
AN ABSTRACT OF THE THESIS OF

Monica Grace Fisher for the degree of Master of Science in Agricultural and Resource
Economics presented on July 27, 1995. Title: An Economic and Socio-Cultural Analysis
of New Farm Technolqgy: The Case of Stabling in Senegal.

Abstract approved:

Bruce Weber

A study is conducted to provide information usethi to the future development of agro-

pastoralists in the Kolda Region through an economic and socio-cultural analysis of the

practice of stabling. Two main issues are addressed: the generation and distribution of

profits and the factors related to adoption of stabling. A partial budget analysis of three

stable types determined that in each case stabling provides substantial net benefits for fann

households. Analysis of the distribution of costs and benefits suggests that although Sons

and wives provide substantial labor inputs for the practice, it is the household head who

retains control of most of the benefits. Two logit models were used to determine the

factors that contribute to or inhibit adoption of stabling. The variables that were found to

be significant were: the household's herd size, the number of economically active

household members, access to extension information, the education level of the household

head, access to credit and farm size. Interviews with women farmers suggest that women,

especially female heads of households, face considerable constraints to adoption of

stabling due to lack of time, lack of resources and the cultural norms.

Redacted for Privacy



© Copyright by Monica Grace Fisher
July 27, 1995

All Rights Reserved



An Economic and Socio-Cultural Analysis of New Farm Technology:
The Case of Stabling in Senegal

by

Monica Grace Fisher

A THESIS

submitted to

Oregon State University

in partial fuffihiment of
the requirements for the

degree of

Master of Science

Completed July 27, 1995
Commencement June 1996



Master of Science thesis of Monica Grace Fisher presented on July 27, 1995

APPROVED:

Major Professor, representing Agricultural and Resource Economics

Chair of Department of Agrit&iral and Resource Economics

Monica Grace Fisher, Author

Dean of Gradi te School

I understand that my thesis will become part of the permanent collection of Oregon State
University libraries. My signature below authorizes release of my thesis to any reader
upon request.

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy



ACKNOWLEDGMENT

I would like to thank my committee members: Dr. Bruce Weber, Dr. Frank Conidin,

Dr. Thomas Cusack and Dr. Rebecca Warner. Thank you all for your support, wordsof

encouragement, willingness to read the overly rough drafts I printed off, and the many

great ideas and suggestions. I could not have chosen a better graduate committee.

I would like to thank the following institutions for their financial support which

allowed me to attend Oregon State University and conduct research both domestically and

in Senegal: the Extension Program for Community Development, the Northwest Area

Foundation (NWAF), United States Agency for International Development (IJSAJD) and

the Consortium for International Development (CID).

I would also like to thank the people at the Office of International Research and

Development (OIRD) and the Natural Resources Based Agricultural Research (NRBAR)

project for all their help related to the fieldwork.

I would like to thank the researchers at Centre de Recherches Zootechniques (CRZ)

who despite their busy schedules always found the time to share their knowledge and

expertise with me.

I would like to thank the four enumerators without whom I could never have made it

through the many problems encountered during the fieldwork. Their patience, experience

and friendship made the fieldwork not only successful, but one of the most enjoyable

experiences I've had.

Special thanks to the survey respondents who willingly answered our long

questionnaires and welcomed me as a friend.



TABLE OF CONTENTS

CHAPTER ONE: INTRODUCTION 1

Problem Statement: 1

Objectives: 3

Organization of the Thesis: 4

CHAPTER TWO: CONCEPTUAL FRAMEWORK OF THE
HOUSEHOLD 6

Presentation of Economic Models of the Household: 7
New Household Economics 7
The Bargaining Model
The Transaction Cost Approach 9

Advantages and Disadvantages of Each Model 10
New Household Economics 10
The Bargaining Model 11

The Transaction Cost Approach 12

The Transaction Cost Approach: 13

CHAPTER THREE: THE PHYSICAL, SOCIAL, CULTURAL AND
ECONOMIC SETTING 15

Physical Description of the Kolda Region: 15

The People: 16

The Household Unit: 17

The Agricultural Production System: 19
Household Objectives 19
Food and Cash Crop Production 20
Vegetable Gardening 20
Agricultural Inputs 21
Rights and Duties in Agricultural Production 23
Division of Labor in Agriculture 24



TABLE OF CONTENTS (Continued)

The Livestock Production System: 25
Uses of Livestock Production 26
Rights! Duties and Division of Labor in Livestock Production 27

Chapter Summary: 29

CHAPTER FOUR: FIELDWORK PROCEDURES 30

Survey Planning: 30

Survey Preparation: 32
Developing the Questionnaires 32
Hiring/Training of Enumerators 34
Pilot Study of Household Questionnaires 35

Sample Selection: 35
Village selection 35
Household Selection 37

Data Collection Techniques: 40
The Household Interviews 41
Village Chief Questionnaire 44
Observation of Women's Daily Tasks During the Hot-Dry Season 45
Interviews with Women Market Gardeners 46
Standardization of Local Units 46

CHAPTER FIVE: PROFITABILITY AND INTRA-HOUSEHOLD
DISTRIBUTION 48

Introduction: 48

A Definition of the Practice of Stabling: 50

The Potential Benefits and Costs of Stabling: 53
The Potential Benefits 53

Increased Revenues: 53
Decreased Expenses: 56

The Potential Costs 57
Monetary Costs: 57
Time Costs: 58



TABLE OF CONTENTS (Continued)

The Partial Budgeting Model: 59

Quantifying the Potential Benefits and Costs: 61
Quantifying the Potential Benefits 61

Increased Revenues: 61
Decreased Expenses: 66

Quantifying the Potential Costs 67
Monetary Costs: 67
Time Costs: 68

Results of the Partial Budget Analysis: 72
The Marginal Benefits of Stabling: 72
The Marginal Costs of Stabling 75
The Average Net Benefits of Stabling 80

Distribution of Benefits and Costs Within the Household: 83
Distribution of Benefits 85

Milk Production for Home Consumption: 85
Milk Revenues: 87
Increased Calving, Decreased Animal Deaths,

Heavier/Stronger Animals: 88
Manure Production: 90
Biogas Plant: 91

Distribution of Costs 92
Monetary Costs: 92
Time Costs: 92

Chapter Summary: 94

CHAPTER SIX: MODELING THE ADOPTION OF STABLING 96

Introduction: 96

Introduction of Stabling to Senegal and the Region of Kolda: 97

Literature Review: 101
Categories of Variables Commonly Used in Adoption Studies 101

Farm Size: 102
Uncertainty and Risk: 103
Human Capital: 104



TABLE OF CONTENTS (Continued)

Labor Availability: 105
Capital Availability: 107

Perrin and Winkelmann's Survey (1976) 107

Adoption Studies in Africa 109
Gender Issues in the Adoption of Innovations 113

Adoption Defined: 117

The Decision Maker: 118

The Empirical Model: 119
Modeling Choice Probabilities 119
The Logit Model 121

The Econometric Models 122
The Dependent Variables: 123

The Independent Variables: 123

Results of the Econometric Analysis: 129
Correction for Multicollinearity 130
Estimation of Model 1 132

Interpretation of the Significant Variables: 133

Goodness-of-fit Measures: 135

Estimation of Model 2 136
Goodness-of-fit Measures: 139

Estimation of Models 3 and 4 139
The Relationship Between Gender and Adoption 139

Chapter Summary: 142

CHAPTER SEVEN: SUMMARY AND RECOMMENDATIONS 144

Summary of Findings: 144

Policy Recommendations: 148

Recommendations for Future Research: 152

BIBLIOGRAPHY 154

APPENDIX A: QUESTIONNAIRES 160



TABLE OF CONTENTS (Continued)

APPENDIX B: SELECTED SURVEY RESULTS 203

Results from Interviews with Women Market Gardeners: 204

Results from Observation of Women Performing Subsistence Activities: 210

Conversion Rates: 215

APPENDIX C: PARTIAL BUDGET CALCULATIONS 218

Regression Equation to Estimate the Marginal Product of Stable Manure: 219

Partial Budget Spreadsheets:

APPENDIX D: LOGIT MODEL (MISCELLANEOUS)

Auxiliary Regressions:

The J-Test:
P.

Calculations of 1

Xjk

219

238

239

250

252



LIST OF TABLES

Table 5.1: Estimated Benefit of Manure to Power Biogas Plant 65

Table 5.2: Marginal Benefits of Stabling 74

Table 5.3: Responses to the question "Why did you begin to stable your animals?" 75

Table 5.4: Marginal Costs of Stabling Under Scenario 1 77

Table 5.5: Marginal Costs Under Scenario 2 78

Table 5.6: Responses to the question "What are the main disadvantages of stabling?" 79

Table 5.7: Total Net Benefit and Net Benefit per Animal for Scenario 1 80

Table 58: Total Net Benefit and Net Benefit per Animal for Scenario 2 80

Table 5.9: Average RDAs and Increased Milk Production 82

Table 5.10: Ownership of Stabled Animals 89

Table 5.11: Women's Time Contributions to Stabling 93

Table 6.1: Logit Results for Model with Z1 (Adoption) as Dependent Variable 133

Table 6.2: Logit Results for Model with Z (Type II Stable) as Dependent Variable 136

Table 6.3: Comparisons between Female and Male-Headed Households 140



AN ECONOMIC AND SOCIO-CULTITRAL ANALYSIS
OF NEW FARM TECHNOLOGY:

'IKE CASE OF STABLING IN SENEGAL

CHAPTER ONE: INTRODUCTION

A. Problem Statement:

In the past decade, soil degradation and increased population pressure have made it

increasingly difficult for farmers in Senegal to provide for the subsistence needs of their

families. This is reflected in the statistic that between 1979-1992 the annual growth rate

of food production per capita in Senegal was -.2% (World Development Report, 1994).

Viable production technologies have an important role to play in any strategy aimed at

increasing the productivity of farmers in the short and long term. Toward this end, the

Natural Resources-Based Agricultural Research (NRBAR) project, led by the Institut

Senegalais de Recherches Agricoles (ISRA) is promoting research to identify, develop and

diffuse low-cost, natural resource-based technologies or practices which address the

specific needs and situations of Senegalese farmers.

One of the NRBARIISRA technologies which has been introduced to the Region of

Kolda in southern Senegal is the practice of stabling animals. This practice is a

technological package consisting of the stable, food supplementation, animal health care

and a new method of producing manure. Sodefitex, the regional development agency,

introduced the practice of stabling to the Cotton Zone (which includes the Region of

Kolda) in 1985. In the late 1980s the Centre de Recherches Zootechniques (CRZ), the
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animal science department of ISRA, entered the arena. Between the two organizations

extension efforts include or have included the following: informational meetings and

seminars, regular visits from extension agents, the provision of medical services for

animals, pen-urban milk production programs, and a short-term credit program.

The overall objective of CRZ and Sodefitex research/extension efforts is to improve

and expand the integration of livestock-cropping practices. Focusing on increased

production of both livestock and agriculture, and their complementary elements, is

important for sustained economic growth and the alleviation of poverty in a region

populated primarily by agro-pastoralists. Technologies which increase milk and meat

production enable households to secure their food needs and/or increase income. In

addition, livestock production has complementary benefits for agriculture: the provision of

manure, and animal draft power. Likewise, increased agricultural production not only

helps to secure household food needs and incomes, but also complements livestock

production with increased harvest residues which serve as an important animal food

source.

This study came about because of the need on the part of CRZ for socio-economic

analysis to complement its technical efforts in the areas of animal science, agriculture and

veterinary science. Funding for this study was provided by the United States Agency for

International Development (USAID) as part of the NIRBAR project.



B. Objectives:

The general aim of the study is to provide information useful to the future

development of agro-pastoralists in the Kolda Region through an economic and socio-

cultural analysis of the practice of stabling. There are two specific objectives:

To determine if the practice of stabling contributes to an improvement in the

economic well-being of farmers (men and women) and their families in the region

of Kolda, This entails the following: estimation of the profitability of stabling at

the household level, and investigation of how benefits and costs are distributed

within the household.

A partial budgeting model is used to measure the profitability of stabling. This

is followed by a discussion of the distribution of the benefits and costs of stabling,

drawing on a review of the relevant literature and results from fieldwork

investigation. Results of the partial budget analysis and the discussion of the

distribution of benefits and costs taken together can provide important information

for the study at hand, for the research and extension agencies and through

research/extension to the farmers in the region of Kolda.

2. To determine the factors related to adoption or rejection of stabling. It is

hypothesized that characteristics of the household head (e.g. age or education

level), the household's ability to take on risk, capital availability, labor availability,

access to information and the "bargaining power" of sons and wives are some of

the factors that are related to the decision to adopt or reject stabling.
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A logit model estimated with maximum likelihood estimation (MLE) is used to

determine the factors significantly related to the probability of adoption and the

magnitude of the relationships. Determination of the constraints and incentives to

adoption will help CRZ and Sodefitex more effectively plan future

research/extension campaigns. Results may point to the need to make adjustments

in the technology itselt or in the research/extension programs so that access to the

practice is increased and the distribution of benefits are more equitable.

C. Organization of the Thesis:

The thesis begins with a presentation of economic models of the household in Chapter

Two. Chapter Three introduces the reader to the physical, social, cultural and economic

environment of the Kolda Region. These two chapters are complementary and together

serve as a guide for identiIring issues and understanding the analyses of the study.

Chapter Four describes the procedures that were used during the 3 months of fieldwork in

Senegal. Chapter Five is concerned with determining the contribution of stabling to the

economic well-being of farmers and their families. The chapter contains its own

introduction, literature review, the partial budget analysis, the analysis of the distribution

of benefits and costs and a conclusion of the results. Chapter Six is structured similar to

Chapter Five with its own introduction, literature review, econometric analysis of

adoption, and a conclusion. Chapter Seven ties the results of the analyses of Chapters



Five and Six together with a summary of results, policy recommendations and

recommendations for fixture research endeavors.

5



CHAPTER TWO: CONCEPTUAL V1AMEWORK OF THE HOUSEHOLD

The starting point of an economic study is a theoretical framework. Since the main

unit of analysis for this study is the household, it is a theory of the household which can

provide a foundation for the analyses which make up the study. A theory or conceptual

framework can serve as a guide for analyzing the issues of interest to this study: the

allocation of household resources (e.g. land, labor, capital) for agricultural and livestock

production, how goods and services are distributed among household members, and which

techniques or technologies are used for productive activities.

There are two main economic theories which have been applied to household studies:

new household economics and bargaining models. Another economic model that has been

suggested for household analyses is the transaction cost approach.

The chapter begins with a summary of three economic models of households: new

household economics, bargaining models and the transaction cost approach. This is

followed by a discussion of the merits and weaknesses of each approach. Finally the

transaction cost approach is selected as the conceptual framework for understanding

household processes in this study.

6



A. Presentation of Economic Models of the Household:

New Household Economics

New household economics is a branch of neo-classical theory which is usually

associated with the work of Becker (1981). The main features of this model may be

summarized as follows (from Ellis, 1993):

The household rather than the individual is the relevant unit of analysis.

Utility is derived from consumption of items produced within the household

(called Z-goods).

Since these Z-goods require both purchased inputs and labor inputs a major

emphasis is placed on time allocation of household members between household

production and wage work.

The household seeks to maximize its joint utility function subject to a time and

budget constraint.

In pursuit of common household goals, each household member subordinates

his/her individual preferences.

(1) The household head is a benevolent dictator who acts so as to maximize the

joint utility of the household.

7



The Bargaining Model

The bargaining model draws on the ideas of cooperative game theory of Nash (1953).

The main features of this model are summarized as follows:

The model allows for separate utility functions for individual household

members (Jones, 1983; Foibre, 1984; Manser and Murray, 1980).

The utility of each household member is a function of the consumption of

goods (called x-goods), leisure, and the personal characteristics of the individual

(Manser and Murray, 1980).

Different preferences lead to conflict of interest over the distribution of goods

and leisure time (Fobre, 1984).

However, cooperation among household members leads to higher utility levels

than one can attain on his/her own (Ellis, 1993).

A bargaining process is the mechanism through which these differences are

reconciled (Senauer, 1990).

Each person's bargaining power or "threat point" is assumed to be related to

how that person would fare if a bargained solution was not reached (e.g.

household breaks up). In terms of the Nash bargaining model, a person's

bargaining power is assumed to be related primarily to the wage rate one could

obtain if he/she were to enter the labor force (Senauer, 1990).

The bargaining power of household members is one of the determinants of the

individual's share of household income (Folbre, 1984).

8



(h) The relative bargaining power of household members changes during the

course of development (Foibre, 1984).

The Transaction Cost Approach

The transaction cost approach has been suggested by Pollak (1985). The model bears

some similarities to bargaining models but also recognizes the importance of tradition and

culture as mediators in bargaining solutions (Folbre, 1988). Some of the main features of

the model are as follows;

The household comes into existence in order to minimize the transaction costs

of achieving goals related to consumption, protection, security, reproduction, etc.

which are performed less efficiently by other institutions (Ellis, 1993).

('
The household institution has a set of rules which serve to organize the many

different activities and preferences of household members (Pollak, 1985).

Households do not necessarily operate efficiently and fi-ictionlessly as is

assumed by neoclassical economics (Pollak, 1985).

Several forces tend to provide stability to the household as a production and

consumption unit. First, each household member has some incentive to take

actions which benefit the household since each household member holds some

claim to household resources. Second, it is easier to monitor the actions of

household members (as opposed to strangers) since the household is tied together

in both economic and personal relationships. Third, feelings of affection and

9



New household economics has been commended for introducing the idea of a

10

caring serve to limit opportunistic behavior within the family. And fourth,

accepted norms or standards of conduct regarding treatment of family members

are enforced through each member's reputation in the community (Pollak, 1985).

Several forces also tend to weaken the stability of the household such as

conflicts among household members, tolerance of inefficient behavior or slack

performance due to the difficulties of evaluating and discipling family members,

and size limitations implied by family governance (expansion makes governance

more difficult) may prevent the realization of economies of scale.

When conflicts arise among household members, it is assumed that a bargaining

process occurs. How each member fares in the bargaining process is related to

his/her economic status (e.g. potential wage rate or wealth) as well as the rules of

the household institution (Pollak, 1985). The rules of the household help protect

each individual against changes that strengthen the bargaining position of the other

(e.g. an increase in one's relative wage rate) and leave the disadvantaged party

vulnerable to opportunistic exploitation (Pollak, 1985).

B. Advantages and Disadvantages of Each Model

New Household Economics

household labor time constraint and the valuation of household member's time whether it
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be for leisure, household production or waged labor at its opportunity cost (Senauer,

1990). However, it has also received considerable criticism (e.g. Manser and Brown,

1980; McElroy and Homey, 1981; Fapohunda, 1988; Folbre, 1986, 1988; Pollak, 1985;

Blumberg, 1991; Jones, 1983, 1986; Wilk, 1989). A major source of criticism is the

model's assumption of a joint utility function which is maximized by an altruistic

household head (often referred to as a benevolent dictator in the literature). It has been

argued that the assumption ofa joint utility function (i.e. all household members either

have the same preferences or preferences do not matter because the household is ruled by

a dictator) constitutes a barrier to economic analyses ofintra-household issues such as

conflict among household members and inequality in the distribution of goods and services

(Folbre, 1986; Fapohunda, 1988; Poflak, 1985; Blumberg, 1991; Jones, 1983) Likewise,

the assumption of altruism in the home has been criticized as it stands in sharp contrast to

the presumed selfishness of individuals in the market, a fundamental concept of

neoclassical economics (Folbre, 1986).

The Bargaining Model

The bargaining framework is much more realistic than new household economics for

several reasons. First, it recognizes that household members have different preferences. It

also suggests a means by which these differences are reconciled, the bargaining process.

Second, it recognizes that there may be inequalities in the distribution of resources

within the household, a phenomenon which has been discovered in many empirical studies



12

(Blumberg, 1991; Agarwal, 1985; Cloud, 1985) and not well explained by new household

economics (Ellis, 1993). The bargaining model however has received some criticism.

Pollak (1985) criticizes the model for its single-period nature which does not allow for

adaptive, sequential decisionmaking as new information is acquired and situations change.

He also criticizes the model for the absence of a governing body to protect each individual

against changes in his/her bargaining position that leaves him vulnerable to exploitation. In

other words, the bargaining models do not explicitly state the important role that the

culturally constructed rights and responsibilities play in mediating the bargained solutions.

The Transaction Cost Approach

The transaction cost approach has several advantages. First of all, it provides useful

insight into the motivation for individuals to form households and to work to keep the

household together. Goetz (1990), who conducted dissertation research in Southeastern

Senegal, echoed the ideas of the transaction cost approach in this regard. He contended

that uncertainty and transaction costs may lead to the formation of institutions such as

households. Another advantage of the transaction cost approach is that it is more realistic

than new household economics because it recognizes that within households there are

different preferences and activities. The transaction cost approach also shares the

advantages of bargaining models that were discussed above. However it expands on the

bargaining models by incorporating the idea of the important role that culture and tradition

play in household processes. This addition is important. For example, the assumption that
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one's bargaining power is merely a function of the potential wage rate provides little room

for inquiry in areas where there are no work opportunities for men nor for women. In

addition, rights and responsibilities of household members vary across cultures and

undoubtedly influence intra-household processes.

Of course the transaction cost approach does have its disadvantages, the main one

according to Pollak is that it does not provide a formal model for empirical research. He

states, "the transaction cost approach is not a system of equations that aneconometrician

can estimate" (pg. 584). However, he argues that its usefulness is for identifring issues

and areas of research, which is the purpose it serves for this study.

C. The Transaction Cost Approach:

The elements of the transaction cost approach identifj several issues which will be

addressed in the study. The model implies that to understand household processes one

must have knowledge of the institutional structure or the rules of households. The

assumption that within households there are many objectives and activities points to the

need to determine what these objectives and activities are. To address the above

mentioned issues, Chapter Three provides a detailed description of the cultural, social and

economic setting in which households and household members live and interact.

The transaction cost approach recognizes that it is important to look within the

household when analyzing household issues since households do not necessarily operate

without conflict or friction. Thus in Chapter Five benefits and costs of stabling are
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analyzed in terms of the household as a whole and in terms of distribution within the

household. The transaction cost approach implies that how the benefits and costs are

distributed are a function of each household member's bargaining power and the cultural

norms.

The assumption that household members go through a bargaining process in order to

reach decisions, has implicatIons for the selection of variables to be included in an

econometric model of the choice to adopt or reject stabling. Thus in Chapter Six,

measures of bargaining power are included in the empirical model which is concerned with

determining the factors related to adoption.



CHAPTER THREE: 1'HE PHYSICAL, SOCIAL,
CULTIJTRAL AND ECONOMIC SETTING

This purpose of this chapter is to provide the reader with information about the

Region of Kolda. Knowledge of the physical, social, cultural and economic environment

in which farmers and their families live is critical for understanding the analyses which are

presented in later chapters. The chapter begins with a physical description of the Region

of Kolda. This is followed by a description of the people of Kolda. Next the household

unit and the multiple objectives and activities contained therein are introduced. Finally,

detailed sections on the agricultural and livestock production systems are presented.

A. Physical Description of the Kolda Region:

The Kolda Region is situated in southern Senegal and occupies an area of

approximately 21,011 km2, 10.8% of the land area of Senegal. It is bounded to its east by

the Tambacounda Region, to the west by the Lower Casamance, to the north by the

Gambia, and to the south by Guinea Bissau and Guinea (Recensement General de Ia

Population et de 1'Habitation de 1988).

The climate is classified as Sub-Guinean with two main seasons, a hot-diy season

from November to May and a rainy season from June to October. Annual rainfall ranges

from 900 mm in the northern part of the region to 1200 mmin the southern part of the

region, with large variability from one year to the next. The temperature ranges from a

15



16

low of 24 degrees Celsius in December or January to a high of 32 degrees Celsius in April

or May (Inventaire des Technologies Basees sur les Resources Naturelles, 1988).

The vegetation is clear forest in the southwest and wooded savanna in the northeast.

The Kolda Region is endowed with among the most abundant forest resources in the

country, estimated to cover approximately 448,983 hectares (Ibid).

The major soils with agricultural potential include: the red and beige soils of the

plateaus which are used for cereals cropping, and the gray or ochre soils present on sloped

terrain which are used for rainfed rice, market gardening and orchards.

B. The People:

The population of the Region of Kolda was estimated at 591,833 in 1989,

representing 8.6% of the population of Senegal. At this time, the region had a population

density of 29 people per square kilometer (km2). The population growth rate between

1976 and 1988 was 2.8%, one of the lowest rates in the country (Recensement General de

Ia Population et de l'Habitation de 1988).

The major ethnic groups in the region are the Peulh (49.3%) and the Mandingko

(23.6%). The principal languages spoken are those of the major ethnic groups, Poular and

Mandingue. The major religion is Muslim (93%), followed by Christian (5%) and other

religions (2%) (Ibid.).

The national census of 1988 found that 27% of the male population is literate, with

2 1.5% being literate in French, 4.2% in Arabic and 1.3% in ethnic languages. Only 9.9%
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of women in the region are literate, with 8.2% being literate in French, 1% in Arabic, and

.7% in ethnic languages. For education, the indicator used by the national census is level

reached in the French school system. In the region as a whole, only 17.6% of the

population (male and female) attended French school, with 13.2% completing primaiy

level, 3% completing secondaiy level and .2% attaining superior level. Those living in

urban areas have better access to education than those living in rural areas, with 50%

attending French school in urban areas and 14% in rural areas.

Agriculture and livestock production are the principal economic activities in the

region of Kolda. A 1993 survey in the region found that 85% of the rural population was

involved in agro-pastoral activities. Of these, 91% practiced sedentary, extensive agro-

pastoralism, and 9% practiced transhumant extensive agro-pastoralism (Inventaire des

Technologies Basees sur les Resources Naturelles, 1993).1 An agro-pastoral system may

be defined as one in which economic agents obtain 10-50% of their consumption and/or

revenues from livestock production and 50% or more of their consumption and/or

revenues from agricultural production (Wilson, 1983).

C. The Household Unit:

The traditional living unit in most of rural Senegal is that of the compound, consisting

of one or more kinship-linked households. The eldest male member of the compound

1 Transhumance is the moving of cattle or other animals to more suitable places (e.g. areas
with better sources of water and food) as the seasons change.
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(chef du carre) is the major authority figure, although individual households rely on the

decisions of household heads (chefs du menage) for most day to day economic decisions

(Creevey, 1991). Individual households within compounds may be either dependent or

independent. A dependent household operates as part of the compound with most or all

of the production and consumption decisions being made by the chef du carre. Although

the chef du menage may own some private property, he/she will generally not own land.

By contrast, independent households are managed by the individual chef du menage. The

chef du menage owns land and manages his household independent of the chef du carre

(Sagna, 1988).

Households have both common and separate economic spheres. Some resources and

factors of production are managed by the chef du carre (dependent household) or chef du

menage (independent household) for the needs of the entire household. At the same time,

each adult household member (including the household head) manages a personal

agricultural plot and controls any production from his/her personal plot. As a result, a

given household will have multiple production goals, decision-makers and budgets.

Polygamous households have additional sub-units with each wife and her children living in

a separate house (within the compound) and forming somewhat of a separate economic

unit (Cloud, 1986). First wives have higher social status, but this is not necessarily true as

regards economic and other spheres (Goetz, 1990). Wives will usually share labor both in

agricultural and domestic spheres and an exact division of labor among wives is typical, to

diminish rivalry (Venema, 1986).
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The sub-units which make up a household are not completely autonomous. Instead,

they are tied together through a system of rights and responsibilities accorded to each

household member. These rights and responsibilities are part of the cultural and religious

beliefs and are usually determined by one's age, gender and marital status. This system is

very telling of the distribution of resources, the level of production and the division of

labor within the household. The following sections will elaborate upon this point.

D. The Agricultural Production System:

Household Objectives

Sands (1986) lists five goals which have been found to be of importance to small

farmers in developing countries. These are: profit maximization, cash maximization,

subsistence security, flexibility, and long-term economic security. Of the five goals,

subsistence security is the most critical goal for small farmers living in marginal conditions

with limited resources and relatively high risks (Sands, 1986). This is the general

condition in which farmers in the Kolda Region find themselves. Soils are not very fertile,

rainfall level is variable and the onset of the rainy season also varies annually, market

prices are uncertain, and incidence of crop damage is high. For most farm households in

the region, the major objective in agricultural production is to fill the subsistence needs of

the family. This requires balancing the desire to increase production and revenues, and the

need to minimize production risks. Risk is a major factor in the lives of farmers operating
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at the margins. To decrease risk, farmers may diversif their cropping techniques by

planting on several different fields or intercropping and they may be unwilling to tiy new

techniques, etc.

Food and Cash Crop Production

The rainy season from June to October is the main agricultural period. The major

staple or subsistence crops are millet, sorghum, maize and rice. These cereals make up the

bulk of the daily meals. Households consume most or all of their staple crop production,

although limited bartering also takes place. Farmers also produce cash crops which are

destined for the market. The major cash crops are peanuts and cotton, and in recent years

maize has emerged as a cash crop. Cotton is strictly a cash crop and is sold to Sodefitex

which is responsible for processing and commercialization of cotton. Peanut production is

produced both for home consumption and for sale to the government parastatal

SONACOS which processes and commercializes peanuts. Peanut harvest residues are

also a very important food source for livestock.

Vegetable Gardening

During the hot-dry season some farmers are involved in market gardening of sorrel,

onions, okra, pimentos, tomatoes, bananas and mangos. It is typically women, and mainly

Mandingko women, who are involved in market gardening, although in some villages men



also participate. Vegetable gardening is done not only to provide variety and important

nutrients to daily meals, but also as a source of revenue from sales on the open markets.

Agricultural Inputs

Agricultural input use varies by crop, region, economic level and gender of the

individual farmer. In general however, the main inputs are labor, land, fertilizer and animal

traction. Labor shortage is among the major constraints to increased production inmuch

of Sub-Saharan Africa, particularly during planting and weeding periods (Delgado and

Mclntire, 1982; Jaeger, 1986). Farm labor is of four types: household members 8 years of

age and above, reciprocal assistance among other farmers, paid laborers, and seasonal

workers.

Household members are the major labor supply and thus there is an advantage to

having larger households. Reciprocal assistance is common particularly among women.

Women will work together on each other's fields to ensure that agricultural tasks are

completed on time. A limited amount of labor hiring occurs. A discussion ofthe wages

and hours worked is presented as part of the partial budgeting analysis. There are two

main types of seasonal workers: "navetanes" (boarders) and "gaynakos" (shepherds). A

navetane is typically a male adolescent who lives with a family during the growing season.

He provides free labor on the household plot in exchange for room and board and his own

private plot which he may cultivate for the duration of the growing season. The gaynako

is responsible for herding, feeding and watching over the cattle during the growing season.
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He receives a wage for the rainy season and is also entitled to every Friday's milk

production.

Land continues to be relatively abundant in the region. The quality of land however is

quite variable throughout the region and infertile soil is a major constraint to increased

agricultural production (McNeil, Blais et Associes, 1991). Another land related problem

is that of insecure land tenure. In 1964 the National Domain Law was passed. Under the

law, all land not registered prior to 1964 or within the two following years, became part of

the National Domain. Therefore, farmers have the right to land which they cultivate, but

the government may redistribute any lands not being used. Thus, even in situations where

farmers have registered their land, they do not have transaction rights. In other words,

they cannot sell, loan, nor mortgage land. All transactions, including inheritance, are

under the control of rural councils (Golan, 1988).

Other important agricultural inputs include manure and animal traction. Manure is

widely used. According to a 1993 survey, 78% of farm households in the region used

manure. Maize is usually given priority for manure usage, followed by millet and

sorghum. The same survey found that 78% of farm households used bovines for animal

traction, 35% used horses for animal traction, and 13% used donkeys for animal traction

(Inventaire des Technologies Basees sur Ia Gestion des Resources Naturelles, 1993).



Rights and Duties in Agricultural Production

Under the traditional Peulh system, men generally have rights to land. Men acquire

land through family inheritance, from the village chief, or through purchase (McNeil, Blais

et Associes, 1991). The household or compound head is responsible for the allocation of

land and the decision as to which crops will be grown on specific plots. The household or

compound head will usually divide the land into common and individual fields. Common

fields are controlled by the household or compound head. Proceeds from the collective

field are used for the needs of the entire household. Once these needs have been met any

excess production or income goes to the household head.

Each adult member is typically allotted a private plot which they can work on once

they have fulfilled their duties (a predetermined amount of labor) on the household

(common) field. Individual household members have the right to manage their private

plots and make all decisions about production, consumption and commercialization

(Creevey, 1991).

These seemingly autonomous agricultural production units are tied together through

the system of rights and responsibilities mentioned previously. The household head is

responsible for maintaining the family cereal bank. He selects the communal plot which

will provide the grains for the family and makes the choice of which crops to grow on the

communal plot. Wives are responsible for rice production and providing condiments.

They primarily cultivate rice on their private fields, and either collect condiments from the
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forest, cultivate them, or purchase them with any income earned. Children participate in

farming by assisting their parents as needed.

Other obligations of the household head include paying land taxes and building of the

house or granary. Wives are responsible for child rearing, cooking and food processing.

Once household members have fulfilled their obligations, they have autonomy over the

agricultural production and income from their private fields.

Division of Labor in Agriculture

There are several patterns of agricultural division of labor by gender. These may be

classified as separate enterprises, the cultivation of the same crops but on separate fields,

performing separate tasks on the same fields, and women-owned or women-managed

farms (Saito and Spurling, 1992). Each of these patterns exists in Kolda.

Separate enterprises is the most frequent pattern in the region. Men are typically the

sole producers of millet, sorghum, cotton and maize, while women are the sole cultivators

of rice. The second pattern, cultivation of the same crops but on separate fields, is also

quite common. Some crops are farmed by both the male and female adults in a household,

although this is done on separate fields. Peanuts is the main crop fitting into this category.

Both husband and wife cultivate peanuts, but they do so on separate fields and usually

control allocation of production themselves. In limited instances men and women in a

household will both cultivate maize and cotton, although again this is done on separate

fields. Men and women in the region also share labor for certain tasks. Wives often help
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their husbands with weeding and harvesting on his fields. A husband may help his wife

with the plowing and clearing of land on her plots. There are also farms which are run by

women in the region. Female headed households are becoming more and more common

throughout Senegal. One estimate is that for the country as a whole, one-third of rural

households are headed by women (Isern, 1990). In the Kolda region, the estimate is only

4% (USAID/KAP Survey, 1992). Female-headed households exist either because of a

deceased husband, divorce, or short to long term migration of the husband for

employment purposes.

E. The Livestock Production System:

Livestock serves a very important role in the region particularly among the Fulani

(plural for Peulh), the major ethnic group in the region. Livestock is not only a major

source of capital and security, but also important in terms of household consumption and

revenues. According to a 1992 USAID/KAP survey, 84.8% of households in the Kolda

Region owned livestock. The majority of bovines in the region are of the race taurin or

Ndama as well as a mixture of Zebu Gobra Ndama called Djakore in the area (Diallo,

1992). The Ndama and Djakore are trypanotolerant, a very important factor in a region in

which the tsetse fly exists. Horses are not very common in the region due to their

sensitivity to trypanosomes, donkeys are less sensitive to the disease and thus are quite

common and frequently used for animal traction (Ibid). Small ruminants such as goats and

sheep are owned by almost every household and serve a very important role as they are
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easy to sell when the need arises and are also often butchered for important Moslem holy

days such as Tabaski, Tamharit or Korite (thid).

Uses of Livestock Production

Livestock are primarily exploited for their renewable products such as milk, animal

traction and manure production and only secondly for their terminal products (meat)

(Diallo, 1992). The breeding of livestock for meat sales is still relatively uncommon. The

usual meat commercialization process involves several levels of intermediaries, placing a

large gap between the price received by producers and that paid by consumers (Thid).

When animals are sold it is often out of necessity. Livestock sales often peak during the

three months prior to and during the rainy season (Goetz, 1990). This period, referred to

as the "soudure" (the hungry season) is a time of food scarcity because the previous

season's harvest is nearly depleted and excess income to purchase food is rarely available.

Milk serves a very important role in the diet of the Peulh. It is a major source of

protein along with peanuts, since meat is only consumed occasionally. Even more

importantly, milk can help to decrease hunger during the "soudure" by supplementing the

dwindling food supply from the previous harvest. Unfortunately, under the system as it is

typically practiced, animals produce little milk when it is most needed. During the dry

season, animals must search for food and water on their own. This presents difficulties as

the season wears on due to the lack of rainfall and as the supply of harvest residues is

consumed. As a result cows produce little milk during the season. In fact, non-stabled
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cows have traditionally not been milked during the thy season in order to relieve some of

the stress caused by the food/water deficit.

Milk sales are an important source of household income. From the rainy season to

the beginning of the dry season, milk production is at its peak. Households living near

urban centers (Kolda or Velingara) are able to earn income from the sale of surplus

production.

Rights! Duties and Division of Labor in Livestock Production

In livestock production household members also have specific rights and obligations.

All household members have the right to own livestock, although there is some difference

as to the type of animals owned as well as the number owned, based on gender and age.

Although both women and men own milk cows, men usually are the owners of draft

animals, horses and bulls, while women own mainly small ruminants and poultry.

Men obtain livestock either through inheritance or purchase. Women obtain title to

animals in two different ways. First are the bridewealth animals which a man must give to

the father or the brothers of his bride. Although the bridewealth animals are part of the

bride's father's or brother's herd, the offspring of these animals are the property of either

herself or her children (Cloud, 1988). A second way women obtain animals is through a

dowry. A bride's family sends her to her new home with a dowry consisting of animals

and household goods. After marriage, the husband will often give his wife a gift of a
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certain number of animals from the dowry (Ibid). Children typically inherit animals from

their parents or receive gifts from relatives.

All the animals owned by different household members make up the household herd

which is managed by the household head. Cattle provide an important form of economic

security since cattle may be exchanged for additional wives (which increases the household

labor supply) and sold or slaughtered when food supply is low (Kumar, 1988). In

principle both men and women may sell their animals or animal by-products. In practice

however, it appears that women rarely sell animals, although they do sell milk and milk by-

products. The household head appears to have control over the sale of animals although

he may be required to ask his wife's permission to sell one of her animals. The household

head also has first access to animals for traction and the manure for his fields.

Although it may appear that women and children do not benefit from livestock

products, a look at the responsibilities of men to their families shows this is not entirely the

case. For example, although men may use animal traction and manure for their fields,

these fields often provide millet and sorghum for the entire household.

Men and boys are typically responsible for the care and herding of animals. During

the dry season, milking of cows and selling milk is done either by men, women or boys.

During the rainy season, women are responsible for milk production and marketing.

Women are responsible for the processing of milk during both seasons.



F. Chapter Summary:

This chapter complements the conceptual framework by introducing the reader to the

social, cultural and economic setting of the Kolda Region.

There are several implications for fieldwork which emerge from the chapter. A main

one is the need to obtain information from both men and women. Most household surveys

interview only the household head in the belief that he/she possesses all the information

about the household. However, in the Kolda Region male adults and wives have separate

economic spheres (as well as common ones) and do not typically share production

information. To obtain complete information one must interview all male adults and

wives. This of course is beyond the scope of the study, but another option is to obtain

information from the household head and his first wife. It is also necessaly to interview

both the husband and the wife because each owns animals and therefore issues related to

adoption of stabling apply to each.

The chapter also identifies issues related to the analyses. That adults manage their

income independently implies that benefits going to one household member do not

necessarily go to common household needs. Knowledge of the rights and responsibilities

of household members is critical to understanding how benefits and costs of stabling may

be distributed among household members. A familiarity with the cultural, social and

economic setting is also critical for understanding the incentives and constraints to

adoption of the practice of stabling.
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CHAPTER FOUR: IllLDWORK PROCEDURES

The purpose of this chapter is to describe the procedures used for the fieldwork

carried out from January 10, 1995 to March 5, 1995. The chapter is presented in the

following order: survey planning, survey preparation, sample selection, and data collection

techniques.

A. Survey Planning:

In September of 1994 I visited the Kolda Region for the first time. The main purpose

of the trip was to meet with the director of CRZ so that we could discuss research

objectives. Another purpose was to get introduced to the region and its people. Thus I

made several village visits and talked (through interpreters) with farmers. I also left Kolda

with a stack of regional literature.

After the Kolda visit, I drafted up a proposal. The objectives contained therein served

as guides for the design of the survey: to determine the profitability of stabling, to

determine the factors related to adoption and to consider gender issues in adoption such as

access, and distribution of costs and benefits.

Each objective required certain types of data. To determine profitability it was

necessary to collect data on all the additional costs and benefits of stabling. To determine

the main factors related to adoption required attitudinal data, individual characteristics of

the adopter, household information, etc.. To look at gender issues required information
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from women in the area who either were stabling themselves or were part of a household

that practiced stabling.

With this in mind it was necessary to determine the relevant unit of analysis. For

economic analyses of farm enterprises the typical unit of analysis is the household (Poate

and Daplyn, 1993). It was decided that the household would be the unit of analysis for the

study for several reasons. First, although the owner of the stable is usually one person

(this will be elaborated upon in a later chapter) he/she is part of a household and any

decisions made by the individual are very much influenced by other household members.

Second, the interest here is whether stabling is profitable for the household, i.e. if it has the

potential to improve the economic well-being of household members, not a single

individual.

At this point it was known what types of data were needed and the unit ofanalysis.

The next step was to determine how to collect the data, either by observation or

interviews or both. It was decided that household level interviews would be the main data

collection technique for two main reasons. First, much of the data needed for the study is

best obtained from interviews, e.g. expenditures, farmer's attitudes and opinions,

household population, etc. Second, time and manpower constraints meant that

observation of farmers was not an option.

Since the unit of analysis is the household, household interviews were to be

conducted. Typically, household level studies involve interviews with only the household

head under the assumption that he or she has all the answers. This would not be
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appropriate for this study for the following reason. As pointed out in the previous

chapter, within households, adult males and females typically have their own production

enterprises and rarely share information with household members of the opposite sex.

Therefore, to obtain complete information it would be necessary to interview each adult

household member. Interviewing all household members was not feasible, so the next best

option was to ask the household head and the senior wife. Obtaining information from

wives and female heads of households was also necessary for looking at gender issues in

adoption.

A final decision during the planning stage was to interview village chiefs in order to

obtain village level information such as the level of infrastructure or local employment

opportunities.

B. Survey Preparation:

Developing the Questionnaires

The original household questionnaire was developed by the author at Oregon State

University during the months of October to December 1994. The texts which were found

to be most useful in developing the questionnaire were those of Poate and Daplyn (1993)

and Kearl (1976). However, the most important source of information came from other

researchers and thesis advisors. I am fortunate to know several agronomists, agricultural

economists and anthropologists who have done fieldwork in developing nations including
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Africa. I referred to their questionnaires and/or their advice in the early stages of

questionnaire design. I also worked closely with several committee members who have

extensive experience in developing countries and/or interviewing.

Upon arrival into Senegal many adjustments were made to the household

questionnaire. CRZ researchers provided me with some of their questionnaires and this

helped in better formulating questions to obtain the costs and benefits of stabling, herd

structure, animal inventory, etc.. I also received considerable advice and comments from

one of my thesis advisors, CRZ researchers and an NR]3AR consultant. After the draft

questionnaire was translated into French it was ready for the pilot study.

The questionnaire was pre-tested in Kolda over a two-day period (discussed below).

After the completion of the pilot study, I returned to Dakar where I spent the week

making the necessary changes to the questionnaire based on the pilot study. Some of the

questions needed to be rephrased to make them more easy to understand. In addition,

ordering of questions had to be changed somewhat. For example, we needed to put

questions about the herd structure and/or herd size near the end of the questionnaire since

this is sensitive information and needed to be asked after the respondents felt more

comfortable with the enumerator. Finally, a few questions were added, while others were

dropped.

The final questionnaire has two parts, part A and part B. Part A concerns general

household characteristics as well as agricultural information. Part B concerns pastoral

practices and came in two versions: version B. I for households which stable, version B.2
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for households which do not stable. The questionnaire used in the study is included in

Appendix A.

Developing the village chief questionnaire was much less time consuming. It included

only 16 questions and because it served mainly a supplementary role it did not have to be

as detailed. As well as providing additional information, interviewing the village chiefs

allowed us to show our respect for his wisdom and knowledge.

Hiring/Training of Enumerators

CRZ staff spread the word of the available enumerator positions and thus upon my

arrival to Kolda on January 10, eight enumerators were waiting to be interviewed. Four

enumerators, two men and two women, were hired and trained. The enumerators were

hired based on their education, work experience, and in particular their fluency in both

French and Poular. All of the enumerators had at least high school education, and

experience either with other surveys or working with NGOs.

The first day of training involved familiarizing the enumerators with study objectives,

reading through the questionnaires, answering questions and getting to know the

enumerators.



Pilot Study of Household Questionnaires

The second and third days of training involved a pilot study of the questionnaires

carried out in two villages that were not included in our survey. Each enumerator had the

opportunity to interview three individuals under the supervision of myself, a CR2

researcher and an ISRA economist. The CRZ researcher was indispensable for offering

suggestions to enumerators on how to translate certain phrases from French to Poular as

well as identifying problematic questions or missing questions. The ISRA economist was

very helpfiul as he has considerable experience with past surveys in the area with the

International Food Policy Research Institute (IFPRI) and Michigan State University

(MSU).

C. Sample Selection:

Village selection

Sample selection combined purposive selection of villages with random sample

selection of households within village regions (axes). The choice of methods was a

compromise between the desire for a random sample which would produce estimates

capable of being generalized to the population of the region of Kolda, and the reality of

lack of an appropriate sample frame and the logistics related to the placement and

supervision of enumerators.
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The first step was to identify villages. An ISRA economist worked with researchers

at CRZ-Kolda in December of 1994 to identify six villages. Village selection was based

on the following criteria: existence of relatively abundant numbers of households which

practice stabling and obtaining a sample representative of the diverse objectives for

practicing stabling. It is worth mentioning that five of the villages, Sare Samboudiang,

N'dangane, Medina Koundje and Dialambere have been the sites of previous research by

CRZ, thus there is some existing data for comparative purposes.

The six villages may be categorized into three axes (see map in the pre-text section of

the thesis) based on location and the reasons villagers practice stabling. One axis consists

of Sare Samboudiang, Ndangane and Bantang Kountou Mounde. The three villages are

within 5 kms of one another. In axis 1, the main reason farmers stable their animals is to

increase the amount of milk production during the hot-dry season. These three villages are

part of a pen-urban milk production program under the direction of CRZ.

A second axis consists of the villages of Dialambere and Medina Koundje, which are

located 3 kms apart. Despite the proximity, the main reasons farmers practice stabling are

quite different between the two villages. In Dialambere, villagers originally adopted the

practice of stabling in order to produce manure for use in the village biogas plant as well

as in the horticulture gardens they cultivate during the hot-dry season. In Medina Koundje

the breeding of livestock to be sold for meat was the main reason farmers began stabling.
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The third axis consists only of Mankacounda. In Mankacounda, farmers originally

began stabling to produce a high quality manure for agricultural crops.

Approximately 55 kms separates axis 1 and axis 2, 100 kms separates axis 2 and axis

3 and 155 kms separates axis I and axis 3.

Household Selection

Once the villages were identified, the next step was to select the households.

Determining an appropriate sample size requires several considerations such as the

variability in the population, the sample design to be used, etc. (Poate and Daplyn, 1993).

However, for this study, the factor that most influenced the sample size centered on issues

related to time. I only had 3 months in total to complete the surveys. Each interview

would require a certain amount of time for completion, and obtaining accurate information

required allowing enough time for the respondents and enumerators to become acquainted

(go through the routine greetings and questions) before commencing the interviews.

Likewise, I did not want the respondents to feel rushed in answering the questions.

Based on the amount of time it took respondents to complete the questionnaire during the

pilot study, I figured out that each enumerator team could complete about two household

interviews per day. Therefore, with a 5 day/week work schedule and 8 weeks of

interviewing, and allowing for potential problems, I decided that 60 households would be

interviewed.
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It was decided that a stratified random sample would be used to ensure that the

sample included enough households that stable for the partial budget analysis and adequate

numbers of both stablers and non-stablers in order to determine the factors significant to

adoption/rejection of the practice. The 60 households were selected in the following

manner. In each axis 20 households were selected with a stratified random sample

consisting of 10 stablers and 10 non-stablers.

To obtain a sample frame from which to choose the 60 households, the two male

enumerators carried out a household census in each of the six villages. Each of the

villages was visited by one male enumerator who informed the village chief of the intent of

the study and the study's affiliation with CRZ and asked permission to carry out the study.

This did not pose a problem as villagers are used to the regular CRZ and Sodefitex

surveys carried out particularly during the hot-dry season. Ideally, I would have been

present for this initial meeting with village chiefs, however due to time conflicts (I was in

Dakar working on the questionnaires) I had to settle for later meetings with village chiefs.

After the formalities with the village chief, the enumerators visited each household in

the village. The following information was collected from each household head: gender of

household head, household population, whether or not the household practices stabling,

and whether or not the household possesses animals.

The sampling frame for each village and axis is defined as all households that possess

livestock, a minimum criterion necessary to allow for adoption of the practice of stabling.
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The sampling frame and number of households practicing stabling for each axis is as

follows:

Axis I (Sare Samboudiang, Bantang Kountou Maounde and NDangane):

Frame =58 households

Number stablers 13 households

Axis 2 (Dialambere and Medina Koundje):

Frame =39 households

Number stablers =23 households

Axis 3 (Mankacounda):

Frame =47 households

Number stablers 18 households

Before randomly selecting households, I met with the two male enumerators to find

out about village hierarchy. Based on their exposure to the village they identified several

influential villagers that needed to be included in the interviews. In addition, it was

necessary to interview each village chief and his wife. To not include these individuals in

our survey would have been a serious faux pas. In total, six households were chosen in

this way.

Using the sampling frame for each axis, households were stratified on the basis of

those who stable and those who do not stable, but possess animals. I wrote the names of

household heads for each category on slips of paper, and placed them in boxes to draw the
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random samples, 10 stablers and 10 non-stablers from each axis. In total, 30 stablers and

30 non-stablers were selected.

It is necessary to mention that the sample of 60 households identified at the start of

the survey were not the exact 60 households actually interviewed. The variation was of

about 5 households for the following reasons: difficulties finding one or both husband and

wife to interview, and inaccurate information obtained during the census (e.g. some

households who claimed they owned animals actually did not and had to be dropped from

the survey). In these situations I would select a household randomly (box drawing

method) and replace the selected household with the eliminated household. In some ways

this served an important purpose as in each village several villagers were able to witness

how we determined who to interview, providing them with a better understanding of

random selection. Because of these changes, the final survey included 32 stablers and 28

non-stablers.

D. Data Collection Techniques:

Data collection involved primarily interviews but also included limited observation

and measurement. The original plan was to conduct household level and village chief

interviews. However, during the course of the survey I decided that some data collected

by observation and measurement was necessary (described below). In total, the data

collection techniques used were: household interviews, the village level questionnaire,

interviews with women market gardeners, observation of women as they carried out their
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domestic tasks, and measurement of local production units. Data collected from the

household interviews is used in each of the study analyses (partial budgeting, analysis of

the distribution of costs and benefits, and the adoption model). Data from the village chief

interviews and women market gardeners is used primarily to compute the opportunity cost

of labor for men, women and children. Data from the observation of women is used in the

adoption analysis to discuss the constraints to stabling that are specific to women.

Measurement of local production units was necessary to convert production estimates into

the standard kilograms.

The Household Interviews

Throughout the study, enumerators worked in two male-female teams. One team was

assigned Axis 1, the other team was assigned Axis 2. Both enumerator teams were

assigned to Axis 3. Because of its distance (3 hours by car from Kolda) all the

enumerators and myself relocated to Axis 3 (Mankacounda) for 7 days. Enumerators

lived in the villages during the study period, for convenience and also to build trust among

respondents.

The general approach I prescribed was for each team to go to households together

and read the introduction in the presence of the household head and his first wife. In the

case of female-headed households (2 in the sample), only the female enumerator visited

the household. Afler reading the introduction, each enumerator would separately

interview the respondent of the same sex. I encouraged the enumerators to be as distant
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from each other during the interviews for the following reasons. During the pilot study

husbands would often answer questions for their wives. The wives never contradicted

their husbands and the enumerators informed me that it would be very disrespectful for the

wife to do so even if he provided an incorrect answer to the question. Another reason we

needed to interview men and women separately concerned questions related to income,

wealth and crop/livestock production. It is a cultural practice to keep income and

production information from spouses, and this is particularly true with men. The

enumerators informed me that Peulh men do not have a problem providing strangers with

information concerning their earnings and crop/livestock production, but if the wife is

within hearing range, there is a good chance the husband will withhold such information.

I asked one man why he did not want his wife to know his earnings (translated of course).

His response was, "I don't want my wife to nag me, she will think I'm saving money to

'buy' another wife".

Enumerators would complete Questionnaire A and then ask respondents if they would

prefer to continue with Questionnaire B immediately or at a later time. In most cases the

respondents preferred to continue immediately. Completion of the interviews took

anywhere from 1 hour to 3 hours depending on whether questionnaire B. 1 or B.2 was

used (B. 1 is longer than B.2), the extent to which the respondent elaborated on her/his

response and the number of crops cultivated by the respondent.

At the end of each day enumerators were asked to meet and compare household

information for consistency. I knew that some answers would rarely correspond, e.g.
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estimates of the time one's spouse spent on various agricultural or livestock tasks. It was

decided from the outset that I would use the response of the person implicated. Obtaining

answers from both husband and wife proved not only interesting but was very useful to

insure accuracy. For example, on several occasions the husband failed to identify a crop

cultivated, but his wife identified it. Thus enumerators returned to the household and the

husband admitted to forgetting and filled in the missing information. In addition, for

household population, asking both household members proved very useful for accuracy.

Likewise, for paid off-farm work, oftentimes one household member would remember

while the other failed to and thus we would return to the household to verify the correct

response. All in all, interviewing both husband and wife was not only necessary in order

to obtain complete household information but also increased accuracy of the results.

A few more comments should be made concerning some of the "tricks" we used to

obtain information. Because most farmers do not wear watches we could not ask time

related questions in the usual way, e.g. "How many hours per day did you spend weeding

your maize plot?". Instead we would frame the question in terms of what is familiar to the

farmers, the five Moslem prayers. Since Moslems pray at regular times throughout the

day we would ask time questions in the following way. "Did you begin weeding before

the first prayer?", "Did you complete weeding by the third or fourth prayer?", etc..

Farmers in the region also do not refer to calendars and so in order to find out planting

date we would ask them if they bad planted before or after several Moslem holy days.
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Each day I visited one of the enumerator teams. I would spend mornings

accompanying enumerators (male and female). In the aIernoons we would look over the

completed questionnaires together to identif' any information which was missing or

households which must be revisited in cases where questions were overlooked or there

existed inconsistency of answers between husband and wife. Spending time in the villages

allowed for immediate awareness of problems. More importantly it provided some

legitimacy to the study (they could attach a face to the usually far removed "foreign

researcher") and likely led to increased acceptance by the villagers. Although I can not

say with certainty, learning some Poular phrases and taking on a Peulh name (Fanta Balde)

were likely two of the most important things I did in terms of gaining acceptance by

villagers.

Village Chief Questionnaire

At the completion of household interviews, village chiefs in each village were

interviewed with Questionnaire C (see Annex II). The basic intent of the village chief

questionnaire was to get village level information as well as fill in gaps for missing data

not obtained from households such as the price of the various cultivars (those not typically

commercialized), and the price of agricultural inputs such as chemical fertilizer and seeds.

The village chief questionnaire was also important for identifying the opportunities for

paid labor in the village and the going wages for such work.



Observation of Women's Daily Tasks During the Hot-Dry Season

During the week of Januaiy 17, while the two male enumerators were carrying out

the household census, the two female enumerators were asked to spend a day with one

woman from each of the study villages. The objective was to find out the different tasks

women perform each day and how much time these tasks require. At this stage I knew

that women do not independently practice stabling (they do however help their husbands

with stabling activities). An initial hypothesis was that women did not have the time to

practice stabling. Thus there was the need to get a general idea of the time women spend

on domestic and other activities (discussed later) during the dry season.

Each female enumerator was asked to record the start time and finish time of each

task throughout a work day. Enumerators were also asked to make note of simultaneous

tasks, such as preparing breakfast while nursing an infant, etc. In addition enumerators

asked each woman observed to identit, other tasks carried out during the week, but not

on the day of observation such as laundry or collection ofwood. This observation

provided us with an idea of a daily work schedule of village women. Although the

representativeness is questionable due to the fact that only one woman per village was

interviewed we believe it was highly useful not only for the information obtained, but also

to allow the female enumerators to establish a friendship with a village woman.2

2ActJ1y in the village of Mankacounda we were not able to carry out the observation
because when we were in the village it was Ramadan and women do far less subsistence
production during this period.
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One may wonder why we did not also observe several men carrying out their daily

activities. The answer is that compared to women, men are involved in veiy little work

during the dry season. Aside from occasional work fabricating bricks or building houses,

men use this time to rest and recuperate after a long, arduous growing season.

Interviews with Women Market Gardeners

The village chief questionnaires were helpful in determining the opportunity cost of

men's and boy's labor. However, although several chiefs stated that women are involved

in market gardening during the dry season, they had no idea how many hours women

spent gardening nor how much they earned from the sale of their vegetables/fruits.

Therefore, it was necessary to meet with several women gardeners. I visited with three

groups of women who cultivate gardens in the village of Bantang Kountou. The

interviews were very informal. Results from the interviews are discussed in later sections

and are contained in Appendix B.

Standardization of Local Units

From the start of the interviews we discovered that farmers rarely gave their answers

in the standard hectares or kilograms. Instead we received answers such as: 5 cordes (a

local unit for area) of sorghum planted or 20 nanngandes of rice cultivated.
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Some of the local units are consistent and thus the conversion rates readily known.

This is the case with cordes, 4 cordes = 1 hectare and charettes of manure in which 1

charette = 250 kg (from researchers at CRZ-Kolda). For the other local units however,

not only is the conversion rate not readily known, but in addition the units vary from one

village to the next

To determine conversion rates, samples were taken in each village for the necessary

units. The initial goal was 10 samples of each unit/village. In most villages however only 2

or 3 samples were possible as villagers were in the final stages of harvesting and many

units were difficult to find. Sometimes we were able to overcome this by going household

to household and asking for a "botte" (a bundle) of sorghum or a "bassine" (a basin) of

maize.



CHAPTER FWE: PROFITABILITY AND
INTRA-ROUSEHOLD DISTRIBUTION

A. Introduction:

An important part of agricultural technology evaluations is to determine if the

introduced technology is "profitable". In microeconomic textbooks, economic profit is

usually defined as the excess of revenues over total costs. This definition, however is not

satisfactory in the context of small farms in developing countries, and specifically in the

Kolda region. Small-farmers in developing countries have dual production goals:

satisfaction of household consumption needs and increased incomes. Since small farmers

in Kolda continue to operate at near subsistence levels, a large part of the production gains

resulting from stabling (e.g. milk production) remains within the household. Increased

production can dramatically improve the situations of farm households by improving their

self sufficiency. However, if we were to apply the standard economic definition of profit,

stabling would be defined as unprofitable for most small farmers because increased

revenues would be minimal or zero. For the purposes of this study, the technology of

stabling will be defined as profitable if the value of the production gains (home-consumed

and/or sold for household revenues) is of sufficient magnitude to cover the additional

costs.

Determining that the household's production or income has been raised (e.g.

profitability) answers only part of the question of whether the practice is improving the
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economic situation of rural dwellers in Kolda. Intra-household distributional issues must

also be considered. The transaction cost approach implies that what happens within the

household is important and that we cannot assume that the benefits and costs are

distributed equitably among household members. Likewise, several authors have argued

that increased production and income resulting from the adoption of new technologies is

not divided equitably within households (Cloud, 1985; Agarwal, 1985; Blumberg, 1991).

The transaction cost approach would also lead one to speculate that culture has much to

do with how benefits and costs are shared among household members. Specifically, the

culturally defined rights and responsibilities of household members (discussed in Chapter

Three) determine how benefits and costs are distributed. These issues play into the

discussion of intra-household distribution.

The purpose of this chapter is to use the available data on the marginal benefits and

costs of stabling to determine if it is a profitable practice and formulate hypotheses

concerning how the benefits and costs are distributed within the household. The chapter

begins with a definition of the technological package of stabling. Next, the potential

benefits and costs of stabling are outlined. This is followed by a description of the partial

budgeting model and a presentation of the results of the analysis. Then each of the

benefits and costs identified in the partial budget analysis is discussed in terms of how it

may be distributed within the household. A conclusion wraps up the results of the two

analyses.



B. A Definition of the Practice of Stabling:

The practice of stabling may be defined as a technological package consisting of four

important elements: the stable itself which is essentially an improved habitat for livestock,

food supplementation of stabled animals, the provision of health care for stabled animals,

and the production and use of stable manure. A positive aspect of stabling is that it takes

place during the dry season, typically from February through May. This is a period of

relative labor abundance since little if any field activity takes place and wage employment

is scarce.

The component of the technological package most often referred to is the stable,

which is an improved habitat for animals. Animals which are stabled are kept in stables in

the evenings. Stabling may be contrasted with the traditional practice of tethering animals

to posts in the evenings. The stable provides some protection against theft, other animals

(such as hyenas) and from the elements. During the day, stabled animals are left to roam

freely in the forest with non-stabled animals as they search for food and water. Their

return in the evenings is assured by their territorial nature and their knowledge of the food

supplement awaiting them at the stables.

The types of stables owned by the farmers in the survey may be categorized into three

main types. One type is a non-cemented stable with 2-8 animals. A second type is a non-

cemented stable with 9-11 animals. A third type is a cemented stable with 16-22 animals.

For each type of stable, the enclosure is usually constructed from materials collected in the
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forest, such as straw or wooden stakes. The stable may have a roof, usually made of

straw and bamboo, be built under a tree for cover, or have no covering at all.

The food supplementation of the animals is a very important component of the

package. Indeed, it is the component which is most related to the improved health of the

animals. The food supplement Consists of food stocks collected from the forest, harvest

residues (usually peanut straw) and purchased cotton seed cake. CRZ recommends a daily

supplement of 2 kilograms (kg) of cotton seed cake and 4 kg of peanut straw for each

milk cow. For all other stabled animals, CRZ recommends 1 kg cotton seed cake per

animal and 4 kg of peanut straw per animal.

Animals are fed in the mornings before being left to roam freely and then fed a second

time in the evenings (around 6 pm) after their return from a day spent wandering in the

forest. The food supplement component is a change from the traditional practice which is

to leave it up to the animals to obtain all of their food on their own during the dry season.

While this is generally not a problem at the start of the hot-dry season, when post-harvest

food sources are plentift%l, it becomes problematic as the season stretches on. By mid-

season, harvest residues have been consumed and the lack of rainfall over several months

results in a lack of food sources from the forest. This translates into a food deficit which

is a tremendous stress on the animals as evidenced by their usual weight loss. A 1992

study conducted by CRZ found that non-stabled animals lost on average 31.1 kg or 40.1

kg during the dry season for milk and non-milk cows respectively.
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The third component of the practice of stabling is the provision of health care for

animals. Researchers at CRZ recommend the following: vaccinations for the major

diseases in the region, a tiypanocide treatment at the beginning and end of the stabling

period, and an anti-parasite medication. CRZ currently offers these health services free of

charge to farmers who stable their animals and reside in a CRZ project village. This

program is scheduled to continue for 2-3 years. Sodefitex also vaccinates animals in the

villages in which it intervenes, however these vaccinations are not provided free of charge.

These health services (vaccines, trypano side treatment and anti-parasite medication) are in

addition to the traditional animal health care. Most agro-pastoralists in the region provide

their animals with what is called "monde" treatment 2-3 times per year. The monde

treatment is a mixture of cooking salt and various herbs obtained in the forest. It is used

as an anti-parasite treatment and vitamin supplement.

The fourth component is the production and use of stable litter. This involves

bringing maize residues and forest brush to mix with the stable manure. CRZ recommends

that litter be mixed with the manure at least once a week. Production of stable manure

also involves regular watering of the manure-litter mixture. The production of manure in

stables is different from the traditional parcage method whereby animals are tethered on

crop fields during the evenings of the dry season. The manure paddies are then left on the

fields where they are later broken down and spread by farmers.



C. The Potential Benefits and Costs of Stabling:

CRZ has been actively involved in research in several villages in the region of Kolda

to determine the potential benefits and costs of stabling as well as major constraints to

adoption (Fall and Faye, 1989; Fall and Faye, 1992; CRZ, 1993; Faye, Dieye and Seye,

1995). These studies have involved both controlled and uncontrolled experiments

comparing stabled and non-stabled animals in terms of a variety of variables using

techniques from agricultural, biological and animal sciences and economics.

The Potential Benefits

Results from CRZ studies show that there are many potential benefits to be gained

from stabling. Benefits in the partial budget framework are categorized into two main

types: increased revenues and decreased expenses.

Increased Revenues:

The stabling of animals leads to considerably healthier animals because the stable

provides protection from the elements and wild animals, stabled animals are given a food

supplement twice a day, and stabled animals receive vaccines and medication for the major

diseases in the region. One result of the health improvement is that stabled cows have

been found to produce more milk than non-stabled animals. CRZ studies found that

stabled milk cows produced .729 kg per day and .793 kg perday more than non-stabled
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cows during the dry seasons of 1992 and 1989 respectively. Increased milk production

has important value for home consumption since milk is a major source of protein for the

Peulh people and may help to decrease hunger during the "soudure". Excess milk

production can also be sold to increase household income.

Another benefit of improved health is that female cows have calves more often.

Reproductive performance is of extreme importance to agro-pastoralists in the region.

More calves mean higher economic returns in the future and increased wealth. A 1992

CRZ study found that on average, stabling led to a decrease in calving intervals from 572

days to 548 days.

Healthier animals may also be better for traction purposes. Indeed, Fall and Faye

(1989) found that stabled animals work faster than non-stabled. Faster traction animals

may mean that a farmer is able to extend the area under cultivation and/or that he/she may

be able to complete the necessary field operations in a more timely manner. Timing of

planting and weeding are particularly crucial.

Another health benefit of stabling is that stabled animals have been found to weigh

more than non-stabled animals at the end of the dry season, due primarily to the food

supplement. Heavier animals sell for higher prices at the market, thus increasing

household revenues. Likewise, animals which weigh more imply increased wealth if held

as capital. A 1992 CRZ study found that stabling contributed to an average weight gain of

447 grams (g) per day for bulls and steers during the dry season. Milk cows, both stabled

and non-stabled, have been found to lose weight during the dry season. However, non-
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stabled milk cows lose much more weight than do stabled milk cows. CRZ estimated that

on average stabled cows lost 249 g per day and 80 g per day less than non-stabled cows

during the 1992 and 1989 diy seasons respectively. Calves also benefit from their

mother's improved health. Calves born to stabled cows weighed 16.6 kg and 10.49 kg

more than calves born to non-stabled calves at the end of the 1992 and 1989 stabling

periods.

The practice of stabling may also benefit farmers by providing them with an improved

method of producing manure for their crops. Stabling leads to an improvement in the

quality of manure and an increase in the quantity of manure. As was discussed earlier, the

parcage method produces a manure that is of poor quality. Indeed, Hamon (1972) argued

that the manure produced under the traditional method should not be referred to as

manure because it is about 70% sand in content and is of extremely poor quality due to the

attack of termites, loss of important minerals from sun exposure and a lack of adequate

moisture necessary to promote decomposition of vegetative matter. The stable protects

manure from termites and sun exposure. If the manure deposited in the stables is mixed

with adequate amounts of litter and watered on a regular basis a high quality manure can

be produced (Hamon, 1972).

Another important use of manure is to power the biogas plant in the village of

Dialambere. Powered solely with manure produced in one collective stable, the biogas

plant is capable of lighting the streets of the village as well as a social ball (used for village



meetings, literacy training and social functions), supplying power for an irrigation pump

used on horticulture gardens, and supplying power for a millet mill.3

Decreased Expenses:

In the case of stabling there are two potential decreased expenses. One possible

decreased expense is for chemical fertilizer if the manure produced in the stables serves as

a substitute for chemical fertilizer.

Another potential decreased expense is that households may spend less money

purchasing livestock because stabled animals may have higher survival rates. The main

causes of cattle mortality in the region of Kolda have been identified as diseases of the

alimentary tract such as gastrointestinal parasitism (20%); "other diseases" related to skin

infections, or nutritional problems, trypanosomiasis and diseases of the respiratory tract

(23%); and accidents (9%) (Fall et. aL, 1982). Since one of the components of stabling is

medical treatments for the major diseases in the region, one would expect that stabled

animals would have higher survival rates than non-stabled animals. Indeed, Faye and Faye

(1992) found that the survival rate of stabled animals versus non-stabled was 99.5 and

92.5 percent respectively. An increase in the survival rate of animals is very important for

farm households in the region since animals are the main source of capital and are

important for food security and economic returns.
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The biogas plant was installed by a Non-Governmental Organization (NGO), ENDA
Tiers Monde, in 1991. Unfortunately it broke down in 1994. Villagers hope to obtain

funding to repair the system.



The Potential Costs

Costs in the partial budget framework are categorized as increased expenses and

foregone revenues. In the case of stabling, only increased expenses occur as a result of

stabling. These additional expenses may be categorized as monetary costs and time costs.

Monetary Costs:

Monetary costs require a cash outlay. This may be provided from the household's

savings or loans from a credit institution, friends or family members. The monetary costs

of stabling include: cost of the building materials, wages to non-household laborers, food

supplementation expenses and animal medical care. The cost of materials to build the

stable is mainly the cost of cement. Most farmers that stable do not purchase materials to

build the stable, instead they collect building materials from the forest. Food

supplementation includes the cost of purchased cotton seed cake, food collected in the

forest, and any food donations. The value of donations was included as a monetary cost

(in addition to purchased cotton seed cake) mainly because it is questionable if what

farmers referred to as donations was indeed a gift. Discussion with a CRZ researcher

brought up the possibility that what farmers were calling "donations" were in fact cotton

seed cake provided by CRZ on credit (as part of its pen-urban milk production program)

which farmers must pay back over the season. The cost of animal medical care includes

expenses for vaccines and medication for the major diseases in the region. As discussed

earlier, CRZ and Sodefitex veterinarians provide animal medical services for stabled
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animals. Sodefitex charges farmers for these services while CRZ provides veterinary care

free of charge.

Time Costs:

Time costs are the values of household members' time spent building the stable, or

additional time milking cows, etc. There is no monetary cost incurred, but there is an

opportunity cost associated with each household member's time. Household members are

giving up either leisure, time spent on domestic activities, potential waged employment, or

some other activity in order to perform stabling tasks, etc.

Most households in the region depend primarily on household labor to build the stable

and collect building materials from the forest. Building the stable always involves digging

the manure pit, puffing up an enclosure and collecting building materials from the forest.

It may also involve cementing the stable floor and building a roof. Each year part or all of

the stable must be rebuilt. For non-cemented stables, the enclosure and roof must be

rebuilt and the trench redug. For cemented stables the enclosure and roof must be rebuilt.

Before the start of the stabling period household members collect food

supplementation for the stabled animals and then store it on the roof of the stable or

somewhere near the stable. The collected food is either brush from the forest or harvest

residues. There are also daily tasks which are part of stabling. These include distribution

of the food supplement in the morning and evenings, cleaning the stable, and adding water

and straw to the manure. Manuring fields with stabled manure requires more time than
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manuring fields with the parcage method. This is mainly because household members

must collect the manure from the stable and then transport it to the fields, whereas with

the parcage method the manure is deposited on fields directly. Other additional time costs

are related to the increase in milk production. Non-stabled animals often are not milked

during the dry season to relieve stress from their food and water deficit. Non-stabled

cows that are milked have been found to produce less milk than stabled cows. The

increased milk produced by stabled cows leads to increased time spent milking and

transforming milk. If more milk is commercialized because of the increased rate of

production associated with stabling, then there is also an increased time cost for selling

milk.

D. The Partial Budgeting Model:

The model used to measure the profitability of stabling is the partial budgeting model.

Partial budgeting is a form of marginal analysis which considers the net increase or

decrease resulting from minor changes in farm management or farming practices. It is

different from whole farm budgeting which looks at the profit or loss for the farm as a

whole when major changes in farm reorganization take place. Partial budgeting is more

appropriate than whole-farm budgeting in this case because the practice of stabling

involves only minor changes in whole-farm practices, but substantial changes in one

enterprise.
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Partial budgeting may be used to compare the profitability of stabling against its

alternative, the traditional practice, through the determination of the marginal benefits and

costs associated with the practice. The first step in a partial budget analysis is to clearly

define the alternative farm practices. This step was previously completed in the section

defining the technology of stabling. The next step is to list and quantify all the benefits

and costs associated with the new practice. As stated previously, benefits in the partial

budgeting framework are of two main types: (a) increased revenues and (b) decreased

expenses. Costs are also of two main types: (c) increased costs and (b) decreased

revenues. Once the relevant costs and benefits have been quantified, the change in farm

profit associated with stabling is simply the calculation of total gains minus total losses.

Profit=(a+b)(c+d)

Among the major advantages of partial budgeting is its relative simplicity. The

technique may be easily taught to researchers and extension agents, as well as farmers with

some level of literacy. In addition it does not require expensive computer packages to be

performed, a calculator, paper and pencil will suffice, which may be all that is available in a

developing country situation.

Although partial budgeting is a simple technique, it can provide very important

information for farmers and research/extension agents. Results of partial budgeting can

help farmers to make better decisions on which enterprises to expand (i.e. those that have

the highest payoffs) and which enterprises to reduce or eliminate (i.e. those that have the
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lowest pay-offs and/or highest costs). The overall results of a partial budget analysis can

help farmers in their decision to continue or discontinue use of a technology. Results of a

partial budget analysis can also help researchers and extension agents to identify and

appraise the technology and the potential and appropriateness of widespread adoption.

E. Quantifying the Potential Benefits and Costs:

This section describes the methods used to quantify the potential benefits and costs of

stabling. The analysis relies primarily on data available from the household questionnaires.

In addition, secondary data from CRZ studies is used in cases where data from the

questionnaires are either not available, incomplete, or believed to be inaccurate.

Quantifying the Potential Benefits

Increased Revenues:

Data are available from the household questionnaires for the quantity of milk

produced by both stabled and non-stabled animals and the milk prices received during the

dry season of 1994. The most appropriate method for measuring increased milk

production resulting from stabling is to make comparisons over time for the same cows.

However, only cross-sectional data were collected. To measure the increased milk

production, comparisons were made between stabled and non-stabled cows from the same
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herd. It was assumed that any difference which existed between the rate of milk

production of stabled and non-stabled cows from the same herd was a result of stabling.

It should be pointed out that this assumption may not be completely valid. It is possible

that farmers stable their best milk cows and thus even in the absence of stabling, these

cows would produce more milk than the other milk cows.

Measuring the increased production resulting from stabling was done in the following

manner. In some cases households with stabled and non-stabled animals only milked their

stabled milk cows during the dry season. In these cases, I assumed that in the absence of

stabling these cows would not be milked and thus any milk production or milk sales were

a result of technological change. Therefore the quantity of milk produced per day and the

amount of milk sold per day were multiplied by the number of days the cows were stabled

to determine the increased milk production and sales during the dry season of 1994. To

value increased production that was consumed within the household, the amount home-

consumed was multiplied by 100 CFA, which is the amount per liter one would have to

pay to purchase milk in the villages. To value increased revenues, the amount sold was

multiplied by the price received (from questionnaires), generally 150 CFA but sometimes

125 CFA. In cases in which households had productive stabled and non-stabled milk

cows, the computations were more complicated. To determine the increase in production

and sales due to stabling, new variables were created: milk production rate per stabled

cow and per non-stabled cow, and milk sales rate per stabled and per non-stabled cow.

Then the non-stabled cows' rates were subtracted from the stabled cows' rates, for both
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production and sales. The resulting increased milk production rate and increased milk

sales rate figures were then multiplied by the number of stabled cows and the number of

days stabled to arrive at figures for increased production and increased amount of milk

sold. The same method for valuing milk home consumed and milk sold for earnings was

used as outlined above, valuing milk home consumed at 100 CFA per liter, and milk sold

at the price received by each farmer.

To value reproductive performance I used information available from CRZ. The

results of the 1992 study were described previously, 572 day versus 548 day calving

intervals. This implies a 6.57 percent increase in the number of births per year per stabled

cow. To calculate the benefit of increased calving, .0657 was multiplied by the number of

cows in each household times the average price for a calf (available from survey of Kolda

butchers, March 1995).

Increased weight and health translates into stronger animal traction animals. The

benefits of faster animals would be diflicult to quantify and was not done for the analysis.

Valuation of the benefits of increased revenues from the sale of heavier animals was

done with reference to the 1992 CRZ study. To calculate the potential benefit of fatter

animals, the number of stabled steers and bulls was multiplied by the potential weight gain

of 447 g per day and the number of days stabled. This figure was then valued at the price

per kilogram for steers or bulls reported from a survey of butchers in Kolda. Gains from

increased weight of milk cows was not valued since milk cows would be the last animals

sold due to their importance for providing milk for home consumption and income.
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To value stable manure one can estimate its equivalence in terms of chemical

fertilizer.4 In a 1992 study, CRZ researchers valued each ton of stabled manure as 82 kg of

NPK (14/7/7) based on estimates from Hamon (1972). Hamon estimated that about 38%

of the amount of manure left on fields is lost due to sun exposure. Thus it was assumed

that stabling contributes to a 38% increase in the quantity of manure. Information about

the quantity of manure produced in each stable is available from the questionnaire and was

used to calculate the manure increase associated with stabling. The increased quantity for

each household was then multiplied by .082 to attain its equivalence in NPK (1417/7).

This figure was then multiplied times the price of NPK (14/7/7) for the 1994 wet season

(available from SENCHIM, the private agricultural input supplier).

In Dialambere only one stable (collective of 3 households) is included in the analysis

due to lack of complete information for the other two stables. For these households, the

main objective for stabling is to provide manure for the village's biogas plant and for their

personal horticulture gardens. The manure used for horticulture gardens was not valued

because of lack of information.5 The manure for the biogas plant was valued as the cost of

operating the biogas plant with purchased gasoline. This of course assumes that in the

absence of stabled manure, the farmers would pay for gasoline to function their plant.

Originally a regression was run to determine the marginal product of manure produced in
stables. The regression equation is included in Appendix B.

At first we were not aware that farmers use manure for horticulture so we asked farmers
how much manure they applied to agricultural crops. Later we returned to households to
find out how much manure is used for horticulture, but we were only able to contact a few
of the respondents.
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This is not realistic as it would be quite expensive. However, it is possible that the

villagers would pooi their resources for such a purpose as they are extremely proud of

their system and believe it to be highly valuable. Information was obtained from an

engineer at Senelec (an electric company) to determine the amount one would have to

spend to operate a biogas plant similar to the one in Dialambere with purchased gasoline.

With this information the estimated benefit of manure used to power the biogas plant was

calculated as shown below.

Table 5.1: Estimated Benefit of Manure to Power Biogas Plant

Note: The exchange rate is approximately 500 CFA = $1.

C.V. Liters!
Hour

Hours per
Day Used

Number
Days Used

Cost Gas!
Liter
(CFA)

Monetary
Value
(CFA)

Water
Pump
11 meters
cubed per
hour

2 .4 3.86 120 300 55,584

Millet MIII

4 .8 .86 120 300 24,768

40 Lamps
(75 watts) 4.08 .82 3 120 300 88,128

Total 168,480



Decreased Expenses:

The potential decreased expense for chemical fertilizer was not included in the

analysis because farmers had difficulties remembering how much chemical fertilizer they

applied to their crops before they began stabling.

The value of decreased deaths was included. The questionnaire included a question

that asked respondents the number of deaths of stabled and non-stabled animals in 1994.

This information was not used in the analysis because data for the total number of non-

stabled animals were incomplete. To value the higher survival rate of animals resulting

from stabling, secondary data from CRZ were used. As stated previously, the survival

rate of stabled animals versus non-stabled (Fall and Faye, 1992) was found to be 99.5 and

92.5 percent respectively. This implies that stabling animals may lead to about a 7 percent

decrease in number of animal deaths per year. Therefore, assuming households want to

keep their herd size constant, and have the ability to do so, each year a farmer would save

the following amount:

Savings = .07 * the number of animals stabled * the market price of animals

This calculation was done using the different prices for cows, steers and bulls (data from

a survey of Kolda butchers, March 1995).
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Ouantifying the Potential Costs

Monetaiy costs:

Data for the cost of materials to build the stable are available from the household

questionnaires. In most cases farmers did not purchase building materials, instead they

collected building materials from the forest. There is an environmental cost associated

with materials collected in the forest. This was not included in the analysis, but it is

important to point out that in the future this may pose problems as there is already a

shortage of trees in northern parts of the Kolda Region.

Data for wages paid to non-household laborers are available from the questionnaire.

Non-household laborers were paid anywhere from 2000 - 16,000 CFA to help build

stables. Only two households paid a non-household laborer to collect food, paying 52 and

2000 CFA for this task.

Data for the cost of food supplements are also available from the questionnaires.

Farmers provided figures for the total cost of purchased cotton seed cake for 1994 and for

the quantity of cotton seed cake donated. The donated cotton seed cake was valued at the

price per kg in 1994 (available from Sodefitex). Medical costs are also available from the

questionnaires, but the responses of the farmers were not used because it was difficult to

separate the portion of medical costs which were expended on stabled animals from the

medical costs for the entire herd. Fortunately CRZ has figures for the amount spent on

medical costs for 8 different households. The per animal costs of the vaccines and
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medication were essentially the same for each household. The average cost per animal

(N=8) was multiplied times the number of stabled animals in each of the other households

(N=1 7) to calculate medical costs.

Time Costs:

Time costs are a function of the time spent on each activity and the opportunity cost

of labor of the person performing the task. Data for the time spent (either total time or

daily time) and the household member performing the task are available from the

household questionnaires. Since both husbands and wives were interviewed, the response

of the person who performed the task was used. In the case of a child performing the

task, the husband's estimate was used for the case of boys and the wife's for the case of

girls, since boys usually perform tasks with their fathers and girls with their mothers.

Total time spent building the stable, collecting materials, collecting food and

spreading manure were taken directly from the questionnaires without any further

calculations. Time spent on stabling activities (cleaning stable, distributing food, mixing

manure) were given in terms of time spent each day during the stabling period. The time

spent per day was multiplied by the number of days animals were stabled in 1994 to arrive

at the total time spent on stabling activities over the season.

Time spent milking cows, transforming milk and commercializing milk is available

from the questionnaires. Unfortunately respondents were not able to separate the amount

of time spent on these tasks for stabled versus non-stabled animals. However data on the
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amount of millc produced and the amount of milk sold is disaggregated by stabled versus

non-stabled animals. In households where non-stabled cows do not produce milk and/or

there are no milk sales from milk produced by non-stabled cows, the time spent per day on

milking cows, transforming milk, selling milk were taken directly from the questionnaires

and multiplied by the number of days animals were stabled to arrive at the total time for

each task over the season. In households in which non-stabled cows did produce milk for

home consumption and/or sales, the computation was a bit more complicated. The first

step was to calculate the time spent milking cows or transforming milk per liter produced

and the time spent selling milk per liter sold. Then the variables for increased milk

produced (in liters) by stabled cows (calculated for benefits) was multiplied by the time

spent milking cows and transforming milk per liter to arrive at the increased time on these

tasks during the season. For increased time spent selling milk, increased milk sales (liters)

were multiplied by the time spent selling milk per liter.

Once time spent per task was determined, the next step in quantifying time costs was

to determine the opportunity costs of labor. One way to value household members' time

is to use the opportunity cost of time method and assign a value to labor based on

foregone wages. This method relies on economic theory concerning households'

decisions on the allocation of time and other resources. The method rests on several

assumptions: households allocate labor in the aim of maximizing returns; household

members have the option of substituting household work for market work; the foregone

wage serves as an index for the value the individual household member places on time
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spent on household production, etc.. It is uncertain how valid these assumptions are in the

region since waged employment is scarce and some households probably have the

objective of minimizing risk or some other objective rather than maximizing returns.

Another possible valuation method is to assign a zero value to household members'

time under the assumption that time stabling is a trade-off for leisure time and that leisure

time is worth nothing. Certainly there is some value for rest time or time socializing with

friends and family, but placing a monetary value on leisure is beyond the scope of this

study. Using the opportunity cost of time method is likely to overestimate the costs of

stabling while the leisure time method likely underestimates the costs. Both methods were

used in the analysis to provide upper and lower bounds for the true costs of stabling.

Scenario 1 assumed the opportunity cost of labor is equal to the potential revenues

one could receive for dry season employment or market gardening. For this scenario I

used information from the village chief questionnaires about potential jobs and their wages

in each village to determine the opportunity cost of labor for men (114 - 225 CFA/hour)

and children (18 CFAIhour).6 Interviews with women who cultivate market gardens

provided information to determine the opportunity cost of labor for women (112

CFA/hour). In each village the jobs available for men during the dry season are building

houses and huts or fabricating bricks. In each of four villages, the hourly wages for these

three types ofjobs were averaged to compute the opportunity cost of labor for men in the

particular village. The information for the villages of Dialambere and Medina Koundje

6 Village chiefs stated that there were no paid employment opportunities for women in
their villages.
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was incomplete and so the average of the other four villages was used for the opportunity

cost of labor. During the dry season, boys often help their fathers build houses and huts or

fabricate bricks. Unfortunately only one village chief had an approximation for the

amount fathers paid their sons to perform these tasks. The available figure was used for

the opportunity cost of child labor (only boys help with stabling activities) in the 6 villages.

There are virtually no opportunities for waged employment for women, however

some women are involved in market gardening in the region. Information was collected

from women concerning the number of hours spent, cost of inputs and revenues earned

from their weekly sales of vegetables and fruits. This information was used to calculate

the opportunity cost of labor for women. A more accurate calculation of the opportunity

cost of labor for women would value the time women spend on subsistence production

(usually referred to as domestic activities) since this occupies the bulk of women's time

during the dry season. Subsistence activities are difficult to value as they do not produce

goods which are marketed and it is rare for households to pay someone to perform such

tasks for them. Thus this was not attempted for the analysis.

Scenario 2 assumed that the opportunity cost of labor for men, women and children is

zero. The dry season is a time of relative inactivity for most people in the region.

Although there are some opportunities for paid employment these are quite limited. Men

and children who are not involved in stabling use the dry season to rest after a long,

demanding growing season. Women also have more leisure time during this season,

however they continue to spend much of their day on subsistence activities. For scenario
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2 it was assumed that the additional time spent on stabling activities, 6.7 hours per day

(including time spent building the stable) or 5.3 hours per day (including all stabling

activities except the building of the stable), was a trade-off with leisure time. Although

there is obviously a value for leisure time, it is difficult to quantify and was not attempted

as part of the analysis.

F. Results of the Partial Budget Analysis:

The benefits and costs of stabling were quantified in the manner described above.

The stables were divided into three different categories: 2 simple stables (non-cemented)

with small and medium capacities and a cemented stable with a high capacity. For each

category of stable the average figures for the marginal benefits and costs is presented. For

readers interested in more detail Appendix C contains a printout of the partial budget

spreadsheets.

The Marginal Benefits of Stabling:

Table 5.2 on page 74 presents the marginal benefits of stabling for each of the three

stable types. The principal benefit components of stabling are comparable for the three

types of stables. This is interesting since there are different objectives for stabling among

the different villages. The value of the weight gain for bulls and steers is by far the major

benefit of stabling, making up 44%, 73% and 44% of the benefits in Type I, Type II and
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Type ifi stables respectively. The reason the weight gain for male adults makes up such a

high percentage of the benefits for Type H stables has to do with the fact that most of the

farmers possessing Type II stables are either from Medina Koundje or Mankacounda and

own a relatively high number of steers and bulls. The next most important benefit

component is increased milk production which makes up 36%, 14% and 29% for the three

types of stables. Increased milk production makes up a higher percentage of the benefits

for Type I stables since most of these farmers are from the three villages which are part of

the CRZ pen-urban milk production program. These fanners are able to sell their milk at

a higher price, the market price in Kolda. Farmers in the other villages, aside from

Mankacounda, are far from an urban center and thus any milk which is sold is done so at

the lower village price. The third most important benefit component, for the three stable

types, is the decreased death rate. Interestingly, although Sodefitex originally began

extension activities to promote stables as a means to produce higher quantity and quality

manure, manure has the lowest value, except for Type ifi stables where manure is used to

power the biogas plant.



Table 5.2: Marginal Benefits of Stabling
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Note: The figures for benefits do not add up exactly due to rounding. See the
spreadsheets in Appendix B for more detail.

Type I: Simple

Stable wI 2-8

animals (N=18)

Type II: Simple
Stable wI 9-11
animals (N=4)

Type ifi: Cemented
Stable wI 16-22
animals (N=3)

Increased millc,
home-consumed

16,832 CFA 42,606 CFA 112,697 CFA

Increased milk
revenues

40,994 9,346 63,667

Increased
calving

10,374 11,178 38,575

Increased wt.
bulls & steers

69,611 278,251 270,432

Manure for
Agriculture

4,348 6,174 3,734

Manure to Power
Biogas Plant

0 0 56,160

Decreased death
rate of animals

16,644 33,600 62,767

Total Marginal
Benefits

160,679 CFA 383,817 CFA 609,642 CFA



Fanners responses to attitudinal questions demonstrate their knowledge of the

benefits of stabling. Husbands and wives in households that stable were asked why they

began stabling. Each respondent provided several answers which are listed in Table 5.3.

Table 5.3: Responses to the question "Why did you begin to stable your animals?"

Note: These do not sum to 100% because respondents listed several reasons.

The Marginal Costs of Stabling

Table 5.4 on page 77 presents the marginal costs of stabling for each of the three

types of stables under Scenario 1. The major expense for all three types of stables is the

value of household member's time, making up 76%, 67% and 57% of the total costs for

Type I, Type H and Type ifi stables respectively. This is followed by the cost of the food

supplementation, 21% for Type 1, 32% for Type II and 19% for Type ifi. Only in the
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Response Percent of Men That Gave
Gave This Response

Percent of Women That
Gave This Response

Increased Milk Production 100 91

Stronger/Healthier Animals 94 88

Increased Manure
Production

75 66

Increased Calving 25 16

To Power Biogas Plant 3 0

Better Protection of
Animals

3 6
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case of Type ifi stables is the cost of building materials a main factor (16% of costs), due

to the expense of cement. For Type I stables, the major increase in household members'

workloads is for milking cows, transforming milk and selling milk, making up 45% oftotal

costs. This has to do with the fact that the major objective for stabling for most of the

farmers in this category is to increase milk production. For Type II and Type Ill stables,

the main increase in workloads involves the daily stable activities: distributing food,

cleaning the stable, mixing the manure. These tasks require more time for Type II and

Type ifi stables because they are larger and house more animals. The cost of food per

stabled animal is 4,977 CFA for Type I stables, 2,638 CFA for Type II stables and 1,809

CFA for Type m stables. It may be that those who own Type II and Type III stables have

more household labor at their disposal and/or live relatively close to the forests. Thus

owners of Type II and Type ffi stables may be able to feed their animals higher amounts

of food obtained in the forest and lower amounts of purchased cotton seed cake compared

to those with Type I stables.



Table 5.4: Marginal Costs of Stabling Under Scenario 1
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Table 5.5 on the following page presents the marginal costs of stabling for the three

types of stables under Scenario 2. For scenario 2, the main expense for each type of

stable is the cost of the food supplementation. For Type I and Type II stablers, the cost of

food is far above the other major expenses, wages and medical costs. For Type ifi

stables, the cost of materials is a major expense, because of the cost of cement.

Type I: Simple

Stable w/ 2-8

animals (N=18)

Type II: Simple
Stable wI 9-11
animals (N=4)

Type ifi: Cemented
Stable w/ 16-22
animals (N=3)

Materials 750 CFA 1,125 CFA 32,600 CFA

Wages paid 2,100 1,625 10,333

Food 24,587 25,725 37,397

Health care 1,482 2,963 6,282

Time building
stable

13,716 15,626 23,670

Time collecting
food

6,900 3,142 5,711

Time on stable
tasks

14,510 18,932 42,886

Time spreading
manure

1,695 4,724 897

Time milking,

transforming,

selling milk

52,017 11,091 40,903

Total Marginal Costs 116,089 CFA 80,930 CFA 199,643 CFA



Table 5.5: Marginal Costs Under Scenario 2
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Type I: Simple

Stable wI 2-8

animals (N=18)

Type II: Simple
Stable wI 9-11
animals (N=4)

Type ifi: Cemented
Stable wI 16-22
animals (N=3)

Materials 750 CFA 1,125 CFA 32,600 CFA

Wages paid 2,100 1,625 10,333

Food 24,587 25,725 37,397

Health care 1,482 2,963 6,282

Timetobuild
stable

0 0 0

Time to collect
food

0 0 0

Time for stable
tasks

0 0 0

Timetospread
manure

0 0 0

Timemilking,
transforming,

selling milk

0 0 0

Total Marginal Costs
of Stablmg

28,946 CFA 32,138 CFA 86,474 CFA



79
Responses to questions from the household interviews provide additional evidence

concerning the monetary and time costs of stabling. Table 5.6 below presents the

responses to the question "What are the main disadvantages of stabling?" The table

shows that monetary and time costs are major disadvantages to stabling. The table also

shows that the costs of stabling are different for men and women. For men, the main

disadvantage of stabling are the monetary costs involved with feeding animals and medical

care. For women, the main disadvantage is the increased workload, followed by the cost

of feeding animals and difficulties collecting water for animals.

Table 5.6: Responses to the question "What are the main disadvantages of stabling?"

Note: These do not sum to 100% because respondents listed several reasons.

Disadvantage Percent of men that gave
this response

Percent of women that gave
this response

Expensive to feed animals 50 34

Buildingthe stable is
expensive

12.5 9.4

Medical care is expensive 31.25 6.25

Increased workload 12.5 47

Building stable is time
consuming

15.6 0

Food collection is time
consuming

12.5 3.1

Difficult to obtain water for
animals

6.25 25



The Average Net Benefits of Stabling

The average net benefits for each type of stable under the two different scenarios are

presented in Tables 5.7 and 5.8. For both scenarios it appears that there are some

economies of size to be attained. Type H has the highest net gains per animal for both

scenarios.

Table 5.7: Total Net Benefit and Net Benefit per Animal for Scenario 1

Table 58: Total Net Benefit and Net Benefit per Animal for Scenario 2
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Type I: Simple

Stable wI 2-8

animals (N=18)

Type II: Simple
Stable wI 9-11
animals (N=4)

Type ifi: Cemented
Stable wI 16-22
animals (N=3)

Total Net Benefit 44,590 CFA 302,887 CFA 409,999 CFA

Net Benefit per
Animal Stabled

9,018 CFA 31,066 CFA 19, 839 CFA

Type I: Simple

Stable wI 2-8

animals (N=18)

Type II: Simple
Stable wI 9-11
animals (N=4)

Type ffi: Cemented -

Stable wI 16-22
animals (N3)

Total Net Benefit 131,733 CFA 351,679 CFA 523,168 CFA

Net Benefit per
Animal Stabled

26,968 CFA 36,070 CFA 24,685 CFA
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Net gains vary between 44,590 CFA and 523,168 CFA. As stated previously,

Scenario 1 likely overestimates the marginal costs of stabling while Scenario 2 likely

underestimates costs. The actual net benefits of stabling for each type of stable probably

lie somewhere in between these upper and lower bounds. What is important is that

stabling is profitable for each type of stable under both scenarios. Even the increase of

44,590 CFA, equivalent to about $87, represents a substantial increase in household

consumption and revenues for rural Senegalese. In the survey the average yearly income

for off-farm employment was 90,000 CFA (N=15). This was for lull time work as literacy

trainers, working for Non-Governmental Organizations (NGOs), and work as agricultural

laborers. Thus, households that stabled were able to earn the equivalent (for Type I,

Scenario 1) or more than 10 times the amount (for Type Ill, Scenario 2) that could be

brought in by fill-time employment over the dry season.

What can 44,590 CFA purchase in the Kolda Region? With this amount one could

almost buy a donkey cart (50,000 - 100,000 CFA) or 2 plows (20,000 CFA/plow) or 2

sheep (25,000 CFAlsheep) or a steer (50,000 - 110,000 CFAlsteer). Even more important

than the money earned is stabling's potential to ensure that rural people do not go hungry

during the dry season and throughout the year. If milk production is increased, it can help

decrease the food deficit situation which occurs during the "soudure". Table 5.9 provides

estimates of the potential contribution of increased milk production. The results show that

the increased milk from stabled cows represented 17%, 47% and 42% of the
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recommended daily allowance (RDA) of milk for household members with Type I, Type II

and Type ifi stables respectively.7

Table 5.9: Average RDAs and Increased Milk Production

Likewise, although the regression analysis did not find a relationship between the use

of stabled manure and crop yields, research at experiment stations has shown that the

potential for yield increases exists (Hamon, 1972). Increased yields would result in more

crop production thus decreasing the likelihood that food would run out before the

following harvest. Owning heavier animals also improves food security substantially. The

sale of heavier livestock with higher market values could bring in revenues to purchase

food during the "soudure". Or, the meat could be home consumed.

Farmers who currently stable recognize the relative economic advantage of stabling.

This is reflected in the fact that 31 of the 32 current adopters have definite plans to

continue the practice in the future.

7This was computed in the following manner:
RDAs for men, lactating women and children were obtained from Williams (1981).
These figures were then multiplied by the number of men, women and children in the

household and then added up to reach the figures for the household daily requirements.

Type I Stable Type II Stable Type ifi Stable

Household Milk
Requirements
(liters)

8.73 9.1 14.8

Increased Milk
Production (liters)

1.45 4.24 6.2



G. Distribution of Benefits and Costs Within the Household:

Results of the partial budget analysis demonstrate that stabling is a practice which has

significant net economic benefits at the household level. But, in addition to looking at the

generation of profits, it is necessary to determine how these benefits and costs are

distributed among household members. The premise here is that increased production and

income are not complete indicators of development.

Development practitioners and scholars now recognize that in measuring development

one must use indicators which provide a more accurate picture of individual well-being.

For example, the United Nations Development Programme (UNDP) suggests measuring

human development with reference to three essential elements of human life: longevity,

knowledge, and decent living standards (Young, 1993). To explore the impact of stabling

on the well-being of individuals we will consider the distribution ofthe benefits and costs

of the practice among household members.

There is reason to believe that stabling has affected the well-being of household

members differently. Stabling is a separate enterprise of male household heads, although

other household members make important labor contributions. Because adult family

members keep separate budgets and have separate objectives, it is expected that it is the

household head who controls most of the production and income benefits. It is not

correct to assume that increased production and income that goes to the household head

will "trickle across" to other family members, either because other household members

provide labor or because we believe that the household head acts for the interests of the
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household. An example highlights this point. In 1971 household heads who were

participants in a development project in Senegal were provided with 1900 CFA in

compensation for the previous years crop failure. The intent was that the money go to all

household members that cultivated millet and groundnuts. The assumption of project

officials was that the household head would distribute the money among the other family

members. Instead, the household heads used the money for personal items (Venema,

1986).

There is additional evidence from the literature which points to the need to look at

intra-household distribution issues. Several studies have found that technologies that are

beneficial to one household member may actually disadvantage other household members

(Feldstein and Poats, 1989). Several researchers have also reached the conclusion that

distribution of food within households is not equitable and that females receive the

smallest portions (for a review of this literature see Agarwal, 1985). Likewise, it has been

found that men will often spend increased earnings on personal items that do not benefit

other household members (Blumberg, 1991).

The following sections present a discussion of the distribution of benefits and costs of

stabling within the household. The discussion draws on data from the questionnaires,

fieldwork experience, information about the existing patterns of rights and responsibilities,

and empirical studies. Time constraints prevented the collection of the type of data

necessary for a thorough analysis. Some may wonder why we should discuss the

distribution of benefits and costs at this time, given that the necessary data are not
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available. There are at least two reasons. First of all, one cannot adequately address the

question of whether stabling is improving the economic well-being of farmers and their

families without looking at distributional issues. Second, piecing together the information

that does exist allows us to identify the gaps in information. If we can provide researchers

with information about the type of data that must be collected in order to conduct analyses

of the distribution of benefits and costs, this will help to ensure that such analyses are

carried out in the future.

Distribution of Benefits

The benefits of stabling include: milk production for home consumption or revenues,

increased calving, decreased animal deaths, heavier/stronger animals, manure production,

and biogas. Each of these benefits has been considered at the household level. The

discussion that follows considers the distribution of these benefits within the household.

Milk Production for Home Consumption:

Milk production for home consumption is one benefit of stabling that reaches all

household members. According to tradition, milk from the family herd should first serve

the needs of the household; only when a surplus exists is milk to be sold. Thus, every

household member is provided with at least some milk, for breakfast and the noontime

meal. Women are responsible for distribution of the milk within the household and
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processing it into cheese or sour milk. The milk is consumed with warm rice or millet in

the mornings, in the afternoons it is consumed as a cheese topping for millet and peanut

dishes. Girls eat with their mothers out of the same pot and boys with their fathers from

the same pot. Although everyone in the household consumes milk, it is uncertain how

equitably milk is distributed among household members. In other words, it is not known if

each household member gets their fair share in accordance with their needs (e.g. RDA) or

if the amount of milk each member consumes is related primarily to their position within

the household.

Evidence from the literature suggests that food distribution within households often is

not distributed according to one's needs, and, it is often females who receive the smallest

portions. For example, a study in Nigeria found that women's intake was well below

their needs while men's intake was well above their needs. A nutrition study in India

found that on average women had a daily caloric deficit of 100 calories while men had a

surplus of about 800 calories per day (for a review of this literature see Agarwal, 1985).

That men receive higher shares of food in the household should not be immediately

justified in the belief that men expend more energy. Several studies have found that

women expend more energy during agricultural periods than do men (Ibid). In addition,

women in the Kolda Region are either pregnant or lactating for a large part of their lives

and thus require more milk than men. Likewise, children and teenagers have RDAs for

milk above that of men (Williams, 1981).



Milk Revenues:

It is expected that the person who commercializes the milk is he/she who controls the

money due to the fact that adults keep separate budgets. However, this control is not

absolute since each household member must fulfill his/her family obligations before using

income for personal or other needs. It is interesting that only five wives in the survey (in

households that stable) were responsible for milk commercialization, since Fulani women

are usually responsible for selling/trading milk and milk by-products (Cloud, 1986). In 15

of the households that stable, it is the husband who commercializes the milk, and in 4 of

the households it is a boy who sells the milk. Since children do not generally have

personal income, it is expected that the husband retains control of the revenues collected

from sons. Thus, in 19 households the husband has control of milk revenues and in 5

households the wife has control.

As stated previously, both husbands and wives have obligations to other household

members. If the husband or wife has not fulfilled these duties (e.g. providing condiments,

buying children's clothing) then he/she will be required to use the money from milk sales

for these purposes. However, if the husband or wife has fulfilled his/her duties we cannot

be sure how he/she will spend the earnings.

Evidence from the literature suggests that wives are more likely to target their

increased earnings to the needs of the household, especially children's nutrition, whereas

husbands often use increased earnings for their personal needs. For example, a study in 20

South Indian villages found that women contributed a higher percentage of their earnings
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to household consumption (average=97%) than did men (average76%). A study in two

Cameroonian villages found that in addition to food production, women spent 74% of

their personal income on supplements to the family's food supply. Men, however, only

spent 22% of their income on food for the family. Women in these villages have sought

ways to secure their household's food needs by distilling/selling alcohol, selling cooked

food, cultivating cocoa rather than relying on their husband's contribution. In another

study in South India it was found that production and/or income under control of the

mother (e.g. her home garden or her off-farm earnings) was the main predictor of child

nutrition. A study in Ghana came to a similar conclusion, that mother's trading activity

was the factor most significant to the nutritional status of children (for a review of this

literature see Blumberg, 1991).

Increased Calving, Decreased Animal Deaths, Heavier/Stronger Animals:

It is expected that the benefits of increased calving, decreased animal deaths, and

healthier animals are mainly controlled by the household head. This is because the

household head is most often the owner of the stabled animals (see Table 5.10) and he is

also responsible for the well-being of the herd and the final decisions to sell animals or

keep them in the household.



Table 5.10: Ownership of Stabled Animals
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When looking at table 5.10 two things must be remembered. First of all, the numbers

do not indicate how many animals each person owns. Second, animals owned by both

husband and wife or by the whole family are in actuality under the control of the

household head since he manages the family herd.

Whether or not household members benefit from increased calving, decreased animal

death rates and heavier/stronger animals depends on the final decisions of the household

head. If the animals are sold, the money may be used to purchase food (direct benefit for

household members) or to purchase farm equipment (may indirectly benefit household

members). It is also possible that household members will not receive any of the benefits,

if for example the household head uses the money for items such as tea, tobacco, or

bicycles. If animals are not sold, but instead are slaughtered for household consumption

or remain in the household herd, then all household members benefit to some extent. For

example, if an animal is slaughtered, it is expected that each household member will

receive a portion of the meat. However, as in the case of milk production it is uncertain if

Person(s)
Considered Owner

Steers
(percent)

Bulls
(percent)

Milk Cows
(percent)

Household Head 33 57 29

Household Head
and Wife

60 43 58

Family 7 0 13
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household members will receive meat according to their protein requirements or according

to their position in the household. Animals kept in the family herd provide security in case

of economic disaster, and female calves that are kept in the family herd will someday

provide milk for the household. All household members receive some portion of the

benefits in these cases.

Manure Production:

Another benefit from stabling is increased quantity and higher quality manure. The

benefits of manure go first to the household head and then may or may not "trickle across"

to other household members. In households that practice stabling, 96 % of male

respondents stated that manure production has increased as a result of stabling (4% said

there was no change). Results from the survey found that the additional manure is used

almost exclusively for the household head's fields. None of the women in the survey used

manure for their agricultural crops. Although the crops women cultivate (rice and

peanuts) are not typically those for which manure is used, 35.2% of the women in the

survey have horticulture gardens. Women usually use manure from goats, sheep and

chicken for their horticulture gardens. However, women who were interviewed stated

that they would prefer to use manure from cattle as they believe this would lead to higher

yields. Only the women in one village (Dialambere) benefit from any manure for their

gardens. In Dialambere many husbands and wives keep horticulture gardens together.
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After the manure has been used for the biogas plant it is applied to the collective gardens.

Thus in five of the surveyed households women's crops benefit from manure.

The manure used by men may benefit all household members. Manure is applied

mainly to maize and millet Although maize is essentially a cash crop, millet is produced

for the family's needs and therefore increased millet production resulting from stable

manure usage increases the family's food stock. It is also possible that the men will use

the manure for cash crops and use cash crop earnings for personal needs. Interviews with

women market gardeners suggest that if manure were used for their horticulture gardens,

production and income would be used for the needs of household members.

Biogas Plant:

Before the biogas plant in Dialambere broke down, the entire village benefited from

it. The Street lights were lit, the social hall offered ftinctions in the evenings, the irrigation

pump watered all the horticulture gardens and the millet mill operated for everyone.

Women and girls, in particular, benefited from the millet mill. Processing of millet is

among the most time-consuming tasks in a woman's day. In our survey, women spent an

average of 67 minutes a day processing millet (maximum=235 minutes, minimumO

minutes). Based on field experience it is believed that women had to pay to use the millet

mill when it was operating. Still, it may have been well worth the expense to save over an

hour of their labor time.



Distribution of Costs

Cost data is available from the questionnaires which allows us to more fully analyze

the extent to which the costs of stabling are distributed among household members.

Monetary Costs:

The household head is responsible for the monetary costs associated with stabling.

He pays out of his pocket the expenses for the cotton seed cake, wages to laborers,

building materials and medical care.

Time Costs:

The costs of stabling that fall on other household members, besides the household

head, are time costs. Women in households that stable had to increase their time spent

milking cows, transforming milk and selling milk. Table 5.11 provides figures for the

increased time women spent on these tasks as a result of stabling.
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Table 5.11: Women's Time Contributions to Stabling
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Thus, women on average increased their time on livestock tasks by 50 minutes, 1

hour, and 2 hours and 10 minutes for Type I, Type II and Type ifi stables respectively.

Although these figures may not seem like substantial increases in workload, they increase

an already long workday. Women in the survey spent an average of 6.5 hours per day on

labor related to subsistence production. And they recently ended eight months of no less

than 11 hour workdays.

Based on the time spent milking, transforming milk and selling milk valued at

women's opportunity cost of labor it is calculated that women's share of the total costs of

stabling were 11% (Type I stables), 15% (Type II stables) and 12% (Type ifi stables). In

terms of hours, women contributed 13% (Type I), 20% (Type II) and 23% (Type ifi) of

the labor hours involved in stabling.

Typel
Stable

Typell
Stable

Typeffi
Stable

Additional Time
MilkingCows
(mins)

15 30 45

Additional Time
Transforming Milk
(mins)

20 20 60

Additional Time
Selling Milk (mins) 15 10 25

Total Additional
Time on Stabling
Tasks (mins)

50 60 130
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Household heads also depend on the labor of their Sons in order to practice stabling.

It is not possible to separate the increased hours of adult Sons from the household head,

however it is possible to determine the labor contribution of young boys. Young boys

increased their labor time 30 minutes per day on average cleaning the stable and

distributing food to animals, they also participated in the building of the stable, food

collection, spreading manure, milking cows and seffing milk, On average, boys

contributed 25% (Type I), 14% (Type II) and 5% (Type ifi) of the labor hours involved in

stabling.

H. Chapter Summary:

The partial budget analysis determined that stabling has substantial benefits at the

household level for all three types of stables. The highest pay-offs were derived from the

increased weight of bulls and steers followed by increased milk production for home

consumption and/or revenues. For scenario 1, the highest costs were time costs for

milking cows and transforming and seffing milk, the cost of the food supplementation and

the time costs for the daily stable tasks and time to build the stable. For scenario 2, the

highest costs were for the food supplementation, the materials to build the stable, and the

cost of medical care.

The partial budget analysis was then followed by a discussion of the distribution of

benefits and costs among household members. A few conclusions from the section are as

follows. First, the benefits which are believed to go to all household members include
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milk production that is home consumed, the benefits of the biogas plant, and meat that is

home consumed. Second, when revenues are earned it is uncertain if the money is used

for the needs of the household or for personal needs. Third, Sons and wives provide

substantial labor inputs for stabling.

It is hoped that future studies will focus on distributional issues so that we may fully

address the issue of whether stabling is improving the economic well-being of rural people

in Kolda. Consumption data will be needed to determine if milk and meat production are

distributed equitably among household members. To determine if increased revenues are

benefiting all household members or just one or a few household members, we will need

expenditure data. To determine if household members benefit from the increased quality

and quantity of manure, we will need to know if the manure is used for the household

head's private plot or the common plot. To determine how the benefits of increased

calving and decreased death rates are distributed we will need to obtain more information

about the control of livestock and livestock production/income within households. Once

the necessary data is made available, cost-benefit analyses can be performed for different

household members to determine if stabling has improved their economic well-being. The

cost-benefit analyses could be supplemented with attitudinal data. Household member's

could be asked their opinions about the practice and how it has affected their personal

welfare.



CHAPTER SIX: MODELING 'filE ADOPTION OF STABLING

A. Introduction:

The previous chapter determined that at the household level, stabling is a profitable

practice. This is an important finding. It provides evidence that the technology is an

improvement over the traditional practices, at the farm level and under the farmer's

conditions. And, it suggests that stabling has the potential for increasing the standard of

living of farmers and their families.

Now that profitability has been established the next issue to be considered is adoption.

This chapter seeks to determine the factors which are significantly related to adoption of

the practice of stabling. The chapter begins with a section on the introduction of stabling

to Senegal and the region of Kolda. This is followed by a review of the adoption literature

to find out what other studies have found to be the main factors influencing adoption of

farm technologies. The next section provides definitions of adoption and the decision

maker, critical to further sections. The fourth section presents the empirical model, with a

discussion of the logit model and the dependent and independent variables. Next, results

of the econometric analysis are presented and discussed. This is followed by a chapter

summary.
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B. Introduction of Stabling to Senegal and the Region of Kolda:

Manure stables were first introduced to the Peanut Zone of Senegal by ISRA in 1965

with limited success (Nourrissat, 1965; Hamon, 1968). Twenty years later, in 1985, the

practice was introduced to the Cotton Zone of Senegal by Sodefitex. The goal of

Sodefltex was to promote stables as a means to produce manure of high quality and

quantity. The practice could then substitute for or complement the use of chemical

fertilizers (not affordable for most farmers)8 and the traditional soil maintenance practices

(being abandoned by farmers and no longer adequate by themselves).9

At its inception in the mid 1980s, the Sodefitex program included information on

stabling, a credit program, free animal medical care, distribution of cotton seed cake on

credit, and a free allotment of cotton seed cake. Sodefitex agents made regular visits to

the villages in its intervention zone to provide information about stabling. The short-term

credit program provided no-interest loans with a four-year repayment period to help
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In 1980, the Programme Agricole (established 1966), was abandoned. As part of
the Programme Agricole, agricultural inputs were subsidized (up to 70% for chemical
fertilizers) and distributed on credit. In the early 1980s the national credit insititution
(CNCAS) was privatized, leading to tigher control of credit, particularly for farmers. As a
result of the above, there was a dramatic drop in the use of chemical fertilizers in Senegal,
from 74,680 tons in 1980/81 to 26,345 tons in 1989/90 (USAID/country profile, 1991).

9The traditional bush-fallow period has become shorter due to population pressure.
While a fallow of up to 8 years is typically required for flu restoration, it has been
estimated that 58% of farmers in the region of Kolda fallow land for less than 4 years
(McNeil, Blais et Associes, 1991) The result has been a decline in fertility, permanent
elimination of vegetative cover, and increased erosion. The other traditional method, the
"parcage", is also no longer sufficient. The parcage, which is the tethering of animals on
fields in the evenings so that they may fertilize crops, does not produce a high quality
manure due to attack by termites and a loss of nitrogen under the action of the sun (Faye,
Dieye and Seye, 1995).
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farmers purchase materials to build the stable, cotton seed cake, and agricultural inputs.

Free medical care included vaccines against the major animal diseases in the area, an anti-

trypanosome treatment and anti-parasite tablets for each stabled animal. In January of

each year, Sodefitex provided agro-pastoralists with cotton for their animals. At the same

time, Sodefitex would provide free of charge, 20 kg of cotton seed cake per stabled

animal. In June the agro-pastoralists were responsible for paying back at least half of the

cotton seed cake cost (from conversation with Sodefitex agent, March 1995).

In the late 1980s CRZ became involved in research and extension activities related to

stabling. Research findings led to a reorganization of extension activities toward the

promotion of multiple goals for the adoption of stabling and a general goal of integrating

livestock-cropping practices. Whereas manure had been the sole focus at the outset, it

was now recognized that many agro-pastoralists needed other benefits in order to find the

practice attractive. Both CRZ and Sodefitex began pen-urban milk production programs

in villages close to the two major cities in their intervention areas - Kolda and Velingara.

The CRZ program is a contractual agreement between agro-pastoralists and the center.

Under the agreement, CRZ purchases milk from agro-pastoralists (who stable) at a price

of 150 CFA per liter and the center provides 2 kg of cotton seed cake per animal per day

on account which is then paid off when the milk is sold. Sodefitex has a similar program

with villages near Veingara. Sodefltex purchases milk on a daily basis from agro-

pastoraiists (who stable) for 150 CFA per liter and pays them at the end of each month.
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Other components of the CRZ extension program include free medical care for

stablers, regular visits and occasional seminars. CRZ continues its multi-disciplinary

research efforts including surveys during the hot-thy season. This year it is heavily

involved in assessing the differences in quantity and quality between manure produced in

stables and that produced under the parcage system. In addition, they are attempting to

organize agro-pastoralists in several villages into cooperatives to prepare for the end of

their pen-urban milk production program.

Between 1984 and 1992 the number of manure stables in the Cotton Zone increased

from ito 1307 stables (see Figure 6.1). The rapid diffusion of this period is likely the

result of the extension efforts of Sodefitex and CR2 and the need for new soil

maintenance techniques.

Figure 6.1: The Number of Stables in the Cotton Zone (1984-1993)
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Between 1992 and 1993 there was a drop in the number of adopters, from 1307 to

992 stablers. Much of this drop has been attributed to the increase in the price of cotton

seed cake, a major animal food supplement used by stablers (Faye, Dieye and Seye, 1995).

The 1992 increase from 18 CFA per kg to 31 CFA per kg introduced a major constraint to

farmers and not only slowed adoption but also led several former adopters to abandon the

practice. Another reason for the drop in the number of stablers has to do with the

abandonment of several components of the Sodefitex program. Since 1990 agro-

pastoralists in the Sodefitex intervention zone have had to pay for all vaccines and other

animal health care. More significant has been the near abandonment of the Sodefitex

credit program. Few households are offered credit anymore and those who do obtain

credit must repay Sodefitex at the end of the season. Aside from relatives and friends, the

only other credit option is CNCAs. However, CNCAs have a record of offering credit

only to high income farmers and often will deny credit to entire regions due to past

repayment records. Even if credit were readily available from CNCAs, few farmers are

interested in obtaining credit from CNCAS since its loans have an 18% annual interest rate

(from conversation with CRZ director, March 1995).

Between 1993 and 1994 the number of manure stables in the Cotton Zone increased

(Fall, Dieye and Seye, 1995). It is too early to say whether the 1993 revival of the

adoption levels increase will continue, or if it the decrease in adoption levels (1992-93)

will resume. However, if Sodefitex and CRZ continue to abandon important components



of their programs, the price of cotton seed cake continues to rise, and access to credit

remains problematic, the likelihood is that adoption levels will drop off.

C. Literature Review:

The literature review consists of four sections. The first section provides an overview

of predictor variables commonly included in the adoption literature and proposes some

explanations for why these may be relevant. The second section consists of a survey of 6

Centro Internacional de Mejoramiento de Mai.z y Trigo (CIMMYT) studies. The purpose

of this section is to demonstrate how factors described in the first section have been

treated in the literature and results obtained. The third section provides a review of

several adoption studies in Sub-Saharan Africa. These studies provide region-specific

information that cannot be obtained from studies in other areas of the developing world.

The final section discusses the several ways in which gender may be related to adoption of

innovations. A separate section on gender is required because adoption studies have

typically disregarded gender as a potential factor in adoption.

Categories of Variables Commonly Used in Adoption Studies

In their survey of adoption studies, Feder, Just and Zilberman (1985) categorize

predictor variables into farm size, risk and uncertainty, human capital, labor availability,

the credit constraint, tenure, and supply constraints. Each of these categories is discussed
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below, with the exception of tenure and supply constraints. Tenure is not included

because farmers do not really own land in Senegal due to the land ownership laws. Supply

constraints are likely to pose problems for adoption of stabling, but these are generally

fixed across the sample population.

Farm Size:

Farm size, as defined in most adoption studies, is the total area of the farm in hectares

or acres. Another definition sometimes used is that farm size relates to the total economy

of the farm including gross farm output, capital goods, etc.. Perrin and Winkelmann

(1976) offer three explanations for why farm size may be related to the adoption of new

technologies. One reason is that economies of size in transaction costs may exist. Large

and small farmers may exert the same amount of effort to acquire and process information

about a new technology, learn how to use it, and make the purchase. Thus if there is a

fixed return per hectare the effort may be worth it for farmers with I 0-hectares, but not

for those with 1-hectare. However, the authors argue that size effects are not likely to

persist over time as transaction costs will decrease with increased information and

experience at the community level. A second reason is that a new technique involves the

risk of the unknown and small farmers may be less able to undertake production risks.

The change to a new technique presents a higher proportional change in the small farmer's

operation and it is also less likely that he already has his food security assured. A third



reason they cite is that small farmers may actually face higher input costs if quantity

discounts for information, credit, etc. are available.

Uncertainy and Risk:

Since fanners (and everyone else) do not have perfect information the decision to

adoptlreject a new technology carries with it uncertainty and introduces potential risks.

Uncertainty and risk are often used interchangeably in adoption studies. However the two

terms have different meanings and this should be clarified. Uncertainty is a term used to

describe "the character of the economic environment confronting peasant farm

households, an environment which will contain a wide variety of uncertain events to which

farmers will attach various degrees of risk, according to their subjective beliefs of the

occurrence of such events" (Ellis, 1993, pg. 85). Uncertainty may be related to yield or

output, prices, and social or political factors. The term risk, as used in the adoption

literature, is the subjective probability which an individual attaches to uncertain events.

Several propositions have been made about risk and its relation to adoption of

innovations. First, the avoidance of risk (risk aversion) inhibits adoption of new

technologies. Second, risk aversion may be more prevalent among resource poor farmers

(Ellis, 1993). Thus it may be inferred that resource poor farmers will be less likely to

adopt innovations. The latter seems logical since resource poor farmers have much more

to lose (e.g. the family could go hungry) if the investment in an innovation proves

unsuccessful. A third proposition is that subjective risk can be reduced by decreasing the
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uncertainty surrounding the situation, for example with increased information or price

stabilization (Ellis, 1993). Franc Cancian also contends that information can decrease

subjective risk. He distinguished between two stages in the adoption process of farmers in

Mexico. In the first stage knowledge is scarce and therefore risk is an important

determinant of the fanner's decision. In the second stage more information has been

acquired, uncertainty lessened and thus risk is not as important in the decision to adopt as

previously (from Lotspeich, 1986).

Human Capital:

Education and experience of the household head are commonly used as predictor

variables in adoption studies. Most of the adoption literature which looks at the

relationship between education and adoption of innovations was inspired by the work of

Schultz (1964). Education may enhance the ability to receive and process information

about new technologies and thereby facilitate adoption.

However, there is some evidence that education may play less of a role in the

adoption of technologies in subsistence farming systems. For example, evidence from

several South American studies suggests that education does not impact adoption

behavior in traditional agricultural regions, although it is positively related to adoption in

regions undergoing modernization. Another study reached a similar conclusion, that the

effects of education were more likely to be positively related to productivity in
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modernizing agricultural environments than in traditional agricultural environments (for a

review of this literature see Feder, Just and Zilberman, 1985).

Labor Availability:

The availability of labor is of particular relevance to adoption of technologies in

African countries. This is because African countries are typified by seasonal labor

shortages and there is a relative absence of labor markets and lack of a landless labor class

(N'diaye and Sofranko, 1988). It has been argued that labor availability is an 'operative

constraint' and that the seasonal cycle of labor requirements needs to be considered when

innovations are introduced (Ibid). While some technologies are labor saving (e.g. animal

traction, tractors) others may increase labor demands (fertilizers, HYVs, etc.). This adds

another dimension to the labor issue. Not only must peak labor periods be borne in mind,

but also the labor requirements attached to the specific technology. The introduction of

labor increasing technologies during peak labor periods may be a sufficient reason for non-

adoption in the African context.

Labor mobilization is another important issue. In many African countries, household

members perform the activities that they are cultural assigned. These ascribed roles and

expectations influence labor mobilization (N'diaye and Sofranko, 1988). Because activities

may not be transferable to other household members, introduction of an innovation may

imply a higher increase in the workload of some household members. It cannot be

assumed that household members will willingly increase their workload when demand for
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their time increases. It was brought up in the theoiy section that household members go

through a bargaining process in such a situation. How each person fares in this process is

assumed to be related to one's bargaining power and her/his culturally defined rights and

responsibilities. In situations where the household member's potential wage rate is low and

the labor demanded is that which he/she traditionally performs it is expected that his/her

labor supply will be more elastic and adoption may occur. Adoption may also occur if the

household member is compensated for the increased labor supply. To illustrate the later

point, a study in West Africa by Polly Hill (1982) found that Haussa women in Nigeria had

to be paid by their husbands for work beyond their customary duties. A study in

Northern Cameroon (Jones, 1983) found that the amount of extra labor women supplied

on their husband's rice fields was positively related to the compensation the woman

received from her spouse.

It is also possible that non-adoption will be the result of the bargaining process. For

example, an irrigated rice project in Kenya targeted males, despite the fact that women

were traditionally the cultivators and men were herders. Male household heads collected

the earnings from the rice, but needed their wives labor for agricultural tasks. Rather than

supplying this needed labor, most women chose to continue cultivation of their own

sorghum plots and rice production remained very low as a consequence (for a review of

this study, see Blumberg, 1991). It is expected that in cases where household members

have off-farm work opportunities and/or culturally defined status (proxies for their

bargaining power) it is more likely that they will withhold labor.



Capital Availability:

Availability of capital is another factor which has been widely investigated in the

adoption literature. Since capital, either in the form of credit or savings, is necessary for

the adoption of new technologies, lack of capital may be a constraint to adoption.

Perrin and Winkelmann's Survey (1976)

Perrin and Winkelmann (1976) reviewed six adoption studies conducted by

researchers at Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT). These

studies were by Gerhart in Kenya (1975), Colmenares in Colombia (1976), Cutie in El

Salvador (1976), Perrin in Mexico (1976), Gafsi in Tunisia (1979) and Demir inTurkey

(1976). Variables included in the reviewed studies were categorized into the following:

productivity, information, tenure, inputs, product market, risk, and farm size.

The most consistent variables explaining the adoption of maize and wheat

technologies were two productivity variables: agroclimatic zone and topography. In all of

the studies that included a predictor variable for topography, it was found to be significant

to adoption. In the four studies which included agroclimatic variables, three found it to be

significant to the adoption of maize or wheat. These results must be qualified. The main

reason that adoption was found to have a strong relationship with agro-climatic zone is the

fact that at the time of the studies the miracle grains were confined to irrigated lands and

therefore adoption could only take place where irrigation was possible.
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In four of the six reviewed studies, credit availability was found to be significantly

related to adoption of the HYVs. For example, in Columbia, farmers using credit were

44% more likely to adopt new varieties. However, the authors state that this finding does

not provide sufficient evidence to state that the existence of credit programs is critical to

farmers' decisions. If the technology is only marginally profitable it may be necessary for

credit to be available for farmers to adopt. However, if a technology is highly profitable,

credit availability may be less important in the farmer's decision.

Market conditions were found to be significant in only one case. This was in Tunisia

where price discounts favoring large farmers were significantly related to low adoptionof

wheat by small farmers.

Extension information was found to increase the probability of adoption by 10-15%

(Columbia and Turkey) but by lower amounts in the other areas. Education was found to

be significant in three of five areas, with an extra year of schooling contributing to an 8%

increase in adoption of maize in Columbia and less of an effect in the other areas.

Five of the six studies included risk factors (perceived risk yield, use of drought

crops, off-farm income). In only two cases were risk measures found to be significantly

related to adoption: use of drought crops in Kenya and perceived risk yield in Turkey.

Perrin and Winkelmann argue that these studies are not satisfactoiy because of the choice

of indexes. For example they discuss Gerhart's (1975) use of the existence of drought

resistant crops in Kenya as a measure of risk aversion. Although risk aversion may be

common in areas which are susceptible to crop failure, average yields are also lower in
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such areas. Thus, one cannot be sure whether a farmer's reluctance to adopt a new

variety is related to their risk aversion or simply evidence that average returns are too low

to encourage adoption.

Each of the six studies included farm size as a predictor variable, Farm size was only

found to be significantly related to adoption of wheat or maize in half of the cases. In the

Columbia study, the author concluded that because extension and credit were oriented to

large farmers they had higher adoption rates than small farmers. In Tunisia, small farmer's

lower adoption rates were related to differences in topography, credit and local price

discounts, not farm size per Se. In India, the explanation for why adoption of seed

varieties was higher for large than small farmers was related to the fact that irrigation

water was more available for large farms and the seed distribution program was oriented

towards large farms. In some of the areas where size effects were significant, variety

introductions were quite recent (Mexico and Turkey). Only in the Aegean area of Turkey

was low adoption by small farmers not able to be explained by other factors such as credit

availability, productivity differences, stage of adoption, etc.

Adoption Studies in Africa

Kebede, Gunjal and Coffin (1990) used a logit model to determine the factors related

to adoption of single-ox traction, fertilizers and pesticides in two regions of Ethiopia. The

study included five economic variables (after-tax farm income, off-farm income, value of

livestock and farm equipment, debt and farm size), five social variables (family size,



110

education, exposure to information, number of relatives, and years of farming experience)

and two physical factors (degree of difficulty in plowing arising from plot characteristics

and difficulty in plowing due to inadequacy of traction power provided by a single ox).

The most significant factors related to adoption of the three technologies were farm

size and experience of the farmer (measured as age of farmer). Farm size was positively

related to adoption of both fertilizers and pesticides, but negatively related to single-ox

traction. The later they explain by stating "If a farmer judges the traction power provided

by a single-ox to be inadequate to complete critical field operations on time, then the

larger the farm size, the lower is the probability of adoption of single-ox traction" (pg.

36). Experience was found to be negatively related to adoption of single-ox traction and

positively related to adoption of pesticides. The authors argue that the more experienced

farmer understands better the need for pesticides, and the need to complete field

operations on time and therefore single-ox traction may not suffice. Other variables which

were found to be consistently related to adoption include education and debt. Education

was found to be positive and significant in two cases: in one region with adoption of

single-ox traction in another region with pesticide use. Of the economic variables, debt

had the second strongest relationship to adoption of new technologies, after farm size. It

was found to be positive and significant in the adoption of single-ox traction in one region

and negative and significant in adoption of pesticides in one region. The authors'

explanation of the former is that farmers who are indebted may be willing to tiy single-ox

traction to save on resources.
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Jha, Hojjati and Vosti (1991) used probit maximum likelihood estimation with

instrumental variables to estimate the relationship between a set of predictor variables and

the adoption of ox-traction, fertilizers and new cultivars in Eastern Province, Zambia.

Their study included the following variables: age, gender and education of the household

head; area under cultivation; number of dependents per number of adults; cooperative

membership; income from non-farm sources; advice from extension agents; and three

regional dummy variables. The most consistent findings were for farm size and

cooperative membership. Each of these variables was found to be significantly related to

adoption of all three technologies. It is interesting that farm size is so significant since

land is not scarce in the region. Both age of the household head and gender of the

household head were found to be negative and significant in the adoption of fertilizers and

hybrid maize. Level of infrastructure was positive and significant for adoption of ox-

cultivation and fertilizers. And regional variables were also found to be significantly

related to all three technologies. Interestingly, extension made only a small contribution to

adoption of the technologies. The authors bring up the fact that the extension system was

being instituted during the time of the study and thus its effectiveness could not be known

at the time.

Opare (1977) used a step-wise regression to look at the role of agricultural extension

in the adoption of recommended cocoa practices in Ghana. Variables measured were:

"correctness" of knowledge of recommended practices, sources of information, age,

number of wives, children, literacy, experience, advisory role and cocoa production. The
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dependent variable is what they call adoption score. It is a categorical variable measuring

both continuation of use and the number of the practices used. The most important

predictor of adoption score was the farmer's knowledge of the correct means to apply the

recommendations (explained 11.7% of the adoption variance). Formality of information

source (self learning vs. adult education or extension) was positively related to adoption.

Cocoa production was the third most important factor. Another interesting finding was

that number of wives has a positive relationship with adoption. The authors explanation is

that adopters may be wealthier and therefore can afford to support more wives.

N'diaye and Sofranko (1988) explored the relationship between labor availability and

adoption of HYV maize in an area of Zambia. Farmers in the area had traditionally

practiced a form of shifting cultivation in which finger millet was the major crop. Labor

on the fields was spread throughout the year under this system. Introduction of HYV

maize (SR52) required more labor and demanded labor at 2 peak periods. SR52 adoption

was quite rapid. Survey data showed that SR52 occupied the largest land area of the

available crops and the average HYV acreage increased 28% during the study period.

Farmers adapted to the increased labor demand in a variety of ways: devoting less time

and attention to agricultural tasks than recommended, performing agricultural tasks later

than what was recommended, and hiring labor. Farmers were found to be allocating an

average of 458 hours to maize although 742 hours was the estimated need. As far as

hiring labor, farmers said they preferred to hire adult women because they were

considered "more disciplined" and "harder working". Least preferred were strangers who
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were considered "untrustworthy". In summary, it was found that labor availability was a

major issue in adoption and adherence to recommendations.

Grisley (1994) used a logit model to investigate farmer-farmer transfer of new crop

varieties in Uganda. Farmer-farmer transfer may occur in a variety of ways including

visual observation, verbal exchanges and the physical exchange of items (e.g. seeds).

Grisley argues that farmer-farmer transfer of techniques or technologies "may have a far

greater impact on the spread of selected technologies than either public or private firm's

dissemination efforts" (pp. 43-44). The study found that total crop area sown was

significant and positively related to transfer. Farmers who used risk reducing strategies

such as intercropping and non-climbing bean varieties (his measures for risk aversion)

were found to be less likely to transfer grain to other farmers.

Gender Issues in the Adoption of Innovations

Of the adoption studies reviewed here, only one included gender as a predictor

variable. However, factors such as small farm size or access to credit which have been

found to be constraints to adoption for all farmers, are likely to pose more severe

constraints to adoption for women. Some of these issues are discussed below.

In several studies farm size has been found to be positively related to adoption (Tha,

Hojjati and Vosti, 1991; Perrin and Winkelman, 1976). Female heads of household may

find it particularly difficult to adopt new technologies because they often have the smallest

landholdings. In Botswana, female headed households have smaller land holdings, own
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less agricultural equipment and have smaller herd size. In Nigeria, a survey found that

female-headed households had farms of only .8 hectares compared to male headed

households which farmed 2.4 hectares (for a review of this literature see Saito and

Spurling, 1992). A study in Malawi found that households headed by men and women

had average land holdings of 1.32 and .91 hectares respectively (Berheide and Sega!,

1994).

Access to extension information has been found to be positively related to adoption

(Opare, 1977; Perrin and Winkelmann, 1976). Women, both female headed households

and wives, may be at a disadvantage in this regard. Extension agents and development

planners often think that the farmer is male, while women are labeled "the farmer's wife"

(Saito and Spurling, 1992). However, according to the Food and Agriculture

Organization (FAO), women in Sub-Saharan Africa account for 70-80% of household

food production. In Asia and Latin America the corresponding figures are 65% and 45%

respectively (from Saito and Spurling, 1992). Because "the farmer" is typically believed

to be male, extension agents target men for extension activities and do not recognize the

need to make extension services more accessible for women (e.g. having meetings at times

when women are not busy with childcare or cooking). The fact that most extension agents

are male (e.g. in 1989, 93% of extension agents in Africa were male) also poses some

problems for women in terms of access to information. Often females are shy around men,

or male extension agents may not know how to communicate with women. This is

particularly true in cultures where male-female interaction is restricted. A study in Malawi
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(Berheide and Segal, 1994 ) found that 34.3% of male-headed households and 19.4% of

female-headed households had some contact with extension agents in 1983-84. The

authors also discuss the findings of another study (Spring, 1984) which found that the type

of information provided by extension agents differed by the gender of the recipient.

Women were provided primarily with information on home economics while men received

a much wider range of information from crop husbandry to credit advice.

Another assumption of development planners is that information provided to one

household member (e.g. husband) will be transmitted to other family members (e.g. wife).

However, this does not usually occur (Saito and Spurting, 1992). For example, 40% of

women farmers who were interviewed in a Burkina Faso study displayed some knowledge

of modern crop and livestock production. Most of these women claimed to have been

informed by neighbors and relatives, one-third claimed to have received information from

extension agents and only 1 percent had received information from their husbands.

Likewise in Malawi, wives of men involved in agricultural extension activities said that

their husbands rarely shared information with them. Limited transfer of information

among spouses is particularly true in polygamous households. Husbands are not expected

to share information with their wives and it is considered inappropriate for wives to ask

for information (for a review of this literature see Saito and Spurling, 1992).

Access to credit has been found to be a factor related to adoption of technologies

(Perrin and Winkelmann, 1976; Feder, Just and Zilberman, 1985). Lack of credit may be

more of a problem for female than male farmers. For example, women farmers in Andra
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Pradesh, India were found to represent 6-12% of commercial bank loan disbursements and

0% of agricultural loans. In Bangladesh, women represented only 2.8% of the borrowers

of formal credit. Some constraints women face in obtaining formal credit include limited

familiarity with banking procedures, lack of collateral and cultural or social limits on their

mobility (for a review of this literature see Saito and Spurling, 1992).

Education has also been found to be related to adoption and effective use of new

technologies (Perrin and Winkelmann, 1976; Kebede et. al., 1990; Zha et. al., 1991;

Opare, 1977). In all parts of the developing world, with the exception of Latin America

and the Caribbean, women have lower literacy and education than men (World Bank,

1991). In Senegal, there were 72 females for evely 100 males in primary school and 51

females per 100 males in secondary school in 1991 (World Bank, 1994).

Another potential constraint to adoption of new technologies is lack of time. There is

ample evidence from Africa of the high workload borne by women. When all work is

taken into account (subsistence production, agricultural work, etc.) women work longer

hours than men (Agarwal, 1985). For example, a study in Tanzania found that men and

women worked an average of 1,829 and 3,069 hours per year, respectively. Likewise, a

study in Ghana found that men worked 35.39 hours per week and women 46.97 hours per

week (for a review of this literature see Agarwal, 1985).



D. Adoption Defined:

This study defines adoption simply as use of the practice of stabling. Using this

definition, the percent of households which have adopted the practice in each village are as

follows: 4.2% (Bantang Kountou Maounde), 67% (N'Dangane), 22% (Sare

Samboudiang), 26% (Dialambere), 37% (Medina Koundje), arid 23% (Mankacounda).

Although each farmer in the survey is currently using all four components of the

package, most are not following the recommendations of CRZ. For example, farmers feed

their animals different quantities of cotton seed cake or peanut residues than

recommended. It is also believed that most farmers do not mix the stable manure with the

recommended amounts of straw and water (Fall and Faye, 1989). There are many

potential reasons for this behavior that some would call "inefficient". Perhaps the farmer

is experimenting with only a few animals to find out more about the practice without too

much risk, or he does not have enough money or resources to follow the

recommendations of CRZ but still wants to reap some of the benefits, or the farmer may

be adapting the package to his specific needs and situation.

Rather than assume that farmers who do not follow research recommendations are

inefficient, it is assumed they are making best use of stabling according to their particular

situation. Several studies provide evidence for this contention. In the Puebla Project

(Mexico), many small farmers were classified as 'non-adopters' because they were only

adopting one component of the package. Further investigation found that the third

component had negligible economic returns and the second component had few incentives
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because its output price was falling (Winkelmann, 1976). Several other findings

demonstrated that small farmers selectively adopt components of technologies to make

adoption economically feasible and appropriate to their farming conditions, not because

they are conservative and resistant to change (for a review of this literature see Sands,

1986).

E. The Decision Maker:

Before characterizing the adoption process it is necessary to clearly define who is this

decision maker with whom we are interested. In the case of stabling it is expected that the

household head is the person who makes the final decision to adoptlreject the practice,

however his decision is very much influenced by other household members and his cultural

obligations.

Stabling may be considered a private enterprise of the household head (or

occasionally the son). In 23 of the surveyed households the owner of the stable is the

household head, in 2 households the son of the household head, and in 6 others the stable

is owned cooperatively by several household heads who are members of either a village

union or a GIE. It is not surprising that the household head is usually the owner of the

stable since it is he/she who is ultimately responsible for the overall consumption and

production decisions of the household. It is also he/she who has first access to most

household resources (money, labor, and other inputs). Equally important is the fact that

extension agents usually target household heads when they introduce new technologies.
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Although it is a separate enterprise, the owner of the stable cannot carry out the

necessary stabling activities without the help of other household members. This is because

some of the activities are culturally assigned to women (e.g. transforming milk) and

because he may not have the time to complete these tasks on his own. Thus, he needs

substantial labor inputs from other household members in order to carry out the necessary

stabling tasks, As stated in previous chapters, it cannot be assumed that household

members willingly supply their labor. In order to reach the decision to stable, the

household head must negotiate with other household members to obtain their labor. Thus

the decision to stable is made by the household head, but it is very much influenced by

other household members and cultural/traditional norms.

F. The Empirical Model:

Modeling Choice Probabilities

Farmers in Kolda are faced with the choice to adopt or reject stabling. If the farmer

decides to adopt he then faces the decision of what type of stable to build (cement or non-

cement) and how many animals to stable. For each farmer one can observe the alternative

he chose, e.g. the farmer either adopted or rejected stabling, he either adopted Type II

stable or did not adopt Type II stable, etc.. To simplifj the situation we consider only the

choice to adopt/reject for the moment and define the dependent variable Y1 as the

outcome of his choice:
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= 1 if farmer i adopts stabling
=0 if farmer i does not adopt stabling

Observing the value of Y lets one know the choice made by the fanner, but it does

not allow one to understand the determinants of his choice. To relate Y1 to a set of

explanatory variables we first define an unobserved or latent variable Y which is the

farmer's propensity to choose one option over another. It is Y1 * which is related to a set

of explanatory variables denoted as the vector X1; is a vector of parameter estimates;

Cj is the random component capturing the combined effect of missing explanatory

variables, any error which results because the specified functional form is only an

approximation of reality, and any elements of random behavior in the individual. The

relationship between
j*

and the explanatory variables X1 can be expressed as follows:

= Xf3 + Cj

related to Y in the following manner:

Yi =lifYj*>0
Y 0 otherwise

Because Y * contains a random component ( ) we cannot predict with certainty

whether Y * will have a positive or negative value. Therefore we cannot predict with

certainty whether the farmer will adopt (Y=l) or if the farmer will not adopt (Y 0).

What may be stated is the probability P that one alternative or the other will be chosen.



We can express the farmer i's probability of adoption as:

P =Pr(Yj=1)Pr(Yj*>O)

=Pr(Xf3 +g>O)
=Pr(c<X1i3)
=F(X13)

where F( Xj) is the value of the cumulative distribution function of the standard

normal random variable.

The Logit Model

The next step is to decide on a statistical model with which to model the variation of

the random variable P1. Modeling dichotomous choice problems with the linear

probability model using ordinary least square (OLS) is not satisfactory. First of all, OLS is

no longer the best linear unbiased estimator (BLUE) because heteroskedasticity exists.'°

Second, and the more important reason, is that by representing the choice probabilityP

as a function that is linear in the parameters, when the explanatory variables vary, there is

nothing to keep the probability P1 in the [0,11 interval.

Maddala (1983) recommends using logit models in cases involving dichotomous

dependent variables. The logit model is based on a logistic cumulative distribution

function. It has the advantage of being able to relate the probability of adoption to the

explanatory variables in such a way that the probabilities remain within the [0,1] interval.

'° Heteroskedasticity exists because: var () = var (Y) = P (l-P1). Thus var (c1) is

not a constant term since it depends on the choice probability P which varies across

individuals.
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In the logit model, the choice probability P1 is specified as:

1

1+ e_

With some mathematical manipulation, the following equation is derived:

in
1 P

where the left hand side variable is read as the log odds of adoption.

To estimate the unknown parameters 13 in the logit model, we use maximum likelihood

estimation (MLE). MLE is used because the dependent variable is discrete and the

functional form is nonlinear in the parameters.

The Econometric Models

The econometric models to be estimated with MLE are as follows:

Zjj l3io + 13n HERDSIZE + 132ACTPOPN + 133FARMSZ + 134lNCHD

+ 135CREDIT + 1316AGEHD + 137EDUCHD + 1381NCOTHR
+ 139AGEWF + 1310GJEHD + 1311EXTINFO+

where,
ifarmer 1-60
j=(1,2, 3,4)
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The Dependent Variables:

The dependent variable Z j is the log odds of adoption of stabling; Z i2 is the log

odds of adoption of Type I stables; Z3 is the log odds of adoption of Type II stables;

Z4is the log odds of adoption of Type ifi stables. It is expected that there will be

differences in the significance and magnitude of the explanatory variables based on the

type of stable, thus three separate estimations are needed.

The Independent Variables.

Based on the literature review, economic theory and field experience, 11 independent

variables were selected for inclusion in the model.

HERDSZ is the total number of animals in the household's herd. As part of the

household questionnaire, each male and female respondent provided figures for the total

number of animals in the extensive herd as well as the number of stabled animals. The

summation of these figures represents the total herd size. The husband's response was

used because he is responsible for the herd and therefore believed to have better

knowledge of the number of animals owned. HERDSZ is expected to be positively related

to adoption of stabling for two reasons. First, ownership of animals (or at least access to

animals) is a pre-requisite to adoption. As discussed in the partial budgeting chapter, 17%

of household heads cited the lack of animals as a major constraint to adoption. A second

reason for the inclusion of HERDSZ relates to economies of size in transaction costs.
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Farmers with large and small herds may need to exert the same amount of effort to acquire

and process information about stabling, learn how to use it, and make the purchase. Thus

the return per animal may be worth the effort for farmers with a large herd, but not for

those with only a few animals. This argument is similar to the size of farm argument of

Perrin and Winkelmann (1976) which was brought up in the literature review.

ACTPOPN is the number of household members over the age of eight years. This is

available from the questionnaires. Each male and female respondent was asked the

number of children 8-14 years of age, the number of males 15 years or older and the

number of females 15 years and older. The summation of these figures is the active

household population. In this case, the wife's response was used because it is believed

that women's responses are more accurate. Women were generally more careflil in their

answer than men. Women would name the various household members while the female

enumerator counted with her fingers, whereas men would answer immediately, It is

hypothesized that ACTPOPN is positively related to stabling, since the practice requires

substantial labor inputs. Lack of labor was identified as a constraint to adoption in the

questionnaire, with 11% of men and 10% of women citing lack of labor as the reason they

had not adopted. In addition, 5% of men and 10% of women stated that lack of money

and lack of labor were the reasons for not stabling. Results from the reviewed studies are

somewhat mixed. Of the 17 measures of household population used, only 5 showed up

significant and one of these displayed a negative relationship with adoption. Despite the
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mixed findings, ACTPOPN is included since results from the questionnaire identified lack

of household labor as a major constraint to adoption.

FARMSZ is the total area of crop land in hectares. It is available from the

questionnaires. Husbands and wives provided estimates of the size of their own plots.

These figures were summed for each household to arrive at FAB.MSZ. FARMSZ is

expected to have a positive relationship to the probability of adoption. Small farmers may

be less able to adopt stabling because they operate closer to the margins. Failure of an

investment could mean, for example, that the family goes hungry. Thus small farmers may

be more conservative or risk averse than large farmers, out of necessity. FARMSZ may

also be positively related to adoption since it would be expected that larger farms would

have greater quantities of harvest residues available to feed stabled animals. Farm size

was included as a predictor variable in 11 of the reviewed adoption studies. In 8 cases

farm size was found to be significant, in 7 positive and significant.

1NCHD is the cash availability of the household head and is measured in terms of

his/her income from off-farm employment and commercialization of agricultural crops.

Both off-farm income and revenues from crop commercialization are available from the

questionnaires. The summation of the two values obtains INCHD. INCHD is included

for two reasons. First as a measure of the capital available to the household head. As

demonstrated with the partial budget analysis, the costs of cement, cotton seed cake and

medical expenses are quite high. Indeed, responses to the questionnaire identified the high

cost of stabling as a main constraint to adoption, with 67% of men and 80% of women
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stating that lack of money is the reason they are not currently stabling. INCHD also

serves as a proxy for the household head's bargaining power. If the household head has

relatively high bargaining power household members may be less able to withhold their

labor and prevent him from adoption. For these reasons it is hypothesized that INCHD is

positively related to the probability of adoption. Evidence from the literature also

suggests that income is positively related to adoption of farm technologies (Kebede et. al.

1990).

CREDIT is a dummy variable constructed from two other variables from the

questionnaire. Farmers were asked to list the two main constraints to agricultural and

livestock production. If the farmer responded that credit was either the first or second

main constraint, then CREDIT was assigned the value of zero; if the farmer did not list

credit as either the first nor the second main constraint then CREDIT was assigned the

value of 1. The expected sign on CREDIT is positive. Access to credit has been found to

be positively related to adoption of farm technologies (see Perrin and Winkelmann, 1976).

AGEHD is a categorical variable for the age of the household head. AGEHI) is equal

to I if the fanner is 15-25 years of age; equal to 2 if the farmer is 26-3 5 years; 3 if the

farmer is 36-45 years and 4 if the farmer is 46 years or older. Both male and female

respondents were asked their age. This question posed problems for women because,

unlike men, they do not possess identity cards. To make it easier for women to respond to

the question we used age categories. AGEHD is hypothesized to be negatively related to

adoption of stabling. Younger farmers may be more innovative and willing to try out new
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technologies than older farmers. Age of the household head was found to be negative and

significant in the Zambia study (Kebede et. al., 1991).

EDUCHD is the education level of the household head in years. It is available

directly from the questionnaire. The hypothesis is that EDUCH]) is positively related to

adoption. Education has been found to be positively related to adoption of innovations

(Gerhart, 1975; Kebede et. al. 1990; Zha et. al., 1991; Opare, 1977).

INCOTHER serves as a proxy for the bargaining power of sons and wives. It is a

dummy variable of 0 equal to neither son nor wife earned personal income and 1 equal to

son and/or wife earned income. Personal income includes both wages earned from off-

farm employment as well as revenues from crop commercialization. As part of the

questionnaire, respondents were asked if anyone earned income off the farm, the wage

earned, and the specific household member who earned income. Wives also provided

information on the amount of revenues they earned from selling excess agricultural

production. A dummy variable was used rather than the actual income values because of

missing data for son's and wife's off-farm income. The hypothesized relationship between

INCOTHER and the probability of adoption is negative. It is assumed that sons and wives

have preferences for either leisure or other work. Stabling requires the help of sons to

build the stable, collect food, perform the daily stable tasks and spread manure. Wives'

labor demand is also increased since increased milk production implies more time spent

milking cows, transforming milk and selling milk. Wives are still busy with subsistence

activities in the thy season. For example in the survey the women spent an average of 6.5
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hours per day on subsistence activities. The more bargaining power sons and wives have,

the more likely they will be able to withhold labor from the household head. In terms of

the Nash bargaining model, an individual's bargaining power is largely determined by the

wage rate one could obtain if he/she were to enter the labor force (Senauer, 1990).

AGEWF is the age of the wife. It is a categorical variable identical to AGEHD. This

is available directly from the questionnaires. AGEWF is expected to be negatively related

to the adoption of stabling for the same reasons as 1NCOTHER. Studies in several

countries have found that a wife's status increases as she ages (O'Connell, 1994). Thus it

is expected that the increased status of the wife will positively affect her bargaining power

and may lead to her withholding extra labor.

GIEHD is a dummy variable of 0 if the household head is not a Groupement d'Interet

Economique (GIE) member and 1 if the household head is a GIE member. This is available

directly from the questionnaire. GIEs are similar to cooperatives, although better

organized and recognized by the government, Farmers form GIEs to decrease the risk of

taking on investments and to make it easier to obtain credit from the national credit

institution (CNCAs). It is hypothesized that GIEHD is positively related to the probability

of adoption. Membership in a GIE implies that the farmer has the opportunity to interact

with other farmers concerning production techniques. It is expected that information

obtained from other farmers can increase the farmer's perception of the production

advantage and decrease his subjective risk, thereby influencing his decision to adopt.

Indeed, cooperative membership was found to be significant in each case in which it was
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included as a predictor variable (Zha et. aL, 1991). Likewise, Grisley (1994) argues that

farmer-fanner transfer of techniques or technologies "may have a far greater impact on the

spread of selected technologies than either public or private firm's dissemination efforts"

(pp. 43-44).

EX1'INFO is a dummy variable of 0 if the household head did not obtain information

about stabling from extension agents and 1 if the household head did obtain information

about stabling from agents. Data for this variable are available directly from the

questionnaires. EXTINFO is expected to be positively related to the probability of

adoption. It is contended that EXT1NFO implies not only that farmers are aware that the

practice exists, but also that subjective risk may be lower than farmers who have not been

involved in extension activities. This is in line with Frank Cancian's assertion which was

discussed earlier.

Extension information or access to information was found to be positively related in

only 2 of the 12 cases reviewed. However, it is also possible that these extension services

had only been functioning for a short time in which case their impact on adoption could

not yet be measured (e.g. Tha, Hojjati and Vosti, 1991).

G. Results of the Econometric Analysis:

All procedures for the econometric analysis were performed in SAS, a software

system designed for statistical analysis.



Correction for Multicollinearity

Before proceeding with estimation of the four logit models, a test for multicollinearity

was performed. This was done primarily because there was reason to suspect that

FARMSZ, INCHD and ACTPOPN were correlated. Also, collinearity or

multicollinearity is always present to some degree with non-experimental data.

Explanatory variables are said to be collinear or multicollinear (in cases involving several

variables) if they move together in systematic ways. The problem with multicollinearity is

that individual effects of the parameters cannot be separated out. As a result, parameter

estimates may be imprecise. To check for multicollinearity, auxiliary regressions were

run. This involves regressing each of the explanatory variables on each of the other

independent variables. For example,

HERDSZ = 13o + 13iACTPOPN + I32FARMSZ + 133JNCHD

14CDff + 5AGEH + I36EDUC + 137lNCOTHER

+ 138AGEWF + (39GIEHD + (310EXT1NFO +

The rule is that if the R2 is high, or the sum of squared errors (S SE) is low, then

collinearity exists. As expected, the R2 for both INCHD (R2 =.75) and FARMSZ (R2

=.71) indicated a collinear relationship. The other variables had R2 values less than .45.

Results of the auxiliary regressions are included in Appendix D.

There are several possible ways to correct for multicoilinearity: collect better data,

incorporate non-sample information, use ridge regression, or drop a variable. It was not

possible to collect additional data and if relevant non-sample information had been
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available it would have been used. Correction with ridge regression was beyond the scope

of the study. Thus dropping a variable was the most feasible option.

Reduced models were estimated, one which excluded the 1NHD variable, another

which excluded the FARMSZ variable. The J-test was used to compare the explanatory

power of the three models (see Appendix D). The J-test is conducted as follows.

Estimate the complete model and obtain the predicted dependent variable. Include the

predicted variable as an explanatory variable in each of the reduced models. Ifthe

predicted variable is found to be significant in either of the reduced models this suggests

that there is information in the first model which can significantly improve the explanatory

power of the reduced model(s). The predicted variable was found to be non-significant

for the model that excluded the INCHD variable (p =33) and significant at the .10 level

for the model that excluded the FARMSZ variable (p =.09). This suggests that the

reduced model that excludes INCHD does not have significantly less explanatory power

than the full model, but the model that excludes FARMSZ does have significantly less

explanatory power than the full model. Based on the J-test results and the fact that

multicollinearity between INCUD and FARMSZ could be negatively impacting the

parameter estimates, INCHD was dropped from each of the four models.



Estimation of Model 1

The reduced model 1 is as follows:

= f3jØ + J3j1 HERDSJZE + 12ACOPN + f33FARMSZ + j4CRED1T
+ f35AGEHD + f36EDUCHD + f37INCOTHER + 8AGEWF

+ f39GIEHD + 3110EXTINFO + Cj

Model I was estimated with SAS. Table 6.1 presents the results of model estimation.

The second column of the table provides the p-value of the x2 statistic, i.e. the

significance level of the explanatory variable. The third column provides the standard

errors of the explanatory variables. The fourth column of the table provides the parameter

estimate for each coefficient. The sign of the parameter estimate indicates the direction of

the relationship between the explanatory variable and the probability of adoption, Pj.

However, the parameter estimate does not provide an estimate of the magnitude of the

change in Pj due to a unit change in the explanatory variable. To obtain this, one must

take the partial derivative of Pj with respect to the explanatory variable,
ik

The values for derived for the mean values of Xik are reported in column 4.
ik

Computations are included in Appendix D. Table 6.1 also contains several goodness-of-

fit measures in the bottom rows. These will be discussed after the interpretation of the

parameter estimates.
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Table 6.1: Logit Results for Model with Z11 (Adoption) as Dependent Variable

Interpretation of the SignIcant Variables:

Five of the variables are significant at the a=.10 level: HERDSZ, ACTPOPN,

EDUCHD, AGEWF, and EXTINFO.

As expected, HERDSZ has a positive and significant (p =.0163) impact on the

probability of adoption. In other words, households that own more animals are more

likely to adopt stabling. The magnitude of the change in the probability of adoption with

respect to HERDSZ is the value for . The interpretation is that for the
aj1
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Variable Pr>
Chi-Square

Standard
Error

Parameter
Estimate

öPj

ik

INTERCEPT 0.0203 3.7226 -8.6420 -2. 1567

HERDSZ 0.0 163 0.0235 0.0564 0.0141

ACTPOPN 0.0644 0.2744 0.5076 0. 1267

FARMSZ 0. 1320 0.2644 -0.3983 -0.0994

CREDIT 0.2386 1.3284 1.5655 0.3907

AGEHD 0.2305 0.6733 0.8073 0.2015

EDUCHD 0.0820 0.3 762 0.6544 0. 1633

1NCOTHER 0.2215 1.5213 -1.8600 -0.4642

AGEWF 0.0267 0.5612 -1.2440 -0.3099
GIEJiD 0.2975 1.3240 1.3795 0.3443

EXTINFO 0.00 14 2.2 176 7.0909 1.7696

Criterion: Predicted Probabilities:
-2LogL46.105 with 1ODF (p=O.0001) Concordant = 95.1%

Pseudo R2 .4472 Discordant = 4.8%
n = 57 Tied = 0.1%



134

representative fanner (farmer with mean values for all the explanatory variables) adding

another animal to his herd increases his probability of adoption by 1.4 1%.

ACTPOPN is positive and significantly (p =.0644) related to adoption. This implies

that larger families are more likely to adopt. For the representative farmer, a one person

increase in the number of active household members increases the probability of adoption

by 12.67%.

As expected, EDUCBD has a positive and significant (p .0820) effect on the

probability of adoption. For the representative farmer, an extra year of formal education

leads to a 16.33% increase in the probability of adoption.

As expected AGEWF (proxy for the wife's bargaining power) was found to be

negative and significant (p =.O267). This implies that for the representative farmer, a one

unit increase in the age of his wife decreases the probability of adoption by 31%. It should

be noted that it is possible that AGEWF is not actually measuring the wife's status and

bargaining power. Another possibility is that older wives are less able to perform the

required stabling tasks because of their age. Therefore it is possible that age is actually a

proxy for labor productivity rather than status.

As expected, the sign on EXTINFO is positive and significant (p .0014) implying

that farmers who have been involved in extension activities are more likely to adopt

stabling. The magnitude of the effect of extension information on the probability of

adoption is very strong. For the representative farmer, obtaining information from

extension agents increases the probability of adoption by 176%. In the opposite direction,
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lack of extension information increases the probability of non-adoption by 176%. In other

words, access to information appears to be a requirement for adoption.

Goodness-of-fit Measures:

Three goodness-of-fit measures are reported in Table 6.1. The likelihood ratio

statistic (-2LogL) can be used to test the joint hypothesis that all the coefficients (except

the intercept) are equal to zero. The p -value of .0001 indicates that at least one or all of

the coefficients are non-zero.

Another goodness-of-fit measure is the pseudo R2. Several pseudo R2 measure have

been proposed, one suggested by Aldrich and Nelson (1984) is computed as follows:

R2
-2LogL

- (N + -2LogL)

where N is the total sample size and -2LogL is reported in the SAS output.

The pseudo R2 = .4472 which implies that 44.7% of the variation in the log odds of

adoption is explained by the explanatory variables included in the model.

Another possible goodness-of-fit measure is provided by the percentage of correct

predictions (Concordant). The closer this value is to 100, the better is the prediction.

Thus the Concordant value of 95.1% implies that the model is a good predictor of the

variation in the dependent variable.



Estimation of Model 2

The reduced model 2 is as follows:

Zj2 = f3jo + 13j1 HERDSIZE + f32ACTPOPN + f33FARMSZ +134CREDIT
+ r35AGEHD + 136EDUCHD + J317INCOTHER + 38AGEWF
+ f39G1EHD + I3ioEXT1NFO + Cj

Model 2 was estimated with SAS. Table 6.2 presents the results of model estimation.

Table 6.2: Logit Results for Model with Zj2 (Type II Stable) as Dependent Variable

Five of the explanatory variables are significant at the a =. 10 level: ACTPOPN,

FARMSZ, CREDIT, EDUCHD, and EXTINFO.
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Variable Pr>
Chi-Square

Standard
Error

Parameter
Estimate

ik

INTERCEPT 0.0137 2.6414 -6.5118 -1.2729
HERDSZ 0.9463 0.0098 0.0007 0.0001

ACTPOPN 0.03 29 0.1658 0.3536 0.0691

FARMSZ 0.0334 0.1478 -0.3 145 -0.0615
CREDIT 0.0961 0.9665 1.6085 0.3144
AGEHD 0.1113 0.5292 0.8428 0.1647
EDUCHD 0.0656 0. 23 60 0.4345 0.0849
INCOTHER 0. 1210 1.0371 -1.6080 -0.3143

AGEWF 0.1346 0.4062 -0.6078 -0. 1188

GIEHD 0.2392 0.99 12 1. 1665 0.2280

EXT1NFO 0.0024 1.4240 4.3232 0.8451

Criterion: Predicted Probabilities:
-2LogL = 24.663 with 10 DF (p=0.0001) Concordant = 84.2%

Pseudo R2 = .302 Discordant = 15.6%
n=57 Tied 0.3%
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As expected ACTPOPN has a positive and significant (p =0329) impact on the

probability of adopting Type I stables. For the representative farmer, a one person

increase in the active household population increases the probability of adoption by

6.91%. This may be compared with the results of model 1 which has a corresponding

value of 12.6%. It appears that additional household members are more important for

adoption of stables in general (Type I, II or ifi) than for adoption of Type I stables. Since

Type I stables require less time to build it may be that fewer household members are

needed for adoption to occur than in the case of adoption in general which includes stables

that require more labor to build and keep up (Type II and Type ifi).

FARMSZ turned up significant (p =.0334) and negative for Type I stables. This

implies that farmers with larger land holdings are less likely to adopt Type I stables. For

the representative farmer, an increase in farm size of 1 -hectare decreases the probability of

adoption by 6.15%. Perhaps farmers with larger holdings prefer to rest during the dry

season and do not feel compelled to practice stabling because they have adequate food

supplies from the harvest off of their large fields. The results may also indicate that

farmers with larger land holdings are more likely to adopt Type II or Type ifi stables.

However, this is not likely to be the case since FARMSZ was found to have a negative

(although not significant) relationship with adoption in estimation of model 1.

As expected, CREDIT is positive and significantly (p =.096 1) related to the

probability of adoption. For the representative farmer, access to credit increases the

probability of adoption by 31.44%. It is interesting that CREDIT did not turn up
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significant for model 1 since Type II and Type ifi stables are more expensive to build and

thus one would expect that there would be more need for credit. There are at least two

possible explanations. First, farmers who choose to build Type I stables may be resource

poor in comparison to those who build Type II and Type ifi stables. Thus it may be that

Type I stablers have less cash and therefore depend more heavily on credit in order to

adopt. A second possibility is that farmers may recognize that Type I stables are relatively

less profitable and therefore they may be unwilling to adopt without access to credit.

This argument is similar to that of Perrin and Winkelmann (see literature review).

As expected, EDUCHI) has a positive and significant (p = .0656) impact on the

probability of adopting Type I stables. For the representative farmer an extra year of

formal schooling increases the probability of adoption by 8.49%. Education of the

household head appears to be less important for adoption of Type I stables than adoption

in general since the estimate for model 1 is 16.33%. Education enhances the ability to

receive and process information. Since adoption of Type II and Type Ill stables is more

complex and may entail greater risk, education may play a more important role in the

decision to adopt.

As expected, EXTINFO is positive and significantly (p .0024) related to adoption of

Type I stables. For the representative farmer, obtaining information from extension agents

about stabling increases the probability of adoption by 84.5%. This is a strong effect, but

less strong than the effect for model 1 (176%). One possibility is that those who have

adopted Type I stables are late adopters and heard about stabling from other farmers.



Perhaps they were not involved in extension activities because the extension agents

targeted "lead farmers" which have either high prestige or are known for being highly

productive.

Goodness-of-fit Measures:

The goodness-of-fit measures indicate that the model is quite good. The likelihood

ratio statistic has a p -value of .000 1 implying that at least one of the coefficients is non-

zero. The pseudo R2 = .302 and thus 30% of the variation in the log odds of adoption is

explained by the explanatory variables. The value for correct predicted probabilities is

84.2%.

Estimation of Models 3 and 4

MLE estimates could not be obtained for model 3 nor model 4 because there were

not sufficient numbers of observations for the adopt response.

The Relationship Between Gender and Adoption

Gender was not included as an explanatory variable in either of the empirical models

because the survey included only 2 female heads of household. However, gender is a

factor related to adoption. CRZ researchers do not know of any women who practice
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stabling independently. It is not just female-heads of household that do not stable, but also

wives. None of the 57 wives in the survey practice stabling, although they provide labor

for their husband so that he may stable. One may question whether women actually wish

to stable. Every woman in the survey who had heard of stabling stated that she would like

to practice. This answer must be qualified however since we are not sure if women were

stating that they wish to stable individually or to stable with their husband.

To determine the constraints that women face in their desire to adopt the practice,

one may begin by looking at the variables found to be significant to adoption to see if

these are related to gender. Table 6.3 compares the mean values for herd size, active

population, and education, variables which were found to be positively related to

adoption.

Table 6.3: Comparisons between Female and Male-Headed Households

The empirical models determined that households with small herd sizes, low active

household populations and with household heads with low education levels had a lower

probability of adoption stabling. Table 6.3 suggests that while these factors are

Variable Female-Headed Households Male-Headed Households

HERDSZ 3 41.74

ACTPOPN 2 6.15

EDUC (years) 0 .74
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constraints to all farmers in terms of adoption, they pose particular constraints for women,

especially female heads of households.

Access to extension information and access to credit were also found to be positive

and significantly related to adoption. Women are expected to have less access to

extension infonnation than men for several reasons that were discussed in the literature

review: extension agents target men for extension activities, women are often busy when

extension meetings are held, etc.. According to CRZ researchers women are not excluded

from extension activities, however they rarely attend except in cases in which they are

filling in while their husband is away. We asked women farmers if they knew about the

practice of stabling. Of the 59 women interviewed, 42 had heard of the practice, 37 from

extension agents, 1 from another farmer and 4 from relatives other than their husband.

Results from the survey appear to contradict the claim of CRZ researchers. It may be that

we phrased the question incorrectly. We were interested in finding out if extension agents

talk directly with women farmers. It is likely that the women respondents obtained

information about stabling indirectly, by overhearing extension agents discuss the practice

with their husbands.

There are at least two other reasons why women are not adopting the practice: time

constraints and cultural constraints. Stabling requires an additional 5.3 to 6.7 hours of

work per day. Although men have few demands on their labor during the dry season,

women's days continue to be very busy with subsistence activities. The five womenthat

we observed for an entire day spent 2.95 hours, 6.4 hours, 7.32 hours, 11 hours and 12.5
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hours on subsistence production (see Appendix B). On days when women perform tasks

that are not performed on a daily basis such as laundry or collection of firewood, these

estimates will be higher. The point is that women continue to be busy during the dry

season and therefore they may not have the time to stable.

A second reason women do not practice stabling is cultural. According to Peulh

culture women are not supposed to build. Since stabling requires one to build even in the

case of the most simple stable, this presents a constraint for women. If women wish to

practice stabling, they will need to have someone build the stable for them. In all

likelihood, women will have to pay to have the stable built whether the builder is a non-

relative or their husband or son. A woman will have to pay her son or husband because

building a stable is outside of the responsibilities/duties of the son/husband as a member of

the household. Women are not likely to have adequate savings or access to credit so that

they can pay someone to build a stable for them and therefore adoption is problematic.

IL Chapter Summary:

In this chapter two empirical models were used to determine the factors related to

adoption of stabling. With one model the dependent variable was adoption in general

(any type of stable). With a second model the dependent variable was adoption of Type I

stables. For the first model the variables found to be significant were: herd size (positive),

active household population (positive), education of household head (positive), extension

information (positive) and age of the first wife (negative). For model 2, the significant
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variables were: active household population (positive), credit (positive), education of the

household head (positive), extension information (positive) and farm size (negative). The

overall finding from the two models is that extension information is a pre-requisite for

adoption. Other important variables include the number of active household members, the

age of the first wife and the education level of the household head.

A discussion about the relationship between gender of the household head and

adoption of stabling followed model estimation. Many of the variables that were found to

pose constraints to adoption (small herd size, small family size and low education of

household head) are expected to pose more severe constraints for female-headed

households. It is also expected that time and cultural constraints make it very difficult for

women farmers to adopt the practice of stabling.



CHAPTER SEVEN: SUMMARY AI1) RECOMMENDATIONS

A. Summary of Findings:

The study had two main objectives: to determine if stabling is contributing to an

improvement in the economic well-being of farmers and their families and to determine the

factors related to adoption of the practice. Before the analyses were conducted, the

transaction cost approach was presented as the conceptual framework for the study. The

next chapter provided a detailed discussion of the physical, social, cultural and economic

environment of the region. A conceptual framework and, more importantly, in-depth

knowledge of the region were critical for identifying issues for the analyses as well as

interpretation of the results.

The first objective was conducted with use of partial budgeting and a discussion of

the distribution of benefits and costs. The partial budget analysis determined that stabling

is a profitable practice for each of the three stable types: Type I (non-cemented with 2-8

animals), Type II (non-cemented with 9-11 animals), and Type ifi (cemented with 16-22

animals). In each case substantial net benefits were achieved from stabling. The most

profitable stable type (net benefit per stabled animal) is Type II. It is likely that economies

of size for transaction costs and factor costs are being attained. For the farmers in the

study, cemented stables do not offer additional benefits.

The main costs to stabling were time related, either time spent milking cows,

transforming and selling milk, or time spent on the daily stabling tasks. Another major
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cost is for the food supplementation (cotton seed cake). The main benefits are

overwhelmingly the value of fatter bulls and steers followed by increased milk production

either for home consumption or revenues.

The discussion of the distribution of benefits and costs was illuminating. It could not

provide definitive conclusions in terms of the distribution of benefits due to insufficient

data. However, cost data is available and was used to determine the contribution of

different household members to the practice. A few conclusions were reached, most of

which pointed to the need for the collection of more data. As far as benefits, those which

are believed to be distributed to all household members include milk production that is

home consumed, the benefits from the biogas plant and any meat which is home

consumed. Still the question remains as to whether the milk and meat that is home

consumed is distributed equitably, in other words according to one's needs (e.g. RDA). In

all cases in which revenues are obtained (e.g. milk commercialization or selling animals) it

is particularly uncertain how the benefits are distributed. A review of the literature and

knowledge of the cultural norms leads one to suspect that men may be using some or all of

the revenues obtained from stabling for personal needs. Some of what he keeps for

himself may "trickle across" to other members, e.g. if he uses his cash to buy farm

equipment it may mean increased food for the family. It is also possible that he will use

revenues to buy tea or tobacco, which do not benefit other household members.

As far as costs, the monetary costs are paid by the owner of the stable. However time

costs are very significant and these fall on other household members as well. Women and
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boys contribute an average of 12% and 15% of the additional labor required to practice

stabling. A major finding of this section is that more information is needed before any

conclusions can be made concerning the potential of stabling to increase the economic

well-being of all farm-family members.

The second objective was to determine the factors that are related to adoption of the

practice. Two empirical models were estimated with MLE. With one model the

dependent variable was adoption in general (any type of stable). With a second model the

dependent variable was adoption of Type I stables. For the first model the variables found

to be significant were: herd size (positive), active household population (positive),

education of household head (positive), extension information (positive) and age of the

first wife (negative). The strongest effects were for extension information and the age of

the wife. From the results it appears that access to extension information is a pre-requisite

to stabling. It also appears that having an older wife is strongly related to non-adoption

either because the wife has increased bargaining power, or she may be less able to perform

the required stable tasks due to her age.

For model 2, the significant variables were: active household population (positive),

credit (positive), education of the household head (positive), extension information

(positive) and farm size (negative). The strongest effects were for extension information

and credit. Again extension information appears to be a pre-requisite for adoption.

Access to credit turned out to be important for adoption of Type I stables. This was as

expected, but somewhat pnz7iing since access to credit was not found to be important for
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adoption in general. Perhaps farmers who adopt Type II and Type ifi stables rely less on

credit because they have adequate savings. Or it may be that since Type I stables have

lower net benefits per animal, a farmer may be unwilling to invest his own money for

stabling, and instead prefers to use credit. An interesting result is that farm size was

found to be negatively related to adoption. This seems counter-intuitive. One possible

explanation is that farmers with large land-holdings have adequatemoney to make it

through the year without additional earnings and/or production. Thus they may choose to

use the dry season to rest rather than undertake a new investment.

The overall finding from the two models is that extension information is a pre-

requisite for adoption. Other important variables are the number of active members in the

household, age of the first wife and the education level of the household head.

Following estimation of the adoption models, there was a section which explored the

hypothesis that gender of the farmer is related to adoption of stabling. None of the

women in the survey practice stabling independently. CRZ researchers also stated that

they do not know of any women in the region that practice stabling on their own. There

are two potential explanations for non-adoption by women farmers: either women do not

wish to practice independently, or women wish to adopt stabling but face constraints to

adoption. In interviews with women farmers, all women who were aware of the practice

stated that they would like to practice stabling. However, since women were simply asked

if they wish to practice stabling, rather than asking them if they wish to practice stabling

independently, results from the question do not provide sufficient evidence of women's
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desire to practice stabling on their own. However, field experience and discussions with

other researchers leads me to believe that women would like to practice stabling

independently, but are unable to do so because of several constraints. Many of the

variables that were found to pose constraints to adoption are expected to pose particularly

severe constraints for female-headed households. Indeed, the two female-heads of

household in the survey had small herd size, small family size, and a low education level

relative to the male household heads. Other potential constraints which were discussed

include time and cultural constraints. In comparison with men, women continue to be

very busy (with subsistence activities) during the dry season and likely do not have the

time to spend 5 or 6 additional hours practicing stabling. The cultural constraint is that

women are not supposed to build according to Peulh culture. This implies that to stable a

woman must pay someone to build the stable for her. Since women do not typically have

much savings and have very limited access to credit, adoption of the practice would be

very difficult for most women.

B. Policy Recommendations:

Several policy recommendations emerge from the findings of the study. Stabling was

found to have the potential to increase the well-being of farmers and their families, but

there are many constraints which limit the adoption of stabling and the scope of the

benefits attainable. Based on the study findings and other information, there are several

policy recommendations which are made here. These include the following: credit must be
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made more available, the price of cotton seed cake should be stabilized, the practice

should be made accessible to women, increased investments should be made in extension

services so that they are better able to provide information and educational services, and

improvements should be made in the marketing of meat.

Access to credit is in general problematic and it is believed this will become even

more of a problem in the future. Cash is needed to pay for building materials, to purchase

cotton seed cake, to pay for animal health care, and for wages paid to non-household

laborers (especially for those households that do not have adequate household labor to

practice stabling). The need for credit is especially critical for low income households and

female-headed households, which are expected to have less savings to cover these costs.

There are currently three formal credit sources: Sodefitex, CRZ and CNCAs. For the

time being, Sodefitex has a credit program for those who stable (although very restrictive).

Both CRZ and Sodefitex also have pen-urban milk production programs. The programs

enable farmers to purchase cotton seed cake on credit and receive medical care on credit;

farmers reimburse CRZ and Sodefitex when they commercialize milk. The CRZ pen-

urban milk production program is expected to last a few more years. It is not known how

long the Sodefitex programs will continue, but if the past is any indication, the current

programs are likely to be abandoned or become increasingly restrictive. The third credit

source is CNCAs, the national credit institution.. CNCAs is not very forthcoming with

loans (particularly for agriculture) and its loans have an 18% interest rate. Thus access to

credit from CNCAs is very limited. Therefore, unless additional credit institutions are



150
created or CNCAs makes loans more available and decreases the interest rate, the end of

the CRZ and Sodefitex credit programs will mean the end of credit availability.

The price of cotton seed cake must be stabilized if adoption of the practice is to

continue. If the costs continue to rise there are two potential consequences. One is that

many households will abandon the practice or choose not to adopt the practice because

the food costs will be prohibitive. Another possible outcome is that households that stable

will become increasingly dependent on animal food sources obtained in the forest. This is

not a sustainable practice. The Kolda Region has among the most abundant forest

resources in Senegal, however such resources are not unlimited. Some farmers complain

that people from northern villages are coming down to the forests surrounding their

villages and hauling collected wood back north. There is a need to find new sources of

food for stabled animals, sources which are affordable and do not rely heavily on the

forests.

Another important recommendation is that stabling must be made accessible to

women. This recommendation is warranted for several reasons. First, if the goal is to

improve the economic well-being of all household members, wives should be targeted

since they are more likely than men to use increased production and income for household

needs. Second, there are female-headed households in the region. Although the figures

for the Kolda Region are that 4% of households are headed by women, the number of

temporary female-headed households (while husband is absent) may be much higher. Why

should these households be prevented from reaping the benefits of stabling?
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How can stabling be made more accessible to women? First, extension agents must

begin to target women for extension activities and female extension agents should be

hired. At the very minimum, efforts should be made to ensure that women are able to

attend extension activities (e.g. have meetings at times when women are not busy) since

access to information is a pre-requisite to adoption. Second, extension agents may need

to work with women to help them organize into cooperatives or GIEs. Many women do

not own enough animals to make it worth the effort, but a cooperative stable may be more

feasible (this applies to male farmers as well). Women could then pooi their money or

with GIE membership have better access to credit. Women will require more cash to

stable because they will need to pay someone to build the stable for them.

Results from both logit models determined that extension information is highly related

to adoption of stabling. There is a need to expand extension activities to make the

practice accessible to as many farmers as possible. Right now it is mainly farmers in

villages in which CRZ and Sodefitex intervene that are using the practice. In order to

prevent regional effects in which some areas are developed and others left behind,

extension must reach other villages. Extension services may wish to draw upon the help

of farmers in this regard. For example, extension agents could choose a few farmers from

each village, train them as necessary and then these farmers could be responsible for

providing information about stabling to farmers within their village.

The main benefit to stabling was found to be the value of fatter bulls and steers. At

present, the marketing system for meat is not well developed in the region. Farmers sell
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meat primarily during times of crop failure or for Muslim holy days. There are far too

many intermediaries to make the marketing of meat profitable and thus induce farmers to

sell their animals. Instead, animals are not slaughtered until they are old and command a

lower market price. Making the marketing of meat feasible for most farmers will require

that either improvements are made in transportation services and/or marketing agents

come to the villages.

C. Recommendations for Future Research:

It is hoped that CRZ will continue to study the issues which were either analyzed in

this study or brought up as interesting and important research topics. This study can serve

as a point of departure for future research. It provides base-line data as well as

procedures. A major contribution that this study can make in terms of future research is

to provide recommendations based on what was learned during field research and in

conducting the analyses. For example, which data collection techniques were found to be

most effective, which questions were problematic, questions that need to be addressed in

future studies, etc..

As far as survey procedures, there are many suggestions. The household

questionnaire contained many questions that are important, but not directly relevant to the

study; in particular the questions in the middle to end of part A (e.g. time spent on

agricultural tasks or percentage of crop damage). The questionnaire could be shortened

substantially and still yield the same amount of relevant information. Also much of the
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information that was obtained through interviews could be better obtained through

observation, or weekly interviews. For example, enumerators could visit farmers on a

weekly basis and ask them how much time they spent that week on stabling activities, how

much manure they collected from the stable, how much milk was produced, etc.. Also,

enumerators could be present when the stables are built or rebuilt and time the duration.

As far as the partial budgeting model there is a need for data collected over time in

order to determine the production and income advantage of stabling. A several year study

with the same farmers is recommended. This would allow for the comparison of

production of milk for the same cows across time rather than having to compare different

cows and assume that any differences that exist in terms of productivity are a result of

stabling rather than inherent differences. Comparisons of the weight of animals over time

would also be possible as well as the reproductive performance ofcows, etc..

It is really important for future studies to obtain the necessary data to analyze the

distribution of costs and benefits of stabling. This requires expenditure data from

husbands and wives to determine how they spend increased earnings obtained from

stabling. Consumption data should be collected from representative household members

(teenage girls and boys, infants, male adults and female adults) so that it may be

determined if stabling increases the food consumption of individual household members.

Attitudinal data will also be important. Different household members could be asked if

they feel stabling has improved their economic well-being or made them worse off, and

why.
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INTRODUCTION

[Enquêteur: Avant de commencer / 'eniretien, lisez cette introduction a k/la répondant.]

Cette étude est un effort collaboratifde Monica Fisher, une étudiant de Masters a Oregon State
Université aux Etas Unis et Abdoulaye Fail, un économiste a l'ISRA. L'objet general de notre
étude est de connaltre l'impact economique et social des étables fumiers.

Avec votre collaboration nous souhaiterions trouver les réponses mix questions suivants:

Cette pratique de Ia stabulation, est-elle rentable pour les paysans de la region de Kolda
(augmentation de revenus, augmentation de la qiialité et quantité d'alimentation, etc)?

Quelles sont les categories des paysans qui utilisent cette pratique Ct celles qui ne l'utillisent

pas?

Quelle est l'impact économique et social de la pratique de la stabulation sur les hommes et
sur les femmes?

Bien que cette étude ne soit pas un projet de développement, nous espérons qu'elle sera
bénefique aux paysans de Kolda.

Nous voudrions vous assurer que les résultats de cette étude seront publiés de manière
anonyme.

Nous voudrions vous remercier d'avance de votre cooperation dans cette étude. Sans vous,
1' étude ne pourrait pas avoir lieu.
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7. A quel groupe ethnique appartenez-vous?

QUESTIONNAIRE A:
Concernant P agriculture

[Enquêteur: Remplissez les questions #1 a #6 avant de commencer l'entretien.]

Nom de l'enquêteur:

Date d'entretien:

Nom du village:

Nom du chef de ménage:

Sexe de la personne interviewee:

[1 féminin
[]masculin

Nom de la personne interviewee:

[Enquêteur: Vouspouvez commencer maintenant l'entretien.]

Je voudrais commencer en vous posant les questions suivantes sur vous et sur votre
ménage.
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Quel age avez-vous? [Enqueteur: C'est possible que lena répondant va vous dir qu'il
ne connaitpas, en ce cas, posez les categories suivantes.]

[1 l5à25ans
[]26a35ans
[]36à45 ans
[]46 ans ou plus

Avez-vous fait l'école francaise?

[J oui (allez a la question #10)
[]non (allez a Ia question #11,)

Combien dannées d'études avez-vous complété?

QueUe est votre principale occupation: agriculture, élevage, maraIchage, commerce,
chef reigieuse ou autre?

[]agriculture
[jelevage
[1 maraIchage
[]commerce
[1 chef religieuse
[]autre (précisez)

Avez-yQ fait parti dune cooperative etlou d'un groupement d'intérét économique
etlou d'une association communautaire ou villageoise?

[1 cooperative
[]groupement d'intérêt économique
[]une association communautaire ou villageoise

Avez-vous bénéfice d'un projet de développement, par exemple: agriculture, élevage,
sante, foresterie, aiphabétisation, service d'appui en eau/puits?

[]oui (irécisez le type de projet)

[II non
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Si vous avez besoin du credit, a qui allez-vous? Allez-vous a un membre du ménage
ou du carré, a un ami, a un banque ou société cooperative, ou a un autre?

[]un membre du ménage ou du carre
[]un arni
[J un banque ou société cooperative
[1 autre (préciser)

Combien de personnes y a t-il dans votre ménage (pas carre)?

Combien d'enfants, de huit a quatorze ans, y a t-il dans votre ménage?

Combien d'hommes, de quinze ans ou plus, y a t-il dans votre menage?

Combien de femmes, de quinze ans ou plus, y a t-il dans votre menage?

[Enquêteur: Les questions suivantes (de #19 a #22) sont destinées seulement auxfemmes
répondantes. Allez a question #23 s/ic répondant est un homme.]

Votre man est-il polygame?

[1 oui (aiiez a la question #20)
[} non (allez a la question #21)

Combien de co-épouse avez-vous?

Votre man, était-il dans le ménage durant Fhivernage passé?

[]oui (allez a la question #23)
[} non (aiiez a la question #22)

Oü se trouve-t-il?

Est-ce un membre de votre ménage a effectué un travail rémunéré durant Fannée
passée?

[]oui (allez a la question #24)
[]non (allez a la question #25)
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24. Pour chaque personne qui a travaillé, pouvez-vous me dire Ia nature du travail, la oü
les saison(s) pendant laquelle le travail a été fait, et le montant payé (total) pour le travail.
[Enquêteur: Si le repentant ne connaltpas le montantpayé, prenez le nom des membres
th ménage impliqués dans ces activités, et cites par le répondant, et essayez de les
contacter individuellement enfin d'enquete pour remplir le reste du tableau.]

Membre dii ménage La nature dii travail La saison

H=hivernage
SS=saison sèche
T-toute l'année

Le montant paye en
total (CFA ou
nature echange)



Quelle est la superficie approximatifdes champs du menage?
[Enqueteur: Faites attention de marquer l'unité de la réponse. C'est possi b/c que le
paysan va vous dire qu'il ne connaItpas la superficie. Dans ce cas, écrivez qu 'ii ne
connaltpas, etplus tard nous a/ions le mesurer.]

Dites moi les types de cultures que votre ménage a cultivé pendant l'hivernage passé.
Pour chaque type de culture, dites moi la superficie approximatif que votre ménage a
cultivé et la ou les période(s) approximatifs que vous avez semé.
[Enquêteur: (a) Ecrivez chaque type de culture que le répondant vous dit. Ensuite,
demandez aupaysan la superficie qui était semé avec chaque type de culture et Ia ou les
périodes du semis. (b) Encore, si le paysan donne son réponse avec zinc unite dfferente
de l'hectare, ilfaut indiquer l'unité. (c) Pour la ou les périodes du semi, on peux utiliser
le date des événements importants comine tabaski, tamxarit, magal, etc pour aider Ic
paysan en souvenant.]
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Nom de la culture Superficie semis L'unité de mesure La ou les période(s)
de semis
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27. QueUe était Ia quantité récolté par type de culture de votre menage? Précisez l'unité
de mesure et la forme du culture (sur l'épi, en graine).
[Enqueteur: Si la répondant est unefemme et elle ne connaItpas la quantité récolté de
tous les types de culture, posez la question seulement pour les types de cultures qu 'elle
cultive.]

Nom de la culture Quantité récolté L'unité de mesure (par
exemple: kilos, cordes,
tons, etc)

Forme du culture
(par exemple: en grain)



28. Quelle était Ia quantité commercialisée par type de culture de votre ménage après Ia récolte passée? Précisez l'unité de

mesure, Ia forme du culture, le prix de commercialisation, le membre du ménage qui Fa vendu, et le membre du ménage qui a

décidé comment le menage doit utiliser les revenus.
[Enquêteur: Si le/la répondant ne connaitpas Ia quantité commercialisée nile prix, Jul demandez les revenus totaux de

commercialisation par culture commercialisée.j

I-
0\
00

Nom du culture Quantité
commercialisde

L'unit de mesure Forme du
culture

Prix par unite
vendu (CFA ou
nature échange)

La persomie qui Va
vendu

La personne qui a
décidd comment on
utilise le revenu



Quels sont les types de cultures que les hommes de votre ménage ont cultivés
l'hivernage passé?

Quels sont les types de cultures que les femmes de votre ménage ont cultivés
l'hivernage passé?

[Enquêteur: Si votre répondant est unefemme, poser les questions #31 a #33 seulement
pour les cultures qui elle et les autresfemmes du menage cultivent.]

Pour chaque type de culture que votre ménage a cultivé Fhivernage passé, dites moi Ia

quantité de semence vous avez utilisée et l'origine des semences.
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Nom de la culture Quantité semence L'origine

A=acheté
D=don/
cadeau
Ppropre semence
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Qu'utilisez-vous pour fertiliser vos sols? Utilisez-vous du fumier (précisez parcage ou
étables), de Vengrais chimique, ou d'un autre fertilisant? Pour chaque fertilisant que vous
utilisez, precisez Ia quantité Ct l'origine (acheté, propre production, donlcadeau, propre
fumier, fumier acheté).

[Enquêteur: la question suivant est destinée aux répondants qui utilisent lefumier, si le

répondant ne l'utilise pas, allez a la question #34.]

Quel type du fumier utiisez-vous: des bovins, ânes, chevaux, chèvres, moutons,
volaille, autre. [Marquez chaque réponse que le/la répondant vous donnes.]

[]bovins
[]ânes
[1 chevaux
[} chèvres
[]moutons
[}volaille
[} autre (préciser)

Noun dii
culture

Quantité
du fumier
(préciser
l'unité)

L'origine

A=acheté
P=propre
Ddon/
cadeau
(préciser
parcage ou
étable)

Quantité
d'engrais
chimique
(préciser
I'unité)

L)origune

A'acheté
D=don/
cadeau

Quantité
d'autre
(préciser
le nom et
l'unité)

L'origrne

Aacheté
Ppropre
Ddon/
cadeau



34. Pour chaque type de culture que votre ménage a cultivé l'hivernage passé, dites moi le nombre de personnes impliquees Ct le temps
mis en heures et jours pour les taches agricoles suivants. Précisez le nombre de personnes impliquées (femmes, hommes, enfants, main
d'oeuvre hors menage), combien d'heures était travaillé par jour par personne et le nombre dejours pris pour completer le travail.
[Enqueteur: (1) Pour le temps mis par jour, onpeux uliliser lesprières musulmanes comme:fadjar, tisbar, etc.. (2) Pour le temps mis
en nombre dejours vouspouvez uliliser les dates d'événements importants comme ramadan, tabaski, tamxarit, etc.]

Nom de culture:

Tache agricole Hommes (15 ans ou plus) Femnies (15 ans ou plus) Enfants (de 8 a 14 ans) Main d'oeuvre hors ménage

Nmbre
hommes

Nmbre
heures!
jour!
homme

Nmbre
jours
totate/
homme

Nmbre
femmes

Nmbre
heuresI
jour!
femme

Nmbre
jours
totale!
feinme

Nmbre
enfants

Nmbre
heures/
jour/
enfant

Nmbre
jours
totale!
enfant

Nmbre
main
doeuvrh
ors
ménage

Nmbre
heuresl
jour!
main
d'oeuvr

Nmbre
jours
totale!
main
d'oeuvr

Montant
payã
(CFAoÜ
nature
echange)

Preparer le sol

Labourer

Serner

Biner

Récolter

Autre (préciser)



[Enquêteur: La question suivante (#35) est destinée au chef dii ménage. Allez a la
question #36 si le répondant n'estpas le chef du menage.]

35. Recensez les types d'équipements agricoles utilisés. Pour chaque type d'equipement,
précisez I'appartenance, la valeur d'acquisition ou de louer, et Ic propriétaire.
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Type d'&uipement Appartenance

L4ocation
E=emprunt
P=propre

Valeur
d'acquisition
ou. de louer

Le propriétaire

C=chef du carré
M=chef du ménage
P=autre paysan
A=autre (précisez)



Avez-vous note des dégâts dans vos cultures durant I'hivernage passé?

[]oui (allez a question #37)
[J non (allez a question #38)

Quelles cultures étaient gâtés? Quelle est la raison des degâts? Et combien du type de
culture était dégats? [Enquêteur: Pour le pourcentage, nous cherchoizs pour une réponse
approximat?f Donc vous pouvez demander: un demi, un quart, etc.]

Nom de la culture La nature de dégâts Pourcentage du plante gâté

Avez-vousjamais eu des difilcultés d'augmentation de Ia production?

[]oui (allez a question #39)
[1 non (c'estfinz)

[Enqueteur: Si le paysan réponde "non ' faites attention qu 'ii vous a compris.]
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39. Quelles sont les raisons: deficit de pluviométrie, fertiité du sol, accès difficile au
credit, manque de terrain, manque de main d'oeuvre, manque de semence, manque
d'equipement, ou autres raisons?
[Enquêteur: Lire cette liste et marque "oui" ou "non" comment le paysan vous dites.
Aussi, lui demandez s'ily a auires dfjIcultés, que vous n'avez pas poser.]

deficit de pluviométrie

[]oui
[1 non

fertilité du sol

[ii oui
[]non

accès difficile au credit

[1 oui
H non

manque de terre

[1 oui
[]non

manque de main d'oeuvre

{] oui
[]non

manque de semence

[1 oui
[} non

manque d'equipement

{] oui
[]non

autres (préciser)
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40. Parmi ces contraintes cites, quels sont les deux plus importants par ordre
dimportance? {Enquêteur: Nombre les réponses de 1 a 2, 1 c'est laplus contraignante.]



QUESTIONNAJ1 B.1:
Concernant I'élevage

Pour répondants dans les ménages qui pratiquent Ia stabulation

[Enqueteur: Commencez maintenant l'entretien. Les questions concernent toutes les
activilés liées aux animaux du ménage.]

Depuis quand commencez-vous a pratiquer la stabulation de vos animaux?

Quelles sont les raisons qui vous ont amené a pratiquer la stabulation de vos animaux?

3. Comment avez-vous appris la pratique de Ia stabulation: avez-vous été informé par les
agents du développement ou de la recherche, par dautres paysans, ou par qui d'autres?

{ J agent de développement ou de la recherche
[]autres paysans
[]autre (préciser)
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4. Depuis que vous avez commence a pratiquer Ia stabulation de vos anirnaux vous avez
certainement note des avantages et des inconvénients. Quels sont ces avantages et ces
inconvénients. Quelles sont les raisons qui justifient ces avantages et ces inconvénients.
[Enquêteur: Prenez en premier lieu les avantages, puis les inconvénients. Pour chaque
catégorie listez les raisons.]

Pourriez-vous dire de facon globale que la pratique de la stabulation est une bonne ou
mauvaise chose?

[]bonne chose
[} mauvaise chose

Selon Yexpérience que vous avez déjà acquisé, pensez-vous que vous continueriez cette
pratique dans l'avenir? Pourquoi?

Avantages Raisons Inconvénients Raisons



LES COUTS EN TEMPS ET EN VALEUR:

7. Enumérez toutes les tâches quotidiennes qui concernent les animaux de votre ménage
durant les deux saisons. Précisez le nombre de personnes impliquees et le temps mis
(nombre d'heures par jour par personne) pour chaque saison. [Enqueteur: N'oubliezpas
depréciser le montant payé pour la main d'oeuvre hors menage.]

178

Tache Nombre de personnes
impliquées

Ffemme
H=homme
Eenlant
Mmain d'oeuvre hors
indnage (préciser le montant
payé)

Temps mis (nombre d'heuresf
jour! personne)

Saison sêche Hivernage Saison sèche Hivernage

Abreuvement

Conduite au pâturage

Traire le lait

Transformation du lait

Commercialisation du lait

Autre (prdciser)

Autre (préciser)
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8. Enumérez toutes les tâches quotidiennes qui concernent seulement les animaux stabulés

de votre menage durant la saison sèche. Précisez le nombre de personnes impliquées et le

temps mis (nombre d'heures par jour par personne) durant la saison séche. [Enquêteur:
N'oubliezpas de préciser le montant payé pour main d'oeuvre hors ménage.]

Queue était Ia durée de la stabulation de vos animaux durant l'année passée? Précisez la

date du debut Ct de la fin de l'opération.

Avez-vous acheté des aliments de bétail pour vos animaux stabulés?

[1 oui (allez a la question #10)
[]non (allez a la question #11)

Quelle est la valeur totale des achats en ailments de bétail durant l'année passée, pour

l'ensemble de vos animaux stabulés?

Queue est la quantité totale estimée des cadeaux reçus en ailments de bétail durant

l'année passée pour l'ensemble de vos animaux stabulés? Précisez le type d'aliment.

Tache Nombre de personnes
impliquëes

F=femme
H=homme
E=enIant
Mmain d'oeuvre hors
mdnage (j)rdciser le
montant payé)

Temps mis (nombre
d'heures/ jour!
personne)

Distribution d'aliments

Entretien de l'étable

Autre (préciser)

Autre (préciser)
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13. Combien de fois avez-vous vaccine les animaux stabulés et les animaux non stabulés
durant l'année passée? Quel est le coüt global de ces charges de vaccination par catégorie
(animaux stabulés et animaux non stabulés)? Quels sont les autres soins apportés aux
animaux et les coilts correspondants par catégorie?
[Enquêteur: Si le montantpayé était pour l'e,zgemble des animaux stabulés non
stabulés, ilfaut le préciser en parenthèse.J

Animaux stabulés Animaux non stabulés

Vaccination
nombre fois/an

Coüt global vaccination (CFA)

Autres soins (précisez)
nombre de foislan

Coat global autres soins/an (CFA)
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[Enqueteur. Allez a l'établefumiere pour completer question #14 a question #20. Si le

répondant n'estpas Ic chef dv ménage allez a Ia question #21.]

14. Modèle d'étable:

plancher

II] cimenté
[]non cimenté

palissade

[1 briques

[1 banco
[1 crintin

[II épineux

toit (préciser la nature)

15. Qui est le propriétaire de létable?

16. Combien de ménages utilisent cette étable?

17. Combien d'animaux pouvant être stabulés dans cette étable?

18. Quelle est l4année de construction de 1'étable?

19. Combien avez-vous dépensé pour acheter les matériaux pour bâtir l'étable (ciment,

sable, gravier, piquet, paille, bambou, etc.)? [Enquêteur: Pour cette questionje voudrais
connaltre le montant payé par le ménage. Si les dépenses ont été effectuees parplusieurs
ménages, ilfautpréciser lapart qui revient au ménage enquête.J

V

Matériaux

ciment

autres (préciser)

Coüt global (CFA ou nature échange)
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20. Enumérez toutes les taches qui ont compose la construction de votre étable. Précisez
le nombre de personnes impliquées, le nombre d'heures de travail par jour par personne, et
le. nombre de jours travaillées par personne. [Enquereur: Dans le cas d'une étable
cooperative ilfautpréciser la main d'oeuvre qui revient au ménage enquêté. Aussi, Si
une main d'oeuvre hors ménage estpayée pour son travail, ilfautpréciser la part des
épenses qui revient au menage enqueté.J

Tache Nombre de personnes
impliquëes

H=homme du ménage

Nombre
d'heures de
travaiL/jour/
personne

Nombre de
jours travaillés/
personne

E=enfant dii ménage
M=niaun d'oeuvre hors
ménage (préciser le montant
payé par le ménage)

Collecte de niatériaux de
construction (bambous, piquets,
pailles, sable)

Ouverture de la fosse

Construction de l'abri

Construction de la cloture

Maçonnerie Confection des
briques

Construction

Autre (préciser)



LES BENEFICES EN TEMPS ET EN VALEUR:

Durant la saison sèche, queue était la quantité du lait produite et vendue par jour de
vaches laitières stabulées et non stabulées de votre ménage?

Durant l'hivernage, queue était la quantité du lait produite et vendue par jour pour
l'ensemble des vaches laitières de votre ménage?

Vaches laitières

Hivernage

Quantit dii lait produite Quantité du lait vendue
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Saison Séche

Quantité dii lait produite Quantitd dii lait vendue

Vaches laitières
stabulées

I Vaches laitières
non stabulées
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Quel était le prix moyen du lait (CPA par litre) que vous avez recu durant les deux

saisons?

Prix moyen en saison sèche (CFAJIitre) Prix moyen en hivernage (CFAJlitre)

Récensez les animaux stabulés et non stabulés vendus durant l'année passée. Précisez
le nombre vendu et Ia valeur (en espèces CFA ou en nature). [Enqueteur: Faites attention
de préciser si les animaux vendus sont stabulés ou non-stabulés.]

Animal Nombre vendu

S=stabulé
NS=non stabulé

Valeur (CFA ou
nature échange)

taurillons

taureaux

vaches

boeufs

autre (preciser)
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Avez-vous utilisé le fumier des étables pour la production agricole de votreménage?

[1 oui (allez a la question #26)
[]non (allez a la question #33)

Queue est la quantité totale de fumier produit dans vos étables? Précisez Punité de
mesure.

Comment avez-vous réparti (en pourcentage) l'utilisation du fumier par culture?

Depuis que vous-avez commence la stabulation de vos animaux, avez vous note une
augmentation, ou une diminution, ou pas de changement dans la production (en quantité)
de fumier?

[]augmentation (allez a Ia question #29)
[J diminution (allez a la question #29)
{] pas changement (allez a la question #30)

De combien était le changement? Précisez l'unité de mesure.

Depuis que vous-avez commence a utilisé le fumier de vos étables, avez vous
augmenté ou diminué ou pas change la quantité d'engrais chimique utilisé dans vos
systèmes de culture?

[Jaugmenté (allez a la question #31)
[]diminué (allez a la question #31)
[]pas change (allez a la question #32)

Pourcentage AppliquéCulture



De combien était le changement? Précisez l'unitë de mesure.

Combien de temps l'application du fumier vous prend pour traiter vos champs?
Prcisez le nombre de personnes impliquées, le nombre d'heures par jour par personne, et
le nombre total de jours par personne.

186

Nombre de personnes impliquées

Ffemme
H=homme
E=enfant
M=main cFoeuvre hors ménage (préciser le montant
payé)

Temps mis

Nombre d'heuresl jour!
personne

Nombre de jours totall
personne



33. Enumérez toutes les tâches effectuées par les animaux. Précisez la ou les saisons, le nombre d'animaux stabulés Ct non stabulés
impliqués, le nombre d'heures par jour par animal, le nombre total de jours par animal, et les cultures concernées par ces activités de
trait.

00
-4

Tache La saison(s)

S=saison sèche
H=hivernage
T=toute l'annëe

Nombre d'animaux
impliqués

S=stabulé
NS=non stabulé

Temps mis Type de culture

Nombre
d'heures/
jour/animal

Nombre de
jours de travail
animal

Labourer

Sarcier

Récolter

Transporter la récolte

Transporter le bois

Transporter les personnes

Autre (précisez)



Depuis que votre ménage a commence la stabulation est-ce que vous avez note une
augmentation des activités effectuées par les animaux?

[]oui (allez a question #35)
[]non (allez a question #36)

Expliquez la nature de l'augmentation:

Depuis que votre ménage a commence a utiiser la force de la traction animale, avez-
vous augmenté, diminué ou pas change le temps que vous dépensiez dans vos activités
agricoles?

[1 augmenté

[1 diminué

[1 pas change

Quel est le nombre de naissance Ct de décés que vous avez enregistré durant l'année
passée par catégorie (animaux stabulés et animaux non stabulés.)
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Nombre total naissance Nombre total
décês

Aniniaux stabulés

Animaux non stabulés



38. Recensement des animaux du ménage:
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Anim2ux Nombre d'aniinaux Personne qui est considérée le
propriétaire

CC=chef du carrd
CMchef dii ménage
F=femme
Aautre (préciser)

Bovins extensifs

Males de trait

Malesdetrait
stabulésen 1994

Vaches laitières productives
(production du lait en 1994)

Vaches laitiêres productives
stabulés en 1994

Males entiers

Males entiers
stabulés en 1994

Ovins

Caprins

Equins

1Asins

Volaille



B. Household Questionnaire, Version II:

ETUDE DE L'IMPACT ECONOMIQUE
DE LA STABULATION DES ANIMAUX

QUESTIONNAiRE D ' ENQUETE

Version II:

Ménages Qui Pratiquent La Stabulation Des Animaux

JanvieràMars 1995

Centre de Recherches Zootechniques (CRZ) de Kolda

Par:

Abdoulaye Fall, Economiste ISRA
Monica Fisher, Etudiante de Masters Oregon State University

Diabouyel Mah Baldé, Enquêteur
Papa Diack, Enquêteur

Boubacar Gueye, Enquêteur
Tacko Sidibé, Enquêteur

Janvier 1995
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QUESTIONNAIRE A:
Concérnant I'agriculture

Not included here as it is the same as Questionnaire A included in Version I.
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QUESTIONNAIRE B.2:
Concernant Pélevage

Pour les répondants dans les ménages qui ne pratiquent pas la stabulation

[Enqueteur: Commencez maintenant l'enlretien. Les questions concernent toutes les
activités liées aux animaux du menage.]

Connaisez-vous la pratique de la stabulation des animales?

[]oui (allez a la question #2)
[1 non (allez a la question #6)

Comment avez-vous été informé de La pratique de Ia stabulation: avez-vous été informé
par les agents du développement ou de la recherche, par d'autres paysans, ou par qui
d'autres?

[]agent de développement ou de la recherche
[} autres paysans
[Jautre (préciser)

Que pensez-vous de cette pratique?
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4. Voudriez-vous stabuler vos animaux? Pourquoi?

[]oui (allez a la question #5)
[mon (allez a la question #6)



5. Dans la derniére question vous avez dit que vous voudriez stabuler vos animaux.
Pourquoi alors n'avez-vous pas déjà commence La stabulation?

6. Enumérez toutes les tâches quotidiennes qui concernent vos animaux durant les deux
saisons. Précisez le nombre de personnes impliquées et le nombre d'heures par jour par
personne [Enqueteur: Précisez Ic montani paye pour main d'oeuvre hors menage.]
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Tache Nombre de Persoimes Impliqués

Ffemme
H=homnie
E=enIant
M=main d'oeuvre hors ménage
(préciser le montant paye)

Temps mis (nombre d'heuresl
jour! personne)

Saison Sèche Hivernage Saison Sèche Hivernage

Abreuvemeut

Conduite au páturage

Traire le lait

Transformation du lait

Commercialisation du lait

Autre (préciser)



Durant les deux saisons, quelle était la quantité du lait produite et vendue par jour des
vaches laitières de votre ménage?

Quel était le prix moyen du lait (CFA par litre) que vous avez recu durant les deux
saisons?

194

Combien de fois avez-vous vaccine les animaux durant l'année passée? Quel est le coüt
global de ces charges de vaccination? Quels sont les autres soins apportés aux animaux et
les coüts correspondants?

Prix moyen en saison sèche (CFAIlitre) Prix moyen en hivernage (CFAJlitre)

Vaccination
nombre lois/an

Coflt global vaccination (CFA)

Autres soins (préciser)
nombre de fois/an

Coüt global autres soins/an (CFA)

Quantité du lait produite/jour (litres) Quantite du lait vendue/jour (litres)

Saison Sêche Hivemage Saison Sèche Hivernage

Vaches
laitières



Récensez les animaux vendus durant l'année passé. Précisez le nombre vendu et la
valeur (en espèces CFA ou en nature).
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Combien de temps l'application du fumier vous prend pour traiter vos champs?
Précisez le nombre de personnes impliquées, le nombre d'heures par jour par personne, et
le nombre total de jours par personne. [Enqueteur: Si le répondant n'utilisepas du
fumier, ilfaut le noter dans la cage.]

Aniim1 Nombre vendu Valeur (CFA ou en
nature)

taurillon

taureau

vache

boeuf

autre (préciser)

Nombre de personnes impliquées

Ffemme
H=homme
E=enfant
M=main d'oeuvre hors ménage (préciser le montant
payé)

Temps Mis

Nombre d'heures/ jour/
personne

Nombre de jours total!
personne
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Enumérez toutes les tâches effectuées par les animaux de votre ménage. Précisez la

ou les saisons, le nombre d'heures de travail par jour par animal, le nombre dejours total
du travail par animal, Ct les cultures concernées par ces activités de trait.

Depuis que votre ménage a commence a utiliser la force de la traction animale, avez-

vous augmenté, dirninué ou pas change le temps que vous dépensiez dans vos activités

agricoles?

[1 augmenté
[]diminué
[1 pas change

Tache La saison(s)

S=saison sèche
H=hivernage
T=toute l'année

Temps mis Type de culture

Nombre
d'heures/
jour! animal

Nombre de
jours de
travail!
animal

Labourer

Sarcier

Récolter

Transporter la
récolte

Transporter le bois

Transporter les
personnes

Autre (precisez)
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Quel est le nombre de naissance et de décès que vous avez enregistré durant Pannée
passée?

Nombre total naissance Nombre total
décès

Recensement des animaux du ménage:

Animaux Nombre
d'anñnaux

Personne qu est considéré
le propriétaire

CCchefdu carré
CM=chef du ménage
Ffemme
Aautre (prdciser)

Bovins extensifs

Males de trait

Vaches laitières
productives (production du
lait
en 1994)

Males entiers

Ons

Caprins

Equins

Asins

Volaille



C. Village Chief Questionnaire:

QIJESTIONNA1RE C:
Pour le chef du village

[Enquêteur: Remplissez les questions #1 a #5 avant de commencer l'entretien.]

Nom de l'enquéteur:

Date d'entretien:

Nom du village:

Nom du chef du village:

5. Description physique du village: végétation, terrain, distance a Kolda, etc.
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[Enquêteur: Vouspouvez commencer maintencznt l'entretien.J

Y-a-t-il une école dans votre village?

[]oui (allez a question #8)
[]non (allez a question #7,

Combien de kilomètres a une école?

Y-a-t-il un agent de sante dans votre village?

[1 oui (allez a question #10)
[]non (allez a question #9)

Combien de kilomètres a un agent de sante?

Quelles sont les sources d'approvisionnement en eau des menages?
[Enqueteur: Vous pouvez marquer plus qu'une categorie.]

[]propre puits
[} chez le voisin
[]pompe villageoise
[J lac, fleuve
[]autre (preciser)

Ou est-ce que les paysans de votre village vendent les produits agricoles?

Si le ou les marches ne sont pas dans votre village, combien de kilomètres?

C'est difficile ou facile d'obtenir le credit dans votre village (pour acheter les animaux

ou les intrants agricoles, par exemple.)?
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14. Pourquoi?



15. Quels sont les prix moyens (CFA/kg) pour les semences?

200

16. Quel est le prix moyen pour l'engrais chimique (CFAJkg)?

Semence Prix moyenne (CFA/kg)

mil

sorgho

mais

riz

arachides

coton



17. Quels sont les prix moyens (CFA/unité) pour les cultures suivants?
201

Type de culture Prix moyen (CFAlunité)

Précisez Vunité de mesure

mi1

sorgho

maize

arachides

cotton

autre (préciser)
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18. Quels sont les travails rémunérés qui on peut obtenir dans votre village, pour hommes,
femmes et enfants? Précisez la nature du travail, le montant payé par heure ou par jour.
[Enquêteur: Vous pouvez aider le chef en donnant les exemples: bátir les étables, cultiver
le champs d'autrespaysans, travail dans un boutique, etc.]

La nature du travail Personnes qui font le travail

H=hommes
Ffemmes
Eenfants

Le montant payé

(CFA ou nature echange)
(préciser par jour ou par
heure)



APPENDIX B: SELECTED SURVEY RESULTS
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A. Results from Interviews with Women Market Gardeners:

Garden I

Spoke with 5 women.

The garden is cultivated only by Mandingue women.

Crops grown:

sorel

ocra

tomatos

onions

There are also banana plants in the garden, but when I asked about them they said

they belong to the garden proprietor, a 6 month old boy.

Hours worked:

5-6 hours/day, 7 days/week, for 5 months

Marketing:

Sell approximately 2/3 of production, 1/3 kept for home consumption.

Go to market in Kolda once every 2 weeks. Also sell some vegetables in Bantang

Kountou Maounde.
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Leave for market at 5 am, arrive at 8 am. Leave Kolda at 2 pm and arrive in

Bantang Kountou Maounde at 5 pm.

Earn approximately 1000 CFAJ woman each visit to Kolda.

Garden 2

Spoke with 8 women.

The garden which is 10 years old, is cultivated only by Mandingue women. When I asked

the women why Peuhl women do not garden in the village they said it is because Peuhi

women are lazy. However there may be other reasons. It is questionable whether the

time spent gardening and getting to markets makes it worth it. Also, there may be some

coercion on the part of men. There is a belief among the Mandingues in the so called 'tkey

to paradise". Husbands posess the key to paradise for their wives and may take it away at

any time. Mandingue husbands frequently use this to get their wives to work harder,

prepare more elaborate meals, etc. Perhaps this has something to do with the fact that in

general Mandingue men do considerably less work (agricultural and other) than their

wives. There are exceptions of course, for example a village near Bantang Kountou

Maounde where the men are involved in carpentry during the hot-dry season.

In general the women say that gardening is very important for them for cash and home

consumption. However there are many problems. For example, to begin a garden one

must dig several wells, a fence around the garden, clear land, etc.. These tasks are

physically demanding as well as time consuming. It is the women who do these jobs, men
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are not involved in any way. Of course the women said the men are involved in the eating

of the vegetables. In addition, the women pointed out the difficulties getting to the

markets, about 15 km away. They always walk the distance even on the rare occasions

when a charette will cany their tomato bundle (the heaviest load), the woman will walk

alongside the charette, rather than ride it. One woman said that on one occasion her neck

was extremely painful for days after walking to Koldawith a heavy load of tomatos. I

suggested the women organize themselves into a GrE and purchase a charette and donkey

(least costly animal), they said they would like to but there arent enough women to do so.

Crops Grown:

sorel

ocra

tomatos

onions

Agricultural Inputs Used:

Principal input is labor. Women work 6 hours/day, 7 days/week for 5 months.

The only purchased seeds are those for sore!. In 1994, the women said they spent

approximately 125-150 CFA for sore! seeds. All other seeds were reproduced.

They use no agricultural equipment aside from short-handled hoes.



No herbicides or insecticides are used.

Do use sheep and goat manure for fertilizer.

Marketing:

Sell approximately 3/4 of production and 1/4 is for household consumption.

Go to Kolda 3 times/week. Leave at 5 am to arrive in Kolda at 8 am or 9 am. The

return is at 3-3:30 pm and they arrive in Bantang Kountou Maounde at 6 or 7 pm.

The prices for crops: sore! = 800-1000 CFAlbassine

ocra = 250-3 00 CFAJpot

tomato = 250-3 50 CFAJpot

onions = 5-10 CFA/cup

Earn anywhere from 1200-3 500 CFA/day at the market in Kolda.

Earnings are controlled by women themselves. They usually use the money to

purchase clothing for themselves and their children and also buy goats and sheep

with earnings.

Garden 3

Again, Mandingue women cultivate the garden.

Crops grown:
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sore!

ocra

tomatos

onions

The women work 5 hours/day, 7 days/week, for 5 months.

Each week the women go to Kolda 2-3 times. Round trip this takes 6 hours.

The prices for crops:

sore! = 750-1000 CFA/bassine

ocra = 250-300 CFAIpot

tomatos = 350-400 CFA/pot

onions = 5-10 CFAIcup

Garden 4

They grow sore!, ocra and tomatos.

Most is for home consumption.

There are a few Peuhi women who do gardening, but for the most part it is the Mandingue

women who garden.

They work about 6 hours/day, 7 days/week for 4-5 months.
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Other occupations during Dry Season

Another common dry season occupation of women is the carrying of bundles of wood to

Kolda. They carry the bundles on their head, the 15 km each way and are paid 300

CFA/bundle, thus 300 CFAJday.
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B. Results from Observation of Women Performing Subsistence Activities:

WOMENS' TASKS, DRY SEASON 1995

VILLAGE: Dialainbere
WOMAN OBSERVED: Khabit Balde
NAME HHLD HEAD: SalifKoita
NAME ENUMERATOR: Tacko Sidibe

DATE OBSERVED: January 16, 1995

TASK

pounding millet
wash millet & pound into meal

washutensilsforcooking
takebath
preparebreakfast
eat breakfast
wash eating utensils

crushpeanuts
winnow peanuts
preparelunch
eat lunch
rest

search for cooking condiments
washcookingutensils
rinse clothing
prepare dinner
takebath/washchildren
laundry
collect firewood
ironing
sweeping
collecting water (1st time)

collecting water (2nd time)
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START

OF TASK

END OF HOURS

TASK SPENT ON

TASK
PER DAY

5:00 6:30 1.5

6:50 7:50 1

7:55 8:10 0.25

8:15 8:30 0.25

8:35 9:45 1.17

9:45 10:00 0.25

10:00 10:15 0.25

10:20 10:30 0.17

10:35 10:50 0.25

10:55 13:15 2.33

13:15 13:30 0.25

13:30 14:30 1

14:35 15:00 0.42

15:15 15:30 0.25

15:30 15:50 0.33

16:00 18:30 2.5

18:40 19:00 0.33

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA



VILLAGE: Medina Koundje

WOMAN OBSERVED: Inthia Koita
NAME HHLD HEAD: Oumar Balde

NAME ENUMERATOR: Tacko Sidibe
DATE OBSERVED: Januaiy 17, 1995

TASK

sweep courtyard

get firewood to prepare breakfast
wash cooking utensils
pound& winnow millet
wash millet & pound into meal

wash utensils
take bath

prepare lunch
eat lunch

rest
wash childrens' clothes

washcookingutensils
get firewood to prepare dinner
wash children
takebath
ironing
collect firewood

laundiy
pound rice
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START

OF TASK

END OF HOURS

TASK SPENT ON

TASK

PER DAY

6:00 6:30 0.5

6:30 6:45 0.25

6:45 7:00 0.25

7:00 7:30 0.5

7:30 8:00 0.5

8:30 8:45 0.25

9:00 9:30 0.5

9:45 13:00 3.25

13:00 13:30 0.5

13:30 14:30 1

14:30 16:00 1.5

16:00 16:15 0.25

16:30 17:00 0.5

17:00 18:00 1

19:15 19:30 0.25

NA NA NA

NA NA NA

NA NA NA

NA NA NA



VILLAGE: Bantang Kountou Maounde
WOMAN OBSERVED: Mariama Balde
NAME HHLD BEAD: Abdoulaye Balde

NAME ENUMERATOR: Diabouyel Balde
DATE OBSERVED: January 16, 1995

TASK START END OF HOURS

OF TASK TASK SPENT ON
TASK

PER DAY
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broilpeanutgrain 9:30 9:33 0.05

collectwaterfromwell 9:50 9:51 0.02

wash bowls 9:51 9:52 0.03

heatunpounded rice 9:55 10:17 0.37

collect waterfrom well 9:55 9:57 0.03

rince cooking pots 10:00 10:02 0.03

prepare lunch 10:25 13:00 2.42

rest
sweep NA NA NA

collect firewood NA NA NA

laundry NA NA NA



VILLAGE: N1dangane

WOMAN OBSERVED: Mariaina Balde

NAME HHLD HEAD: Hela Kande
NAME ENUMERATOR: Diabouyel Balde

DATE OBSERVED: January 17, 1995

TASK

transformmillettopowder
nursebaby
remove millet from water

boil water
wash gourd
nursebaby
wash baby
play with baby

pound millet
wash childrens' clothes
collectwaterfromweil
shell peanuts
prepare dinner
sweep

collect firewood
laundry
wash dishes
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START
OF TASK

END OF HOURS

TASK SPENT ON

TASK
PER DAY

9:09 9:15 0.10

9:15 9:26 0.15

9:31 9:33 0.03

9:36 9:43 0.12

9:39 9:40 0.02

9:44 9:50 0.10

9:56 9:58 0.03

9:58 10:25 0.45

10:44 11:12 0.47

11:46 13:00 1.23

12:00 12:22 0.37

14:20 15:10 0.83

17:30 20:00 2.50

NA NA NA

NA NA NA

NA NA NA

NA NA NA



VILLAGE: Sare Samboudiang

WOMAN OBSERVED: Fatoumata Seydi
NAME HHLD HEAD: Seydou Diainanka

NAME ENUMERATOR: Diabouyel Balde

DATE OBSERVED: January 18, 1995

TASK START END OF HOURS

OF TASK TASK SPENT ON
TASK
PER DAY
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pound millet 8:57 9:01 0.07

collect water from well 9:03 9:13 0.17

collect gourd 9:13 9:15 0.03

remove millet 9:17 9:21 0.07

give waterto horse 9:23 9:24 0.02

wash millet 9:24 9:33 0.15

dry millet 9:34 10:34 1.00

washbowls 9:39 9:47 0.13

collectwaterfromwell 10:14 10:24 0.17

wash pots 10:25 10:26 0.02

eatbreakfast 10:27 10:34 0.12

transformmillettopowder 10:35 11:31 0.93

transformpowdertocouscous 11:32 11:34 0.03

sweep hut 11:40 11:42 0.03

playwithbaby 11:46 11:49 0.05

laundry 12:00 14:20 2.33

literacy training 15:00 17:00 2.00

collect firewood NA NA NA



C. Conversion Rates:

For all villages

4 cordes 1 hectare

1 charette of manure = 250 kilograms

1 brouette (wheelbanow) of manure = 12-15 kg (humid); 8-11 kg (thy)

Sare Samboudiang

1 sac peanuts =55 kg (peanut agents said 50-60 kg/sac)

1 ciii millet (on cob) = 15 kg (11 kg 1st tiy, 19 kg 2nd try)

1 bassine corn (on cob) = 15 kg (village chief)

1 nannganderice=2.35 kg (2.2 kg lsttry,2.Skg2ndtry)

1 corn cob (seeds) = bOg (bOg on both 1st & 2nd try)

Bantang Kountou Maounde

1 sac peanuts =54 kg (peanut agents said 50-58 kg/sac)

1 citimillet(oncob)= 12 kg(13 kg 1st try, 11 kg 2nd try)

lbassinecorn(oncob)= 14kg

1 botte sorghum () = 2.35 kg (2.2 kg 1st try, 2.5 kg 2nd try)

1 nanngande rice 2.15 kg (1.8 kg 1st try, 2.5 kg 2nd try)

1 corn cob (seeds) = bOg (from Sare Samboudiang)
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N'Dangane

1 citi millet (on cob) = 11 kg (11.2 kg 1st try, 10.8 kg 2nd tiy)

1.5citi=1 andere

1 bassinecorn(oncob)= 18.1 kg(18.3 kg lsttry, 17.9kg2ndtry)

1 nanngande rice (on cob) = 1.9 kg (2.1 kg, 1.8 kg, 1.9 kg, 1.8 kg)

Dialambere

1 sac peanuts (in nylon) = 47.5 kg (peanut agents said 45 -50 kg/sac)

1 citimillet(oncob)= 11.85kg(lsttryll.9kg,2ndtry 11.8 Kg)

1 nanngande sorghum (on cob) = 9.6 kg

*1 nanngande rice (on cob) = 2.6 kg (7.8 kg for 3 weighed simultaneously)

1 bassine corn (on cob) = 15.2 kg (13 kg 1st tiy, 17.4 kg 2nd tiy)

1 thiangaral corn (on cob) = used Medina Koundje estimates due to unavailability

1 djingo corn (on cob) = used Medina Koundje estimates due to unavailability

Medina Koundje

1 sac peanuts (in nylon) = 47.5 kg

1 thiangaral of corn (on cob) = 15.2 kg (14 kg 1st tiy, 16.4 kg 2nd try)

1 bassinecorn(oncob)= 19kg

1 djingo corn (on cob) = 5.6 kg

1 nanngande sorghum (on cob) = 3.267 kg (9.8 kg for 3 nanngandes)

1 citi millet (on cob) = 11.6 kg (11 kg 1st try, 12.2 kg 2nd try)
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I nanngande rice (on cob) = 1.93 kg (5.8 kg for 3 nanngandes)

Mankacounda

1 citi millet (on cob) = 18.45 kg (22 kg, 18.2 kg, 18 kg, 15.6 kg)

I citi millet (on cob) = I gande millet

1 nanngande sorghum (on cob) = 2.86 kg (14.3 kg for 5 nanngandes)

1 botte sorghum = 1 nanngande sorghum

1 sac corn (in grain) = 105 kg

1 sac corn (on cob) = 48.2 kg

1 chargement of corn (on cob) = 4- 5 sacs corn (on cob) = 216.9 kg

1 sac peanuts (in nylon) =55 kg (50 kg, 55 kg, 60 kg)
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APPENDIX C: PARTIAL BUDGET CALCULATIONS
218



A. Regression Equation to Estimate the Marginal Product of Stable Manure:

Originally a regression was run to determine the marginal product of manure produced in
stables. Quantity of maize produced was chosen as the dependent variable since most
fanners apply stable manure to their maize plots.

Qim 13i0 +I3i1LAND + 13j2LABoR 13i3PLOW+ 134FERT +

13 i5MANURE
+ 136DAMAGE

Qim quantity maize produced (kg)
LAND = area planted in maize (ha)
LABOR = manual labor hours! household population
PLOW = dummy variable for animal traction plowing with 1=use draft animals and
O=manual plowing
FERT = chemical fertilizer use (kg)
MANURE = origin of manure with 1=stable and O=parcage
DAMAGE = damaged maize crop (percent)

The model was developed with reference to a study of technological change in Eastern
Province, Zambia (Tha, Hojjati and Vosti, 1991). It was estimated in SAS, a statistical
software package. Stable manure was not found to be statistically significant (P.53),
thus the estimated parameter was not used to value the benefits of stable manure. Reasons
for a lack of significance may be misspecification of the model, poor data, andlor that
stable manure does not contribute to higher maize yields. It is quite possible that stable
manure is not contributing to higher crop yields because it is not being produced as
recommended. CRZ researchers say that farmers do not add enough water and straw to
the manure, nor do they mix it often enough to achieve maximum benefits.

B. Partial Budget Spreadsheets:
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MARGINAL BENEFITS OF STABLING

IIHLD
ID

STABLE

OWNER
1=hhld. head

2=son

3=cooperative

NUMBER TYPE
OF HHLDS. FLOOR

USING lcement
STABLE 2=non-cement

STABLE NUMBER

CAPACITY ANIMALS
(#aninials) STABLED

DURATION
STABLING
PERIOD

(days)
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101 1 1 2 4 4 120

102 1 3 2 10 4 120

201 1 1 2 4 4 90

202 2 1 2 4 5 90

203 1 1 2 7 6 120

204 1 1 2 3 2 90

301 1 1 2 8 8 120

302 1 1 2 4 4 90

303 1 1 2 6 3 120

304 1 1 2 10 2 120

305 1 1 2 6 3 120

502 3 4 2 6 5 120

603 1 1 2 6 8 120

604 NA 1 2 6 6 90

606 1 1 2 6 8 120

608 2 1 2 6 6 90

609 1 1 2 5 5 90

610 1 1 2 6 6 120

Average

Type I Stables

506 3 3 2 14 9 120

601 1 1 2 20 9 90

602 1 1 2 4 10 120

607 1 1 2 15 11 90

Average
Type II Stables

402,404,4 3 4 1 30 22 125

05
503 1 2 1 23 24 90

605 1 2 1 18 16 90

Average
Type ifi Stables



MARGINAL BENEFITS OF STARLING (CONT)

221

o 0 4 1.50 720.00 240.00

o 0 4 1.50 720.00 240.00

0 0 4 1.00 360.00 90.00

2 0 3 1.00 270.00 90.00

0 0 6 1.33 960.00 360.00

O 0 2 1.00 180.00 0.00

0 0 8 0.84 808.57 194.28

o 0 4 0.85 306.00 -54.00

0 0 3 1.00 360.00 120.00

0 2 2 1.50 360.00 120.00

0 0 3 1.00 360.00 120.00

6 1 4 0.92 440.00 440.00

2 2 4 0.25 120.00 -120.00

4 3 2 1.50 270.00 90.00

2 0 6 1.67 1200.00 600.00

0 0 1 1.02 91.50 46.50

o 0 5 0.10 45.00 45.00

0 0 6 0.57 408.00 408.00

0.89 0.44 3.94 1.03 443.28 168.32

6 0 3 0.96 345.00 345.00

4 1 4 0.50 180.00 180.00

6 0 4 1.29 618.46 369.23

4 2 6 1.50 810.00 810.00

5.00 0.75 4.25 1.06 488.36 426.06

5 0 17 1.22 2590.91 2165.91

6 1 17 0.50 765.00 765.00

6 0 10 1.60 1440.00 450.00

5.67 0.33 14.67 1.11 1598.64 1126.97

NUMBER NUMBER NUMBER INCREASE iNCREASE INCREASE

STABLED STABLED STABLED MILK MILK MILK

STEERS BULLS MILK COWS PRODN PRODN HOME-

PER DAY DRY CONSUMED

(liters) SEASON DRY SEAS

(liters) (liters)



MARGINAL BENEFITS OF STARLING (CONT)
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24000.00 1.00 480.00 150.00 72000.00 96000.00

24000.00 1.00 480.00 150.00 72000.00 96000.00

9000.00 0.75 270.00 150.00 40500.00 49500.00

8999.91 0.67 180.00 150.00 27000.14 36000.05

36000.00 0.83 600.00 150.00 89999.96 125999.96

0.00 1.00 180.00 150.00 27000.00 27000.00

19428.48 0.64 614.28 150.00 92142.72 111571.20

-5400.00 1.00 360.00 150.00 54000.00 48600.00

11999.88 0.67 240.00 150.00 36000.18 48000.06

12000.00 1.00 240.00 150.00 36000.00 48000.00

11999.88 0.67 240.00 150.00 36000.18 48000.06

44000.16 0.00 0.00 125.00 0.00 44000.16

-12000.00 0.50 240.00 150.00 36000.00 24000.00

9000.00 1.00 180.00 125.00 22500.00 31500.00

60000.48 0.83 600.00 150.00 89999.64 150000.12

4650.03 0.50 45.00 150.00 6750.00 11400.03

4500.00 0.00 0.00 0.00 0.00 4500.00

40800.24 0.00 0.00 0.00 0.00 40800.24

16832.17 0.67 274.96 130.56 40994.05 57826.22

34499.88 0.00 0.00 0.00 0.00 34499.88

18000.00 0.00 0.00 0.00 0.00 18000.00

36923.04 0.52 249.23 150.00 37384.56 74307.60

81000.00 0.00 0.00 0.00 0.00 81000.00

42605.73 0.13 62.31 37.50 9346.14 51951.87

216591.25 0.20 425.00 100.00 42500.00 259091.25

76500.00 0.00 0.00 0.00 0.00 76500.00

45000.00 1.10 990.00 150.00 148500.00 193500.00

112697.08 0.43 471.67 83.33 63666.67 176363.75

VALUE iNCREASE INCREASE PRICE REVENUE TOTAL
MILK MILK MILK SALES MILK MiLK VALUE

HOME- SALES DRY SEAS RECEIVED SALES MILK PRODN

PER DAY (liters) (cia) (cia) (cia)CONSUMED

(cfa) (liters)



MARGINAL BENIEFITS OF STARLING (CONT)
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0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

80.46 1000.00 80460.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 107.28 1222.00 131096.16

0.00 1000.00 0.00 0.00 1222.00 0.00

321.84 1000.00 321840.00 53.64 1222.00 65548.08

107.28 1000.00 107280.00 107.28 1222.00 131096.16

160.92 1000.00 160920.00 120.69 1222.00 147483.18

107.28 1000.00 107280.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

0.00 1000.00 0.00 0.00 1222.00 0.00

43.21 1000.00 43210.00 21.61 1222.00 26401.31

321.84 1000.00 321840.00 0.00 1222.00 0.00

160.92 1000.00 160920.00 40.23 1222.00 49161.06

321.84 1000.00 321840.00 0.00 1222.00 0.00

160.92 1000.00 160920.00 80.46 1222.00 98322.12

241.38 1000.00 241380.00 30.17 1222.00 36870.80

279.38 1000.00 279375.00 0.00 1222.00 0.00

241.38 1000.00 241380.00 40.23 1222.00 49161.06

241.38 1000.00 241380.00 0.00 1222.00 0.00

254.05 1000.00 254045.00 13.41 1222.00 16387.02

INCREASE PRICE VALUE INCREASE PRICE VALUE

WEIGHT STEERS STEERS WEIGHT BULLS BULLS

STEERS PER KG WEIGHT BULLS PER KG WEIGHT

(kg) (cfa) GAiN (kg) (cfa) GAIN

(cfa) (cfa)



MARGINAL BENEFITS OF STABLING (CONT)
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0.00 0.07 11200.00 0.00 0.00 11200.00

0.00 0.07 11200.00 0.00 0.00 11200.00

0.00 0.07 11200.00 0.00 0.00 11200.00

80460.00 0.07 8400.00 7000.00 0.00 15400.00

0.00 0.07 16800.00 0.00 0.00 16800.00

0.00 0.07 5600.00 0.00 0.00 5600.00

0.00 0.07 22400.00 0.00 0.00 22400.00

0.00 0.07 11200.00 0.00 0.00 11200.00

0.00 0.07 8400.00 0.00 0.00 8400.00

131096.16 0.07 5600.00 0.00 11200.00 16800.00

0.00 0.07 8400.00 0.00 0.00 8400.00

387388.08 0.07 11200.00 21000.00 5600.00 37800.00

238376.16 0.07 11200.00 7000.00 11200.00 29400.00

308403.18 0.07 5600.00 14000.00 16800.00 36400.00

107280.00 0.07 16800.00 7000.00 0.00 23800.00

0.00 0.07 2800.00 0.00 0.00 2800.00

0.00 0.07 14000.00 0.00 0.00 14000.00

0.00 0.07 16800.00 0.00 0.00 16800.00

69611.31 0.07 11044.44 3111.11 2488.89 16644.44

0.07 0.00 0.00 0.00 0.00

321840.00 0.07 8400.00 21000.00 0.00 29400.00

210081.06 0.07 11200.00 14000.00 5600.00 30800.00

321840.00 0.07 11200.00 21000.00 0.00 32200.00

259242.12 0.07 16800.00 14000.00 11200.00 42000.00

278250.80 0.07 11900.00 17500.00 4200.00 33600.00

279375.00 0.07 47600.00 17500.00 0.00 65100.00

290541.06 0.07 47600.00 21000.00 5600.00 74200.00

241380.00 0.07 28000.00 21000.00 0.00 49000.00

270432.02 0.07 41066.67 19833.33 1866.67 62766.67

VALUE VALUE VALUE TOTAL

TOTAL DECREASE DECREASE DECREASE DECREASE VALUE

VALUE DEATH DEATHS DEATHS DEATHS DECREASE

ANIMAL RATE COWS STEERS BULLS DEATHS

WEIGHT (cfa) (cfa) (cfa) (cia)

GAIN

(cia)



MARGINAL BENEFiTS OF STARLING (CONI)
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0.07 0.26 40000.00 10520.55 1000.00 275.36

0.07 0.26 40000.00 10520.55 750.00 206.52

0.07 0.26 40000.00 10520.55 2500.00 688.41

0.07 0.20 40000.00 7890.41 1500.00 413.04

0.07 0.39 40000.00 15780.82 2750.00 757.25

0.07 0.13 40000.00 5260.27 750.00 206.52

0.07 0.53 40000.00 21041.10 1500.00 413.04

0.07 0.26 40000.00 10520.55 1750.00 481.88

0.07 0.20 40000.00 7890.41 1500.00 413.04

0.07 0.13 40000.00 5260.27 500.00 137.68

0.07 0.20 40000.00 7890.41 1750.00 481.88

0.07 0.26 40000.00 10520.55 0.00 0.00

0.07 0.26 40000.00 10520.55 6250.00 1721.01

0.07 0.13 40000.00 5260.27 1750.00 481.88

0.07 0.39 40000.00 15780.82 2750.00 757.25

0.07 0.07 40000.00 2630.14 3000.00 826.09

0.07 0.33 40000.00 13150.68 2250.00 619.57

0.07 0.39 40000.00 15780.82 1500.00 413.04

0.07 0.26 40000.00 10374.43 1875.00 516.30

0.07 0.20 40000.00 7890.41 149.50 41.17

0.07 0.26 40000.00 10520.55 2000.00 550.72

0.07 0.26 40000.00 10520.55 3750.00 1032.61

0.07 0.39 40000.00 15780.82 4750.00 1307.97

0.07 0.28 40000.00 11178.08 2662.38 733.12

0.07 1.12 40000.00 44712.33 80.50 22.17

0.07 1.12 40000.00 44712.33 0.00 0.00

0.07 0.66 40000.00 26301.37 4750.00 1307.97

0.07 0.96 40000.00 38575.34 1610.17 443.38

INCREASE INCREASE MARKET VALUE INCREASEQUANTITY

CALVING NUMBER PRICE INCREASE MANURE OVER

RATE CALVES CALVES CALVING PRODUCED TRADN'L

(cfa) (cfa) IN STABLES (kg)

(kg)



MARGINAL BENEFiTS OF STABLING (CONT)
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22.58 2318.94 121039.48 30259.87

16.93 1739.20 120209.75 30052.44

56.45 5797.34 79517.89 19879.47

33.87 3478.40 144728.86 28945.77

62.09 6377.07 167707.86 27951.31

16.93 1739.20 40349.48 20174.74

33.87 3478.40 159990.70 19998.84

39.51 405814 76128.69 19032.17

33.87 3478.40 69268.88 23089.63

11.29 1159.47 202815.90 50703.98

39.51 4058.14 70098.61 23366.20

0.00 0.00 479708.79 43609.89

141.12 14493.35 323040.06 40380.01

39.51 4058.14 387371.59 43041.29

62.09 6377.07 305988.02 38248.50

67.74 6956.81 26786.98 26786.98

50.80 5217.61 39118.29 7823.66

33.87 3478.40 78359.47 13059.91

42.34 4348.01 160679.40 32496.96

3.38 346.68 394126.47 43791.83

45.16 4637.87 276039.48 30671.05

84.67 8696.01 451314.16 45131.42

107.25 11014.95 413787.89 34482.32

60.12 6173.88 383817.00 39365.85

1.82 186.67 168480.00 817025.75 37137.53

0.00 0.00 485953.39 20248.06

107.25 11014.95 525946.32 32871.64

36.36 3733.87 56160.00 609641.82 29498.80

NPK(1417/7) VALUE VALUE TOTAL TOTAL

EQUIVALENCE INCREASE OF MANURE BENEFITS BENEFITS!

(kg) MANURE FOR BIOGAS STABLING ANIMAL

PRODN PLANT

(cia) (cia)



MARGINAL COSTS OF STARLING
SCENARIO 1

HHLD. NUMBER DURATION MENS BOY1S WOMEN1S

ID STABLED STABLING OPPORTt.JNTTY OPP. OPP.

ANIMALS PERIOD COST OF COST OF COST OF

LABOR LABOR LABOR

(cfa) (cfa) (cfa)

Average
Type ifi Stables
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101 4 120 224.87 17.86 111.9

102 4 120 224.87 17.86 111.9

201 4 90 188.16 17.86 111.9

202 5 90 188.16 17.86 111.9

203 6 120 188.16 17.86 111,9

204 2 90 188.16 17.86 111.9

301 8 120 194.44 17.86 111.9

302 4 90 194.44 17.86 111.9

303 3 120 194.44 17.86 111.9

304 2 120 194.44 17.86 111.9

305 3 120 194.44 17.86 111.9

502 5 120 180.39 17.86 111.9

603 8 120 114.09 17.86 111.9

604 6 90 114.09 17.86 111.9

606 8 120 114.09 17.86 111.9

608 6 90 114.09 17.86 111.9

609 5 90 114.09 17.86 111.9

610 6 120 114.09 17.86 111.9

Average
Type I Stables

506 9 120 180.39 17.86 111.9

601 9 90 114.09 17.86 111.9

602 10 120 114.09 17.86 111.9

607 11 90 114.09 17.86 111.9

Average
Type II Stables

402,404,405 22 125 180.39 17.86 111.9

503 24 90 180.39 17.86 111.9

605 16 90 114.09 17.86 111.9



MARGINAL COSTS OF STARLING (CONT)
SCENARIO 1
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o 0 0 0 9600 40

0 0 0 0 19200 0

0 0 0 0 15000 20

0 0 0 0 15000 30

0 3500 52 3552 25000 60

O 0 0 0 3500 30

O 6750 0 6750 70400 160

0 0 0 0 38000 40

0 3000 0 3000 15000 30

0 0 0 0 21800 20

0 0 0 0 28000 30

0 0 0 0 20000 100

0 3000 0 3000 35000 200

0 3000 0 3000 4400 0

0 5000 0 5000 35500 120

3000 3000 0 3000 16000 208

7500 7500 0 7500 24600 0

3000 3000 0 3000 1000 100

750.00 2097.22 2.89 2100.11 22055.56 66.00

0 0 0 0 47500 200

2500 2500 0 2500 18000 0

2000 2000 2000 4000 11000 200

0 0 0 0 14000 0

1125.00 1125.00 500.00 1625.00 22625.00 100.00

42000 0 0 0 27647 248

25000 15000 0 15000 25000 75

30800 16000 0 16000 38000 220

32600.00 10333.33 0.00 10333.33 30215.67 181.00

COST WAGES WAGES TOTAL COST QUANTITY

BLDG. PAID FOR PAID FOR WAGES PURCHASED FOOD

MATERIALS STABLE FOOD PAID FOOD DONATED

(cfa) CONSTR. COLLECT (cia) (cia) (kg)

(cia) (cia)



MARGINAL COSTS OF STARLING (CONT)
SCENARIO 1

229

40 1600 11200 1215.79 30 6746.03

40 0 19200 1296.00 30 6746.03

40 800 15800 1181.00 59 11101.44

40 1200 16200 1519.74 109 20509.44

40 2400 27400 1884.00 39 7338.24

40 1200 4700 607.90 44 8279.04

40 6400 76800 1898.00 46 8944.44

40 1600 39600 1045.00 32 6222.22

40 1200 16200 1092.00 26 5055.56

40 800 22600 703.00 20 3888.89

40 1200 29200 853.00 49 9527.78

38 3800 23800 1519.74 9.5 1713.70

38 7600 42600 2431.58 58 6617.06

38 0 4400 1823.69 112 12777.78

38 4560 40060 2431.58 78 8898.81

38 7904 23904 1823.69 528 60238.10

38 0 24600 1519.74 123 14032.74

38 3800 4800 1823.69 308 35138.89

39.22 2559.11 24614.67 1481.62 94.47 12987.57

38 7600 55100 2735.53 58 10462.61

38 0 18000 2735.53 220 25099.21

38 7600 18600 3039.48 96 10952.38

38 0 14000 3343.43 114 13005.95

38.00 3800.00 26425.00 2963.49 122.00 14880.04

40 9920 37567 6686.85 282 50869.94

38 2850 27850 7294.75 68 12266.51

38 8360 46360 4863.17 64 7301.59

38.67 7043.33 37259.00 6281.59 138.00 23479.35

PRICE VALUE TOTAL COST MAN- VALUE

COTFON FOOD COST MEDICAL HOURS MAN-HOURS

SEED CAKE DONATION FOOD CARE STABLE STABLE

(cia) (cia) (cia) (cia) CONSTR. CONSTR
(cia)



MARGINAL COSTS OF STARLING (CONI)
SCENARIO 1
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o 0 6746.03 36 8095.24 0

0 0 6746.03 48 10793.65 0

118 2107.48 13208.92 16 3010.56 32

178 3179.08 23688.52 16 3010.56 32

78 1393.08 8731.32 42 7902.72 21

44 785.84 9064.88 16 3010.56 16

46 821.56 9766.00 96 18666.67 0

48 857.28 7079.50 21 4083.33 42

52 928.72 5984.28 21 4083.33 21

40 714.4 4603.29 16 3111.11 32

98 1750.28 11278.06 18 3500.00 36

19 339.34 2053.04 0 0.00 40

13 232.18 6849.24 32 3650.79 0

0 0 12777.78 24 2738.10 12

0 0 8898.81 24 2738.10 0

0 0 60238.10 96 10952.38 0

0 0 14032.74 21 2395.83 0

0 0 35138.89 240 27380.95 0

40.78 728.29 13715.86 43.50 6617.99 15.78

0 0 10462.61 28 5050.92 0

110 1964.6 27063.81 40 4563.49 0

0 0 10952.38 0 0.00 0

57 1018.02 14023.97 24 2738.10 12

41.75 745.66 15625.69 23.00 3088.13 3.00

0 0 50869.94 68 12266.51 0

0 0 12266.51 8 1443.12 0

32 571.52 7873.11 30 3422.62 0

10.67 190.51 23669.85 35.33 5710.75 0.00

BOYS- VALUE TOTAL MAN- VALUE BOYS-

HOURS BOYS-HOURS TIME COSTS HOURS MAN-HOURS HOURS

STABLE STABLE STABLE FOOD FOOD FOOD

CONSTR. CONST CONSTR.. COLL. COLL. COLL.

(cia) (cfa) (cia)



MARGINAL COSTS OF STABLING (CONT)
SCENARIO 1
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(cia) (cia)

o 8095.24 80.04 0 30 0

o 10793.65 60 0 80.4 0

571.52 3582.08 22.5 45 29.7 0

571.52 3582.08 22.5 0 29.7 0

375.06 8277.78 39.6 80.4 30 60

285.76 3296.32 22.5 22.5 29.7 0

0 18666.67 30 30 30 30

750.12 4833.45 0 29.7 22.5 45

375.06 4458.39 60 60 60 0

571.52 3682.63 60 120 30 60

642.96 4142.96 30 30 39.6 39.6

714.4 714.40 0 30 0 60

0 3650.79 39.6 39.6 15 15

214.32 2952.42 11.7 0 6.3 0

o 2738.10 36 0 39.6 0

0 10952.38 90 0 90 0

0 2395.83 22.5 0 90 0

0 27380.95 120 0 120 0

281.79 6899.78 41.50 27.07 42.92 17.20

0 5050.92 20.04 20.04 60 60

0 4563.49 90 0 180 0

0 0.00 120 0 60 0

214.32 2952.42 29.7 0 45 0

53.58 3141.71 64.94 5.01 86.25 15.00

0 12266.51 166.25 0 187.5 41.25

0 1443.12 90 0 180 0

0 3422.62 45 0 90 0

0.00 5710.75 100.42 0.00 152.50 13.75

VALUE TOTAL MAN- BOYS- MAN- BOYS-

BOYS-HOURS TIME COSTS HOURS HOURS HOURS HOURS

FOOD FOOD FOOD FOOD CLEAN CLEAN

COLL. COLL. DISTR DISTR STABLE STABLE



MARGINAL COSTS OF STARLING (CON
SCENARIO 1
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24744.44 0.00 24744.44 1 224.87 0

31571.43 0.00 31571.43 1.5 337.30 0

9821.95 803.70 10625.65 12 2257.92 24

9821.95 0.00 9821.95 12 2257.92 12

13095.94 2507.54 15603.48 20 3763.20 20

9821.95 401.85 10223.80 4 752.64 4

11666.67 1071.60 12738.27 8 1555.56 8

4375.00 1334.14 5709.14 8 1555.56 8

23333.33 1071.60 24404.93 4 777.78 8

17500.00 3214.80 20714.80 2 388.89 4

13533.33 1243.06 14776.39 4 777.78 4

0.00 1607.40 1607.40 0 0.00 16

6229.17 975.16 7204.32 16 1825.40 0

2053.57 0.00 2053.57 8 912.70 0

8625.00 0.00 8625.00 4 456.35 0

20535.71 0.00 20535.71 80 9126.98 0

12834.82 0.00 12834.82 8 912.70 0

27380.95 0.00 27380.95 6 684.52 0

13719.18 790.60 14509.78 11.03 1587.11 6.00

14438.41 1429.51 15867.92 3 541.17 3

30803.57 0.00 30803.57 64 7301.59 32

20535.71 0.00 20535.71 72 8214.29 0

8522.32 0.00 8522.32 18 2053.57 9

18575.00 357.38 18932.38 39.25 4527.65 11.00

63812.92 736.73 64549.64 NA 0.00 NA

48705.26 0.00 48705.26 4 721.56 8

15401.79 0.00 15401.79 16 1825.40 0

42639.99 245.58 42885.56 6.67 848.99 2.67

VALUE VALUE TOTAL MAN- VALUE BOYS-

MAN-HOURS BOYS-HOURS TIME COSTS HOURS MAN-HOURS HOURS

STABLE STABLE STABLE MANURE MANURE MANURE

TASKS TASKS TASKS APPL. APPL. APPL.

(cfa) (cfa) (cia) (cia)



MARGINAL COSTS OF STABL1NG (CONT)
SCENARIO 1
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o 224.87 120.00 26984.127 39.6 4431.24

0 337.30 90.00 20238.0952 60 6714.00

428.64 2686.56 90.00 9270.9 29.7 3323.43

214.32 2472.24 135.00 13906.35 45 5035.50

357.2 4120.40 159.60 16440.396 39.6 4431.24

71.44 824.08 67.50 12700.8 15.03 1681.86

142.88 1698.44 70.31 7463.60521 35.1552 3933.87

142.88 1698.44 65.57 6960.53921 21.8574 2445.84

142.88 920.66 120.00 12738.2667 60 6714.00

71.44 460.33 39.60 4203.628 60 6714.00

71.44 849.22 120.00 12738.2667 60 6714.00

285.76 285.76 62.86 7033.72068 62.8572 7033.fl

0 1825.40 17.14 1937.07275 8.5716 959.16

0 912.70 180.00 20142 45 5035.50

0 456.35 120.00 13428 50.4 5639.76

0 9126.98 64.59 7227.45315 32.2938 3613.68

0 912.70 11.25 1258.875 11.25 1258.88

0 684.52 40.80 4565.52 20.4 2282.76

107.16 1694.27 87.46 11068.76 38.71 4331.25

53.58 594.75 49.29 5515.01388 49.2852 5515.01

571.52 7873.11 27.69 3098.74599 13.8465 1549.42

0 8214.29 47.57 5323.5306 47.574 5323.53

160.74 2214.31 90,00 10071 29.7 323.43

196.46 4724.11 53.64 6002.07 35.10 3927.85

0 0.00 215.71 22300.4216 262.58125 29382.84

142.88 864.44 76.50 8560.35 38.25 4280.18

0 1825.40 90.00 10071 29.7 3323.43

47.63 896.61 127.40 13643.92 110.18 12328.82

VALUE TOTAL ADDN'L. VALUE ADDN'L. VALUE

BOYS-HOURS TIME COSTS TIME TIME TIME TIME

MANURE MANURE MILKING MILKiNG TRANSF. TRANSF.

APPL. APPL. COWS COWS MILK MILK

(cfa) (cfa) (cia) (cia)



MARGINAL COSTS OF STARLING (CONT)
SCENARIO 1
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360 80952.381 112367.75 164369.25 41092.31

360 80952.381 107904.48 177511.59 44377.90

270 50803.2 63397.53 107795.18 26948.80

270 50803.2 69745.05 124557.34 24911.47

399.6 75188.736 96060.37 161508.95 26918.16

360 40284 54666.66 82559.55 41279.78

327.6192 5851.27891 17248.75 143867.69 17983.46

270 4822.2 14228.58 72495.68 18123.92

360 70000 89452.27 144591.87 48197.29

360 6429.6 17347.23 69650.95 34825.47

360 70000 89452.27 149702.67 49900.89

0 0 14067.44 43762.02 8752.40

360 41071.4286 43967.66 109703.61 13712.95

270 30803.5714 55981.07 82988.52 13831.42

360 41071.4286 60139.19 127892.68 15986.58

90 10071 20912.13 144366.01 24061.00

0 0 2517.75 72900.88 14580.18

0 0 6848.28 109372.76 18228.79

265.40 36616.91 52016.91 116088.73 23478.62

0 0 11030.03 100247.01 11138.56

0 0 4648.17 92814.57 10312.73

41.538 4648.1022 15295.16 74422.74 7442.27

0 0 13394.43 56236.57 5112.42

10.38 1162.03 11091.95 80930.22 8300.54

125 13987.5 65670.76 279610.71 12709.58

0 0 12840.53 150400.17 6266.67

270 30803.5714 44198.00 168918.68 10557.42

131.67 14930.36 40903.10 199643.19 9660.15

ADDN1L. VALUE TOTAL TOTAL TOTAL

TIME TIME TIME COSTS COSTS COSTS!

SELLiNG SF.LT,1NG ASSOC. WI OF AMMAL

MILK MILK INCR. MILK STABLING (cia)

(cia) (cfa) (cia)



MARGINAL COSTS OF STARLING
SCENARIO 2

HHLD. NUMBER DURATION COST WAGES WAGES

ID STABLED STABL1NG BLDG. PAID FOR PAID FOR

ANIMALS PERIOD MATERIALS STABLE FOOD

(cia) CONSTR COLLECT

(cia) (cia)
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101 4 120 0 0 0

102 4 120 0 0 0

201 4 90 0 0 0

202 5 90 0 0 0

203 6 120 0 3500 52

204 2 90 0 0 0

301 8 120 0 6750 0

302 4 90 0 0 0

303 3 120 0 3000 0

304 2 120 0 0 0

305 3 120 0 0 0

502 5 120 0 0 0

603 8 120 0 3000 0

604 6 90 0 3000 0

606 8 120 0 5000 0

608 6 90 3000 3000 0

609 5 90 7500 7500 0

610 6 120 3000 3000 0

Average 750.00 2097.22 2.89

Typel
Stables

506 9 120 0 0 0

601 9 90 2500 2500 0

602 10 120 2000 2000 2000

607 11 90 0 0 0

Average 1125.00 1125.00 500.00

Type fl

Stables

402,404,405 22 125 42000 0 0

503 24 90 25000 15000 0

605 16 90 30800 16000 0

Average 32600.00 10333.33 0.00

Type ifi Stables



MARGINAL COSTS OF STABLING
SCENARIO 2
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TOTAL
WAGES
PAID

(cia)

COST
PURCHASED

FOOD

(cia)

PRICE

COTrON
SEED CAKE

(cia)

VALUE TOTAL

FOOD COST
DONATION FOOD

(cia) (cia)

QUANTITY
FOOD

DONATED

(kg)

o 9600 40 40 1600 11200

0 19200 0 40 0 19200

0 15000 20 40 800 15800

0 15000 30 40 1200 16200

3552 25000 60 40 2400 27400

0 3500 30 40 1200 4700

6750 70400 160 40 6400 76800

0 38000 40 40 1600 39600

3000 15000 30 40 1200 16200

0 21800 20 40 800 22600

0 28000 30 40 1200 29200

0 20000 100 38 3800 23800

3000 35000 200 38 7600 42600

3000 4400 0 38 0 4400

5000 35500 120 38 4560 40060

3000 16000 208 38 7904 23904

7500 24600 0 38 0 24600

3000 1000 100 38 3800 4800

2100.11 22055.56 66.00 39.22 2559.11 24614.67

0 47500 200 38 7600 55100

2500 18000 0 38 0 18000

4000 11000 200 38 7600 18600

o 14000 0 38 0 14000

1625.00 22625.00 100.00 38.00 3800.00 26425.00

0 27647 248 40 9920 37567

15000 25000 75 38 2850 27850

16000 38000 220 38 8360 46360

10333.33 30215.67 181.00 38.67 7043.33 37259.00



MARGINAL COSTS OF STABLING
SCENARIO 2

COST TOTAL TOTAL

MEDICAL COSTS COSTS!

CARE OF ANIMAL

(cfa) STABLING (cfa)

(cfa)
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1215.79 12415.79 3103.95

1296.00 20496.00 5124.00

1181.00 16981.00 4245.25

1519.74 17719.74 3543.95

1884.00 32836.00 5472.67

607.90 5307.90 2653.95

1898.00 85448.00 10681.00

1045.00 40645.00 10161.25

1092.00 20292.00 6764.00

703.00 23303.00 11651.50

853.00 30053.00 10017.67

15 19.74 25319.74 5063.95

2431.58 48031.58 6003.95

1823.69 9223.69 1537.28

2431.58 47491.58 5936.45

1823.69 31727.69 5287.95

1519.74 41119.74 8223.95

1823.69 12623.69 2103.95

1481.62 28946.40 5529.09

2735.53 57835.53 6426.17

2735.53 25735.53 2859.50

3039.48 27639.48 2763.95

3343.43 17343.43 1576.68

2963.49 32138.49 3296.26

6686.85 86253.85 3920.63

7294.75 75144.75 3131.03

4863.17 98023.17 6126.45

6281.59 86473.92 4184.22



APPENDIX D: LOGIT MODEL (MISCELLANEOUS)
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A. Auxiliary Regressions:

Dependent Variable: ACTPOPN

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 10 203.40829 20.34083 3.632 0.0013

Error 46 257.64434 5.60096
C Total 56 461.05263

Root MSE 2.3 6664 R-square 0.44 12

Dep Mean 6.26316 Adj R-sq 0.3197

C.V. 37.78662
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Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter0 Prob> IT

1 4.226175 1.81225285 2.332 0.0241INTERCEP
TOTBOV 1 -0.002467 0.00840813 -0.293 0.7705

AREATOT 1 0.334206 0.15440609 2.164 0.0357

HINCOME 1 0.000001690 0.00000183 0.923 0.3608

OINCOME 1 1.490301 0.80389216 1.854 0.0702

HAGEGP 1 -0.567765 0.46723529 -1.215 0.2305

WAGEGP 1 0.707354 0.32283188 2.191 0.0335

HYEDUC 1 0.050197 0.18453668 0.272 0.7868

HOlE 1 -0.261146 0.80668889 -0.324 0.7476

CRED 1 -0.481954 0.79944877 -0.603 0.5496

EXTINFO 1 -0.527315 0.80664062 -0.654 0.5165



Dependent Variable: TOTBOV

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 10 29387.95316 2938.79532 1.710 0.1073
Error 46 79077.31000 1719.07196
C Total 56 108465.263 16

Root MSE 41.46169 R-square 0.2709
Dep Mean 42.36842 AdjR-sq 0.1125
C.V. 97.85990

Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob> [Fl

INTERCEP
ACTPOPN
AREATOT
HINCOME
OINCOME
HAGEGP
WAGEGP
HYEDUC
HG1E 1

CRED I
EXTINFO

1 8.485669 33.55032557 0.253 0.8015
1 -0.757209 2.58065941 -0.293 0.7705
1 5.762822 2.70938140 2.127 0.0388
1 0.000008614 0.00003235 0.266 0.7912
1 -4.422914 14.58565679 -0.303 0.763 1

1 -1.017445 8.31460328 -0.122 0.9031

1 1.290514 5.94054236 0.217 0.8290
1 -0.670606 3.23403314 -0.207 0.8366

4.073418 14.13592514 0.288 0.7745
12.522499 13.93921834 0.898 0.3737

1 -6.068081 14.16901499 -0.428 0.6705
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Dependent Variable: AREATOT

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 10 666.32890 66.63289 14.376 0.0001

Error 46 213.21276 4.63506
C Total 56 879.54167

Root MSE 2.15292 R-square 0.7576
Dep Mean 6.08333 AdjR-sq 0.7049
C.V. 35.39045
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Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob> IT!

1 -3.918806 1.64479317 -2.383 0.0214INTERCEP
ACTPOPN 1 0.276571 0.12777828 2.164 0.0357
TOTBOV 1 0.015538 0.00730519 2.127 0.0388

IIINCOME 1 0.000007405 0.00000128 5.793 0.0001

OINCOME 1 -0.192867 0.75759056 -0.255 0.8002
HAGEGP 1 1.216899 0.39276939 3.098 0.0033

WAGEGP 1 -0.023295 0.30860469 -0.075 0.9402
HYEDUC 1 0.254247 0.16377172 1.552 0.1274

HGIE 1 -0.774362 0.72575126 -1.067 0.2915

CRED 1 0.707804 0.72262585 0.979 0.3325
EXTINFO 1 1.651179 0.69583917 2.373 0.0219



Dependent Variable: HINCOME

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 10 4.0432207E12 404322071060 11.339 0.0001

Error 46 1.6402951E12 35658588661
C Total 56 5.6835158E12

RootMSE 188834.81845 R-square 0.7114
DepMean 308635.78947 AdjR-sq 0.6487
C.V. 61.18371

Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter0 Prob> ITI

INTERCEP 1 307476 146034.12393 2.106 0.0407
ACTPOPN 1 10760 11656.999901 0.923 0.3608
TOTBOV 1 178.683537 670.99863679 0.266 0.7912
AREATOT 1 56969 9833.1896997 5.793 0.0001

OINCOME 1 -64030 65822.281989 -0.973 0.3358
HAGEGP 1 -70211 36432.340489 -1.927 0.0601
WAGEGP 1 -31826 26659.896677 -1.194 0.2387
HYEDUC 1 -34462 13832.372902 -2.491 0.0164

HGIE 1 57760 63874.080261 0.904 0.3706
CRED 1 -143347 60451.626790 -2.371 0.0220

EXTINFO 1 -34007 64465.764692 -0.528 0.6004
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Response Variable: OINCOME
Response Levels: 2
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETAO

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 63.210 70.231
SC 65.254 92.704
-2 LOGL 61.210 48.23 1 12.980 with 10 DF (p0.2248)
Score . . 11.193 with 1ODF (p=O.3427)

EXTINFO 1 -0.7641 0.9517 0.6445 0.4221 -0.194435 0.466

Association of Predicted Probabilities and Observed Responses

Concordant = 79.4% Somers' D 0.587
Discordant = 20.6% Gamma 0.587
Tied = 0.0% Tau-a = 0.211
(572 pairs) c = 0.794
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Parameter
Variable DF Estimate

Analysis of Maximum Likelihood Estimates

Standard Wald Pr> Standardized Odds
Error Chi-Square Chi-Square Estimate Ratio

INTERCPT 1 4.7383 2.5965 3.3303 0.0680
ACTPOPN 1 -0.3916 0.2068 3.5850 0.0583 -0.619412 0.676
TOTBOV 1 0.00219 0.0116 0.0354 0.8507 0.053186 1.002
AR.EATOT 1 0.0950 0.2391 0.1577 0.6913 0.207499 1.100

HINCOME 1 3.23 1E-6 2.987E-6 1.1701 0.2794 0.567573 1.000
HAGEGP 1 -0.8419 0.6376 1.7436 0.1867 -0.397433 0.431
WAGEGP 1 0.5750 0.4681 1.5090 0.2193 0.344268 1.777
HYEDUC 1 -0.00995 0.1813 0.0030 0.9562 -0.011324 0.990
HGIE 1 -1.9073 0.8982 4.5092 0.0337 -0.476712 0.148
CRED 1 0.4153 0.9299 0.1994 0.6552 0.115053 1.515



Response Variable: HAGEGP
Response Levels: 4
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETA=O

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 133.928 119.578
Sc 140.058 146.138
-2 LOG L 127.928 93.578 34.350 with 10 DF (pO.0002)
Score 25.534 with 10 DF (p0.0044)

Analysis of Maximum Likelihood Estimates
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Variable DF
Parameter Standard Wald Pr> Standardized Odds

Estimate Error Chi-Square Chi-Square Estimate Ratio

INTERCP 1 1 -3.6963 1.3580 7.4087 0.0065
INTERCP2 1 -1.4571 1.2010 1.4720 0.2250
INTERCP3 1 0.8732 1.1876 0.5406 0.4622
ACTPOPN 1 0.2060 0.1562 1.7377 0.1874 0.325813 1.229
TOTBOV 1 -0.00327 0.00828 0.1563 0.6926 -0.079428 0.997
AREATOT 1 -0.5459 0.1910 8.1709 0.0043 -1.192825 0.579
H1NCOME 1 4.537E-6 1.902E-6 5.6922 0.0170 0.796882 1.000
O1NCOME 1 -0.9209 0.8046 1.3101 0.2524 -0.214928 0.398
WAGEGP 1 -1.0546 0.3458 9.3035 0.0023 -0.631393 0.348
HYEDUC 1 0.3867 0.1714 5.0886 0.0241 0.440017 1.472
HGIE 1 0.4789 0.7642 0.3926 0.5309 0.119688 1.614

CRED 1 0.7592 0.8117 0.8747 0.3497 0.210319 2.136
EXTINFO 1 2.4925 0.8663 8.2791 0.0040 0.634268 12.092

Association of Predicted Probabilities and Observed Responses

Concordant = 83.6% Somers' D = 0.690
Discordant = 14.6% Gamma = 0.703
Tied = 1.8% Tau-a = 0.444
(1028 pairs) C = 0.845



Response Variable: WAGEGP
Response Levels: 4
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETAO

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 163.412 164.818
Sc 169.541 191.378
-2 LOG L 157.412 138.818 18.594 with 10 DF (pO.O457)
Score 15.290 with 10 DF (p0.l2l8)

Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr> Standardized Odds
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Variable DF Estimate Error Chi-Square Chi-Square Estimate Ratio

1 3.6624 1.6532 4.9079 0.0267INTERCP 1
INTERCP2 1 5.2707 1.7279 9.3044 0.0023
INTERCP3 1 6.7505 1.8015 14.0404 0.0002
ACTPOPN 1 -0.2752 0.1180 5.4409 0.0197 -0.435313 0.759
TOTBOV 1 -0.00247 0.00653 0.1436 0.7048 -0.06003 1 0.998
AREATOT 1 0.0346 0.1258 0.0754 0.7836 0.075502 1.035

HINCOME 1 1.481E-6 1.455E-6 1.0361 0.3087 0.260104 1.000

OINCOME 1 0.6752 0.6445 1.0976 0.2948 0.157587 1.964

HAGEGP 1 -1.1426 0.3883 8.6566 0.0033 -0.539361 0.319

HYEDUC 1 -0.0261 0.1429 0.0333 0.8553 -0.029653 0.974

HGIE 1 -0.5373 0.6308 0.7255 0.3944 -0.134287 0.584

CRED 1 0.4585 0.6238 0.5403 0.4623 0.127027 1.582

EXTINFO 1 -0.4637 0.6423 0.5212 0.4703 -0.117995 0.629

Association of Predicted Probabilities and Observed Responses

Concordant = 70.9% Somers' D 0.425
Discordant 28.4% Gamma = 0.428
Tied = 0.7% Tau-a = 0.323
(l2l4pairs) C =0.713



Dependent Variable: HYEDUC

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 10 74.35149 7.43515 2.083 0.0457
Error 46 164.20991 3.56978
C Total 56 238.56140

Root MSE 1.88939 R-square 0.3117
Dep Mean 0.75439 AdjR-sq 0.1620
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CV. 250.45353

Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter=O Prob> ITI

INTERCEP 1 4.446889 1.38231899 3.217 0.0024
ACTPOPN 1 0.031993 0.11761466 0.272 0.7868
TOTBOV 1 -0.001393 0.00671571 -0.207 0.8366
AREATOT 1 0.195814 0.12613194 1.552 0.1274
I11NCOME 1 -0.000003450 0.00000138 -2.49 1 0.0 164

O1NCOME 1 -0.000570 0.66532427 -0.001 0.9993
WAGEGP 1 -0.019870 0.27083020 -0.073 0.9418
HAGEGP 1 -0.737551 0.36301525 -2.032 0.0480
HGIE 1

CRED
1

0.430208 0.64161965
-1.795483 0.58350614

-1.149588 0.62436201

0.671
-3.077

-1.841

0.5059
0.0035

0.0720EXTINFO



Response Variable: HGIE
Response Levels: 2
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETAO

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 69.672 73.044
SC 71.715 95.518
-2 LOGL 67.672 51.044 16.628 with 10 DF (p=O.O83O)

Score . . 14.469withIODF(p=0.1527)

Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr> Standardized Odds
Variable DF Estimate Error Chi-Square Chi-Square Estimate Ratio

INTERCPT 1 2.0061 1.9981 1.0081 0.3154
ACTPOPN 1 0.1296 0.1909 0.4606 0.4974 0.204948 1.138
TOTBOV 1 -0.00058 0.00880 0.0044 0.9473 -0.014113 0.999
AREATOT 1 0.2846 0.2194 1.6830 0.1945 0.621949 1.329

HINCOME 1 -3.34E-6 2.607E-6 1.6386 0.2005 -0.586110 1.000

OINCOME 1 -2.0174 0.9378 4.6279 0.0315 -0.470838 0.133
WAGEGP 1 -0.3676 0.4061 0.8195 0.3653 -0.220082 0.692
HAGEGP 1 0.1947 0.5222 0.1390 0.7093 0.091889 1.215
HYEDUC 1 -0.1950 0.2010 0.9414 0.3319 -0.221870 0.823

CRED 1 -2.3589 0.9986 5.5805 0.0182 -0.653520 0.095
EXTIINFO 1 -0.2610 0.9166 0.0811 0.7758 -0.066422 0.770

Association of Predicted Probabilities and Observed Responses

Concordant = 8 1.3% Somers' D = 0.625
Discordant = 18.8% Gamma = 0.625
Tied = 0.0% Tau-a = 0.257
(656pairs) c =0.813
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Response Variable: CRED
Response Levels: 2
Number of Observations: 57
Link Function: Logit

Response Profile

Ordered
Value CRED Count

1 0 31

2 1 26

WARNING: There is possibly a quasicomplete separation in the sample points.
The maximum likelihood estimate may not exist.
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Response Variable: EXTINFO
Response Levels: 2
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETAO

Analysis of Maximum Likelihood Estimates

Association of Predicted Probabilities and Observed Responses

Concordant 86.9% Somers' D = 0.740
Discordant = 12.9% Gamma 0.74 1

Tied 0.1% Tau-a = 0.315
(680 pairs) c = 0.8 70
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Parameter
Variable DF Estimate

Standard Wald Pr> Standardized Odds
Error Chi-Square Chi-Square Estimate Ratio

INTERCPT 1 -4.1536 2.4245 2.9349 0.0867
ACTPOPN 1 0.0973 0.2032 0.2293 0.6321 0.153942 1.102
TOTBOV 1 0.00251 0.00903 0.0771 0.7813 0.060818 1.003

AREATOT 1 -0.4631 0.2539 3.3274 0.0681 -1.011862 0.629
H1NCOME 1 -5.26E-7 2.991E-6 0.03 10 0.8603 -0.092455 1.000

OINCOME 1 -0.4000 0.9084 0.1939 0.6597 -0.093359 0.670
WAGEGP 1 -0.2329 0.3802 0.3751 0.5403 -0.139410 0,792
HAGEGP 1 1.6528 0.6856 5.8107 0.0159 0.780183 5.221

HYEDUC 1 0.2773 0.2055 1.8210 0.1772 0.315537 1.320
HGIE 1 -0.1011 0.8504 0.0141 0.9053 -0.025273 0.904
CRED 1 -0.1011 0.8938 0.0128 0.9100 -0.027998 0.904

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 71.468 71.006
SC 73.511 93.480
-2 LOG L 69.468 49.006 20.462 with 10 DF (p=O.O252)

Score . . 16.250 with 10 DF (J)=O.O927)



B. The J-Test:

Response Variable: ADOPTION
Response Levels: 2
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETAO

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 80.157 55.116
SC 82.200 79.632
-2 LOGL 78.157 3 1.116 47.041 with 11 DF (pO.0001)
Score . 37.824withllDF(F0.0001)

EXTINFO 1 2.9786 4.3400 0.4710 0.4925 0.757967 19.661

Association of Predicted Probabilities and Observed Responses

Concordant = 95.4% Somers' D = 0.908
Discordant = 4.6% Gamma = 0.908
Tied = 0.0% Tau-a = 0.455
(800 pairs) c = 0.954
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Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr> Standardized Odds
Variable DF Estimate Error Chi-Square Chi-Square Estimate Ratio

-5.9434 4.2816 1.9269 0.1651INTERPT 1
YHAT 1 3.9537 4.0939 0.9327 0.3342 0.888207 52.129
ACTPOPN 1 0.2258 0.3898 0.3356 0.5624 0.357202 1.253

TOTBOV 1 0.0253 0.0363 0.4851 0.4861 0.613520 1.026

AREATOT 1 -0.1744 0.3413 0.2612 0.6093 -0.381089 0.840
OINCOME 1 -0.9969 1.7095 0.3401 0.5598 -0.232670 0.369

WAGEGP 1 -0.5084 0.8893 0.3268 0.5675 -0.304364 0.601

HAGEGP 1 0.4047 0.7890 0.2631 0.6080 0.191054 1.499

HYEDUC 1 0.3037 0.4900 0.3842 0.5354 0.345569 1.355

HGIE 1 0.5478 1.6066 0.1163 0.7331 0.136921 1.729

CRED 1 0.6384 1.6373 0.1520 0.6966 0.176872 1.894



Response Variable: ADOPTION
Response Levels: 2
Number of Observations: 57
Link Function: Logit

Testing Global Null Hypothesis: BETA=0

Intercept
Intercept and

Criterion Only Covariates Chi-Square for Covariates

AIC 80.157 55.354
SC 82.200 79.870
-2LOGL 78.157 31.354 46.8O3withllDF(p0.0001)
Score . . 37.824withllDF(p0.0001)

Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr> Standardized Odds
Variable DF Estimate Error Chi-Square Chi-.Square Estimate Ratio

INTERCPT 1 -4.7778 3.2948 2.1028 0.1470
YHAT 1 5.2597 3.1641 2.7633 0.0965 1.181608 192.433
ACTPOPN 1 0.0592 0.2695 0.0483 0.8260 0.093726 1.061

TOTBOV 1 0.0107 0.0213 0.2533 0.6148 0.259576 1.011

HINCOME 1 4.707E-7 2.35E-6 0.0401 0.8412 0.082680 1.000
OINCOME 1 -0.5941 1.5724 0.1428 0.7055 -0.138664 0.552
WAGEGP 1 -0.2312 0.6921 0.1116 0.7383 -0.138435 0.794
HAGEGP 1 0.1374 0.6016 0.0521 0.8194 0.064846 1.147
HYEDUC 1 0.2210 0.4257 0.2694 0.6037 0.251451 1.247

HGIE 1 0.2950 1.5681 0.0354 0.8508 0.073735 1.343

CRED 1 0.5306 1.6886 0.0987 0.7534 0.146997 1.700
EXT1NFO 1 1,3765 2.7458 0.2513 0.6162 0.350272 3.961

Association of Predicted Probabilities and Observed Responses

Concordant = 95.4% Somers' D = 0.9 10
Discordant = 4.4% Gamma = 0.9 12
Tied = 0.3% Tau-a = 0.456
(800 pairs) c 0.955
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api.
C. Calculations of

ik

To determine the magnitude of the relationship between the explanatoiy variables (xjk) and

the probability of adoption (P ) we must take the derivative of P with respect to xjk.

f3[P(1P)J
ik

We already have 3, but need P to make calculations. In the logit model:

1

1+e

We can use the mean values of the explanatory variables, xik to obtain P. Thus we calculate

Xf3 for each of the models as follows:

Model 1:

= 8.642 + 0.0564(41.085) + 0.5076(6.0 167) + 0.3983(5.804) + 1.5655(.4333)

+ 0.8073(3.25) + 0.6544(.7167) - 1.86(.2167) - 1.244(2.4386)

+ 1.3795(3167) + 7.0909(.6667)

X3=.08369

Model 2:

Xf3 = 6.5118 + 0.0007(41.085) + 0.3536(6.0167) + 0.3145(5.804) + 1.6085(.4333)

+ 0.8428(3.25) + 0.4345(.7 167) - 1.6080(.2 167) 0.6078(2.4386)

+ 1.1665(.3167)+ 4.3232( .6667)

= 1.01235

We can then plug the values for X13 into the equation p1 to calculate P.
1+ e
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Model 1:

Pi =
1+e

P =.5209

Model 2:

1

1+e

pi =.7335

Using the calculated values for P1 we can then calculate each of the which are included
ik

intables6.1 and 6.2.
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