agricultural production in this area. For instance,
 

it is hard to imagine that individual producers would be enthusiastic
 

about preserving the quality of public land, such as rangeland, in which
 

they have no legal interest. Reforms face the problem of conveying in

terests in land to individuals without disrupting the current social
 

systems. Some of these reforms and the problems that they face are con

sidered in the remainder of this chapter.
 

Pastoral Production Units.-- A series of studies which have been
 

done over the past decade concerning the modernization of the pastoral
 

zone in Niger have recommended four pilot projects which would test the
 

idea of reorganizing forage and water resources into pastoral production
 

units (Unites Pastorales de Production). Each such unit would be managed
 

by a mixed commission of government agents and expatriates. The under

lying rationale for the pastoral units is that herders currently are
 

engaging in an "anti-economic" exploitation of the range, based on the
 

assumption that the optimal objective of the livestock producer should
 

be to maximize meat production.
 

As indicated in the ensuing chapters on livestock output and the
 

production analysis, a behavioral model based on the maximization of meat
 

output is questionable at best. Furthermore, the idea of apportioning
 

the pastoral zone into lots managed by commissions of civil servants is
 

purely terrifying. It is doubtful that the conflicting demands on the
 

resources base of the pastoral zone could be resolved by a commission of
 

outside agents who have no real knowledge of the production parameters
 

involved. The assumption that producers are not adhering to rational
 

behavior is equally dubious. The simple fact that residents of the pas

toral zone have managed to survive attests to their rational behavior.
 

Adding commissions of civil servants to the adverse conditions that they
 

face might well exhaust their margins for survival.
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Herder Cooperatives.-- Other development proposals for the pastoral
 

zone have centered around the organization of herder cooperatives which
 

would manage land and water resources. The idea of the attributic of
 
management rights to herder groups seems basically sound. 
The difficulty
 

comes in attributing the management rights and ensuring adequate repre

sentation of interest groups within the cooperatives.
 

Theoretically, for areas similar to the southern Azawak, a coopera

tive should account for the needs of all of the production systems men

tioned in Chapter 1. This would comprise at least seven distinct interest
 
groups whose demands on the resource base are often conflicting. It is
 

difficult, though not impossible, to imagine that such a cooperative
 
could be effective in arriving at a consensus and implementing the result

ing decisions.
 

Legal Protection for Forage Crops.-- The most effective way to alter
 
"'anti-economic" behavior, or choices of actions which are otherwise un

desirable from the viewpoint of the national planner, is to alter (it is
 

hoped, to improve) the conditions under which the producer makes his
 
decisions and allow the individual to adjust to the new circumstances.
 

Following such a policy still allows the individual to select his optimal
 

enterprise combination and resource allocation. Enforcing outside man

agement decisions which are often ill-informed and not necessarily optimal
 

for the individual or the region results in inefficient allocation of
 
resources and an initiative for the producer to circumvent the efforts of 

outside management.
 

Obviously, technological improvements which would increase yields
 
or lower risk parameters would have desirable effects for all concerned.
 

The introduction of a new technology could only increase the value of
 

output per unit of land. 
A discussion of appropriate technologies will
 

be deferred to the chapter on production anaJlsis.
 

An alternative policy initiative wbi i could directly affect land
 

use would be to offer legal protection to forage crops as it is currently
 

offered to grain crops. Currently, the major impediment to forage pro

duction in the survey area is that forage must be harvested in August, a
 

time of peak labor requirements for the subsistence grain crop. Postponing
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the forage harvest until the September slack period would mean that the
 

grasses would be harvested as they are going to seed and would retain
 

little of their potential nutritive value. If locally adaptive forage
 

varieties could be found which germinate at a later stage of the rainy
 

season, a protected forage crop would have many potential benefits.
 

Among these would be the protection of grasslands during the rainy season,
 

when plant growth is taking place. Other benefits and techniques for
 

implementing protected forage cultivation will be presented in subsequent
 

chapters. 
Here it suffices to note that extending legal protection to
 
forage crops is a means of relying on existing institutions to alter land
 

use patterns and prevent the deterioration of the range without directly
 

interfering with the producer's management decisions. 
In short, protected
 

forage cultivation could be a way to endow the livestock producer with
 

a legal interest in land without extensive disruption of current systems.
 

Use of Satellite Imagery to Monitor Range Use.-- This final note
 

concerns available techniques by which the success of land management
 

schemes may be monitored. With the assistance of the staff of the Remote
 

Sensing Program a: the University of Michigan, the prinicpal investigator
 

analyzed several multispectral images of the research site taken by Landsat
 

(formerly the Earth Resources Technology Satellite) in August 1975 and
 

April 1976. The images are on a large scale (1:3,369,000), which is
 
appropriate for the monitoring of range conditions, though too large a
 

scale for mapping patterns of land use for grain crops. With the aid of
 
multispectral analysis, areas with healthy vegetation were clearly distinct
 

from those areas whose forage resources had been exhausted. The only dif

ficulty encountered in analyzing the images was that during the dry season,
 
the land was frequently obscured by dust storms. However, with the ex

ception of the obscurity caused by brief tropical rain storms, clear
 

images of the research site were available for most of the rainy season.
 

The rainy season is the time when monitoring rangeland activities is prob

ably most critical.
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On a more limited scale, information on pasture conditions spreads
 

fairly rapidly by word of mouth around areas similar to the research site.
 

Travellers and relati'res encountered at the local markets keep livestock
 

producers well informed of forage and water availability in neighboring
 

areas. Thus, the dissemination of information concerning local range
 

conditions currently is fairly efficient.
 

Since producers have a more thorough knowledge of ground conditions
 

than it is possible to obtain using satellite imagery alone, the results
 

of imagery analysis should not be used to force producers to exploit
 

certain portions of the range while excluding them from other areas.
 

However, producers are not able to evaluate range conditions on the same
 

scale as that covered by the satellite imagery. The images could be use

ful for redirecting land use on a larger scale. For instance, the results
 

of the imagery analysis could be employed to plan the timing of the open

ing and closing of water pumping stations in the pastoral -one.
 

Satellite imagery could also be combined with the knowledge of local
 

conditions to monitor the effectiveness of alternative land management
 

schemes, as well as to determine thq optimal timing of the use of water
 

pumping stations. For instance, the effect of the granting of interests
 

in rangeland in the form of protected forage cultivation could be fairly
 

easily determined from the analysis of satellite imagery. The benefits
 

which may be expected to accrue from the implementation of schemes such
 

as protected forage cultivation are discussed further in Chapter 12.
 

Meanwhile, the next chapter examines what is probably the most critical
 

determinant of land quality and the success of agricultural production
 

in the pastoral zone: rainfall and the availability of water.
 



CHAPTER 6
 

WATER
 

In areas such as the survey area, which are at the very noL,_-rn
 

limit of extensive grain cultivation in West Africa, the amount and timing
 

of rainfall are the most critical determinants of intertemporal varia

tions in crop yields and range conditions. The timing of the rains are
 

as important as the total annual amount, since the timing determines the
 

composition of grasses on the range and may determine whether or not a
 

crop yields anything at all. Heavy early rains, for instance, will favor
 

rapidly maturing grasses, whereas deficit rainfall towards the end of
 

the rainy season may eliminate some varieties from the range by preventing
 

late maturing grasses from bearing seed. Of courje, rainfall also affects
 

the availability of surface water for livestock, although the amount of
 

rain may be a more critical variable in this regard. Unfortunately, a
 

corss-section study such as the one on which this report is based can
 

say little about the effects of annual variations in rainfall on production
 

processes. Thus, this chapter will examine variations in the spatial and
 

temporal distribution of rainfall, but the discussion of the effect of
 

rainfall on production processes will be limited to the survey year. A
 

second section covers other water sources,
 

Rainfall
 

Spatial Distribution. -- Figure 6.1 shows the spatial distribution
 

of rainfall in the Republic of Niger. Isohyets are based on fifteen-year
 

averages of total annual rainfall for the period from 1960 to 1974. The
 

350 mm isohyet coincides with the southern limit of the pastoral zone
 

(zone of permanent year-round cattle production, as defined in Chapter 1).
 

Kao, the center of the survey area, lies between the 300 and 350 mm
 

isohyets, The observation post at Kao received an average of 323 mm of
 

rainfall annually between 1960 and 1974.
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FIGURE 6.1: Isohyets 
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Intertemporal Variation. -- The fifteen-year average suggests that
 

rainfall in Kao is, on the average, barely enough to sustain a rain-fed
 

millet crop. Furthermore, during the survey year and seven of the eight
 

years preceding it, annual rainfall was well below this average. The
 

graph in Figure 6.2 plots annual rainfall data for Kao for the seventeen
 

years (1960-1976) for which such data are available. The seventeen year
 

average was 314 mm, but mean annual rainfall for the first half of the
 

period (375 mm ) was well above the overall mean, and the mean for the
 

second half (260 mm ) was well below. Total rainfall during the survey
 

year was the third lowest of the entire seventeen year period. The data
 

show extensive variations in total annual rainfall.
 

Data for the Departmental capital at Tahoua, which is approximately
 

80 km. southwest of the survey area, is available for a longer period.
 

These data are plotted in the graph in Figure 6.3. Note that although Kao
 

iE,only 80 km from Tahoua, the latter receives considerably more rain.
 

Over the fifteen year period from 1960 to 1974, Kao averaged only 323 km,
 

whereas Tahoua received on the averag- 403 mm per year. The two loca

tions lie in apparently different ecological z..es, vegetation around Kao
 

being much sparser than that around Tahoua. Roughly comparing the two
 

sets of Olata, variations in the -rainfall over the period for which com

paraL> data are available appear to be greater for the zone further north.
 

Average rainfall in Tahoua over the period from 1922 to 1976 was
 

396 mm. However, during twenty of the twenty-four years between 1945
 

and 1968, annual rainfall was above the fifty-five-year average. Mean
 

annual rainfall during that twenty-four year period was 454 mm. This
 

was the time during which Haussa farmers moved from areas south of Tahoua
 

to northern areas such as Kao as above average rainfall made more land in
 

the north suitable for rain-fed grain production. Then,as in the north,
 

rainfall fell below average for four of the ensuing nine years. Mean
 

annual rainfall from 1968 to 1976 was only 351 mm.
 

During the nine years from 1968 to 1976, the world's attention focused
 

on what was acknowledged to be a catastrophic drought in the West African
 

Sahel, comprising areas such as Tahoua and Kao. Such droughts are not
 

uncommon in the Sahel. A more severe one, in terms of deficit annual
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rainfall, occurred in Tahoua between 1937 gnd 1944. But the recent drought
 

was aggravated by the mass northward migration of grain produz-ers, a migra

tion which was provoked by population presslire in the savannah, above
 

average rainfall in the Sahel and the subjrgation of the Tuareg warlords
 

who ruled the pastoral zone. The earlier Irought was not preceded by a
 

prolonged period of above average rainfall, nor did population pressure 

exist to the extent that it did in later years. The recent drought was
 

further aggravated by overstocking of the Sahelian range, which was made
 

possible by mass livestock epidemic disease control programs. Such pro

grams had never existed prior to the earlier droughts.
 

It is conceivable that during the period preceding the recent drought,
 

above average rainfall may have raised the level of expectations of grain
 

and livestock producers concerning the feasibility of rain-fed grain pro

duction in the northern Sahel as well as the carrying capacity of the 

Sahelian range. The higher level of expectations, along with the more
 

rapid growth of human and livestock populations in the Sahel, made the
 

most recent drought all the more devastating. The recent drought under

lines the importance of deviations from the mean level of precipitation
 

as they affect agricultural production.
 

Seasonal Distribution of Rainfall in the Survey Area. -- The charts 

contained in Figure 6.4 show the monthly distribution of rainfall in Kao 

over the twelve years from 1965 to 1976. The charts indicate that during 

these twelve years, most of the rain fell during the four months from 

June through September, and no rain fell between October and April. The 

survey year provides i'n important exception, in that the second heaviest 

monthly rain fell during October (42.2 mm ). Rainfall during the month of 

October did not exceed 20 mm in any other year for which data are available. 

The charts also indicate that monthly ra;.nfall patterns are highly 

unpredictable. As shown below in the case of the survey year, an uneven
 

distribution of rainfall can be catastrophic for crop production. "Even"
 

rainfall in this context would be a roughly bell-shaped monthly rainfall
 

distribution centered about the month of August. A monthly rainfall pattern
 

which deviates sharply from such a distribution could be as devastating for
 

rang-, conditions as it is for crops.
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FIGURE 6.4: (Cont.) 
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An example of such a situation occurred in 1973, the worst year of
 

the recent drought. Rainfall was heavily concentrated in the month of
 

July, with no substantial rains hitting the survey area before that time.
 

Then the rains dropped off abruptly in August, which is normally the
 

heaviest month of rainfall. The grass seeds which had germinated in July
 

had barely enough rain to sustain them through August and none to sustain
 

the plants through the rest of the year. Pasture conditions were poor
 

throughout the dry season, and many animals died from lack of adequate
 

forage. In such a situation, the seasonal distribution of rainfall is
 

as important as the total amount received.
 

Figure 6.5 shows the daily distribution of Useful rain in Kao during
 

the survey year. A "useful rain" is defined as a rainfall of at least
 

3.0 mm during a twenty-four-hour period and is marked by an "X" on the
 

table. The table points up a month-long drought, from June 22 to July 21,
 

which occurred at the end of the normal planting time. The drought crippled
 

millet plants in the early stages of growth and prevented some farmers from
 

harvesting anything from their millet fields. Sorghum, however, was able
 

to survive since it was planted in the more humid lowland fields.
 

Figures 6.4 and 6.5 demonstrate that, with regard to rainfall, the
 

survey year may have been peculiar in two respects: (1) Heavy rains con

tinued to fall later into the year than they had in the previous sixteen
 

years, as a result of which some farmers were able to get a second sorghum
 

harvest. (2) No useful rain fell during the last week of June and the
 

first three weeks of July. The month-long drought occurred at the end of
 

May and June plantings, and it devastated the millet crop. These two
 

peculiar characteristics of the distribution of rainfall during the survey
 

year may account for the disparities between millet and sorghum yields
 

witnessed by the research team.
 

As mentioned above, the daily and monthly distributions of rainfall
 

also determine the quality and composition of forage resources. One
 

example of the effect of variztions in the seasonal distribution of rainfall
 

is the disappearance of pc-ennial grasses during tiie recent drought. In
 

field trials at Ekrafane, Granier discovered that a larger proportion of
 

the seeds of more nutritive perennial grasses will germinate after only
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FIGURE 6.5 Daily Rainfall Distribution:
 
Kao, Niger, 19761
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ene substantial rainfall than will the seeds of annuals (Granier, 1977).
 

This makes the annuals more resistant to seasonal variations in rainfall
 

since some of the seeds of the annuals will lay dormant until a later rain.
 

It also makes them more capable of surviving from year to year even If the
 

grasses which do germinate do not bear seed. However, the uneven rainfall
 

distribution of years such as 1973 is devastating to perennial grasses.
 

For example, in 1973, a large proportion of the perennial seeds germinated
 

during the month of July, but few survived long enough to bear seed in
 

September. On the other hand, a few of the annuals germinated, but many
 

seeds lay dormant until the following year. Without reseeding of the range,
 

it would be difficult for the perennials to return.
 

Spatial Distribution of Rainfall in the Survey Area. -- As mentioned
 

in Chapter 4, local variations in rainfall in a given year can be critical
 

determinants of yields. Since rain storms are highly localized, plots
 

within the same small region will not always receive the same amount of
 

rain. In addition to the temporal distribution of rainfall, chance and
 

the precise position of a plot determine the amount of moisture a plot
 

receives. Naturally, the same applies to parcels of rangeland. Grass
 

is more abundant on land lying along the corridors normally followed by
 

rain storms.
 

Other Water Sources
 

Surface Water. -- As mentioned previously, the survey area is dotted
 

with catchment areas (lowland marshes) receiving water which runs off
 

the surrounding hills following the rains. Small forests populate these
 

catchment areas. In the dry season, these areas are covered with shallow
 

hand-dug wells. During the rainy season, they fill with water, and in
 

years of good rainfall, these areas may contain --face water until as
 

late as April.
 

Two relatively large catchment areas border the village and the nomad
 

camps covered by the survey. During the survey year, however, the surface
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water in these areas had dried up by November. Elder residents of the
 
survey area informed the research team that as little as twenty years ago,
 

these areas had standing water throughout the year.
 

In previous years, rainfall has provided sufficient surface water to
 
support the cultivation of winter gardens along the edges of the catchment
 
areas. However, this was not the case during the survey year, when no 
-

gardens were cultivated. 
These areas still are the major source of water
 

for both human and animal populations during the dry season.
 

As indicated in the D-evious chapter, the deforestation of the low
land marshes has diminishej the ability of these areas to sustain healthy
 
trees. 
 Along with the drop in tree density, there is a commensurate drop
 
in the water retention capacity of the marshlands. A sufficiently dense
 

forest will maintain a high moisture level and provide shade for surface
 
water, thereby protecting it from evaporation during the day, Thus, the
 
deforestation probably contributed to the severity o.f 
the recent drought
 
and has further restricted the availability of water in the survey area
 

during the dry season.
 

Pumping Stations and Other Public Water Sources. -- Over the past
 
twenty years, mechanized deep-bore water pumping stations have been installed
 
throughout the pastoral zone. One such station exists in the survey area,
 

but its use is restricted to government-owned herds which are held on the
 
Ibeseten ranch. Other pumping stations bordering the survey area which
 

are open to the public are located in the vicinity of Tchin-Tabaraden.
 

Under the traditional Tuareg system of water resource management,
 
water use was restricted to those who had been granted rights to water
 

sources by the Tuareg aristocracy. To this day, the builder of a hand
dug well retains first watering rights, but controls are not as strict a3
 
under the rule of the Tuareg warlords. Theoretically, anyone may use a
 
hand-dug well, but they must step aside if the builder of the well wishes
 

to water his animals. However, these coiitrcl. do not apply to the region's
 
natural water sources (semi-permanent lakes and run-off channels), 
nor
 
do they apply to wells or pumping stations built and managed by the govern

ment.
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The government agency in charge of the construction and management
 

of -ublic water sources is the Office des Eaux de Sous-Sol (OFEDES),
 

OFEDES has constructed three cement-lined wells on the border of Kao
 

village. It also manages the pumping station.t located in the region of
 

Tchin-Tabaraden.
 

Access to the cement-lined wells bordering the village also is unre

stricted, but their use requires a rope which is sufficiently long to
 

reach the lower water level. Also, the drawing of water from these deeper
 

wells requires more time and generally is limited to those wealthier house

holds which are able to hire labor for domestic chores. For these reasons,
 

most households rely on the muddy water of the shallower hand-dug wells
 

to water livestock and fulfill domestic needs.
 

On the other hand, use of the pumping stations bordering the survey
 

region does not require additional labor or special equipment for drawing
 

water. The mechanized stations eliminate much of the arduous work associ

ated with watering animals during the dry season. Thus, herds are attracted
 

to these stations, and pastures in their vicinity are rapidly depleted.
 

Since nomadic herds and herders are so readily attracted to the pump

ing stations, the stations can be exploited as a means of controlling
 

land use. First, the stations could be placed strategically in order to
 

provide water to the maximum amount of pasture land during the dry season
 

without forcing herds to concentrate in any one particular area. To
 

achieve this, pumping stations should be established approximately 60 km
 

apart from each other, leaving a circular area of rangeland with a radius
 

of 30 km to feed the herds making use of each pumping station. The ideal
 

distance of 60 km allows the herds to travel from one station to the next
 

without undue stress. A distance of more than 60 km would not permit
 

such mobility, meaning that portions of the range would be unexploitable
 

in the dry season. A distance of less than 60 km would cause too many
 

herds to be concentrated in one area, leaving them less pasture than they
 

might otherwise have if the stations were more strategically located.
 

The placement of pumping stations around Tchin-Tabaraden is an example
 

of the latter case. Four pumping stations are found within a 30-km radius
 

of Tchin-Tabaraden. Currently, the dry season grass cover in that area
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is almost nonexistent. Since this area is just to the north of the survey
 

region, the concentration of herds there during the dry season further
 

restricts the range resources available to herds managed by survey area
 

residents at that time of year.
 

The second means by which pumping stations can be used to control land
 

use is by strategically timing the annual opening and closing of each
 

station. Currently, the stations are closed during the rainy season but
 

open in November immediately following the end of the rains and remain
 

open throughout the dry season. Ideally, the stations should remain
 

closed until other surface water sources are exhausted. Practically,
 

herders and herd owners coerce the managers of pumping stations into
 

opening the stations whenever the herders find them more convenient.
 

If some more effective means could be found of controlling the
 

opening of pumping stations, the timing of their use could redirect herds
 

to areas with a more healthy grass cover and relieve the pressure on areas
 

where the grass cover has been depleted. In this way, as discussed at
 

the end of the previous chapter, the information derived from satellite
 

imagery could be used to monitor and preserve dry season forage reserves.
 

In an area where water and pasture is so scarce throughout most of the
 

year, such conservation programs are essential.
 



CHAPTER 7
 

LIVESTOCK AND LIVESTOCK MANAGEMENT
 

The previous three chapters have concentrated on the roles 
of land,
 

labor, and water as inputs to the agricultural production process in
 

This chapter winds up the discussion of
 Niger's southern pastoral zone. 


tniput charactjristics and leads to the discussion of agricultural 
output
 

three chapters.
and its disposal, which is contained in the next 


The present chapter contains a discussion of the characteristics 
of
 

animals raised in the survey area, presented in the first section. The
 

revealed

second section concentrates on livestock management practices 

as 


the

by the results of a special survey conducted during December 

of 


survey year.
 

Animals Raised in the Survey Area
 

This section presents some of the characteristics and ownership
 

patterns of the specific breeds of each animal type commonly encountered
 

The discussion draws on information obtained from
in the survey area. 


qualitative interviews conducted by the investigator among 
the nomadic
 

pastoralists (Tuareg and Fulani) who pass through the survey 
area as well
 

The informa
as among the households contained in the main survey sample. 


tion obtained from these interviews was verified and supplemented 
by
 

sources and interviews with French
information obtained from secondary 


and Nig~rien veterinarians and animal breeding specialists.
 

The following dwells on the more general qualities of breeds 
common
 

to the survey area. The technical coefficients associated with cattle
 

and goat production are discussed in conjunction with the livestock out

-put models presented in Chapter 10.
 

Goats.-- As mentioned previously, goats were the animals most commonly
 

held in sample members' herds. In terms of number of head, they far out

numbered any other animal type in all but the smallest of herds managed
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by sample households. Households in the Fulani subsample and the herds
 

managed by nomadic pastoralists provided exceptions to the above in that
 

large ruminants, particularly cattle and camels, comprised a larger propor

tion of the herd.
 

There are several reasons why many sample households -- and Tuareg

sample households in particular -- preferred goats over other animal types.
 

Goats are more resistant to the severe climate and particularly to drought
 

conditions. They can browse trees and exploit sources of feed otherwise
 

unacceptable to some animal types, and their 'water requirements are lower
 

than some of the large ruir.±nants.
 

Goats offer nevera] advantages for the herd manager. They are easier
 

to herd since they stay together and have less of a tendency to stray than
 

other animals. They also are more independent, can be let out to pasture
 

unguarded, and frighten less easily than cattle or sheep.
 

The goat herd also is more divisible in that the individual units
 

within it are smaller and of lower value. Goats can be sold to meet
 

immediate cash needs, whereas the sale of other animal types requires a
 

larger disinvestment and more advance planning. Since an individual unit
 

of the goat herd is of lower value than other animal types, there is a lower
 

initial investment required to acquire goats and less risk associated with
 

the individual animal. Also, as indicated below, since the growth rate of
 

the goat herd is fas.:er than that of any other animal type, the process of
 

building up a herd which is of sufficient size to provide milk and meat for
 

the household is more rapid. The divisibility of the herd also provides
 

more flexibility in altering herd conposition and in timing births to obtain
 

consistent milk yields.
 

The breed of goat which was most common to sample members' herds was
 

a Sahelian type. Relative to the breeds raised in the agricultural zones
 

to the south of the survey area, these are tall goats: adult males reach a
 

height of 0.80 to 0.85 meters, and females a height of 0.70 to 0.75 meters.
 

Mature weight varies between 25 and 35 kilograms. The gestation period
 

lasts between 145 and 155 days, and twins are frequent. The lactation
 

cycle lasts for approximately 1.20 days (cf. Minist~re de la Coop6ration,
 

1975, p. 1060; McDowell, 1.977 and 1978).
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Among the Tuareg Households in the survey sample, which were probably
 

the most representative of the largest proportion of residents of the
 

southern Azawak, goats were the primary source of milk for subsistence
 

needs. Only one Bush Tuareg household and eleven Village Tuareg house

holds, all of which owned no animals, did not own goats. The typical
 

pattern encountered among the Bush Tuareg, or independent slave-caste
 

Tuareg (iklan) living in the bush, was that households would first strive
 

to accumulate between 20 and 30 goats, then begin to acquire large ruminants
 

to supplement the milk production of the subsistence goat herd. Bush Tuareg
 

sample members felt that they did not have the labor resources required
 

to manage a sizable herd of large ruminants without interfering with grain
 

production activities. They also have been discouraged by the cash outlays
 

necessary to acquire such a herd. For these reasons, they preferred to Dro

duce enough grain to assure subsistence needs, then allocate surplus labor
 

and surplus income to building a goat herd. Once the goat herd was large
 

enough to assure a steady milk supply to the household, they began i-/esting
 

in large ruminants. In this way, by first acquiring a larger number of
 

small ruminants, they did not risk losing their entire milk supply if one
 

or two animals went dry, were stolen or were otherwise lost out of the herd.
 

These findings were substantiated by Bernus in his monograph on the
 

illabakan, a group of Tuaieg noir. -c pastoralists who frequent the pastures
 

immediately to the north of -he survey area. The privileged members of the
 

illabakan had the social status of the vassal caste, or imghad. In pre

colonial Tuareg society, they were responsible for stock raising. They
 

owed allegiance to one of the members of the Tuareg aristocracy (immazheren),
 

but like the independent iklan who were the ancestors of Bush Tuareg sample
 

members, the aristocracy did not have direct access to their labor. Slave

caste Tuareg are also found among the illabakan (Bernus, 1974, p. 29).
 

Following their role in traditional Tuareg society, the illabakan still
 

specialize in livestock production. Thus, at the time of Bernus' study,
 

they held larger herds on the average than did any of the combined crop
 

and livestock producers in the survey sample. In his monograph, Bernus
 

presents the results of a survey of the composition of herds managed by
 

illabakan households. The survey was conducted in 1967/68 and covered
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103 households. Bernus found that only five households did not possess
 
goats. These households represented only 2.1 percent of the individuals covered
 

by the survey. The majority of the households surveyed owned between 25
 
and 49 goats, and few households owned very large herds. The distribution
 

of goat herd size within t"' sample covered by Bernus' survey is indicated
 

in the following table:
 

TABLE 7.1
 

DISTRIBUTION OF GOAT OWNERSHIP AMONG THE
 
TUAREG ILLABAKAN, 196 7/68a
 

Goat Herd 
Size 

Population Owning 
Indicated Herd Sizeb 

Proportion of 
Total Goat Herdc 

(Head) (%) (%) 

200 + 4.6 7.2 

50-199 27.5 32.5 

10-49 65.8 60.3 

0 2.1 0. 

aFrom Bernuq 1974, p. 75.
 

bNumber of people residing in households owning the indicated herd
 
size, as a proportion of the total population covered by 
the survey.
 

cProportion of the total goat population owned by sample households
 
which are held in herds 'of the indicated size.
 

The goat herd appears to be fairly equitably distributed, and less than 
one-third of the individuals in the survey sample held very large goat herds.
 

Bernus also found that one-third of the goat producers held no sheep
 

and that the small herd of 30 to 50 goats was common to the relatively less
 

weal-thy herders who owned no other animals. On the other hand,
 
sheep raising was limited to those households which had sufficient re
sources to enable them to manage a diversified herd (Bernus , 1974, p. 76). 
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Thus, among both Tuareg nomadic pastoralists and Tuareg mixed farmers, the
 

goat is called upon to fulfill subsistence needs until enough of a surplus
 
of labor and income is built up to enable the household to diversify its
 

animal holdings.
 

Cattle.-- Cattle were the second most important source of milk for
 

consumption by sample households. However, of the forty-eight families
 

in the final survey sample, only sixteen owned or managed cattle at some
 
point during the survey year. Furthermore, 60 percent of the total number 
of cattle in sample members' herds were managed by the three households in
 

the Fulani subsample. 1 

The three Fulani households each held herds containing at least 
fifteen head of cattle, whereas the cattle herd managed by households in 
the other three subsamples consisted of at most ten head. Eleven of the 
sixteen households managing cattle held between two and six head during 
the survey year. Six of these eleven were Tuareg households which also 
maintained large (20 to 30 head) herds. The remainder Haussagoat were 

households which kept a few milk cows in their courtyard to ensure an
 

adequate supply of milk to the household, along with small herds (generally
 

less than 20 head) of small ruminants kept mainly for meat. 

Three breeds of cattle (and the resulting variety of crosses) were 
common to the survey area. These were the Bororo, the Azawak, and a breed 
more common to the agricultural zone which was kept primarily by Haussa 
village residents. All three breeds are of the zebu type. They are well 

adapted to heat and arid conditions, but are highly susceptible to 
trypanosomiasis, an epidemic disease common to coastal areas of West Africa. 

As the name belies, the Bororo is a variety developed by Bororo Fulani 
livestock producers. It is a tall, long-horned animal attaining a height of
 

1.60 meters. It is probably best known in West Africa for its long, lyre
shaped horns. The weight of the full-grown bull varies between 300 and 400 
kilograms, and a mature cow can weigh between 250 and 300 kilo;,rams (Minist~re 

'Based on declarations of herd size made at the time of the 
October herd inventory. 
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de la Coopgration, 1974, p. 1044; Coulomb, 1971, p, 10-12). 
 Lactation
 
normally lasts for a maximum period of six months, 
 The Bororo is a nervous
 
animal which is well-adapted to transhumance, that being one reason why the
 
breed is so coveted by the nomadic Fulani 
to whom it owes its name.
 

The Azawak breed derives its name from the Azawak valley, where the
 
breed originated. 
 The breed was developed by Tuareg livestock producers
 
and it still the most commonly encountered and most preferred breed in
 
Tuareg cattle herds. I 
 The Azawak is best known for its milk production.
 
Its lactation cycle lasts 
seven to eight months, and under experimental
 
conditions, it may produce as much as 
1,000 liters per lactation. In con
trast, Bororo cows are thought to produce only 380 to 400 liters per lacta
tion 
(Coulomb, 1971, pp. 10-12; Minist~re de la Coopgration, 1974, p. 1042
 

p. 1045). 
 The Azawak also is alleged to be more prolific than 
 the
 
Bororo and calves for the first time at an earlier age: 3.5 years for
 
the Azawak as opposed to 4.0, on 
the average, for Bororo animals 
(Coulomb,
 

1971).
 

Azawak cattle are generally smaller than the Bororo breed and do not
 
have the long horns characteristic of the Bororo. 
 Mature Azawak are
 
roughly 1.20 meters in height and weigh around 250 kilograms (Ministre
 
de la Cooperation, 1974, p. 1041).
 

Judging from qualitative interviews among livestock producers in the
 
southern pastoral zone, the recent drought proved the Azawak breed to be
 
more resistant to severe 
fluctuations in climate. 
 For this reason, although
 
the Bororo is their traditional and preferred breed, Fulani herders 
are
 
incorporating more Azawak animals into their herd as 
a measuL, of risk
 
avoidance through diversification. However, Fulani herders claim that the
 
Bororo cattle are easier to control and do not enter and damage fields
 
as easily as the Azawak. The Bororo also are 
thought 
to be more nervous
 
animals, responding only to 
the commands of their particular herd manager.
 
Thus, the Fulani herders claim that they 
ire more difficult to steal, they

do not stray as easily, and when stolen, they will return 
to the camp of
 

IAn experimental breeding station at Toukounous 
(north of Filingu6
in western Niger) has been selectively breeding Azawak animals for the
 
past two decades.
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their rightful owner. But the Fulani do recognize the resistance and
 

superior milk-producing capabilities of the Azawak animals, and thus are
 

acquiring them in increasing numbers.
 

On the other hand, Tuareg livestock producers, who do not travel
 

with their herds as far or as frequently as the Fulani, do not require
 

an animal which is well adapted to wide-ranging transhumance patterns.
 

Thus, they still prefer the Azawak breed and keep few Bororo animals in
 

their herds. All cattle herds managed by Tuareg members of the survey
 

sample consisted of Azawak animals.
 

Most Haussa cattle producers in the survey sample kept a type of
 

animal which pzcbably was a cross between the Azawak breed and breeds
 

found in the southern agricultural zone. These animals were smaller and
 

more docile than the Azawak or the Bororo. As indicated above, the Haussa
 

household herd generally consisted of a few milk cows which were kept in
 

the household's courtyard and let out to graze during the day along T,ith
 

the rest of the animals from the village.
 

Of the animal types raised in the survey region, cattle were the
 

most severely affected by the recent drought. They rely most heavily on
 

rangeland as a source of feed, since they cannot browse trees or bushes.
 

Thus, when the abnormal rains of 1973 caused poor pasture conditions, approxi

mately one-third of the cattle in the survey area died from lack of forage.
 

The recent drought, which accentuated the susceptibility of cattle
 

to poor pasture conditions, led to a consensus among Tuareg livestock pro

ducers that cattle are a high-risk enterprise and a luxury which should be
 

acquired only after the household has allocated sufficient resources to
 

goats and grain to ensure subsistence needs. Haussa producers, on the
 

other hand, rely more heavily on the market for food needs (see Chapters 9
 

and 10). They tended to regard cattle as a form of investment and a means
 

of storing wealth. Thus, when cattle prices dropped during the worst
 

-of the recent drought years, many Haussa households acquired or expanded
 

their cattle herds.
 

Fulani nomadic pastoralists, as a group, suffered the worst impact
 

of the recent drought since they rely most heavily, sometimes exclusively,
 

on cattle for their livelihood. The drought prompted some Fulani nomads
 

to attempt grain cultivation for the first time and to diversify the types
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as well as the particular breeds of animals held in their herds. 1
 

Camels.-- Camel raising is the prerogative of the more priveleged member
 
of Tuareg society, who claim a strong preference for camel's milk over the
 
milk of any other animal. 
Although camels are owned by some households
 
in all of 
the survey area's major production systems (with the exception
 
of the relatively impoverished Village Tuareg), 
the management of large

camel herds is most characteristic of Tuareg nomadic pastoralists. 
 Tuareg

nomads find camels advantageous in that they 
are adapted to a desert climate,
 
they provide reliable and fast transportation, and they have the widest
 
range of grazing options since they can browse the tops of trees as well as
 
low brush.
 

Among the survey sample, however, only five households were engaged

in camel production at the time of the October herd inventory. 
Four of
 
these households were Tuareg who also held large goat herds, and the fifth
 
was the household of the Haussa village chief. 
As with cattle, Tuareg

livestock producers appeared 
to be hesitant to acquire camels until they
 
had built up an adequate goat herd.
 

Sheep.-- Among sample households, sheep were raised primarily for 
meat. Their milk was not consumed by any sample household nor by any of the
 
survey area residents with whom the investigator was acquainted. 
Most
 
often, sheep were raised for slaughter at marriages, baptisms, and festivals,
 
particularly the festival of Aid el-Kibr.
 

Sheep production was most concentrated among households in the Haussa
 
subsample. Twenty of the forty-eight final sample households held sheep
 
at the time of the summary herd inventory. 
 Of these twenty, thirteen were
 

Of 
the production systems encountered in the survey area, the Fulani
production system involves the longest and most frequent movements and relies
most heavily on cattle as an 
input to the production process. This is in contrast to Ruthenberg's claim that "cattle are more demanding with respect to
water and fodder and are not 
so mobile as camels or sheep, and for these reasons 
they are not characteristic of total nomads but of semi-nomads and the
stationary population" (Ruthenberg, 1976, p. 300). 
 At least in the Azawak,
camels and sheep are more characteristic 
of Tuareg semi-nomads than of the
more nomadic Fulani. 
 It is quite possible that in the pastoral zone, since
cattle production is 
more demanding, their management requires more 
frequent

transhumance.
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members of the Haussa subsample. Only two Village Tuareg and two Bush
 

Tuareg households produced sheep. In all twenty households, the sheep herd
 

as declared during the herd inventory did not amount to more than ten
 

head.
 

All three of the Fulani households in the final sample produced
 

sheep, and sheep production was characteristic of the Bororo Fulani
 

nomadic pastoralists as well. Bororo Fulani producers also relied on their
 

sheep as a source of meat, but like their Tuareg counterparts, they also
 

looked upon the small ruminant component of the household herd as a source
 

of animals which could be readily marketed to fulfill immediate cash needs.
 

Bororo Fulani appeared to prefer sheep production to goats as a small rumi

nant enterprise. Of the numerous Bororo Fulani herds encountered by the
 

investigator, none contained any goats.
 

Several breeds of sheep were raised in the survey area, 
all of them 

long-legged short-haired varieties. They were all well adapted to trans

humance and arid conditions. Although they frightened and strayed easily, 

they were difficult to steal by force since they would escape from their 

pursuer in a series of long, high bounds. The mature weight of most breeds 

was between 40 and 60 kilograms. 

Sheep production patterns were altered during the survey year when a 

government sheep herd reconstitution program was implemented. For each of 

the households enrolled, the program involved a loan of forty sheep. The 

loan was to be reimbursed over a five-year period by selling the young 

born into the herd back to the government at reduced prices. Three Bush 

Tuareg households in tl * survey sample were able to enroll in the program, 

which was implemented towards the end of the survey year in May 1977. 

The possible effects of this and similar reconstitution programs will be 

examined as part of the production analysis. 

Horses.-- Horses were a luxury item and a prestigious form of personal
 

transport reserved for wealthier households. The breed most commonly
 

encountered in the survey area was similar to the racing horse for which
 

the region of Illla (south of Tahoua) has become famous. Occasionally
 

one encounters crosses between this southern breed and Arab horses bred
 

in the desert to the north of the survey area. 
Only the six most affluent
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households in the survey sample owned horses.
 

Donkeys.-- On the other hand, donkeys were the survey area's popular
 
form of transport, the taxi and work-horse of 
the southern pastoral zone.
 
Donkeys were considered to be versatile and hardy animals. 
 They were used
 
for everything from hauling water and firewood and harvesting grain to
 
personal transport for long-distance travel. 
 Many survey area residents were
 
impressed with the donkey's ability to-withstand the harshest of environ
ments and were prompted to acquire donkeys after the catastrophic drought
 
year of 1973. Furthermore, donkeys were found to be independent animals
 
which required very little maintenance. Twenty-one of the forty-eight
 
final sample households held donkeys during the survey year. 
This included
 
all but one of the households (the one household which owned no animals)
 
in the Bush Tuareg subsample. Donkey ownership was concentrated among
 
members of the Bush Tuareg subsample since the relatively long distances
 

which they had to travel to find firewood and water made donkeys particu
larly indispensable to them.
 

The breed of donkey common to the survey area was approximately one
 
meter high and weighed between 80 and 100 kilograms. It had a grey coat
 
with 
a black band across its shoulders. Only one mule was encountered by
 
the research team during their stay in the survey area.
 

Poultry.-- Although not legitimately a "livestock" enterprise,
 
poultry enterprises deserve mention here since they made important contri
butions to the food needs of survey area residents. Most poultry enter
prises consisted of local breeds of chickens and guinea fowl, but some also
 
included ducks, geese, and chickens crossed with recently introduced
 
American breeds. Of the fifty-one households covered by the livestock
 
management survey discussed in the following section, thirty-five raised
 
some form of poultry. Poultry production was a more common activity among
 
village residents, probably because households living in the bush found that
 
the birds were too easily devoured by night-time predators. Only four Bush
 
Tuareg households engaged in any sort of poultry enterprise.
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Livestock Management
 

In December of the survey year, a special questionnaire was adminis

tered which was designed to investigate the management practices of live

stock producers. The results as summarized in this section include the
 

responses of three households which subsequently moved away from the survey
 

area and thus were not included in the final sample, Since thirty-seven
 

of the fifty-one households covered by the special survey owned or managed
 

some sort of animals and since local livestock production directly affected
 

the lives of the remaining fourteen households, results for all households
 

are included in the following summaries. The investigation of management
 

practices covers alternative feeding regimes, the use and sources of equip

ment related to livestock production and the use of veterinary care as
 

administered by government agencies.
 

Feed Supplements: Bran.-- Bran is a by-product of the processing of
 

grain into flour. It is the envelope surrounding the grain which is removed
 

in the first step of processing the grain for human consumpti-n. After the
 

grain is removed from the head, the grain is soaked and pounded until the
 

bran is separated.
 

Experiments were conducted by the investigator to determine the amount
 

of bran normally derived from the daily processing of grain for his family's
 

consumption. The investigator an,! his wife consumed approximately one kilo

gram of local grains daily as the basis of their diet. A local woman who
 

lived with the investigator's family pounded grain for daily consumption
 

needs using local processing methods. At several points during the survey,
 

the amount of grain which was taken out to be pounded each day was weighed
 

on a balance scale before processing. Since the grain was soaked to loosen
 

the hulls before processing, the bran resulting from each day's processing
 

was dried for one day before being weighed. Twenty observations of the
 

weight of grain as it comes from the stalk and the weight of bran resulting
 

from processing were collected, eleven for millet and nine for sorghum. A
 

linear regression of bran weight (Y) on grain weight (X) gave the following
 

results:
 



-180-


Millet (n = 11): 

Y = .23876 X 

(11.099)
 

Sorghum (n = 9): 

Y = .32558 X 

(15.713)
 

The t-statistics, listed in parentheses below the regression coefficients,
 
indicate that there is a high probability that the regression coefficient
 
is different zero. 
The coefficients suggest that approximately one
fourth of the weight of millet grain harvested and one-third of the weight
 
of the sorghum grain harvest is actually bran. Thus, it is important to 
consider how households dispose of the millet and sorghum bran which is 
derived from processing.
 

Table 7.2 indicates how bran was used by sample households. Only those 
twelve Tuareg households which did not theown or manage animals consumed 
bran themselves. These were relatively impoverished households who used 
the bran as a supplement to their own diet, based on millet and sorghum 
flour, during months when grain stocks were low. 
Of the thirty-seven
 

TABLE 7.2
 

USES OF BRAN BY SAMPLE HOUSEHOLDS 

No. of House-
holds Which: 

Bush 
Tuareg 
(N=13) 

Village 
Tuareg 
(N=17) 

Haussa 
(N=18) 

Fulani 
(N=3) 

Total 
Sample 
(N=51) 

Eat bran 
themselves 1 11 0 0 12 
Feed bran to 
their animals 10 5 17 3 35 
Buy bran for 
animal feed 3 4 16 3 26 
Sell bran 1 2 1 0 4 
Held animals at 
time of supplementary
 
survey or during
 

11 
 6 17 
 3 37
 
1976 
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households which held animals at the time of the survey, thirty-five fed 

bran to their animals, and twenty-six of these thirty-five households
 

purchased bran for use as an animal feed supplement in addition to the
 

bran derived from daily grain processing. Very few (four out of fifty-one)
 

households sold the bran they produced.
 

Most of the households which purchased additional bran were village
 

residents. Twenty-three of the twenty-five village residents using bran 

as animal feed purchased additional bran on the market, but only three Bush 

Tuareg households bought bran to supplement their own production. Most
 

village residents fed bran to their animals as it was produced or pur
chased. Bush Tuareg households, however, kept separate stocks of bran in
 

small granaries in order to have more bran to supplement the animals'
 

diets during the dry season when pasture was scarce.
 

Feed Supplements: Salt.-- Two types of salt commonly purchased as
 

animal feed supplements were sold on the Kao market. Both types were
 

formed into blocks which were transported from mines in the desert to the 
north of the survey area. One type is produced in the salt fields around
 

Tigidda-n-Tessoum (subsequently referred to as Tigidda), and the other
 

comes from the area around Bilma.
 

The former salt type comes from the area which used to be frequented
 

by livestock producers who participated in the annual Salt Cure. This was
 

the annual migration to the northern salt fields discussed in Chapter 5.
 

As indicated in that chapter, this practice has been abandoned in recent
 

years. To replace the salt which used to be obtained by herding the
 

animals to northern pastures, salt currently is shipped into the survey
 

area and sold on local markets. Most of the salt is transported into the
 

survey area by camels, although some arrives by truck.
 

Of the fifty-one households which responded to the supplementary live

stock management questionnaire, all thirty-seven livestock-producing house

holds purchased both Tigidda and Bilma salts on the Kao market to feed to
 

their animals. Thus, all households which had owned or managed animals 

during the year prior to the supplementary'survey made use of salt as an 

animal feed supplement. Seasonal fluctuations in the prices of salts and 

bran, the two major purchased inputs to livestock production, are discussed 
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in the following chapter. 

Use of Other Agricultural By-Products and Other Supplements to
 
Daytime Grazing on Public Rangeland.-- Sample members indicated that they 
made use of two other types of agricultural by-products as animal feed,
 
in addition to the bran derived from grain processing: grain stalks,
 
including the shoots which grow on them after harvesting, and the leaves
 
of cowpea plants. Of the households responding to the special question
naire,twenty-one of the twenty-five livestock producing households living
 
in the village claimed that they did regularly harvest the leaves of cow

pea plants for use as a forage supplement.
 

When asked if household members had harvested millet or sorghum stalks
 
for use as 
animal feed during the previous year, the same twenty-one house

that had. all butholds replied they This included one of the households 
in the Haussa subsample as well as all of the Fulani households. Only one
 
Village Tuareg household claimed to have harvested grain stalks for use
 

as animal feed over the year prior to the special survey.
 
None of the households in the Bush Tuareg subsample had made use
 

of either of these alternative animal feeds during 1976. However, the
 
research team was informed that Bush Tuareg households do harvest sorghum
 

stalks and store them for use as animal feed in years J. which the sorghum
 
crop fails. Bush Tuareg households received an abundant sorghum crop
 
during the survey year; thus, the animals were able to feed off the young 
shoots which sprout up from the stalks after the harvest. On the other hand, 
during years when the sorghum crop is unsuccessful, the immature stalks are
 
cut down and stored so that they will retain their nutrients until the dry
 

season when they are most needed as a feed supplement.
 

In addition to the agricultural by-products used as feed supplements,
 
fourteen of the eighteen Haussa households surveyed and all of the Fulani
 
households indicated that they had both harvested and purchased grasses over
 
the past year to feed to their animals. However, none of the thirty Tuareg
 
households harvested or purchased grasses during 1976 to be used as 
a sup
plement to the forage obtained by their animals while grazing. 
 Other than
 
the bran, salt and sorghum stalks mentioned above, Tuareg livestock-producing
 

households relied solely on access 
to public rangeland as a source of animal
 

feed.
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Although sample members indicated that they had stored grain stalks
 

and other forage in past years, only one of the fifty-one households covered
 

by the special survey - the household of a retired Tuareg Nomad Guard 

stored grain stalks and grasses for use as an animal 'eed supplement during
 

the dry season of 1977. Other households relied on bran stocks and salt
 

as dry season feed supplements or purchased additional feed supplements
 

when they were required.
 

The final alternative source of animal feed exploited by survey area
 

residents was nighttime grazing on public rangeland. This could be an
 

important management practice during the dry season, since thermal stress
 

induced by the severe daytime heat at that time of year lowers the animals'
 

appetites and makes them less capable of digesting adequate quantities of
 

forage (McDowell, 1972). In contrast the animals' appetites improve and
 

digestion is made easier when the thermal stress is relieved at night.
 

Despite the appeal of nighttime grazing from a nutritional point of view,
 

only five of the fifty-one households covered by the special survey had
 

allowed their animals to graze at night at some point over the previous
 

year. This included only one Haussa household from the village and four
 

Bush Tuareg households. It is most probable that the nutritional appeal
 

of nighttime grazing was offset by the higher risk of nighttime animal
 

losses due tc theft or strays.
 

Significance of Alternative Feeding Regimes.-- The above results
 

suggest that millet and sorghum bran are the most important feed supple

ments used in the survey area as alternatives to daytime grazing on public
 

rangeland. The prevalence of the use of bran as animal feed indicates a
 

possible source of complementarity between crop and livestock enterprises.
 

This complementarity is furthered by the use of other agricultural by

products, such as grain stalks and cowpea leaves.
 

The availability and use of feed supplements also are important in
 

that for a given stock of animals, the supplements relieve the grazing
 

pressure on rangeland by reducing the number of hectares of grassland
 

required to sustain an animal unit. The contribution of feed supplements
 

is particularly importart during the dry season, when pasture is most
 

scarce. From another point of view, the supplements allow more animals
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to be sustained successfully on a given stock of land, and for a fixed amount
 
of both animals and land, supplements improve animal health, reduce losses
 
due to 
disease, reduce labor requirements by reducing the distance which
 
would otherwise have to be travelled to 
find adequate forage, and increase
 

milk yields.
 

The use of supplements is indicative of the opportunity costs associated
 
with a combined crop and livestock production system. example,
As an 

while the specialized crop producer might be able to sell all the bran he
 
produces, 
 he producer combining crop and livestock enterprises uses 
the
 
bran as an animal feed. Alternatively, the specialized livestock producer
 
can move his herd to areac of better pasture, whereas the combined pro
ducer, restricted to the environs of that area where he can obtain land
 
for culzivation, must rely on supplements and purchased forage when the
 
open rangeland fails 
to provide adequate pasture.
 

However, one of the most commonly purchased animal feed supplements,
 
salt, 4s sought after by both the specialized livestock producer and the
 
combined producer. The salts currently sold 
on the market replace the salt
 
which animals in the pastoral zone used to ingest during their northward
 
transhumance, a practice now abandoned by Tuareg mixed farmerq. 
 The currnt
 
use and oopularity of salts and other feed supplements suggest that livestock
 
producers would readily accept other feed alternatives and would implement
 
technological improvements in current feeding regimes whenever inputs 
can
 
be acquired at prices %.ich 
would make feeding profitable.
 

Veterinary Care.-- As indicated in Chapter 1, the Niger Government
 
maintains a Livestock Service, whose activities are limited to the control
 
of animal marketing and epidemic disease. 
 The Service conducts an annual
 
vaccination campaign which normally is undertaken during the cold dry season
 
at the beginning of the year. 
During the campaign, mobile vaccination
 
teams 
travel to posts around the country where narrow concrete corridors
 
have been set up to facilitate the vaccination process. One such post
 
is located on the edge of Kao village.
 

Despite the availability of the vaccination services and the fact
 
that the Livestock Service charged nothing for the vaccine or its
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administration, only slightly more than half tlie 
livestock producters in
 
the survey sample had ever availed themselves of these services. Of the
 
thirty-seven households which held animals during 1976, only eighteen had
 
their animals vaccinated by the Livestock Service during the 1976 vaccination
 
campaign. 
Only an additonal five households had had their animals vaccinated
 

during any previous campaign.
 

Of the twenty-three households who had 
ever taken advantage of the
 
vaccination services, fourteen were Haussa village residents. 
Only five
 
of the twelve Bush Tuareg and one of the six Village Tuareg households
 
which held animals at the time of the survey had ever had their animals
 
vaccinated. 
When asked why they declined the vaccinations, several house
holds indicated that they feared the mild onsets of disease 
which often
 
ensue as a result of the vaccine.
 

Currently, the Livestock Service does not conduct any sort of exten
sion program, and its disease control activities are primarily limited
 
to the vaccination campaigns. 
None of the fifty-one households
 
questioned during the special survey indicated that they had ever received
 
any assistance from the Livestock Service other than vaccinations. Thus,
 
it appears that a substantial proportion of the livestock producers in
 
the survey area currently prefer to resort to traditional veterinary
 
practices. Furthermore, it appears that no structure currentl' exists
 
within the Livestock Service which could successfully disseminitc 
a 
package of improved management practices, Improved inputs, 
or other
 

technological innovations.
 

Compaiison of Alternative Management Practices.-- The results pre
sented in this section indicate that Haussa households are the most in
tensive livestock producers, in the 
sense that they made greater use of
 
feed supplements and vaccination services. 
 The scope of livestock enterprises
 
undertaken by these households generally was limited to a few sheep raised
 
for meat and social obligations (primarily festivals) and one or 
two milk
 
cows per household. These animals were kept near 
the home, fed a
 
wide range of agricultural by-products in addition to salt and purchased
 
grasses, and most had been vaccinated against the 
more common epidemic
 

diseases.
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In contrast to the Haussa enterprises, livestock enterprises managed
 
by Bush Tuareg households were larger in scale and consisted primarily of
 
goats and cattle. However, Bush Tuareg production systems involved less
 
intensive livestock management schemes. The managers of Bush Tuareg live

stock enterprises relied less on purchased inputs and made less intensive
 

use of agricultural by-products than did Haussa livestock managers. 
Also,
 

relative to Haussa households, fewer Bush Tuareg households took advantage
 

of government programs such as the Livestock Service vaccination program.
 

The implications of these management practices will be explored in sub

sequent chapters.
 



CHAPTER 8
 

MARKETS
 

This chapter provides the price data and information on market struc

ture required to evaluate agricultural production by sample households.
 

The results presented in this chapter will be used in the three subsequent
 

chapters to assess the value of agricultural output. Thus the present chap

ter concentrates on providing the marketing data required for the production
 

analysis while discussing briefly the tangential issues of market structure
 

and market efficiency.
 

The chapter is divided into five sections. The first discusses the role
 

of the weekly Kao market in the economy of the survey area, the pastoral
 

zone, and in the north-south animal marketing chain which extends to the
 

Nigerian coast. The second section discusses the structure of the local
 

grain market and the prices which prevailed in that market during the sur

vey year. The third section contains similar information on the animal
 

market. The fourth section looks into the prices and marketing of livestock
 

products, primarily milk and meat. The final section of the chapter covers
 

the prices of purchased inputs associated with agricultural production,
 

such as the supplementary animal feeds mentioned in the previous chapter.
 

The Role of the Kao Market
 

The Kao Market in the Economy of the Survey Area.-- The Kao market
 

functions as the meeting place for merchants from the south, who come to
 

trade grain and imported goods, and for the livestock producers of the pas

toral zone, who wish to sell their animals. On each Tuesday throughout
 

the survey year, the village of Kao came alive with visiting nomads, mer

chants, police, magicians, tricksters, imports, local animals and the sound
 

of ambitious bargaining. Such was the weekly market, regularly attended
 

by residents of the survey area, merchants from as far away as Maradi and
 

Agadez, and nomadic pastoralists from miles around. The village thrives
 

on this weekly event, and most village reiidents in the survey sample
 

derive their livelihood from trading activities conducted at the weekly
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market.
 

Although the village of Kao originated as a small settlement of Haussa
 
grain producers looking for unoccupied arable land, it has evolved as one
 
of a handful of regional markets which dot the southern Azawak. Village
 
residents who otherwise would barely eke a living out of grain production
 
draw sometimes sizeable incomes from trade with Tuareg and Fulani livestock
 
producers. In addition to the weekly market, a dozen small shops and
 
trading enterprises remain open throughout the week to 
serve nomads passing
 
through the area as well as 
survey area residents. Although survey area
 
residents living outside of the village were not 
as directly involved in
 
marketing activities, they relied almost exclusively on the Kao market -
the survey area's only marketplace --
to dispose of their surplus production
 
and to acquire goods imported into the area as well as 
food for subsistence.
 

The Kao Market in the Economy of the Azawak.-- As mentioned above,
 
Kao was one of a handful 
of northern markets serving the residents of the
 
Azawak. 
These markets were spread along the southern edge of the pastoral
 
zone, and the timing of each weekly market was arranged so that regular
 
merchants could visit a circuit of markets without undue inconvenience.
 

These markets were linked by a group of private transporters, most
 
of whom operated out of the Departmental capital at Tahoua. The transporters
 
operated used all-terrain vehicles without seats, and passengers, luggage
 
and animals were crammed onto one flat-bed. 1 Throughout most of the sur
vey year, one-way fare between Tahoua and Kao was 500 f CFA for one pas
senger or 100 kg of baggage. In addition to personal transport, these
 
transporters supplied the pastoral 
zone with grain, tea, sugar, cloth and
 
other imported goods coming from the agricultural zone to the south or
 

from across the desert.
 

1The investigator found that one of the greatest services he could

offer to survey area residents was 
to carry them with him on trips. This
 
proved to be one of the most effective means of maintaining cooperation

among sample members. Of course, no fare was charged, and even with twelve
 
passengers crammed in the back of the project Land Rover, the conditios
 
of transport were far superior to any other alternative.
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The North-South Animal Marketing Chain.-- Some of the animals sold by
 

producers at the Kao market entered an animal marketing chain which extends
 

south to Ibadan and the Nigerian coast. Most of these animals were cattle
 

intended for slaughter in meat-deficit areas along the coast. The Azawak,
 

and markets such as Kao, have been a major source of supply for these areas.
 

Kao lies at the very northern end of this marketing chain. Its impor

tance as an animal market was established only recently when it surpassed
 

other regional markets immediately to the south in volume of trade. Prior
 

to the recent drought,the more southern markets, such as Barmou and Chada

wanka, served as the major animal markets of the eastern Azawak. However,
 

since 1974, the focus has shifted approximately 40 km to the north to
 

the markets of Kao and Abalak. This reflects a willingness on the part of
 

animal merchants to travel farther into lirestock-producing areas in order
 

to obtain more advantageous prices. It also reflects a trend throughout
 

Niger for animal markets to shift farther north into the pastoral zone.
 

Kao and the other northern markets serving the pastoral zone are the
 

first step in the animal marketing chain. In these markets, animals destined
 

for the export market first change hands between producers and merchants.
 

The merchants then will trek the animals to markets just to the north of
 

the Nigerian border. There the animals are sold by the merchants who
 

acquired them in the pastoral zone to the exporters who will trek them to
 

northern Nigerian markets (Kano, Sokoto) or to consumption centers along
 

the Nigerian coast (Ibadan, Lagos). Most of the export quality animals
 

sold at Kao and other points of first sale in the eastern Azawak were
 

resold at the Iil61a market.
 

The Grain Market
 

This section covers the marketing of grain at Kao. Retail grain

i 

prices at the Kao market were selected for assessing the value of grain
 

output since survey area residents most often sold grain in small retail
 

measures. Furthermore, when sample households disposed of what little
 

1In this context, "retail" refers to quantities of less than 100 kg
 
of grain. Thus, the "wholesale" trade consists of transactions in multiples
 
of 100-kg units.
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surplus grain they had, they either sold it at 
the Kao market, exchanged
 

it for milk or animals, or donated it to more needy households. Of these
 

three altern~atives, most sample households elected to sell grain at 
the
 

Kao market.
 

Also, when village residents who were not self-sufficient in grain
 

during the survey year wished to purchase grain for subsistence needs,
 

they generally would make frequent daily cash purchases of enough grain
 

to feed the household for that day rather than a larger purchase which
1
 
would have to be stored. Therefore, since sample households disposed of
 

and purchased grain in Kao's retail grain market, the prevailing retail
 

grain prices at Kao during the survey year are used in subsequent chapters
 

to evaluate grain output. The behavior of retail grain prices at the Kao
 

market during the survey year is assessed in this section after the fol

lowing description of the market's structure and of the wholesale grain
 

trade.
 

Structure of the Grain Market.-- Two types of sellers of wholesale
 

quantities of grain operated on the Kao market: 
 producers and merchants.
 

The latter were regular participants in the trade. Their stocks of grain
 

were kept in cloth sacks, which were stored in brick warehouses bordering
 

the edge of the market. Most of these merchants had acquired the grain
 

at markets in the agricultural zone and shipped it to Kao to be stored
 

while awaiting favorable market conditions.
 

Three such merchants were among the households in the Haussa survey
 

subsample. The timing and average amount of their grain sales during the
 

survey year is depicted in Figure 8.1. The sales patterns were aln.ost
 

identical for the three merchants. Sales were concentrated in two periods
 

of the year: just before and during the harvest season (September to mid-


November) and during the hot, dry season (mid-March to mid-June). Peak
 

sales occurred in May and early June when household grain stocks were low
 

and producers were acquiring seed for planting. These wholesalers also
 

would often sell to retailers who would then resell the grain in measures
 

iPossible reasons behind these purchasing patterns are discussed in
 
the following chapter.
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of less than two kilograms (see below).
 

Other wholesalers appearing on the Kao market were grain producers
 
who were occasional participants in the wholesale grain trade. 
 Those who
 
had sufficient surplus grain to sell in 100-kg lots would bring the grain
 
to the market in leather sacks. 
 The sacks whould be set up for display on
 
small piles of sand. However, few of the households in the survey sample
 
sold grain in this fashion during the survey year.
 

The more common means of disposing of surplus grain was to take 
one
 
or two bundles from the household granary, remove it from the head, and
 
sell the grain at 
the weekly market in small retail quantities. These
 
retail measures were sold for between 50 and 300 f CFA each, and the weight
 
of the measure 
varied from slightly under one kilogram to 2.5 kilograms.
 
The size of the measure was gauged so 
that one or two measures would pro
vide a sufficient quantity of grain to satisfy an 
average household's
 

daily consumption needs.
 
The device used to measure the grain was a metal bowl 
or cup. For
 

each weekly market, a standard-size bowl was used by all of the grain
 
retailers. For instance, for a given market, each retailer might have one
 
bowl representing the amount of grain sold for 50 f CFA and a slightly larger
 
bowl for the 100-f CFA measure. For a given week, the size of the bowl at
 
each price level would not vary significantly from one retailer to the
 
next, but 
the bowl used at each price level would vary from week to week.
 

Access to the retail grain market was 
relatively unrestricted, as
 
was access to the wholesale market for the producer who appeared less
 
regularly than the grain merchants. 
Retailers and occasional wholesalers
 
were required to pay a small market 
tax which usually amounted to no more than
 
25 f CFA. However, merchants who were regular suppliers of grain to the
 
market had to pay a stiffer market 
tax which was set by a Haussa merchant
 
who had been designated as overseer of the marketplace. This applied to
 
regular merchants dealing in other commodities as well. Since relatively
 
few sample households dealt in the wholesale grain market, the ensuing
 
discussion of prices is restricted to 
the retail market.
 

Grain Prices.-- Most of the grain appearing on 
the Kao market was
 
either millet or sorghum, the major grains produced and consumed by sample
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households. The only alternative to these major grains which was regularly
 

offered at the weekly markets was cowpeas, also a local product. Rice
 

occasionally was available at prices ranging from 150 to 200 f CFA/kg, but
 

its use was restricted to wealthier households.
 

The seeds of wild grasses (fonio in French, ishiban in Tamasheq) pro

veded a seasonal alternative to millet and sorghum. The seeds were col

lected by Tuareg women in September when the grasses matured, one month
 

before the main grain harvest. These wild grains first appeared on the
 

market in early September and remained on the market as the least expensive
 

cereal staple until mid-October. Thus, for a brief period the wild grains
 

provided a relatively less expensive alternative staple food. This brief
 

period, however, coincided with that critical time of year before the
 

harvests when other grain prices were still high and household food stocks
 

were depleted, or nearly so. After mid-October, the wild grains rarely
 

appeared on the market and were not sold again on a regular basis until
 

September of the following year. In the interim, when the wild grains
 

did appear on the viarket, they were sold at prices at or above 100f CFA/kg.
 

The weekly average retail prices of the two major grains and cowpeas
 

are plotted in Figure 8.2. Note that data on the right-hand side of the
 

graph were collected during 1976. The rest of the graph shows 1977 prices.
 

Unfortunately, data are not available for the late June to late August
 

period, since the investigator did not have a balance scale and was not
 

able to begin weighing market purchases until late August (see Chapter 2).
 

The data show frequent sharp fluctuations in the retail price in
 

response to market conditions. As an example, the abrupt price rise in
 

the major grains in mid-February was attributed to an attempt by police from
 
2
 

Tcliin-Tabaraden to control grain prices at the February 1 market. In
 

1The only exception was during one week in January when wild grain
 
Prices dropped to 60 f CFA/kg. This was tl" time of year when Tuareg women
 
knock down termite nests to retrieve the gr-ass seeds which the insects
 
have stored.
 

2Another factor which may have contributed to the rise in the price
 
of grain was that in late January 1977, the government increased controlled
 
gasoline prices, thus raising transport costs. Just before the January 25
 
market, the government-controlled price of gasoline in Tahoua rose from
 
75.7 to 98.0 f CFA/liter. However, since grain prices actually fell during the
 
two weeks following the price increase, it is more likely that the abrupt
 
rise in price was due to the attempts to implement price ceilings.
 



200 COWPEAS FIGURE 8.2 Retail Price of Cereals 
by Week Kao, Niger 
Aug.24, 1976- June 21, 1977 

ISO 

< I00 

LL 

i,. ..... I. .,, : 
. :t.* SORGHUM 

A . - MTM ILLET 

- .l '', - :', .: ,. . . V.... :A.._ 

I .. ".i i I I I I-I i I I I I I-- I I I I I I II "I I I IV I I I 
0) 

\I I 1" - - -

4 II 18 25 I a IS 22 1 8 15 22 29 5 12 19 26 3 10 17 24 31 7 14 21 28 6 12 19 6 2 9 16 24 31 7 14 21 28 5 12 19 26.2 616 2330 7 14 21 28 

JAN FEB MARCH APRIL MAY JUNE JULY AUG / SEPT OCT NOV DEC 

Fortnight 1977 1976 



response to the price controls, suppliers withheld grain from the next two
 

markets. Previous price levels were restored in March when it became apparent
 

to suppliers that the attempt to enforce price ceilings had been abandoned.
 

Four-week moving averages of the weekly average prices are plotted in
 

Figure 8.3. 
 Since data for July and August of the survey year are incomplete,
 

prices were interpolated between the final observations in June and the
 

initial survey observations in late August.
 

The graphs show that millet and sorghum prices follow each other quite
 

closely, with millet always at or above the per-kilogram price of sorghum.
 

Prices of both major grains dropped abruptly during September and October.
 

The decline occurred for several reasons: 1) harvests had begun in the
 

agricultural zone to the south, and cheaper grain was beginning to reach
 

the Kao market; 2) harvests in the survey area itself would be underway
 

by the end of September; and 3) the cowpea harvest had already begun, and
 

the availability of substitutes in the form of cowpeas and the less expen

sive wild grains may have contributed to the downward pressure on the
 

prices of the major grains. In any case, grain prices reached their lowest
 

point during the survey year in early November. Millet dropped to a !ow
 

of 44 f CFA/kg, and sorghum fell to 32 f CFA/kg.
 

Apart from the abnormal prices witnessed at the February 15 market,
 

the maximum weekly grain prices encountered during the survey year were
 

in late August, when millet and sorghum sold for 85 and 90f CFA/kg, respect

ively. The respective means of the weekly price statistics for millet
 

and sorghum over all observations collected during the survey year were
 

68 and 61 f CFA/kg. These are equivalent to the average of the weekly price
 

observations obtained during the dry season (mid-March to mid-June), which
 

were 69 f CFA/kg of millet and 62 f CFA/kg of sorghum. The former average vf
 

all price observations obtained during the survey year was selected for use
 

in the linear programming analysis of Chapter I.
 

Movements of cowpea prices were slightly different from those of the
 

major grains. The four-week moving average of cowpea prices reached an
 

annual low in late December, then rose rapidly thereafter. The cowpeas
 

did not keep well, could not be stored on the head as could millet or
 

sorghum, and were subject to frequent insect attacks. Since the cowpeas
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were not as easily preserved, a very small quantity of cowpeas was shipped
 

into the survey area. Furthermore, as mentioned in Chapter 4, cowpeas
 
accounted for an insignificant portion of local production from sample
 

households,and as will be seen in Chapter 9, cowpeas played a minor role
 

in local diets. However, like the wild grains, they were an important
 

substitute for the major staples (millet and sorghum) during the growing
 

season when grain prices were rising and household grain stocks were low.
 

There was one other alternative to household production or market
 

purchases of grain available to survey area residents during the survey
 

year. This was sale or distribution of grain from the warehouse of the
 

Office des Produits Vivriers du Niger (OPVN), which was located on the
 

edge of Kao village. Grain was sold from the warehouse at government

controlled prices of 35 f CFA per kilogram of millet or 
sorghum. Also,
 
there were occasional free distributions of grain in small quantities (one
 

or two kilograms per household). OPVN grain was shipped in from the cen

tral Department warehouse at Tahoua by trucks in the OPVN fleet. 
 For the
 
first part of the survey year, grain arrived in two to five-ton loads on
 

four-wheel-drive trucks. However, during the dry season when the Tahoua-

Agadez road and its spur to Kao could be maintained by the Public Works
 

Department, grain arrived in tractor-trailer loads of thirty-five tons,
 

and the warehouse at Kao was used as a redistribution point for OPVN
 

warehouses farther north.
 
The OPVN warehouse at Kao had played a major role in distributions
 

of emergency food aid to residents of the eastern Azawak during the dry
 

season following the severe 1973 drought. At that time, Belgian Army trucks
 
assured a steady supply of imported food aiJ (mainly American red sorghum)
 

to the warehouses at Kao and Tchin-Tabaraden. As indicated in Chapter 1,
 
many impoverished Tuareg and Fulani households moved 
o the village of Kao
 

at 
that time to take advantage of the free grain distribution.
 

However, during the survey year, the OPVN warehouse at Kao did not
 

play such an important role in supplying grain for subsistence needs to
 

survey area residents. Although the price of OPVN grain was usually well
 

below the price prevailing on the Kao market, grain sales from the OPVN
 

warehouse were infrequent and uncertain in that a particular household was
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never assured of obtaining grain at a given sale. Furthermore, grain from
 
the warehouse was of inferior quality relative to grain on 
the market or
 
locally produced grain. 
This was because the OPVN storage facilities were
 

in need of repair, and OPVN agents were not allowed to dispose of infested
 

grain before the infestation spread to additional grain shipments. Since
 
most sample households relied either on their own production or on rTrain
 

purchased on the Kao market, the OPVN as an alternative source of grain
 

will be ignored for most of the subsequent analysis.
 

The Livestock Market
 

This section focuses on sales of live animals at the Kao market. The
 
majority rf the animals appearing on the market each week were goats,
 

sheep, and cattle, in roughly that order of importance. Since few camels,
 
donkeys and horses appeared on the market, and prices of the latter three
 

animals types are less important to the analysis of production systems
 

described in Chapter 11, the following concentrates on the market condi

tions relevant to goats, sheep and cattle.
 

First, the structure of the animal market is discussed. Then, sources
 

of and variations in the supply of animals to the market 
are examined.
 

Sources of demand also are considered for each animal type and certain
 

important age, sex and breed categories. Finally, variations in prices
 

and their determinants are discussed for cattle, goats and sheep.
 

Structure of the Livestock Market.-- With the exception of larger or
 
ill-behaved animals, which were hobbled and tied, animals for sale were
 

kept loose in the central market area. The area was shaded by trees and
 
was bordered on one side by the village, on another by the central market

place and on a third bya brick wall separating the market from the area
 

containing the village's hand-dug wells.
 

On first glance, the market appeared to be an amalgam of animals,
 
middlemen, merchants and producers. Actually, each animal type was allo

cated to 
one section of the market area, ind within that section, each mid
dleman stood with the clutch of animals with which he had been confided.
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This method of organization was convenient for potential clients, who
 

could survey the selection of animals at a glance.
 

the rest of the market-
The animal market was closely related to 


Most of the clients of the grain merchants and merchants in the
place. 


stalls in the central marketplace were livestock producers who had just
 

as

sold their animals. 	 Thus, it was important for these merchants to be 


to the animal market as possible, and this is how
close and convenient 


be laid out as described above. However,
the Kao market had 	 come to 

final week of the survey year (late June 1977), this arrangeduring the 


ment was disrupted when a USAID-financed cattle park was put 
into operation
 

on the opposite side of the village. Participants in the animal market
 

to move into this park, and the move effectively separated
were forced 


the animal market from the rest of the marketplace.
 

The entire park
The park consisted 	of a network of holding pens. 


and each of the pens were surrounded by a meter-high wooden fence which
 

were tied to steel
 was anchored in concrete pilings. Animals for sale 


rails which lined the center of the park. Alongside the entrance to the
 

park was a concrete house containing an observation post for Livestock
 

of a

Service agents and 	police. Animals exited from the park by means 


a st-t of cattle scales. 1
 
led tochute which 

that it made control
The rationale underlying the use of the park was 


the animal market easier for government agents. However, all of the par

ticipants in the market objected to the park, and it was clear to the
 

research team that none of the people who would use the park had been con

sulted at the time 	it was designed. Merchants in the central marketplace
 

objected to the park because it separated them from their clients. Animal
 

merchants and middlemen objected because the park complicated the marketing
 

process and made it more difficult for them to survey the supply of animals
 

1) they had to walk
 on the market. Livestock producers objected because: 


their animals through or around the village to get to the park; 2) they
 

could not provide water to animals held in the park because any water
 

1These were the same scales mentioned in the discussion of the animal
 

market survey in Chapter 2. Since they had been improperly installed,
 

they were not used at the time the cattle park was put into operation.
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sources were located at the opposite enJ of the village; 3) the park had
 

no shade trees to protect their animals from the heat; and 4) they could
 

not take care of other business in the rest of the market while keeping
 

abreast of events in the animal market. 
All in all, the park was a classic
 

example of a development project concocted by expatriates and local govern

ment bureaucrats who had no direct knowledge of or 
interest in the condi

tions under which it would be used. Fortunately, participants in the
 

animal market were not forced to use the park until the final week of the
 

survey, when the park was completed after having 1.een under construction
 

for the previous '.:ree years. Thus, the park had no direct effect on the
 

structure and behavior of the animal market during the survey year, and
 

the effect of its implementation will be ignored in the following discussion.
 

Another government program, which did affect animal prices 
on the Kao
 

market on several occasions during the survey year by shifting demand for
 

animals, was the Herd Reconstitution Program. This program involved govern

ment loans to livestock producers, who used the money to purchase animals
 

for their herds. The producer would select the animal he wished to 
have,
 

then a government agent would bargain with the middleman and the seller to
 

determine the price. Once the price was settled, the money was paid by the
 

government agent directly to the seller. The animal 
then was branded with
 

a mark indicating the arrondissement (political subdivision) whose funds
 

had financed the purchase. 
The new owner signed a contract which stipulated
 

that an amount equivalent 
to the purchase price should be reimbursed to
 

the government within five years or 
that, if the animal died, the portion
 

of the hide on which the mark of the arrondissement was branded should be
 

turned in to the government. Animals were distributed primarily to Fulani
 

producers. None of the households in the survey sample received animals
 

under this program during the survey year.I
 

The key participant in the collection markets of the pastoral zone
 

iThe program mentioned in 
the previous chapter, which distributed
 
sheep to three Tuareg sample members, was not a part of the Herd Reconsti
tution Program. Sample members received sheep directly from the program
 
rather than selecting them on the market.
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is the middleman, or dillali. The dillali serves several purposes. First,
 

he guarantees the legitimacy of the transaction. If a dillali is involved
 

in the sale of a stolen animal, he is the one held responsible until he
 

locates the thief. He also is held responsible if the animal sold is
 

diseased or crippled. Thus, to be effective, the dillali must build a
 

strong bond of trust between himself and the merchants and producers he
 

serves. The reputation of the dillali also influences the reputation
 

of the market: merchants claimed that markets have been ruined when the
 

reputations of the dillali working there wer.e blemished,
 

as the link between the producer and the
The dillali also serves 


The producer often is not as aware of prevailing
animal merchant. 


tours a circuit of animal
market conditions as the dillali, who usually 


markets such as the circuit mentioned above. Also, the producer does
 

not have the facilities for keeping his animals in the village during
 

the night before the market. The dillali provides the producer with
 

a place
both information and facilities by offering the producer food and 


to stay for himself and his animals on the day before the market and
 

advising him on the price which he can expect to obtain for a given
 

to
animal. Many producers questioned by the research team were hesitant 


they couldtake their animals to markets farther south, even though 

obtain more advantageous prices there, because they were not acquainted
 

with the dillali who worked those markets.
 

The dillali is a member of an occupational caste, and he often inherits
 

his clients from his father. Thus, the bond of trust between the dillali
 

and the producers he serves is sometimes built up over generations. For
 

instance, the head dillali working on the Kao market, who assisted the
 

research team with the animal market survey, inherited his clients from
 

his father, who was a butcher at Barmou.
 

The dillali is paid a commission for each animal he sells, and payment
 

of the commission is the responsibility of the seller. A rate structure
 

has been fixed by the government for commissions on animal sales, but
 

this rate structure is illusory and is most often ignored, since it reflects
 

only animal types and not the price obtained for the particular-animal.
 

The dillali demands a higher commission in return for obtaining a higher
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price, and the seller usually complies. Thus, although the government rate
 
structure during the survey year dictated that the commission on a cattle
 
sale should not exceed 500 f CFA per animal, commissions in excess of that
 
were not unusual in practice.
 

The profession of the dillali is also licensed. 
 The cost of a patente
 
(license) during the survey year was 6,500 f CFA for dillali dealing in large
 
ruminants and 3,500 f CFA for those dealing in small ruminants. In addition,
 
the dillali pays a market tax for each animal he places 
on the market. The
 
tax is assessed in the early afternoon of each market day, when a controller
 
passes through the animal markets distributing a ticket (ticket de sortie)
 
to each dillali for each of the animals he is presenting for sale. During
 
the survey year, the payment required for each ticket was 
20 f CFA per head
 
of goats, 30 f CFA per head of sheep, 120 f CFA for cattle, and 180 f CFA
 

for camels.
 

Animals purchased by merchants who frequented the Kao market were
 
confided to a herder who worked for the buyer. 
The herder gathered together
 
the animals purchased by one or several merchants, then walked them to the
 
next market in the marketing chain discussed above. 
 The herder
 
would appear on 
the market with the animals at an appointed time, and at
 

that time, the merchant would pay him a fixed fee per animal, which
 
usually amounted to no more than 100 f CFA. 
If the merchant found that
 

prices at that market were not favorable, he would confide the unsold
 

animals to the herder once 
more, and the herder would walk them down
 

to the next step in the chain.
 

Animal Market Survey Methodology.-- As indicated in Chapter 2, the
 

research team conducted surveys at the weekly animal market at 
Kao during
 
which the age, sex, breed, condition, sale price, buyer type, and seller
 
type were recorded for as many of 
the cattle, goats,and sheep sold as
 
possible. Details of 
the price data collected, including summary statis

tics for each fortnight, are contained in Appendix VIII. Since it was
 
impossible to follow all of the transactions completed during the market
 

day, and since the main intention of the survey was to determine animal
 

prices in each age/sex category, efforts were made not 
only to obtain as
 
many observations as possible but also to obtain as 
many observations as
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possible in each age and sex category. To the best knowledge of the investi

gator, this was the only way In which the sample of price observations devia

ted from a purely random sample. The result is that in the ensuing discus
sion of the age and sex distribution of animals supplied, the importance
 

of some of the less frequently encountered age and sex categories may be
 

exaggerated. Otherwise, the enumerators were instructed to tour the market
 
and to obtain data from several different locations within the market with

out concentrating on only a small group of dillali. The investigator made
 

frequent tours of the market to ensure that these instructions were being
 

carried out.
 

Unfortunately, due to difficulties encountered in defining an appropri

ate methodology for the animal market survey, most of the survey data
 

presented below covers only the nine-month period from October 1976 through
 

June 1977. Originally, it had been hoped that it would be possible to
 

obtain the weights of animals sold on the market as well as the informa

tion listed above. These hopes had to be abandoned, and efforts were made
 

instead to obtain more numerous and more accurate observations of prices.
 

Attempts at weighings were not abandoned until the end of August, and due
 

to the lack of facilities at the research site, the investigator was not
 

able to prepare questionnaires and coding lists for the revised approach
 

to the animal market survey until early October.
 

Quantity Supplies to the Animal Market.-- Although detailed price data
 

are not available for the entire year, data on 
the number of animals pre

sented for sale at each market were recorded since the time the research
 

team first arrived in the survey area in May 1976. 
 These data were obtained
 

by counting the number of animals of each type appearing on the market at
 

some time between noon and two o'clock on each market day. By this time
 

most of the animals that would be coining to the market had arrived, few
 

of the animals had already been sold, and most of those which had been
 

sold had not yet left the market. These data are presented in Figure 8.4.
 

The following discussion presents some of the conditions and factors which
 

contributed to the seasonal market cycles indicated in the graph.
 

The graph indicates that while goat and sheep presentations follow
 

each other quite closely, supply in the cattle market behaves somewhat
 



FIGURE 8.4: Kao, Niger: Presentations at Weekly Animal Market 
May 18, 1976- June 21, 1977 
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differently from supply in the small ruminant (sheep and goat) market.
 

Within the small ruminant market, the graph indicates that the peak period
 

of activity on the market ran from the beginning of the grain harvests
 

in late September to the onset of the hot dry season in March.. This-is
 

evidenced by the sharp increase in the supply of small ruminants to the mar

ket during that period. The increase in supply at the beginning of the
 

grain harvests in late September was induced by the desire on the part of
 

producers to trade goats for the various consumer goods on the market at
 

a time when food stocks were plentiful enough to allow such discretionary
 

purchases. Supply tapered off in March as the hot dry season set in.
 

During this season, producers were reluctant to bring their animals to
 

market since pasture and water were difficult to find along the way.
 

Sample members, as well as merchants and middlemen interviewed by
 

the research team, indicated that among the major determinants of supply
 

of small ruminants to the market, in addition to past period prices of
 

the animals themselves, were unexpected changes in the prices of the major
 

grains and the prices of tea and sugar. A comparison of the data on pre

sentations with the graph of grain prices contained in Figure 8.2 suggests
 

that during the early dry season, small ruminant presentations are positively
 

correlated with the grain prices. For instance, as millet prices rose
 

abruptly in February, the supply of small ruminants to the market increased
 

equally abruptly. Since small ruminants were the most common source of
 

cash needed for grain and tea purchases, the relative prices of goats,
 

sheep, millet, sorghum, sugar and tea were understandably important deter

minants of marketing behavior. There did not appear to be a considerable
 

lag in the supply response to grain price changes. This probably was due
 

to the fact that a large number of small ruminant producers held their herds
 

in the vicinity of the market and could call in their animals as soon as
 

they witnessed rising grain prices.
 

Another major determinant of supply in the small ruminant market was
 

the need to raise cash to hire labor for work in the grain fields. This
 

explains the greater number of small ruminants appearing on the market in
 

August. the time of intensive labor in the grain fields, relative to the
 

supply levels which prevailed throughout the hot dry season (mid-March
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through June).
 

Thus, in addition to being a function of past period goat and sheep
 
prices, fit 
can be assumed that supply in the small ruminant market was
 
determined by weather conditions, the position in the crop cycle and the
 
prices of the major grains, tea and sugar in relation to goat and sheep
 
prices. 
Weather conditions affected supply directly by determining the
 
amount of difficulty the producer would encounter in getting his animals
 
to the market (witness the decrease in supply during the hot, dry season)
 
and indirectly through their role in the formation of expectations con
cerning the upcoming grain harvest, future grain prices and range conditions.
 
The position in the crop cycle influenced supply at two points during the
 
year: 
 during July and August when labor had to be hired to assist with
 
weeding, and during September and October when the availability of fresh
 
grain relaxed the household budget constraint and prompted more spending
 
on luxury (or non-essential) goods at 
the local market, financed by the
 
revenue derived from small ruminant sales.
 

Presentations in the cattle market did not appear to be as heavily
 
influenced by grain and other commodity prices. 
Rather, it appears that
 
the more important determinants of the supply of cattle to 
the Kao market
 
were the 
 presence of nomadic cattle producers in the survey area, weather
 
conditions, and prices in previous periods,as determined by conditions in
 
the export market.
 

The peak period of activity in the cattle market, 
as measured by
 
increases in supply, occurred during the months of July and August.
 
Supply increased throughout this period as Fulani cattle producers moved
 
through the area in increasing numbers on their way to northern pastures.
 
At that 
time, they sold off young animals at markets on the edge of the
 
pastoral zone, such as 
Kao, in order to finance purchases of grain, clothing
 
and other supplies for their travels 
to the north. The supply of animals
 
to 
the market decreased as these nomadic producers moved on to 
the north
 
in early August. An additional source of supply then was 
tapped, that
 
being local cattle owners who needed the revenue from cattle sales to
 
hire laborers for their grain fields.
 

The cattle market was relatively inactive throughout September up to
 
the point when Fulani producers began returning to the survey area in early
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October, as the grain harvests got underway and they no longer had to be
 

concerned about damaging the crop. From then to the beginning of the hot,
 

dry season, a fairly steady supply of cattle reached the market each week.
 

The one exception was the decline in the presentations in November, as
 

fewer merchants appeared on the market because pf the pilgrimages to Mecca
 

taking place at that time, and because of the need to prepare for the upcoming
 

festival of Aid el-Kibr. Also, most of the nomadic Fulani whose dry
 

season homes were to the south of the survey area returned to their homes
 

during this month. Their animals were replaced on the market by the
 

animals of the Bororo Fulani whose dry season camps were located in the
 

survey areas and by the animals of Tuareg producers who were moving south
 

as pastures became exhausted in the north. This maintained the supply of
 

animals until the hot dry season, when, as with the small ruminants, pro

ducers were reluctant to walk their weakened animals to market.
 

Sources of Supply.--. Table 8.1 contains a breakdown of the number of
 

animals sold by each category of supplier. The table includes only those
 

transactions for which price and other data were recorded by the research
 

team. Based on the sample of animal sales recorded, the primary supplier
 

of animals to the Kao market during the survey year was the livestock
 

producer. Over 90 percent of the animals whose origins were known were brought
 

to the market by livestock producers. The few animals brought to the mar

ket by merchants or middlemen probably had been purchased at the Tchin-


Tabaraden market and were resold when their owner found the next week's
 

market conditions to be favorable.
 

The following discussion of the age, sex and breed of animals sold
 

at the Kao market is based on the data presented in Appendix Tables VIII.8
 

through VIII.I0. The sample includes only those animals for which data
 

were recorded during the market survey. As indicated earlier, it is impor

tant to remember that the relative frequencies in categories in which more
 

animals were sold was, if anything, underestimated, due to attempts to
 

obtain some price observations for animals of all age and sex categories.
 

Most of the cattle transactions recorded during the survey involved bulls
 

between one and three years of age. Even given the underestimation of
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TABLE 8.1
 

SUPPLIERS OF ANIMALS TO THE KAO MARKETa
 

(Number of Animals by Category)
 

SuTpplier Cattle Sheep Goats
 

Mqrchant 39 3 
 7
 

Producer 524 783 768
 

Middleman 
 15 27 22
 

Unknown 
 101 391 
 485
 

TOTAL 
 679 1204 1282
 

aIncludes only those animals sold for which price data were
 
collected, not all animals appearing on market. 
Data from survey
 
conducted from October 1976 through June 1977.
 

bTotal number of animals sold for which price data were recorded.
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occurences in The major categories, animals in this category accounted
 
for 57 percent of all cattle sold. 
 The single age/sex category in which the
 

most animals were sold was yearling bulls. Thus, in contrast to claims from
 

some reports and despite the unfavorable price structure for young males
 

discussed below, young bulls do appear to be reaching the market and do
 
appear to be available for fattening schemes, ':raction programs, and other
 
development projects slated for the agricultural zone which call for such
 
animals. As will be seen presently, most of the animals purchased which
 

were in this category were destined for resale in 
 southern markets. How

ever, it is difficult to say if this is a permanent pattern or a temporary
 

phenomenon resulting from the abnormally large proportion of young animals
 

in post-drought herds.
 

Similar findings apply to the sheep sales recorded during the survey.
 

Most of the sheep sales recorded (62percent) involved rams under three years of
 
age, and the largest single category was yearling rams. However, females
 

comprised a larger proportion of total sheep sales recorded (25 percent) than
 

did cows in relation to total cattle sales (16 percent).
 

On the other hand, roughly equal proportions of male and female
 
goats were sold during the survey. Male goats accounted for only 54 percent of
 

total goat sales recorded. The difference in proportions can be explained
 

by the different demand for each animal type; the largest single source of
 
demand for goats came from producers wishing to expand their herds, whereas
 

a larger component of the demand for cattle and sheep was derived from
 

merchants who wished to slaughter the animals or 
resell them on southern
 

markets.
 

As with the other two animal types, the largest proportion of total
 
goat sales recorded was comprised of young animals. Most goats sold (66 percent)
 

were under two years of age, and compared to other animal types, more sales
 

(30 percent) involved animals under 
one year of age. This follows from the goat's
 
role as a near-liquid asset. Since goats were the most fertile animals
 

held in household herds and since they had the shortest gestation period,
 

the crop of young each year, in terms of number of head for a herd of a
 
given size, was larger than that for any other animal type. Thus, goat
 

producers were more willing to sell very young animals to meet immediate
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cash needs. An alternative explanation for the sale of young kids, which
 
will be considered subsequently, can be found in the structure of prices
 

over age categories.
 

Since such an abundance of small ruminant breeds were encountered on
 
the market, the breed was either not recorded or ignored in the analysis
 
of small ruminant transactions. 
 However, breeds were recorded for 
trans
actions involving cattle. Three-fourths of 
the cattle transactions recor
ded at the Kao market involved animals of the Azawak breed. 
Most of the
 
others were Bororo animals. 
 Only 2 percent were crossbreeds. The Azawak breed
 
was encountered most frequently on 
the market, since this breed is preferred
 
by Tuareg producers, who make up the largest segment of 
the population of
 

the survey area.
 

Sources of Demand.-- Table 8.2 lists the relative frequency of animal
 
sales by occupation of buyer or purpose of purchase. 
The table indicates
 
that among those cattle purchased and registered during the survey, most
 
were destined for resale on southern markets. 
Purchases by producers of
 
animals to be held in 
their herds accounted for only 10 percent of total cattle
 
sales. 
 The only other category of significant importance included animals
 
purchased by butchers from outside of the survey area 
(principally from
 

fahoua), 
as well as animals intended for local slaughter.
 

The southern resale markets were not such an important source of
 
demand for small ruminants. Animals destined for resale in the south
 
accounted for only 27 percent of total small ruminant sales recorded during the
 
survey for which the destination of the animal was known. 
 Relative to
 
cattle, a much larger proportion of small ruminant purchases was made by
 
producers who wished to acquire the animals for their herds and by local
 
butchers. Producers accounted for 44 percent of those small ruminant purchases
 
for which the destination of the animal was 
known, and local butchers
 

accounted for one-fifth of total purchases.
 

In the case of goats, particularly, the category labelled "Slaughter"
 
included almost exclusively animals destined for local slaughter, since
 
goats were 
the primary source of locally consumed meat. Some sheep were
 
purchased by butchers from other communities. The category labelled
 
"Butcher" was comprised of those animals which were purchased by profes
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Categoryb 


Slaughter 


Butcher 


Merchant 


Gift 


Producer 


Festival 


Government 


Resale 


Unknown 


TOTAL 


TABLE 8.2
 

BUYERS OF ANIMALS
 

AT THE KAO MARKETa
 

(Number of Animals by Category)
 

Cattle Sheep Goats
 

24 187 265
 

6 3
 

1 1
 

7
 

67 408 570
 

105 33
 

12 10
 

562 354 253
 

25 131 141
 

679 1204 1282
 

aIncludes only those animals sold for which price data were
 

collectec..
 

bprofession of buyer or purpose of purchase.
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sional butchers who intended to hold and fatten them prior to slaughter.,
 
The "Merchant" category is similarly defined. 
 As indicated, few of the
 
purchased animals fell into these categories.
 

The only other category in which a significant amount of small ruminants
 
were pu:chased consisted of those animals purchased for slaughter at 
festi
vals. 
 Sheep sales in this category amounted to 10 percent of recorded sales.
 
Most of these sales were associated with the festival of Aid el-Kibr
 
(Tabaski), during which those household heads who can afford it 
are obliga
ted by tradition to slaughter a ram and distribute the meat. Sales in this
 
catego-y also included purchases by people from outside the survey area
 
who had travelled to the Kao market to obtain sheep at a lower price.
 

Government purchases of animals were limited to acquisition by govern
ment agents for government programs, such as 
the Kao Nomad School or the
 
calf multiplication center at Ib~s~ten. 
 As indicated, few purchases of
 
this kind were made during the survey. Purchases made with funds from the
 
government Herd Reconstitution Program were subsumed under producer pur
chases, since the producer who acquired the animal was the one 
to select
 

the animal on the market.
 

Seasonal Variation in Animal Prices.-- This subsection covers the
 
more salient features of the variations in prices of the most frequently
 
tradcd age and sex categories over the course of the survey. 
Prices dis
cussed are the averages of the recorded prices in each category over a
 
two-week period. For convenience, observations for cattle have been grouped
 
into age categories spanning two years. 
The discussion is based on Apnendix
 
Figures VIII.I through VIII.3. 
More detailed information on the price data,
 
including the number of observations in each category and the standard
 
deviation of prices in each fortnight, is available in Appendix Tables
 
VIII.l through VIII.7. 
Only animals judged to be in good condition were
 
included in the calculation of the statistics presented in the graphs and
 
tabies of Appendix VIII.
 

The only prices which displayed a distinct upward trend over the course
 
of the survey were the prices of young bulls. 
 Since the survey covered
 
such a short period (nine months), this result should be interpreted either
 
as a seasonal fluctuation or as an indicator of 
the strength of the upward
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pressure on cattle prices, rather than an indicator that there was no ten

dency for prices to rise in the small ruminant market. Nominal cattle
 

prices had risen at least fivefold over the five years prior to the survey.
 

Although data over a comparable period and for similar markets are not
 

available for small ruminant,;, information derived from discussions with
 

market participants and sample members indicated that the proportional
 

rate of increase in the nominal price of small ruminants had been somewhat
 

less than the proporticonal rate of increase in cattle prices.
 

Possible explanation. or some of the more obvious fluctuations in
 

price are listed below in order to indicate some of the forces working
 

on animal prices in the northern collection markets.
 

1) In the sheep market, the prices of one-and two-year-old rams rose
 

sharply during November. This can be attributed to the rise in demand
 

for sheep as a result of the Tabaski festival, then imminent. The rela

tively greater increase in the demand for sheep depressed goat prices
 

during the same period.
 

2) In mid-February, merchants raised grain prices. The supply of
 

small ruminants increased dramatically, and prices of one and two-year

old goats fell as producers, anticipating further grain price increases,
 

became more anxious to sell their animals and purchase grain.
 

3) In late October, grain producers were occupied with bringing in
 

the late sorghum harvest, and many of the major animal merchants were absent
 

from the market in preparation for the upcoming pilgrimages to Mecca.
 

Prices in most categories declined during this period, as did the supply
 

of animals to the market.
 

4) Prices declined in general as the hot dry season set in, accompanied
 

by decreases in the supply of animals to the market. The general decline
 

in prices during this season might reflect the decline in the quality and
 

condition of animals appearing on the market.
 

5) Cattle prices rose in Januaiy. At this time, major cattle mer

chants expressed to the research team an intention to accumulate export

grade animals and hold them in southern areas for fattening pending the
 

re-opening of the Nigerian border to animal exports.
 

6) Cattle prices rose sharply once again in late March. Prices of
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three- to four-year-old bulls rose to the highest levels observed during
 
the survey. 
The rise in prices may be attributed to the activities of the
 
government Herd Reconstitution Program, which financed numerous purchases
 
on the Kao market in late March.
 

Variations in Price over Age Categories.-- The following discussion
 
is based on Appendix Figures VIII.4 through VIII.6, which show the price
 
structure over age categories for cattle, sheep and goats. 
On these
 
graphs, dashed lines in the upper age categories indicate projections or
 
approximations based on grouped data. 
The projections are intended to 
com
pensate for the insufficient number of observations in the individual age
 
categories within that range. 
 The graphs show averages of all observa
tions obtained in each age category over the course of the survey. 
Only
 
price observations for reproductive animals judged to 
be in good condition
 
are included in calculating the average prices.
 

As indicated above, young bulls 
(between the ages of one and three)
 
were the animals most frequently sold in the cattle market, and most of
 
these animals went for resale in southern markets. However, the price
 
structure shown in Appendix Figure VII.4 shows the price of bulls rising
 
at an increasing rate up to the age of six years. 
 Based on the sole cri
terion of maximizing gross revenue, the marketing behavior characterized by
 
the marketing of young males seems illogical. Maximization of gross revenue,
 
however, would be an incompiete model of producer decision-making. 
A
 
more appropriate model would need 
to consider the costs and risk associated
 
with holding bulls beyond three years of age in the herd. 
A partial attempt
 
at such a model is presented in Chapter 10.
 

One of the predominant concerns of regional planners who favor the
 
stratification strategy, which calls for the evacuation of young animals
 

from the pastoral zone for fattening in the south, is that the price struc
ture prevailing in northern markets such as Kao provides 
no incentive for
 
sales of young animals. The above suggests that chis 
concern may be unwar
ranted and that,in fact, 
the price structure prevailing in northern markets,
 
combined with the cost structure associated with the livestock production
 
technology employed in the pastoral zone, provides sufficient incentive
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to producers to put yourg bulls on the market, as evidenced by the number
 

of young bulls appearing on the Kao market during the survey year.
 

However, it is also possible that the less rapid price increases in
 

the lower age categories reflect temporary changes in herd composition as
 

a result of the recent drought. During the drought, mortality and off-take
 

rates probably were higher for males than females, since producers concerned
 

with maximizing milk production as well as maintaining the size of their
 

herds would have made more of an effort to keep the females in their herds
 

healthy, possibly at the expense of the males. The recent drought hit local
 

herds from iS68 until the rainy season of 1974. This would imply that

during the suivey year, the proportion of animals under three years of
 

age held in local herds may have been higher than that which would other

wise be desired by producers. The relative scarcity of animals in the
 

upper age categories as a result of the drought may have driven up the
 

prices of those animals relative to the prices of the younger animals.
 

Thus, the price structure of cattle over age categories witnessed during
 

the survey year may have been a temporary phenomenon. Furthermore, the
 

desire to restore pre-drought proportions of age and sex categories in
 

the herd may have provided an additional incentive to producers to market
 

young males.
 

If, indeed, producers were attempting to restore the composition and
 

size of their herds to pre-drought levels, this also would explain the
 

relative scarcity of reproductive females on the market and the rapid
 

increase in the price of cows between three and four years of age which 

characterized the price structure observed during the survey year. Probably
 

most of the observed difference between the prices of three- and four

year-old cows could be attributed to the fact that the age at first
 

calving of Azawak cows, the breed appearing most freque.ntly on the market,
 

was approximately 3.5 years, as indicated in the previous chapter. The
 

animals became more valuable after having calved, when there was evidence
 

of a high probability that the animals would bear young and produce milk in
 

future years. However, this price differential may have been exaggerated
 

by the scarcity of available females of reproductive age as a result of the
 

drought.
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The decline in the price of cows beyond four years of age may actually
 
have been a function of the poor quality of such animals appearing on the
 
market. 
 Sales of only sixty-five cows over four years of age were recorded
 
during the nine-month survey, and half of these animals were judged to be
 
in poor condition. It is most likely that all of 
these animals were
 
actually cull cows with low milk yields, since there would have been very
 
little incentive for producers to move reproductive females of that age out
 
of their herds. Finally, it is important to keep in mind that the price
 
structure for females in general may have been temporarily shifted up by
 
the increase in demand for females 
on the part of producers wishing to
 
expand their herds after the worst of the drought years had passed.
 

It is less likely that the effects of the drought had much of an
 
impact on the price structure for small ruminants during the survey year.
 
These animals are characterized by more rapid herd growth and a lower age
 
at which females begin to bear young. 
Those producers desiring to do so
 
probably had reconstituted their small ruminant herds by the time the sur
vey began, and if not, female goats and sheep of reproductive age were more
 
readily available on local markets than was 
the case for cows.
 

The price schedules discussed in this subsection are used to assess
 
the value of livestock production in the models of the expected value of
 
livestock output described in Chapter 10. 
 As suggested above, the price
 
structure for cattle may reflect temporary aberrations resulting from the
 
recent drought, but this should not affect their validity as measures of
 
the value of animals for the purposes of the cross-sectional analysis of
 

Chapter 11.
 

The Market for Livestock Products
 

This section looks into the prices of livestock products prevailing
 
in the Kao market during the survey year. The discussion is limited to
 
meat 
 and milk prices, since these two products figured prominently in
 
the budgets and diets of sample households, 
as will be seen in Chapter 10.
 
The other livestock product category which played a significant role in
 
the regional economy consisted of skins and leather goods, but since
 
these products made no contribution to 
food consumption requirements and
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since it can be assumed that the animal prices discussed above incorporate
 

the value of skins, the prices of skins and leather goods will not be given
 

separate consideration here.
 

The Meat Market.-- The general category of meat, as discussed below,
 

is presumed to include all slaughter by-products consumed in the survey
 

area. These consisted of bone, fat, and offals as well as meat. Meat
 

was sold at the Kao market by a group of approximately five regular butchers.
 

Butchers, like dillali, belonged to a professional caste and had to obtain
 

a license (or patente) to operate on the market.. Following Islamic custom,
 

they did not do the actual killing of the animals, but instead worked
 

with several assistants and a marabout (Islamic religious scholar).
 

The butchers and their assistants slaughtered animals daily at Kao.
 

As mentioned previously, the type of animal most frequently slaughtered
 

was goats. Sheep and calves occasionally were slaughtered on market days
 

when business was more brisk, but goats were the main source of meat for
 

village residents. As indicated in Chapter 10, most sample households
 

living in Kao village relied on daily meat purchases from the butchers to
 

fulfill consumption requirements. Those households living outside of the
 

village, however, ate relatively little meat. These latter households
 

relied exclusively on their own animals as a source of meat and almost
 

never purchased meat from the village butchers.
 

The most common form in which meat was marketed by the village butchers
 
1
 

was in tas, or piles, which consisted of smashed bones, meat and fat.
 

The sale of an entire leg or quarter was rare, since the butchers insisted
 

that they could not make a profit unless they smashed the bones and sold
 

the product of the slaughter in small tas. The tas were sold for 25 or 50
 

f CFA apiece. Village households cooked the entire contents of the tas in
 

a sauce, whTch was consumed with a thick porridge made of millet or sorghum
 

flour. Since the contents of the tas were used primarily as flavoring
 

for the sauce, one tas usually was sufficient for the average household's
 

1Tas will be used henceforth to distinguish the piles of meat 
retailed
 
by butchers from some random pile of slaughtered by-products. The tas of
 
meat, like the maraba or tia of grain, constituted a fairly well-defined
 
local unit of measure based on the average household's daily consumption
 
needs.
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daily consumption of meat.
 
During the course of the survey, 150 such tas were purchased on twentyfive separate days. Generally, six purchases were made on each day, three of
the 50 f CFA tas and three of the 25 f CFA tas. 
 Roughly half of the purchases
were made on market days and the rest on days other than the Tuesday market.
Whenever possible, purchases were made by someone not directly
associated with the research team to avoid price discrimination, although
purchases made by members of the research team did not appear to be significantly different in price or quantity from those purchases made by others.
After the tas were purchased from the butchers, they were taken to 
the
compound of the principal investigator, where the price was recorded and the
entire tas was weighed. 
Then the tas was separated into components (bones,
meat, and fat) and each component was weighed separately.


Based on 141 observations (nine outliers were excluded), 
the mean
price for the entire tas was 193 f CFA per kilogram of bone, meat, and fat.
Since the tas as a retail measure was approximate, prices varied considerably.
The standard deviation in the above sample was 47.3 f CFA/kg.
Although the mean price per tas was approximately 200 f CFA, this cannot be taken as the mean price of meat. 
Most of the tas consisted of bone
or 
bone particles. 
The mean proportion of bone found in 138 of the purchased
tas was 69 percent, with a standard deviation of 10 percent. 
Thus, in almost
all of the tas purchases, half of the weight was actually bone.
consisted of meat combined with small chunks of offals and fat. 

The rest
 

The Market for Milk.-- As will be seen in Chapter iO, milk was an
important item in the diets of survey area residents. There were three
main sources of milk in the survey area: cash purchases, exchanges in kind,
and production from herds managed by the household. 
Cash purchases will
be discussed here. 
The other sources and their importance relative to
market purchases will be discussed in the next two chapters.
There were two means of purchasing milk in exchange for cash. 
 One
consisted of purchases made from neighbors who had cows in milk. 
This
practice was confined to Haussa village residents. Usually, an informal
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contract was worked out whereby the purchaser picked up and paid for the
 

milk each morning. Residents of the principal investigator's compound
 

occasionally obtained milk in this way. Throughout most of the survey
 

year, the cost of milk obtained from Haussa households was 50 f CFA/liter.
 

Milk also could be purchased from Farfarou Fulani livestock producers,
 

who sold surplus production (production in excess of household consumption
 

requirements) on the local market. To keep track of the prices charged
 

at the market, the research team periodically purchased suich milk, using
 

a one-liter container. During the rainy season and the cold dry season,
 

milk purchased in this fashion cost between 20 and 25 f CFA/liter. However,
 

this "milk" was heavily diluted, and roughly half of the amount purchased
 

was actually water. In contrast, the milk obtained from Haussa households
 

was quite pure. The price of the diluted milk sold on the market rose to
 

67 f CFA/liter at the end of the hot dry season in late May, when milk was
 

relatively scarce.
 

Based on the milk price data collected during the survey, an approximate
 

average value of 50 f CFA/liter was selected for assessing the value of milk
 

output from herds managed by sample households. This estimate is sub

stantiated by the terms of trade employed for exchanges of milk for grain,
 

which will be considered in the following chapter on grain output.
 

Prices of Purchased Inputs to Agricultural Production
 

The final section of this chapter looks at the prices of purchased
 

inputs to agricultural production. The only widely used purchased input
 

to grain production, other than labor and seed, was a fungicide which was
 

sold in small packets at 15 f CFA apiece. None of the houesholds in the
 

survey sample used more than ten of these packets during the survey year.
 

Since this was such a minor cost item when compared to the opportunity
 

cost of the land and labor inputs, it will not be included in the subse

quent analysis and will not be given further cnnsideration here.
 

As indicated in the previous chapter on livestock management, the
 

major purchased inputs to livestock enterprises were salt and bran. The
 

prices of these items are discussed below.
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Bran.-- Bran was not available at all markets, but appeared on the market
 

more frequently during the hot dry season (March through June), when it was
 

most sought after as a supplement to human and animal diets. When it did
 

appear on the market, it usually was available in both retail and whole

sale quantities. The wholesale quantities consisted of sacks which, when
 

filled, normally held between 50 and 100 kilograms of grain. Since the
 

bran was, of course, much lighter and bulkier than the grain, the weight
 

of bran which would fill such sacks was considerably less than the weight
 

of a comparable volume of grain. Since the research team had no means of
 

accurately weighing the larger quantities, purchases were made of retail
 

measures instead, and these were weighed on a balance scale. Based on
 

weight estimates, however, wholesale prices did not appear to differ sig

nificantly from retail prices.
 

Dry season prices ranged from 39 to 108 f CFA/kg, with an average of
 

75 f CFA/kg. These prices would be the maximum which a seller of bran could
 

expect to obtain at any point during the year. At other times of the year,
 

bran prices were considerably lower. For instance, during the last five
 

months of the year (August to December), bran sold for between 15 and 20
 

f CFA/kg at those times when it did appear on the market. Since regular
 

bran price observations were available only for the dry season, an overall
 

average of price observations collected during the course of the survey
 

would be deceptive. The investigator estimated the approximate average
 

price of bran over the year to be 35 f CFA/kg. This is the price used in
 

Chapter 10 to evaluate the opportunity cost of bran feeding.
 

Salt.-- As mentioned in Chapter 7, thete were two types of salts sold
 

on the Kao market which were used as animal feed supplements. Both are made
 

into blocks and shipped from the northern mines, one coming from Tigidda
 

(Tigidda-n-Tessoum) and the other from Bilma. These salts were available
 

on the Kao market throughout the survey year.
 

The molded blocks of salt weighed roughly 2.0 to 2.5 kilograms each.
 

Blocks from Tigidda sold for 100 f CFA apiece during the tainy season of
 

the survey year, and those from Bilma cost 150 f CFA at that time. During
 

the dry season, prices of the individual blocks rose to 150 and 200 f CFA,
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respectively, for Tigidda and Bilma salts.
 

To keep track of fluctuations in salt prices, salt blocks of each type
 

were purchased and weighed by the principal investigator. The resulting
 

per-kilogram prices are graphed in Figure 8.5. The mean observed price
 

per kilogram of Bilma salts during the survey year was 91 f CFA and the
 

mean price for Tigidda salts was 56 f CFA. Prices were lowest toward the
 

end of the calendar year and increased throughout the dry season until the
 

onset of the next rainy season in June. The low prices in November and
 

December probably were a result of the relatively greater supply of salts
 

to the market. At that time of year, when pasture and water were still
 

fairly plentiful in the north, salt caravans could travel easily. Also,
 

many of the nomadic pastoralists were returning from northern pastures at
 

that time and may have brought salt back with them. On the demand side,
 

local herds were in peak condition, and producers may not have felt an
 

urgent need to purchase the salt blocks to supplement animal diets.
 

On the other hand, in the dry season, supply was more restricted,
 

since fewer salt caravans were operating at that time. As pasture grew
 

more scarce, dietary supplements were more in demand. Also, the general
 

rise in the price level at that time of year probably exerted further upward
 

pressure on salt prices.
 

As indicated in Chapter 7, all livestock-producing households in the
 

survey sample purchased salt for use as an animal feed supplement. Annual
 

expenditures on salt were approximately 250 f CFA per animal unit (U.B.T.).
 

These costs are included in the calculations of expected net revenue from
 

livestock enterprises in Chapter 10.
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CHAPTER 9
 

GRAIN OUTPUT AND CONSUMPTION
 

This chapter begins the evaluation of agricultural production and the
 

consumption of agricultural products by sample households. It draws on
 

the information presented in the previous chapter to assess the value of
 

output from grain enterprises. This theme is continued in the next
 

chapter, which focuses on livestock output.
 

As in previous chapters, most of the discussion will be restricted
 

to the major grains, millet and sorghum. In several ways, the evalua

tion of output from millet and sorghum enterprises is a much simpler task
 

than the evaluation of livestock output. The product of grain enterprLes
 

is not received as a flow of output over the course of the year, as
 

is the case for livestock enterprises. In the case of grain enterprises,
 

the flow of output is concentrated within a six-week period, and output is
 

relatively easily stored, transported, and measured in physical units.
 

Milk, however, is not so easily stored or transported. Also, there is no
 

major capital input to grain enterprises in the survey area. In the case
 

of livestock enterprises, the animals themselves must be considered as a
 

capital input, and their appreciation (or depreciation) must enter into
 

the value calculations. Further consideration of the problems associated
 

with the measurement of livestock output will be deferred until the next
 

chapter.
 

The present chapter begins with a discussion of the techniques used
 

to harvest, store, and process grain. This discussion carries on from the
 

exposition of production techniques presented in Chapter 4. The next section
 

presents the data on physical yields obtained by sample members during the
 

survey year and discusses some of their determinants. The third section is
 

an extension of this discussion, concentrating on the returns to the land
 

and labor inputs to grain enterprises.
 

The remaining sections of the chapter investigate consumption patterns
 

and the disposal of grain output as well as alternative sources of grain.
 

The chapter ends with a discussion of the role of grain in the diets of
 

sample households.
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Harvesting, Storage, and Processing Techniques
 

The grain harvest began in late September of the survey year. At
 
that time, as the heads of grain ripened, the heads were cut from the
 
standing stalk and tied into bundles bound by thin strips of bark. 
The
 
bundles then were transported by the individuals doing the harvesting,
 

or by donkeys belonging to the household, to the household's granaries.
 

The granaries of a neighboring group of households usually were
 
placed close together in the middle of the village or on top of a dune, in
 
the case of the nomad camps, to facilitate their surveillance. The gran
aries were ellipsoidal structures which were entirely enclosed, with the
 
exception of one opening at the top, which was covered by 
a small conical
 

thatched roof. The granaries were made with a mixture of 
clay, straw, and
 
cattle dung. 
 The walls were built up in circular layers from a foundation
 
of branches and stones which also had been coated with the plaster mix.
 

The harvested grain was stored on the head, just as 
it came from the
 
field. The bundles were stacked inside the granary through the opening
 
at the top, which usually was just large enough to allow one man to 
enter.
 
The size and storage capacity of the granaries varied immensely. Granaries
 
owned by the larger and more prosperous families held over five tons of
 

grain.
 

When grain was required for household consumption, one bundle was
 

taken from the granary, and the grain was separated from the head and
 
processed into flour. The grain contained in one bundle usually was enough
 
to feed the household for one or two days. After threshing, the grain was
 
soaked, then pounded and sifted to separate the kernels from the bran.
 
The bran was set aside to dry or was fed immediately to the animals, and
 
the kernels were pounded into flour. 
This flour then was boiled into a
 
paste, or thick porridge, which was consumed with a meat-flavored sauce
 

thickened with gumbo (okra) or with sour milk.
 

The task of preparing meals in the above fashion was 
terribly time
consuming. At least one-third of 
the adult female labor available to the
 
household was devoted to such tasks. 
 The time required to process grain
 
into flour has not been included in the labor requirements of grain enter

prises derived in Chapter 4, although it might be legitimate to do so,
 
since the labor requirements of livestock enterprises do include milking
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and the time allocated to transporting mill to the household. However,
 

the labor requirements as defined in Chapter 4 measure the time required
 

to produce marketable output, or output which can be evaluated at market
 

prices. It is more convenient to exclude processing time from grain pro

duction labor requirements, since there is a less clearly defined mark, t
 

for flour as opposed to grain. Thus, for the purposes of this analysis,
 

the grain production process ends at the time when bundles of grain are
 

removed from the granary for whatever use, whethec that be consumption,
 

sale, or transfer to a more needy household. The labor requirements for
 

this production process do, therefore, include the time required to build
 

and maintain the granaries, to transport the grain to the granaries, and
 

to remove the grain from the granaries.
 

Crop Yields
 

This section looks at the physical yields obtained from each of the
 

two major grain enterprises by households in the three major subsamples.
 

The relevant data for each household is summed across plots, and the
 

statistics are based on this initial aggregation. The relevant statistics
 

are the same as those listed in Tables 4.1 and 4.2, which are reprinted
 

below for convenience (see Tables 9.1 and 9.2). The data for the indi

vidual households are listed in Appendix V.
 

As mentioned previously, where intercropping was practiced, it was
 

not always possible to separate labor and land allocated to one major
 

grain from that allocated to the other major grain. This was a problem
 

for only five of the final sample households, all of them in the Haussa
 

subsample. These households have been excluded when necessary from the
 

summary statistics. For other households planting both major grains on
 

the same plot, the household provided data on labor allocated to each
 

crop, and the enumerators estimated the proportion of the plot under each
 

major crop when measuring the plot. As mentioned in Chapter 5, no inter

cropping was practiced by households in the Bush Tuareg subsample.
 

Data on the area allocated to each enterprise represents the area
 

planted to each crop. Once again, it is important to remember that since
 

portions of some plots were abandoned, the area planted may overestimate
 

the area from which grain was actually harvested. This is not an important
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problem concerning returns 
to labor, since it can be assumed that proportionately less labor was allocated to the plot after portions of it were
 
abandoned.
 

Millet Enterprises.~.Table 9.1 contains millet production statistics
for each of the three major subsamples. As indicated in Chapter 5, Haussa
housegolds on the average plant the largest area to millet and obtain the
greatest per hectare yields. 
Although the mean per-hectare and per-hour
yields for Haussa households were only slightly above those for Village
Tuareg households, mean millet production per household was much greater
for Haussa households since a much larger land 
area was planted to millet
by these households. 
Village Tuareg millet enterprises were much more
labor-intensive 
on 
the average than Haussa enterprises: 
 on the average,
Village Tuareg households allocated nearly twice the labor input per hectare
to millet than did Haussa households. 
One reason for the higher labor/land
ratio associated with Village Tuareg millet enterprises may be that Village
Tuareg households, most of which were recent arrivals to the area, have
more difficulty obtaining land suitable for millet cultivation. 
Of the
millet fields planted by Village Tuareg households in the survey year,
forty-three percent had just been obtained by the household in the previous year, and forty-two percent of the total land area planted primarily
to millet by Village Tuareg households was borrowed land which probably
was considered sub-marginal by other households. 
 This, along with qualitative differences in the labor input (more experience with grain production. and more hired labor employed by Haussa households), would explain the
higher per-hectare labor input required on the part of Village Tuareg households to obtain per-hectare yields similar to 
those of the Haussa households.
Bush Tuareg households obtained negligible yields, per-hectare and
per-hour, from millet enterprises during the survey year. 
 As mentioned in
Chapter 4, this probably was because they chose to allocate more of the
available labor to sorghum enterprises during the July and August weeding
period at 
the expense of the imillet crop. 
 Only one Bush Tuareg household
 
harvested any millet during tha survey year.
 

Sorghum Enterprises.-- Table 9.2 contains similar statistics for
sorghum enterprises. 
As stated in Chapter 4. sorghum as cultivated by
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TABLE 9.1
 

MILLET PRODUCTION STATISTICS BY SUBSAMPLE
 

Statistic (Per Household) 


Total Area Mean 
Planted (Ha.) Range 

Total Labor Mean 
(Hours) Range 

Total Grain Mean 
Produced (Kg.) Range 

Hours/Ha. Mean 
Range 

Kg./Hour Mean 
Range 

Kg./Ha. Mean 
Range 

SOURCE: Appendix V.
 

Haussa 

(n-16) 


7.40 

.74 - 47.30 


1224 

408 - 3020 


189 

0 - 604 


258 

64 - 589 


.13 

.00 - .34 


46 

0 - 136 


Subsample 

Village 
Tuareg 
(n=17) 

Bush 
Tuareg 
(n=12) 

.19 
2.15 
- 4.05 .32 

2.99 
- 6.88 

36 
833 

- 2467 136 
498 
- 1097 

0 
73 

- 248 
7 

0 - 90 

60 
436 

- 1132 54 
212 
- 734 

.10 
.00  .29 

.01 
.00  .08 

39 
0 - 159 

1 
0 - 17 
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TABLE 9.2
 

SORGHUM PRODUCTION STATISTICS BY SUBSAMPLEa
 

Subsample
 
Village Bush
 

Haussa Tuareg Tuareg

Statistic (Per Household) (n=14) (n=12) (n=12)
 
Total Area Mean 1.38 .75 2.26
 

Planted (ha.) Range .20 - 3.34 .13  1.68 .31 - 7.90 

Total Labor Mean 579 544 
 1592
 
(Hours) Range 163 - 1365 24 - 1821 297 - 3670 

Total Grain Mean 444 128 
 2341
 
Produced (Kg.) Range 0  2066 0 - 435 0 - 16250 

Hours/Ha. Mean 413 t65 895
 

Range 105 - 792 154  1.917 412 - 2137
 

Kg./Hour Mean 
 1.08 
 .22 1.02
 
Range .59  1.Si .00 - .66 .00 - 4.43
 

Kg./Ha. Mean 373 
 146 731
 
Range 
 0 - 637 0 - 345 0 - 2057
 

SOURCE: Appendix V.
 
aStatistics based on 
 data for those households which cultivated sorghum, 

as indicated by the subsample size. 
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sample households was a significantly more labor-intensive crop than
 

millet. The per-hectare labor input to sorghum enterprises by Haussa and
 

Village Tuareg households was nearly twice that of the millet enterprise,
 

and for Bush Tuareg households, the average labor/land ratio for sorghum
 

was over four times that of the millet enterprise.
 

During the survey year, the average product of labor allocated to
 

sorghum was considerably higher than the average product of labor allo

cated to millet enterprises. This was true even for Village Tuareg house

holds, which sacrificed higher sorghum yields to be able to devote more
 

labor to the millet crop during the July and August weeding period. It
 

is important to remember, however, that relative yields are highly depen

dent on rainfall patterns and that sorghum might not be the more produc

tive enterprise in years of above-average rainfall.
 

As was the case for millet enterprises, Haussa sorghum enterprises
 

on the average were the most land-intensive of the three subsamples. The
 

average labor/land ratio of Haussa sorghum enterprises was approximately
 

half that of Tuareg sorghum enterprises. Thus, it is understandable that
 

the average product of labor allocated to Haussa sorghum enterprises was
 

the highest of the three subsamples. It also is understandable that the
 

average per-hectare yield from Iaussa sorghum enterprises equalled half
 

of the average yields obtained by Bush Tuareg households.
 

Since Bush Tuareg households put the most land into sorghum produc

tion and since Bush Tuareg sorghum enterprises were the most labor

intensive of the three subsamples, mean total sorghum production per Bush
 

Tuareg househcld was over five times the mean sorghum production of any
 

other subsample. Quality differentials in sorghum land also may have
 

contributed to the relatively larger sorghum output from Bush Tuareg
 

households: as indicated in Chapter 5, eighty-four percent of the land area
 

planted to sorghum by Bush Tuareg households during the survey year had
 

been inherited or occupied for the first time, whereas a larger proportion
 

of the area planted to sorghum by other subsamples was borrowed land. As
 

in the previously mentioned case for millet, borrowed land is likely to
 

be marginal land which the lender himself does not wish to put into pro

duction.
 



-230-


As indicated in the range of observations in Table 9.2 and Appendix
 
Table V.6, one Bush Tuareg household was able to obtain phenomenally
 

higher sorghum yields with much higher efficiency than other sample house
holds. This particular household harvested over sixteen metric tons of
 
sorghum, which amounted to nearly seven times the total grain production
 

of any other sample household. Furthermore, the physical returns to
 
labor allocated to sorghum by this household were at least three times
 

the returns to grain enterprises achieved by any other sample household.
 

There are several factors which might explain these disparities.
 
First, this household was the only sample household which hired Haussa,
 

as opposed to Village Tuareg, laborers. The head of the household 4n
 
question claimed that the Haussa laborers were more productive, and, as
 
such, he was willing to and did pay them a substantially higher daily
 
wage than was paid to their Village Tuareg counterparts.
 

Second, this household had access to land suitable for sorghum pro
duction which was of potentially higher quality than that available 
to
 
other households. 
The land was in an area where several run-off channels
 

converged and emptied into a large semi-permanent lake. Thus, the soil
 
on these fields was probably richer and more moist than that of the sor
ghum fields cultivated by other households. The head of this household
 
was a camp chief and thus held a position of some influence in the local
 
power structure. This, combined with the fact that his family had been
 
among the first 
to cultivate grain in the area, may have contributed to
 

his ability to gain access to land of higher quality.
 

Also, this household was one of the few households of mixed farmers
 
which managed a sizable herd of both large and small ruminants. The
 
head of this household asserted that sales of animals and animal products
 
provided him with a cash flow which enabled him to hire more labor than
 
most other households could afford during the growing season.
 

Finally, it is quite probable that 
the head of this household pos

sessed greater managerial skills than his colleagues. Unlike most of the
 
households which relied extensivlv on hired labor, he was constantly
 

supervising the teams of laborers who worked his fields. 
Even apart
 
from all of these endowments, he was certainly a remarkable character:
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a well-fed, happy, and apparently healthy man whose enormous family never
 

seemed to be large enough for him. He and a handful of the wealthier
 

Haussa merchants in the village formed a stark contrast to the majority
 

of the sample households. While the source of their success cannot be
 

precisely ascertained, it does raise questions about the equities of the
 

distribution of wealth in the survey area.
 

Interplot Comparisions of Returns to Land and Labor from Grain Enterprises
 

This section is an extension of the previous discussion. However,
 

whereas the unit of analysis in the previous section was the household,
 

the unit of analysis in the present section is the individual plot. Also,
 

the physical yields of millet and sorghum obtained from each plot have
 

been assigned values based on the average prices of the two grains which
 

prevailed over the survey year. 
The present section contains a comparison
 

of the value of product obtained from plots planted primarily to millet
 

to that obtained from plots planted primarily to sorghum and a compari

son among subsamples of the value of returns from millet and sorghum
 

plots.
 

Comparison of Returns from Millet and Sorghum Plots.-- Returns per
 

hectare from millet and sorghum plots are described in Table 9.3. To
 

obtain the statistics cited, The sample of 105 plots planted by final
 

sample households was stratified according to whether the plot yielded
 

more millet or more sorghum. A test of the null hypothesis that the two
 

stratum means were equal was rejected at the one percent significance
 

level. This indicated that there was a less than 
one percent probability
 

that the two distributions, assumed to be normal, were centered about the
 

same mean. Since the t-statistic used in the above case requires the
 

assumption of normal distributions with equal variances, which was ques

tionable in this case, a non-parametric test based on the Mann-Whitney
 

U-statistic was conducted. 
The test indicated that the distribution of
 

the value of output from plots yielding primarily sorghum was significantly
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TABLE 9.3
 

DESCRIPTIVE STATISTICS OF RETURNS PER HECTARE FROM MILLET AND SORGHUM PLOTS
 

Plots Yielding Primarily:
 
Statistic (f CFA/ha)
 

Millet Sorghum
 

No. of plots (n) 56 49
 

Mean (R) 2,422 29,96,8
 

Standard Deviation (s) 3,471 37,017
 

Range 0-15,844 0-161,700
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different from the distribution of the value of output from plots yield

ing primarily millet. The same results from both the parametric and non

parametric tests applied to the returns to labor from millet and sorghum
 

plots. The mean return per hour of lab. r was 11 f CFA from millet plots,
 

as opposed to a mean return of 59 f CFA per hour from plots yielding
 

primarily sorghum.
 

Comparison among Subsamples of Returns to Grain Enterprises.-- Tables
 

9.4 and 9.5 describe the returns to land and labor obtained by households
 

in the three major subsamples from plots planted to millet and sorghum.
 

The rankings of the average productivity of the two major inputs to grain
 

enterprises are discussed above. The statistics presented in the tables
 

provide a similar comparison for the values of the average products, which
 

substantiates the previous discussion.
 

The data were used to test the hypothesis that returns to land and
 

labor from Bush Tuareg sorghum enterprises were significantly greater
 

than returns form Haussa sorghum enterprises. The parametric tests, based
 

on the t-statistic, indicated that the data did provide reason to believe
 

that the returns to land from sorghum enterprises were significantly
 

greater for Bush Tuareg households than for Haussa households. However,
 

returns to labor from sorghum enterprises were not found to differ sig

nificantly. The non-parametric tests, based on the Mann-Whitney U-statistic,
 

also indicated that there is a low probability (9 percent) that the
 

distributions of returns to sorghum land are equivalent for Haussa and
 

Bush Tuareg households, but that there is no evidence in the data that
 

the distributions of returns to sorghum labor are not similar for the two
 

subsamples. Thus, both tests provide evidence that returns to land are
 

significantly higher for Bush Tuareg sorghum enterprises, but that there
 

is no significant difference in returns to labor. As indicated in the
 

previous section, the lower returns to sorghum land attained by Haussa
 

households can be partially explained by the relatively less labor

intensive technology utilized by those households.
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TABLE 9.4
 

COMPARISON AMONG SUBSAMPLES OF RETURNS TO LAND AND LABOR FROM SORGHUM
 

Subsample 

(n=number of plots) 


Haussa 

(n=17) 


Village Tuareg 

(n=11) 


Bush Tuareg 

(n=21) 


Mean 

Range 


Mean 

Range 


Mean 

Range 


ENTERPRISES
 

Returns to:
 
Land Labor 

(f CFA/Ha ) (f CFA/Hour) 

21,738 57 
0 - 57,550 0 - 136 

10,777 20 
0 - 21,825 0 - 77 

46,683 77 
0  161,700 0  275 

TABLE 9.5
 

COMPARISON AMONG SUBSAMPLES OF RETURNS TO LAND AND LABOR FROM MILLET
 
ENTERPRISES
 

Subsample
(nnumber of plots) 


Haussa 


(n=19) 


Village Tuareg 

(n=21) 


Bush Tuareg 

(n=13) 


Mean 


Range 


Mean 

Range 


Mean 

Range 


Returns to:
 
Land 
 Labor


(f CFA/Ha ) (f CFA/Hour)
 

3,628 20
 
0 - 15,844 0 - 92
 

2,967 10
 
0 - 9,746 0 - 61
 

136 
 2
 
0 - 1,771 
 0 - 136
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Acquisition and Disposal of Grain
 

This section considers the means by which households acquire grain
 

and the uses to which the grain is put. The discussion is based on the
 

mean balance sheets for each of the three major subsamples. The timing
 

of sales of grain and the importance of exchanges in kind are considered
 

following the presentation of the grain balance sheets. A more detailed
 

discussion of grain consumption is presented in a separate section.
 

Grain Balance Sheets.-- Table 9.6 contains balance sheets covering
 

acquisitions and disposals of grain by each of the major subsamples.
 

Means are computed over the households in each subsample. Data from
 

both the regular and the supplementary household budget surveys are in

cluded. Categories are defined as indicated in the notes to the table.
 

It is clear that village residents (both Haussa and Tuareg) relied
 

primarily on the market as a means of acquiring grain. The mean quan

tity of grain purchased was over 1.5 times household production for
 

Haussa households and over three times the mean quantity produced by
 

Village Tuareg households. In contrast, Bush Tuareg households purchased
 

very little grain on the market. Mean purchases amounted to less than
 

five percent of production, and the household purchasing the most grain
 

in that subsample still purchased less than the household purchasing the
 

smallest amount of grain in the Haussa subsample.
 

The surplus (deficit in the case of village households) of grain
 

acquired in excess of disposals could be attributed to the following
 

factors: 1) the accumulation (or decumulation) of grain stocks held
 

over from past years; 2) the acquisition of grain through undisclosed
 

transfers into the household or through some other source; or 3) mea

surement errors. It is most likely that the firzt of the above factors
 

explains the entire discrepancy between acquisitions and disposals in
 

the case of Bush Tuareg households. The mean surplus for those house

holds (335 kilograms) is not a large grain stock to hold over for future
 

consumption, and Bush Tuareg households certainly had sufficient excess
 

storage capacity in their granaries for this addition to their stocks.
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TABLE 9.6
 

PRODUCTION, ACQUISITION, AND DISPOSAL OF GRAIN
 
(Kilograms)
 

Item Haussa Village Tuareg Bush Tuareg 
(n=16) (n=17) (n=12) 

a 

Purchases Mean 972 515 107 
Range (296 - 2,815) (124 - 1,855) (10 - 267) 

Production Mean 580 164 2,348 
Range (33 - 2,192) (0 - 481) (0 - 16,250) 

Transfersb Mean 10 30 22c 

Range (0 - 55) (0 - 118) (0 - 260) 

Sales Mean 14d 103 514 
Range (0 - 80) (3 - 364) (56 - 2,497) 

Exchangese Mean 3f 45 26 
Range (0 - 50) (0 - 156) (0 - 122) 

Consumptiong Mean 2,991 1,459 1,602 
Range (1,139 - 5,015) (611 - 3,186) (853 - 2,862) 

Surplush Mean -1,446 -898 +335 

SOURCE: Appendix Tables V.7-V.9.
 
aQuantity of market purchases estimated by dividing expenditures per


fortnight on each grain type by the grain price prevailing in that fort
night. Results were summed over fortnights and averaged over households.
 

bIncludes transfers (primarily gifts) of grain into the household.
 

COnly one Bush Tuareg household received grain (260 kg ) during the
 
survey year.
 

dExcludes the households of three major grain merchants, who sold
 

between 882 and 13,185 kilograms of grain each during the survey year.
 
Only four other Haussa households sold grain and the total quantity sold
 
per household was under 100 kg.
 

eIncludes transfers of grain out of the household, plus exchanges of
 
grain for milk.
 

fOnly one Haussa household exchanged grain during the survey year.
 
gconsumption data covers 
only eleven months, since such data were not
 

collected during the first month of regular interviewing.
 
hMean grain flows into the household (purchases, production, transfers)
 

minus flows out of the household (sales, exchanges, consumption).
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However, it is difficult, although not impossible, to imagine that in
 

the case of village households (Haussa and Village Tuareg), roughly half
 

of mean grain consumption was derived from stocks held over from pre

vious years. Since grain stocks, like livestock holdings, were considered
 

to be a sensitive issue, no inventories were taken during the survey
 

which could have verified these figures.
 

Thus, one must consider the role of the latter two factors in ex

plaining the grain deficit of village households. It is possible that
 

there were undisclosed transfers of grain into the household, but as
 

indicated in the discussion of research methodology, the supplementary
 

questionnaires which were administered during the last four months of the
 

survey were intended to ensure the collection of complete information on
 

transfers of income and goods into and out of the household. However,
 

since the first of this series of questionnaires covered the first nine
 

months of the survey, it is possible that household heads did not recall
 

transfers of grain received by the household during the early months of
 

the survey. This period in particular would be the period when young
 

migrants were most likely to return to their families, bringing with them
 

grain or supplemental income with which the household might purchase grain.
 

This could account for some of the observed deficit.
 

Alternatively, part of the deficit may be the result of overesti

mating the quantity of grain consumed or underestimating the quantity
 

purchased or produced. Supposedly, both households and grain retailers
 

used the same units of volume (the tia and the maraba) to measure grain.
 

During the survey, a few weighings of the local units used by sample
 

households to measure the quantity of grain consumed were compared with
 

the weight of similar units of grain purchased in the local market. Based
 

on these comparisons, the grain contained in the units used by sample
 

households weighed more than the grain coivtained in supposedly equivalent
 

units used by grain retailers. However, s-nce so few comparisons were
 

available, similar conversion factors were used to convert the measures
 

used by the two groups (households and retailers) to kilograms. Thus,
 

where grain purchases and consumption were recorded in local units, the
 

survey estimates, if anything, overestimated grain purchases relative to
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grain consumption. 
The extent of this overestimation probably was not
 
significant, since the quantity of grain purchased was most frequently
 
estimated by dividing total expenditures on a particular type of grain
 
by the average price of that grain in that fortnight. If the prices
 
recorded during the grain market survey were too high or if households
 
actually purchased significant quantities of grain in wholesale measures
 
(which, to the best knowledge of the research team, was not the case),
 
then the quantity purchased would have been underestimated, and 
the
 
actual deficit would be smaller than that observed by the research team.
 

Finally,.it is possible that the size of the local units used by
 
sample households to measure consumption actuaJy was equivalent to 
the
 
size of 
similar units used by grain merchants and that both were smaller
 
than the alleged size of such units. 
 If this were the case, then the
 
conversion factors cited in Chapter 2 (Table 2.1) would overestimate the
 
kilogram-equivalent of local units, and 
the resulting estimates of grain
 
consumption would be exaggerated. 
 To verify the consumption data, the
 
principal investigator weighed the amount of local grain consumed daily
 
by himself and his wife. 
 This grain was processed using local methods.
 
Grain was the basis of the diet of the principal investigator and his
 
wife while they were living at the research site, but the grain was
 
supplemented by more vegetables and meat than were consumed by sample
 
households. 
 Despite the relatively less important role of grain in the
 
diets of the principal investigator and his wife, they consumed between
 
one and two kilograms daily, which tends 
to substantiate the estimated
 
per capita consumption figures given below. 
As a further cross-check
 
of the reliability of the grain consumption data, the per capita daily
 
consumption figures will be converted to calorie and protein equivalents
 
and compared with estimated average daily requirements in the section
 
on grain consumption which follows this section.
 

Grain Sales.-- As indicated in the grain balance sheets, few Haussa
 
households sold grain during the survey year, and of those which did,
 
only three households sold more than eighty kilograms during the entire
 
year. 
 The heads of those three households were wholesale grain merchants
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who sold considerable amounts (in one case, over thirteen metric tons)
 

of grain during the survey year. The timing of sales of grain by these
 

three households is indicated in Figure 9.1.
 

Sales of small quantities G. grain were common among Tuareg house

holds, as suggested by the tables in Appendix V, which show total sales 

over the survey year for each household. Village Tuareg households sold 

on the average 103 kilograms of grain during the survey year, and less 

than six percent of total grain sales by households in that subsample 

was sold in quantities other than small retail units. Bush Tuareg house

holds sold an average of 514 kilograms of grain per household, but approx

imately 46 percent of grain marketed by these h6use'iolds was sold in 

larger quantities which were recorded on the monthly supplementary income 

questionnaires. However, 40 percent of the total amount of grain 

marketed by Bush Tuareg households (2,496 out of 6,172 kilograms) came 

from the one large household which produced over sixteen metric tons of 

grain during the survey year, and two-thirds of the grain sold by this 

extraordinarily successful producer was sold in larger, wholesale lots. 

After excluding this household from the subsample statistics, the mean 

quantity of grain sold during the survey year by the other eleven Bush 

Tuareg households was 334 kilograms, and only one-third of the grain 

marketed by the remaining households (an average of 106 kg per house

hold) was sold in the larger, wholesale units.
 

The timing of sales of retail mtasures of grain, which excludes the
 

larger, more irregular sales recorded on the supplementary income ques

tionnaires, is illustrated in Figure 9.1. The graph shows two sets of
 

statistics for Bush Tuareg households: one set is calculated from data'
 

for all twelve households in the final subsample, and the other set
 

excludes the extraordinarily successful producer (Household 64) from the
 

calculations. The two sets of statistics are comparable, with the excep

tion of the four months at the beginning of the crop cycle (April through
 

July). During this time, the largest producer sold grain to obtain cash
 

to hire labor for work in the grain fields. However, the grain stocks
 

of less wealthy households probably had dwindled by this time,- and they
 

could not afford to sell as much grain or to hire equivalent amounts of
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labor services. This provided an .dditional reason behind the disparity
 

between the yields obtained by t[ .smist successful producer and those
 

of other households.
 

Apart from sales at the br.4inning of the next crop cycle in order
 

to raise cash to hire labor, grain sales by Bush Tuareg households
 

reached a peak during and just after the grain harvest. The sales of
 

grain during the harvest in late October may have been prompted by the
 

need to pay the head tax, which was being collected during that period.
 

The abrupt increase in sales in early December, after a decline in Nov

ember, probably was associated with the need to make purchases in con

nection with the festival of Aid el-Kibr (Tabaski), held at the beginning
 

of December.
 

It is curious to note that the pattern of sales by Village Tuareg
 

households 4s almost the inverse of that of Bush Tuareg households, with
 

the exception of a comparable rise in sales during the early December
 

period. Again with the exception of the rise in sales in December, the
 

pattern of sales by Village Tuareg households closely paralleled the
 

pattern of sales by Haussa wholesale grain merchants (cf. Figure 9.1).
 

This suggests one possible reason for the difference between the two
 

Tuareg subsamples in the pattern of grain sales which is a result of
 

Village Tuareg households being less dependent on household production
 

as a source of food. Like the wholesale merchants it may be that Village
 

Tuareg marketing decisions were more responsive to changes in price than
 

were the decisions of the B,:Lh Tuareg households. The latter were con

strained by production and con aumption requirements and therefore may
 

have had less elastic supply bchedules.
 

Exchanges and Transfers of Grain.-- As indicated previously, the
 

major reason for which grain was offered in exchange by grain producers
 

in the survey area was to obtain mi.K, This form of exchange was most
 

typical among Village Tuareg households, who offered the greatest amount
 

of grain in exchange for other commodities. Usually, a Bororo Fulani
 

woman whose herds were on the outskirts of the village would bring sur

plus milk into the village each morning and deliver it to the household
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in exchange for grain. Two volumes of milk were traded for a similar
 
volume of grain, and to the best knowledge of the principal investigator,
 
these terms of trade remained constant throughout the survey year. 
 The
 
Fulani iomen preferred to receive red sorghum rather than millet since,
 
they claimed, it tasted better with milk. 
Given the range of sorghum
 
prices observed during the survey year (see Chapter 8) and the fact that
 
Bororo women were less willing to trade milk f)r grain in this fashion
 
during the dry season, these trading practices substantiate the average
 
milk price of 50 f CFA per liter discussed in the previous chapter.
 
Further details on the timing of exchanges of grain for milk and the
 
importance of this method of obtaining milk will be presented in Chapter 10.
 

Other than the exchanges of grain for milk, transfers of grain into
 
or out of the household were not important means of acquiring or dispos
ing of grain. 
On the average, no more than thirty kilograms of grain
 
were received as gifts by sample households during the survey year. 
 This
 
assumes, of course, that households did accurately recall and declare
 
all transfers of grain into the household and that the problem of mea
surement errors mentioned above was not an important one.
 

The above statement concerning the unimportance of transfers as a
 
means of disposing of grain must be qualified, since frequent unrecorded
 
gifts of grain may have been offered by wealthier producers during the
 
harvest while the freshly-harvested bundles were still in the field.
 
According to Islamic tradition as practiced (or preached, at least) in
 
the survey area, every producer harvesting over fifty bundles of grain
 
from one field was obliged to give one-tenth of his harvest to more needy
 
families. 
As suggested by the production data presented in previous
 
sections, few producers in the survey sample produced over fifty bundles
 
per field. 
 Those who did probably fulfilled the social obligations
 
imposed by Islamic tradition while the grain was still in the field,
 
since households in need of grain made their presence known at the har
vest. 
Therefore, the production registered for these wealthier house
holds probably consisted of that portion of the harvest which was instan
taneously consumed by the household or which was stored in the household's
 
granaries, net of any charity distributed while the harvest was still
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underway. This poses the problem of underestimating the social benefit
 

or producer's utility derived from grain production by wealthier house

holds, since such charitable distributions add to the producer's pres

tige and influence, but may not have been included in the value of grain
 

production registered by the survey and did not contribute towards satis

fying household consumption requirements. Since grain harvests from
 

individual plots were small during the survey year, it is unlikely that
 

many households made unrecorded charitable distributions which were a
 

significant proportion of their total production. Therefore, the pos

sibility that unrecorded transfers were a significant proportion of the
 

total value of grain production will be ignored in the ensuing analysis.
 

Grain Consumption
 

This section concentrates on grain consuiaption patterns and the
 

extent to which grain consumption contributed to fulfilling the consump

tion requirements of sample households. The section begins with a dis

cussion of variations in total grain consumption over time and among
 

subsamples. Then, for each major subsample, consumption per fortnight
 

is broken down by grain type. Through out most of this section, con

sumption is measured in kilograms per fortnight and per full-time resi

dent equivalent of working age. A fortnight (strictly, a two-week period)
 

was chosen as the unit of time since this is the basic unit to which the
 

rest of the data (labor flows, cash flows, etc.) have been aggregated.
 

The definition of a "full-time resident equivalent of working age" is the
 

same as that introduced in Chapter 3: a household member, hired laborer,
 

or visitor of at least eight years of age residing in or working for the
 

household during the entire time period in question. Grain consumption
 

measured in such units is not equivalent to per capita consumption.
 

Rather, it is the amount of grain consumed divided by the number of pro

ductive full-time household residents. Alternatively, it is that share
 

of total consumption, including the consumption of children, non-working
 

visitors, and guests, which is borne on the average by one working house

hold resident.
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The working resident equivalent was selected as the basic reference
 

unit for the following reasons: 1) the number of working resident
 

equivalents in a given household during a given fortnight could be cal

culated easily and precisely from the detailed labor flow data without
 

requiring any assumptions about the productivity or relative consumption
 

needs of the different age/sex categories. This gave a fairly precise
 

index of household size, based on the available data. 2) The working
 

resident equivalent also was used as the standard reference unit in the
 

description of overall labor patterns and the labor input to agriculture
 

in Chapters 3 and 4 and will be used as 
the standard reference unit in
 
modelling the labor constraints for the linear programming analysis of
 

Chapter 11. 3) Estimates of annual grain consumption per working resi

dent equivalent might enable regional planners to iater regional grain
 

requirements based on the population data contained in tax rolls. 
 Esti

mates based on both tax rolls and per capita consumption data would be
 
likely to underestimate regional requirements, since only household
 

members of working age are registered during the administrative census
 

on whichi the tax rolls are based.
 

Thus, the following analysis of grain consumption begins with an
 
investigation of consumption per fortnight per working resident equiva

lent. From there, estimates of daily per capita consumption are derived.
 

The reliability of these estimates is then verified by comparing them
 

with mean daily per capita calorie and protein requirements.
 

Seasonal Fluctuati6ns in Total Grain Consumption.-- Figure 9.2 shows
 

the fluctuations in mean grain consumption per fortnight over the survey
 

year. Since grain consumption in each fortnight has been divided by the
 

number of full-time resident equivalents of working age in the household
 

during that fortnight, the data on which the graphs are based have been
 

corrected for variations in household size. The consumption data plot

ted in Figure,.9.2 includes consumption of flour made from the two major
 

grafns (millet and sorghunt) as well as consumption of cowpeas. wild
 

grains, rice, and bran. However, consumption of the latter four items
 

amounted to an insignificant proportion of total consumption, as indicated
 

below.
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Grain consumption patterns were relatively stable throughout the
 
first six months of the year, with two exceptions. The first is that
 
mean consumption by Village Tuareg households dropped at 
the beginning
 
of the hot, dry season in late March and remained at its annual minimum
 
until the beginning of the next crop cycle in June. 
During this time,
 
there was a low level of activity, and households were making an effort
 
to conserve 
their grain stocks until the time when crop production activi

ties were resumed.
 

The second exception further illustrates the importance of the crop
 
cycle in determining grain consumption patterns. 
The sudden increase
 
in grain consumption by Haussa households in May coincided with the time
 
when land preparation was undertaken in the sorghum fields. 
More grain
 
was consumed as more arduous tasks were undertaken by that portion of
 
the household labor force which was devoted to crop production labor.
 
When the thirty-day drought began in late June, agricultural activities
 
undertaken by Haussa households slackened, and total grain consumption
 

slackened commensurately.
 

The months of July and August were the months of peak grain consump
tion, which coincided with the time when the more strenuous weeding tasks
 
were undertaken in the grain fields. 
 This also was the time when the
 
most hired labor was engaged to assist with crop production activities,
 
and meals were a part of the compensation offered to laborers from out
side of the household. Thus, average consumption requirements among all
 
three subsamples were unusually high at 
this time of year.
 

Weeding tasks were completed in August, and no further activities
 
were undertaken while waiting for the grain to ripen. 
From the end of
 
August until the completion of the harvests in November, grain consump
tion remained at a low level relative to other periods. The only excep
tions were the abrupt temporary increases in grain consumption observed
 
among Tuareg households. These were associated with visits from the
 
immezewen (caste of religious scholars) and the immazheren (Tuareg aris
tocracy), who came 
to partake of the newly harvested grain.
 

On the average amiJng subsamples, grain consumption per working resi
dent equivalent was consistently higher throughout the year among Haussa
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households than among Tuareg households. In particular, mean grain con

sumption per working resident among I!hussa households was twice that of
 

Bush Tuareg households. In part, the lower grain consumption.observed
 

among Bush Tuareg households was due to the fact that households in this
 

subsample consume more milk than do most Haussa households. Also, part
 

of the higher grain consumption by Haussa households could be attributed
 

to the fact that these households receive more guests at mealtime than
 

do their neighbors living outside of the village.
 

The other distinctive characteristic of Bush Tuareg grain consump

tion patterns was that relative to other subsamples, mean grain consump

tion was fairly stable over the course of the year, with the exception
 

of the post-harvest period when "patrons" came to share the harvest.
 

In contrast, grain consumption was more variable among Haussa households,
 

which relied more extensively on hired labor for crop production tasks,
 

and among the relatively impoverished Village Tuareg households, which
 

relied relatively more on alternatives to the major grains, as indicated
 

below. Also, as indicated in Chapter 3, labor inputs to agricultural
 

enterprises by Bush Tuareg households were more evenly distributed through

out the year than among the other two major subsamples, since more Bush
 

Tuareg households were engaged in livestock production. Thus, the in

crease in demand for agricultural labor during the crop cycle was not
 

as marked among Bush Tuareg households as it was among village households,
 

which engaged in livestock production on a smaller scale.
 

Consumption by Grain Type.-- Table 9.7 contains a breakdown by grain
 

type of mean grain consumption by each subsample. Mean grain consumption
 

in each fortnight is listed by subsample in Appendix Tables V.10 through
 

V.12. As in the previous section, the unit of measurement is kilograms
 

per working resident equivalent. Since the consumption survey was started
 

three weeks after other regular data collection had begun, data for the
 

first two fortnights are incomplete. Estimates of grain consumption in
 

these fortnights were obtained by making linear projections between data
 

for the first fortnight for which complete data were available and data
 

for the final fortnight of the survey year. These estimates are shown in
 

parentheses in the first two lines of each of the appendix tables. The
 

same estimates were used to complete Figure 9.2.
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TABLE 9.7
 

MEAN ANNUAL GRAIN CONSUMPTION BY TYPEa
 

Millet Sorghum Other Grainsb Total
 
Subsample MR) (Percent) M) (Percent) 
_(kg(Percent) _(kl_
 

Haussa 648 (75) 
 168 (19) 48 (6) 864
 

Village
 
Tuareg 287 (51) 200 (35) 81 (14) 568
 

Bush
 
Tuareg 147 (35) 252 (60) 18 (4) 418
 

SOURCE: Appendix Tables V.10 - V.12.
 
aMeasured in kilograms per working resident equivalent (not per
 

capita) and percentage of total grain consumed.
 
bIncludes wild grains (fonio), bran, rice, and cowpeas.
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The tables confirm that sample households consumed primarily millet
 

and sorghum flour. The category lab) Led "other grains," which includes
 

primarily wild grains, but also bran, rice, and cowpeas (although not
 

actually a grain), accounted for less than fifteen percent of total con

sumption, or less than 250 grams per day per working resident equivalent.
 

Among Tuareg households, the periods when the largest amounts of other
 

grains were substituted for millet and sorghum were immediately preceding
 

and immediately following the main harvest. During the period before
 

the grain harvest in September, Tuareg women harvested and prepared the
 

seeds of those grasses which had matured at that time. This provided
 

a substitute for millet and sorghum at a time when stocks were low. Then,
 

following the harvest in December and January, Tuareg women knocked down
 

termite hills to obtain the grass seeds which the termites had stored to
 

sustain them through the dry season.
 

The consumption of the seeds of wild grasses was not as large a
 

component of total consumption among Bush Tuareg households as it was
 

among households in the Village Tuareg subsample. This could be because
 

Village Tuareg households were less successful grain producers than their
 

colleagues living outside of the village and therefore had to rely rela

tively more on alternatives to millet and sorghum. Also, as indicated
 

in Chapter 7, most Village Tuareg households consumed the bran in addition
 

to flour derived from grain processing. This might explain the consis

tently higher level of consumption of "other grains" (which includes
 

bran) by Village Tuareg households during the dry season, as opposed to
 

the other two major subsamples.
 

Haussa households also consumed the seeds of wild grasses, which they
 

purchased from Tuareg women on the local market during the pre-harvest
 

period. However, very little grain other than millet or sorghum was con

suined by Haussa households from the time that the harvests began until
 

the beginning of the next growing season. During the growing season from
 

June through August, Haussa households supplemented millet and sorghum
 

consumption with cowpeas, which were harvested and consumed as they
 

ripened in the millet fields.
 



-250-


The tables also revealed a preference for millet on the part of
 
village households, at least during that period of year when g-ain prices
 
were lowest. Most of total grain consumption by village (Haussa and
 
Village Tuareg) households consiste.d of millet, as indicated in Table
 
9.7. 
 Throughout the year, thie diet of Haussa households was based pri
marily on millet, with the exception of the three months during the hot
 
dry season (mid-March to mid-June) when the relatively less expensive
 
sorghum was substituted as 
the major staple. Village Tuareg households
 
relied primarily on millet as 
the major staple from the beginning of the
 
growing season in June through November. After November, overall grain
 
consumption decreased and sorghum became the basis of the household diet.
 
In contrast, Bush Tuareg households based their diets of sorghum through
out most of the year, with the exception of the months of August and
 
September, the two months during the survey year when there was 
the least
 
discrepancy between the prices of millet and sorghum. 
This difference in
 
consumption patterns among subsamples could be attributed to 
the fact that
 
Bush Tuareg households relied relatively more on their own production to
 
fulfill consumption requirements and that during the survey year, these
 

households were the most successful sorghum producers.
 

Estimates of Per Capita Grain Consumption and Verification of Grain
 
Consumption Statistics.-- To verify the reliability of the consumption
 
data collected by the research team, estimates of daily per capita grain
 
consumption were derived from the data on annual grain consumption per
 
working resident equivalent and the caloric value of the'daily grain
 
consumption estimates was compared with estimates of mean daily calorie
 
requirements. The results are discussed in this section. The technique
 
used to approximate daily per capita grain consumption is illustrated in
 
Table 9.8. First, mean daily grain consumption per working resident
 
equivalent is derived from the annual rc'ain consumption figures in Table
 
9.7. 
 Then the ratio of household members (working resident equivalents
 
plus children) per working resident equivalent is calculated, based on the
 
composition of the average household in each subsample, as shown in Table
 
3.1 and Appendix III. This ratio is used 
to approximate per capita grain
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consumption. However, the approximation probably still slightly over
estimates actual averege per capita consumption, since the ratio of
 
household members to working resident equivalents has not been adjusted
 
to reflect grain consumption by occasional visitors and guests of 
the
 
household, whose presence was not recorded for the purposes of the con
sumption survey unless they contributed productive labor to household
 
enterprises or unless they remained in the household for an entire inter
view period (three or four days).
 

TABLE 9.8
 

ESTIMATES OF PER CAPITA GRAIN CONSUMPTION
 

Item Haussa 
Village 
Tuareg 

Bush 
Tuareg 

1. Annual Grain Consumption per 
Working Resident Equivalent
(kg )a 864.20 568.24 418.06 

2. Daily Grair Consumption per 
Working Resident Equivalent 2.37 1.56 1.15 

3. Household Members per Work
ing Resident Equivalent 1.80 1.78 1.44 

4. Estimated Per Capita Daily 
Grain consumption (Line 2 
Line 3) 1.32 0.88 0.80 

5. Estimated Per Capita Annual 
Grain Consumption 480.11 364.26 290.32 

aFrom Table 9.7.
 

- Table 9.9 shows the calculations of the caloric value per kilogram
 
of millet and sorghum grain. The calculations are based on storage and
 
processing losses of fifteen percent, a figure which was substantiated
 
in the course of qualitative interviews with sample members. 
T-he method
 
used to determine the proportion of bran derived from processing has been
 
described in Chapter 7. 
The weight of the bran has been deducted from
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TABLE 9.9 

CALCULATIONS OF CAORIE AND PROTEIN VALUE KILOGRAM OF GRAINPER HARVESTED 

Millet Sorghum 

Dry weight of grain harvested 
or purchased 1.00 kg 1.00 kg 

Storage and processing losses .15 kg .15 kg 

Dry weight of bran derived from 
processing .24 kg .33 kg
 

Net weight of flour per kg
 
of harvested grain .61 kg .52 kg 

Cal./kg of floura 3,450 3,447
 

Cal./kg of grain consumed as
 
flour 2,104 1,793
 

Protein (g )/kg of floura 106.53 99.21
 

Protein (g )/kg of grain consumed
 
as flour 
 64.98 51.59
 

aprotein and calorie equivalents are derived from the food balance 

sheet for Niger listed in FAO (1977).
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the weight of millet and sorghum grain consumed, since in most cases,
 

bran was fed to animals managed by the household and when it was not,
 

bran consumption was recorded separately from the consumption of grain
 

as flour (see Table 9.7). The estimated proportion of flout u-:ived
 

from one kilogram of grain has been used to calculate the caloric value
 

per kilogram of grain registered as having been consumed during the con

sumption survey. These calorie equivalents are used in the calculation
 

of the caloric value of mean daily grain consumption, described in Table
 

9.10. Daily per capita consumption of millet and sorghum was estimated
 

using the methods illustrated in Table 9.8.
 

Calorie requirements for the age and sex categories defined by the
 

survey ace listed in Table 9.11. These calorie requirements were used
 

to calculate the mean per capita calorie requ-irements of an average house

hold. The calorie requirements are adapted from a study of projected
 

food needs of major African towns and are designed to represent the energy
 

needs of active individuals living in an arid tropical climate. The cal

culations are based on the assumptions that children under eight years
 

of age are relatively inactive, that children between eight and fourteen,
 

men over sixty, and women over forty years of age are moderately active,
 

that women between fifteen and forty years of age are active, and that
 

men between fifteen and sixty years of age are active throughout most of
 

the year and very active during the peak period of crop production activ

ity from June through August. These assumptions were borne out of the
 

labor flow data collected during the survey.
 

Table 9.12 displays the results of the calculation of mean daily per
 

capita calorie requirements for an average household. The calculations
 

are based on the calorie requirements listed in Table 9.11 and the com

position of average households in each subsample contained in Table 3.1.
 

The final column of the table shows the proportion of the estimated calorie
 

requirement derived from consumption of millet and sorghum. The calorie
 

value of the estimated per capita consumption of the major grains is taken
 

from Table 9.10.
 

As indicated, almost all of the calorie requirement of the average
 

Haussa household was fulfilled by consumption of millet and sorghum alone,
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TABLE 9.10
 

.CALORIC AND PROTEIN VALUE OF MEAN DAILY CONSUMPTION OF 
MILLET AND SORGHUM
 

Item 
Haussa 

Millet Sorghum 
Village Tuareg
Millet Sorghum 

Bush Tuareg
Millet Sorghum 

Per Working Resi
dent Equivalent: 

Mean Daily Con
'umption (kg) 1.78 .46 .79 .55 .40 .69 

Caloric Value 
(cal.) 3,737 826 1,6b2 983 842 1,237 

Protein Value 
(g ) 115.66 23.73 51.33 28.37 25.99 35.60 

Estimated Per
 
Capita:
 

Mean Daily Con
sumption (kg) .99 .26 .44 .31 .28 

Caloric Value
 
(cal.) 2,083 466 926 556 589 861 

Protei.n Value
 
(g ) 64.33 13.41 28.59 15.99 18.19 24.76 

.48 
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TABLE 9.11 

DAILY CALORIE REQUIREMENTS BY AGE AND SEX CATEGORYa 

Sex
 

Age Male Female 

< 8 1,550 1,550
 

8 - 15 2,980 2,980 

15 - 40 4 ,040b 3,076 

40 - 60 3 ,81 5b 2,668 

< 60 3,202 2,484
 

Hired 4,220
 

Visitors 3,528 3,528
 

aAdapted from France [1973], Part I, Chapter I, Sec. IV, pp. 39-52;
 
based on the following FAO formula for calculating calorie needs (y) as
 
a function of weight (x):
 

YM = 815 + 36.6 xM 

YF = 580 + 31.1 xF 

wl pre subscripts M and F denote male and female, respectively. Weight
 
data ztc African towns presented in France [1973] were verified by
 
weighings of twenty adult male sample members in Kao.
 

bFor males between 15 and 60 yeais of age, a weighted supplement of
 

240 cal./day has been added for the three-month period of peak crop
 
production activity (June through August).
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TABLE 9.12
 

DAILY PER CAPITA CALORIE REQUIREMENTS PER AVERAGE HOUSEHOLD BY SUBSAMPLE
 
AND PROPORTION OF REQUIREMENT DERIVED FROM GRAIN CONSUMPTION
 

Per Capita Proportion of Require-

Subsample 
Calorie 

Requirementa 
ment Derived from Millet 
and Sorghum Consumption 

Haussa 2,573 0.99 

Village Tuareg 	 2,559 
 0.58
 

Bush Tuareg 	 2,820 
 0.51
 

aCalculated as:
 

i Pij i
 

where: y. 	 mean daily per capita calorie requirement of the average
 
household in subsample (j).
 

p.j = proportion of household members in age/sex category (i)
in the average household of subsample (j): derived from
 
Table 3.1.
 

X. = calorie requirements of age/sex category (i), as listed
1 in Table 9.11. 
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but consumption of the major grains accounted for only slightly more than
 

half of the calorie requirements of Tuareg households. This should not
 

necessarily be taken as an indication that the diets of Tuareg households
 

were inadequate in terms of energy intake, especially since there were
 

no observable differences in weight and height between Tuareg and Haussa
 

sample members of similar age. Rather, the comparison in Table 9.12
 

suggests that, at least for Tuareg sample households, the grain consump

tion data collected during the survey was not obviously exaggerated. As
 

shown in the following chapter, additional calories were derived from
 

meat and milk consumption, and, beyond that, consumption of tea and sugar
 

probably provided a major contribution to the calorie needs of Tuareg
 

households.
 

However, the high proportion of calorie requirements derived from
 

millet and sorghum consumption by Haussa households is somewhat disturb

ing. As previously suggested, there are several possible explanations
 

for the seemingly excessive per capita grain consumption observed among
 

Haussa households. First, the number of people consuming grain prepared
 

by Haussa households may have been underestimated in that the presence
 

of guests who visited the household only at mealtime was not recorded
 

during the survey. Second, Haussa households may have consciously exag

gerated grain consumption requirements in the hopes of obtaining addi

tional food aid from government programs. Although this remains a pos

sibility, to the best knowledge of the research team conscious exaggera

tions of grain consumption were infrequent. Third, it could be that meat,
 

milk, and sugar consumption were much more important sources of calories
 

and protein among Tuareg househrlds than among Haussa households and that,
 

in general, Haussa households had fewer and less important alternative
 

sources of calories and protein, other than grain, than did households in
 

the Tuareg subsamples. This issue is investigated further in the follow

-ing chapter, which covers the consumption of livestock products.
 



CHAPTER 10
 

LIVESTOCK OUTPUT AND CONSUMPTION OF LIVESTOCK PRODUCTS
 

This chapter looks at the benefits derived from livestock enterprises
 
and their contribution towards the fulfil:ment of subsistence needs. 
The
 
main benefit from cattle and goat enterprises as they are managed in the
 
southern pastoral zone is milk production. Other benefits account for
 
a relatively small share of the total value of output from the herds.
 

The following discussion concentrates on goats and cattle, since
 
these animals figured most prominently in area herds. 
These two animal
 
types were especially important among the herds of Bush Tuareg mixed
 
farmers, the target group of the linear programming analysis in Chapter
 
11. 
 In addition to their importance in numbers,cattle and goats provided
 
most of the milk consumed by sample households. Although camels were an
 
alternative source of milk, only five sample households were engaged in
 
camel production during the survey year. 
 Sheep were an alternative source
 
of meat, but their ownership was restricted to Haussa households, which
 
had small herds held mainly for slaughter at festivals.
 

The first section of the chapter discusses the nature of the bene
fits which may be derived from livestock management. The second section
 
concentrates on 
the timing and flow of these outputs,especially flows of
 
milk and cash income. The pattern of entries and of goats and cattle in
 
all herds managed by sample households is also examined in this section.
 

In the third section, models are derived to evaluate the expected
 
value of output per U.B.T. from different combinations of milk-producing
 
animals. Models are developed for an average goat herd and a combined
 
goat and cattle herd with equal U.B.T. equivalents of each animal type. 1
 

The results are expressed in terms of value (f CFA) 
er Unitg Bovine
 
Tropicale (U.B.T.)2
 , since the U.B.T. has been used throughout this report
 

1ih

The equivalent of 0.6 head or 1/2 U.B.T. of cattle and 2.5 head or
1/2 U.B.T. .of goats in each U.B.T. in the herd.
 
21 U.B.T. = 5 goats 
= 1.2 head of cattle.
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as a standard unit for comparing and combining the labor requirements,
 

as well as the feed and forage requirements of goats and cattle.
 

The livestock enterprises whose output the models are intended to
 

estimate consist either of goats alone or goats combined with tattle.
 

Cattle production is not considered an independent enterprise for the
 

same reasons as those indicated in the analysis of livestock labor require

ments in Chapter 4. Since all sample households which produced cattle
 

also produced goats, and the labor inputs to the production of one animal
 

type were inseparable from inputs to the production of the other, 
com

bined goat and cattle production was considered to be one enterprise for
 

the purposes of the labor analysis. The combined herd will continue to
 

be treated as one enterprise here for the purposes of calculating the
 

expected value of output and in Chapter 11 for the purposes of the linear
 

programming analysis.
 

The primary purpose of the model of expected output formulated in
 

this chapter is to evaluate the return to one year's labor input which
 

can be expected from goat or combined goat and cattle production. The
 

results will be used as the value coefficients for the livestock activi

ties in the linear programming model of Chapter 11. Given thIs purpose,
 

it would not be sufficient to look merely at income derived from sales
 

of animals and animal products. This would ignore the appreciation in
 

value of the capital stock which consists of the animals held in the
 

herd and the animals born into it. Also, it is not sufficient to include
 

the full amount of the appreciation in value, since animals can be ex

pected to die during the year and it would thus be irrational for the
 

herder to expect to realize the full amount of the appreciation in value
 

for all animals in the herd at the beginning of the year. Therefore,
 

in calculating the expected output, the appreciation in value of each
 

animal is discounted by the risk of its loss during the year. The model
 

*of expected output for Pich type of herd thus includes the appreciation
 

in value of animals held in the herd discounted by the risk of their loss,
 

the value of animals born alive into the herd, and the value of milk
 

production. Cash costs, mostly for salt purchases, are then deducted to
 

arrive at the net expected value of output. This gives the expected
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profit per U.B.T. of each herd type, which is then used as the value
 

coefficient for the livestock activities in the linear programming model.
 
The final two sections examine the consumption of meat and milk and
 

alternative sources of such products. Livestock products -- milk in
 
particular -- played a greater role in the diets of Bush Tuareg house

holds than in the diets of village residents. This contrasts with the
 
results obtained for grain !!onsumption in the previous chapter: Haussa
 

households appeared to consume nearly twice the quantity of grain per
 
person in comparison to that consumed by households. Very little meat
 
(an average of less than forty grams per person per day) 
was consumed
 
by any sample group. Furthermore, although milk made an important con
tribution to protein requirements, the consumption of all livestock pro
ducts combined contributed at most 10percent of the average household's esti

mated calorie requirements.
 

Benefits Derived from Livestock Production
 

Milk and Meat.-- Of the thirty-seven households which owned or managed
 

animals in 1976, thirty-two obtained milk from their herds. 
This included
 
all ele-.n Bush Tuareg livestock-producing househulds, whose avowed major
 
objective in owning livestock was milk production, as was true of the
 

three Fulani households. The herds of 
two Haussa and three Village Tuareg
 
livestock-producing households consisted only of a few small ruminants
 

(mainly sheep) which were raised for meat.
 

As will be seen in later sections of this chapter, milk played an
 
important role as a protein supplement in the diets of livestock produc

ing households. Milk products also figured prominently in local diets.
 
These consisted primarily of cheese, butter, and curds. 
Meat, however,
 
accounted for only a small portion of the food requirements of survey
 
area residents, either in terms of value or protein and calories derived
 

from meat.
 

Cash Income.-- The second most important t derived from survey
 
area herds was the income generated by animal sales. All animals sold
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were placed on the market at Kao. Barter was rarely used as a means of
 

disposing of animals. Although all animals coming from herds managed by
 

sample households were sold at Kao during the survey year, some elder
 

Tuareg sample members informed the investigator that up to thirty years
 

ago they used to take their animals to markets as far away as Kano. With
 
the northern progression of markets into the pastoral zone, livestock
 

producers no longer are required to travel great distances in order to
 

market their animals.
 

As mentioned previously, income derived from livestock sales allows
 

producers engaging in both crop and livestock enterprises to hire labor
 
for grain production. This is one reason why combining crop and livestock
 

enterprises is desirable for producers in the southern pastoral zone.
 

Livestock By-Products.-- Among the most important of the by-products
 

derived from slaughters of animals are the skins. Goatskins are used by
 

Tuareg households to make tents, scabbards for swords and daggers, wallets,
 
and saddles. The tougher, more brittle cowhide is used mainly for sandals.
 

Sheepskins often are used by both Haussa and Tuareg households as prayer
 

rugs.
 

None of the households in the survey sample applied manure to their
 

fields other than what was left by the animals as they grazed on the
 

stubble of the grain plants after harvest. Sample members claimed that
 

manure applications would burn the seeds at planting. 
This was probably
 

because there was not enough water in such an arid 
area to cure the manure
 

properly prior to application. Furthermore, sample members may not have
 

applied the manure evenly enough to prevent burning.
 

Social Obligations.-- Livestock also were used to fulfill social
 
obligations, including transfers of wealth and means of production to
 

impoverished households. The most 
common form of such transfers was the
 

entrusting or loan of animals owned by wealthier households to less wealthy
 
acquaintances or relatives. ',he original owner usually still reLained
 

title to the animals, and most of the income derived from animal sales
 
was kept by him. The guardian of the animals was compensated for his
 

labor by having access to all of the milk produced by the animals and to
 



-262

some of the young born into the herd. In addition, the guardian received
 

cash payments and gifts of grain, clothing, and tea.
 

The'use of animals to fulfill social obligations also applied to
 

religious festivals. Cattle were slaughtered for feasts to celebrate
 

marriages and baptisms, particularly among the Fulani households. Also,
 

animals were slaughtered for religious festivals. The most obvious ex

ample is Aid el-Kibr (Tabaski), a festival during which household heads
 

are obligated by tradition to slaughter and distribute the meat of a ram.
 

Transport.-- Although they are not major contributors to subsistence
 

needs or cash income, donkeys, horses, and camels are important in that
 

they provide means of transport for people and goods. Donkeys in parti

cular cut down the time required for domestic tasks since they are fre
quently used to haul firewood and water from the wells. Both the'fetching
 

of firewood and water accounted for large portions of the total amount of
 

time alloated to domestic tasks.
 

Since horses are only used for personal transport, they are mainly
 
a prestige item owned by wealthier households. On the other hand, camels
 

also provide milk and a means of transporting trade goods. The high price
 

of camels on the local market also meant that camels could provide an
 

important source of cash income for the larger, wealthier households which
 

could afford to own them.
 

Timing and Amount of Livestock Output
 

This section examines the pattern of milk production by goat and com
bined cattle and goat herds, the movement of animals into and out of those
 

herds, and the average cash flows associated with livestock and livestock
 

products of all types.
 

Milk Production.-- The timing and amount of milk output from the two
 

different types of milk-producing herds is indicated in the graphs in
 

Figures 10.1 and 10.2. The amounts indicated are liters of milk produced
 



15 

14 

13 

12 

FIGURE 10.1 : 
MILK PRODUCTION PER ANIMAL UNIT 

FROM AN AVERAGE GOAT HERD 

11
-

LL 

cai 

Lii 

8

6

1-

J01 FE3 MFORTNIGHT1-JANMAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 



FIGURE 10.2: 
15 MILK PRODUCTION PER 

FROM A MIXED HERD 
ANIMAL UNIT 
OF CATTLE 

14 AID GOATS 

13

12 

11 
i

a: 10 
U:: 

C)--.8 

CL 

l~J5- - - "-" 

2

1 
FORT NI L A 

A N FIEO AR A-PR! HtY JUN JU L AllII G SPT . o Cr NOV E L 



-265

per fortnight (two-week period) per animal unit (U.B.T.). Once again,
 

the U.B.T. has been used as the standard unit of comparison for the rea

sons indicated in the introduction of this (.hapter. Milk production
 

refers here to the quantity of milk available for human consumption,- i.e.,
 

it does not include milk consumed by suckling progny. Thus, the figures
 

cited are not analogous to total phy=a.Ll output of milk from the herd.
 

Milk production from the average goat herd (Figure 10.1) is lowest
 

during the rainy season (June through September). Females come into heat
 

at the beginning of the rainy season, kid at the end of the rainy season,
 

and produce milk until the onset of the hot, dry season (late February).
 

Although this reproductive cycle is convenient for the survival of the
 

young, the timing of milk output provides a complementary food source when
 

it is least needed. Most females reach the peak of their lactation cycle
 

just at the end of the grain harvests, when grain is most plentiful. How

ever, while the crops are growing when grain stocks are at their annual
 

low, grain prices are high, and consumption requirements are high as more
 

arduous tasks are undertaken in the grain fields, milk production from
 

the goat herd drops to its annual low. Throughout most of the growing
 

season less than two liters per animal unit are produced in each fortnight.
 

In contrast to this pattern, the mixed herd of cattle and goats,
 

consisting of four goats for each head of cattle (equal U.B.T. equivalents),
 

produces more milk per animal unit throughout the year (see Figure 10.2).
 

Milk production per animal unit never drops below three liters in a fort

night, whereas milk production per animal unit from goat herds alone drops
 

below three liters per fortnight during the most critical three months of
 

the year, the time when weeding is being done in the grain fields. More
 

importantly, the mixed herd reaches peak production during the time when
 

milk is most needed as a complementary food source. Milk production rises
 

rapidly throughout July as the new cows come into milk. Thus, during
 

-August, when grain stocks are lowest and the amount of human energy required
 

for crop production is highest, cows are reaching the peak of their lacta

tion cycle. During this time, a mixed herd consisting of seven animal
 

units (eighteen goats and four head of cattle) would provide at least three
 

liters of milk per day to the household. As milk production from the cattle
 

http:phy=a.Ll
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component of the herd begins to drop off in late September, reproductive
 
females in the goat herd come into milk, providing a consistent milk
 
supply tirough the cold dry season. 
Thus, a mixed herd of seven animal
 
units provides more than three liters per day to the household for at
 
least half of the year (mid-July to mid-January).
 

In contrast, a herd of 
seven animal units of goats alone (thirty
five goats) would provide a comparable quantity of milk for human consump
tion during only three months out of the year (November through January)
 
and that during a period when milk is not so desperately needed as an
 
alternative food source. Furthermore, as is suggested by the graphs, the
 
total amount of milk output from the mixed herd is approximately 50 per
cent greater per animal unit than that from the average goat herd. 
Average
 
annual milk production from a mixed herd of cattle and goats amounted to
 
189 liters, whereas the similar figure for milk-producing herds containing
 
only goats was 124 liters per animal unit.
 

Timing of Movements Into and Out of Goat and Cattle Herds.-- Data on
 
movements into and out of herds managed by sample households were collected
 
on questionnaires which were administered separately from the baseline
 
questionnaires on which milk production data were collected. 
The timing
 
of births substantiated the data on milk output. 
As indicated in Table
 
10.1, 79 percent of all births into cattle herds managed by sample house
holds (34 out of a total of 43) occurred during the months of May, June,
 
and July. In contrast, as indicated in Table 10.2, 71 percent of all
 
births into goat herds managed by sample households (114 out of 161)
 
occurred during the four months from October through January. 
Thus, most
 
lactating cows were coming into milk at 
thebeginning of the rainy season,
 
whereas most lactating she-goats were coming into milk during the onset
 
of the cold dry season. 
The timing of births and milk output protected
 
most lactating females from the excess strain of milk production during
 
the hot dry season when water and pasture were most scarce. It also pro
vided sufficient milk so that newborn animals did not have to adjust to
 
weaning during the cold dry season, the time of year when they are subject
 
to the most severe climatic stress due to severe 
fluctuations in tempera

ture.
 



TABLE 10.1 

TIMING OF MOVEMENTS INTO AND OUT OF CATTLE HERDS MANAGED BY SAMPLE HOUSEHOLDS 
(No. of Head) 

Exits Entries 
Month Sale Siaughter Lost Death Total Birth Buy Borrow Exchange Total 

June 1976 9 9 

July 13 13 

Aug. 1 1 

Sept. 1 1 

Oct. 2 2 

Nov. 9 9 

Dec. 1 1 3 3 
Jan. 1977 1 1 3 4 7 

Feb. 1 1 

Mar. 

Apr. 

May 2 1 3 12 12 

June 2 1 3 1 1 

Othera 2 1 3 1 1 2 

TOTAL 18 2 2 22 43 2 4 1 50 

aSee note to Table 10.2.
 



TABLE 10.2 

TIMING OF MOVEMENTS INTO AND OUT OF GOAT HERDS MANAGED BY SAMPLE HOUSEHOLDS 

(No. of Head) 

Month Sale 

Exits 

Slaughter Lost Death Total Birth Buy 

Entries 

Borrow Exchange Total 

June 1976 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 1977 

Feb. 

Mar. 

Apr. 

May 

June 

3 

9 

1 

2 

5 

4 

4 

3 

3 

11 

3 

1 

6 

2 

1 

3 

3 

3 

1 

3 

2 

3 

6 

11 

7 

9 

3 

2 

8 

3 

9 

5 

5 

17 

17 

12 

9 

3 

10 

16 

16 

2 

7 

9 

42 

28 

13 

26 

3 

13 

2 

11 

10 

2 

2 

4 

4 

6 

8 

10 

11 

6 

8 

2 

4 

4 

3 

1 

2 

7 

9 

52 

41 

21 

38 

9 

24 

14 

24 

0' 
1 

Othera 3 1 4 5 10 1 2 18 

TOTAL 51 16 9 50 126 161 56 39 3 259 

aTransaction or event 
took place between June and March and was declared on herd eqtry and exit
 
questionnaires.
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However convenient the timing of births may be, it is not clear to
 

this author that such timing is the result of successful herd management
 

techniques. Rather, it seems more likely that the timing of births and
 

of milk flows is the result of increased fertility during the rainy -sea

son. For instancecalving from May through July implies that cows become
 

pregnant from August through October. Since the latter period is at the
 

height of the rains and the time when forage is most plentiful, it is
 

reasonable to assume that fertility would be higher at this time. In the
 

case of goats, since most kids are born between October and January, most
 

females are becoming pregnant between June and September. This precisely
 

coincides with the rains. Again, it is reasonable to assume that there
 

is a rise in fertility during this time.
 

The timing of sales of goats as indicated in Table 10.2 appears to
 

be keyed to cash needs as related to the hiring of labor, purchases of
 

seed for crop production and purchases of grain to feed the household
 

until the harvest. The greatest number of goats were sold in May, as the
 

households prepared for planting, and in August, the time when the great

est amount of labor was hired to assist with weeding activities in the
 

grain fields. Also in August, household grain stocks were dwindling and
 

had to be supplemented with purchp-ee grain.
 

The next three columns of Table 10.2 represent other movements out of
 

the goat herd. Most goat slaughters occur after the grain harvest in
 

November. Many visitors are present at this time, and there are frequent
 

festivals to celebrate the harvest season. Goats are often slaughtered
 

on such occasions.
 

Losses are scattered throughout the year. Most of the goats lost
 

were young females, which were probably stolen. Deaths are concentrated
 

in the cold season, the time when animals are subject to the most severe
 

fluctuations in temperature (see Table 1.1).
 

Other than through births into the herd, animals are obtained through the
 

market or on loan. However, most new animals come from births into the
 

same herd. The timing of purchases of goats is probably a function of
 

the timing of milk output, especially since forty-eight of the fifty-six
 

goats purchased were young females, Efforts are made to build up the
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herd with goat purchases during the rainy season and goat loans at the
 

end of the rainy season in order to maximize milk output from October
 

through January, the time of peak milk production from the goat herd.
 

Data on cattle were more sparse, since the number and size of herds
 

held as immediate manager-nt units by sample households were quite small.
 

Other than the information on calvings discussed above, the only salient
 

features of changes in the cattle herd are that half of the cattle sold
 

by sample members during the survey year were sold in November. Although
 

the number of observations is limited, one might infer that the animals
 
1
 

were sold to obtain cash for paying taxes, which are collected at that
 

time, or to fulfill social obligations. Also, several cattle were sold
 

at the beginning of the growing season. Like the goat sales occurring
 

at that time, these sales may have been motivated by the desire to obtain
 

cash for hiring field labor or for purchasing seed. Several sample mem

bers informed the research team that they had sold cattle for these pur

poses.
 

Tables 10.1 and 10.2 also indicate that there was a net accumulation
 

of cattle and goats in sample members' herds during the survey year. The
 

number of entries into both cattle and goat herds was more than twice the
 

number of exits. This suggests that sample members are in the process
 

of expanding their herds. It also confirms that income from sales alone
 

would not be an appropriate measure of the value of output, or returns
 

to labor, from livestock enterprises. Since sample members are in the
 

process of accumulating animals, the appreciation in value of the herd
 

must enter into the calculations. This issue will be explored further
 

in the section on output models which follows.
 

Purchases and Sales of Livestock and Livestock Products.-- This dis

cussion is concerned with average cashflows related to sales and purchases
 

of livestock and livestock products by each subsample. This includes
 

1A head tax is collected for each registered family member over 
twelve
 
years of age. The amount of the tax is set each year and may vary by
 
region. During the survey year, the tax on survey area residents was 625 f
 
CFA per capita.
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animal sales, purchases of meat and milk, and all other cash transactions
 

by sample households involving livestock products. In other words, the
 

calculations are not restricted to income and expenditures on livestock
 

production (i.e., on household herds), but include all sales and purchases
 

of livestock and livestock production.
 

Table 10.3 is a form of balance sheet indicating the difference
 

between mean cash income, averaged over households, and mean cash expen

ditures for various livestock and livestock product categories. A nega

tive quantity indicates that mean expenditures exceeded mean income by
 

the amount cited. The table shows that on the average, only Bush Tuareg
 

households received income in excess of expenditures on livestock and
 

livestock products. The table also shows that most of the net income from
 

livestock was received from negotiating animal sales.
 

In addition to their unique net gain from animal sales, only Bush
 

Tuareg households were largely self-sufficient in animal products. Haussa
 

households spent considerable amounts in excess of income on purchases of
 

sheep (mainly for slaughter at the Tabaski festival), poultry (as a com

plementary source of meat), red meat, and milk. Village Tuareg households
 

also relied on The market for sheep for slaughter, meat, and milk, but
 

the mean expenditure per household was considerably less than comparable
 

expenditures by Haussa households. Households in both Tuareg subsamples
 

engaged in leather crafts and derived income from the sale of leather
 

productE!.
 

Models of the Expected Value of Output Per Animal Unit
 

The models developed within this section are designed to evaluate
 

the expected output from goat and cattle herds. Two types of herds are
 

considered: goats alone and cattle combined with goats, since cattle
 

were never managed apart from goats, their labor requirements and milk
 

flows could not be evaluated separately from those for goats. Thus, the
 

production of cattle alone cannot be evaluated as a separate option here.
 

The purpose of these models is to estimate the producer's expected
 

return to his annual labor input to livestock production. The figures
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TABLE 10.3
 

MEAN CASH INCOME, NET OF EXPENDITURES
 
FROM LIVESTOCK AND LIVESTOCK PRODUCTS
 

Product 


Animals
 

Cattle 


Goats 


Sheep 


Poultry 


Donkeys 


Camels 


Horses 


Mixeda 


SUB-TOTAL 


Meat 


Milk + Milk Products 


Skins + Leather Goods 


TOTAL 


(f CFA) 

Haussa Village Tuareg Bush Tuareg 

-250 0 0 

275 3,784 1,880 

-4,737 -2,182 908 

-1,331 21 17 

0 833 708 

250 176 -2,500 

-12 -24 0 

2,648 2,896 0 

-3,158 5,506 1,014 

-16,238 -4,973 -42 

-7,148 -2,454 405 

6 1,269 1,308 

-26%537 -652 2,685 

aFor village residents (Haussa and Village Tuareg), income in
 
this category consisted of commissions received for negotiating sales of
 
livestock.
 



-273

derived from the models will then be used as the value coefficients for
 

the livestock activities in the linear programming analysis. Since the
 

intention is to evaluate all of what the producer expects to gain from
 

his animals in a given year, cash income from animal sales alone will
 

not convey sufficient information. This is particularly true in light of
 

the overall expansion of sample members' herds indicated in Tables 10.1
 

and 10.2. It is apparent that the mixed farmers covered by the survey
 

are not attempting to maximize income by cropping animals from their
 

herds. Rather, it appears that sample members are interested in expanding
 

their herds and possibly in maximizing milk flows. It can therefore be
 

assumed that the producer evaluates the return to his livestock activities
 

more in terms of the appreciation in value of the herd and in terms of
 

the value of milk flows rather than in terms of income from sales.
 

Based on this assumptlon, three components of the value of output
 

can be defined. The first is the appreciation in value of animals which
 

are already in the herd at the beginning of the year. In the model, this
 

is measured by the change in the market price between age categories. In
 

other words, the appreciation in value of an animal is measured by the
 

change in the market price of the animal as a result of its growing one
 

year older. This is assumed to represent the maximium return which a
 

producer can expect from holding the animal in his herd for one year.
 

This measure of appreciation however, does not account for an over

all rise in the level of animal prices. It simply represents the change
 

in price as a result of the animal growing one year older during a period
 

of stable prices. The failure to account for gains through inflation
 

should not significantly affect the production analysis of Chapter 11 as
 

long as it can be assumed that the relative prices of grain and livestock
 

remain constant. Unfortunately, due to the lack of time-series data on
 

prices for the survey area, it was not possible to test the reliability
 

of this assumption.
 

The change in price represents the maximum gain,but this gain must
 

be discounted by the risk that the animal will die or in other ways be
 

lost from the herd during the year in question. Therefore, in measuring
 

the expected appreciation in value, the price differentials have been
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weighted by the probabilities of survival of an animal in the appropriate
 
age and sex category. The overall appreciation is then measured as the
 
sum of the price differentials, weighted by the herd composition and the
 
probabilities of survival of the different categories of animals within
 
the herd. This is the first component of the equation.
 

The second component is the value of young born alive into the herd
 
during the year and surviving at the end of the year. 
This number of
 
young born alive is calculated by multiplying the total number of repro
ductive females in the herd by the fertility rate. Again, this figure
 
is discounted to account for the risk that the young may die during the
 
year. The result is multiplied by the average price of young at the end
 
of the year to obtain the value of young which can be expected to survive.
 

The third component of the equation is the value of milk production.
 
Since data are available on 
the output of milk from sample members' herds,
 
this component is calculated simply by evaluating that output at the
 
average market price. 
Finally, the cost of salt purchased during the year
 
is deducted, salt being the only purchased input to livestock enterprises
 

of significant magnitude.
 

The result is a measure of the expected return to labor for each of
 
the two types of livestcck activities. To enable comparison between the
 
two, all calculations are made in terms of animal units (U.B.T.). 
 To
 
obtain the composition of the average animal unit, the overall composi
tion of a representative herd is compiled, and this is then divided by
 
the total number of U.B.T. equivalents in the herd.
 

For the purposes of this analysis, these models are not employed as
 
models of herd managemnet to determine optimal herd composition, although
 
they might be used as such. 
 Instead, in this context, herd composition
 
and marketing strategies taken as given, and the model is used to deter
mine the output that 
can be expected from that herd composition and the
 
stated technical and price parameters. Although the question of optimal
 
herd composition will not be given explicit consideration here, the ques
tion of optimal herd size will enter into the analysis of optimal activity
 

choice in the next chapter.
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Since the investigator lacked complete information on the structure
 

of all herds maintained by sample households, the survey data have been
 

supplemented with data from other studies conducted in similar areas and
 

under similar conditions. Among these studies are models of the growth
 

of cattle and goat herds constructed by Edgar Ariza-Nifio and Jeremy Swift.
 

Parameters had been obtained from a survey conducted by Swift among Tuareg
 

nomads in the Adrar region of Mali. These parameters were modified where
 

necessary to conform with data gathered by the present survey and by
 

Coulomb in Niger's pastoral zone in the early 1970s (Coulomb, 1972).
 

Additional cross-checks were provided by literature surveys and alterna

tive models of herd growth (Dahl & Hjort, 1976) and by the recent FAO
 

study of Sahelian pastoral production systems (FAO, 1977b).
 

The Goat Herd.-- The model gives the expected value of output per
 

year, net of cash costs, derived from one U.B.T. of a goat herd under
 

a management system which would be typical of that utilized by residents
 

of the survey area. The model can be expressed algebraically as follows:
 

6 2 6 
E(Y) = E s.v .X. + s v r X + p M - k
 

i=l j=l ij lo i 2 i2 PmM
 

The equation consists of four components, as indicated in the introduction:
 
6 2 

the expected appreciation in value of animals held in the herd (E siv X..);

i=j j=l ij ii 

the expected value of animals born in the herd and surviving at the end of6 

the year (siv r i 2Xi2); the value of milk production (pmM); and the cost
 

of purchased salt (-ks), where:
 

E(Y) = the expected value of output per year and per U.B.T.
 

of goats, expressed i.: CFA francs;
 

i,j = subscripts denoting age and sex, respectively (age and
 

sex categories are defined below);
 

s.ij= the probability of survival from age (i) to age (i + 1),
 

or for one additional year, for an animal of sex (j)
 

(survival probabilities are assumed to be identical
 

across sexes for goats);
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vij = the appreciation in value of an animal of age (i) 

and sex (j) held in the herd for one year, as mea

sured by the change in mean market price between 

age categories; 

Xij = the average number of animals of age (i) and sex (j) 

held in one U.B.T. at the beginning of the year; 

v = the meat market price of a kid born during the year; 

r = fertility rate, indicating the number of young born 

live into the herd as a proportion of the number of 

potentially reproductive females (females over one 

year of age); 

p M = the mean price of full milk per liter (average of 

observations over the survey year); 

M = the annual output per U.B.T. of liters of milk avail

able for human consumption or sale; 

k s = the cost of salt purchased per U.B.T. 

6 2 
The first component of the equation (E Z s.v X .) expresses the
 

i=lj=l 1 ij ij
expected appreciation in value per U.B.T. derived from holding a herd of 

a given composition. The assumption underlying this formulation is that
 

the change in mean market price between age categories accurately reflects
 

the maximum return the producer can expect from holding the animal in his
 

herd for one year. Table 10.4 describes the calculation of the coefficients
 

used to express the appreciation in value (vi) of each age and 
sex cate

gory. Under each sex category, the first column gives the number of obser

vations of animals in each age category collected during the market survey.
 

The expression for the annual appreciation in value per U.B.T. excludes
 

the value of milk output and the value of young born into the herd, which
 

are contained in the next two components of the equation. The expression
 

is an expected value, since it is weighted by the prob-bilities that each
 

animal will survive until the end of the year. The survival probabilities
 

are derived from the mortality rates for each age category. The mortality
 

rates indicate the portion of animals in each category which die plus losses
 

due to theft, strays, disease, or accidents. No value is imputed for such
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TABLE 10.4 

MEAN MARKET PRICE AND CALCULATION OF COEFFICIENTS EXPRESSING VALUE
 

ADDED (v ij) BY AGE AND SEX CATEGORY FOR GOATS 

Males (=1) Females (j=2) 
n '12 = APAge(x) i n il 	 vii = AP v 1 2 

< 1 1 223 1565 123137 26
 

1 -2 2 242 283 i_1565 152 3295 . 598
 

2 -3 3 118 4403 -cz7 1565 88 3893 cr-
3 -4 4 34 5608 20z -l2O 	 45 4420 2

>4 5,6 5 65001 89 	 27 39

cases since the animal either disappears from the herd or cannot be dis

posed of in any useful way. For instance, the meat of animals which die
 

of disease or accidents cannot be consumed, since the animal has not 
been
 

slaughtered according to Muslim custom and the meat is thus considered to
 

It is therefore assumed that no value is recovered from such
be tainted. 


losses. The survival probabilities used in calculating the expected appre

ciation in value are listed 	in Table 10.5.
 

TABLE 10.5
 

PROBABILITIES OF SURVIVAL FOR ONE ADDITIONAL YEAR
 

BY AGE CATEGORY FOR GOATS
 

Probability of 

Mortality Rate Survival 

Age i (mi) si = 1-mi 

<1 	 1 .35 .65
 

.10 
 .90
1-2 2 

2-3 3 .10 .90
 

.10 
 .90.
3-4 4 

5 .28 	 .724-5 


.21
.69
>5 6 
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The final variable in the term expressing the expected appreciation in
 
value per UBT of goats is the Xij, which indicates the composition of the
 
herd. 
Subsumed within this variable are the sales patterns and previous
 
management history of the herd. The herd composition used for the value 
calculations is given in Table 10.6. 
 Percentages are derived from the goat
 
herd growth model constructed by Ariza-Ni-o and Swift. 
The percentages
 
conform well with data collected on the composition of goat herds in the
 

Kao area.
 

The sales pattern implied by the herd composition indicated in
 
Table 10.6 involves the sale of 60 percent of the male kids surviving their 
first year and 38 percent of the males remaining in the herd which survived their
 
second year. All males remaining in the herd at the end of their third
 

TABLE 10.6 

COMPOSITION OF GOAT HERD USED IN CALCULATING
 
VALUE OF OUTPUT 

Percent 
Average Composi
tion of 1 UBTa 

Age in Years i Male (i = 1) Female (0 = 2) Xil Xi2 

<1 1 16.4 21.2 .82 1.06 
1-2 2 4.4 13.2 .22 .66 
2-3 3 1.5 12.3 .08 .62 
3-4 4 11.4 .57 
4-5 5 10.2 .51 

>5 6 9.4 .47 

22.3 77.7 1.12 3.89 

aOne U.B.T. corresponds to five goats. 

year are slaughtered or sold out of the herd. 
Since the assumed objective
 
of the producer is to maximize milk production, no females of any age are
 
sold out of the herd. This description of marketing patterns also is
 
consistent with sales patterns observed among Tuareg herds in the survey
 

area.
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- 6
 
The second component of the model equation (SlVor= 2Xi2 ) expresses
 

the expected value of animals born into the herd during the year and
 

surviving at the end of the year. The summation ( X.) gives the total
 
i=2 i2
 

number of potentially reproductive females contained in one U.B.T. This
 

is defined as the number of females of reproductive age, or over one year
 

old. Although this figure may include sterile females, sterile goats
 

are normally eliminated from the herd.
 

The fertility rate (r) used in calculating the value of output
 

derived from births into the herd was 1.1. This rate signifies that on
 

the average, for each female of reproductive age, 1.1 kids are born live
 

into the herd during the course of one year. The rate is higher than 1.0
 

both because of the occurrence of twin births and the shorter reproductive
 

cycle of goats, which allows two gestations in one year. The rate does
 

not incorporate the kids' probability of survival until the end of their
 

first year, but only the probability that they will be alive at birth.
 

The probability of survival is given by S1 (see Table 10.5). The ferti

lity rate was taken from the FAO Sahelian pastoral systems study. (FAO,
 

1977b), p. 37). The figure cited was corroborated by the limited data
 

on goat fertility which the investigator was able to collect.
 

(v0 ) is a
The value of animals born into the herd during the year 


weighted average of the prices of goats in the first age category (PI:
 

the price of kids less than one year of age and of sex (j)). The weights
 

are the respective probabilities that the kids will be male or female.
 

These probabilities have been found to be equal; thus v0 is calculated as
 

follows:
 

= 0 + 

= 0.5(1565) + 0.5(2563) 

= 2064.
 

The third component of the model equation (pmM) gives the value of
 

milk produced during the year. The calculation of the value of milk out

put is based on the average actual observed milk output per U.B.T. of goats
 

(M = 124 liters) and the average actual market price for milk during the
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year (Pm = 50 f CFA/liter) as presented tn Chapter 8.
 
The final component of the model equation (ks) comprises the cash
 

costs incurred by the goat producter. 
 In the survey region, the only
 
cash cost incurred by livestock producers was related to purchases of
 
salt licks. Expenditures on salt licks amounted to an average of 250 f
 
CFA 3er U.B.T. for both goat and combined cattle and goat herds.
 

Details of the calculation of the expected value of output per UBT
 
are presented in the following table (Table 10.7):
 

TABLE 10.7
 

EXPECTED VALUE OF OUTPUT PER U.B.T. OF GOATS
 

Item 

CFA
 

Expected Appreciation in Value of Animals Held in Herd:

Males 


1,076
Females 

1,122


Total 

2,198
 

Value of Surviving Young Born into Herd 
 4,176
 

Value of Milk Production 

6,200
 

Total Value of Output 
 12,574
 

Cash costs (Salt Purchases) 
-250
 

Net Value of Output 

12,324
 

The interesting aspect of this formulation is that the expected
 
return from holding animals in the herd is much lower than either the
 
the value of surviving young or the value of milk 
production. Most of
 
the value of output is derived from milk production. The low annual
 
return to holding animals in the herd is partially due to the risk
 
parameters, as 
reflected in the survival probabilities. Since milk pro
duction accounts for half of the expected value of output net of cash
 
costs, it is likely that technological improvements which affect milk
 
production would have a greater impact on the decision-making of the
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value-maximizing producer than would other policies, just as inter

ventions in the market affect the structure of animal prices. Improve

ments aimed at decreasing risks might leave an equally important impact.
 

The Combined Herd of Cattle and Goats. -- The basic structure of
 

the model of the value of output from the combined herd is similar to
 

the model for the goat herd. The model can be expressed algebraically
 

as follows: 
7 2 7 2 

E(Y') z Z sc vc Xc + E E sc vc (0.Src)Xc + 
i=l j=l ij ij ii i=4 j=l lj Oj i i2 

' 
6 + p m M - k' 6 2 
Xg +
z Ssg vg + sg vg rg i 2
 

i=l j=l i ij ij 1 0 i 2 i2 s 

The equation been expanded to include the expected appreciation in
 
7 2 

value of cattle held in the herd (E E sc c7 X'.) and the value of 
7 2 h i=lj l iiii 

surviving calves. (i 4j ~S Vc. (0.5rc) The last four components
i=4j4l jiVj i 1 2)
 

of the equatiov are familiar from the previous discussion. They cover:
 

the expected appreciation in value of goats held in the herd
 

X. ) ; E Sg Vj Xgj); the value of surviving kids (Sg Vg rgi2 the 

value of total milk output from both cows and goats (pmM'); and the cost 

of purchased salt (-k's). The notation is the same as that of the pre

vious model, except: 

E(Y')= expected value of output per U.B.T. from the combined herd;
 

c,g = superscripts indicating cattle or goats, respectively; 

r= cattle fertility rate, which conveys the same information as
 

the goat fertility rate, but varies by age category;
 

M' = the milk output of the combined goat and cattle herd. 

The herd is assumed to be divided into equal numbers of U.B.T. equivalents 

of cattle and goats. Thus, the average composition of one animal 

unit would be 2.5 goats and 0.6 head of cattle. The assumptions under

lying the formulation of the components related to cattle output are 

identical to those cited above for goats. The survival probabilities
 

employed for the calculations are given in Table 10.8.
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TABLE 10.8 

PROBABILITIES OF SURVIVAL FOR ONE ADDITIONAL YEAR BY AGE CATEGORY
 
FOR CATTLE
 

Mortality Rates (mC) c Survival Probabilbilities (1(1b-m- mij.) 

Age i Males (j=l)
-- Females (j=2 scS i S c si2 

<1 1 .40 .35 .60 .65 
1 - 2 2 .15 .15 .85 .85 
2 - 3 3 .10 .08 .90 .92 
3 - 4 4 .10 .08 .90 .92 
4 - 5 5 .02 .02 .98 .98 
5 - 6 6 .02 .02 .98 .98 
>6 7 .02 .02 .98 .98 

SurvJival probabilities for heifers are greater than for young bulls.
 
It is assumed that since herds are managed primarily for milk, the
 
herder will pay greater attention to the health and safety of females
 
in their early years. Since six-year-old animals may remain alive in
 
the herd for an additional six years, survival probabilities do not
 
decline for the highest age category. However, it is assumed that cows
 
are culled from the herd once 
they are beyond the age at which they can
 
successfully bear young.
 

The coefficients expressing the appreciation in value over one
 
year of animals held in the cattle herd 
(vc ) are derived in the same

fashion as were similar coefficients for goats. The coefficients and
 

the prices used to derive them are listed in Table 10.9. 
As with the
 
goats, the column labelled (n) gives the number of relevant price ob
servations collected during the animal market survey in that age and sex
 
category. It is assumed that there is 
no further change in value of the
 
animals once they have reached the highest age category. Price obser
vations in higher age categories were in'jufficient to verify this
 
assumption. Furthermore, the decline in price of cows beyond the age at
 
first calving (i=4) are ignored. The sharp increase in price between
 
females in the fourth and fifth age categories is due to the fact
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TABLE 10.9
 

MEAN MARKET PRICE AND CALCULATION OF COEFFICIENTS EXPRESSING VALUE ADDED
 

(v c) BY AGE AND SEX CATEGORY FOR CATTLE 

Males (j=1) Females (j=2) 

Age = 
- N P 1 Vii N P i2 Vi2 

<1 1 20 14025 1 20000 
2072 5500 

1-2 2 136 16097 6 25500 
8208 5370 

2-3 3 125 24305 10 30870 
11092 7023 

3-4 4 90 35397 14 37893 
10803 20393 

4-5 5 40 46200 7 58286 
17175 (0) 

5-6 6 16 63375 12 48500 
4433 (0) 

>6 7 12 67808 8 53413 

that females normally become of reproductive age as they enter the fifth
 

age category.
 

The sales pattern implied by the cattle herd composition used for
 

the value calculations is that only old cows (unreproductive fenales)
 

are eliminated from the femal component of the herd. No male calves
 

are sold, but one out of every five surviving males is sold out of the
 

second and third age categories (animals under three years of age at the
 

beginning of the year). Then 35 to 40 percent of surviving bulls over
 

four years of age are marketed each year. Given the price structure, this
 

behavior would be expected, since the most rapid increases in value occur
 

in the upper age categories.
 

The second component of the above equation gives the expected value
 

of surviving cattle born into the herd during the year. The fertility
 

rates (re) employed for these calculations were 0.30 for females in the
 

fourth age category and 0.60 for all females over four years old.
 

The composition of the cattle herd was based on a cattle herd growth
 

model formulated and tested by Ariza-Nino and Swift and on data on cattle and
 

herd composition collected by Coulomb in Niger's pastoral zone in the
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early 1970 The herd composition in percentages and the age/sex
 

structure of the cattle held in an average animal unit of the com

bined herd are listed in Table 10.10.
 

TABLE 10.10
 

COMPOSITION OF CATTLE COMPONENT OF THE COMBINED HERD USED IN CALCULATING
 
THE VALUE OF OUTPUT 

Composition of '-UBT 
Percent Composition (no. of head)


Age(X) i Males (j=l) Females (j=2) Xc Xc
 
-il i 2
 

<1 1 
 10.5 11.4 .063 .068
 

1-2 2 6.0 
 8.3 .036 .050
 
2-3 3 4.2 
 7.3 .025 .044
 
3-4 4 3.1 
 6.4 .019 .038
 
4-5 5 1.8 
 5.7 .011 .034
 
5-6 6 
 1.0 5.6 .006 .034
 

>6 7 2.4 26.3 .014 .158
 
TOTAL: 2.60 T4 

It is assumed that the herd does not contain any steers, and males
 
are kept only as sires. In the following calculations, the option of
 
castration has not been considered. As indicated in Chapter 8, the
 
average price of steers was approximately 14,000 f CFA greater than the
 
price of bulls for all relevant age categories. If half of the males
 
over one year of age were castrated, the effect would be to increase
 

the expected appreciation in value of cattle held in the herd by a max
imum of 461 f CFA, or less than 3 percent of total expected value of output.
 

Thus, the effect of this assumption on the total value of output is
 
barely significant. Consistent with the observed data, it is assumed that
 
the age at first calving for the Azawak breed, the breed most commonly
 

held by survey area residents, is 3.5 years. For this reason, the fer
tility rate for animals in the fourth age category is half that of elder
 
cows. Again, it is assumed, as is consistent with observations, that
 
equal proportions of male and female calves are born into the herd. 
 Thus
 
(0.5 r ) gives, for age category (i), the expected number of live-born
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calves of a given sex as a proportion of the total number of females
 

in age category (i). The number of surviving young is then given by the
 

product of the survival rate, the fertility rate, and the number of
 

reproductive females.
 

The value coefficients for young of each sex born into the herd
 

(vsj) are equal to the mean price for each sex in the first age category.
 

Thus,
 

v l = PC1= 14,025, and
 

-C 

v2 = P = 20,000.
02 12
 

The third and fourth terms of the equation correspond to the ex

pected value of output from the goats in the combined herd, less the
 

value of milk production, which is included in the fifth term. They
 

correspond to the expected annual increase in sales value of surviving
 

goats held in the herd and the expected value of kids born into the
 

herd during the year and surviving at the end of it.
 

As before, the value of milk output, the fifth term of the equa

tion, is based on the average actual observed milk output per UBT of the
 

combined herd of cattle and goats (189 liters). The price used to
 

calculate the value is the market price of full milk (50 f CFA/liter).
 

The final component of the equation gives the per-U.B.T. cash costs
 

incurred by producers. As stated above, this amounted to 250 f CFA
 

for both goats alone and the combined herd of cattle and goats.
 

Details of the calculation of the expected value of output per U.B.T.
 

of the combined herd of cattle and goats are given in Table 10.11.
 

Similar phenomena are observed in the case of the combined herd as
 

for the herd of goats alone. In this case, the value of milk production
 

accounts for more than half of the total expected value of output. Both
 

births into the herd and the increase in value obtained by holding
 

animals in the herd each account for less than one-fourth of the net
 

value of output. Once again, one would expect that technological improve

ments which affect milk production would have a greater impact on pro

ducer decision-making than would marketing interventions, whichwould
 

affect only a small component of the expected value of output from the
 

combined herd.
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TABLE 10.11 

EXPECTED VALUE OF OUTPUT PER U.B.T. FROM THE COMBINED
 
HERD OF CATTLE AND GOATS
 

Item 
 F CFA
 

Expected Appreciation in Value of Cattle Held in the Herd
 

Males 
 975
 

Females 1,468
 

Total 
 2,443
 

Value of Surviving Calves Born into the Herd 
 1,574
 

Expected Appreciation in Value of Goats Held in the Herd
 

Males 
 538
 

Females 
 561
 

Total 
 1,099
 

Value of Surviving Kids Born into the Herd 
 2,088
 
Value of Milk Production 
 9,450
 

TOTAL VALUE OF OUTPUT 
 16,654
 
Cash Costs (Salt Purchases) 
 -250
 

NET VALUE OF OUTPUT 
 16,404
 

Milk Consumption and Alternative Sources of Milk
 

Since the above models indicate that at least half of the value
 

of output from livestock enterprises can be attributed to milk production,
 

and since milk plays a prominent role in the diets of survey area
 

residents, it is important to consider the magnitude and timing of milk
 

consumption and the means by which sample households obtain milk for
 

human consumption. These two topics are taken up in the following sub

sections.
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Milk Consumption. -- Figure 10.3 shows the variations in milk con

sumption over the survey year. By comparing Figure 10.3 with the data
 

on milk flows in Figures 10.1 and 10.2, it is obvious that aggregate
 

consumption of milk is dictated by availability. In other words, the
 

seasonal path of production determines consumption patterns.
 

As in the previous chapter on grain, consumption is measured in
 

liters per full-time resident equivalent of working age. Thus, as with
 

the grain consumption data, the milk consumption data as measured differs
 

from per capita consumption since the milk consumed by the household is
 

actually distributed to visitors and young children as well as to house

hold members of working age.
 

It is clear from the graph that residents of Bush Tuareg households
 

consume more milk on the average than do members of either of the other
 

major subsamples. Annual mean milk consumption per working age resident
 

equivalent amounted to 184 liters for Bush Tuareg households as opposed
 

to 139 liters for households in the Village Tuareg subsample and only
 

55 liters for Haussa households. This iL exactly the reverse of the
 

relative grain consumption patterns.
 

Bush Tuareg consumption patterns also indicate that milk is sub

stituted for grain in the diet towards the end of the crop cycle when
 

grain stocks are low. Consumption patterns of households in the other
 

two subsamples do not display the same flexibility at that time of
 

year, although consumption patterns of milk and grain do clearly move in
 

opposite directions at other times.
 

Sources of Milk. -- The tables in Appendix VIII show the sources of
 

milk consumed in each fortnight for each resident of working age in each
 

of the major subsamples. The three primary sources of milk were cash
 

purchases, milk produced by household herds, and exchanges of grain for
 

milk. The terms of trade of grain for milk usually consisted of an ex

change of two volumes of milk for one similar volume of grain.
 

Haussa households relied primarily on cash purchases as a means
 

of obtaining milk. Such purchases usually were made from fellow village
 

residents who kept lactating animals in or on the outskirts of the
 

village. In addition, some Haussa households kept a few lactating goats
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and one or two lactating cows in their own courtyards. However, milk
 

production from these few animals was small relative to the mean milk
 

production of other subsamples.
 

The main source of milk consumed by Village Tuareg households was
 

exchanges in kind. This consisted primarily of exchanging grain with
 

Fulani women who brought milk into the village each day from their
 

herds camped on the outskirts of the village. No such exchanges were
 

made throughout most of the rainy season,when Fulani herds evacuated the
 

southern pastoral zone to avoid crop damage suits and to take advantage
 

of uncultivated pasture lands in the north. As the harvests got under

way, large numbers of Fulani herds passed through areas such as Kao
 

on their way back to the agricultural zone. This was the time when
 

surplus Fulani milk was most readily available and the time when the
 

largest quantity of grain was exchanged for milk by households in the
 

Village Taureg subsample.
 

For Village Tuareg households, production from household herds
 

accounted for roughly the same proportion of annual milk consumption as
 

did milk received in exchange for Liain. Goats accounted for most of the
 

milk production for human consumption from Village Tuareg herds. Thus,
 

production patterns followed those indicated in Figure 10.1, with some
 

of the indicated variations in production dampened by variations in
 

household size during the dry season.
 

Bush Tuareg households relied almost exclusively on production
 

from household herds as a source of milk for human consumption. Insigni

ficant proportions of total consumption were derived from exchanges or
 

cash purchases. These alternative sources of milk were exploited either
 

during the rainy season at the height of crop production activities or
 

at the end of the year upon completion of the grain harvests. In the
 

former instance, milk was required as an alternative to grain in the
 

.household diet at a time when crop production activities were at their
 

peak. In the latter instance, fresh grain was available to exchange
 

for milk at a time when production from the household herds dipped
 

slightly (see Figures 10.1 and 10.2) and when nomadic Bororo Fulani herds
 

had returned to the survey area to establish their dry season camps.
 



-290-


Otherwise, milk consumption roughly follows the milk production
 
patterns discussed at 
the beginning of the chapter, with some adjustments
 
for variations in household size between the harvest time and the dry
 
season. For Bush Tuareg households, the actual amount of milk consumed
 
by one full-time resident of working age, including that proportion
 
of milk consumed by the children and visitors which must be supported
 
by the product of that working household member's labor, was equivalent
 
to the annual output of milk for human consumption from one animal unit (U.B.T.)
 
of the combined herd of cattle and goats 
or one and one-half animal
 
units of goats alone.
 

Estimates of per capita consumption are shown in Table 10.12. 
 These
 
estimates have been derived in the same fashion as 
the estimates of per
 
capita grain consumption (see Table 9.8). When averaged out over 
the
 
year, daily per capita consumption of milk by Tuareg households is signi
ficantly higher than milk consumption by Haussa households. In parti

cular, Bush Tuareg households consumed an average per person of more
 
than four times the daily per capita consumption of milk by Haussa
 

households.
 

Meat Consumption and Alternative Sources of Meat
 

The following section considers two alternative sources of meat:
 

slaughters of animals held in household herds and cash purchases of meat
 
sold by butchers on 
the local market. To the best knowledge of the
 
research team, these were the only sources of meat 
for household consump
tion other than that meat which was distributed among neighbors when a
 
large animal was slaughtered. 
However, since the present discussion is
 
based on mean consumption by the households in each subsample, this
 
latter source of meat can be assumed 
to be averaged out over households.
 
In other words, it can be assumed that gifts of meat are reciprocal
 
among households in a given subsample.
 

Taking 
into account the first two sources mentioned above, estimates
 

are derived for each subsample of mean daily meat consumption per full
time resident of working age. 
 The value of the meat consumption estimates
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TABLE 10.12
 

ESTIMATES OF DAILY PER CAPITA MILK CONSUMPTIONa
 

SUB-SAMPLE
 
Village Bush
 

Item Haussa Tuareg Tuareg
 

1. 	Annual Milk Consumption
 
per Working Resident
 
Equivalent (liters) 55.07 138.88 184.49
 

2. 	Mean Daily Milk Consump
tion (ml.) 151 380 505
 

3. 	Household Members per
 
Working Resident
 
Equivalent 1.08 1.78 


4. 	Estimated Per Capita
 
Daily Milk Consumption (ml.) 84 213 351
 

aCf. Table 9.8.
 

1.44 
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are then compared to similar data on milk consumption. In the ensuing
 

discussion, references to meat include meat, bone, and offals in the
 

case of market purchases and meat and offals in the case of animals
 

slaughtered by the household.
 

Consumption of Meat Derived from Slaughters of Animals Managed by
 

the Household. -- Table 10.13 gives estimates of the total amount, in
 

kilograms, of meat and offals derived from slaughters of animals managed
 

by the households in each of the three major subsamples. The three
 

animal types listed are the only ones which were slaughtered for meat by
 

households in the survey sample during the survey year. The timing of
 

goat and cattle slaughters by all sample households is indicated in
 

Tables 10.1 and 10.2.
 

As noted, households in the Haussa subsample slaughtered only sheep.
 

Most of these slaughters were connected with the Tabaski festival, men

tioned above, at which time Muslim custom obligates a household head to
 

slaughter a ram. This practice makes mean daily consumption quite
 

unrepresentative of consumption patterns. Goats may be substituted be
 

less wealthy households which cannot afford sheep for slaughter, as was
 

the case formost of the households in the Bush Tuareg subsample. Im

proverished households with no animals were relieved of the requirement
 

entirely, as Table 10.13 indicate was the case for most households in
 

the Village Tuareg subsample.
 

Total Consumption of Meat, Bone and Offals. -- Table 10.14 shows the
 

calculation of estimates for each major subsample of mean daily consumption
 

of meat, bone, and offals per full-time resident equivalent of working age.
 

The prices used to convert cash purchases to physical unit equivalents
 

are the range of prices prevailing over the survey year (see Chapter 8).
 

The mean quantity of meat purchased is combined with the mean quantity of
 

meat derived from slaughters to arrive at an annual total. The use of an
 

arithmetic mean to measure the meat consumption per household derived
 

from slaughters is probably quite accurate since, as mentioned above, the
 

meat derived from animal slaughters was often distributed to neighboring
 

households.
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TABLE 10.13
 

ESTIMATES OF MEAT AND OFFALS DERIVED FROM SLAUGHTERS OF
 
ANIMALS HELD IN HOUSEHOLD HERDS
 

(kilograms)
 

Item 


1. 	Cattle
 

Number Slaughtered (head) 


Meat Yield/Head 


Offals Yield/Head 


Total Meat & Offals 


2. 	Goats
 

Number Slaughtered (head) 


Meat Yield/Head 


Offals Yield/Head 


Total Meat & Offals 


3. 	Sheep
 

Number Slaughtered (head) 


Meat Yield/Head 


Offals Yield/Head 


Total Meat & Offals 


Total Meat & Offals
 
(all animals) 


Mean per Household of kg of
 
meat and offals derived from
 
slaughters 


Haussa 


8 


15 


5 


160 


160 


10 


Subsample 

Village Bush 
Tuareg Tuareg 

1 

100 

62 

162 

1 13 

15 15 

5 5 

20 260 

1 3 

15 15 

5 5 

20 60 

202 320 

12 27 
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TABLE 10.14 

ESTIMATES OF DAILY CONSUMPTION OF MEAT, BONE & OFFALS
 

PER WORKING RESIDENT EQUIVALENT
 

Subsample
 

Item Haussa 	 Village Bush
 
Tuareg Tuareg
 

1. Mean Annual Expenditure 
on Meata per Household 

17,244 f CFA 4,973 f CFA 42 f CFA 

2. Price per kg of Meata 193 f CFA 193 f CFA 193 f CFA 

3. Mean Quantity of Meata 

Purchased per Household 89.35 kg 25.77 kg 0.22 kg 

4. Meat & Offals Derived 
from Slaughters (cf. 
Table 10.3) 

10 kg 12 kg 27 kg 

5. Annual Total 99.35 kg 37.77 kg 27.22 kg 

6. Mean Daily Consumption 
per Household 275 gm 103 gm 75 gm 

7. Mean Daily Consumption 
per Working Resident 
Equivalent 71 gm 38 gm 18 gm 

8. Estimated per Capita 
Daily Consumption 39 gm 21 gm 13 gm 

aIncludes bone and offals.
 

bNet income figure in Table 10.3 includes an average annual income of
 

1,006 f CFA per household gained from meat sales.
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Line 7 of the table shows mean daily meat consumption per working
 

resident equivalent. This is obtained by dividing line 6 of the table
 

by the mean household size for that subsample as measured in working
 

resident equivalents (see Appendix III). Line 8 is then obtained by
 

dividing line 7 by the proportion of household members (including
 

children and guests) per working resident equivalent. The resulting
 

figure is an average of per capita daily meat consumption over the
 

survey year. This is fairly representative for those households which
 

relied more heavily on cash purchases as a source of meat. Expenditures
 

on meat did not vary greatly over the survey year, and variations
 

were in proportion to fluctuations in household size.
 

As indicated in the table, meat consumption 'was much greater, on
 

the average, among Haussa households, who also relied most heavily on
 

cash purchases as a source of meat. On the other hand, Bush Tuareg
 

households consumed relatively little meat and made almost no meat
 

purchases, with the exception of an occasional purchase during visits to
 

the weekly market.
 

The daily consumption of meat by Haussa households (line 6) was
 

equivalent to the amount of meat which normally was sold in a 50-f CFA tas
 

(see Chapter 8). This conforms well with direct observations made by
 

the research team, which were that Haussa households made one daily pur

chase of a tas of meat on the market to satisfy household consumption
 

requirements. As discussed in Chapter 8, the largest proportion of each
 

tas in terms of weight was bone. The bones were smashed by the butchers
 

prior to sale. Bones were then cooked in a sauce along with the rest
 

of the ingredients purchased in the tis, namely meat, fat, and offals.
 

Often, the smashed and stewed bones were consumed in their entirety,
 

which is why they are included in the present calculations. It is im

portant to note, however, that a larger proportion of Haussa "meat" con

sumption as indicated in the table was actually bone, as compared with
 

the consumption of meat by households inthe Taureg subsamples, which
 

relied relatively more on slaughters of animals held in their herds as
 

a source of meat. Since Haussa households relied on butchers in the market
 

rather than household slaughters as a source of meat, the consumption of
 

meat by Haussa households was not only greater in quantity than that of
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households in other subsamples, but more regular than that of households
 

which did not rely on the local market.
 

As Table 10.14 indicates, the quantity of meat consumed was quite
 
small relative to milk consumption, particularly for households in the
 
Bush Tuareg subsample. Mean daily consumption of milk per working
 

resident among Bush Tuareg households never fell below .14 liters in any
 

two-week period, and the average individual daily consumption over the
 

entire year was nearly one-half liter. On the other hand, individual con

sumption of meat by Bush Tuareg households averaged out to only thirteen
 

The Role of Livestock Products in the Household Diet. -- Table 10.15
 
contains estimdates of the protein, calorie, and monetary value of daily
 
meat and milk consumption. For purposes of comparison, the energy and
 

protein derived from the mean daily consumption of meat, bone, and offals
 

have been calculated as if the entire quantity consumed were meat. 
Since
 
a large proportion of actual consumption was bone, the figures listed
 
may overstate the true protein and calorie values of the consumption of
 

meat and slaughter by-products.
 

Even given the overstatement of the protein and calorie value of
 
meat consumption, it is apparent that milk accounts for a much larger
 

proportion of protein and calorie intake in the daily diets of sample
 

members. Households in the Haussa subsample provide one possible ex
ception since they may derive more of their daily protein intake from meat
 

and associated products than from milk. However, members of both Tuareg
 

subsamples clearly derive more protein and calories from their average
 

daily milk consumption than from meat. This further corroborates the
 

notion that animals that are held in Tuareg herds are kept primarily for
 

their milk rather than their meat.
 

The proportion of calorie requirements derived from grain and live

stock products is illustrated in Table 10.16. Haussa households appear
 

to fulfill all of their energy requirements form consumption of grain,
 

meat and milk alone, However, these results must be viewed with some
 

skepticism, since grain consumption by Haussa households may have been
 

exaggerated. On the average, Tuareg households derive from 60 to 65
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TABLE 10.15
 

ESTIMATES OF THE PROTEIN, CALORIE AND MONETARY VALUE
 
OF DAILY PER CAPITA MEAT AND MILK CONSUMPTIONa
 

Subsample
 

Village Bush
 

Item 	 Haussa Tuareg Tuareg
 

I. Meat, Bone & Offals
 

1. 	Daily per capita
 
consumption (gm.)
 
(from Table 10.14) 39 21 13
 

2. 	Estimated caloric
 
value (cal.)a 49 26 16
 

3. 	Estimated protein
 
value (g.)a 5.46 2.94 1.82
 

4. 	Monetary value
 
(f CFA) 8 4 3
 

II. Milk
 

1. 	Daily per capita
 
consumption (gm.)
 
(from Table 10.12) 84 213 351
 

2. 	Estimated caloric
 
value (cal.)a 61 155 256
 

3. 	Estimated protein
 
value (g.)a 2.32 6.39 10.53
 

4. 	Monetary value
 
(f CFA) 4 11 18
 

aprotein and calorie equivalents are derived from the Food Balance
 

Sheet for Niger listed in FAD (1977). The conversion factors employed
 
above are as follows:
 

Meat Milk
 
calories (cal./gm.) 1.25 0.73
 
protein (g./gm.) 0.14 0.03
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TABLE 10.16
 

PROPORTION OF ESTIMATED CALORIE REQUIREMENTS DERIVED FROM
 
CONSUMPTION OF GRAIN AND LIVESTOCK PRODUCTS
 

Subsample 
 Estimated Daily per Capita Consumption
 

Graina Livestock Productsb
 
Caloric Proportion of Caloric Proportion of
 
Value Requirement Value Requirement
 

Haussa 2549 0.99 
 110 0.04
 
Village Tuareg 1482 0.58 181 
 0.07
 
Bush Tuareg 1450 0.51 
 272 0.10
 

aMillet and sorghum: Table 9.10 and 9.12.
 

bMeat and milk: Table 10.15.
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percent of required caloric intake from grain and livestock products.
 

The outstanding feature of the estimates presented in Table 10.16
 

is that grain makes a much more important contribution to caloric needs
 

than do livestock products. This is one reason why the mixed farmers
 

of the pastoral zone are hesitant to decrease grain production in order
 

to produce more livestock. The implications of this preference will be
 

explored further in the following production analysis.
 



CHAPTER 11
 

PRODUCTION ANALYSIS
 

This chapter draws on the information presented in previous chapters
 
to create a model of the agricultural production system of Tuareg house
holds which rely primarily on agricultural enterprises as sources of food
 
and income. 
The model assumes that the choice of enterprise combination
 
and the size of individual enterprises can be explained by a linear model,
 
with the further behavioral assumption that producers will attempt to
 
maximize the net value of output. 
This basic behavioral assumption is
 
then modified to reflect the actual preferences of Bush Tuareg producers
 
as expressed to the research team.
 

The purpose of the model and the ensuing analysis is to identify:
 
(1) specifically, the determinants of optimal herd size and composition;
 
and 
(2) more generally, the constraints which limit the expansion of
 
grain, goat, and cattle production. The analysis suggests that given
 
current preferences, technologies, and relative prices, even the largest
 
Bush Tuareg households are limited to herds of less than seven head of
 
cattle. 
This result is consistent with the research team's observations.
 
The factors which appear to limit Bush Tuareg cattle production are:
 
(1) seasonal labor bottlenecks at the beginning and end of the growing
 
season; 
 (2) the desire on the part of Bush Tuareg mixed farmers to be
 
self-sufficient in grain; 
 and (3) the importance of the goat as a rela
tively risk-free source of milk, meat, and cash income.
 

The model is used subsequently to examine the effects which three
 
major policy instruments might have on 
increasing cattle production among
 
Bush Tuareg mixed farmers. The policy instruments in question are: (1)
 
government distribution programs which grant or loan animals to 
livestock
 
producers; (2) grain market interventions which would alter the price
 
and quantity supplie.d of grain to the local market; and (3) the intro
duction of new technologies which would increase the milk yields of 
cows
 
and goats.- The effect of the first policy option is investigated by forc
ing additional numbers of livestock (goats and cattle) into the optimal
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solution. The effects of the latter two options are simulated by con

ducting sensitivity analyses of the relevant coefficients. Additional
 

policy options, the effect of which cannot be fully evaluated by the
 

formal analysis of the present chapter, are discussed in Chapter 12.
 

Technologies in the model are represented by fixed input require

ments and fixed input (labor/land) ratios. Output is assumed to
 
1
 

be a function of homogeneous land and labor inputs. A more detailed
 

description of the model and its underlying assumptions is presented in
 

the first section, below. The rest of the chapter is organized as
 

follows:
 

Following the discussion of the model itself, the predictive
 

capabilities of the model are examined for the different sizes of house

holds in the final sample. Household size appears to be an important
 

determinant of enterprise combination. Optimal solutions are then
 

examined to determine the extent to which they fulfill food requirements
 

as estimated by observed consumption.
 

After testing the applicability of the model, a sensitivity analysis
 

of household size and labor availability is conducted. The model suggests
 

that combining grain and cattle production is likely to be profitable
 

only if households are above average in size.
 

The third section of the chapter contains the results of a parametric
 

analysis of the size and composition of livestock enterprises as undertaken
 

by Tuareg households of average and above average size. The analysis of
 

this section differs from the conventional. parametric programming analysis
 

in that activity levels are altered rather than altering the levels of
 

the constraints or the value coefficients. As will be explained further
 

below, the purpose of the analysis is to examine the reasons for the
 

current organization of production and the effect which changes in
 

herd size and composition would have on overall agricultural output.
 

As mentioned above, such an analysis is directly relevant to ongoing
 

1With the exception that land is differentiated as to upland
 

(primarily sand) and lowland (primarily clay) soils.
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livestock development programs, such as 
the Niger Government Herd
 
Reconstitution Program, by which livestock producers receive grants or
 
loans of animals. The analysis suggests that there is an optimal range
 
of goat herd sizes for households of average size and an optimal range
 
and composition of the cattle and goat herds managed by households of
 
above average size. Furthermore, households currently are producing at
 
or near optimal levels. 
The analysis also indicates several critical
 
periods in which labor constraints restrict the expansion of livestock
 

enterprises.
 

The fourth section of the chapter examines the effect which the
 
two other policy instruments might have on agricultural output. As
 
discussed above, the policy instrumentq in question are: (1)
 
marketing programs which would decrease the relative prices of the major
 
grains; and (2) the introduction of technological innovations which would
 
increase the milk yields of cattle and goats. 
 Either approach would
 
result in an increase in the profitability of livestock enterprises
 
relative to grain enterprises. The analysis of this section examines the
 
sensitivity of the model to such changes in the value coefficients.
 
Discussion of the results of the formal analysis is continued in
 
Chapter 12, which contains an overall summary of the research results
 
and policy recommendations relevant to the expansion of cattle production
 

by mixed farmers in the northern Sahel.
 

The Model
 

This section covers the structure of the model, the techniques
 
used to formulate the parameters and constraints, the assumptions under
lying these techniques, and the applicability of the model. The
 
solutions to the model, which are presented in subsequent sections, were
 
obtained by using IBM's Mathematical Programming System (MPS), a package
 
designed specifically for the solution of linear programming models.
 

Structure of the Model.-- The basic model is a fairly conventional
 
farm management model which allows for selection among millet, sorghum,
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goat,and cattle production activities subject to labor and land constraints.
 

The model is intended to describe the decision-making process of Bush
 

Tuareg producers, for reasons which will be explained below. The
 

primal problem could be described as follows: with a given unit of value
 

of each of the outputs (ci ) and a given upper limit for the availability
 

of the labor input in each fortnight (b.) and of the total land input to
 

sorghum enterprises (1s) what is the size of each activity (Xi), as
 

measured in units of land and livestock, which would maximize the net
 

value of the total output? The model can be expressed algebraically as:
 

6
 
Y=MAX Z c.X.
 

i~11
 

subject to:
 

6 
a..X. < b. (j = 1..... ,26)i=l 1J 1 =J 

4 
E X. <1
 

i=2 1 s
 

=
where: Y 	 maximum value of output, net of seed, salt, and other
 

purchased inputs
 

X = millet activity (measured in hectares)
 

X2 = low-yielding sorghum activity (in hectares)
 

X3 = mpdium-yielding sorghum activity (in hectares)
 

X4 = high-yielding sorghum activity (in hectares)
 

X5 = goat activity (in Unit6 Bovine Tropicale [U.B.T.])
 

= mixed cattle and goat activity (in U.B.T.)
X6 


i,j = subscripts indicating activity and time (fortnight),
 

respectively
 

c. = net value of output from one unit of the ith activity
1
 

a.. = hours of labor required per unit of the ith activity in
 

the jth fortnight in order to attain the yields implicit
 

in the c.

1 

b = total hours of labor available for agricultural activi
t
 
ties in the 	jth fortnight
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1 = total hectares of land suitable for sorghum production
s 

(lowlands) which the household may expect to obtain
 

This basic model was expanded to incorporate a subsistence constraint,
 

as described below.
 

The model offers as options six activities (enterprises), four
 
of which are related to grain production and two to livestock. The four
 
grain enterprises are measured in terms of the land input in hectares.
 
Three of the grain enterprises involve sorghum production with three
 
different per hectare yields. 
The fourth is a millet enterprise based
 
on the Haussa millet technology (see below). Conforming to the results
 

presented in Chapter 5, it is assumed that millet cultivation is con
fined to upland, predominantly sandy soils, and sorghu.n cultivation is
 
likewise restricted to lowland alluvial soils. 
Furthermore, it is
 
assumed that millet is an entirely rainfed crop, whereas the water
 
available to sorghum fields is supplemented by runoff from the 
sur

rounding hills.
 

The livestock enterprises consists either of goats alone or goats
 
combined with cattle. 
Each of the livestock enterprises is measured
 
in terms of the U.B.T. equivalent described in Chapter 2. For the same
 
reasons given in the relevant sections of Chapter 4, cattle production is
 
not an independent enterprise in the model. 
 Briefly, this is because
 
all sample households which produced cattle also produced goats, and
 
the labor inputs to the production of one animal type were inseparable
 
from inputs to the production of the other. Therefore, combined goat
 
and cattle production is considered to be one enterprise, and labor re
quirements and yields 
are stipulated for that enterprise, as worked out
 

in Chapters 4 and 10 and as discussed further below.
 
For the purposes of the combined livestock enterprise, it is assumed
 

that there are equal numbers of U.B.T. equivalents of each animal type in
 
the herd. Thus, each unit of the model goat/cattle enterprise contains
 

the equivalent of 2.5 head of goats and 0.6 head of cattle, and each unit
 
of the goat enterprise contains five head of goats. 
 This conforms with
 
the herd compositions assumed in the calculation of the returns to the
 

respective enterprises in Chapter 10.
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In incorporating several sorghum technologies and two livestock
 

enterprises, the model does allow for some flexibility in input (labor/land)
 

ratios and herd composition. One potential problem with this formulation,
 

however, is that it assumes that goats will always be combined with 

cattle in a proportion of at least four head of goats to one head of
 

cattle (2.5 to 0.6). It is doubtful that this poses any great difficulty,
 

since sample members actually did combine goats with cattle in at least
 

that proportion, and in the following analysis, whenever the combined live

stock enterprise entered the optimal solution, additional units of the
 

goat enterprise usually were selected along with the optimal number of
 

units of the combined goat/cattle enterprise. It should be borne in
 

mind, however, that the model does not allow for a combination of goats
 

and cattle in less than a 4-to-l ratio.
 

Labor Requirements.-- Fixed labor requirments for each enterprise
 

in each fortnight and the labor constraints for each fortnight are based
 

on the material presented in Chapters 3 and 4. Labor requirements are
 

specified for each enterprise and each fortnight in order to identify as
 

precisely as possible the seasonal labor bottlenecks which constrain
 

agricultural output. As in Chapter 4, the labor requirements are based
 

on the average observed values within each group of households for a
 

particular activity in a particular fortnight.
 

Unfortunately, it was not possible to use the techniques of regression
 

analysis to derive useful estimates of labor requirements and value
 

coefficients for the various enterprises. Attempts to estimate production
 

functions for each enterprise by regressing various combinations of labor
 

and land inputs and household characteristics on either the value of
 

output or physical yields resulted in nonsensical coefficients. The
 

reasons why such techniques were found to be inapplicable were deemed to
 

be: (1) the limited number of observations available as well as the
 

high sample variance; and (2) the importance of omitted variables, such
 

as soil quality and interplot variations in rainfall.
 

Correspondingly, the present model is limited to an approximation
 

of the "average" Bush Tuareg household. The behavior and characteristics
 

of households which deviate in various respects from this overall
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"average" are approximated by appropriate stratifications of the sample
 

data into, groups with distinctly different characteristics. Thus, for
 

instance, the labor (RHS) constraints are adjusted to reflect the
 

characteristics of the various strata, including relatively large and
 
small households and households in different production systems.
 

The formulation of labor requirements is based on the assumption
 

that labor is not substitutable between fortnights. To illustrate the
 
implications of this assumption, take the case of a producer who has
 
elected to plant one hectare of sorghum and wishes to attain the average
 

yield for that crop. 
In so doing, he cannot make up for allocating
 

forty hours less than the per hectare labor requirement in one fortnight
 
by allocating forty hours more than the requirement in another fortnight.
 

It is not difficult to justify this assumption as applied to grain
 
production within a limited area in a given year. 
 The reason is that,
 

as explained in Chapter 4, the timing of grain production activities is
 
heavily dependent on rainfall. Planting and weeding are carried out as
 

soon as possible after a substantial rain. Thus, a farmer could not
 
expect to be able to attain the same yields by postponing grain production
 

activities for a week after a major rain. This is an inherent character

istic of grain production in such an arid climate.
 

Labor requirements are fairly rigid even for those grain production
 
activities whose timing is not determined by rainfall patterns. The
 
most obvious example is that of the harvest activity, which is practi

cally the only activity not directly influenced by rainfall. Because of the
 
threat of damage by pests and the conflicting land requirements of crop
 
and livestock producers, grain must be evacuated from the fields as
 

soon as it has ripened. Thus, a grain producer cannot expect to achieve
 

the same result by postponing the harvest for two weeks after the
 

ripening of the grain.
 

A similar argument can be made for the rigidity of the labor
 
requirements of livestock enterprises, but it is not so clear that
 

these labor requirements are as absolutely rigid as those for grain
 
production. Certainly, the work of milking and watering the animals must
 

be carried out on a daily basis, but there may be more flexibility in
 
the amount of time required for pasturing and supervision of the animals.
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As indicated in Figures 11.1 and 11.2, which are identical to Figures
 

4.7 and 4.8, these latter activities account for the bulk of the labor
 

allocated to livestock enterprises.
 

However, the timing of activities which may be classified as
 

pasturing or supervision of the animals also is dependent on rainfall
 

patterns, although not as strictly as the grain production activities.
 

When rain is abundant, pasture is more readily available and of higher
 

quality. At such times, animals can graze together, can obtain water on
 

their own, and need not travel great distances to obtain adequate forage.
 

Thus, the herder is not required to spend as much time with them to
 

guide them to pasture and to prevent individual animals from straying
 

from the herd. This researcher feels that this is the primary explana

tion behind the abrupt drop in the labor requirements of the livestock
 

enterprises during the middle of the rainy season (July and August).
 

If this were not the case, the model might be imputing a rigidity to
 

livestock labor requirements which does not actually exist. For instance,
 

it may be that producers spend less time with their animals during the
 

rainy season simply because of the conflicting demands of the grain
 

enterprises. By assuming that the labor requirements of crop and livestock
 

enterprises are unrelated and inflexible, the model may be unduly pena

lizing livestock. This must be kept in mind in interpreting the results
 

of the following analysis.
 

Another assumption concerning labor requirements, whose validity
 

must be evaluated, is that the technologies for each of the enterprises
 

included in the model display constant returns to scale. Once again,
 

the validity of this assumption is more apparent with regard to grain
 

enterprises than with regards to livestock. As concerns the assumption
 

of constant returns to the scale of livestock enterprises, the only justi

fication offered by data collected during the Kao survey is illustrated
 

in Figures 11.1 and 11.2. As discussed at the end of Chapter 4, it
 

appears from the available data that the per unit labor requirements of
 

the average goat herd are roughly the same as the per unit requirements
 

for the relatively larger cattle and goat herd. However, this comparison
 

is based on observations for only eight herds, and it can hardly be
 

deemed to be conslusive. Again, this assumption may be penalizing live
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stock in that it does no recognize the economies of scale which might
 
be realized by managing herds larger than those kept by sample members
 
during the survey year. 
 It does, however, reflect the conclusion which
 
this researcher was able to draw from the Kao survey data and a limited
 
knowledge of other production systems (i.e., 
nomadic livestock producers)
 

in the survey area.
 

Thus, the assumed labor requirements per livestock unit and per
 
fortnight for the two livestock enterprises are represented by the top
 
(TOTAL) lines in Figures 11.1 and 11.2. 
 Consistent with the previous
 
analysis, livestock enterprises in the model are measured in 
terms of
 
the Unitg Bovine Tropicale (U.B.T.). As indicated in Chapter 2, this
 
provides a standard unit for comparing and combining goats and cattle in
 
terms of labor requirements, expected yields, and net value of production
 
as well as in terms of feed and forage requirements.
 

Since the implicit technologies in the above model are characterized
 
by fixed coefficients and fixed factor ratios, the model incorporates
 
three sorghum production activities, each based on different land/labor
 
ratios. 
This is intended to circumvent at least partially the rigidity
 
of the model by allowing for varying factor ratios in at least one enter
prise. The labor requirements per hectare and per fortnight for these
 
three sorghum technologies were derived by stratifying the calendars of
 
per hectare labor inputs by each of the twelve Bush Tuareg households
 
into three groups. The stratification was based on levels of labor inten
sity. Labor coefficients are based on the average actual labor input, and
 
value coefficients are based on 
the average actual yields observed within
 
each stratum. The breakdown of activities within each fortnight is shown
 
in Figures 11.3 and 11.4 for two of the three model sorghum technologies.
 
The per hectare labor requirements used in the model are the sum of the
 
hours allocated to all of the five activities in each fortnight.
 

Whereas the sorghum and livestock labor requirements are derived
 
from the observed labor inputs by Bush Tuareg households, the model
 
millet technology is based on the average labor inputs and the average
 
yields observed among households in the Haussa subsample. Therefore,
 
the labor requirements for the millet activity are the actual labor al
locations per hectare in each fortnight, averaged over the households in
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that subsample. The calendar of activities associated with these labor
 

coefficients is the same as that shown in Figure 4.5, which is duplicated
 

here for convenience. Again, the per hectare labor requirement in each
 

fortnight is the sum of the hours allocated to each of the five activities
 

listed.
 

The Haussa millet technology was selected for inclusion in the model,
 

since it was the most productive of the millet technologies observed among
 

the three major subsamples. Productivity in this instance is measured by
 

average returns to land and labor. Since only one Bush Tuareg household
 

was able to produ~e any millet at all during the survey year, the observed
 

Bush Tuareg millet technology could not provide an adequate explanation
 

of why Bush Tuareg households engaged in millet enterprises. Thus, it is
 

assumed that in making planting decisions for the coming crop cycle, Bush
 

Tuareg households strive to emulate the best locally available technology
 

for any paticular enterprise. Indeed, this is the way in which sample
 

members themselves characterized their decision-making: Tuareg house

holds engaged in millet production under the assumption that they would be
 

able to achieve the yields obtained by relatively more successful Haussa
 

millet producers. For similar reasons, the most productive sorghum
 

technologies have been selected for inclusion in the model, these being
 

the technologies successfully adopted by Bush Tuareg households during
 

the survey year.
 

Value Coefficients.-- Value coefficients for the four grain enter

prises are the actual average net returns per hectare listed in Table 11.1.
 

The physical yields listed are net of seed requirements for the following
 

year. Production statistics associated with the model grain technologies
 

also are listed in the table. These may be compared with the subsample
 

averages discussed in Chapter 9.
 

The prices at which the returns are evaluated also are listed in
 

the table. These prices are the means of the weekly price observations
 

recorded during the commodity price surveys discussed in Chapter 8.
 

The mean of the weekly observations, rather than an expected value based
 

on grain sales patterns, was selected as the most representative price
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TABLE 11.1
 

GRAIN PRODUCTION STATISTICS AND VALUE COEFFICIENTS
 
FOR MODEL GRAIN TECHNOLOGIES
 

Sorghum
 
Statistic: Millet Low-Yield Average-Yield High-Yield
 

Hours/Ha 305. 530. 1,070. 2,157.
 
Kg /Ha 46. 300. 850. 1,160.
 
Kg /Hour .15 .57 .79 .54
 

Value:
 

Price (CFA/Kg) 68. 61. 61. 61.
 
CFA/Ha 3,128. 18,300. 51,850. 70,760.
 
CFA/Hour 10.20 34.77 48.19 32.94
 

at which to evaluate grain output, since on the average, less than one

fourth of total grain production was marketed by Bush Tuareg households
 

during the survey year. Furthermore, the next best alternative to house

hold production of grain as a source! of food would have been the purchase
 

of grain in retail measures on the local market, similar to the acquisi

tions of grain by Haussa households. Thus, an average of the weekly price
 

observations was deemed to be the most appropriate price at which to
 

evaluate grain output. A sensitivity analysis of grain prices in the
 

model is included in the following discussion.
 

The value coefficients for the two livestock activities are the same
 

as those which were derived in Chapter 10. Thus, the coefficients express
 

the value of milk production, the appreciation in value of animals held
 

in the herd (discounted for risk), and the value of animals born alive
 

into the herd. For each of the two activities (goats alone and cattle com

bined with goats), the coefficient is the return to that year's labor input
 

which can be expected from one livestock unit (one U.B.T.). The calculation
 

of these coefficients is described in Tables 10.7 and 10.11. The returns
 

to labor and livestock implicit in these coefficients are summarized in
 

Table 11.2.
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TABLE 11.2 

ANNUAL RETURNS TO LABOR AND LIVESTOCK FROM
 
MODEL LIVESTOCK ACTIVITIES
 

Statistic Activity 

Goats Goats and Cattle 

Hiours/UBT 
CFA/UBT 
CFA/Hour 

734.00 
12,324.00 

16.79 

682q00 
16,405.00 

24.05 
Milk Output 

(liters/UBT) 124.00 189,00 

The analysis of the model discussed below includes a sensitivity
 

analysis of these value coefficients, based on assumed increases in milk
 

yields beyond levels observed during the survey year. As indicated in
 
Chapter 10, the value of milk output accounts for more than half of the
 
total estimated returns to livestock enterprises. Thus, the sensitivity
 

analysis concentrates on 
that portion of the value of livestock production
 

which is derived from milk output.
 

Labor Constraints. -- Labor constraints were formulated under two
 
sets of assumptions. The first was that the total amount of labor per
 

household available to agricultural enterprises in a given fortnight was
 

the observed amount of labor allocated to crop and livestock activities
 
during the survey year (see Chapter 4). Thus, it is assumed that the
 
actual amount of labor available to agricultural enterprises was fully
 

employed in those enterprises during the survgy year.
 

An alternative set of assumptions allows for more slack in the
 
observed production systems. 
 Under the alternative assumptions, it is
 
assumed that in addition to the amount of labor actually allocated to
 
agricultural enterprises during the survey year, some of the hours currently
 

allocated to rest and social activities might be diverted to agricultural
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enterprises. However, it is also assumed that households would prefer
 

not to spend less time on commerce and domestic activities than that
 

amount of time actually allocated to those activities during the survey
 

year. Furthermore, it is assumed that each household member requires
 

a minimum of three hours of rest during the twelve daylight hours of
 

each day, including the amount of time spent at meals.
 

Thus, under the latter set of assumptions, labor constraints for
 

each household in each fortnight were calculated according to the follow

ing formula: The number of resident-equivalents in the household in a
 

given fortnight was multiplied by the minimum rest requirement of three
 

hours per day, and this amount was deducted from the total number of
 

hours recorded for that household in that fortnight. The amount of time
 

actually spent on commerce and domestic activities in that fortnight was
 

also deducted. Then, the total remaining hours of labor available in
 

that fortnight was averaged over the (n) households in the sample or
 

stratum to obtain the average amount of labor available to agricultural
 

activities in a given fortnight for those (n) households. The effect of
 

interventions (or alternative assumptions) which would relax these con

straints by equal amounts in each fortnight is examined in the parametric
 

analyses discussed below. For convenience, in the following discussion,
 

constraints calculated under the former set of assumptions will be referred
 

to as "observed labor available," and those calculated under the latter
 

set will be referred to as "maximum labor available."
 

Constraints were formulated under each of the two sets of assumptions
 

for the following five sets of households: 1) the four Bush Tuareg goat

producing households discussed in Chapter 4 (see Table 4.8); 2) the four
 

Bush Tuareg cattle and goat producing households discussed in the same
 

chapter (see Table 4.9); 3) all final sample households producing both
 

small and large ruminants during the survey year.(fourteen households);
 

4) all final sample households producing only small ruminants during the
 

survey year (seventeen household6); and 5) all final sample households
 

which did not manage animals (other than donkeys) during the survey year
 

(seventeen households). The observed and estimated maximum amounts of
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labor available to the two sets of Bush Tuareg households are indicated
 
in Table 11.3. The time of year when observed allocations of labor to
 

agricultural enterprises differed least from the estimated maximum
 
levels available was during the growing season from June through October.
 

This suggests that there was a relative scarcity of labor available
 
for agricultural activities during this period. This hypothesis will be
 

examined further below.
 

The estimated maximum levels of labor available to households in the
 
different animal management categories are indicated in Table 11.4. The
 

table suggests that the choice of livestock enterprises is a function of
 
household size and that only larger households will engage in large
 
ruminant production. This hypothesis also is investigated in the following
 

interpretation of the results given by the model.
 

Land Constraints. -- A land constraint is included 
to ensure that
 
optimal solutions do not involve unrealistic land use plans. The land
 

constraint affects only sorghum enterprises, since it is assumed that
 

land suitable for millet production is not a scarce factor in the survey
 
area. Thus, the constraint applies to those lowland alluvial soils with
 
a high clay content which, as indicated in Chapter 5, were planted primarily
 

to sorghum. It is assumed that the availability of the upland sandy soils
 
suitable for millet production did niot constrain grain production during
 
the survey year. 
In fact, most of the survey area's soils could be classi
fied in the latter category (sandy soils suitable for millet production).
 

The land constraint to sorghum enterprises was set at 5.00 hectares. This
 

is assumed to be the quantity of land suitable for sorghum production which
 
Bush Tuareg households could reasonably expect to obtain. This constraint
 
was never binding in any of the situations considered. Disregarding the land
 

constraint, the optimal solutions to the linear programming problem never
 
involved land inputs to either millet or 
sorghum which substantially exceeded
 
observed land inputs. This indicates that if the model is an accurate
 

representation of Bush Tuareg agricultural production systems, labor availa

bility rather than land availability was the binding constraint to the
 



-319-


TABLE 11.3 

LABOR CONSTRAINTS UNDER ALTERNATIVE ASSUMPTIONS FOR TWO
 
SETS OF BUSH TUAREG HOUSEHOLDS
 

Hours of Labor Available per Fortnight
 

Cattle and Goat Producers Goat Producers 

Fortnight Maximum Observed Difference Maximum Observed Difference 

Jun. 2 529 417 112 325 269 56 

Jul. 1 543 515 28 361 352 9 

Jul. 2 551 532 19 346 337 9 

Aug. 1 523 507 16 439 421 18 

Aug. 2 490 482 8 396 386 10 

Sept. 1 446 301 145 362 270 92 

Sept. 2 503 376 127 356 311 45 

Oct. 1 535 378 157 308 219 89 

Oct. 2 625 613 12 315 289 26 

Oct./Nov. 594 516 78 350 291 59 

Nov. 1 508 373 135 354 189 165 

Nov. 2 505 298 207 366 179 187 

Dec. 1 535 332 203 358 278 80 

Dec. 2 486 243 243 307 160 147 

Jan. 1 513 273 240 299 160 139 

Jan. 2 526 264 262 294 162 125 

Feb. 1 488 293 195 297 169 128 

Feb. 2 534 275 259 286 163 123 

Mar. 1 524 236 288 265 157 108 

Mar. 2 587 209 278 250 135 115 

Apr. 1 507 199 308 283 147 136 

Apr. 2 544 225 319 278 151 127 

Apr./May 483 281 202 301 166 135 

May 1 476 287 195 296 150 146 

May 2 524 277 247 290 178 112 

Jun. 1 516 319 197 286 187 99 
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TABLE 11. 4 

LABOR CONSTRAINTS BY ANIMAL MANAGEMENT CATEGORY 
(MAXIMUM LABOR AVAILABLE) 

(hours per fortnight) 

Households Managing:
 
Large & Small Rumi-


Fortnight Small Ruminants 
 nants Only No Animals
 

Jun. 2 378 
 221 149
 

Jul. 1 421 
 241 163
 

Jul. 2 437 
 250 183
 

Aug. 1 506 
 301 208
 

Aug. 2 447 272 
 184
 

Sept. 1 319 222 
 152
 

Sept. 2 318 230 145
 

Oct. 1 325 
 209 148
 

Oct. 2 330 
 202 117
 

Oct./Nov. 355 
 211 117
 

Nov. 1 333 198 
 82
 

Nov. 2 325 234 
 92
 
Dec. 1 313 
 256 97
 

Dec. 2 291 
 199 87
 

Jan. 1 298 
 210 82
 
Jan. 2 309 183 
 67
 

Feb. 1 286 171 
 57
 

Feb. 2 294 
 167 58
 

Mar. 1 304 
 165 53
 

Mar. 2 294 
 166 65
 

Apr. 1 309 
 177 59
 

Apr. 2 312 
 184 71
 

Apr./May 303 191 
 94
 

May 1 304 
 178 89
 

May 2 330 
 179 95
 

Jun. 1 335 
 202 109
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expansion of agricultural enterprises. This result was confirmed by
 

qualitative interviews with sample members.
 

Subsistence Constraints. -- In qualitative interviews, Bush Tuareg 

households indicated to the principal investigator that given the choice 

between grain and livestock enterprises, they would prefer to assure 

subsistence needs in grain before engaging in livestock enterprises. To 

reflect this, a subsistence constraint is incorporated in the model, and 

solutions to the primal problem are examined with and without this sub

sistence constraint. The minimum grain requirement, measured in kilograms 

per working resident equivalent, is assumed to be the mean observed 

annual consumption of grain by households in the Bush Tuareg subsample 

(see Table 9.9). Thus, the subsistence constraint implies that the physi

cal output of grain from the four grain activities must be greater than 

or equal to the observed consumption of grain for a set of households of 

a given size. The constraint is formulated as follows: 

46X 1 + 30OX 2 + 850X 3 + 1,160X 4 > 418h 

where (h) is an index of household size, measured in working resident
 

equivalents, and the rest of the notation is that of the model described
 

at the beginning of this section. A complete version of the model in
 

matrix form, incorporating subsistence and land constraints and showing
 

the maximum amount of labor available to Bush Tuareg goat and cattle
 

producing households, is contained in Table 11.5.
 

Applicability of the Model. -- The model applies directly to a cross

section of Bush Tuareg households in a year in which, in addition to the
 

other parameters in the model, the amount and distribution of rainfall
 

was as observed during the survey year. This latter consideration is
 

particularly important, since varying amounts and spatial and temporal
 

patterns of rainfall would alter the labor requirements and possibly the
 

relative profitability of agricultural enterprises. Thus, the model is
 

useful for cross-sectional comparisons, but given the extensive variability
 



TABLE 11.5: BASIC MODEL INCLUDING SUBSISTENCE CONSTRAINT AND LABOR CONSTRAINTS APPLICABLE TO 
LARGE BUSH TUAREG HOUSEHOLDS 

MI LLET SORG. LO SOHG.1 ED SOR;. HI COATS GOATCATL BV EC 

COST 
JAN.1 
JAN.2 
FEB.1 
FEB.2 
MAR.1 
MAR.2 
APR.1 
APR.2 
APe/MAY 
MAY. 1 
MAY.2 
JON.1 
JUN.2 
JUL.1 
JUL.2 
AUG.1 
AUG.2 
SEP.1 
SEP.2 
OCT.1 
OCT.2 
OCT/NOT 
NOV.1 
NOV.2 
DEC.1 
CEC.2 
LAND 
SUBSTG 

3128.0000 
. 

* 

. 

. 

. 

. 

5.00000 
2.00000 
3.00000 

22.00000 
26.00000 
31.00000 
49.00000 
66.00000 
45.00000 

24.00000 
15.00000 
10.00000 
5.00000 
2.00000 

. 

* 

. 

. 

46.00000 

18300.000 

4.00000 
3.00000 

. 

. 

. 

2:00000 
12.00000 
6.00000 
5.00000 
20.00000 
72.00000 
52.00000 
86.00000 
36.00000 
9.00000 

12.00000 
20.00000 
l15.00000 
32.00000 
35.00000 
41.00000 
37.000010 

a 
1.00000 

300.00000 

51650.000 
3.00000 
3.00000 
5.00000 
1.00000 
5.00000 

. 

7.00000 
20.00000 
25.00000 
10.00000 
45.00000 
150.00000 
120.00000 
55.00000 
80.00000 
46.00000 
60.00000 
50.00000 
115.00000 
120.00000 
70.00000 
40.00000 
40.00000 

1:00000 
850.00000 

70760.003 

1.00000 
1.30003 
1.00003 
3.00000 
1.00003 

1.00003) 
60.00003 
37.00003 
5.30003 

83.00000 
302.30000 
250.00000 
240.30000 
250.00000 
100.00000 
82.30003 
50.00003 

300.00000 
335.00000 
45.00000 
2.00000 
8.00003 

1:00000 
1160.0000 

12324.300 
37.00000 
37.00000 
36.00300 
39.00300 
36.00300 
32.00300 
35.00000 
35.00300 
35.00000 
31.00000 
40.00300 
40.00000 
9.00300 
9.00300 
7.00000 
10.00300 
2.00000 

17.00000 
26.00300 
25.00000 
30.00300 
30.00300 
29.00000 
35.00000 
35.00000 
37.00000 

. 

-

16405.000 
34.00000 
30.00000 
37.00000 
36.00000 
31.00000 
27.00000 
26.00000 
29.00000 
36.00000 
27.00000 
28.00000 
30.00000 
11.00000 
13.00000 
12.00000 
12.00000 
11.00000 
20.00000 
36.00000 
27.00000 
30.00000 
20.00000 
27.00000 
29.00000 
31.00000 
32.00000 

-

513.00000 
526.00000 
488.00000 
534.00000 
524.00000 
487.00000 
507.00000 
5144.00000 
483.00000 
476.00000 
524.00000 
516.00000 
529.00000 
543.00000 
551.00000 
523.00000 
490.00000 
446.00000 
503.00000 
535.00000 
625.00000 
594.00000 
508.00000 
505.00000 
535.00000 
,406.00000 

5.00000 
2378.0000 

C3ST 
JlN.1 
JAl.2 
FEB.1 
FEB.2 

I&R.1 
31.2 
APR.1 
APR.2 
APR/nMT 
MAT .1 
MAY.2 
JUN.1 
JU1.2 
JUL. 1 
JDL.2 
AUG.1 
AUG.2 
SEP.1 
SEP.2 
OT.1 
OCT.2 
OCT/NO¥ 
NDV.1 
NOV.2 
DRC.1 
DEC.2 
LAND 
SUBSTG 
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of rainfall patterns in the southern pastoral zones (see Chapter 6),
 

the model could not be used reliably to predict or explain behavior
 

over time.
 

The model assumes perfect foresight on the part of producers, who
 

basL their decision-making on known prices, labor requirements, and
 

risk parameters. In actuality, producers probably select the size and
 

combination of agricultural enterprises on the basis of expectations
 

formulated from experience over a number of years, not simply one year.
 

The following interpretation of the model assumes that producer expecta

tions concerning the parameters of the model did not deviate substantially
 

from estimates of the parameters derived from data collected by the
 

research team during the survey year. Only if it can be a3sumed that
 

such expectations are constant over time, which is doubtful, could the
 

model be used successfully for intertemporal comparisons.
 

From among the populations covered by the survey (Haussa, Village
 

Tuareg, and Bush Tuareg), the model was designed to represent the pro

duction system of Bush Tuareg households, for several reasons. First, as
 

indicated previously, Bush Tuareg households relied most heavily on
 

household production as a source of food for subsistence needs. Second,
 

from among the three subsamples, they derived the largest proportion of
 

their cash income from agricultural enterprises, as opposed to commerce
 

or wage labor, during the survey year.
 

Third, as indicated in Chapter 3, Bush Tuareg households devoted
 

the largest proportion of available labor resources to agricultural
 

enterprises. Fourth, they relied least on hired labor to supplement
 

household labor resources. Finally, and most importantly, based on the
 

principal investigator's travels and life in the southern Azawak, on what
 

little population data were available, and on secondary sources, it was
 

concluded that the households in the Bush Tuareg subsample were the most
 

representative of the largest segment of the permanent population of the
 

southern Azawak. This segment could be characterized as semi-sedentary
 

Tuareg subsistEnce crop and livestock producers, most of whom are of the
 

iklan social class.
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Comparison of Optimal Solutions to 
the Primal Problem for Varying
 
Household Size
 

This section examines solutions to the linear programming problem
 
for the five sets of households described in the section on labor con
straints above. The following analysis also considers the effect of
 
variations in labor availability on the optimal solution,as labor
 
constraints are allowed to vary uniformly by fifty hours in each fort

night.
 

Optimal Solutions for the Three Animal Management Categories. --

As an initial test of the hypothesis that only larger households will
 
engage in large ruminant production, solutions for the basic model
 
(without subsistence constraints) were obtained for the three types of
 
households listed in Table 11.4. 
 The three sets of constraints by
 
themselves clearly indicate that under the assumptions listed in the
 
section on labor constraints, above, the most agricultural labor on the
 
average is available to those households actually producing both large
 
and small ruminants. Relatively less is available to households which
 
chose to maintain only small ruminants during the survey year, and the
 
least is available to those households not -maintaining animals. The
 
differences in labor availability appear to be largely a function of
 

household size.
 

The resulting optimal solutions for the three sets of constraints
 
are listed in Table 11.6. 
 The results show that, ignoring subsistence
 

requirements,the larger households 
can maximize the net value of output
 
by managing a total of seven 
U.B.T. of goats and cattle, or, given the herd
 
compositions assumed in Chapter 10, eighteen goats and between four and
 
five head of cattle. The herd equivalents of the solutions associated with
 
the two sets of smaller households involve eleven goats and three head
 
of cattle for households actually producing small ruminants and four goats
 
and one head of cattle for households not actually managing such animals.
 

This deviates somewhat from observed choices.
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TABLE 11.6 

COMPARISON OF OPTIMAL SOLUTIONS FOR DIFFERENT
 
ANIMAL MANAGEMENT CATEGORIESa
 

Category Millet (ha) 
Sor
Med. 

gum/ 
(ha) 

Goats & 
Cattle (U.B.T.) 

Lg. & Sm. 
Ruminant 
Producers 1.00 7.12 

Sm. Rumi
nants Only 2.57 .46 4.56 

No Animals 1.99 .55 1.47 

aOnly activities entering the optimal solutions are listed.
 
bMedium yield (800 kg/ha) technology.
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However, suppose that as indicated in Chapter 7 and as claimed by
 
Tuareg sample members themselves, the order of priorities of Bush Tuareg
 
producers could be characterized by the desire to assure subsistence needs
 
in grain first, then build up a subsistence herd of between twenty and
 
thirty goats to assure a regular supply of milk and cash income to 
the
 
household, and then and only then accumulate large ruminants to supple
ment the milk production and cash flows of the subsistence goat herds.
 
These preferences, combined with the effects of the different labor con
straints and the behavioral assumption that producers will attempt 
to
 
maximize the total net value of output, would assist in explaining the
 
choices observed among households of varying sizes. For example, given
 
the above preferences, those households actually producing small ruminants
 
would prefer to produce more grain and more goats r ther than the three
 
cattle which the simple value-maximizing model indicates as 
their optimal
 
choice. Similarly, the smallest households would prefer to produce more
 
grain than to maintain the small goat and raLtle herd which the model
 
indicates as optimal. 
 The increases in labor availability required to
 
allow cattle to enter the optimal solution, given the above preferences,
 

will be considered in subsequent sections.
 

Optimal Solutions for the Two Sets of Bush Tuareg Households.-- For
 
convenience, since the characteristics of the four Bush Tuareg goat-pro
ducing households described in Table 4,8 did not appear to be substan
tially different (in terms of land use, labor availability, enterprise
 
size and combination, agricultural output, and household. consumption)
 
from the observed average characteristics of all twelve Bush Tuareg final
 
sample households, this set of four goat-producing households will be
 
referred to subsequently as the average Bush Tuareg households. Similarly,
 
those Bush Tuareg households producing both cattle and goats, which were
 
observed to have more labor resources, a larger household size and com
mensurately greater consumption needs, and a larger land 
input to grain
 
production than the aver 
 q for all twelve households in the Bush Tuareg
 



-327

subsample, will be referred to henceforth as the large Bush Tuareg
 

households.
 

Using the labor constraints (maximum labor available) for these
 

two sets of households, as listed in Table 11.3, optimal solutions
 

which maximize the net value of output subject to labor and land
 

constraints were derived. These solutions are given along with the
 

observed average enterprise size and combination for the two sets of
 

households in Table 11.7.
 

For the large Bush Tuareg households, the optimal combination of
 

goats and cattle and the optimal land input to sorghum derived from the
 

model differ considerably from the observed choices. This may be a
 

response to uncertainty concerning rainfall and risk-averse behavior
 

on the part of the producer. Despite the low returns to millet over
 

the past five years (years of below average rainfall), producers appar

ently prefer to plant this grain in the hope that rainfall in the
 

next year will be such that the relatively less labor-intensive millet
 

enterprise will be profitable. Planting both millet and sorghum also
 

would ensure some grain output in years in which rainfall is abnormally
 

high and the sorghum crop is drowned out or a steady supply of grain
 

from lowland sorghum fields in years such as the survey year, when
 

rainfall is below average and the millet crop fails (see Chapter 6).
 

Although the model can account for the desire to produce enough grain
 

to assure subsistence needs, it does not presently take account of
 

uncertainty due to variations in rainfall. Data from a series of
 

years would be required before the effect of such uncertainty on producer
 

decision-making could be adequately incorporated in the model.
 

A comparison of observed and optimal (subject only to labor and
 

land constraints) enterprise size and combination for the average Bush
 

Tuareg households shows that the model would dictate a reduction in the
 

observed levels of both millet and sorghum enterprises in favor of cattle
 

production. However, the level of grain production suggested by the
 

labor-constrained model would not satisfy subsistence grain requirements.
 

Adding the subsistence constraint (Revision 1) reduces both millet and
 

livestock enterprises in favor of sorghum production. The effect is to
 

reduce the combined goat/cattle activity below 4.00 U.B.T. If, as
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TABLE 11.7
 

OPTIMAL SOLUTIONS FOR LARGE & AVERAGE BUSH TUAREG
 
HOUSEHOLDS AND OBSERVED ENTERPRISE SIZE AND COMBINATION
 

Household Millet Sorghum Goats & 
Type Source (ha) (ha) Goats (U.B.T.) Cattle (U.B.T. 

Large Bush 
Tuareg Observed 4.25 3.62 7.75 

Optimal 2.82 2.67 7.33 

Average 

Bush Tuareg Observed 2.87 2.37 4.00 

Optimal 1.92 .59 7.93 

Optimal 
(Revision 1) 1.23 1.89 3.06 

Optimal 
(Revision 2)b 2.31 1.66 

aSubsistence constraint added.
 

bCombined goat and cattle activity eliminated.
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suggested above, the risk-averse producer will not produce cattle unless
 

he has sufficient labor resources to produce grain to meet subsistence
 

requirements and to manage a sufficiently large goat herd to ensure a
 

steady supply of milk and cash inrome, chen producers might shift out
 

of cattle production when labor and subsistence requirements constrain
 

them to a total herd size of less than 4.00 U.B.T. Thus, rather than
 

producing the eight goats and two head of cattle which the Revision 1
 

model (incorporating subsistence constraints) would allow, it is likely
 

that the Bush Tuareg producer would prefer to specialize in the less
 

risky goat or grain enterprises at the expense of the cattle enterprise.
 

To reflect this choice, the combined goat/cattle acdivity was
 

eliminated from the objective function, and a third solution (indicated
 

as Revision 2 in Table 11.7) was obtained. The resulting solution gives
 

a level of the land input to sorghum which is close to that actually
 

observed. However, the Revision 2 solution does not incorporate produc

tion and introduces the goat enterprise at a much smaller scale than
 

that observed among comparable households. The reasons for undertaking
 

millet production, despite its apparently low relative profitability
 

as suggested by the Revision 2 solution, are undoubtedly the same as
 

those men:ioned above for the set of larger Bush Tuareg households:
 

the diversification of grain enterprises is a means of avoiding risk
 

due to uncertainty concerning rainfall patterns. The reasons why Bush
 

Tuareg households of average size appear to engage in goat production
 

at a level beyond that at which, according to the model, the net value
 

of output is maximized will be explored in the section on optimal herd
 

size, below. Also, the possibility that prices or yields may have been
 

misspecified will be explored in the interpretation of the sensitivity
 

analyses at the end of this chapter. First, however, the model is used
 

to examine the increases in household size (or labor availability) which
 

would be required to allow a household of relatively small or average
 

size to engage in cattle production without undue risk.
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Parametric Analysis of Labor Availability.-- To determine the
 
increases in labor availibility which would allow currently small or
 
average households to produce cattle, given that producers will not
 
produce cattle unless they can also produce enough grain for subsistence
 
needs and enough goats to ensure a steady supply of milk and cash income,
 
labor constraints were altered by fifty hours in each fortnight for two
 
sets of households. The two sets 
of households involved in the analysis 

the Bush Tuareg households of average size (as definedwere 
above) and
 

those final sample households not producing animals during the survey
 
year. 
 In both instances, the combined goat/cattle activity was
 
eliminated from the objective function for the purposes of this analysis. 

The results of the analysis for the latter set of households are
 
indicated in Figure 11.6. 
 The analysis shows that the amount of labor
 
available for agricultural enterprises would have to increase by at
 
least 250 hours in each fortnight before goats would enter the optimal 
solution at a level beyond 4.00 U.B.T. or 
twenty head. This would imply
 
that if current labor patterns and household composition are maintained
 
and if labor is not obtained from any other source, the size of these 
relatively small households currently not producing animals would almost
 
have to triple before cattle production would become feasible, given the
 
preferences and value-maximizing behavior explained above. 
 If labor
 
availability were to increase to the levels suggested by the analysis, the
 
amount of labor available would be similar to the labor constraint levels
 
of those final sample households actually producing both large and small
 
ruminants (see Table 11.4). 
 Each fifty hour increase in labor availability
 
allows the household to manage an additional four head of goats and to put
 
an additional one-fifth hectare into medium-yield sorghum production
 
and an 
additional one-third hectare into millet production. Since
 
the analysis assumes that labor patterns remain unchanged, the periods
 
in which labor availability is a binding constraint to the expansion of
 
agricultural enterprises (early July and late October) are the same
 

throughout.
 

A similar type of analysis was conducted for the other set of house
holds mentioned above, namely those Bush Tuareg goat-producing households
 
of average size (relative to other households in the Bush Tuareg sub-sample).
 
The results are illustrated in Figure 11.7. Up to 250 hours were added 
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to or subtracted from the labor constraints in each fortnight. As with
 

the previous analysis, it is assumed that labor patterns and the age/sex
 

composition of the household remain unchanged as labor constraints are
 

relaxed or tightened.
 

This analysis also indicates that an additional 250 hours of labor
 

would be required in each fortnight (or at least in the fortnights in
 

which labor constraints are binding) before the goat activity would enter
 

the optimal solution at a level beyond 4.00 U.B.T. This represents an in

crease in labor availability of between 70 and 80 percent over
 

observed levels in fortnights in which the labor constraints were binding
 

(early July and late October). The additional 250 hours in each fortnight
 

would alter the labor constraints of the average Bush Tuareg household so
 

that they would be roughly comparable to the amount of labor available to
 

those large Bush Tuareg households actually producing cattle.
 

The results presented in this section suggest that household size
 

and labor availability are important determinants of enterprise combina

tion. The results indicate that, given the preferences and value-maximizing
 

behavior outlined above, the ability to engage in catti- production while
 

ensuring subsistence food needs is restricted to households of above average
 

size. This would explain why only 30 percent of the final sampIc
 

households, all of which were of above average size, were engaged in the
 

production of large ruminants at some point during the survey year.
 

Furthermore, it appears that subsistence constraints are binding
 

only for those households of average or below average size. The minimum
 

grain production requirement imposed by the subsistence constraint, as
 

presented in the previous section, did not alter the optimal solution to
 

the value maximization problem for the relatively large households.
 

However, subsistence constraints were binding for smaller households and
 

did effectively eliminate the possibility of cattle production by such
 

households.
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Parametric Analysis of Herd Size and Composition
 

This section examines the determinants of optimal herd size and
 
composition for the two sets of Bush Tuareg households defined above.
 
The technique employed for the analysis is that of parametric program
ming, wherein the size of one of the livestock enterprises is fixed
 
and optimal solutions are obtained for the remaining enterprises given
 
different levels of the fixed enterprise over a certain range.
 
Algebraically, the problem may be stated as follows: 1
 

n 
Y = MAX E ciX
 

i=l
 

subject to:
 

n 
E aij Xij <b.
 

i=l
 

x = d (d < d < d)n 

where the notation is that of the model described at the beginning of the
 
chapter and the latter constraint is an equality constraint fixing the
 
size of one of the livestock enterprises. The equality constraint is
 
then varied in integer amounts between upper and lower limits, and solu

tions are obtained for each new level of the 
constraint.
 

As indicated in the introduction to this chapter, this is a rather
 
unusual form of parametric programming. In this case, the level of one of
 
the enterprises (X ) in the model is varied by fixed amounts.
n This is in 
contrast to the more typical sensitivity analysis, for which 
the labor (RHS)
 
constraints (b.) or value coefficients (c.) are allowed to vary. The purpose
Ji" 

IAlthough the land constraint was included when obtaining the solutions,

it has been eliminated from this statement of 
the problem since the constraint
 
was never binding except at unrealistically low levels.
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of the parametric exercise in this instance is to determine the effect
 

of forcing a change in herd size away from the optimal level. Such an
 

analysis is directly relevant to development programs whose aim is to
 

distribute additional animals to livestock producers. The underlying
 

rationale for such programs is that producers are not currently managing
 

more animals simply because they cannot afford to acquire them. The
 

logical extension of this i . that the provision of credit or outright
 

grants of animals would enable producers to expand their herds to their
 

optimal size. Since the following analysis discloses that producers are
 

currently maintaining herds which are of optimal or near-optimal size,
 

it then becomes relevant to ask: (1) what the effect of such development
 

programs would be in the absence of any other interventions and
 

(2) what complementary policy initiatives would make animal distribution
 

programs more beneficial. This section covers the former topic. The
 

remainder of the chapter deals with the latter question of complementary
 

policy initiatives. Within this section, the techniques of parametric
 

programming are used to eliminate livestock enterprises entirely from
 

the solution to the value-maximization problem and then introduce live

stock in fixed increments up to and beyond optimal levels.
 

The results of three parametric analyses are presented in this
 

section. The first applies to the set of average Bush Tuareg households
 

and the latter two to the set of large Bush Tuareg households. For the
 

reasons offered in previous sections, the combined goat and cattle enter

prise is eliminated for the average Bush Tuareg household in the first
 

analysis, and the size of the goat herd is allowed to vary in integer
 

amounts between 0 and 6 U.B.T. A similar exercise is conducted for the
 

large Bush Tuareg households, with the goat herd varying in integer amounts
 

between 0 and 12 U.B.T. But prior to that, the combined goat and cattle
 

activity is reinstated in the objective function, and solutions are
 

obtained for levels of the combined goat and cattle activity varying
 

between 0 and 13 U.B.T. subject to the labor constraints applicable to large
 

Bush Tuareg households. These ranges of levels of the livestock enterprises
 

were selected because: (1) the herd size at which output value is maximized
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falls within the specified ranges, and (2) the specified ranges embrace
 
the observed enterprise sizes for similar sample households.
 

The solutions obtained using the techniques described above are
 
subject to labor (and land) constraints alone. The solutions are
 
examined to determine the trade-offs between grain and livestock produc
tion for the two sets of households as herd size and composition are
 
changed. The extent to which the optimal solutions thus obtained satisfy
 
the average household's minimum grain requirements also is considered.
 
Finally, the fortnights in which labor constraints are binding are iden
tified, and the change in labor patterns and the relative importance of
 
labor constraints is examined as herd size varies.
 

The Optimal Goat Herd for the Average Bush Tuareg Household. -- The
 
results of the parametric analysis of goat herd size 
for the average Bush
 
Tuareg household are summarized in Figure 11.8. Given that the herd size
 
is restricted to integer amounts of U.B.T., 
maximum value of 
output is attained
 
at a goat herd size equivalent to 2 U.B.T. 
The net value of output rises
 
quite rapidly as goats are added up to this point, then declines gradually
 
up to the point where the goat herd reaches an equivalent of 4 U.B.T. As
 
additional units of goats are forced into the solution beyond the level of
 
4 UBT, the value of the objective function declines more rapidly. 
Solu
tions at 
a level of the goat activity beyond 7 U.B.T. are infeasible, given
 
the labor constraints applicable 
to this set of households during the survey
 

year.
 

As goats are forced into the solution, sorghum production is forced
 
out, and millet production is substituted for sorghum. These phenomena
 
may assist in explaining why Bush Tuareg households of average size were
 
found to engage in goat enterprises at a scale beyond that which would be
 
suggested by the value-maximizing model subject to labor constraints alone.
 
As indicated above, sample households preferred to diveriify their grain
 
enterprises in order to avoid the risk of total crop failure due to uncer
tain rainfall. Millet barely enters 
the optimal solution when the size of
 
the goat herd is constrained to 2 U.B.T., but as additional units of goats
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FIGURE 11.8: Substitution Retationship Between Grain 
and Livestock Production with Varying Goat 
Herd Size Average Bush Tuareg Household 

140000 

300 
5o0 I 

Value of 
(F CFA) 

Output 

/ / 
3.0 

/I 

j 

120000 

I 
SorgMed lHa.) 

1.0 

I 

I 
I 

.0 I 

0 I 2 3 4 5 6 

,,. Goats In U.8.T. 
C



-338

are forced in, additional units of land are put into millet production.
 
As the goat herd size varies between 2 and 4 U.B.T., 2.20 hectares of land
 
are put into millet production, and the value of the objective function
 
is reduced by only 491 f CFA 
or less than one-half of one percent.
 
A comparison of the results of the analysis with observed enterprise
 
size and combination suggest that if the model accurately reflects the
 
parameters perceived by pros'djcers, producers prefer to sacrifice sor
ghum production and an insignificant amount of the total value of output
 
in order to produce 
some millet and more goats. The solution given by
 
the model with the goat herd size set at 4 U.B.T. is quite close to the
 
average enterprise size and combination observed r rng this set of house

holds.
 

The levels of agricultural output (in physical units) associated
 
with the optimal solutions to the value-maximizing problem for varying
 
goat herd sizes are indicated in Figure 11.9. 
 The graph'shows that as
 
the goat herd is forced beyond 3 U.B.T., grain production is forced below
 
the level at which sufficient amounts of grain would be produced to cover
 
the subsistnce needs of the household as measured by actual consumption
 
during the survey year. Since households in this category did manage
 
goat herds larger than 3 U.B.T., 
this suggests that either these households
 
decided 
to produce less than they might actually consume during the
 
year or that the model is somehow missoecified and, in particular, that
 
the subsistence requirement may be exaggerated.
 

For each of the goat herd sizes examined duruig the parametric ana
lysis, 
the shadow price of labor in those periods :n which the labor
 
constraint was binding is listed in Tible 11.8. 
 The si,dow prices indica
ted are the increases in the objeccive function which would result if the
 
maximum amount of labor available in the specified fortnight were increased
 
by one hour. They are, in effect, solutions to the dual problem of 
cost
 
minimization. Similarly, the shadow prices per U.B.T. of goats listed in the
 
bottom line of the table give the change in the value of the objective
 
function which is caused by a one unit increase in the equality constraint
 
governing the size of the goat herd.
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FIGURE 11.9: Effect of Changes in Goat Herd Size on 
Grain and Milk Production by the Average
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Table 11.8 indicates that up to that goat herd size at which the
 

value of output is maximized, output is constrained by labor availability
 

in early July. However, when additional units of goats are forced into
 

the solution, the most critical period of labor scarcity, as measured by
 

the relative shadow prices, is late October. As indicated in Chapters 3
 

and 4, the importance of the labor constraint in this period is associated
 

with the increase in the labor requirements of the goat enterprise, which
 

is due to the need to prevent the animals from consuming the ripened grain
 

which is still in the fields, and the increase in the labor requirements
 

of the sorghum enterprises, which is due to the need to evacuate the newly

ripened grain to secure storage facilities.
 

The manner in which available labor is apportioned during this
 

critical period, as goat herd size is varied, is indicated in the graph
 

in Figure 11.10. The graph demonstrates the way in which the introduction
 

of additional units of goats forces out sorghum production and allows
 

millet to enter. The millet enterprise makes use of the small residual
 

quantities of labor remaining after sorghum and goat production requirements
 

in that fortnight have been fulfilled.
 

The above analysis illuminates several important points which must be
 

considered in formulating policy recommendations. The first and probably
 

most important point is that for the average Bush Tuareg household, there
 

exists an optimal (or near-optimal) herd size of between 2 and 4 U.B.T. of
 

goats, and that barring changes in technology, relative prices, or labor
 

availability, the total value of output is drastically reduced when
 

attempts are made to increase herd size beyond this optimal range. The
 

second is that the desire to avoid risk through the diversification of
 

grain enterprises may force the producer to select a slightly sub-optimal
 

enterprise combination. The third point is that within the range of
 

enterprise combinations actually selected by this set of households during
 

the survey year, the model indicates that the most critical period of labor
 

scarcity is during the harvest period in late October. The implications
 

of these results for livestock development policy will be discussed below.
 



-- - -

-342-


FIGURE 11.10: Parametric Analysis of Goat Herd Size 
for Average Bush Tuareg Household: 
Labor Use in Fortnight Oct. 2 
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Optimal Herd Size and Composition for the Large Bush Tuareg Household. --


This section is concerned with that set of Tuareg households which are
 

large enough to keep both large and small ruminants while producing enough
 

grain to satisfy the household's consumption needs. As illustrated in
 

the previous section, cattle production by Tuareg mixed farmers was re

stricted to households of this size. Thus, the analysis of this subsection
 

will attempt to identify the factors restricting the expansion of cattle
 

enterprises as well as the determinants of optimal herd size and consumption.
 

The analysis centers around two sets of parametric programming
 

results, both using the labor constraints applicable to large Bush Tuareg

1
 

households. For the first set, the goat/cattle activity was reinstated
 

in the model. The activity was forced into the solution in integer amounts of
 

U.B.T. up to the point where the introduction of additional goat/cattle
 

units forces a sharp decline in the total value of output. For the
 

second parametric programming exercise, the goat/cattle activity was once
 

again removed from the objective function, and the goat activity (in integer
 

amounts) was forced in, also up to the level where the inclusion of
 

additional units of that activity forced a sharp drop in the total value
 

of output.
 

The results of the first exercise are illustrated in Figure 11.11.
 

The analysis suggests that the value of output is maximized at a level of
 

the goat/cattle activity which is close to 8 U.B.T. Furthermore, as other
 

activities are allowed to adjust to optimal levpls, net value of output
 

is relatively insensitive to variations in the level of the goat/cattle
 

activity between 7 and 11 U.B.T. However, the value of output declines
 

abruptly when the goat/cattle activity is forced to levels outside of this
 

range. This range coincides with the range of herd sizes actually managed
 

by Tuareg households of comparable size.
 

iAs indicated above, each unit of the goat/cattle enterprise contains
 

equal U.B.T. equivalents of goats (2.5 goats) and cattle (0.6 head of cattle),
 

as distinct from the goat activity, each unit of which consists of five
 

goats. (See Chapter 10 for further details on herd composition.)
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FIGURE 11.11: Effect of Expanding Goat/Cattle Herds on Land
Use and Total Value of Output for Large Bush 
Tuareg Households 
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The analysis implies that as cattle are introduced into the
 

solution along with additional units of the goat/cattle activity, the
 

optimal size of the goat herd decreases. This trade-off between
 

cattle and goats is shown in Figure 11.12, in which the U.B.T. equivalents
 

are converted back to the implied numbers of head of each animal type.
 

The two livestock enterprises in the model have been combined to obtain
 

the overall herd size and composition illustrated. Thus, the graph
 

gives the optimal composition of the household herd at each level of
 

the goat/cattle activity.
 

Figure 11.12 also indicates that the controlled variations in the
 

levels of the goat/cattle activity could also be interpreted as linear
 

increases in the size of the household cattle herd. Thus, with each
 

increase of one unit of the goat/cattle activity, an additional 0.6
 

head of cattle are forced into the solution, and the variations in the
 

level of the goat/cattle activity between 0 and 13 U.B.T. could alternatively
 

be interpreted as variations in the size of the cattle herd between 0 and
 

8 head. In fact, since this analysis is primarily concerned with determin

ing the effects of varying the size of the cattle herd, this is how the
 

results will be interpreted in the subsequent discussion.
 

Referring back to Figure 11.11, the parametric programming exercise
 

indicates that with less than two head of cattle in the household herd
 

(less than 3U.B.T. of the goat/cattle activity), the optimal plan consists
 

of goats combined with millet and the medium-yield sorghum enterprise.
 

As additional units of cattle are added to the household herd, the millet
 
i
 

activity is forced out of the solution. Also, optimal size of the goat
 

herd is decreased from fifty to approximately thirty-two goats as the
 

size of the medium-yield sorghum enterprise is expanded.
 

tThis disregards the behavioral assumption that producers will prefer 
to diversify grain enterprises as a measure of avoiding risk due to the 
uncertainty of rainfall patterns. 
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FIGURE 11.12: Relationship Between Optima[ Goat and 
Cattle Numbers as GoaVCaftle Activity
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As the size of the cattle herd is increased beyond four head 7
 

U.B.T. of the goat/cattle activity), the household is forced to resort
 

to the less labor-intensive sorghum technology (SORG. LO in Figure 11.11).
 

This result would assist in explaining why some surveys indicate that
 

cattle-producing households achieve lower per hectare grain yields than
 

similar households not producing cattle. As will be evident from the
 

ensuing analysis of binding labor constraints, the reason why the less
 

labor-intensive sorghum technology is introduced as the cattle herd
 

expands beyond four head is the increase in the labor requirements of
 

the livestock enterprises at the beginning of the grain harvest in late
 

September.
 

As the cattle herd increases up to seven head, less labor is
 

devoted to the sorghum enterprise, although increasing amounts of
 

land are put into sorghum production using the less labor-intensive tech

nology (see below, Figure 11.14). Also, as the cattle herd is increased
 

from five to seven head, the optimal size of the goat herd diminishes
 

even further. Beyond seven head of cattle (i.e., beyond 11 U.B.T. of the
 

goat/cattle activity), additional increases in the size of the cattle
 

herd are accompanied by an abrupt decline in the total (net) value of
 

output and in the magnitude of the land input to all of the grain
 

enterprises.
 

The analysis thus far has indicated four stages of production for
 

the large Bush Tuareg household, as determined by cattle herd size.
 

The first stage is marked by a cattle herd of less than two head and a
 

complementary optimal plan consisting of millet, goats, and medium-yield
 

sorghum. As the cattle herd is increased within this range, none of these
 

activities are forced out of the solution. The second stage is associated
 

with a cattle herd of between two and four head. Within this range, as
 

the cattle herd is increased, the millet activity is forced out of the
 

solution, and the optimal size of the goat herd diminishes. A third stage
 

is associated with a cattle herd of between four and seven head. In this
 

range, the maximum value of output is attained, and the maximand is rela

tively insensitive to changes in herd composition. Also, as the cattle herd
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size is Increased within this range, the optimal size of th6 goat herd 
remains relatively stable, but labor constraints during the early har
vest period force the substitution of the less labor-intensive sorghum
 
technology for the medium-yield technology. In the fourth stage, as
 
the size of the cattle herd increases beyond seven head, the total value
 
of output and the size of all grain enterprises declines abruptly.
 

To complete this simulation of the effects of the introduction and
 
expansion of livestock enterprises, a parametric analysis of the goat
 
herd was conducted with the goat/cattle activity eliminated from the
 
objective function. 
The results of this exercise are summarized in
 
Figure 11.13. Like the previous analysis, this analysis also suggests
 
that there are four stages of production, as defined by goat herd size,
 
when the opportunity of producing cattle is excluded. 
The first stage is
 
defined by a goat herd size of between 0 and 7 U.B.T. equivalents (i.e.,
 
less than 35 goats). 
 Within this range, the optimal plan consists only
 
of goats and the medium-yield sorghum. As goats are acquired, the total
 
value of output increases rapidly, and the size of the sorghum enterprise
 
declines gradually. The second stage is defined by a goat herd size of
 
between 35 and 45 head (7 to 9 U.B.T.) Within this range, as goats are
 
added, the net value of output increases less rapidly, and producers are
 
forced to substitute the less labor-intensive sorghum technology for the
 
medium-yield sorghum enterprise. 
The third stage is associated with a
 
goat herd size of between 45 and 55 head (9 to 11 U.B.T.). Barring the
 
inclusion of the goat/cattle activity, the maximum total value of output
 
is achieved within this range. Millet enters 
the optimal solution as the
 
2oa, herd increases from 45 to 55 head, and the magnitude ot both sorghum
 
enterprises (low-yield and medium-yield technologies) declines. The fourth
 
stage is characterized by increases in the goat her:d beyond 55 head, a
 
commensurate drop in the net value of output, and a decrease in area planted
 
to sorghum and millet. 
 If the household v':re to be allowed to incorporate
 
cattle in its herds at this point, thi- fourth stage would correspond with
 
the first stage delineated in the previous exercise.
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FIGURE 11.13: E'Ject of Expanding Goat Herds (Cat.fle Excluded) 
on Land Use and Total Value of Output for Large _ 
Bush Tuareg Households 
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The results of thbse two exercises have been combined to illus

strate the effect of the expansion of, first, the goat herd and then
 

the cattle herd on the total land input to grain enterprises and on
 

agricultural output. The effect of the expansion of livestock enter

prises on land use (including both upland and lowland plots) is
 

indicated in Figure 11.14. In the initial stages, as the goat herd
 

expands, land use declines, but then increases as millet and the low

yield sorghum technology are forced into the optimal solution. Once
 

the goat herd has reached its optimal size, the introduction of cattle
 

results in a decrease in the area planted to grain and an increase in
 

the use of yield-increasing technologies. This holds throughout the
 

first two stages of production defined above for increases as lower

yielding technologies are once more forced into the solution. 
In the
 

fourth stage, in which increases in herd size cause a drop in the
 

total value of output, the area devoted to grain production also declines
 

rapidly as the expansion of livestock enterprises forces the household
 

to re-allocate its labor resources away from grain production.
 

The effect of the expansion of livestock enterprises on agricul

tural output is indicated in Figure 11.15. The graph indicates that
 

grain production drops off rapidly as the goat herd approaches optimal
 

size, then increases initially as cattle are acquired. Once the cattle
 

herd grows larger than four head (i.e., in the third and fourth stages
 

of production, as defined above), the labor requirements of the livestock
 

enterprises force a reduction in grain output. One of 
the more interest

ing results of the trade-off between grain and milk output illustrated
 

in Figure 11.15 is that the only cattle herd size at which the optimal
 

solution incorporates both small and large ruminant production while
 

allowing for the production of enough grain to satisfy consumption needs
 

is between three and five head of cattle. As cattle herd size is in

creased beyond five head, even though the value of the maximand decreases
 

only slightly up to a herd size of seven head of cattle, the level of
 

total grain production dictated by value-maximizing behavior drops well
 

below the subsfstence requirement, as measured by observed consumption
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FIGURE 11.14: Effect of Expanding Herds on. 
Livestock Land Total Land Use by Large Bush Tuareg 
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FIGURE 11.15: Effect of Changes in Herd Size 
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during the survey year. This would explain the reluctance of even the
 

largest households to expand their cattle herds beyond five head.
 

The effect of the expansion of the goat and cattle herds on labor
 

patterns and the periods in which labor constraints are binding is 

indicated, for the goat herd, in Table 11.9 and, for the cattle herd,
 

in Table 11.10. In the first stage of expansion of the goat herd,
 

labor constraints are binding only in early July. However, as the goat
 

herd expands into the second and third stages defined above, the late
 

October labor constraint becomes increasingly important. As cattle
 

are introduced, the early July labor constraint retains its importance.
 

However, as the level of the goat/cattle activity is forced beyond 7 U.B.T.
 

corresponding to an increase in the size of the cattle herd beyond
 

five head. the scarcity of labor in late September becomes a more impor

tant restriction to the expansion of agricultural output than the late
 

October labor constraint. This is because, as indicated in Chapters 3
 

and 4, the larger cattle herds require more care at the beginning of
 

the grain harvest when they must be kept away from the ripened grain
 

which is still standing in the fields.
 

Tables 11.9 and 11.10 indicate three periods in which labor consis

tently constrains increases in agricultural output as livestock enter

pri±es are expanded: early July (JUL. 1), late September (SEP. 2),
 

and late October (OCT. 2). The change in the allocation of labor between
 

millet, sorghum, and livestock enterprises in these periods as herd size
 

is expanded is indicated in the bar graphs contained in Figures 11.16,
 

11.17, and 11.18. The labor constraint in early July (Figure 11.16) is
 

binding throughout the entire range of herd sizes considered. It appears
 

that this constraint forces the reduction in grain output as the goat
 

herd is increased up to Its optimal ±evel and as the cattle herd is
 

increased beyond four head (7 UBT of the goat/cattle activity). The late
 

September constraint (Figure 11.17) has a similar effect when thb cattle
 

herd is increased above four head. In this range, the amount of labor
 

available to grain enterprises in the late September period is severely
 

restricted, forcing the choice of low-yielding technologies with higher
 



PARAMETRIC ANALYSIS OF GOAT HERD 

TABLE 11.9 

SIZE FOR LARGE BUSH TUAREG HOUSEHOLD: SHADOW PRICE OF LABOR IN CRITICAL PERIODS 

Labor Constraint 
Binding in: 0 1 2 

Shadow Price of Labor (CFA/hour5 't Goat Herd Size (UBT): 

3 4 5 6 7 8 9 10 11 12 

May 2 

June 1 

July 1 346 346 346 346 346 346 346 346 140 140 81 

108 

1642 

Oct_/Nov. 

November 2 

257 257 310 

62 

377 

140 

! 

Ln 

Shadow Price 
of 1 UBT of 
Goats az Spe
cified Herd
Size: 9213 9213 9213 9213 9213 9213 9213 9213 3346 3346 113 -8165 -60658 



TABLE 11.10 

PARAMETRIC ANALYSIS OF GOAT/CATTLE ACTIVITY LEVEL FOR LARGE BUSH 
SHADOW PRICE OF LABOR IN CRITICAL PERIODS 

TUAREG HOUSEHOLD: 

Labor Constraint 
Binding in: 0 1 2 

Shadow Price of Labor (CFA/hour) at Goat/Cattle Activity Level (UBT): 

3 4 5 6 7 8 9 10 11 12 13 

Feb. 1 2784 

June 1 1 1 1 

July 1 80 80 80 43 39 40 40 40 167 167 183 183 

Aug. 1 

Sept. 2 29 370 370 401 401 

44 

730 829 
%.n 
!-n 

Oct. 2 210 375 399 399 399 40 40 

Oct./Nov. 311 311 311 163 24 

Nov. 2 63 63 63 7 7 140 

Shadow Price of 
1 UBT of the 
Goat/Cattle 
Activity at 
Specified 
Herd Size 7268 7268 7268 5255 4166 3921. 3921 3921 -292 -292 -622 -622 -14479 -116450 
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FIGURE 11.16: Labor Use in Fortnight JUL. 1 
with Chanqing Herd Size and Composition:
Large Bush Tuareg Household 
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FIGURE 11.17: Labor Use in Fortnight SEP 2 with Chanqing
Herd Size and Composition: Large Bush "uaregHousehold
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FIGURE 11.18: Labor Use in Fortnight OCT. 2 
with Changing Herd Size and Composition:
Large Bush Tuareg Household 
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land/labor ratios. Although the late October (OCT. 2) constraint is
 

binding when the cattle herd is expanded beyond one head, the labor
 

trade-offs among the different activities in that period are such that
 

the amount of labor available to grain enterprises remains roughly
 

constant up to the point where the cattle herd expands beyond seven
 

head. This seems to indicate that for large Bush Tuareg households
 

managing a herd of five head of cattle, the most critical periods in
 

which labor constrains the expansion of agricultural production are
 

early July and late September.
 

Effect of the Introduction and Expansion of Livestock Enterprises. --

This section has concentrated on using the model to derive the optimal
 

enterprise mix associated with each stage of expansion of the livestock
 

herd. The analysis has focused on Bush Tuareg households of either
 

average or above average size. The results suggest that the average
 

Bush Tuareg iousehold is limited to a livestock herd consisting of no
 

more than twenty head of goats. The results also suggest that even the
 

largest Bush Tuareg households are limited to a herd of thirty goats
 

and, at most, seven head of cattle. As herds are expanded beyond these
 

optimal levels, labor constraints force a sharp reduction in the total
 

value of output and in total grain production. These are the results
 

derived when the techniques of parametric programming are applied to
 

the problem of the introduction and expansion of livestock enterprises.
 

Such results are dependent on the validity of a value-maximizing model
 

whi:h assumes that labor requirements for each enterprise are linear in
 

scale and fixed within each fortnight.
 

The results indicate that if the opportunity to produce livestock
 

were eliminated, the value-maximiziug model household would select an
 

average-yield (850 kg /ha ) sorghum enterprise. As goats and then cattle
 

are forced into the solution, the model household shifts to less productive
 

grain enterprises such as millet "46 kg /ha ) and the less labor-intensive
 

sorghum enterprise (300 kg /ha ). The net value of total output initially 

rises, and total grain production initially declines. As herds are ex

panded beyond the levels stated above, however, and the size of grain 
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enterprises is allowed to adjust to optimal levels, both the value of
 

total output and total grain production decrease rapidly.
 

Since similar sample h..useholds are now producing at or near the
 

optimal. levels of the livestock enterprises indicated by the parametric
 

analysis, it then becomes relevant to identify the binding labor
 

constraints and suggest means of alleviating those constraints. In the
 

case of the average Bush Tuareg household, labor availability becomes
 

a binding constraint to the expansion of agricultural enterprises in
 

late October at the time of the grain harvest. This constraint also
 

effectively prevents the household of average size from engaging in
 

cattle production, given the following set of preferences: 1) the desire
 

to produce enough grain to fulfill the household's subsistence needs;
 

2) the desire to diversify grain production to avoid the risk of crop
 

failure in years of abnormal rainfall; 3) the desire to acquire and
 

maintain a herd of at least twenty goats before engaging in the more
 

risky cattle enterprise. These are the preferences expressed by sample
 

households which are not adequately incorporated in the simple value

maximization model.
 

Although the larger households in the sample were able to meet
 

the above requirements and still engage in cattle production, labor
 

constraints for the large model households still restricted optimal
 

enterprise size and combination to no more th,.n thirty goats and seven
 

head of cattle. At near-optimal herd size!,, the analysis indicated that
 

labor constraints for such households are binding in early July and late
 

September. The former'constraint occurs during the peak period of
 

weeding activity in the sorghum fields. The latter comes during the
 

pre-harvest period following the completion of weeding when animals must
 

be kept away from the ripening grain.
 

Policy initiatives which may assist in alleviating the constraints
 

identified above will be discussed in the next chapter. Prior to that,
 

however, the. following section uses the model to examine a different
 

ap1roach to the problem of increasing cattle production among Bush Tuareg
 

mixed farmers.
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Parametric Analysis of Grain Prices and Milk Yields
 

This section relies on the model to investigate the possible
 

effects which two types of interventions might have on the optimal 

enterprise size and combination. Each of the policy instruments in
 

question would affect the profitability of livestock enterprises
 

relative to crops by altering the value coefficients (c.) of the
 

various enterprises. Thus, the applicable technique is once again
 

that of parametric programming.
 

However, in this instance, the parametric programming exercise
 

is of a more conventional type. In the present analysis, solutions
 

are obtained after one or more incremental changes in the objective
 

function coefficents of either the crop or the livestock enterprises.
 

The approach is slightly different from that of the previous section,
 

in which solutions were obtained after incremental changes were made
 

in one of the choice variables (Xi), that is, the enterprise levels
 

themselves, rather than the value coefficients.
 

The policy instruments which are assumed to have brought about
 

the changes in the coefficients are: 1) marketing interventions which
 

would lower grain prices at the local market; and 2) the introduction
 

of new technologies which would increase milk yields. In the first
 

case, grain prices are lowered by as much as fifty percent of their
 

original levels while holding all other parameters constant. In the
 

second case, milk yields are raised by as much as 50 percent. As
 

in the previous section, the analysis is restricted to Bush Tuareg
 

households of average or above average size. Once again, the primary
 

reason for this choice is that when compared to other sample households,
 

these households appear to have the greatest potential for entering
 

into or increasing cattle production in the near future. More importantly,
 

from among the three production systems studied Bush Tuareg households 

are deemed to be the most representative of the lority of mixed farm 

households in Niger's southern pastoral zone. 
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The results of this analysis indicate that solutions to the value

maximization problemlare initially quite sensitive to changes in the
 

coefficients. For instance, for the average Bush TVareg model household,
 

the optimal size of the goat herd increases from eight to twenty-five
 

head with only a seven percent drop in grain prices or a sixteen percent
 

increase in milk yields. As the proportional change in grain prices or
 

milk yields exceeds the above levels, however, the solutions appear to
 

be more stable. This aoi uggest that, if the model was correctly
 

specified at the outset, interventions which would affect either grain
 

prices or milk yields could have a substantial effect on livestock
 

production. Further implications of these results will be explored below.
 

Effect of a Decrease in Grain Prices. -- As in.icated in the descrip

tion of the model in the first section of this chaptmr, the value
 

coefficients for the grain enterprises were determined by evaluating
 

physical per hectare yields at the average of the weekly price statistics
 

collected during the market survey. These price statistics were pre

sented in Chapter 8. As indicated therein, the average retail price for
 

millet during the market survey was 68 f CFA/kg, and the corresponding
 

price for sorghum was 61 f CFA/kg.
 

To conduct the sensitivity analysis of grain prices in the model,
 

prices were reduced in 5 f CFA/kg increments down to 38 f CFA/kg and
 

31 f CFA/kg for millet and sorghum, respectively. The change was
 

reflected in the model by reducing the value coefficients of each of the
 

four grain enterprises by an amount equal to the change in price times
 

the physical yield of grain for that enterprise. Solutions to the value

maximization problem were obtained after each incremental change in the
 

coefficients.
 

The results of such an analysis as applied to the average Bush
 

Tuareg model household are shown in Table ii.1l. As mentioned above,
 

the optimal size of the goat herd increases from eight head (1.66 U.B.T.)
 

to approximately twenty-five head (5.07 U.B.T.) after a decrease in grain
 

prices of only seven percent (5 f CFA/kg). A decrease in grain prices
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TABLE 11. 11 

EFFECT OF DECREASING GRAIN PRICES ON LAND USE, GOAT-HERD SIZE, 
AND THE NET VALUE OF OUTPUT FOR THE AVERAGE BUSH TUAREG HOUSEHOLD 

Crops (in Ha ) 
Change in Goats a Net Value 
Grain Prices Millet Sorghum (U.B.T.) of Output 

(average (U.B.T.) 
yield) 

0 2.31 1.66 140,034. 

- 5 3.21 1.28 5.07 132,567. 

- 10 3.21 1.28 5.07 126,397. 

- 15 .58 1.00 6.58 121,510. 

- 20 .58 1.00 6.58 117,142. 

- 25 .58 1.00 6.58 112,774. 

- 30 .58 1.00 6.58 108,406. 

aThe combined goat/cattle enterprise was eliminated from the model
 
for the purposes of this analysis.
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of 15 CFA F/kg., or approximately three-fourths of the original price,
 
further increases the optimal size of the goat herd to thirty-three
 

head (6.58 UBT).
 

Presumably, this would raise the optimal size of the goat herd to
 
the point where the average household could reasonably consider the
 
introduction of the cattle enterprise. 
 In other words, a decline in
 
grain prices by as much as 15 f CFA/kg 
would raise the relative profi
tability of the livestock enterprises so that cattle production combined
 
with a herd of at 
least twenty goats would be consistent with value
maximizing behavior. 
This takes care of the household's preference for
 
acquiring a substantial goat herd before expanding into cattle production.
 
Furthermore, if the drop in prices would induce the household to rely
 
on the local market as a source of subsistence grain, then the subsis
tence constraint on grain production would no longer be relevant. 
The
 
final result would be that the average household could engage in cattle
 
production without fear of the risks involved in that enterprise nor of
 
the risk of falling short of subsistence needs in grain as long as the
 
market provided high-quality grain at the reduced prices indicated.
 

The results of a similar analysis as applied to the larger Bush
 
Tuareg households are listed in Table 11.12. 
 The results obtained are
 
comparable to 
those discussed above for the average household. With a
 
seven percent decrease in grain prices, the optimal herd size and
 
composition changes from thirty-two goats and four or 
five head of cattle
 
to thirty-four goats and six head of cattle. 
A further drop in grain
 
prices to eighty-five percent of the original level would cause a shift
 
in the herd composition towards cattle so 
that the optimal herd becomes
 
one of twenty-eight goats and 
seven head of cattle. This solution remains
 
fairly stable throughout the further reductions in grain prices indicated
 
in Table 11.12. The stability of the solution in this range may be
 
deceptive, however, since the model does not allow for complete speciali
zation in livestock. Were such an alternative to be included in the
 
model, it is conceivable that the optimal size of the cattle herd would
 
continue to increase as grain prices are reduced by amounts greater than
 
10 f CFA/kg below original levels.
 



TABLE 11. 12 

EFFECT OF DECREASING GRAIN PRICES ON LAND USE, HERD SIZE, AND THE NET VALUE 
OF OUTPUT FOR THE LARGE BUSH TUAREG HOUSEHOLD 

Sorghuma (Ha) Livestock (U.B.T.) 

Change in Net Value 

Grain Prices Low Average High Goat Combined of Output 
(CFA F/kg.) Yield Yield Yield Enterprise Goat/Cattle (f CFA) 

0 2.82 2.67 7.33 299,696. 

- 5 2.61 1.45 2.15 9.14 289,106. 

- 10 3.45 1.00 11.16 279,090. 

- 15 3.45 1.00 11.16 269,679. 

- 20 3.45 1.00 11.16 260,268. 

- 25 3.67 .52 .17 11.50 251,226. 

- 30 3.69 .25 12.18 243,010. 

aMillet did not enter into the optimal solution. 
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Despite the shift towards livestock production induced by the
 

fall in grain prices, the above analyses suggest that at least for
 

small changes, more land would be put into grain production as grain
 

prices decline. This is a result of the shift to more land-extensive
 

grain production technologies as the size of livestock enterprises
 

increases. A more detailed discussion of the factors behind this
 

shift was presented in the previous section.
 

Effect of an Increase in Milk Yields. -- The following analysis
 

simulates the potential effect of technological innovations which ould
 

increase the milk yield obLainp'd from the two livestock enterprises
 

while all other parameters (including grain prices) in the model are held
 

constant at their original levels. The estimates of the value of output
 

from the two livestock enterprises derived in Chapter 10 indicate that
 

more than half if the net value of output is obtained f-om milk production.
 

If such estimates are correct, technological innovations aimed at
 

increasing milk yields would have a potentially greater impact on in

creasing the relative profitability of livestock enterprises than would
 

marketing interventions aimed at increasing animal prices.
 

For this reason, the present analysis concentrates on the effect of
 

increases in milk yields. As stated in Chapter 10, the average milk
 

yields f'or goat and combined cattle and goat enterprises were 124 liters per
 

U.B.T. for the former and 189 liters per U.B.T. for the latter. In conduct

ing the parametric analysis, it was assumed that si.nce estimated current
 

yields from the combined livestock enterprise were 50 percent greater
 

than yields from the goat herd alone, then the approprilLe rate of increase
 

of milk yields for the combined enterprise would also be 50 percent
 

greater than the rate of increase for the goat herd. This is predicated
 

on the additional assumption that yield-increasing technological innova

tions would have a greater impact on cattle than on goats.
 

1Fifty percent in the case of the goat enterprise and 58
 
percent in the case of the combined cattle and goat enterprise. See Tables
 
10.6 and 10.11.
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The paremetric analysis was conducted by assuming incremental
 

increases in the goat milk yield of ten liters per U.B.T. per year and
 

incremental increases in the combined cattle and goat milk yield of
 

fifteen liters per U.B.T. per year. In either case, the incremental

increase corresponds to a rise in milk yield3 of 8 percent above
 

original levels. Yields were made to increase in this fashion up to
 

the point where the physical yield of milk from each enterprise was
 

fifty percent greater than the initial yield.
 

In value terms, each incremental increase in yields corresponded
 

to an increase in the value coefficient (c.) of the goat enterprise
 

of 500 f CFA/UBT and that of the combined enterprise of 750 f CFA/UBT.
 

Therefore, the inital incremental increase in milk yields produced a
 

four percent increase in the value coefficient for the goat enterprise
 

and a five percent increase in the coefficient for the combined enter

prise. At the maximum level of change associated with this analysis
 

(an increase in yields corresponding to 50 percent of the initial
 

yield), the value coefficients were increased to 24 percent and 27
 

percent over the initial levels of the goat and combined cattle and goat
 

enterprises, respectively.
 

The option of produ&]L' cat tle was elinjinated for the average 

Bush Tuareg model household, as it wrs for the previous analysis of 

grain prices. Therefore, for such tiouseholds, the analysis was re

stricted to determining the change which would be required before the 

optimal size of the goat herd would increase to a level at which cattle 

could be introduced without undue risk. Once again, it was assumed that, 

as stated by the sample members themselves, cattle would not be intro

duced until the household had acquired a herd of at least twenty goats. 

1As discussed in Chapters 8 and 10, market surveys revealed that
 

the prevailing price of milk during the survey year was 50 f CFA/liter.
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The results of such an analysis are shown in Table 11.13. As
 
indicated in the introduction to this section, an increase in the
 

milk yield of twenty liters per U.B.T., or 16 percent, would raise
 
the optimal size of the goat herd from eight to twenty-five head.
 
Presumably, the increase would raise the relative profitability of
 
livestock enterprises to the point where the household could comfort

ably introduce cattle. The solution remains stable as milk yields
 

are increased further, and the only additional change in the optimal
 
enterprise mix occurs when yields are increased to 1.5 times current
 

levels.
 

When the same type of analysis was applied to the large Bush
 
Tuareg model household with the goat/cattle enterprise in the objective
 

function, the model generated the results given in Table 11.14. 
 When
 

compared with Table 11.12, the table shows that a 
24 percent
 

increase in milk yields would have the same effect as a 15 percent
 
decrease in grain prices. Either change by itself would change the
 
optimal size and composition of the herd from thirty-two goats and four
 

to five head of cattle to twenty-eight goats and seven head of cattle.
 
The same problem mentioned in the discussion of the previous analysis
 
would be applicable to increases in milk yields beyond the level men

tioned above, i.e., the model does not allow for a ratio of
 
goats to cattle in the household herd of less than four to one. 
 An
 

additional problem also relevant to 
the previous analysis is that as
 
the number of cattle and goats in the household herd is increased (albeit
 
in fixed proportion) commensurate with an increase in the size of the
 
combined goat and cattle enterprise, labor requirements for that enter

prise increase linearly in each fortnight. As mentioned in the discussion
 
of the model, this may penalize livestock enterprises by failing to
 

allow for any economies of scale.
 

Measured in numbers of animals, not U.B.T. equivalents. As mentioned
 
above, the model assumes equal numbers of U.B.T. equivalents of goats and
 
cattle in the combined goat and cattle enterprise.
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TABLE 11.13 

EFFECT OF INCREASING MILK YIELDS ON LAND USE, 
GOAT HERD SIZE, AND THE NET VALUE OF OUTPUT 

FOR THE AVERAGE BUSH TUAREG HOUSEHOLD 

Change in 
Milk Yield 
(l./U.B.T.) 

Crops (Ha) 

Sorghum 
Millet (average 

yield) 

Goats 
(U.B.T.) 

Net Value 
of Output 
(f CFA) 

0 

+ 10 

+ 20 

+ 30 

+ 40 

+ 50 

+ 60 

2.39 

3.21 

3.21 

3.21 

3.21 

.57 

2.31 

1.70 

1.28 

1.28 

1.28 

1.28 

1.00 

1.66 

3.60 

5.07 

5.07 

5.07 

5.07 

6.58 

140,034. 

141,588. 

143,802. 

146,336. 

148,869. 

151,402. 

154,365. 
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TABLE 11.14 

EFFECT OF INCREASING MILK YIELDS ON LAND USE, HERD SIZE, 
AND THE NET VALUE OF OUTPUT FOR THE LARGE BUSH TUAREG HOUSEHOLD
 

Change in Milk 
 Crops Livestock Net Value
 
Yield (1./U.B.T.) (Ha) (U.B.T.) of Output
 

(f CFA)

Goat Combined Sorghum Sorghum Goat Combined
 

Enterprise Goat/Cattle (low (average Enterprise Goat/
 
Enterprise yield) yield) Cattle
 

0 0 2.82 2.67 7.33 299,696. 

+ 10 + 15 2.61 1.45 2.15 9.14 307,097
 

+ 20 + 30 2.61 1.45 2.15 9.14 315,025. 

+ 30 + 45 
 3.45 1.00 11.16 323,024.
 

+ 40 + 60 
 3.45 1.00 11.16 331,394.
 

+ 50 + 75 3.45 1.00 11.16 339,765.
 

+ 60 + 90 3.45 1.00 11.16 348,136.
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The initial increases in milk yields bring about the same
 

effect on land use as did the initial decreases in grain prices.
 

The optimal area planted to grain increases along with the optimal
 

size of the household herd as milk yields are increased by less than
 

24 percent of the original yields or as train prices are decreased by
 

less than 15 percent of the initial prices. 3imilarly, for the average
 

Bush Tuareg household, the optimal area planted to grain increases along
 

with the optimal size of the goat herd as milk yields are increased by
 

less than 50 percent of the original yields or as grain prices are decreased
 

by less than 25 percent of the initial prices. This suggests that either
 

of the two policy initiatives should be combined with innovations aimed at
 

alleviating binding labor constraints to avoid forcing a shift to less
 

labor-intensive grain production technologies as livestock enterprises
 

expand.
 

Basically, the effect of the two policy initiatives on labor
 

constraints is to accentuate the importance of binding labor constraints
 

just prior to and during the grain harvest. For instance, for the
 

large Bush Tuareg household, the shadow price of labor in late September
 

increases from 345 to 387 f CFA per hour as grain prices are cut in half
 

and livestock enterprises are expanded and from 345 to 478 per hour
 

as milk yields are increased by 50 percent. Late September is consistently
 

the period when the shadow price of labor is highest and is increasing most
 

rapidly as grain prices fall or as milk yields rise, thereby prompting
 

an increase in the optimal size of livestock enterprises.
 

Similarly, for the average Bush Tuareg household not producing cattle,
 

late October remains the period when the shadow price of labor is highest.
 

As a rise in milk yields of up to 50 percent increases the optimal size
 

of the goat herd, the shadow price of labor in late October increases from
 

399 to 445 f CFA per hour. As grain prices fall to half of their previous
 

level and the optimal size of the goat herd increases, the shadow price
 

of labor in that period is still the highest, although it decreases from
 

399 to 196 f CFA per hour. These two sets of results suggest that when
 

combined with either of the policy initiatives examined in this section,
 

further initiatives aimed at relieving labor constraints will have the
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greatest impact on increasing optimal herd size if they are designed
 
to ease constraints occurring just before or during the grain harvest
 

(i.e., during September and October). Methods to alleviate the
 

constraints occurring during this period will be examined in the next
 

chapter.
 



CHAPTER 12
 

SUMMARY AND CONCLUSIONS
 

This report has drawn on the results of a survey conducted by the
 

author in and around a small market town on the southern edge of the
 

Sahara Desert in western Niger. The survey ran from June 1976 to June
 

1977 and involved intensive interviewing among forty-five Haussa and
 

Tuareg mixed farm households. This final chapter contains a summary of
 

the major findings of that survey, beginning with a summary description
 

of the production systems which the forty-five households represented.
 

In addition, the discussion of this chapter applies the results of
 

the survey to the problem of finding an appropriate agricultural develop

ment policy for Niger's southern pastoral zone, which would include the
 

survey area and similar areas. From a social viewpoint, the southern
 

pastoral zone appears to be better adapted to livestock production than to
 

the production of grain. In particular, extensive grain cultivation in
 

such an arid area can eliminate the permanent vegetative cover and expe

dite the process of desertification. Furthermore, for cattle producers
 

to achieve the high returns to land and labor commensurate with the area's
 

supposed potential, dry season grazing reserves must be established to
 

provide forage for animals in transit to and from northern pastures as
 

well as for the animals of area residents.
 

Extensive grain cultivation conflicts with these goals, and for this
 

reason, many developmen" planners believe that residents of the pastoral
 

zone should be forced or encouraged to specialize in cattle production.
 

Among those who share this view are the proponents of the stratification
 

strategy described at the beginning of this report. The stratification
 

strategy is a response to the increase in the demand for meat which has
 

.accompanied rapid population and income growth in urban centers along the
 

West African coast, where the presence of trypanosomiasis precludes large

scale cattle production. The essence of this strategy is to promote the
 

specialization of the pastoral zone as defined in Chapter 1 as a breeding
 

zone for cattle. Animals would be born into nomadic herds and would be
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held on the grasslands of the pastoral zone for approximately two years,
 
after which time they would be moved first to the agricultural zone for
 
growing-out and ultimately to consumption centers along the coast. 
 For
 
the stratification strategy to achieve its goals, grain production would
 
need to be discouraged in the northern breeding zones, including the area
 
covered by the survey on which this report is based.
 

Nonetheless, grain production persists along the southern edge of
 
the pastoral zone, but the cattle herds of mixed farmers remain quite
 
small. 
 It appears that most residents of the southern pastoral zone
 
prefer not to abandon grain production. Furthermore, most of these mixed
 
farmers prefer to combine their millet and sorghum crops with goat pro
duction rather than cattle.
 

To investigate some of the reasons underlying the current choice of
 
activities, a linear programming model of a representative Tuareg mixed
 
farming system was developed. 
 The Bush Tuareg system described below was
 
selected for this exercise, since to the best knowledge of the research
 
team, the households in this group were the most representative of the
 
majority of mixed farm households in the southern pastoral zone. 
 Rela
tive to 
the other groups covered by the survey, these households relied
 
primarily on their own agricultural production as a source of food and
 
cash income. 
 They also devoted the largest proportion of their available
 
labor resources to agricultural enterprises, and they relied least on
 
hired labor to supplement household labor resources.
 

In the previous chapter, this model was applied to 
the simulation
 
of the effects of 
three major policy options intended to promote the
 
expansion of livestock production at the expense of grain crops. 
 The
 
policy options in question were: 
 1) grants of cattle to mixed farmers
 
(herd reconstitution programs); 2) decreases in the price of grain,
 
with 
the nominal value of livestock output remaining constant; and 3)
 
technological innovations which would increase milk yields. 
The results
 
of the analysis suggest that, given 1976/77 prices and th 
 set of assump
tions 
underlying the model, none of the above interventions are likely
 
to induce even the best endowed Tuareg mixed farm households to abandon
 
grain production and devote all household resources, including land, 
to
 
the production of cattle. 
 The factors which appear to restrict Bush
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Tuareg cattle production and limit the efficacy of the above policies as
 

means of encouraging specialization in cattle are: 1) seasonal labor
 

bottlenecks at the beginning and end of the growing season; 2) the
 

desire on the part of Bush Tuareg mixed farmers to be self-sufficient
 

in grain; and 3) the importance of the goat as a relatively risk-free
 

source of milk, meat, and cash income.
 

This implies that development planners must reconsieer strategies
 

currently proposed for limiting grain production and encouraging cattle
 

production in the pastoral zone. In presenting the major findings of
 

the research, the second section of this chapter further contrasts the
 

perspective of the national planners with that 6f the individual mixed
 

farmers of the pastoral zone. In the final section, several policy
 

recommendations are put forward as means of reconciling national and
 

individual interests and of alleviating the constraints which limit the
 

efficacy of the interventions listed above. In particular, a scheme
 

offering protection to forage crops right eliminate the seasonal labor
 

bottlenecks which restrict crop and livestock production, as well as pro

viding a means of protecting the southern pastoral zone from further
 

desertification by establishing forage reserves during the rainy season.
 

If combined with complementary land tenure reforms, the policy initiatives
 

mentioned above, and the development of the market as an alternative to
 

household grain production, protected forage cultivation schemes might
 

provide sufficient incentive to divert land and labor resources from
 

grain production into cattle production. Prior to further consideration
 

of this alternative, and with the intent of placing the above policy
 

recommendations within the context of the research, the following section
 

presents a summary description of the mixed farming systems covered by
 

the survey.
 

Summary Description of Production Systems Surveyed
 

Much of this report has been devoted to comparing and contrasting
 

three agricultural production systems, denominated as Haussa, Village
 

Tuareg, and Bush Tuareg. All three systems incorporate both crop and
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livestock enterprises and are generally representative of mixed farming
 
systems found in Niger's southern pastoral zone. Farms of the types
 
included in the survey have been increasing along the edge of the pastoral
 
zone over the past thirty years as grain production has steadily encroached
 
on areas formerly specializing in livestock production. 
These farming
 
systems are briefly described in this section by constructing a portrait
 

of a "typical" household within each system.
 

Haussa System.-- One can characterize this group as recent migrants
 
to the pastoral zone from the agricultural zone to the south. The head
 
of household generally moved to the area during the two decades prior to
 
1968. He moved from an area approximately 200 km 
to the south, initially
 
in search of vacant arable land and ultimately to engage in commerce with
 
nomadic or semi-nomadic livestock producers. 
Commerce has become the
 
household's primary source of cash income. 
The head of the household and
 
the elder males are well travelled, and most, if not all, of the ch.ildren
 
are attending Koranic and Government primary schools. The household lives
 
in the village in a compound which it shares with several other households.
 

The typical household consists of 
one adult male living with his two
 
wives, a female teen-ager and three younger children. Younger males usu
ally do not remain in the area for the entire year. Of the total house
hold labor available, 10 percent is devoted to 
 commerce and 30
 
to 40 percent to domestic tasks throughout the year. Relatively little
 
of the available household labor is devoted to agricultural activities.
 
Such activities are conducted principally within July and August and
 
consist of weeding in the grain fields. The household labor force is
 
supplemented at this time and for these activities by hired labor.
 

With this labor input, the typical household cultivates two plots.
 
One is planted primarily 
to millet and cowpeas and tke other to sorghum.
 
The size of the millet plot varies from one to four hectares, but the
 
sorghum plot usually is under two hectares. In a year of below average
 
rainfall, these plots yield approximately 400 kilograms of sorghum and
 
200 kilograms of millet. This provides less than 40 percent of the
 
total quantity of grain consumed annuplly by the household. Most of the
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rest of the grain consumed is purchased as needed on the local market.
 

Each purchase usually consists of an retail measure of less than five
 

kilograms. Grain consumption provides most of the energy. (caloric) needs
 

of household members.
 

Although the household is likely to own or have an interest in
 

animals held in herds outside of the immediate area, household members
 

usually do not participate directly in the supervision and management
 

of large ruminant (camel and cattle) herds. Most large ruminants are
 

confided to herders on contract with the household head. The only typi

cal exception is the one or two milk cows which are tied in the household's
 

courtyard at night and let out to pasture in the vicinity of the village
 

during the day. Aside from the milk cows, the household is likely to
 

manage a herd of less than twenty head of small ruminants (sheep and goats).
 

The income from these animals is considerably less than expenditures on
 

livestock products, particularly meat and milk. The energy derived from
 

the consumption of such products comprises an insignificant proportion of
 

total caloric needs.
 

Village Tuareg System.-- In contrast, the typical Village Tuareg
 

household, as represented by the seventeen households grouped in the
 

Village Tuareg subsample, consists of slave-caste Tuareg who are relatively
 

recent arrivals to the village. The household head may formerly have
 

worked as a herder for some member of the Tuareg aristocracy who lost many
 

of his animals during the recent drought. He mov J into the village within
 

the past ten years to avail himself of the Government services there, such
 

as the medical services of the dispensary and the emergency food distribu

tions of the grain marketing board (OPVN). He now supports himself and
 

his family by working as a hired laborer for local Haussa merchants and
 

by engaging in crafts or commerce on a small scale on the local market.
 

His wife may also be hired by Haussa households to assist with domestic
 

chores, such as hauling water or pounding grain. Most household members
 

are familiar with areas to the north, but it is unlikely that any have had
 

occasion to travel very far to the south. Some of the children in the
 

household may be attending the Government primary school. The household
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resides on the edge of the village in a conical structure covered with
 
thatch and surrounded by a small courtyard enclosed with thorn-brush.
 

The typical household consists of an older man, his wife, a teen
age child, and two younger children. Throughout most of the year, half
 
of the working day of 
the mother and the teen-age child is devoted 
to
 
domestic tasks. 
 The rest of the time, including most of the man's work
ing day, is devoted to wage labor, commerce, or crafts. This schedule
 
is interrupted by crop production activities from May through October,
 
during which time the household splits its labor force between its own
 
fields and those of 
the relatively more wealthy Haussa households.
 

With that portion of household labor devoted to 
the household's own
 
fields, the household manages to cultivate one two-hectare field of millet
 
and one half-hectare field of sorghum. 
Both fields are on sub-marginal
 
land which has not been previously cultivated or had been abandoned by
 
other households. 
 As a result, the combined production of both fields
 
amounts 
to less than 200 kilograms of grain. This accounts for less than
 
10 percent of 
the household's total annual grain consumption. The rest
 
is acquired from a variety of sources, including market purchases, pro
grams, and payment in kind by Haussa merchants for services rendered.
 
Consumption of grain provides slightly more than half of the energy needs
 

of the household.
 

Typically, the household does not own animals, although it may manage
 
them for others. 
If it does own animals, the household herd is most likely
 
to consist of a donkey and one or 
two goats which are acquired after the
 
harvest, held for their milk, then sold to 
finance grain purchases at the
 
beginning of the next growing season. 
To supplement the milk produced by
 
the goats, the household will trade sorghum for milk form nomadic Bororo
 
Fulani pastoralists camped in the vicinity of the village. 
When animals
 
owned or managed by the household are in milk, the household may consume
 
as much as ten liters of milk daily. 
This, combined with consumption of
 
meat, which rarely exceeds 100 grams per day, comprises less than 10
 
percent of the household's 
total caloric needs. However, consumption of
 
livestock products does provide the household with a major source of pro
tein, vitamins, and minerals.
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Bush Tuareg System.-- The typical Bush Tuareg household, as repre

sented by the twelve households grouped in that subsample, is relatively
 

more wealthy and more independent than its Village Tuareg neighbors.
 

Unlike households falling within the two systems discussed above, the
 

household's agricultural production provides for all the household's
 

food needs and furnishes most of the household's cash income. All house

hold members, including the household head, were born and raised in the
 

vicinity of the area where the household currently resides. Typically,
 

none of the household members has travelled extensively, and none of them
 

has attended the Government primary schools. The household could be
 

described as semi-nomadic, since they migrate to find pasture for their
 

herds between growing seasons. During the May to October growing season,
 

they live on higher ground on the tops of dunes in proximity to their
 

grain fields. As the dry season sets in after the harvest, they move to
 

lowland areas where water, pasture, and crop residues are still available
 

and where the denser tree cover offers greater protection from frequent
 

dust storms. During this time, they live in goatskin tents or cubical
 

thatched structures designed to protect them from the wind.
 

The typical household consists of an adult male and his single wife,
 

two teen-age children (one boy and one girl), and two younger children.
 

Throughout the dry season, the woman and the young girl spend half of the
 

daylight hours of each day on domestic chores, and the man and the teen

age boy spend half of the daylight hours tending the animals. Crop pro

duction activities are added to the work schedule during the growing
 

season. In July and August, when pasture is relatively abundant, the
 

animals are left to forage on their own so that the household can devote
 

more of its labor force to weeding in the grain fields. The household's
 

fields and herds are tended primarily by household labor, and outside
 

labor is only rarely hired to assist with agricultural activities.
 

With the time it has free from domestic chores and tending the ani

mals during the growing season, the household cultivates one plot of
 

millet and two plots planted to sorghum. Typically, the millet plot
 

varies from 1.5 to 2.5 hectares in Fize, and each of the sorghum plots
 

are smaller than 1.5 hectares. Since the household's immediate ancestors
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were among the first to be granted rights by the Tuareg aristocracy to
 
cultivate land in the area, the household's grain fields are well located,
 
and the sorghum fields in particular get a fairly steady supply of water
 
running off from the surrounding hills. Thus, even in years of below
 
average rainfall, the household is assured of harvesting at least one
 
metric ton of sorghum. In such years, the household may choose to aban
don its millet fields and devote more 
time to the crol' which would offer
 
a higher return to both labor and land. 
 The sorghum harvest is enough Co
 
provide for 
the household's grain consumption requirements with several
 
hundred kilograms left over 
for sale or storage to offset consumption
 
needs in future years. The consumption of grain provides the household
 
with half of its total energy needs.
 

The typical Bush Tuareg household owns and manages a herd of between
 
twenty and thirty goats, which provide the household with an abundant
 
supply of milk from October through January. If the household were larger
 
and had more teenage boys in residence, it might also be capable of managing
 
from three to five head of cattle. The milk output of the cattle herd
 
would then supplement that of the goat herd from July through October, a
 
time when supplemental fod sources are most urgently needed. 
 Averaging
 
out total milk consumption throughout the year, each working household mem
ber consumes the equivalent of one-half liter of milk daily. 
 In addition,
 
the household occasionally consumes small quantities of meat which, aver
aged over the year, amounts to about seventy-five grams of meat daily for
 
the entire household. The combined consumption of meat and milk provides
 
approximately i0 percent of the household's daily calorie requirement
 
and a major portion of the household's intake of proteins, vitamins, and
 
minerals. Most of the rest of 
the household's caloric intake is derived
 
from sugar, which is consumed with tea. Other than sugar and tea, which
 
are regular consumption items, the household makes relatively few purchases
 
on the local market and relies entirely on its own produce as a source of
 

food.
 

Relative Ability of Production Systems Surveyed to Expand Cattle
 
Production.-- As indicated in the previous chapters and as is apparent
 
from even a quick glance at the Appendices, within each subsample there
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was a great deal of deviation from the"typical" household of each pro

duction system portrayed above. Of the three systems surveyed, those
 

households classified as Bush Tuareg have the greatest potential for the
 

greatest immediate interest in expanding self-managed herds. Relatively
 

more of their income and food needs are derived from livestock production,
 

in which all households are currently engaged.
 

In contrast, Haussa households appear to be reluctant to rely on
 

cattle, or livestock in genera], as anything but a supplemental source of
 

food and income, although they do see cattle as a preferred form of invest

ment. However, even when acquired as an investment, Haussa households
 

rarely manage the animals themselves and prefer instead to confide them
 

to hired herders who do not live in the immediate vicinity of the house

hold's abode.
 

Although Village Tuareg households may wish to join their Bush Tuareg
 

neighbors tending cattle outside of the village, most households currently
 

are unable to do so. They presently eke out an existence based on income
 

derived from wage labor and small-scale retail trade, supplemented by
 

grain produced on sub-marginal fields. Whenever some of their income can
 

be set aside after fulfilling their immediate needs, they invest in small
 

ruminants, but neither their small ruminant herds nor their other assets
 

have expanded to the point where they could reasonably consider managing
 

large ruminants such as cattle. The requisite initial investment, the
 

time required to manage the cattle herd, and the risk involved currently
 

are prohibitive for such households.
 

Thus, of the pastoral zone mixed farming systems which were considered
 

by the survey, the Bush Tuareg system is the most likely to benefit directly
 

from expanded cattle production. For this reason, as well as the other
 

reasons mentioned in the introduction to this chapter, the detailed analy

sis of alternative agricultural development policies was confined to the
 

Bush Tuareg group.
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Summary of Major Results
 

This section contrasts national development objectives with objectives
 
of the individual mixed farmer living in the pastoral zone, as 
reflected in
 
the analysis. 
While the national objective may be to increase the production
 
of cattle for export, residents of the southern pastoral zone subsist on
 
grain, not cattle, and are reluctant to reallocate resources away from grain
 
production. The social costs associated with continued grain production
 
in the pastoral zone are contrasted in the following discussion with the
 
desirability of grain and goat, but not cattle, production for the individual
 

farmer.
 

Social Costs Associated with Current Production Patterns in the
 
Pastoral Zone.--Proponents of the stratification strategy feel that speci
alization in cattle production by residents of the pastoral zone is in the
 
national interest and that the present allocation of land and labor re
sources to 
grain production in that area is inefficient. If this is indeed
 
the case, then there must be some way to reallocate land and labor to
 
cattle production in such a way that the welfare of 
some individuals can
 
be improved either without adversely affecting anyone else or by being
 
able fully to compensate damaged parties and still have a net benefit to
 
others. 
The national planners who advocate specialization believe that
 
the revenues, and in particular the foreign exchange earnings to be gained
 
from the sale of cattle to coastal countries, would provide the additional
 
benefits to be expected from a more efficient resource allocation. The
 
problem, as illustrated below, is that the individual mixed farmer does
 
not perceive the same benefits to be gained from specialization in cattle
 
production as those envisioned by the national planners.
 

Aside from the alleged opportunity cost associated with inefficient
 
resource allocation in the form of continued grain production in the
 
pastoral zone, there is an additional social cost associated with current
 
production patterns which does not enter into the calculations of the
 
individual producer. 
The cost in question is the reduction in value of
 
the land resource caused by overexploitation by both crop and livestock
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producers. The history of land use in the southern pastoral zone illus

trates the causes of the gradual deterioration of the resource base which
 

has occurred during this century and which was accelerated by the period
 

of drought which began in 1968. The first in this sequence of events is
 

the subjugation of the Tuareg warlords by French colonial forces at the
 

beginning of this century and the dissolution of the feudal system of
 

land tenure which they enforced. The period following the pacification
 

of the pastoral zone was one of abnormally high rainfall. The abundant
 

rains, combined with the pacification of the Tuareg and the resultant
 

availability of new land for cultivation, prompted a northward migration
 

of Haussa grain producers during the two decades following the Second
 

World War.
 

Around the same time as the Haussa migration northward, mechanized
 

deep-bore water pumping stations were opened throughout the pastoral zone.
 

The opening of the pumping stations attracted a larger number of Fulani
 

herds than the area had supported previously. These herds also grew more
 

rapidly as widespread cattle vaccination programs eliminated certain
 

endemic diseases.
 

The influx of Haussa grain producers and Fulani cattle herders con

tributed to the devastating effects of the recent drought on the land
 

resources of the pastoral zone. However, the pressure of increased pop

ulation and the conflicting demands of the various production systems has
 

not been relieved since the drought began. Rather than terminate grain
 

production entirely and leave the area, Haussa grain producers and dis

possessed Tuareg herders (Village Tuareg) have congregated in the market
 

towns and have turned increasingly to commerce as the main source of
 

household income. This tendency has been furthered in recent years by
 

the growth in the importance of Kao and similar villages in the southern
 

pastoral zone as the major livestock and commodity markets which service the pas

toral zone have shifted north. This northward movement of the major live

stock markets provided an alternative source of income for those village

dwellers who could no longer rely on their own grain production as a
 

source of food. However, such households have continued to produce grain,
 

often with the assistance of hired labor, since they have little to lose
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by doing so, their subsistence being assured by their income from trade.
 
They can hire laborers to plant large areas of land, but avoid further
 
costs merely by abandoning the field if the crop does not come up well.
 
The system of land tenure may encourage such practices, as will be
 
explained below.
 

Prior to subjugation of the Tuareg by colonial forces, the pastoral
 
zone was,as 
its name belies, a region specialized in livestock production.
 
Its success in this role was dependent on a system for controlling access
 
to rangeland which was enforced by the Tuareg warlords. 
Most importantly,
 
prior to this century, the southern portion of the pastoral zone 

including the area covered by the survey --
was set aside as a dry season
 
grazing reserve. Animals were evacuated from the area during the rainy
 
season, when they could take advantage of northern pastures. This system
 
of seasonal migration allowed the pastures of the southern pastoral zone
 
to develop during the rainy season so 
that livestock producers could rely
 
on them as a source of forage once the rains stopped and pastures in the
 
north had been exhausted.
 

However, with the expansion of grain cultivation and the influx of
 
Fulani herds from the south, this system of seasonal migration,which
 
allowed the pastures of the southern pastoral zone to develop during the
 
rainy season,was abandoned. Obviously, few would benefit from a reinstate
ment of the Tuareg feudal system of land management. But in order to pre
vent further deterioration of the land resource and allow the pastoral
 
zone to develop its potential as a breeding zone for livestock, some
 
system of land management which encourages the protection of dry season
 

grazing reserves must be introduced.
 

The challenge, therefore, is to find a system of land management
 
which is enforceable and which limits, but does not preclude, grain culti
vation, an activity which residents of the southern pastoral zone 
seem
 
hesitant to abandon. Banning grain cultivation outright is not the solu
tion. 
The 1961 law which defines the pastoral zone and which prohibits
 
grain cultivation within it has never been effectively enforced. 
Part of
 
the reason why it has not been effective is simply because it is contrary
 
to the self-interest of the individual producer, as explained in the
 

following section.
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The Individual Farmer's Reluctance to Abandon Grain Cultivation and
 

Specialize in Cattle Production.-- Despite the apparent national interest
 

in promoting specialization in cattle production within the pastoral zone,
 

the individual mixed farmers who inhabit the southern portion of that zone
 

continue to allocate labor and land resources to grain and goat produc

tion rather than cattle. There are several reasons underlying this choice
 

of activities. In the first place, over half of the mixed farm household's
 

food needs, in terms of energy intake, are derived from grain consumption,
 

whereas the consumption of livestock products contributes no more than
 

10 percent of energy requirements. The only alternative to household
 

production as a source of grain is the market, but residents of the pas

toral zone have had unfortunate experiences with this means of obtaining
 

grain. In particular, the fluctuations in the price and supply of grain
 

on the market during the recent drought accentuiated the hazards of rely

ing on the market to provide such an important ,omponent of the household
 

diet. Furthermore, increases in the price of fuel have raised transporta

tion costs, which are passed on to the consiner in the form of higher
 

prices for grain shipped to the pastoral zone from the agricultural zone
 

to the south. Also, much of the grain which is offered for sale in the
 

markets of the pastoral zone is of lower quality than that produced locally
 

and stored in local granaries.
 

The linear programming analysis indicated that for Bush Tuareg house

holds, increases in herd size beyond current levels would force a decrease
 

in grain output. If the objective of development policy is to promote
 

livestock production while confining the area planted to grain and con

serving the quality of the land resource, confidence in the grain market
 

must be developed. Policy recommendations along these lines are discussed
 

in the following section.
 

Another reason why individual mixed farmers are hesitant to f.pecialize
 

.in cattle production is the comparative advantage of the goat as a less
 

risky source of food and cash income. There are several reasons why sample
 

households -- and Tuareg sample households in particular -- preferred goats
 

over other animal types. Goats are more resistant to the severe climate
 

and particularly to drought conditions. They can browse trees and exploit
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sources of feed otherwise unacceptable to cattle, and their water require
ments per standard animal unit are lower than the water requirements of
 
cattle. 
They also offer several advantages for the herd manager in that
 
they have icss of a tendency to stray and require less attention than
 
cattle. A young boy can handle a goat herd, but older males are more
 
often required to manage cattle. 
The goat herd also is more manageable
 
in that individual units within it are smaller and of lower value. Less
 
initial investment is required than in the case of the cattle herd, and
 
less risk is associated with the individual animal. 
Furthermore, goats
 
can be sold to meet immediate cash needs, whereas the sale of cattle
 
requires a larger disinvestment and more advance planning. 
For these rea
sons, it was found that mixed farmers were hesitant to diversify their
 
livestock holdings by acquiring cattle until they had built up 
a herd of
 
at least twenty goats.
 

Finally, the linear programming analysis indicated that Tuareg
 
mixed farms desiring to expand their cattle herds faced labor con
straints at the beginning and end of 
the growing season. In the simula
tion, as cattle herds increased in response to policy initiatives which
 
raised the profitability of livestock enterprises relative to grain, the
 
labor constraint j 
 prior to the harvest in late September increased in
 
importance. This is of 
 icular significance, since rainfall during
 
this period was less atypical during the survey year than in either of
 
the other two periods (early July and late October) when labor availability
 
restricted agricultural output.
 

The unusual rainfall patterns in early July and late October suggest that
 
constraints which occurred at those times might not be as critical in
 
years in which the rainfall distribution is closer to the average. 
 In 1.976,
 
a thirty-day drought struck the survey area from late June to late July,
 
in the midst of the growing season. The need to replant fields at the
 
end of this period may have imposed a labor requirement which might not
 
be present in years in which such a drought did not occur. 
 Also, in 1976,
 
rainfall in October was well above average, and as a result, the sorghum
 

harvest was prolonged.
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The unusually heavy rainfall at the end of the growing season may have dis

torted the labor requirements normally associated with harvesting.
 

However, there is no indication that activities were abnormally
 

affected by rainfall in September 1976. The constraint which arose- at
 

that time came from the need to guard cattle to keep themr away from the
 

ripening grain while simultaneously guarding the grain fields to keep
 

others' animals away from them. This suggests that the September labor
 

constraint is not only the most important in terms of the increasing
 

opportunity cost of labor as cattle herds expand, but also that it is
 

the most likely to persist under different rainfall conditions. The
 

need to guard the animals as well as the grain fields just prior to the
 

harvest will always be a problem. The following section presents some
 

attempts to resolve that problem as well as others raised by the results
 

uf the formal analysis.
 

Policy Recommendations
 

The previous section has illustrated the extent of the disparity
 

between national and individual objectives. The present section discusses
 

a set of policy recommendations which might reconcile the two viewpoints.
 

These policy recommendations are aimed at increasing cattle production by
 

mixed farmers in the pastoral zone while restricting the area planted to
 

grain and preserving the quality of the land resource. The analysis thus
 

far has indicated that policies aimed at increasing therelative profita

bility of cattle production will not of themselves be sufficient to divert
 

land and labor resources away from grain and into cattle production. Such
 

policies must be accompanied by complementary initiatives. Structural
 

changes are required in addition to simple marginal changes in technolo

gies and prices. One such initiative proposed below is the attribution
 

of seasonal property rights to livestock producers, which could relieve
 

the September labor constraint, preserve the quality of the land resource,
 

and to some extent internalize the social costs associated with the
 

overexploitation of land. Associated land tenure reforms which would
 

discourage those who have alternative sources of income from continuing
 

the expansion of grain production would be another complementary initiative.
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The introduction of labor-augmenting changes in grain production
 

technology would enable labor resources to be reallocated from grain to
 
cattle production without decreasing grain output or increasing the area
 
planted to grain. However, this approach does not respond to the problem
 
of protecting the land resource. 
A more appropriate strategy, which would
 
respond more directly to the concerns of the individual producer, would 
-

be the development of the market as an alternative to household grain pro
duction. 
Along the same lines, development projects aimed at goat pro
duction might enable the relatively impoverished producer to expand into
 
cattle production more rapidly. Specifically, increases in the milk
 
yields of goats might decrease the size of the subsistence herd required
 
to assure a steady milk supply prior to diversification into cattle.
 
These alternatives are explored in the following discussion.
 

Increasing the Relative Profitability of Cattle Production.-- The
 
linear programming analysis has indicated that the production of grain
 
is currently a rational choice of activities for the profit-maximizing
 
producer. 
The actual choice of grain and livestock production activities
 
by Tuareg mixed farmers is 
now close to optimal levels indicated by the
 
model. 
One approach to altering this choice of activities and bringing
 
it more in line with the national objectives outlined above would be
 
to increase the relative profitability of cattle production.
 

Three policy options which would embody this approach were examined
 
in the formal analysis. The first consisted of grants of animals 
to
 
mixed farmers. Such programs have been underway for the past several
 
years, but their outreach has been limited to Fulani herders currently
 
specializing in cattle production. 
Using the techniques of parametric
 
programming, the analysis indicated that if such programs were 
to include
 
mixed farmers,, they would have relatively little impact on cattle pro
duction unless accompanied by programs aimed at relieving the
 



-389

labor and subsistence constraints embodied in the model. Without such
 

complementary programs, increasing the size of herds held by Tuareg mixed
 

farmers beyond current levels would force a shift to more land-extensive
 

grain production technologies and a commensurate decline in the net value
 

of agricultural output. Such a shift would hardly be desirable. Also,
 

as the analysis indicated, the shift to more land-extensive technologies
 

would involve allocating more land to grain production in order to fulfill
 

the household's subsistence needs.
 

Two policy alternatives which might shift the economic advantage to live

stock production were selected for analysis. The first was to lower the
 

relative price of grain, and the second was to increase milk yields.
 

The two initiatives suffered similar fates in the simulation. The expansion
 

of the herds as a result of the increase in the rLlative profitability of
 

livestock production was accompanied by an increase in the area planted
 

to grain caused by a shift to less productive grain technologies. The
 

shift to less productive grain technologies as the cattle herd expanded was
 

made necessary by the increase in the importance of the September labor
 

constraint. The following policy approaches are designed to address this
 

problem.
 

The Extension of Seasonal Enforcement of Property Rights to Livestock
 

Producers.-- Currently, the only legally-enforceable private interest in
 

land recognized in the survey area is the right of the grain producer to
 

cultivate his fields without interference from trespassing herds. If tres

pass by animals results in actual damage to the crop, no matter how slight,
 

a cause of action arises, and the grain producer may bring his claim before
 

a local tribunal headed by the local Haussa village chief. Judgements are
 

enforced by armed Nomad Guards. The decisions of the tribunal rarely favor
 

the trespassing herder.
 

On the other hand, no comparable protection is offered to those who
 

wish to develop the land for purposes of livestock production by improving
 

the pasture of cultivating forage crops. TI. ultimate effect of this
 

policy is to provide an initiative for the grain producer to expand the
 

area he has planted to grain, since this is the only effective way to gain
 

a private interest in the land. No similar incentive exists for the livestock
 



-390

producer. There is no means by which the livestock producer can set
 

aside a plot of land as a dry season grazing reserve and enforce his
 

rights when this plot is encroached upon.
 

If the legal protection currently extended to grain crops during the
 
rainy season were to be extended to producers of forage crops or other inputs
 

to livestock production, the sometimes conflicting demands of grain and
 

livestock production might be resolved. Furthermore, the expansion of the
 
private property rights of livestock producers might stimulate livestock
 
producers to make improvements in the land which would preserve its quality
 

and prevent further desertification. This does not necessarily imply a
 

shift away from the priority goal of supplying sufficient grain for the
 
population if grain production technologies which yield higher returns to
 

land can be implemented.
 

The following is 
an example of how such a system might function. An
 
individual livestock-producing household, or a cooperative, would agree to
 

make certain improvements on the land, such as the production of forage.
 

A land management bureau established at the regional level of the Livestock
 

Service could maintain agents at 
the village level who would distribute
 

grass seeds, provide extension services, and settle disputes over damage
 
done to the forage crop. Such a program would not only preserve but improve
 

the quality of the land. The extension of private property rights to such
 
individuals or cooperatives would also be consistent with the tenets of
 

Islamic law, as long as some improvements on the land are made.
 

The household could mark its allotted land by a thorn-brush fence, and
 
the right to an action for damages would arise whenever this fence is breached
 
and the encroaching animals consume the forage which is developing on 
the plot.
 
In addition to the agreement to make improvements, the only condition which
 
would need to be imposed upon the individual claiming the property interest
 

would be that he not allow his own animals to consume the developing grasses
 
until the latter part of the rainy season. This would ensure that the grasses
 

be allowed to develop and avoid the problems involved in allocating the
 

damages between the owner's animals and those which committed the trespass.
 
Furthermore, the suit for damages could only be brought if the trespassory
 

act occurred during the rainy season when the grasses were developing, up to
 
the time when the owner decided to let his own animals graze on the plot.
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Outside of the rainy season, no individual property interest would be recog

nized and, just as in the case of the grain fields, the land would revert
 

to public rangeland.
 

This scheme, if effective, might provide an incentive for protecting
 

grasses during the rainy season. The point in protecting the grass cover
 

during the rainy season is to allow it to develop. The rainy season is the
 

time when such protection is most needed, since this is the time when plant
 

growth takes place and when a healthy grass cover can prevent soil erosion.
 

Also, if the grasses are not consumed as they grow, a larger crop of grass
 

seeds would result, and the quality cf the range in the following year would
 

be improved.
 

Such legal protection combined with an appropriate extension program
 

might result in benefits for the producers as well, if it encourages Tuareg
 

mixed farmers to produce forage or to set aside reserves during the rainy
 

season. The linear programming analysis indicated that as the cattle herd
 

expands, most of the available September labor must be devoted to guarding
 

the animals to prevent them from encroaching on the grain fields and con

suming the ripening grain. If the attribution of property rights to live

stock producers does stimulate the setting aside of pasture reserves, the
 

labor requirements of livestock enterprises during the critical September
 

period might be reduced by confining the animals to the plot which had been
 

set aside during the rainy season. This would alleviate the September labor
 

constraint, if little additional work is required to confine the animals to
 

the plot.
 

Another desirable aspect of this alternative is that it provides a
 

system of land management based on existing institutions. There would be no
 

reduction in the rights of grain producers to bring an action to recover
 

damages caused by trespassing herds, although a strong argument can be made
 

for revising the procedure by which such rights are enforced. This approach
 

involves only the extension to livestock producers of rights to bring a
 

similar action. Possibly, the involvement of a Livestock Service agent in
 

the dispute settlement procedure might promote more equitable solutions.
 

In any case, it is apparent that some procedural reform is required at the
 

village level for the approach to be effective.
 

Several problems must be overcome, in addition to procedural reform,
 

before such an approach can accomplish the goals of resolving property dis
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putes or protecting the environment. The primary problem is that currently
 

there is no system for recording interests in real property. Since the
 

forage plot requires less in the way of obvious improvements than a plot
 

planted to grain, disputes may frequently arise concerning ownership of the
 

interest in a given forage plot. This problem can be resolved partially by
 

stipulating that the interest can only be claimed upon the erection of
 

obvious improvements, such as a thorn-brush fence and the performance of
 

acts indicating an intent to exclude all animals from the plot. Further

more, the term of the interest should be for only one rainy season, renew

able in subsequent years by the maintenance of the fence, improvement of
 

the grass cover and acts indicat 4ng the intent to exclude animals.
 

The second problem is that transit corridors must be maintained for
 

herds moving through the area to northern pastures. This could be accom

plished by limiting the areas in which forage plots could be claimed.
 

Again, the lack of a system for recording property interests poses a pro

blem. It may be necessary to have a tribunal at the regional level to
 

apportion lands to each group and to settle disputes over conflicting claims.
 

This would add an unrealistically heavy judicial and administrative burden.
 

A more realistic alternative would be to limit either the allowable compen

sation for damages or the amount of land which could be claimed for forage
 

crops. This would discourage producers from claiming too large a plot and
 

thus cutting into the land which would otherwise be available for transit
 

corridors. The latter alternative would lend itself more readily to self

administration.
 

The intention of the scheme is to provide a means of protecting the
 

grass cover during the rainy season and of resolving the conflicting demands
 

of grain and livestock production. The recognition of a limited property
 

interest akin to the interest of the grain cultivator in his land during the
 

rainy season might accomplish these objectives. However, additional infor

mation on technical coefficients is required before the feasibility of
 

forage production can be confirmed.
 

Associated Land Tenure Reforms.-- A related problem is that current
 

property laws in Niger, as they were explained to this author by a local
 

government official, recognize a more permanent interest in land than
 

that mentioned above once a household has planted a given plot
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to grain for three consecutive years. The ability to acquire more perma

nent rights to the land merely by continuing to plant grain is an addi

tional incentive to village-dwellers to continue grain cultivation, even
 

though they have an alternative source of income from trade which makes
 

the cultivation of grain for subsistence unnecessary. These rights must
 

be renewed each growing season by planting, but there is no requirement
 

that the owner continue to cultivate the entire field through to harvest
 

in order to maintain his rights to the entire parcel. Furthermore, the
 

planting requirement may be fulfilled by hiring laborers to plant and
 

weed for the first few months of the season, thus avoiding the need to
 

allocate household labor to these tasks. Then, once the plants have
 

sprouted, the farmer can abandon the field altogether while maintaining
 

his permanent interest in it and his right to sue for damages if tres

passing herds encroach upon it.
 

Alternatively, once a more permanent interest is acquired, the
 

farmer can lease his land to households which are unable otherwise to
 

obtain land,and have his tenants plant and cultivate his parcel. The
 

farmer may demand additional services from the tenant's household, such as
 

assistance with domestic chores or labor on other fields owned by the
 

lessor. The produce from the plot thus loaned is normally the property of
 

the tenant, but the system allows the landlord to maintain his more per

manent interest in the property while obtaining additional labor services
 

as a form of rent.
 

It is obvious from the above description that such practices are in
 

need of reform. The incentive to put land into grain production, even
 

without the intention of bringing the crop to fruition, must be eliminated.
 

While the ability to acquire a permanent interest in land through con

tinued cultivation may provide a necessary and useful incentive for grain
 

producers in the agricultural zone to the south, it is clearly a detri

mental policy in the pastoral zone.
 

Labor-Augmenting Change in Grain Production Technology. -- An alterna

tive approach to relieving the September labor ccnstraint and avoiding
 

the necessity of shifting to less productive grain technologies as cattle
 

herds expand would be to introduce changes in grain production technolo

gies which would increase labor productivity. A simple example of such
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technological change would be the introduction of grain varieties which
 

mature more rapidly. This would shorten the waiting period between the
 
August weedings and the October harvests, when fields must be guarded to
 
prevent animals from destroying the crop. The decrease in the labor
 
requirement would enable mixed farmers to complete the harvest earlier,
 
thereby leaving them more 
time to devote to livestock production.
 
Possibly, the reduction in labor requirements during the harvest season
 

would also prevent having to shift to more land-extensive technologies
 

once the cattle herd expands.
 

The result of such an effort, however, would be at best to hold con
stant the area planted to grain by eliminating the need to increase the
 
area planted in order to meet the household'-, subsistence needs as cattle
 
herds are expanded. On the other hand, such technological changes may
 
even result n an increase in the area planted to grain due to 
the in
crease in the relative profitability of grain enterprises. Given the
 
development objectives of encouraging cattle production while restricting
 
grain production, the development of substitutes for household grain
 

production may be a preferable approach.
 

Developing the Market as an Alternative to Household Grain Production.--

The linear programming analysis indicated that Tuareg mixed farmers are
 
constrained from expanding their cattle herds by the desire to produce
 
enough grain to meet subsistence requirements. Although in some cases,
 

profit-maximizing behavior alone would dictate an increase in the cattle
 
herd and the use of the increased income from the larger herd to purchase
 

grain for the household, Tuareg households refrained from doing so due
 
to a lack of confidence in the market, particularly as a source of supply
 

for such an important component of the household diet. 
 It is therefore
 

necessary to build confidence in the market as a source of grain before
 
the development objectives listed above 
can be attained.
 

An assured supply of cheaper, high-quality grain to the local market
 
could create greater confidence in the market as a source of grain and
 
thereby increase the relative attractiveness of livestock enterprises.
 
To achieve such confidence, the grain appearing on the market would have
 
to be of comparable quality 
to the grain produced by The households
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themselves and would have to be slightly cheaper and more consistently
 

available than was the case during the survey year. This effectively
 

precludes any effort on the part of the government grain marketing board
 

(OPVN), unless that agency adopts a more realistic storage policy by
 

allowing agents to get rid of rotting and infested grain rather than
 

allowing it to contaminate new grain shipments in the warehouse. It is
 

possible that the paved road which is scheduled to link the Azawak region
 

with the two regional capitals at Agadez and Tahoua will help to assure more
 

regular and less expensive grain supplies from the south.
 

The Development of Goat Production. -- The goat, rather than the cow,
 

is the basic component of the Bush Tuareg livestock enterprise. The
 

smallest and least wealthy households are likely to own one or two goats,
 

and even the largest Bush Tuareg household strives to maintain a herd of
 

twenty to thirty goats in addition to its cattle holdings. The fact that
 

goats are more common to households in the northern Sahel raises the
 

question of whether development programs for that area should not con

centrate on, or at least pay some attention to, the development of goat
 

production. Certainly, if the intention of a development program is to
 

have some immediate impact on the well-being of the least wealthy house

holds, a cattle production project is not in order. Rather,one would
 

anticipate that a project aimed at increasing and prolonging the milk
 

yields of traditionally-managed goat herds would have a greater immediate
 

refit for a larger number of households, including the least wealthy.
 

Furthermore, the desire to build up a subsistence herd of at least
 

twenty goats before diversifying into'cattle production currently limits
 

the ability of the average household to produce cattle. The subsistence
 

herd of goats is required to assure a supply of milk for the household,
 

since the output of milk from small cattle herds is less certain. An
 

increase in the milk yields of goats might reduce the number of goats
 

required for the subsistence herd,and enable households of average size
 

to acquire and manage the small cattle herd which the linear programs

using model indicates as optimal once the goat herd constraint is elimi

nated.
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Conclusions
 

The above policy recommendations suggest ways in which the reality
 
of the individual farmer's needs and motivations might possibly be recon
ciled with development objectives that are in the national interest. 
 The
 
recommendations stem from the basic disparity noted in the previous section
 
of this paper. Although cattle exports are an important source of foreign
 
exchange earnings, although social welfare in the pastoral zone may be
 
maximized by specialization in cattle production, and although continued
 
grain production and uncontrolled land use in that 
area is resulting in
 

a steady deterioration of 
the quality of the land resource, extensive
 
grain production i. still in the private interest, and individual farmers
 

continue to devote their efforts to grain crops. 
 Few mixed farmers in
 

the pastoral zone find themselves able or willing to specialize in cattle
 
production, or even to increase cattle production at the expense of their
 
grain crops. National objectives may simply be incompatible with those
 
of the indigenous population, most of whom are only peripherally involved
 

in cattle production.
 

Programs aimed at increasing the attractiveness of cattle production
 

to mixed farmers might have some impact on increasing the number of cattle
 
held by them in the southern pastoral zone. However, it is unlikely that
 
marginal changes in technologies and prices alone will be effective in
 
reducing the area planted to grain and preserving the quality of the land
 
resource. 
To accomplish such objectives would require structural reforms such
 
as 
reforms in property law and the development of confidence in the grain
 
market as an alternative to household production. 
 In addition, complemen

tary programs to develop the productivity of goats would enable less
 
wealthy households to reach the position where they can assume the risks
 

associated with cattle production.
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HISTORIQUE DE LA FAiLLE 	 E. D. Eddy, CRED/INRAN 

Perme: .- Date: 
Nom du chef:
 

- -: No. do menbres do la fewillo r4gulibrement cnqu~tdes 

--. No. total dane la famille (ceux qui 8ont nourris Dnr le 
chef do la fanille ou qui mangent at vivent avec lui) 

1. 	 Membres de la fanillc qui no sont nas r4guliroment 'ort4es sur 
les fichos semi-habdomadires: 
NOM AGE S LIEN DE PARENTAGE 

(avoc lo chef dc la fm'illc) 

2. Y-a-t-il d'autres personnos non citdos ci-dessus 
qui sont nourris ou entretenues rdguliircment par OUI NON 
cetto fajille (y compris ceux qui n'habitcnt pas 
avoc la frjille)? ...............*................. 

3. Est-cc quc la famillo a d'autros -aisons ou chcxms
 
an dehors de la r~gion do l'enqudto (Kao/Eghadd)
 
ou qui no 
sent pas encore cnqudt~e? ...............
 

Si 	 "uil", oil? 
4. Profession du pbrc du chef do la f.umille:
 

Cultivateur .... ....................... .
 

Eleveur . . .. .0. . . . . . . . . . . .
 

Autre (Pr~ciser: 	 ) -

5. En quelle annde ost-ce quo la famille s'est instal
l4o & Kao (Eghad )? ............ . ....... .........
 

D 'ot sont-ils venus? .. *.... ....... .
 

6. Si le chef do la fanille n'cst pas n6 L Kao (Egh.ad6), quclle est 
la scule raison la plus i=ortantc pour laquelle la famille s'est 
installc &Tao (Eghad)? 
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HISTORIQUE DE LA FALIILLE (Suite) E. D. Eddy, CRED/INRAN 

Forme: Date :-/ --__/-

Nom du chef:
 

7. Combien de mambres de la f,-ailles sont en oxode? ..
 

OU so trouvent-ils actuollcaont? 

Dcrnuis quand sont-ils Dartis?
 

cotto
Qu'cst-ce qu'ils ont envoy4 h la finilla dcDuis Juin do 


ann4e (ddbut de l'enq~te)?
 

8. Dans la famillc, qui compto nartir on cxodc cotto
 

arnd? ......... .*** . *....... * ..
*& . oo******* ee eo * 

Quand? ............................................
 

Vera oi? ..... ..... .... ....... ......... ...... . . _
 

Pour f,:iro quoi? ... .. .......... 0...........0........
 

9. HISTORIQUE RESIDENTIELLE: Notcr tous los lieux o'i Ic chef de la 

famille a rdsid4 ou auxquola il a voyagd pendant sa via: 

EN DEHORS DE LA.RONDISSETENT DE TCHIN- EN DEHORS DE LA 

TABARADEN 
 REP. DU NIGER
 

10. HISTORIQUE DE L'EDUCATION: Pour tous los mcmbrcs do la fn.illc 

qui ont 4t4 (ou qui sont k nr~sont) h 1'4colc, notor le no:nbre
 

d'ann4cs qu'ils ont fait k chnque niveau:
 

Noll ECOLE ECOLE ECOLE 
KORANIQUE PRIMAIRE SECONDAIRE 
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HISTOIQUE DE LA FAHILLE (Suito) 
 E. D. 2ddy, CRED/INRAN
 

F-me: - - Date: -/-/
 
Nom du 
 chef:
 

11. HISTORIQUE PROFESSIONELLE: Notcr tous ls m6tiors quo ic chef
 
do la fnmillo a pratiqud (ou qu'il pratique h priscnt) a part

l'agriculturc at 1'docvago, mais cornris icy commcrcc, lt.rti
sanat, at tous los tr.vaux salarids:
 

PROFESSIONS 
 EWOQUE DUREE
 
AVANT: 

A PRESENT: 

12. HISTORIQUE DE LA SANTE: Noter las 3 mala.dics 
(on ordra d'imor
tance) qui, dcnuis lo ch4f do la famille, sont lcs plus graves 
at qui attaqaicnt sa famillo le plus souvent: 

(1)
 

(2)
 

(3)
 

INFIRLiITS: Notar les noms do 
tous leas rimbres do la f..nille qui
 

sont infirmcs, dapuis quand ils 
sont invirmcs, at h causc 
do quoi:
 

NOM DEPUIS OUAND A CAUSE DE: 

AUTRES OBSERVATIONS DE L'ENQUETEUR SUR L'HISTORIQUEn DE LA F.VILLE: 
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E. D. Eddy, CRED/INRAN
 

QUESTIONNAIRE MENSUEL SUPPLEISNTAIRS
 

Mois:
Perre: 


Vom du chef: Date: _/_/77
 

1. Y-a-t-il des membres de la famille qui sont revenus Pendant
 
le dernier mois d'un voyage d'au moins 14 jours h un autre
 

ceux qui sont
village, ville, ou Pays? (1o6fbr la lbre visite: 

revenue d'un tel voyage aprbs le debut de l'enqu8te.)
 

Non
 

Oui
 

(a) (b) (c) 1d)
 
Nom Lieu auquel Dur~e But de A-t-il/e le a~port6
 

il/elle a d'absence voyage de l1argent ou des
 
voyag (en mois) biens h la famille?
 

(a)VN = village au nord
 
VS = village au sud
 
CU = centre urbain (au Niger)
 
LI = Libye
 
NI = Nigdria
 
IC = C^te d'Ivoire
 
EX = Autre nays (O l'extdricur)
 
INC = Lieu inconnu
 

(c)RT = recherche de travail
 
RC = recherche de charit4
 
COI = commerce 
ACC = accouchement 
VP = visite aux Parents 
AUT = autre raison, ou inconnu (si autre, 

sn~cifiez) 
(d) R ponse: oui ou non
 

2. Pendant le dernier mois, y-a-t-il des feqres de la farnille
 
qui ont accouchd? (pour la lbre visite: la Ddriode entre le
 
ddbut de l'cnqu~te et l'heure actuelle.)
 

Non
 

Oui - mais l'enfant est mort
 

Oui - et l'enfant est vivant
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Fez'me: Datess / 77 

3. 	 Fendant le dernier laois, y-a-t-il des embres de la famillequ. ront quittds le mdnage devuis au moins 14 jours? 
 (Pour
la 	-ramibre visite, marquez les no-s de ceux qui sont nartis
deruis 
m.d4but de 1'enqudte.pour au moins 14 jours et qui
cant 	toujours en vo)age..ou en dehors de la famille.)
No,. Lien de parent4e 
 But de voyage

svec le chef de famillo (voir code (c) ci-dessus)
 

4. Pendant le dernier mois (pour In 1remibre visite: denuis le
 

d~bt de l'anqu~te), y-a-t-il eu des m:orts dains la famille?
 

Non 

Oui 

Fom _ Sexe 
1. __ _ _ _ _ _ _ -

2. 

(N.B.: 12 ntest pas n~cessaire de poser les questions 5 b 9 aumoent de la premibre visite.) 

5. Vrr.t. doq'roduits de lagriculture: Est-cc que 1n famille
A vnau ou echang les nroduits de leurs chap-ps pendant le
dernier ois? 
$rodui t Quantitd VINTE ECHANGE 

Hevenu Produt uantit4
(F CPA) r62u rku 
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Permo: - - Date: _/__ji7 

6. Colts lies h l'aaTiculture: ddzcnses pendant le dernier mois:
 

ACHATS
 
En esDbce --- nature
 
(F CPA)_ (nroduit et quantit4)
 

Semonces: Mil
 

Sorgho
 

Haricots
 

Pongicide
 

Outils:
 

Autres:
 

7. Aniniux sorties du trou-neau *cndant le dernicr nois: (;.-n.loyez
 
Les codes spdcifi~s pour le questionnaire ,sTSCTM-ti DU TROUPEATTII")
 

Esv~ce Raco Age Sexe Etat Marchd at Abat Porte Nort
 
Prix do Vcnte ou Vol
 

8. Animaux entrdes au troureau rendant le dernior aois:
 

NAISSANCES: Esrce Race Scxe
 

ACHATS, PRSTS, DONS:
 
Esn4ce R.c- Sexo et Prix d'Achat Pr8ts ou Dons
c E*rch6 
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Permo: -... --	 Date: .... // 

9. Ventc des rroduits de 1'41evago nendant le dornier mois.:
 

Produit 
(a)

Quantitd 
nroduit 

(b)
Quantitd 
consommd 

VENTE ECHANGl 
Quanti-t-evenu Quantit4 Produit et 
vendu (F CPA) dehan d Ouantitg reu 

Lair 
frais 

Lait -

Gaill _____ _____ _____ ____ 

Fromage 

Beurro 

Peaux 

Viande
 

Oeufs
 

Poulots 
Autre:
 

(a) S'il y a lieu.
 

(b)De cc qu'ils ont produit cux-m&nes, non comnris
 
co qu'ils ont payd sur le marchd ou rdqg,.dctilleurc. 

10. 	Collts lids h l'dlev.e: total de ddpenses pond.ant le dernier

mis pour le troupeau entier. (Pour l -)romire.visite, il
ost surtout important de noter tous cc quo la farille a donn4
 ou 'ayd au(x) bergor(s) depuis le ddbut do l'onqudte.)
 

ACHAT
 
En espbce En nature
(F CFA) (nroeduit et cuntitd) 

Paille 

Sol
 
Son
 

Attachos
 

Cadeau ou naicient
 
au berger
 

Autre: 
_ 
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Date: __/__/77
-ee 

11. 	Travw'.ux samlri4s effcctu6s n-r los mcmbres de la f-,illc
 
pondant lo dernior mois. (Pour la Dremiere visite, notez
 
lo total - ou le salairo Dar nois at le nombre do r.:ois tra
vi!1d - quo chaquo membre dc la famillo a gagn4 denuis le
 
d4but do l'onqu~te.) 

SALAIRE OU PAIMINT RECU 
Nom Gonre du Travail 

- __(F 

En eep'tce 
CA) 

:,'nnature 
(produit et gunntitO) 

12. 	Pornation du canital pendant le dernier moiz, non copris. 
los trava.ux d'entretion. (Pour la premibre visi-t, notez 
Pour los neuf mois depuis le d4but do l'enqu-te.) 2r,-rquez
 
cc qui a 6td construit ou fabriqu4 Pour la famille.
 

Combion?
 
Houvellos naisons on banco
 
!3ouvcllcs paillottes
 

Nouvolles tontes
 

Hangars
 

Greniors 

Puits
 

D4frichago des champs
 
Nur en banco
 

.ur en Daille tress4
 

Outils!
 

Autres:
 

13. 	Transferts dcstin4s A la farmille: Est-ce quo quolqu'un, qui
 
n'habito pas aveu la fxnille, a envoy6 do l'a.rgent ou des 
biens h la famille vcndant le dernior mois (y colrtis lcs 
membrcs de la fclmillo qui sont revenus d'un voyage)? Y-a-t-il 
uno cautrc famille ou individu qui donne k nangcr a la fz-.ille 
r4gulibremcnt (plus que 10 fois dans le rois). 

Non
 

Oui 	... Ou.stitc r4tu:
 -- En esn cos .",n n,-.ture 

http:trava.ux
http:Travw'.ux
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14. 	 Pendant le dernier mois (lbre visite: depuis le d~but do

l'onqudte), cst-ce que la fwinjile a r~qu lesa oni-naux, ics

c~rda1cs, ou d'autres biens d'un Progrrmo Souv3rncmcnt:zj
de distribution grmtuito ou k titre do prdt? 

Biens rdous- Qu-:ntit4 Nom~ du pror,-vmo, 

15.* Y-a-t-ji des onfa'nts do it'. fni11c qui ~og -n rfois k 
1lecole?
 

Non 

- Otui ... Combien? 

1.6. 	 Transferto vnrovcn,,ntsD it'. f-!iiiio: -Ist-cc qu'un mcmbre do 
13 famillo a'donnd de li'%rgtou des bions unc autre
famille ou indivjdu ',cnda'nt ie dernier mij (lbro visitc : 
de~uit lo ddbut de 1'cnqudte)? 

Non 

Oui ... OD
Lien de vt'.rentgc du donatairc -'nespbces ifl nature 

avecie chef dcila f!7 - iji (F CFA) ('-roduit ct aua ntite-) 
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Ferme: ___ 	 Dte: / 7 

17. 	 RTVn!,"rJ DIV,;RS rdgu )end,-nt ic dcrnircr ;noiE, (16rc ~isitoz
de,7tu-s le- d~but d,- 1'cnquttc) 

.Iont nt 

Revenu c!'unc npnsiof 

Reveru d~c in location d'unc
 
maison ou d'un tcorrain____
 

Revenu d'unc tantinc 	 ___ 

Rcribourb;!..,,t e9 'un 1p_____ 

Autro: __________ 

18. 	 DnPENS-TS 'DIVTRB3 pendant le dornicr mois visi.tc: dcnuis 
le d~but e' o cnqu~te) 

Ouj . 

Trwar,.ux cffoctugs R-nos 7SccC.n n.iture 
(FCA) (rrjuit 1-tc'u'.tit6) 

Pr:ontntc
 

Locrition p'.yL (nour: ______ 

Cati..7,tion de laS.ar ~____ 

Rci!boursc.wnt dos 'rts____ 

Autro: __________ 	 ___ 



FIELD 20116. -- AREA CALULATIONS AND SURVEY DATA
 

I SURVEY( lt[) = 265,. SURVEY( 1,2 ) = 118. 
 STANG( I = -175.2 SURVEY( 2,1) = 177. SURVEY( 2P2 ) = 140. STANG( 2) = -87.3 SURVEY( 3,11 = 72. SURVEY( 3,2 ) = 75. STANG( 3) = -342.
4 SURVEY( 4,1) = 30. SURVEY( 4P2 ) = 88. STANG( 4) = -300.
5 SURVEY( 5,1) = 355. SURVEY( 5,2 ) = 53. STANG( 5) = -265a 

THE ABOVE 5 ANGLE-DISTANCE MEASUREMENTS YIELD THE FIRST 6 COORDINATES LISTED
BELOW. ONLY 
THE FIRST 5 OF THESE COORDINATES ARE USED 
IN THE AREA CALCULATION.
 

X(I+O Y([+0) X(I+) Y(I+1) X(1 2) Y(I+21
 

I= 1 * 0.0 * 0.0 *,, -117.6 * -10.3 *** -110.2 * -15C.1
1= 4 * -38.9 * -126.9 *** 5.1 * -50.7 ,,* 0.5 * 2.1 

),***,,******* *, THE AREA OF THE FIELD 20116. IS 
 13640,8 ****************** 

0 
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QUESTIONNAIRE SUR LES CHAIS E. D. Ee.dy, CI1ED/IlAN 

Pe'ie: 	 - - Date :__/__./ 

Terr.in: 	 Pronriteoire: 

Cult-ares: 

1. POSSESSION DE LA TERRE: Ce terrain est:
 

LOUE PRETB HERIT., AUTRE
 

Si "autre", donner lec pr4cisions:
 

Le prdsent '?ropriktaire (cultivateur) l'a obtenu
 

en quolle ann4e? ...........
 

2. Le champ a-t-il 4td cultiv6 avant quo le present 

propriftaire la obtenu? ..................... OUI NON 

3. 	 HISTORIQUE D13 RECOLTES: 1971-1975 
ANNEE 	 MIL SORGO HARICOTS EVALUATION 

(bottes) (bottes) ( ) ( ) 

1975 B A ! 

1974 B A M, 

1973 B A 11 

1972 B A M 

1971 B A 4 

4. APPORTS AU CHAM CETTE ANTEE: (Semences, fongicide, ctc.) 

CULTURE VARIETES QUANTITE STO C D CRIX
D'ACHAT
 

mil
 

Sorgho 

Haricots
 

Pongicide
 

5. TECHNIQUES DE GESTION
 
ACTIVITE NO. DE FOIS DATES
 

EFFECTU2 
Semis 

Sarclages
 

6. 	 COTOSITION DES SOLS: Sols .rgilcu.. .................. _%
 

Sol- sblorneux .................
 

7. 	 LVALUATION do 1'onquttcur cur 1'6tat du chamn et Ics techniques 

do gostion: 
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SYNTHESE DES DOMNES SUR LES 	 CHA'PS 

Forme : 	 E. D. Eddy, CRED/INflAI 

Terrain: 	 Lieu:
 

Pon du Chef:
 

3urface: 	 ha. 

REMIDEE NTS 

Culture__ 

Rendements 
(bottea)
 

Poies moyen de
 
botte
 

Poids oyen do
 
grain/ba tte
 

Rendement
 
(on kg.)
 

Valour brute
 

Rende,.ent
 
(kg/ha)
 

II. APYORTS
 

Semenccs:
 
Quantit4 

Valour
 

Fongicide
 

2rais do
 

nwin-d' oeuvre
 
Total des
 

coolts
 

III. 	 'LIN-D'OEUVRE (home-heure) 
Farille Ouvripre To tl 

Lp-bour/S'rclg,.ge
 

Somaillcs
 
Survoill.xce
 

RUcolto
 

Autros trav'ux
 

TOTAL 

http:rclg,.ge
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IWENTAIRE DES TMOUPEAUX E. D. Eddy, CPED/IINRAN 

Perme: Date :-/-_/-

Nom du chef: 

1. 	 Elevage pratiqud mainten.it: Esnrce : Code: 

Bovins : B : 

Moutons : M :
 

Chbvres : C :
 

Chameaux : CA :
 

Chevaux : CH :
 

Anes : A :
 

2. Est-ce que la famille engage 	un berger? ............ OUI NON
 

Si "ui", noter ce que la famille a donn4 ou nay6 au berger depuis
 

Juin 1976 (ddbut de l'enqu~te) jusqu'L pr6sent.
 

3. O Z est-ce qu'on a D~tur4 (gardd) les aninaux pendant 1976? 

ESPECE 	 LIEUXX DE rATURAGE 

4. HISTORIQUE DES TROUPEAU.: Nomb:-, d'ar.imaux gard6s par la fe.mille 

pendant l'hivernage de chaque annde: 

ANNEE B M C CA CH A CAUSE DES FEPTES 

1976 

1975 

1974 

1973 

1972 

1971 

5. PROBLEMES DE LA SANTE: Noter les 3 maladies (en ordre d'importance) 

qui, depuis l'41eveur, sont les Dlus graves et qui attaquent son
 

troupeau le plus souvent:
 

(1)
 

(2)
 

(3)
 

http:mainten.it
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TEWTI2MS M-C-3TION : WLE.0"
 

CSSION flU T!ROLPMU Data gi
 
Fbrmo t
 

Nor 	 du Caef a 

M.ovago pratiqu6 (001=S) B H C CH CA A Vol.illas 

INSTRUCTIONS : Pour los activit4s suiv-nt-s, ii a'agit do toute 

!'nn o, pas unicruamont A citto 6ror*Ue. Si l'levcur quo VOus 
lntdrrogCz fzit Lmo do ws activit4s & n'importa quol moment 
do l'cn&, vous r-.ttoz Lm crochot (. ) leg hembres de la ftmille 
et darns lI colcnno intitulde "OUI" pour l'activitd concorn~e 

L'5lovaur vaut dir lea membros do la f±mila ot tous coux qui s'ocoupont 
dos nimaux arpartan.nts la fmills. 

L 	AL=T..TION -T 'YPOITS OUI NON 

1. 	 Utilisation du son i P-irfois, los mmbres do la fonillo
 
mangont du son (du mil ou du sorSno) ...............,
 

2. L' lavour dcnna du son .ux ani ux ............................. 	 2a
 

3. 	 Parfois, 1'e1.vur achbta du son pour ls mim-%ux (y compris 
los,vol-illcs).................................................. 3e 

3A. 	 L'6lovour vend du son au m-,.rch .............................
 

4. 	 Utilis7.tion du sol : P-rfoia, l'llcvur donne lo Sol du Bilma 
au~x anim.x................................................ 4e 

5. 	 L'l dlovuur dcnne la sal du Tiggila aux anin.ux .................. 5.
 
6. L'e'lowur achbto du sol pour las anim.-.ux au vi m-rch ..........-	 6,
 

7. 	 Utilisiticn ics t:u1-roduits 13 'ric-jlturo 
L'alovur r-maco las t1gos du aorgho ou -i iil 
pour donncr *ux .-im-%ux a la m-ison ............................... 7. 

8. L'dlovur rdcolto ls fouillas dos h.ricoto p-ur donner 
aur nima.ux.................................................. 8. 

9. 	L'lovcur r=so at ionno las autros sous-Produits dos 
chdops A nourrir aux anim:.ux ............................................. 9 

I-),	L'1ovuur rynlssc I p.Ill0 pour donrr =ux ani.n.ux
 
(on plus que l's f-Ira pltra)................................. 10
 

II,Pa/rfois, l'elovzur achto la p-illa ou 1C3 ti;s 
pour lag avioax ............................... ............... __- 11 

12. L'dlevour fait um stock dos tixs ou io i.n p--llo 

pour donnor i'ux Zuix cnd-nt 1i. snison s~cho .................. -12, 

13. Parfois, l'dIcwur f-it poItr leas :nLn .ux pand nt i 
nuit. (Ace mcoent, q-olqu'Lr survoillo ou con.uit los animt.ux)._ I3. 

14. 	Parfois, il I-izss p.trm las -.ni.ux pond-nt 1. nuit.
 
(Porsonno los za oil oa) ....................................
 

15. L'&qavvur a constr'it ou rossbie un p-ro A bdt.il
 
cltturd ,-r los 6rinos ................................. ... 5
 

IL 	OU= TT D L'.JV:, 

6. L'aicvcur dispooo d'uM p-rc bst:dl c1oturd p-r lag

pi-utp on bois (ou 1'-troa-.triol).......................... 
 __16,
 

17. 	 L'floviur las :,nin-:ux I-ns la ccncosi:nattrx.cd 

ou anutour do la i-.ison pun!-.nt 1%nui ...........................--- 17e
 

http:pun!-.nt
http:attrx.cd
http:animt.ux
http:ani.n.ux
http:anim:.ux
http:anim.-.ux
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TflUI-.U S M CST : L1 2) 3. D. Eady,=VAM (Pago 	 m/Rd 

Nor 	 du Chof t 

IL. EQUIP: M2T = L'=LVIO (Suita) 	 OUT NON 

18. 	 Los nim.ux rstont %utour do 1i m-.ison pnd-,nt la 
nuit, m..is ils sont libres. (On no los .tt-ho ;as,
 
ot on no los nct p=a duns un parc.) ........................ - -


IIL 	SnfS SXAIT.IMS 

19. 	 L'&iavour a f._-it vaccincr scs anim-tux pcnd'it la dorni~ro 
emp.gno do vaccinr.tion (debut do l'oindo 1976) ........... - 19. 

20. 	 fl a fait vaccinor cos a!nim-.ux pcn'Iant los czp-nmes 
prdc4lcnto a.. ........................................ 20, 

21. 	 A part los vaccinationo, l'dlcv-ur a r6qu l'aido d'wi 
agvnt du Sorvicc do l'6lovago pour soinor scs animaux .. 21* 

rTST!UZI3IS : Pour Ice scotion3 BuiV:mtcs (IV, V, & VI), dcmndoz los
 
ronscignomonts uni-:ucmiont pour 1 onn6o 1976
 

IV, 	 .CNI ,C:NTS PROV2LN.';TS MlL'EVAM 

22. 	 L'dlcvaur tr.-.it c 1- it dos nnim-.ux. (C'oat---lirc quo pen
 
dnt l'--an6 pa-so (1976), il y avait dos nim
vux 
dans lc troupoau qui ont donn6 du lit. .............. 22o 

23. 	L'6lcvour vand lo 1%it ou l'.chango pour los c6r43los...... 23a 

24. 	L'aovour f-briqo du fromge ............................ - - 24.
 

25. 	L'Scvour vand du from'o ................................ - 25.
 

26. 	 L'.1c--ur f-briquo du bourro .............................. e 26.
 

27. 	L'd1,vour vend du bourro ..................................- 27.
 

28. 	 L'dlvuur a vwnl d, s nim-iux pand-.nt l',.rm6c 1976......... - - 28.
 

29. 	 L'&ovour gxic -in atod. do funicr ot l'omploio sur sos 
champs ou zon j r.in ................................... 29. 

Vo O0UTS LIES A L'7LV.m 

30. Dos nilmvtux ocnt mort- cn 1976 (non ccmpris los vol -illos). __- 30. 

3L De mnin'ux ont tornbi rn!a cn 1976 (non compria los 
volaillas) ....................................................... - Ie
 

32- >ua -.nim-.ux ont 6t6volds on 1976 ............... ......... - - 32.
 

33. 	Des anim-.x ont 6t6 porlus en 1976..................... to* 33.
 

34. 	 Des nin-.ux ont f it dos dd'?ts dma ls ch-'rps ;end-.nt 
1976....................................................... 34. 

35. 	 ".*Ccwur a ;iyd ;our Ice ddi9ts f.its pr los 
,nim--ux on 976 .............................. 35

http:pand-.nt
http:nnim-.ux
http:a!nim-.ux
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7"Q1IIL'S M M-TIONS : 3VAM (Pago 3)
 

rzmo : - -E. Eddy, CD/IRAN
 

Nom. du Chef _
 

OUI NON
 

V. COUTS LES A 'ELEVAGM (suite) 

36. 	 L'S1owur -i oubi dos ddgAt3 d-na son champs

pcndent cotto saison do culture .................. -


Iri 	 LlS VOLA =I S 

37. 	 La famillo posodo los volailles ................... 

38. 	 L'dlovaur a vondu dos volaillos on 1976 ......... ..
 

39. 	 L'dlovour a vcndu loe ooufs on 1976 ............. 
 ..... 

OBSERVATIONS M2LtIMNT'Z UR : 



ST.IUCTUP1 DU TOUPfAU Ditras de,.ut3 Juin 197" (D3but d3 D'hiv.rn::.3,z) 

No. Feme- -- No:a du Chef:. __Date / / 
NAISSANCE 

Dnto 

Ras.ce 

Svrage 

Observa 
tion 

I-

AcHIATS, 1 PS, DONS 

Date __ __ __ ___II_____ 

Eop3ce 

Race 

Age 

Soxo 

OrioD I 

___! 



STrucru, -3DU TOUP,_U : Sorties deiuis Juin 1976 (dbut do l'hiverni:;e) L. . Wkldy, 

'o. Ferme : Non du Chef 2 Date fJI 
fO' T. , P il"T': S VOL S 

Date 

-opb co 

Race 

Ago 

Sexe 

A cause 
de 

I I 

Sate 

Esp;, co 

Race 

Age 

Soe j 

tioni1 
VPD 



___ __ 

___ ___ 

_____ _____ 

_____ 

______ ______ 

_____ ____ 

________ 
_____ 

_____ 
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D.f.Eddy,
-_-quL- SUR.~ LE P.R: DE Dv-"AIL DE PROBUITS IVES: 

WTHECEE KLO.,DE.E: 

PRprUI 1)X POIDS ;Xl R"IM. GRLIAES 

SORGEO_____ 

HARICOTS______ 

sm., (.:L) _____ 

Sol; (so~amio) 

SEL (Biuu)______ _ ____ 

sE. (TIGIDDA)_____ ____ _ 

IL'TIOO 

TCWTES SEMM_____ 

it FRAI 

I.CWAS ( E=IL D'IGOII17S)____ 

TWILL: acihats_____ 

PROflUITS !NO-PBS: 

P07E ______ 

COq._____ 

SAC ZZ 100 7ME.: >I. _ ____ 

SCRG-.0______ 

A:iICOTS__ ____ 

LA.T Q . 

cm/IrwlA 

__J.J1977 



-420

- = S 

Uarod do i Dto2/ 

,~U' LES PRiIX UrS ATflAUX Fdo - d _ 

AN- -a - .t 

HARAC ETA I l F (7t__________= M-G 

~Oifrr.A.. =AmlI,___________ 



APPENDIX II
 

CODING MANUAL FOR BASELINE QUESTIONNAIRE
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AGE 40
 

SEXE M
 

CODE 	 02
 

Mahaman
 

CODES POUR AGE ET SEXE
 

AGE AND SEX CODES
 

I. Personnel appartenant au manage - Household Members 

MALE -MALE FEMELLE - FEMALE 

Code Age Code Age 

01 8-14 ans-years 05 8-14 ans-years 

02 15-40 ans-years 06 15-40 ans-years 

03 41-60 ans-years 07 41-60 ans-years 

04 61 + ans-years 08 61 + ans years 

II. Personnel visitant le manage - Visitors 

MALE - MALE FEMELLE - FEMALE 

Code Age Code Age 

11 8-14 ans-years 15 8-14 ans-years 

12 15-40 ans-years 16 15-40 ans-years 

13 41-60 ans-years 17 41-60 ans-years 

14 61 + ans-years 18 61 + ans-years 

III. Main d'Oeuvre embauch6 pour de 1'argent - Hired Laborers
 

Code
 

09 TOUS LES AGES, TOUS LES SEXES - ALL AGES AND SEXES
 

IV. 	 Production et Budget Yamllial - Output and Household Budgets
 

Code
 

99 R~colte, production du lait - Grain harvests, milk production
 

Recettes et Dfpenses (pour toute la famille) - Receipts and
 
Expenditures (for the entire family) 

Consommation des stocks et Echanges - Consumption and Exchanges 
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TERR CULTURE CODE ACTIVITE CODE 

01 mil 01 semis 08 

Terrains (TERR)
 

Plot Codes
 

01 - 29 - Terrains sp~cifiques appartenant au manage 
Specific plots managed by the household 

-

30 - Cueillette (surtout du fonio) 
Gathering (particularly of wild grains) 

31 - 59 - Rgcolte ou semailles (quantit6 de graines sem~es): 
30+ le num~ro du champ 

Harvest or seeding (quantity of seed sown): 30+ the 
plot number 

80 - Terrain d'un voisin ou d'un parent (terrain qui 
n'appartient pas au m~nage) 

Plot not belonging to the household 

81 - Troupeau ou animaux qui n'appartiennent pas au m6nage 
Herd or animal not belonging to the household 

91 - Achat ou e.6pense 
Purchase or expenditure 

92 - Vente ou revenu 
Sale or income 

93 - Production 

94 - Consommation des stocks 
Consumption
 

95 - Echanges (produit r~cu)
 
Exchanges (product received)
 

96 - Exchange (produit 6xchang6)
 
Exchange (product exchanged)
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TERR CULTURE CODE ACTIVITE CODE
 

01 mil 01 semis 08
 

Cultures, Animaux, Produits, et Marchandises - Crop, Animal, and Product Codes
 

(CULTURE)
 

01 - Mil - Millet
 

02 - Sorgho - Sorghum
 

03 - B16 - Wheat
 

04 - Haricots (Nihb6) - Cowpeas
 

05 - Arachides - Peanuts
 

06 - Fonio - Wild grains
 

07 - Manioc
 

08 - Riz - Rice
 

09 - Mals - Corn
 

10 - Fruits (mangues, goyaves, etc.) - Vruits (mangos, guavas, etc.)
 

11 - Tomates - Tomatoes
 

12 - Oignons - Onions
 

13 - Autres legumes et produits de jardinage -

Other vegetables and garden products
 

14 - Son du sorgho ou du mil - Millet or sorghum bran
 

15 - Piment (ou autres 6pices et condiments) - Pepper (or other spices)
 

16 - Cultures m~lang~s: mil, sorgho, haricots -

Mixed crop: millet, sorghum, cowpeas
 

17 - Autres cultures m~lang6s (A pr~ciser): Gombo pedant la r~colte
 
Other crop combinations (indicate which): gumbo during the
 

harvest
 

18 - Autres cultures simples (A pr~ciser) -

Other crops alone (indicate which)
 

19 - Courge (et calebasses) - Melons (and calabash)
 

20 - Bovins - Cattle
 

21 Ch~vres - ts
 

22 - Moutons 

23 - Poulets, PiZ. es, Pigeons, Canards, etc.- ... -

Chickens, Guinea Fowl, Pigeons, Ducks, etc.
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Codes Pour Les Produits (Suite) - Product Codes (cont.)
 

24 - Anes - Donkeys
 

25 - Chameaux - Camels
 

26 - Cheveaux - Horses
 

27 - Troupeau mixte (A pr~ciser) - Mixed herd (indicate which)
 
q

28 - Sel pour les animaux - Salt for animals 


29 - Eau - Water
 

30 - Viande - Meat
 

31 - Lait, beurre, fromage - Milk, butter, cheese
 

32 - Peaux et produits en cuir - Skins and leather goods
 

33 - Tabac, cigarettes, et natron blanc A chiquer -


Chewing tobacco, cigarettes, and Salt Peter
 

34 - Sel A consommer dans la sauce - Salt for seasoning
 

35 - Th6 et sucre - Tea and sugar
 

36 - Kola - Kola nuts
 

37 - Objets en terres cuites (canaris, etc.), briques -

Earthenware (pottery, etc.), bricks
 

38 - Cadeaux - Gifts
 

39 - Bois (pour le feu ou les constructions) ou objets en bois
 
(manches de daba, mortiers, cuvettes, etc.) -


Wood (for firewood or construction) or wood products (hoe
 
handles, mortars, basins, etc.)
 

40 - Paille ou tige ou objet en paille ou tige (nattes, li~s,
 
paniers, etc.) -


Straw or grain stalks or products made from straw or grain stalks
 
(mats, beds, baskets, etc.)
 

41 - Objets en metal (daba, couteau, etc.) -

Metal products (hoes, knives, etc.)
 

42 - Tissus et vatements - Cloth and clothing
 

43 - Bijouterie ou objets en argent ou en or -

Jewelry or silver or gold products
 

44 - Machines (radio, y compris les piles, machines A coudre, etc.)
 
Machines (radios, batteries, sewing machines, etc.)
 

45 - P~trole, lamps (avec mches et verres), torches (avec piles,
 
ampoules), allumettes -


Kerosene, lamps (with wicks and glass), flash lights (with
 
batteries, bulbs), matches
 

46 - Autres vivres (huile pour la cuisine, galettes, boule, etc.) -

Other foods (cooking oil, cakes, porridge, etc.)
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Codes Pour Les Produits (Suite) - Product Codes (cont.)
 

47 - Autres produits (A pr~ciser) - Other products
 

48 - Frais de main d'oeuvre (y compris le salalre, la nourriture
 
et l'eau) -


Labor costs (including wages, food, and water)
 

49 - Taxes et obligations sociales - Taxes and social obligations
 

50 - 99 - Codes r~serv~s en cas des achats, des ventes, ou de 
la
 
production des produits, cultures, et animaux ci-dessus
 
mentionn~s -


Codes assigned to production, consumption, or transactions
 
involving the above product, crop, or animal categories
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TERR CULTURE CODE ACTIVITE CODE
 

01 mil 01 semis 08
 

CODES POUR LES ACTIVITIES - ACTIVITY CODES
 

Travaux des Champs - Crop Production
 

01 - D~frichage, D~broussage --Clearing
 

02 - Br-lure - Burning
 

03 - Dracinage - Deracination
 

04 - Nivellement - Levelling
 

05 - Binage - Hoeing
 

06 - Labour, Hersage, Ameublissement - Tilling, harrowing
 

07 - Fumure - Fertilizing
 

08 - Semailles - Seeding
 

09 - D~mariage - Thinning
 

10 - Sarclage - Weeding
 

11 - Transplantation - Transplanting
 

12 - Drainage - Draining
 

i3 - Irrigation, Arrosage - Irrigation, Watering
 

14 - D~sinfectage - Disinfecting
 

15 - Clturage - Construction of enclosures
 

-16 - Surveillance des champs (visite champ, chasser les oiseaux, etc.) 

Guarding the fields (visiting plot, chasing btrds, etc.) 

17 - R6colte: couper les tiges - Harvest: cutting stalks 

18 - R~colte: couper les 6pis - Harvest: cutting heads 

19 - R~colte: battage - Harvest: threshing 

20 - S~chage - Drying 

21 - Vente des r~coltes - Marketing the harvest 

22 - Travail agricole (Aide sollicit~e) - Crop labor (work invitation) 

23 - Transport des produits agricoles -

Transport of agricultural products 

24 - Discussion sur les limites des champs ou sur les d~g~ts faits 

par les animaux 
Debates over plot boundaries or damages done to the fields by 

livestock 
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Codes Pour Les Activites (Suite) - Activity Codes (cont.)
 

25 - Surveillance des travaux des champs -

Overseeing work in the fields
 

26 - Autre travail des champs (A pr~ciser)
 
Other crop production activities (indicate which)
 

27 

28 

29 

30 -


Travail de Bftail - Livestock Production
 

31 - Abreuvage des aminaux - Watering the animals
 

32 - Amener du sel aux animaux - Bringiag salt to the animals
 

33 - Gardiennage (surveillance) des animaux - Guarding the animals
 

34 - Conduire les animaux en brousse - Herding the animals in
 
the bush
 

35 - Recherche des animaux pour les attacher A la maison - Seeking
 
out the animals to bring them back to the camp
 

36 - Recherche de l'herbe pour les animaux - Seeking out forage for 
the animals 

37 - Recherche des animaux perdus ou 6gar~s - Seeking out lost or 

strayed animals 

38 - Rechercher et traire le lait des animaux - Milking and 

transporting milk 

39 - Visite du troupeau en brousse - Visiting herds in the bush
 

40 - Aller au s~cour des an4maux - Rescuing animals
 

41 - Construction ou entretien des parcs pour les animaux -

Construction or maintenance of corrals
 

42 - Entrainer les chevaux, chameaux - Training horses or camels
 

43 - Faire l'interm~diaire de vente (travaux des dillalis) - Work 

of animal market intermediaries (dillalis) 

44 - Achats des animaux, ou inspection des animaux au march6 -
Purchase of animals, or inspection of animals on the market 

45 - Vente des animau - Animal sales 

46 - Soins sanitaire des animaux - Animal health care
 

47 - Travaux des volailles - Poultry production
 

48 - Pache - Fishing
 

49 - Chasse - Hunting 

50 - Autre travail de b~tail (A pr~ciser) - Other livestock 
production activities (indicate which) 
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Codes Pour Les Activities (Suite) - Activity Codes (cont.)
 

51 - Discussion sur le vol des animaux ou sur les d~g~ts causes
 
par les animaux - Debates over animal thefts or damage caused
 
by animals
 

52 - Tannerie - Tanning skins
 

53 - Fabrication de fromage oti de beurre - Making cheese or butter
 

54 -


Cueillette - Gatherin 

55 - Cueillette en brousse des produits A manger (pr~ciser lesquels) -

Gathering edible items in the bush (indicate what) 

Traveil d'Entretien - Maintenance 

56 - Fabrication et r~paration des outils de culture - Making or
 

repairing agricultural tools
 

57 - Fabrication et reparation des outils de l'6levage - Making or
 

repairing equipment for livestock p7oduction
 

58 - Recherche de fertilisants, semence, insecticide - Looking for
 

fertilizers, seeds, insecticides
 

59 - Autre travail d'entretien (a pr~ciser)
 

60 

61 -

Travaux Domestiques - Domestic Work 

62 - Recherche de l'eau - Fetching water 

63 - Recherche du bois - Fetching firewood
 

64 - Piler le c~rdale - Pounding grain
 

65 - Preparation de repas - Preparing meals
 

66 - Transport des repas aux champs ou au berger - Transporting
 

meals to the fields or to herders
 

67 - Autres travaux de manage (balayer la cour, gardiennage des
 
enfants, r~paration, confection, et lavage des habits, etc.) -


Other domestic work (sweeping the courtyard, tending children.
 
washing clothes)
 

68 - Aller &u dispensaire plus soins m~dicaux - Time lost due to
 

illness (going to the dispensary, medical care, etc.)
 

-Travaux Non-Agricoles - Non-Agricultural Work
 

70 - R~paration et construction des puits - Repairing and building
 

wells
 

71 - Travaux des objets pour le manage (sauf les outils des cultures
 
ou de l'61evage) - Making items for the household (other than
 

those for livestock and crop production)
 

72 - Travaux des objets A vendre (bijoux, porte-feuille, lits, nattes,
 

outils, nourritures, etc.) - Making items for sale (wallets, beds,
 
mats, food, etc.)
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Codes Pour Les Activities (Suite) - Activity Codes (cont.)
 

73 - Recherche de mat6riel pour l'artisinat et la construction -

Seeking out materials for crafts and building
 

74 - Construction et entretien de maison, de hangar, etc. 
- Building
 
and maintenance of houses, shelters, etc.
 

75 - Voyage et pr6paration de voyage (y compris les activit6s
 
:ommerciales 
en dehors du village) - Travels and preparing for
 
travels (including trading activities outside of the village)
 

76 - Activiti6s commerciales au village - Trading activities within
 
the village
 

77 - Autres travaux non-agricoles faits au village pour de l'argent 
-

Other non-agricultural work done in the village for hire
 

78 - Autres travaux non-agricoles faits en dehors du village pour

de l'argent - Other non-agricultural work done outside of the
 
village for hire
 

79 - Travaux non-agricole sollicit~s (aide au voisin, etc.) 
- Non
agricultural work done by invitation (assistance to 
a neighbor, etc.)
 

80 - Aller au marchg (sauf le temps mis pour les 6changes des animaux
 
ou des vivres ou objets produit par le manage) - Market activities
 
not associated with livestock, foodstuffs, or crafts produced by
 
the household
 

81 - Transport des produits non-agricoles - Transport of non-agricultural
 
products
 

82 - Etudes (pour les 6lves) - Studies
 

83 

84 

85 

86 

87 

88 

89 -


De Tente - Rest 

90 

91 - Distraction et repos (y compris les repas) 
- Rest and recreation 
(including meals) 

92 

93 

94 

95 

96 

97 

98 

99 
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TERR CULTURE CODE ACTIVITE CODE 

93 lait 81 produc- 10 
tion 

CODES POUR LES UNITES DE MESURE - CODES FOR UNITS OF MEASURE
 

01 - Kilogram
 

02 - Sac de 50 kg. - 50 kg. sack 

03 - Sac de 100 kg. - 100 kg. sack 

04 - Grand panier - Large basket
 

05 - Petit panier - Small basket
 

06 - Botte - Bundle
 

07 - Callebasse - Calabash 

08 - Maraba (unit6 locale - local unit)
 

09 - Tia (unit6 locale - local unit)
 

10 - Litre - Liter
 

11 - Bouteille - Bottle
 

12 - Boule - Bowl 

13 - Louche - Ladle 

14 - Akabar: grand (unit6 locale - local unit)
 

15 - Akabar: petit (unit6 locale - local unit)
 

16 - M~tre - Meter
 

17 - Pagne
 

18 - Pas - Pace
 

19 - Carton
 

20 - Verre - Glass 

21 - Paquet - Packet 

22 - Pain (de sucre, de sel) - Block (of sugar, salt)
 

23 - Centaine de francs gagn~s - Hundreds of francs gained 

24 - Centaine de francs pay~s - Hundreds of francs paid 

25 - Tgte - Head 

26 - Unit6 - Unit 
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Appendix Table III.1: Age/Sex Structure of Sample Households: 

Haussa Sub Sample
(resident equivalents)a 

House-
hold 

2 

3 

5 

8 

10 

13 

15 

8-14 

.94 

MALES 

15-40 

1.00 

.62 

.10 

.96 

.89 

.98 

1.59 

41-60 

.88 

61+ 8-14 

.44 

.01• 

1.01 

FEMALES 

15-40 

1.93 

1.56 

.98 

1.99 

1.97 

1.02 

2.88 

41-60 61+ Hired 

.19 

.13 

.19 

Visi-
tors 

§ 

Tot4l 
Working 

3.12 

2.63 

2.09 

3.14 

2.88 

3.94 

4.48 
20 

22 

27 

31 

33 

34 

35 

38 

40 

3.26 

.27 

2.26 

.98 

.51 

.96 

.55 

.99 

.52 

.99 

.97 

.94 

.96 

1.18 

1.93 

2.00 

3.03 

2.00 

1.98 

2.97 

.97 

1.99 

.98 

.98 

1.00 

.99 

.78 

.81 

.09 

.07 

.54 

.02 

.11 

.09 

.02 

.06 

.06 

§ 

.08 

4.24 

5.14 

3.52 

8.33 

5.60 

3.98 

3.68 

3.05 

1.37 

Means .28 .81 .30 0 .73 1.56 .05 0 .09 .01 3.82 

a =f Negligable. 
see Chapter 3. 

Chil
dren
 

2
 

2
 

2
 

4 

4 

3
 

2
 

0
 

4
 

5
 

3
 

3
 

2 

6
 

4
 

0
 

2.88
 



Appendix Table 111.2: Age/Sex Structure of Sample Households: 
Village Tuareg Sub Sample 
(resident equivalents) 

MALES FEMALES 

House- Visi- Total Chil
hold 8-14 15-40 41-60 61+ 8-14 15-40 41-60 61+ Hired tors Working dren 

4 .99 .99 1.97 4 

7 .99 1.62 .03 .95 .03 3.61 2 

9 .98 .86 .17 2.02 2 

14 .97 .96 1.00 2.93 2 

16 .65 .01 1.17 1.84 1 

17 .58 .98 .99 2.55 0 

18 .91 .94 1.00 .05 2.89 3 

19 .32 1.19 1.50 .06 .05 3.13 1 
Lrt
1 

21 .56 .01 .01 1.24 .01 1.83 1 

24 1.00 1.00 .52 .95 3.46 2 

25 .97 .98 .01 1.96 0 

28 .99 .99 .01 1.99 0 

29 .01 1.39 .76 1.46 .13 .05 3.79 3 

30 .56 .95 .76 .94 .01 3.22 3 

32 1.81 1.00 .99 .02 .01 3.82 5 

39 .64 1.75 2.39 3 

44 .02 1.00 .38 1.07 .01 .04 .63 3.14 2 

Means .40 .63 .10 .23 .05 1.02 .12 .11 .02 .06 2.74 2.00 



Appendix Table 111.3: Age/Sex Structure of Sample Households: 
Bush Tuareg Subsample 
(resident equivalents) 

MALES FEMALES 

House-
hold 8-14 15-40 41-60 61+ 8-14 15-40 41-60 61+ Hi-ed 

Visi-
tors 

Total 
Working 

Chil
dren 

45 

46 

50 

53 

57 

.60 

1.97 

1.94 

2.99 

.95 

.9 

.01 .75 

.98 

.90 

.97 

.99 

.95 

.99 

1.54 

.04 

.01 3.91 

3.98 

2.54 

2.87 

4.27 

1 

3 

1 

3 

3 
59 
60 

61 

62 

63 

64 

65 

§ 
1.62 

.97 

.43 

1.96 

2.84 

.69 

.94 
1.29 

.10 

.9? 

.98 

.94 

2.51 

.95 

.26 

.01 

.98 

.04 

.93 

.39 

1.57 

.87 

1.45 

.98 
1.87 

1.01 

.76 

.97 

2.02 

1.53 

.51 

.13 

.01 

.08 

.01 

.02 

.04 

1.94 
5.69 

4.76 

2.42 

3.93 

7.74 

7.16 

2 
1 

1 

2 

3 

0 

2 

Means .92 1.21 .25 .08 .51 1.22 .05 .02 .01 4.27 1.83 
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Appendix Table 111.4: Age/Sex Structure of Sample Households: 
Fulani Sub Sample 

(resident equivalents) 

House-
hold 

1 

37 
42 

8-14 

1.00 
1.98 

MALES 

15-40 

.83 

1.98 

41-60 

.44 

.95 

61+ 8-14 

.49 

FEMALES 

15-40 

.99 

.98 
2.02 

41-60 61+ Hired 

.07 

.18 

Vlsi-
tors 

.46 

.06 

Total 
Working 

1.89 

2.88 
7.66 

Chil
dren 

2 

0 
5 

Mean .99 .94 .46 .04 1.33 .08 .17 4.14 2.33 
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Appendix Table IV.l: Labor Availability, Area Planted,
 

and Grain and Milk Production:
 
Haussa Subsample
 

House- Total Labor Area Planted Grain Milk
 
Productionb Productionc


hold Availablea (ha.) 

(kg.) (liters)
 

31 8.33 49.62 815 0
 

33 5.60 15.42 552 21
 

22 5.14 4.48 44 171
 

15 4.48 3.27 817 0
 

20 4.24 4.04 522 0
 

34 3.98 3.29 609 0
 

13 3.94 5.21 709 0
 

35 3.68 3.98 159 134
 

27 3.52 9.70 2192 379
 

8 3.14 12.26 33 75
 

2 3.12 2.29 328 48
 

38 3.05 5.21 697 50
 

10 2.88 3.91 587 0
 

3 2.63 4.15 569 17
 

5 2.09 6.30 528 0
 

40 1.37 5.54 116 0
 

X 3.82 8.67 580 56
 

(s) (1.61) (11.48) (503) (101)
 

Excluding Household 31:
 

3.52 5.94 564 60
 

(s) (1.11) (3.68) (516) (103)
 

aTotal working (over 8 years old) during survey year, measured in
 

resident equivalents.
 
bCombined millet and sorghum.
 

cTotal production, from herds managed by the household, of milk available
 

for human consumption during the survey year.
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Appendix Table IV.2: 
Labor Availability, Area Planted,
 
and Grain and Milk Production:
 

Village Tuareg Subsample
 

House-

hold 


32 


29 


7 


24 


30 


44 


19 


14 


18 


17 


39 


9 


28 


4 


25 


16 


21 


x 


(s) 


Total Labor 

Availablea 


3.82 


3.79 


3.61 


3.46 


3.22 


3.14 


3.13 


2.93 


2.89 


2.55 


2.39 


2.02 


1.99 


1.97 


1.96 


1.84 


1.83 


2.74 


(.72) 


Area Planted 

(ha.) 


3.73 


5.31 


2.84 


1.98 


2.55 


2.71 


5.12 


2.12 


3.55 


1.44 


4.53 


1.10 


.93 


1.87 


3.22 


2.81 


.82 


2.74 


(1.38) 


(See Appendix Table IV.1 for notes.)
 

Grain Milk
 
Productionb Productionc
 

(kg.) (liters)
 

21 0
 

481 988
 

318 0
 

200 367
 

258 319
 

26 0
 

291 
 0
 

176 4
 

248 860.5
 

187 0
 

252 0
 

5 0
 

6 0
 

168 0
 

135 349
 

11 0
 

0 0
 

164 170
 

(138) (315)
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Appendix Table IV.3: Labor Availability, Area Planted,
 
and Grain and Milk Production:
 

Bush Tuareg Subsample
 

House- Total Labor Area Planted 

hold Availablea (ha.) 


64 7.74 13.90 


65 7.16 8.51 


60 5.69 2.53 


61 4.76 8.59 


57 4.27 2.84 


46 3.98 6.70 


63 3.93 4.13 


45 3.91 4.91 


53 2.87 2.81 


50 2.54 2.78 


62 2.42 .96 


59 1.94 4.23 


4.27 5.18 


(s) (1.83) (3.48) 


Excluding Household 64:
 

x 3.95 4.45 


(s) (1.54) (2.51) 


(See Appendix Table IV.I for notes.)
 

Grain 

Productionb 


(kg.) 


16250 


2080 


0 


2406 


260 


1231 


621 


2031 


1332 


0 


325 


1642 


2348 


(4459) 


1084 


(886) 


Milk
 
ProductIonc
 
(liters)
 

2465
 

1042
 

163
 

491
 

498
 

442
 

1168
 

1166
 

650
 

642
 

70
 

339
 

761
 

(646)
 

606
 

(378)
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Appendix Table IV.4: Labor Availability, Area Planted,
 
and Grain and Milk Production:
 

Fulani Subsample
 

House- Total Labor 
hold Availablea 

42 7.66 

37 2.88 

1 1.89 

X 4.14 

(s) (3.09) 

Area Planted 

(ha.) 


8.52 


1.36 


2.87 


4.25 


(3.77) 


(See Appendix Table IV.l for notes.)
 

Grain 
Productionb 

(kg.) 

30 

0 

104 

Milk 
Productionc 

(liters) 

1045 

752.5 

0 

45 

(54) 

599 

(539) 
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TABLE V.1
 

GRAIN PRODUCTION STATISTICS: MILLET PRODUCTION
 
BY HAUSSA HOUSEHOLDS 

Total Total Total 

Household 
Area 
(ha) 

Labor 
(Hours) 

Grain 
(kg) 

Hours/ 
ha 

kg/ 
Hour 

kg/ 
ha 

2 1.88 (n.a.) 229 (n.a.) (n.a.) 122 
3 3.22 438 0 136 .00 0 
5 3.46 (n.a.) 400 (n.a.) (n.a.) 116 
8 12.26 1227 33 100 .03 3 

10 1.73 408 53 236 .13 31 
13 4.71 1114 384 237 .34 82 

15 .74 436 14 589 .03 19 
20 3.46 685 176 198 .26 51 
22 4.06 1596 18 393 .01 4 
27 6.36 1091 126 172 .12 20 

31 47.30 3020 230 64 .08 5 
33 13.87 2394 552 173 .23 40 

34 1.97 1059 193 538 .18 98 
35 3.59 (n.a.) 0 (n.a.) (n.a.) 0 
38 4.44 (n.a.) 604 (n.a.) (n.a.) 136 

40 5.34 (n.a.) 18 (n.a.) (n.a.) 3 

X 7.40 1224 189 258 .13 46 
(S) (11.22) (836) (200) (174) (.11) (49) 
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TABLE V.2
 

GRAIN PRODUCTION STATISTICS: MILLET PRODUCTION
 
BY VILLAGE TUAREG HOUSEHOLDS 

Total Total Total 
Area Labor Grain Hours/ kg/ kg/ 

Household (ha) (Hours) (kg) ha Hour ha 

4 1.30 449 110 345 .24 85 

7 1.40 1087 84 776 .08 60 

9 1.10 126 5 115 .04 5 

14 1.35 861 8 638 .01 6 

16 2.82 168 11 60 .07 4 

17 1.01 764 161 756 .21 159 

18 3.01 896 248 298 .28 82 

19 3.79 1323 18 349 .01 5 

21 .19 36 0 189 .00 0 

24 1.98 1156 200 584 .17 101 

25 2.90 516 32 178 .06 11 

28 .72 815 6 1132 .01 8 

29 4.05 2467 46 609 .02 11 

30 1.63 988 59 606 .06 36 

32 3.73 1391 14 373 .01 4 

39 2.86 715 206 250 .29 72 

44 2.71 401 26 148 .06 10 

x 2.15 833 73 436 .10 39 

(S) (1.17) (584) (82) (291) (.10) (46) 
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TABLE V.3
 

GRAIN PRODUCTION STATISTICS: MILLET PRODUCTION
 
BY BUSH TUAkEG HOUSEHOLDS 

Total Total Total 
Area Labor Grain Hours/ kg/ kg/ 

Household (ha) (Hours) (kg) ha Hour ha 

45 2.40 502 0 209 .00 0 

46 5.17 1084 90 210 .08 17 

50 2.30 164 0 71 .00 0 

53 1.88 252 0 134 .00 0 

57 2.08 385 0 185 .00 0 

59 2.53 136 0 54 .00 0 

60 2.22 243 0 109 .00 0 

61 2.34 716 0 306 .00 0 

62 .32 235 0 734 .00 0 

63 1.70 431 0 254 .00 0 

64 6.00 737 0 123 .00 0 

65 6.88 1097 0 159 .00 0 

x 2.99 498 7 212 .01 1 

(S) (1.95) (339) (26) (1.80) (.02) (5) 



--

-- -- -- --
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TABLE V.4
 

GRAIN PRODUCTION STATISTICS: SORGHUM PRODUCTION
 
BY HAUSSA HOUSEHOLDS
 

Total Total Total
 
Area Labor Grain Hours/ kg/ kg/
 

Households (ha) (Hours) (kg) ha Hour ha
 

2 .41 (n.a.) 99 (n.a.) (n.a.) 241
 

3 .93 487 569 524 1.17 612
 

5 2.84 (n.a.) 128 (n.a.) (n.a.) 45
 

8 -- -- -e --

2.18 353 534 162 1.51 245
10 


13 .51 404 325 792 .80 637
 

15 2.53 867 803 343 .93 317
 

20 .59 372 346 631 .93 586
 

22 -- --

27 3.34 1365 2066 409 1.51 619
 

31 2.32 495 585 213 1.18 252
 

33 1.55 163 0 105 (.00) 0
 

34 1.32 706 416 535 .59 315
 

35 .40 (n.a.) 159 (n.a.) (n.a.) 398
 

38 .20 (n.a.) 93 (n.a.) (n.a.) 465
 

40 .20 (n.a.) 98 (n.a.) (n.a.) 490
 

X 1.38 579 444 413 1.08 373
 

(S) (1.08) (359) (526) (229) (.33) (207)
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TABLE V.5
 

GRAIN PRODUCTION STATISTICS: SORGHUM PRODUCTION
 
BY VILLAGE TUAREG HOUSEHOLDS 

Total Total Total 

Household 
Area 
(ha) 

Labor 
(Hours) 

Grain 
(kg) 

Hours/ 
ha 

kg/ 
Hour 

kg/ 
ha 

4 .57 202 58 354 .29 102 
7 .95 1821 234 1917 .13 246 

14 .75 1226 168 1635 .14 224 
16 -- -- -- -- -- -
17 .43 327 26 760 .08 60 
18 .54 219 0 406 .00 0 
19 1.28 793 273 620 .34 213 
21 .13 24 0 185 .00 0 
24 -- -- -- -- -- -
25 .32 315 103 984 .33 322 
28 .21 244 0 1162 .00 0 
29 1.26 661 435 525 .66 345 
30 .92 443 199 482 .45 216 
32 -- -- -- -- -- -
39 1.68 258 46 154 .18 27 

44 -- -- -- -- -- --

X .75 544 128 765 .22 146 
(S) (.48) (518) (136) (561) (.20) (129) 
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TABLE V.6
 

GRAIN PRODUCTION STATISTICS: SORGHUM PRODUCTION
 
BY BUSH TUAREG HOUSEHOLDS 

Total Total Total 
Area Labor Grain Hours/ kg/ kg/ 

Households (ha) (Hours) (kg) ha Hour ha 

45 2.51 2156 2031 859 .94 809 

46 1.53 1604 1141 1048 .71 746 

50 .47 347 0 738 .00 0 

53 .93 1860 1332 2000 .72 1432 

57 .76 343 260 451 .76 342 

59 1.70 1028 1642 605 1.60 966 

60 .31 302 0 974 .00 0 

61 6.25 2575 2406 412 .93 385 

62 .65 297 325 457 1.09 500 

63 2.43 1434 621 590 .43 256 

64 7.90 3670 16250 465 4.43 2057 

65 1.63 3484 2080 2137 .60 1276 

X 2.26 1592 2341 895 1.02 731 

(S) (2.39) (1208) (4461) (588) (1.16) (620) 
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TABLE V.7
 

GRAIN PRODUCTION, ACQUISITION AND DISPOSAL
 

Household Purchase 

2 1340 

3 621 

2 1004 

8 884 

10 644 

13 392 

15 1050 

20 296 

22 907 

27 678 

31 545 

33 647 

34 557 

35 2815 

38 2391 

40 783 

X 972 

(S) (691) 

BY HAUSSA HOUSEHOLDS
 

Produc-
tion Received Sales 

328 10 

569 17 

528 882 

33 

587 

709 55 75 

817 2 

522 15 

44 27 36 

2192 80 

815 

552 25 

609 27 

159 13185 

697 1972 

116 5 

580 10 


(503) (15) 


Consump-

Exchange tion
 

2745
 

2522
 

1861
 

3207
 

2523
 

50 2957
 

3420
 

3070
 

3566
 

2110
 

5015
 

4908
 

2675
 

3574
 

2564
 

1139
 

2991
 

(998)
 



-451-


TABLE V.8
 

GRAIN PRODUCTION, ACQUISITION AND DISPOSAL
 
BY VILLAGE TUAREG HOUSEHOLDS 

Produc- Consump-
Household Purchase tion Received Sales Exchange tion 

4 363 168 152 46 1307 

7 213 318 20 58 1409 

9 734 5 30 1 1208 

14 292 176 77 77 49 1296 

16 324 11 38 9 611 

17 507 187 39 56 136 1391 

18 500 248 40 12 26 2403 

19 516 291 364 93 1439 

21 124 0 62 235 34 826 

24 481 200 7 160 18 1598 

25 250 135 62 31 1320 

28 407 6 15 156 808 

29 848 481 93 302 3186 

30 358 258 118 3 34 1458 

2? 1855 21 47 1 2140 

39 410 252 59 30 75 1162 

44 586 26 7 140 5 1241 

X 515 164 30 103 45 1459 

(S) (390) (138) (39) (108) (46) (621) 
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TABLE V.9 

GRAIN PRODUCTION, ACQUISITION AND DISPOSAL 
BY BUSH TUAREG HOUSEHOLDS 

Produc- Consump-

Household Purchase tion Received Sales Exchange tion 

45 88 2031 170 5 1255 
46 21 1231 569 68 2507 

50 150 0 101 56 927 
53 10 1332 291 5 1129 
57 97 260 187 29 1317 

59 54 1642 579 3 1312 

60 179 0 260 122 9 1443 
61 267 2406 91 122 1595 

62 55 325 534 9 853 

63 121 621 56 1492 
64 223 16250 2497 2862 

65 20 2080 976 9 2527 

X 107 2348 514 26 1602 

(S) (83) (4459) (684) (38) (662) 
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TABLE V.10
 

MEAN GRAIN CONSUMPTION BY HAUSSA HOUSEHOLDS
 

Kg per Working Resident Equivalent 
Fortnight Millet Sorghum Other Grains Total Grain C6nsumed 

(June 2) (17.24) (12.01) (4.64) 33.89) 

(Jul. 1) (20.30) (7.04) (3.52) 30.86) 

Jul. 2 23.35 2.06 2.43 27.84 

Aug. 1 30.71 4.45 35.16 

Aug. 2 32.12 1.68 7.36 41.16 

Sept. 1 38.20 .68 5.85 44.73 

Sept. 2 31.32 .27 .88 32.47 

Oct. 1 27.08 27.08 

Oct. 2 27.05 .06 27.11 

Oct./Nov. 28.63 .44 29.07 

Nov. 1 28.91 .45 .17 29.53 

Nov. 2 29.09 .94 30.03 

Dec. 1 31.73 .32 .72 32.77 

Dec. 2 34.39 .74 35.13 

Jan. 1 32.31 .12 .82 33.25 

Jan. 2 30.97 .03 .54 31.54 

Feb. 1 32.87 86 .88 34.61 

Feb. 2 30.36 2.50 .82 33.68 

Mar. 1 20.35 11.98 .95 33.28 

Mar. 2 15.69 16.14 .90 32.73 

Apr. 1 14.89 16.99 .98 32.86 

Apr. 2 14.35 17.58 .67 32.60 

Apr./May 14.29 17.53 .67 32.49 

May 1 13.76 24.55 1.12 39.43 

May 2 14.09 17.95 1.95 33.99 

June 1 14.19 16.99 5.73 36.91 

Total: 648.24 168.17 47.79 864.20 
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TABLE V.11
 

MEAN GRAIN CONSUMPTION BY VILLAGE TUAREG HOUSEHOLDS
 

Kg per Working Rasident Equivalent 
Fortnight Millet Sorghum Othe- Grains Total Grain Consumed 

(June 2) (il.19) ( 8.03) ( 1.96) ( 21.18) 

(Jul. 1) (17.08) ( 4.84) ( 1.30) ( 23.22) 

Jul. 2 22.96 1.66 .64 25.26 

Aug. 1 30.52 .35 2.82 33.69 

Aug. 2 23.69 4.33 3.94 31.96 

Sept. 1 10.73 7.44 4.13 22.30 

Sept. 2 11.28 4.56 6.38 22.22 

Oct. 1 17.91 2.11 .28 20.30 

Oct. 2 17.66 1.42 1.72 20.80 

Oct./Nov. 25.33 3.48 1.86 30.67 

Nov. 1 16.30 2.80 1.95 21.05 

Nov. 2 12.51 7.50 3.85 23.86 

Dec. 1 8.05 8.02 4.80 20.87 

Dec. 2 4.72 9.51 4.84 19.07 

Jan. 1 5.81 8.43 5.01 19.25 

Jan. 2 4.57 11.42 3.88 19.87 

Feb. 1 5.76 10.22 4.13 20.81 

Feb. 2 3.02 13.90 3.81 20.73 

Mar. 1 3.95 14.96 3.40 22.31 

Mar. 2 4.60 12.49 3.89 20.98 

Apr. 1 4.68 11.35 3.18 19.21 

Apr. 2 3.7b/ 10.69 2.62 17.05 

Apr./May 6.03 9.19 2.20 17.42 

May 1 4.31 10.57 2.47 17.35 

May 2 5.50 9.68 2.49 17.67 

June 1 5.31 11.21 2.62 19.14 

Total: 287.21 200.16 80.87 568.24 
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TABLE V.12
 

MEAN GRAIN CONSUMPTION BY BUSH TUAREG HOUSEHOLDS
 

Kg per Working Resident Equivalent 

Fortnight Millet Sorghum Other Grains Total Grain Consumed 

(June 2) ( 4.30) ( 9.63) ( .81) ( 14.74) 

(Jul. 1) ( 5.32) ( 9.41) ( 1.03) ( 15.76) 

Jul. 2 6.34 9.20 1.25 16.79 

Aug. 1 11.15 7.19 18.34 

Aug. 2 12.42 6.84 .09 19.35 

Sept. 1 9.34 5.66 1.31 16.31 

Sept. 2 13.11 .05 1.89 15.05 

Oct. 1 6.26 6.27 .44 12.97 

Oct. 2 2.85 11.34 14.19 

Oct./Nov. .48 14.03 14.51 

Nov. 1 21.95 12.96 34.90 

Nov. 2 3.53 12.89 1.47 17.89 

Dec. 1 2.81 11.55 1.58 15.94 

Dec. 2 5.49 12.21 2.03 19.73 

Jan. 1 4.82 10.68 2.57 18.07 

Jan. 2 2.02 11.26 .17 13.45 

Feb. 1 3.15 10.83 .24 14.22 

Feb. 2 4.26 8.82 .15 ?3.23 

Mar. 1 3.44 9.90 13.33 

Mar. 2 5.01 8.94 .35 14.30 

Apr. 1 2.93 11.11 .55 14.59 

Apr. 2 2.97 11.13 14.10 

Apr./May 4.28 9.60 .63 14.51 

May 1 2.09 11.39 .73 14.21 

May 2 3.83 9.68 .36 13.87 

June 1 3.28 9.84 .59 13.71 

Total: 147.43 252.41 18.24 418.06 
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FIGURE VI.1 Agricultural Calendar for Sorghum Haussa Sub-sample 
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FIGURE V1.2 Agricultural Calendar for Sorghum : Village Tuareg Sub-sample 
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FIGURE VI3" Agricultural Calendar for Sorghum : Bush Tuareg Sub-sample 
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FIGURE VI.4: Agricultural 

Sub- sample 
Calendar for Millet Hausso 
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FIGURE VI.5 Agricultural Calendar for Millet : Village Tuareg Sub-sample 
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FIGURE VI.6 Agricultural Calendar for Millet ; Bush Tuareg Sub-sample 
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FIGURE VI.7" Agricultural Calendar for Millet Fulan' Sub- sample 
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APPENDIX TABLE VII.l
 

DIVISION OF LABOR BY AGE AND SEX: BUSH TUAREG SUB-SAMPLE,
 
PASTURING ACTIVITY
 

() 

Male 
Household Members 

Household 8-14 15-40 Over 40 

45 94 

46 100 

50 95 4 

53 70 

57 99 1 

59 100 

60 96 4 

61 85 9 

62 99 1 

63 88 11 

64 77 17 5 

65 27 71 2 

X 56 39 1 

Female
 
Household Members
 

8-14 15-40 Over 40
 

6
 

1
 

26 5
 

6
 

3 1
 



APPENDIX TABLE VII.2
 

DIVISIONS OF LABOR BY AGE AND SEX: BUSH TUAREG SUBSAMPLE,
 
WATERING ACTIVITY
 

Male Female 

Household Members Household Members 

Household 8-14 15-40 Over 40 8-14 15-40 Over 40 

45 96 3 1 

46 100 

50 44 54 2 

53 86 9 5 

57 98 2 

59 93 7 

60 63 26 11 1 

61 83 15 2 

62 92 8 

63 70 29 

64 57 37 1 2 3 

65 23 74 1 2 1 

X 44 50 2 2 2
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APPENDIX TABLE VII.3
 

DIVISION OF LABOR BY AGE AND SEX: BUSH TUAREG SUBSAMPLE,
 
MILKING ACTIVITY 

(Z) 

Male Female 
Household Members Household Members 

Household 8-14 15-40 Over 40 8-14 15-40 Over 40 

45 100 

46 89 11 

50 100 

53 100 

57 58 42 

59 100 

60 57 43 

61 63 35 2 

62 61 26 13 

63 21 79 

64 43 45 11 1 

65 2 90 8 

X 25 64 8 2
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TABLE VIII.1 

SUMMARY OF ANIMAL MARKET SURVEY STATISTICS: REPRODUCTIVE FEMALE CATTLE& 

AGE IN YEARS 

Fort-
night 

Under 1 

z 
--

1 

n 

-2 
" 

() 

3 -4 
x 

n_ (a) 

5 

E-

- 6 
x 
a)!L 

7 -8 
x 

a. s 

Over 9 

a (a) 
Oct. 2 1 21000 1 30000 1 50000 

Oct./Nov. 1 32500 

Nov. 1 1 16000 

Nov. 2 1 26000 

Dec. 1 1 37800 

Dec. 2 1 25200 1 23000 1 50000 1 40000 

Jan. 1 1 27500 2 32500 1 45000 1 58000 
3535.5 

Jan. 2 1 23000 3 35167 1 55000 
14683 

Feb. 1 1 26500 1 53000 1 48500 

Feb. 2 2 40000 3 43333 

7071.1 5733.5 

Mar. 1 1 21500 1 35000 2 36000 
14496 

Mar. 2 1 30000 4 43750 

10308 

Apr. 1 1 55000 2 56500 
9192.4 

Apr. 2 3 38333 3 49000 3 66667 3 52750 
7234.2 8544.0 15275 3031.1 

Apr./May 1 42000 2 60000 

May 1 1 20000 1 49000 1 53000 

May 2 1 36000 1 75000 

June 1 1 45000 2 60500 

6364.0 

June 2 2 * 24500 2 60000 
707.11 28284 

TOTAL: 1 20000 16 28856 21 44690 20 50465 11 49341 1 58000 
8445 15894 12435 7187 

aAnimals judged to be in good condition only.
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TABLE VI11.2 
a
 

SUMMARY OF ANIMAL MARKET SURVEY STATISTICS: WHOLE MALE CATTLE


ACE IN YEARS
 

Under I 1- 2 3 - 4 5 -6 7 - 8 Over 9
 

Fort- 3 7 " 
night n (a) n. (Ja). n. (L.) a. (aL. a (s).J~ 
Oct. 2 1 6000 14 16679 7 32929 2 61000 1 38000 
(1976) 4491.9 3983.6 12728 

Oct./Nov. 6 16833 1 35000 2 55000 
5627.3 

Nov. 1 3 8833.3 10 12700 1 53700 1 50000 
1154.7 3181.5 

Nov. 2 10 12510 1 50000 
4163.5 

Dec. 1 15 24467 4 37250 
11025 9742.5 

Dec. 2 2 15000 27 18908 3 2366/ 
5722.1 9073.8 

.an. 1 5 10600 13 15023 5 33600 
(177) 961.77 3922.0 8436.5 

Jan. 2 19 22237 8 40750 2 45000 
5723.7 16239 

Feb. 1 1 13000 21 19500 11 29955 2 80000 
4436.4 5864.1 

Feb. 2 2 23000 16 19313 11 39182 1 44000 
16971 4053.3 18503 

Mar. 1 1 12000 23 18685 5 31100 2 64000 
5253.5 7283.5 15556 

Mar. 2 3 25833 5 47200 2 67500 1 80000 
3818.8 9763.5 10607 

Apr. 1 (2 50000) 15 23113 14 38071 1 80000 
18385/ 9212.2 12596 

Apr. 2 (1 4b000 19 22326 25 38340 1 70000 
7527.1 13219 

Apr./May 9 -.5500 8 37750 6 60000 2 50500 
2106.5 18193 

may 1 1 6500 6 22500 7 34571 2 87500 

2530.0 8323.8 17678 

May 2 14 23336 5 39800 2 65000 2 105000 
10369 6340.3 21213 

June 1 1 16833 13 28058 (9 64472 2 85000 

June 
2742.4 7175.0 1121.1/ 7071.1 

June 2 8 23369 2 43750 1 80000 
53-9.4 8838.8 

TOTAL: 20 14025 261 20028 130 38721 28 65275 9 67667 
8239 7208 13932 14408 25460 

nOnly animals judged to be in good condition included. Questionable observations
 

are indicated in parentheses. out are included in summary statistics.
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TABLE viii.3 
SUMMARY OF ANIMAL MARKET SURVEY STATISTICS: REPRODUCTIVE FEMALE SHEEPa 

AGE IN YEARS 

Under 1 1 2 
 3 4 
 Over 4 

Fort- i T 7 F"
 
Oct. 2 
 2 3750 1 6000 2 5625
 

1060.7 
 2298.1
 

Oct./Nov. 
 1 6000 
 1 5000 1 5500 

Nov. 1 3 5083.3 1 5000 
 1 4500
 
1587.7
 

Nov. 2 
 2 4750 3 5166.7 5 6100 
 1 5650
 
1060.7 1258.3 
 2190.9
 

Dec. 1 
 1 1900 7 	 5314.3 2 5500.0 4 8150.0
 
1463.4 707.11 2385.4
 

Dec. 2 
 2 4250 7 	 5378.6 9 5833.3 5800
3 6 	 5975.0
 
1767.8 1182.8 
 559.02 180.28 
 631.47
 

Jan. 1 3 5000 3 5900 
 2 7000 1 	 7000 
 2 5000
 
2165.1 692.82
 

Jan. 2 5 3150 6 9
5375.0 6222.2 6 6333.3 3 5666.7 4 
 6500
665.21 440.17 565.19 
 1091.6 577.35 
 408.25
 

Feb. 1 1 2050 
 5 4400 3 6000 
 1 7500 2 	 6850 9 
 4853.3
 
651.92 
 212.13 2046.9
 

Feb. 2 2 3950.0 
 6 7000 1 	 7500 
 1 6000
 
1484.9 
 1264.9
 

Mar. 1 1 5500 
 8 $437.5 3 7683.3 9 6333.3
 

495.52 1458.0 
 176.78
 

Kar. 2 
 1 5575.0 
 1 7500
 

Apr. 1 
 4 5400 3 	 5183.3 
 1 6000 1 6250
 
160.73
 

Apr. 2 1 3600 
 5 5660 6 6858.3 2 7925 
 3 3866.7
 
980.69 693.12 
 106.07 
 1097.0
 

Apr./May 
 2 7125.0 1 2
6000 4625 1 6500
 
83.88 
 883.88
 

May 1 
 2 4425.0 7 6500 1 6500 
 2 4912.5
 
247.49 577.35 
 830.85
 

May 2 
 2 5550
 

636.40 

June 1 7 5671.4 1 
 5650 3 5833.3 
 1 7200
 
368.39 
 763.76
 

June 2 
 1 5325 1 7000
 
TOTAL: 20 4090 
 64 5265 49 6257 
 46 6600 17 5959 27
1478 920 834 	

5195
 
1344 
 911 1533
 

&AnijaIg judged Z 
be in good condition only.
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TABLE viii.4 

SUM!ARY OF ANIMAL MARKET SURVEY STATISTICS: IHOLE MALE SHEEP 
a 

ACE IN YEARS 

Under 1 1 2 3 4 Over 4 

Fort- T J T y 

night - n jPq) n (9) n (a - (a). a (a). a a 

Oct. 2 2 3500 14 5517.9 20 8100 8 8125.0 2 11750 1 11000 

707.11 1469.1 1839.6 1642.1 1060.7 

Oct./ 
Nov. 

2 2600 
494.97 

11 42O 
1308.6 

15 6418.3 
2098.2 

8 8250 
3240.4 

Nov. 1 9 6522.2 21 6764.3 6 8866.7 2 7125.0 

2499.3 1633.8 1478.7 530.33 

Nov. 2 11 3202.3 16 5646.9 29 8822.4 10 9225.0 2 9500.0 

865.34 2131.9 2848.8 1643.4 2828.4 

Dec. 1 19 3260.5 30 4510.0 7 5642.9 2 8100 1 9250 

1173.7 1644.5 1651.1 2687.0 

Dec. 2 20 3330 22 4404.5 7 6892.9 10 9125 1 7000 

788.80 1560.7 1499.0 1468.4 

Jan. 1 24 3834.4 25 4943 8 7062.5 5 9600 

829.18 1713.5 942.55 418.33 

Jan. 2 13 3265.4 35 5128.6 21 6742.9 3 7333.3 (1 3000) 

331.28 1658.1 1816.2 1154.7 

Feb. 1 19 3994.7 15 4306.7 8 6568.8 1 8000 1 8750 

1418.8 859.79 954.29 

Feb. 2 18 3394.4 13 4988.5 14 7416.1 3 10000 1 13500 

1248.2 1203.1 1991.5 

Mar. 1 9 4355.6 10 5635 /8 18000) 3 7200 1 8500 

1100.1 1950.4 28588) 2961.4 

Mar. 2 9 3300 4 5393.8 2 5500 
1322.2 229.47 

Apr. 1 9 2477.8 
606.28 

16 3640.6 
1437.7 

/5 21280 
30908) 

3 8333.3 
1755.9 

Apr. 2 10 2970 
326.77 

10 4675.0 
1312.6 

3 5950 
327.87 

Apr./Hay 7 3021.4 
249.76 

7 4042.9 
869.59 

7 4753.6 
1136.6 

2 10000 

May 1 5 4530 
1435.5 

1 4500 6 6341.7 
729.67 

2 7250 
3182.0 

May 2 4 2412.5 
932.18 

19 4465.8 
871.47 

6 6991.7 
1115.5 

June 1 11 3436.4 20 4912.5 3 9083.3 
445.58 951.02 1587.7 

June 2 5 3000 19 5313.2 

353.55 1498.1 

TOTAL: 197 3424 
1034 

296 4867 
1581 

188 7198 
2122 

64 8727 
1855 

13 9096 
2463 

2 7000 
5657 

judged to be in good condition only. Questionabit obscrvations are
aAn i ma l s 

are included in summary statistics.
indicated by parentheses, but 
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TALE vIII.5 
SUHKAIY OF ANIMAL MARKET SURVEY STATISTICS: REPRODUCTIVE FEMALE GOATSa
 

AGE IN YEARS
 

Under 1 1 2 
 3 
 4_ Over 4 

Oct. 2 
_n 
2 

-LL 
2050 
70.711 

3 
( 

2283.3 
644.85 

nn 
6 

. 
3416.7 
465.47 

1 
(a) 

2500 3 3250 
250.00 

Oct./Nov. 3 2733.3 2 3875 1 4000 1 3500 
480.45 176.78 

Nov. 1 6 3566.7 2 4800 2 3000 1 4000 
1155.7 989.95 

Nov. 2 6 2000 
273.86 

5 2760 
433.59 

3 3590 
253.57 

3 3700 
264.58 

2 4500 3 4550 
2129.0 

Dec. 1 5 2080 
75.829 

9 2905.6 
677.52 

8 3700 
1032.7 

2 5000 1 4500 2 5600 
565.29 

Dec. 2 1 2100 12 3462.5 16 3546.9 5 5690 4 6000 4 4037.5 
1001.8 608.13 1190.8 1224.7 1416.2 

Jan. 1 7 2485.7 
895.23 

3 4833.5 
763.76 

3 5600 
2651.4 

7 3942.9 
956.31 

3 3950 
912.41 

2 4500 
707.11 

Jan. 2 9 2127.8 
704.94 

17 3541.2 
390.21 

9 4355.6 
844.26 

1 8000 1 4000 4 3400 
1280.6 

Feb. 1 14 2657.1 13 2815.4 4 4125 4 4000 3 3833.3 
530.91 951.18 750.00 1893 

Feb. 2 5 2620 
1966.2 

11 3268.2 
619.79 

2 4000 
707.11 

4 3825 
1164.4 

2 4200 
2545.6 

2 3100 
141.42 

Mar. 1 29 3269.0 19 3702.6 2 5000 2 6625.0 1 6250 
374.74 384.95 2121.3 176.78 

Mar. 2 3 1700 7 3485.7 1 4050 
260.95 

Apr. 1 1 3500 4 3687.5 2 3525 3 5166.7 1 5700 
990.27 742.46 1893.0 

Apr. 2 8 2375 12 2929.2 5 3810 1 3500 1 3250 
)95.20 202.77 527.26 

Apr./May 5 2650 1 2000 5 3015 1 4000 1 4000 1 2800 
487.34 1110.1 

May 1 2 2300 
424.26 

5 3410 
1023.1 

6 4750 
712.04 

1 5000 1 3000 4 5762.5 
1320.0 

May 2 18 2336.1 
334.67 

9 3250 
190.39 

2 3800 
282.84 

2 5500 
2828.4 

2 2750 
1060.7 

June 1 10 2285 10 3405 10 7620 2 4825 2 4250 
385.90 392.93 12617 954.59 1060.7 

June 2 12 
_ 

2545.8 
248.14 

3 2900 
264.58 

1 3075 5 3110 
373.16 

TOTAL: 137 2563 
682 

152 3295 
729 

88 3893 
970 

45 4420 
1428 

27 4359 
1358 

27 4154 
1408 

aAnimntls judged to be in good conditinn only.
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TABLE vimi.6
 

SUMMARY OF ANIMAL MARKET SURVCY STATISTICS: WHOLE MALE COATS 
8
 

AGE IN YEARS 

Under 1 1 2 3 4 Over 4 

xxx x x 
Fortnight n (a) n (a). n (a). a (a)~ ai (a)i~ .a( 
Oct. 2 1 1000 16 2815.6 6 4558.3 

678.66 1964.8 

Oct./Nov. 5 1310 18 2469.4 13 4315.4 (3 2000) 

466.90 790.97 1138.4 

Nov. 1 5 1370 17 2650 2 4250 1 7000 2 6500 

476.45 908.12 353.55 

Nov. 2 7 1707.1 15 3120 4 3575 1 5000 1 5000 

159.24 2596.6 1144.2 

Dec. 1 12 1325 30 2671.7 24 4100 3 4733.3 1 5250 
460.98 754.38 939.70 1167.6 

Dec. 2 12 1358.3 16 2785.6 16 4800 12 5833.3 1 7000 
339.00 998.59 840.63 748.74 

Jan. 1 14 1721.4 16 3753.1 8 5306.3 5 6450 1 7500 

927.72 1393.0 417.85 1535 

Jan. 2 31 1524.2 16 2871.9 12 4875 2 6000 
799.02 1207.5 1598.9 2828.4 

Feb. 1 15 1473.3 14 3014.3 6 3708.3 
612.33 835.38 485.20 

Feb. 2 18 1886.1 17 2547.1 7 3572.1 1 5400 

1446.5 6.34.08 589.65 

Mar. 1 19 1894.7 18 3483.3 3 4966.7 2 6325 
1312.6 868.74 1616.6 106.07 

Mar. 2 4 1937.5 4 2912.5 
515.39 1250.6 

Apr. 1 5 2010.0 8 27A7.5 8 5643.8 1 5200 

1013.9 780.00 1483.6 

Apr. 2 15 1920 4 2875 
2549.9 629.15 

Apr./May 2 1650 
848.53 

12 2677.1 
1079.1 

1 3300.0 1 10000 1 10500 

May 1 23 	 1744.6 4 2537.5 4 2875.0 1 5000
 
971.88 432.29 250.00 

May 2 5 1250 5 2740 2 4750 
327.87 990.83 353.55 

June 1 13 1380.8 11 2054.5 2 2800 1 6000 
262.63 471.41
 

June 2 18 1330.6 1 2500
 
298.59
 

TOTAL: 	 223 1565 242 2838 118 4403 34 5609 5 6500 2 7875
 

821 1120 1231 1701 935 3712
 

&Animals judged to be inigood condition only.
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TABLE VIII.7
 

OVERALL DESCRIPTIVE STATISTICS OF PRICES BY AGE AND
 
SEX CATEGORY FOR CATTLE SOLD AT KAO, NIGER: OCT. 1976 - June 1977a
 

(f CFA)
 

Age (x) 
Whole 
Males 

Castrated 
Males 

Reproductive 
Females 

x x x 
n (s) n (s) n (s) 

x < 1 20 14,025 1 20,000 
(8,239) 

1 < x < 2 136 16,097 6 25,500 
(4,734) (10,139) 

2 < x < 3 125 24,305 1 38,000 10 30,870 
(7,010) (7,053) 

3 < x < 4 90 35,397 13 49,577 14 37,893 
(12,825) (9,793) (12,096) 

4 < x < 5 40 46,200 24 49,083 7 58,286 
(13,557) (8,742) (14,198) 

5 < x < 6 16 63,375 15 67,867 12 48,500 
(13,598) (11,721) (10,976) 

6 < x < 7 12 67,808 12 82,125 8 53,413 
(15,656) (10,358) (14,624) 

7 < x < 8 4 57,750 1 90,000 6 52,000 
(14,835) (7,616) 

8 < x 5 75,600 6 97,500 6 48,125 
(30,892) (8,803) (7,074) 

aAnimals judged to be in good condition only.
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TABLE VIII.8
 

TWO-WAY CONTINGENCY TABLE OF AGE AND SEX OF CATTLE
 
SOLD AT KAO MARKETa
 

Sex 

Whole Castrated Reproductive Sterile 
Age (X) Males Males Females ' Females Total 

X~l 24 1 25 

ISX 2 157 6 1 164 

2 X 3 133 1 10 144 

3 X 4 99 13 15 1 128 

4 XI5 41 24 10 75 

5'X 6 17 15 15 47 

6'XE7 12 12 9 2 35 

7 X'8 4 1 14 2 21 

8'X 5 6 18 5 34 

TOTALb 492 72 98 11 679
 

aIncludes only those animals sold for which price data were
 

collected.
 

bIncludes animals for which data on ages and/or sex were missing
 

or unknown.
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TABLE VIII.9
 

TWO-WAY CONTINGENCY TABLE OF AGE AND SEX OF SHEEP
 
SOLD AT KAO MARKETa
 

Sex
 

Whole Castrated Reproductive Sterile
Age (X) Males Males 
 Females Females Total
 
X~l 215 5 
 26 
 246
 
I X 2 327 
 8 71 
 5 411
 
2 X 3 204 23 
 55 
 8 290
 
3:SX4 70 27 
 56 
 2 155
 
4 X 5 15 
 3 29 
 47
 
5 X 
 4 
 1 42 
 4 51
 

TCTALb 835 
 67 279 
 19 1204
 

aIncludes only those animals sold for which price data were
 
collecred.
 

bIncludes animals for which data on age and/or sex were missing
 
or unknown
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TABLE VIII.1O
 

TWO-WAY CONTINGENCY TABLE OF AGE AND SEX OF GOATS
 
SOLD AT KAO MARKETa
 

Sex
 

Whole Castrated Reproductive Sterile
 
Age (X) Males Males Females Females Total
 

X I 244 2 143 389
 

lXS2 257 6 169 432
 

2SXM3 127 3 100 7 237
 

35X 4 39 9 51 4 103
 

4SXS5 6 46 2 54
 

5SX 4 1 62 67
 

Total 677 21 571 13 1,282
 

aIncludes only those animals sold for which price data were
 

collected.
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FIGURE \.I1.11: Uncostrated 
Traded Age 

Mole Cattle: Variations 
Categories from October 

in Price of Most Frequently 
1976 through June 1977 
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FIGURE VIII.12* Uncastrated 
Traded Age 

Male Sheep : Variations in 
Categories from October 1976 

Price of Most Frequently 
through June 1977 

10,000 

9,000 

e,ooo- / \~ 

2 YEARS 

i 

I 

LL 7,000--

6,000-

\--

I YEAR 

/ .. , lop /0 I 

5,000 

4,000 

UNDER- IYEAR -o . 

2,000-

OCT 2 NOVI 
OCT/NOV NOV 2 

DEC I 
DEC 2 

JAN I FEB I 
JAN 2 

Fortnight 

FEE2 
MARl 

MAR 2 
APR I APR/MAY 

APR 2 MAY I 
MAY 2 

JUN 
JUN 2 



FIGURE VIII.13: Uncastrated 
Traded Age 

Male Goats : Variations in Price of Most Frequently 
Categories from October 1976 through June 1977 
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FI5URE M.14: Change in Mean Price over Age Categories
of Cattle Sold at Kao Market from 
October 1976 to June 1977 
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FIGURE VlI1.1S. Change in Mean Price over Age
Categories of Goats Sold at Kao 
from October 1976 to June 1977 
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10000 FIGURE V111.16-. Change in Mean Price over Age
Categories of Sheep Sold at Kao Market 
from October 1976 to June 1977 
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APPENDIX IX
 

MEAN MILK CONSUMPTION BY FORTNIGiiT 
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TABLE IX.l
 

MEAN MILK CONSUMPTION BY SOURCE FOR HAUSSA HOUSEHOLDS
 
(liters per resident equivalent of working agt)
 

Fortnight Cash Pur-
chase 

Jun. 2 .22 

Jul. 1 .44 

Jul. 2 .51 

Aug. 1 .63 

Aug. 2 1.04 

Sept. 1 2.13 

Sept. 2 1.78 

Oct. 1 1.08 

Oct. 2 .88 

Oct./Nov. 1.07 

Nov. 1 2.49 

Nov. 2 1.75 

Dec. 1 2.41 

Dec. 2 1.93 

Jan. 1 1.53 

Jan. 2 2.42 

Feb. 1 1.56 

Feb. 2 1.88 

Mar. 1 1.73 

Mar. 2 1.50 

Apr. 1 1.80 

Apr. 2 1.74 

Apr./May 1.70 

May 1 1.87 

May 2 1.62 

Jun. 1 1.16 

TOTAL 38.87 

Production Exchange in Total 
Kind Consumed 

.22 

.44 

.06 .57 

.21 .84 

.77 1.81 

2.13 

1.78 

1.08 

.88 

1.07 

.13 2.62 

.54 2.29 

.53 2.94 

.74 2.67 

.80 2.33 

.34 2.76 

.78 2.34 

.84 2.71 

1.01 2.74 

.90 2.40 

.98 2.78 

.58 2.32 

.48 2.18 

.55 2.42 

1.39 3.01 

4.59 5.75 

16.20 55.07 
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TABLE IX.2
 

MEAN MILK CONSUMPTION BY SOURCE FOR VILLAGE TUAREG HOUSEHOLDS
 

(liters per resident equivalent of working age)
 

Fortnight Cash Pur-
chase 

Jun. 2 .46 

Jul. 1 .28 

Jul. 2 .21 

Aug. 1 .99 

Aug. 2 .64 

Sept. 1 1.41 

Sept. 2 2.44 

Oct. 1 1.25 

Oct. 2 .83 

Oct./Nov. .51 

Nov. 1 .76 

Nov. 2 1.66 

Dec. 1 2.13 

Dec. 2 .95 

Jan. 1 1.08 

Jan. 2 .73 

Feb. 1 .93 

Feb. 2 .94 

Mar. 1 .97 

Mar. 2 .97 

Apr. 1 .92 

Apr. 2 .78 

Apr./May .80 

May 1 .72 

May 2 .71 

Jun. 1 .91 

TOTAL 24.99 

Production 


.05 


.10 


.75 


1.04 


.90 


.39 


.88 


1.34 


2.19 


2.37 


3.87 


3.84 


3.84 


3.95 


3.30 


4.02 


3.07 


3.13 


2.78 


2.44 


1.88 


1.72 


2.11 


1.92 


2.16 


54.03 


Exchange in Total 
Kind Consumed 

.51 

.28 

.31 

1.74 

1.68 

.49 2.79 

3._76 6.59 

12.26 14.39 

7.4 9.60 

3.37 6.07 

7.62 10.75 

5.91 11.45 

1.50 7.47 

1.45 6.24 

1.65 6.68 

1.76 5.79 

.93 5.89 

1.79 5.79 

1.77 5.87 

1.73 5.48 

.73 4.09 

.79 3.46 

1.18 3.71 

1.14 3.97 

1.46 4.09 

1.14 4.21 

59.86 138.88 
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TABLE IX.3
 

MEAN MILK CONSUMPTION BY SOURCE FOR BUSH TUAREG HOUSEHOLDS
 

(liters per resident equivalent of working age)
 

Fortnight- Cash Pur-
chase 

Jun. 2 

Jul. 1 

Jul. 2 .21 

Aug. 1 .08 

Aug. 2 .02 

Sept. 1 .12 

Sept. 2 .09 

Oct. 1 

Oct. 2 

Oct./Nov. .02 

Nov. 1 

Nov. 2 .10 

Dec. 1 .08 

Dec. 2 .13 

Jan. 1 

Jan. 2 

Feb. 1 

Feb. 2 

Mar. 1 

Mar. 2 

Apr. 1 

Apr. 2 

Apr./May 

May 1 

May 2 

Jun. 1 

TOTAL .77 

Production 


1.92 


1.67 


3.75 


4.09 


4.54 


7.00 


7.85 


9.04 


11.60 


11.59 


10.32 


7.15 


10.90 


16.14 


12.60 


9.54 


6.77 


9.00 


7.55 


5.15 


4.32 


2.93 


4.07 


3.24 


3.79 


2.73 


179.26 


Exchange in Total 
Kind Consumed 

1.92 

1.67 

.08 4.04 

.77 4.87 

1.79 6.34 

.55 7.67 

.04 7.97 

9.04 

.05 11.65 

.07 11.68 

.26 10.58 

.25 7.50 

.15 11.13 

.16 16.43 

12.60 

9.54 

6.77 

9.00 

7.55 

5.15 

4.32 

2.93 

4.07 

.29 3.53 

3.79 

2.73 

4.46 184.49 
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