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PREFACE 
 

 

This thesis is a fruit that took a long time to mature, a dish that required a long 

time to be cooked. In the course of the process, many people at different stages 

were involved and I owe a lot to them for financial, administrative, intellectual 

and psychological support. 

The United States Agency for International Development (USAID) funded the 

research through the SANREM (Sustainable Agriculture and Natural Research 

Management) project since 1999; Dr Mike Berthelsen at the Office of 

International Research and Development (OIRD) of the Virginia Polytechnic 

and State University and Dr Peter Whyeth from Washington State University 

believed in the scientific importance of the research and in its outcome in terms 

of policy relevance, particularly in the perspective of the ongoing 

decentralization process in Mali. They strongly supported and encouraged me 

since the beginning of the research plan for my Master’s degree. Prof. Daniel 

Taylor, my adviser, helped me to build up a sound and acceptable research 

proposal from which I could start. I also thank Dr Peter Matlon for useful early 

comments which permitted some fine-tuning of the proposal. I benefited—

although informally—from Dr Moore’s (a sociologist at OIRD) acute points of 

view on natural resource management and approaches to rural development. 

Thanks to you all for kindness and smartness; you have been the foundation to 

the architecture.  

In Mali, the national institute of agricultural research, IER (Institut d’Economie 

Rurale) hosted my field activities. Dr. Bino Teme, the director of the institute 

paid a kind attention to my presence among them and facilitated my stay by 

organizing my departure to Mopti where I joined the local research team. The 

Mopti team researchers warmly welcomed me and took care of practical 

arrangements for my research; Dr. Kodjo and his colleagues adhered to my 

research topic and got quickly involved. They facilitated my stay in Madiama, 

provided transportation facilities and field enumerators. In particular, Mr Traoré 

was the field facilitator who moved with me from one village to the other, 

introducing me to the villagers. I thank you all for your support and friendship.   

The fieldwork was an opportunity for me to discover the amazing context of the 

Niger River inner delta of Mali and its kind people. In each of the visited 

villages, we were welcomed and after introduction, tea, sugar and charcoal were 

systematically provided by the villagers. Later on, a boy was designated to cook 

tea for us in order to energize us; this ‘technique’ was really useful for us tired 

after long hours of interviews. Thanks to you all from Madiama, Tombonkan, 

Nerekoro, Tatia-Nouna and Promani for your great hospitality, worthy of 

African societies. 
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In 2001 when I applied for a scholarship both at Wageningen University and at 

the University of Groningen, I could not imagine that so nice creatures would 

welcome me amidst them. Prof. Ruerd Ruben from the Economic Development 

Group promptly and positively responded and I was accepted for a short term 

stay at Wageningen University (WU) while the possibility of a financial support 

through a Mansholt scholarship was examined. Meanwhile, the University of 

Groningen through the Centre for Development Studies, formally granted me a 

scholarship allowing me to finalize my dissertation. From that time on, I had 

two promotors: Prof. Caspar Schweigman, director of The Centre for 

Development Studies at the University of Groningen, and Prof. Ruerd Ruben at 

WU, who later was appointed as Director of the Centre for International 

Development Studies in Nijmegen. They regularly organized meetings with me 

in order to discuss details related to the thesis. Both were very committed to get 

a good job done; particularly Caspar would take me everywhere by train in The 

Netherlands to show up at those meetings. A good company promotor-student 

was frequently conveyed by train from Groningen to other cities. Caspar, full of 

modesty, showed me such a friendship that ever existed between a student and 

his promoter. His hospitality reminds me of the one I experienced in some 

African villages. He would read the whole stuff I submitted to him in details, 

very systematically and ask me to explain every tiny cloudy point in order to 

make sure that it could be understood even by lay people. Ruben was very quick 

to react to my writings and suggested some deepening or improvements based 

on innovative views. Although very useful to me and valuable to the whole 

thesis, such an educational method was not so easy to follow. The remaining 

cloudy points or weaknesses are of my responsibility.  

During my first stay at Wageningen, I met with a particular economist: Dr. 

Gideon Kruseman. He served as a technical adviser to me. The model developed 

required a high level of qualification in GAMS. Gideon was the required 

specialist to help me. Hard-worker, he has a broad, deep and keen knowledge of 

GAMS codes, theoretical models and the field where my research was 

conducted, i.e. Mali, a country where he conducted his PhD research. In total, he 

did have the most adequate profile to help me. His patience and practical sense 

of transmitting his knowledge have been so useful to me as well as his clear 

thinking allowed our joint work to make substantial progress, particularly during 

my last stay with him at the agricultural economic institute LEI in The Hague. 

Gideon, you are obviously part of this thesis although possible mistakes or 

failures are fully of my responsibility. 

All staff of the Centre of Development Studies of the University of Groningen 

has been so kind to me; particularly Arthur de Boer who took care of me from 

the very first day to the last hour. He was always busy to help and to make sure 

that everything was going smoothly with me. Arthur thanks for your kindness. 

Pieter Boele impressed me with his points of view of a philosopher and his 

broad knowledge of Africa and his interest into African people. He paid 
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particular attention to African students and occasionally invited us for parties. 

Pieter, I appreciated your kind attention.  

People of LEI welcomed me for a short stay in August 2006 which allowed me 

to work with Gideon on my model; I thank them all for their help and warm 

hospitality. I am grateful to IFPRI for allowing me to adapt their model to my 

case study; I particularly thank Dr Peter Hazell for referring me to IFPRI for 

technical support, Drs. Sherman Robinson and Hans Lofgren for providing me 

with accurate material and assistance in the modeling. Prof. Laya Sawadogo of 

the University of Ouagadougou, frequently enquired about the thesis, constantly 

encouraged me in the long way towards the defense; thank you professor for 

your friendship and support. 

I thank Prof. Sanders from Purdue University for reviewing and making 

comments on the first chapter of the thesis. I also thank prof. Konaté Gnissa, 

director of INERA for institutional support. Dr. Mahama Ouédraogo from 

INERA constantly encouraged me in my efforts to finalize the thesis; thank you 

for all what you did to keep me strong. 

My wife and five kids have been laid aside for a long time; they all bore my 

almost crazy decision to abandon them for years. Venance Delwendé, because 

he was a baby when I left for the United States, was afraid of me and could not 

accept me as his father when I got back now and then. Sorry for missing you for 

such a long time; thanks for understanding your spouse and father. I hope this 

period of separation will be nothing but a diving-board for another life. 
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1.1. Introduction: An overview of natural resource issue in West Africa 
 

During the last few decades, climate variability and human activities have 

accelerated natural resource degradation in West Africa. Traditional production 

systems have become progressively unsustainable as higher demographic 

pressure, increasing poverty, and greater food insecurity lead to more intensive 

activities and practices depleting natural resources.  Increased competition for 

natural resources has given rise to conflicts (actual or potential) between 

stakeholders. The prevalence of conflicts in the Niger River delta of Mali is 

typical of most West African countries. Natural resource depletion and high 

pressure on existing resources leads to conflicts in Sahelian countries (Mali, 

Niger, Burkina Faso, Senegal, and Mauritania) as well as in coastal countries 

such as Côte d’Ivoire1.  

Conflicts recurrently occur in the Sahel. In Burkina Faso for example, conflicts 

between farmers and pastoralists are frequently reported in most parts of the 

country. For example, conflicts occurred, in the Central Plateau (Ziniaré in 

1968), in the west (Sideradougou in 1986 with 5 dead reported, Mangodara in 

1995 with 7 dead, Banfora in 2001), and more recently in 2003 in the east where 

10 people were killed in the Gourma province, in the village of Balere. 

In Côte d’Ivoire, with a higher natural resource base, some urban inhabitants 

hire workers to grow cash crops (coffee, coconut, rice) on their behalf on rural 

or semi-urban lands.  Usually, they get the legal right to use these lands straight 

from government institutions in Abidjan. This may lead to conflicts with local 

people who are the traditional landholders (key informants interviewed in 1998). 

This started a process peaking in 1999 and 2000 when village natives and 

foreigners2, mostly from Burkina Faso, Mali and also Ivorians from other 

regions of Côte d’Ivoire, came in conflict over the cultivated land. Many people 

were killed on both sides in the far west area of the country and the situation is 

still unstable. A key-informant prophesized in 1998 that Côte d’Ivoire “was 

seated on a socio-political bomb” due to the land issue. One year later, the most 

                                                 
1
 In 1998, a preliminary visit by the author in some West African countries (Burkina Faso, 

Mali, Niger, Côte d’Ivoire and Senegal) and interviews conducted with key-informants 

(development agents, researchers, administrative decision-makers, NGOs…) revealed the 

presence and similarities of conflicts in these countries, although their gravity may vary from 

one country to the other. 
2
 Most foreigners, like Burkinabè are just Burkinabè by name: they were born in Côte 

d’Ivoire; their parents or grand-parents were sent there in the 30s or 40s by the colonial power 

at the time when Upper-Volta (now Burkina Faso) and Côte d’Ivoire were merged, as 

working labor on the colonial plantations. Some of them acquired the land from natives either 

by purchase or by any other arrangements with the landlord. Unfortunately, since they are still 

not citizens of Côte d’Ivoire, they have no perennial rights on such lands. 
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severe conflict started in Tabou (west of Côte d’Ivoire) where an open and 

deadly conflict started between local Ivorian people, the Kroumens, and the 

Lobis from Burkina Faso. Most foreigners, particularly Burkinabe (about 17,000 

people) had to leave the area for their home country. This Tabou tragedy 

illustrates the social and political challenges of natural resource (land in 

particular) management in Cote d’Ivoire where citizenship is closely related to 

the land issue.  

One of the recommendations of the United Nations, representing the 

international community for a long-term solution to the current political crisis in 

this country is to solve the land problem3. 

 

In the southern part of Niger (region of Dosso), the demographic pressure is 

relatively high (nearly 100 inhabitants per sq. km) and transhumance (to and 

from the north of Benin) increases the potential for conflicts. Corridors for 

transhumance exist but are not respected by farmers who invade most areas 

reserved for livestock. A case study from the district of Boboye4 is illustrative of 

the severity of conflicts as well as the extent to which conflicts can occur. 

Conflicts often occur in this fertile region of Niger, between farmers and 

pastoralists at village level, due to farmers’ settlement around water points that 

obstructs transhumance corridors. Crop damages by animals become more and 

more likely to occur and may be followed by bloody or sometimes deadly 

conflicts (Autorité du Liptako-Gourma, 2002). 

In Mali, conflicts are most frequent and severe in the Niger River delta because 

of the large diversity of natural resources that used to attract many stakeholders. 

Kodio et al. (2000) and Vedeld (1997) reported hundreds of conflicts over land, 

unresolved for years or simply potential conflicts that could arise anytime. It is 

interesting to note that beyond the Mopti region (Gao and Meneka) where 

activities and stakeholders are similar, conflicts decrease in intensity as well as 

in severity5.  

                                                 
3
  Prior to the start of the rebellion in the northern part of  Cote d’Ivoire on September 19, 

2002, a law was adopted which states that land can no more be inherited by foreigners. After 

the parents’ death, the (dead) foreigner’s rights on the piece of land vanish and inheritants 

cannot be proprietors of this piece of land. At the same time, this law does not allow the 

acquisition of Ivoirian citizenship for millions of people although born in this country some 

decades ago, before the independence of the country. 
4
 The district of Boboye is located in a transition zone between the southern part of Niger and 

the northern part of Benin; it seasonally hosts livestock moving down from Niger to Benin 

and back; the nomadic herders frequently violate the transhumance corridors and create 

damages on farmers’ crop fields, which is source of conflicts. 
5
 Pastoralism is the most common activity; when conflicts occur, solutions are easily and 

quickly negotiated between opponents. 
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1.2. The current landscape of Agro-pastoral systems in the Sahel: a 
source of conflicts 

 

The semi-arid region of West Africa (see Figure 1.1) commonly known as the 

Sahel6 is characterized by monomial rainfall regime with an annual rainfall 

fluctuating between 100-200 mm and 1000mm or 1200 mm. Annual rainfall 

levels have been decreasing over the course of the last century (Farmer, 1989; 

Sunzini, 1992); climatic/weather change over the two decades has shortened the 

rainy season, substantially modifying the landscape of the region as rainfall 

isohyets have moved southward. 

Drought has always been seen by many experts as a chronic problem in the 

Sahel: 12-15 year droughts were recorded in the 1680s, the 1750s, the 1820s and 

the 1830s. During the 20
th

 century, the Sahel has been plagued by extended 

droughts in 1910-14, around 1930, and in 1940-44, 1968-73, and 1980-84. 

“While there are indications that earlier droughts were confined to relatively 

small areas, there has been a continual increase in the duration and the extent 

of drought over the last 100 years and consequently in the destruction caused by 

it. This has held true up to very recent times” (Leisinger et al. 1996) 

Moreover, other stresses such as low fertility, low organic matter content and 

low water retention capacity of the soils have constrained rainfed agriculture and 

the productivity of natural vegetation (Sunzini, 1992, op. cit.). Only 8% of the 

land area in the Sahel is suitable for agriculture
7
 and currently 5% of this area is 

devoted to irrigated agriculture.  

Nearly all agricultural land is used so that additional cropping land can only 

come from existing fallow land or from land that have been traditionally shared 

with herders such as the bottom valley lands8: the so-called “agricultural 

frontier”9 extends from year to year.  

The once 10-15 year fallow period is now reduced to 1 or 2 years or have 

entirely disappeared (Sanders et al., 1996). Intensive land use with low level of 

inputs and poor techniques resulted in a yield decline for both food and cash 

crops in traditional systems. To such yield declines, farmers react by expanding 

their fields into marginal lands: current cultivation techniques have to be 

adapted to the new and harder environmental conditions and conflict potential 

with pastoralists increases.  
                                                 
6
 The total area of this zone is about 1,500,000 square Km for a population of 44 millions, 

(6,5% of this population is rural); 65% of this population is rural. 
7
 The control of the onchocerciasis and other public health measures increased population 

densities particularly in the southern regions with better production conditions (better rainfall 

and soil fertility, lower health risks). This was the case in Burkina Faso for example in the 

1970s, when the southern part of the Central Plateau was occupied by farmers installed after 

the eradication of the onchocerciasis along the Volta Rivers. 
8
 ‘Bas-fonds’ in French: they are essentially lands along old rivers courses where better 

cropping conditions give better yields. 
9
 “Front agricole” in French. 
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Simultaneously, pastoralists, facing the same degrading environmental 

conditions develop survival strategies; their herd composition is function of their 

ability to adapt to long-term environmental and market conditions.  

Despite the semi-arid zone’s low theoretical carrying capacity10, population 

density is often higher than in sub-humid and humid agro-climates zones of sub-

Saharan Africa with a population growth as high as 2.5% per year (McIntire et 

al. 1992). Leisinger et al. (1996) predicted a decrease in the environmental 

carrying capacity in Africa and particularly in the Sahelian zone, due both to 

cropping and livestock production pattern, which will lead to resource 

degradation, particularly if no appropriate water and soil management 

techniques such as zaї, contour rock bunds, tied ridges, half-moon technique,  

 
Source: Adapted from Leisinger et al (1996). 

 

Figure 1. 1 : The semi-arid region of Africa  

                                                 10 The carrying capacity of the Sahelo-Sudanian zone (the area between the 350-600 mm 

isohyets and containing more than half of the total population of the Sahel) is about 15 

people per sq km under present land-use practices. Current estimates of population density in 

this zone put the number of people per sq km at 20, which means that the present pattern of 

resource use is already exceeding the carrying capacity., Leisinger et al. (1996) 
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high-yielding seeds, fertilizers…… are applied and no social innovations 

involving people’s participation developed and adopted (see chapter 2 for 

“success stories” of some techniques in the Yatenga region, Burkina Faso). 

 
 

1.3. The case of the Niger delta region of Mali 
 

In Mali, and particularly in the Niger delta region, natural resource-based 

conflicts among and between farmers, agro-pastoralists and pastoralists are 

becoming much more common. Formerly, the Niger delta region (about 80,000 

sq. km) had a large resource base with abundant cropping and grazing land and 

water shared by farmers, pastoralists and fishermen from within and outside the 

region. Farmers (Malinke, Dogon, Samogo), herders (Fulanis - traditional 

herders originally from Mali or Burkina Faso) and fishermen (Bozos) were in 

permanent or semi-permanent residence (Sy, 1994). Lands used to be flooded by 

the end of the rainy season, greatly benefiting agriculture, due to better soils 

(deposited fertile soil particles) and to adequate moisture for plants (flood-

recession cropping of rice and sorghum). 

Fulanis, traditionally herdsmen usually followed the rains southward during the 

rainy season and moved again northward to take advantage of crop residues (rice 

in the “casiers11”, sorghum in farmers’ fields), of the bourgou (Echinocloa 

Stignina-a water plant consumed by cattle) and the pasture along the river when 

the water level becomes lower.   

Farmers cultivated crops during the rainy season and raised small animals. Their 

cattle were mostly entrusted to Fulanis who removed them from the area during 

the rainy season.  During the dry season, farmers benefited from manure during 

the herds’ stay on their fields. Barter usually existed between the different 

classes of resource users: farmers trading cereals for milk and manure from 

Fulanis, who obtained water and pasture access; meanwhile, Bozos traded fish 

for the products of the others. 

 

A Changing situation 

During the Participatory Landscape/Lifescape Assessment (PLLA)12,  villagers 

indicated that the Niger River as well as one of its main tributaries, the Bani 

River, supplies less and less water each year because of the decreasing rainfall 

(SANREM, 1999). The pattern of natural resource use began to change a few 

decades ago as a consequence of climate change and human activities 

progressively depleting the resource base. The government “casiers” operated 

by farmers face severe water shortages that prevent them from cropping rice.  

                                                 
11

 Small pieces of land attributed to farmers by the government and managed by governmental 

services in charge of rice cropping development. 
12

 This PLLA was conducted by a SANREM multi-disciplinary team (see chapter 2) before 

the current research started. 
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More importantly, this area of the inland Niger delta of Mali, which used to be 

the largest flood-plain pastures in West Africa (about 16,000 sq km), lost two-

third of its total area due to the drought cycle begun in the late 1960s (CABO, 

1991; SANREM ,1999, opt. cit.). 

Crop yields have decreased and farmers have had to expand cultivated area, not 

only to compensate for the drastic yield decline, but also to increase total 

production in an attempt to keep pace with the increasing population. This 

extensive agriculture is made possible by the availability of animal traction 

(oxen, horses, and donkeys) but has, in turn, resulted in the virtual disappearance 

of fallow, the traditional means of restoring soil fertility. 

Over time, unsuccessful fishermen have become farmers (Lae et al. 1994), 

increasing the pressure on agricultural resources, especially croplands. Herders 

also encountered progressively more difficulties finding grazing land for 

animals during the dry season along the river and/or on the farmers’ fields.  

In addition, herders had less and less chance to prevent crop damage caused by 

their animals because of crop area expansion across their migration routes. The 

depletion of a natural resource-base has resulted in high rates of livestock 

mortality during drought with little opportunity for a later herd reconstitution. 

For these reasons, many herders have also become farmers keeping all of their 

livestock manure for themselves. Similarly, low crop yields over time have led 

farmers to a diversification strategy adding livestock that remains on farm year 

round.  

Progressive resource depletion has compelled these stakeholders to give up or to 

modify their traditional activities in favor of new practices. Nowadays, each 

year, fishermen can fish for only a shorter and shorter period since water in the 

river hardly reaches a level allowing them to do so (Daget, 1994)13. 

 Given the changing conditions of production, stakeholders diversify their 

activities in order to reduce associated production risk. These changing 

strategies have increased the frequency of open conflicts. 

 

A new social structure as a result 

The evolutionary process described above ended up with the appearance of four 

categories of natural resource users. Moreover, a new social structure evolved, 

accompanied by new linkages between stakeholders. The four main categories 

of stakeholders can be depicted as follows: 

(a) Farmers14: their main activity still remains farming characterized by a more 

and more extensive and often less and less sustainable production system. 

This group also include some unsuccessful fishermen; 

                                                 
13

 Daget and others showed the decrease in the rate of flow of the Niger River and its 

tributaries over time. 
14

 The term “Farmers” means that this category of producers have farming activities as their 

main activities; it does not imply they are not conducting any other activities. It rather means 

they are predominantly farmers. 
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(b) Agro-pastoralists: they raise animals along with farming activities as a risk 

reduction strategy. Their former traditional activity was either herding or 

farming: in the process, former farmers include more and more animal 

raising in their production plan. Former herders (fewer) intensified their 

farming activity in the same strategy of diversification in order to reduce 

risks;  

(c) Sedentary pastoralists: their herds are of larger size than those of the agro-

pastoralists’. Their herds usually graze within or outside the commune but 

the whole household does not migrate. These sedentary pastoralistsy usually 

carry out farming activities that are relatively marginal compared to the 

above groups but are more important than the transhumant pastoralists’.  

Due to current harder production conditions, the sedentary pastoralists settled 

down and started to develop more and more farming and other income 

generating activities; 

(d) Transhumant pastoralists: they are moving inside and/or outside the 

commune seeking water and pasture for their animals. The transhumance 

schedule consists of moving around the river (and other water points) during 

the dry season and moving away during the raining season. 

Various adjustments have often led to conflicts. More and more farmers are 

continuously using the same land for their extensive cropping systems; this leads 

to the exhaustion of the soil and increases chance of conflict with other farmers 

over time.  

Moreover, less land is now available for herding, a land-extensive activity in the 

traditional system. Nevertheless, herders continue to represent a high proportion 

of the population. Hence, the incidence of conflicts is increasing between 

farmers and herders. These conflicts over damage by animals or over the use of 

the bourgou are often deadly. Conflicts over bourgou develop when, for 

example, farmers want to harvest and store it in order to feed their animals later 

in the dry season while the transhumant herders prefer to graze animals in situ. 

 

 

1.4. The poverty-natural resource degradation duality 
 

There exists a relationship between poverty and natural resource degradation. 

This relationship has been much debated and has given rise to different views on 

the driving forces. Many examples exist which show that poverty may induce 

poor natural resource management, whereas a depleted natural resource-base is 

clearly a source of poverty. For the case of the Niger delta region, production 

conditions as deterministic factors of natural resource degradation are examined 

in chapter 3, along with the effects of poverty as a result of an unsustainable 

resource management practice. 

The two-way relationship between poverty and natural resource degradation 

calls for policies that break the vicious cycle. A policy option could be based on 
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the assumption that either poverty comes first as the reason of the process of 

natural resource degradation-- or that this degradation is the trigger to the 

impoverishment process. 

In our approach, we deliberately choose to emphasize the causal effect of 

poverty on resource degradation; by doing so, we acknowledge the positive role 

of poverty reduction on improved natural resource management. Reducing 

poverty will end up with a positive effect on natural resource management. 

Improved natural resource management provides sustainable practices and 

reinforces poverty reduction in the mid and long term. Furthermore, the positive 

impact of poverty reduction on natural resource management may also result in 

conflict mitigation or resolution, since conflicts are generated or aggravated by 

unsustainable natural resource management (see Chapter 2) due to their 

progressive degradation. 

 

The decentralization or the institutional window 

Local institutions are generally perceived as a good way to transfer 

responsibilities to local populations; in this vein, the Mali government opted for 

local governance through decentralization, as an approach to promote 

development. The Madiama rural commune, the study site of our research, see 

chapter 2, is one of the local collectivities15 that were created as administrative 

units. These collectivities received from the central government full 

responsibility for development issues (see chapter 7 for a discussion of the 

expected role of rural communes to implement policies or institutional changes). 

Local people’s participation is generally expected as a necessary condition for 

the fruitful functioning of local institutions and the implementation of successful 

policies. At the level of the commune, potential conflicts can also be identified 

and actual conflicts avoided or resolved by discussion in which all stakeholders 

participate. 

 

 

1.5. Research questions and hypotheses 
 

The study analyses the access to and use of natural resources by different groups 

within villages in the Niger River delta region, and their derived implications for 

poverty and inequality that are likely to give rise to social conflict. We therefore 

assess:  

(i) the economic interactions and social interweaving between different types 

of rural households at community-level (Chapter 3 provides a descriptive 

overview, while Chapter 4 gives an empirical simulation); 

                                                 
15

  This term refers to the administrative units created in the process of the decentralization, 

especially the communes. 
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(ii) the nature and character of social conflicts arising from differential access 

to natural resources (Chapter 2.2-2.4 provides a descriptive analysis, while 

Chapter 4 gives an empirical illustration); 

(iii) policy options for managing these conflicts (outlined in Chapter 6) that 

might become available; the framework of decentralisation and enhanced 

participation in local community-led development are discussed in Chapter 

7 as policy implementation instruments. 

 

To delimitate the research issues, the following scheme is set up and illustrated 

in Figure 1.2: the starting point is poverty which at present gives stakeholders no 

other choice than overusing natural resources and competing for the use of the 

scarce resources which may cause conflicts. 

 

 

 

Figure 1. 2: Relationships between local institutions and community-
based natural resources management 

 
The structure of social relations between stakeholders changed. Formerly, the 

different economic groups lived in harmony, shared common interests, 

supplemented each other and negotiated. This all has changed. Individual 

interests and harsh competition prevail. Now that the stakeholders are in a 

competing and conflict situation, the commune may be an important instrument 

to cope with the new relationship and handle these conflicts. The rural commune 

stands for a local institution created by government and empowered with full 

responsibility for local development and for a better natural resources 

management in particular. 
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The nature of the property of natural resources (they belong to the community as 

a whole) requires a management scheme based on the community’s leadership, 

sustained by people’s participation. The commune, entitled with such a 

responsibility can reach its goals if and only if (i) people’s participation is 

effective and (ii) some necessary inputs are provided. In the context of our 

study, these inputs do not refer to material inputs but rather to knowledge 

(through discussions, extension, research), which makes the complex issues 

transparent and any relevant action well justified and sustainable. Satisfactory 

people’s participation and the above adequate inputs are the instruments that can 

make the rural commune well functioning as a local institution (see chapter 7 for 

a discussion on institutions and people’s participation as leverage tools to the 

implementation of social changes).  

Relevant and sustainable actions are understood to reduce poverty through better 

natural resource management, which in turn decreases conflicts. Our study is 

based on the recognition that: 

(a) Economic growth and subsequent poverty alleviation could reduce the 

prevalence of such conflicts16. Pro-growth policy and investment decisions 

require a comprehensive understanding of the linkages between stakeholders 

as well as between economic activities within the local economy of the 

commune if they are to positively impact targeted groups of natural resource 

users; and, 

(b) Local people’s participation as stated above is one of the cornerstones to 

natural resource management and development actions although adequate 

approaches need to be developed in order to set up empowered participation. 

Such approaches should be preceded by a firm political will.  

In order to study the complex issue of poverty interweaving with natural 

resource management in the process of the decentralization as an approach to 

conflict mitigation and local development, we will use some tools which are 

often applied in economic analysis (Social Accounting Matrix and site specific 

Computable General Equilibrium model). Our study aims in particular to 

explore in particular to what extent these tools can be useful indeed to analyze 

and understand the complex issue. We are focusing on the inputs block of 

Figure 1.1 particularly on knowledge, albeit people’s participation is crucial; 

our approach does, however, does not explicitly deal with decentralization but 

with inputs which can support the decision-making process in the commune. 

Relevant questions in our study are (i) what policy and institutional changes 

would increase incomes for the various production groups? and (ii) what would 

be the implications for resource use (or abuse) from these changes? 

The main hypothesis made in our research is as follows: 

                                                 
16

 Economic growth leads to poverty reduction and better resource management. 
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Increasing incomes of the different groups through technical, policy or 

institutional changes is likely to improve natural resource management, which 

could in turn reduce conflict occurrence. 

 

 

1.6. Objectives of the study 
 

The overall objective of this study is to analyze policy impacts which could 

impinge on natural resource management in the Madiama commune in the 

Mopti region, one of over 700 communes created in the process of the 

democratization in Mali. 

Specifically, the study aims to identify (i) technologies and/or policies that are 

likely to change incomes for various groups and corresponding trade-offs 

between groups and (ii) the implications of the identified changes on natural 

resource use or abuse. 

It is expected that the results reached in this research be useful to the commune 

of Madiama, in its decision-making process related to local development in 

general and particularly regarding natural resource management. 

 

 

1.7. Overview of the thesis 
 

The thesis consists of eight chapters. The next chapter discusses the link 

between environment and rural poverty and the subsequent relationship between 

poverty and natural resource management; it then (i) describes the conflict 

situation in the Niger delta region of Mali i.e. the incidence of conflicts in the 

inner delta of the river Niger in Mali, their typology and characteristics and (ii) 

examines the role of technological and social innovations on natural resource 

management. Chapter 3 presents the regional settings and the methodology of 

data collection, while the social accounting matrix (SAM) as an approach 

highlighting linkages between stakeholders and possible causes of conflict 

(income distribution, factor use) is described in chapter 4. The justification of 

the SAM is given along with its policy relevance. Chapter 5 examines the 

commune computable general equilibrium (CGE) model for farm-households as 

a tool applied to the Madiama commune in order to assess the impact of policies 

on natural resources use. Chapter 6 examines policy simulations: after 

calibration of the model, policy scenarios are analyzed mainly in terms of (a) 

factor use, (b) income levels and distribution and (c) welfare. The assessment of 

such variables is expected to give the direction of policy impacts (negative or 

positive) and their potential consequences on natural resource management. 

Chapter 7 deals with implementation issues related to the examined policies in 

the context of decentralization. Finally, chapter 8 summarizes the main findings, 

highlights policy implications for the commune and discusses some questions 
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which could not be answered in the study. 



 

 
 

 

CHAPTER 2: RURAL POVERTY AND NATURAL 

RESOURCE MANAGEMENT 

 
 
 
 
 

 
 





 

2.1. Introduction 
 

The presence of competing stakeholders for more and more limited resources in 

the inland delta of the Niger River of Mali, gives rise to conflicts. The causes to 

the environmental degradation which generates or exacerbates such conflicts 

have been studied from different perspectives by scientists of a range of 

disciplines (bio-physical and social sciences), see for example Waage et al. 
(2005), De Souza, et al. (2003). Various causes have been examined among 

which the users’ economic circumstances of production (such as markets, factor 

endowment, the economic and technological environment) resulting in pressures 

on income levels. 

This chapter examines the link between rural poverty and natural resource 

management and describes the conflict context in the inner delta of Niger of 

Mali as an implication of this management. 

In the following sections, we firstly describe the link between rural poverty and 

natural resource management. Next, we step into the issue of conflicts over 

natural resources: their incidence is presented along with their characteristics 

and typology. Lastly, we analyze the impact of technological and institutional 

innovations in income rising and consequently in conflict mitigating. 

 

 

2.2. Link between rural poverty and natural resource management 
 

Link between poverty and environment 
To better highlight the relationship between poverty and natural resource 

management, the link between poverty and environment is firstly examined. 

Although very often mentioned in the literature on sustainable development, 

such a link is seldom systematically explored (Lele, 1991). Reardon et al. (1995) 

argue that investigations on that link (if they exist) usually focus on the “vicious 

circle” between poverty and degradation which is “Malthusian in inspiration”. In 

this circle, demographic pressure and poverty push users to overuse and then 

deplete natural resources (land for example) and experience as a consequence, 

low yields that in turn impoverish them (Dasgupta and Mäler, 1994; Mink, 

1993). In the same vein, the Global Mechanism of the United Nations 

Convention to Combat Desertification (UNCCD) is also affirmative about the 

link between poverty and natural resource depletion: “there is a high correlation 

and positive feedback loop between poverty and land degradation. As poverty 

increases, people’s opportunities for pursuing livelihood options diminish and as 

a result, they are driven to seek quick returns from unsustainable practices in a 

bid for survival… This dynamic inevitably leads to mass migration from rural to 

urban cities, social disruption and increased conflict”, UNCCD (2003). 
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The progressive natural resource-base degradation is tied up to (i) the absence of 

access to capital and credit markets to invest in improved soil and water 

management and (ii) insecure property rights of land and high transaction costs 

of inputs. Koning et al. (2001) point out the subsequent farmers’ structural 

incapacity or unwillingness to invest in natural resource improvement. 

Poverty is not a uniform concept; therefore, the influence of poverty on 

environment depends on its type. Analysts differentiate “welfare-poverty” from 

“investment-poverty” (measured according to income, consumption or nutrition 

criteria) (Reardon et al. op. cit.). In the former, households are so poor that they 

cannot meet their food needs while in the latter, although being above the 

(lower) “welfare-poverty” line, they cannot make minimum investment to 

maintain or restore the resource-base or improve its quality and quantity.  

Following Reardon et al. (1995), it is argued that (i) the assets17 which the user is 

short of, determine the link between poverty and environment and (ii) the 

sequence of the decision-making and the nature of the decisions made which are  

dependent on the type of households, will also affect the natural resource-base. 

In Figure 3.1, a distinction is made between a decision-making period and the 

long term where the natural resource base is determined by the achievement of 

households’ objectives by using their available assets (natural resources, human 

capital, on-farm and off-farm physical and financial assets as lands, forests, 

labor, equipment, crops/livestock, wages or other income). Households (farmers, 

agro-pastoralists, sedentary pastoralists and transhumant pastoralists) are 

involved in multi-sectoral production and investment activities (agricultural as 

well as non-agricultural) generating income but highly depend on conditioning 

factors (policies, available technologies, institutional arrangements and 

community assets e.g. roads, warehouses). Farmers, having more farming 

activities are likely to deplete the resources differently from the transhumant 

pastoralists who are moving from place to place, seeking pasture and water. The 

former will exploit the soils through continuous cropping (no-fallow) while the 

latter may degrade the resource-base by over-grazing. In turn, the residual 

resources after these activities are used again in the production cycle. These 

activities have environmental consequences (positive or negative, sustainable or 

unsustainable), particularly according to households’ capacity to improve such 

natural resources in the long run. 

At any point in time, a correspondence exists between households’ level of 

assets and the environment profile. This introduces the subtlety of the link 

between poverty and environment. Due to households’ characteristics, their 

assets may vary; farmers do not have the same asset endowment as pastoralists. 

In other words, poor farmers do not necessarily have the same relationship to 

                                                 
17

 The asset portfolio of the rural poor are (i) natural resource (soil, water and biodiversity), 

(ii) human resource endowment (education, health, nutritional status, people, skills,), (iii) on-

farm resources (livestock, farmland, pasture lands, equipment,…); (iv) off-farm resources and 

(v) community-owned resources (roads, dams, social institutions,..). 
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environment as poor pastoralists. Neither do poor people across various 

ecological zones have identical relations to environment. Poor people in the 

Sahel may be rich in land but poor in land quality and in assets. On the contrary, 

the poor in Brazil may be rich in biodiversity due to tropical rainforests but poor 

in soil, financial assets and labor. In the Rwanda highlands, the poor may be rich 

in labor but poor in land and off-farm physical and financial assets.  

It is obvious that given this contrast, the poor are likely to behave in different 

ways to generate income and therefore poverty will have differentiated links to 

environment and natural resource management. 

Given that the assets which the user is short of, critically determines this link 

between poverty and environment, this link crucially shapes the orientation of 

natural resource management as discussed in the next section. 

 

Poverty and Natural Resource Management 
Poor countries, especially Mali, have a subsistence economy since almost 80 % 

of the population is rural and seeks a living from goods derived from plants and 

animals. This segment of the national economy is expected to remain substantial 

rural for some while yet. The dependence of Mali and particularly the rural part 

of the population on natural resources such as soils, water, forests, animals and 

fisheries is evident. Ignore the environmental resource base and we are bound to 

obtain a misleading picture of the potential of production and the possibility of 

development for rural communities.  

Low agricultural productivity and poor access to domestic sources of energy 

characterize even the social organization of those communities. For example, 

children are not only “goods” used in the production process as workers by 

parents; they are also useful as security for parents in their old age. Each 

household needs as many hands as necessary and unfortunately “the overall 

usefulness of each additional hand increases with declining resource 

availability” (Dasgupta et al.1995). Following this logic, children are more 

valuable to poor households than to rich parents. The implied high rate of 

fertility due to urging needs for children workers and the subsequent population 

growth and pressure, damage the natural resource-base. The spiraling process 

will continue until some “countervailing set of factors lowering the productivity 

of the additional child is introduced” (Dasgupta et al. 1995). 

In the Sahelian countries, users in charge of natural resource management do 

hardly have access to credit and capital markets. Farmers are unable to intensify 

by using chemical fertilizers, manure or appropriate farm equipment; therefore, 

they rely more and more on their (scarcer) natural resources for food. Land is 

cultivated over years with neither fallow nor inputs to improve soil fertility. In 

the mean time, other natural resources such as pastures are overgrazed. 

Livestock represents a particularly important asset, although prone to die during 

periods of unusual droughts. 
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In order to cover for the risk of their animal loss in such disastrous conditions, 

farmers and herders generally carry extra cattle as an insurance against the bad 

effects of droughts. “The reason for accumulating stock lies not in a desire to 

increase yield beyond a fixed domestic target, but in the need to provide the 

household with some security against environmental fluctuations…which places 

the burden of the future on the herdsman’s own shoulders”, confirms Ingold 

(1980:134). 

This practice results in herd sizes larger than carrying capacity and imposes an 

additional strain on grazing lands particularly during drought periods. In the 

long run, crop yields and livestock productivity decline and the process is 

reinforced and gains momentum. 

On the other side, trees for fuel wood, flowers, fruits and roots are over-

exploited for energy or food. In some rural food-insecure areas, poor reap 

immature fruits and flowers or extract pivotal plant roots for food. Such 

practices attributable to poverty, in the long-run, deplete natural resources, 

reduce bio-diversity and prevent plant regeneration. Obviously, poverty is 

unfortunately the most powerful engine of environmental degradation in 

sahelian countries. Living on the edge of the survival, rural households deplete 

their own natural resource-base to seek subsistence sometimes against their own 

will; high priority is given to the short-term needs at the expense of the future. 

This is what Diagana (2003) characterizes as “myopic low rate of time 

preferences and high discount rates for natural resources”. Their behavior is 

above all rational since their short-term survival is at stake, although the 

extracted resources can sometimes be more profitably invested elsewhere” 

(McConnell, 1983; Diagana, 1999).  

To prevent natural resource depletion economic incentives are useful since they 

are likely to make inputs easily available. Such incentives may be (i) credit, (ii) 

rural roads or (iii) large scale investments to improve bio-physical assets. The 

availability of credit may induce positive effects in the natural resources 

management at some farmers’ level, mostly for them who can meet the 

traditional credit system requirements. Most countries, although in an urging 

need for rural credit, are still under the traditional credit system that hardly (if 

ever) grants credit to farmers or pastoralists, because of the high risk associated 

with their activities. A more flexible system, suitable to those producers’ 

circumstances is then needed.  

A good rural road system is crucial to facilitate intensification; many villages 

in the Sahelian countries cannot be accessed, particularly during the rainy 

season18; when they are accessible, it is at a very high cost. Input prices therefore 

are high because of high transaction costs. 

                                                 
18

 It is common for development projects and NGOs to shut down their activities in some 

villages for 2-3 months because of inaccessibility during the rainy season. 
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Large scale investments are sometimes sine qua non conditions for natural 

resource management. Natural resource management is usually not only carried 

out on an individual plot, but also and most importantly in the larger framework 

of a landscape, a “terroir”19 or an “inter-terroir” space. It often involves many 

villages, many communities and stakeholders. In some sahelian countries, the 

degradation of natural resources such as forests, soils…is so serious that the 

communities alone cannot remedy due to the high cost of necessary investment. 

 

                                                 
19

 The terroir can be defined as a management unit including landscape and lifescape 

generally associated with a village.   



 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 : Household Resource Allocation and Environmental Consequences  
Source: Adapted from Reardon et. al. (1995) 
(+++): high; (++): medium; (+): weak

Objective: Actual Household Food/Livelihood Security Farmers, Agro-past, Sed.Past & Transhumants 

Natural Resources and Capital Available to meet Household Food/livelihood Security Objective  

Farmers  
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• On-farm physical assets 

• Off-Farm physical assets 
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Farming (+) 
Livestock (++) 

 

Transhumants.  
• Natural resources 

• Human Capital 

• On-farm physical assets 

• Off-Farm physical assets 

Livestock (+++) 
 

Household Multi-sectoral Production and Investment Activities 

Agriculture (+++) Agriculture (++) 

Livestock (+) 

Agriculture (+) 

Livestock (++) 

Livestock (+++) 

ENVIRONMENTAL CONSEQUENCES OF HOUSEHOLD ACTIVITIES 

Natural Resources and Capital available in the long run 

Conditioning 
Factors: 
Policies, 

Technologies, 

Institutions and 

Community 

Assets 
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A fortiori can no individual reverse the degradation by himself. Governmental 

actions, NGOs or projects’ interventions are absolutely needed. The Soil and 

Water Conservation project in the north of the Central Plateau of Burkina Faso, 

funded by the International Funds for Agricultural Development (IFAD) is 

illustrative of such a usual approach. Rock bunds were constructed across 

villages and terroirs, regardless of the cropping status of the land (cropped or 

fallow) to slow down the water run-off and the subsequent soil erosion and to 

improve water infiltration. Other projects or NGOs (PATECORE, OXFAM-UK 

funded Projet Agro-forestier) adopting the same approach, restored eroded land 

to reduce the rain water run-off. 

Doing this, they finally enabled individual farmers to reasonably invest in their 

own fields. This was a relative success since most farmers adopted contour rock 

bunds which they combined with the zai20 for higher crop yields. Even 

pastoralists who usually move down to the southern part of Burkina Faso 

seeking water and pasture for their animals, do not have to do so any more, since 

the pasture is more abundant (due to more bio-mass) of better quality (due to a 

greater herbaceous species diversity) (Kaboré et al. 2003). 

This evidence shows that access to capital and credit market along with 

institutional support may be effective instruments to make farmers produce 

efficiently and progressively save natural resources.  

Actually, environmental degradation may be caused or worsened by 

demographic pressure only in the absence of innovations leading to more 

intensification. Income rise due to higher productivity brought up by innovation 

could lead to a decrease in the need for more children, as stated above. Children 

will be somehow substituted for innovations and demographic pressure on 

natural resources will decline.   

In summary, poverty and environmental degradation go hand in hand (Norton et 

al. 1993). Poverty causes people to follow agricultural or livestock production 

practices that produce food in the present, at the sacrifice of future production 

such as deforestation, overgrazing, over fishing, continuous (no-fallow) 

cultivation or farming on marginal lands. In order to reverse the environmental 

degradation, economic growth as a necessary condition is needed to combat 

poverty first. Interventions that promote economic growth (but not at the 

expense of future generations) could help reduce environmental degradation and 

consequently the prevalence of conflicts associated with natural resource use. 

                                                 
20

 The zaï is a SWC technique, which consists of digging small pits (10-15cm of diameter and 

of 20 cm of depth) where organic matter is laid (about 500g per pit); a crop (generally 

sorghum or millet, sometimes associated with cowpea) is sown later before or at the first rain. 

The pits become a favorable micro-environment where the crops benefit from longer moisture 

conditions and from the organic matter. This is a traditional technique which has been 

drastically improved over time given the worsening cropping conditions. 
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2.3. Incidence, characteristics and typology of NRM-based Conflicts in the 
Niger River delta of Mali 

 

2.3.1. Incidence of conflicts in the Niger River delta of Mali 
Increasing population growth, expansion of cultivated land (with the subsequent 

disappearance of fallow), and the introduction of cash cropping accompanied by 

a degradation of the vegetative cover have conspired across the Sahel to create 

situations of confrontation between rural stakeholders.  The incidence of these 

conflicts, particularly between farmers and herders, is increasing (Souley, 1996; 

Maïga et al. 1996; Blench, 1997). These conflicts can become extremely violent 

when the disputants contesting the right to use a resource are anchored in 

historical relations of ethnic conflict. This was the case of the conflict between 

the Sosobe (Fulani) and the Salsalbe in the Niger Delta of Mali. Vedeld (1998) 

indicates that “the main resource-access conflict which has specific tenure 

dimensions follows from increased demand for flood-recession land… These 

areas host some of the best remaining pastures for livestock and pastoralism”. 

Contesting claims to a grazing territory dating back to 1936, exploded into a 

violent confrontation in December 1993 leaving 29 dead and 42 wounded 

(Maïga, 1996; Vedeld, 1994).  Often contesting claims in the Niger Delta are 

linked to traditional relations between Fulani and their ancient slaves 

(Rimaïbés). According to tradition, the Fulani allowed the Rimaïbés to farm 

Fulani-dominated territory, while they continued their transhumant practices 

(Maïga et al. op. cit. 1996, Cissé, 1996). Cissé (1996) reported that in the Niger 

Delta of Mali, about 42 percent of conflicts are between farmers and herders and 

40 percent between farmers and farmers. The coming of colonialism legally 

ended slavery; however, the Dina, a socio-religious land tenure organization 

established during Fulani dominance remained in force. 

 
2.3.2. Conflict Characteristics and Typology  
 

The combination of harder environmental conditions with a high population 

pressure results in a higher competition for scarce natural resources. The 

subsequent heightened competition gives rise to conflicts. Conflicts are not only 

found in conditions where complementary systems once co-existed (agriculture 

and pastoralism), but they are also becoming more frequent among members of 

the same community. Inter and intra-community conflicts are observed as the 

natural resource-base shrinks due to higher population pressure and diminishing 

annual rainfall. The disputed resources revolve around access to land but are 

particularly focused on specific rights to cultivate, graze and water (Moore et al. 

1999). 

 Pairs of actors involved in natural resource conflicts are often used to develop a 

conflict typology. This usually involves pairing farmers and/or herders with (i) 
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themselves or (ii) with other actors (fisher folk, non-local private sector, in-

migrants, the State or its agents) (See for instance Box 2.1).  It may be more 

useful, however, to categorize conflicts differently: do they occur between 

agents from the same systems or from different production systems:  

• Conflicts between agents in the same production systems: they usually 

result from attempts of the actors to maintain or increase the productive 

base of their production system. Here, conflicting interests generally 

revolve around issues of inheritance, land boundaries, and proprietorship. 

To the extent that unambiguous rules and procedures exist, these conflicts 

can normally be resolved without recourse beyond the village or 

community. 

• Conflicts between agents from different production systems: Traditional 

systems have used the natural resource base of the Sahel in multiple and 

complementary ways.  With increasing pressure on the resource base, 

however, livestock and farming systems are coming into conflict over the 

calendar of land use by the different systems (Soumaré, 1996). Conflicts 

are more serious because they threaten not only the immediate livelihoods 

of the disputants, but also the way of life of their communities. When 

ethnic differences between disputants are involved, the conflict may be 

further aggravated and larger constituencies to the conflict are drawn into 

the fray.  Maintaining control of local resources in the face of extra-local 

or in-migrant “strangers” can be a powerful force mobilizing the 

community. For herders, herd mobility is crucial to survival and, 

consequently, leads to the most common flash point initiating over 

conflicts. 
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Box 2.1: Conflicts in the inland delta of Niger River of Mali as perceived 
by governmental and NGOs key-informants, 1998. 

The Niger delta is a zone where many activities are developed: farming, herding, 

fishing, hunting,… because of the rich natural resource base. Therefore, nearly 

all kinds of conflicts are developed in that region. Land and water are the most 

important conflict causes and resolution mechanisms include both traditional 

and modern resorts but are still inefficient and improvement is needed. The most 

frequently recorded conflicts are: 

Farmers vs farmers: Land is the resource in dispute. Extensive agricultural 

practices, combined with high demographic growth increase pressure on land. 

Higher demand for bottomland or more fertile lands causes or increases conflicts 

between farmers. 

Farmers vs. pastoralists: Disputed resources are land (cropping and grazing) 

and water (in dry season) because of productive land reduction. The bourgou (a 

grazing plant growing in water) is no more abundant while more and more 

demanded both by traditional pastoralists as well as by agro-pastoralists and 

sedentary pastoralists. Conflicts are also caused by crop damage by animals 

deviating from pasture corridors and/or when farmers crop more usual pasture 

land. 

Pastoralists vs. Pastoralists; Conflicts are generally among Tamachek or 

Fulanis and are due to herd concentration on the same pasture, or “smuggle” 

grazing from other herders. 
Fishermen/fishermen Water is the disputed resource; the power of the 

traditional “masters of water” who traditionally regulate the use of water is more 

and more contested. Fishing convention (set up since the colonial period) about 

fishing periods and areas are no more respected. 

Between local people and governmental services: local people are in conflict 

with government services because they allow other people to cut wood or to 

graze animals in forests that are supposed to be reserves, with authorization 

from central administration. Hunters are also in conflict with those 

governmental services because they hunt in reserves. 

Conflicts between families or between villages are also observed over land or 

trees. 

The focus is now how to get a new vision of natural resource management 

(NRM) that considers livestock and agriculture as complementary rather than 

opposed activities. That’s why all parties should be involved in NRM or conflict 

management institutions. 

 
Source: Key-informants (governmental services and NGOs) survey in Mali, 1998 
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While the most frequently mentioned (and often more violent) conflicts are 

between herders and farmers21, there are nearly as many less notorious affairs 

between farmers and farmers, or herders and herders. The conflicts can become 

extremely violent when the disputants contesting the right to use a resource are 

anchored in historical relations of ethnic conflict. Conflicts may occur both 

within a village and between villages. 

Conflicts over access to natural resources and their benefits are also recorded 

between generations and between men and women in the same lineage. 

Women’s tenure security is often very weak (Maiga, 1997). 

Lo et al. (1996) note the importance of distinguishing between conflicts which 

are horizontal and those which are vertical in orientation. Throughout the region, 

conflicts are arising not only between cultivators and herders and among 

themselves and their communities (horizontal), but also between each of these 

and the central government (or its local agents like the Forestry) or specific 

development projects (vertical). Often the central government, or a development 

project, is a background partner setting the stage for and reawakening latent 

conflicts. The privatization of the economy leading to access of forest reserves 

by the private sector has aggravated this trend. Vertical-type conflicts are not as 

frequent in the region of study although possible, as the other types of conflicts. 

 

2.4. The role of technological and institutional innovations 

Poverty reduction is indeed a struggle that is important in the perspective of 

conflict mitigation. Among viable possibilities is the adoption of innovations 

both technical and institutional that interact to increase food production and 

raise incomes. Technical innovations such as new crop varieties or new cropping 

or animal raising systems could improve yields (through intensification, activity 

integration or diversification) for a better use of the scarce resources.  

An illustrative example of the technological innovation impact on natural 

resource use is available in the Central Plateau of Burkina Faso22. The Yatenga 

(northern part of the Central Plateau) in the 1950s - 1970s presented an 

                                                 
21

 However, it is remarkable to notice how commonplace some conflicting parties make the 

matter; an influent resource-person in Dori in Burkina Faso (Dr. Ly, Secretary General of the 

APESS i.e. Association pour la Promotion de l’Elevage en Savane et au Sahel) ironically 

explained to me that conflicts between farmers and pastoralists are not that hard and should be 

seen as “episodes” that is, occasional events in the lifespan of farmers and pastoralists. This 

may be true in this particular case since in the sahelian zone of Burkina Faso, most farmers 

are pastoralists and vice versa; compromises are often easily set up, following the popular 

wisdom stating that “a bad arrangement is better than a good trial”. This may not be 

necessarily the case in different instances like the inland region of the Niger delta of Mali. 

 
22

 See Kaboré et al. (2003). 
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exception to the Boserup’s hypothesis which says that an increase in population 

density and growing pressure on available natural resources are necessarily 

accompanied by a process of agricultural intensification. Instead, in Yatenga, a 

process of extensification was induced. The spectrum of drought, poverty, 

famine and environmental degradation pushed many farmers in this region with 

their backs against the wall. They either had to migrate to other more favorable 

regions and many did so, or they had to learn how to cope with or overcome 

these problems. Consequently, farmers started to develop traditional 

technologies such as zaї23 and stone bunds and the combination of both 

techniques proved to be very efficient in the rehabilitation of strongly degraded 

land. 

Until 1980, the extension system had not been able to offer effective resource-

enhancing technologies acceptable to resource-poor farmers. 

In this difficult context both farmers and NGO technicians started to experiment 

with Soil and Water Conservation (SWC) techniques. The farmers concentrated 

on improving their traditional planting pits or zaï and NGO technicians 

concentrated on contour stone bunds.  

Rock bunds were constructed across villages and terroirs, regardless of the 

cropping status of the land (cropped or fallow) to slow down the water run-off 

and the subsequent soil erosion and to improve water infiltration. Other projects 

or NGOs (PATECORE, the OXFAM-UK funded Projet Agro-forestier) 

adopting the same approach, restored eroded land to reduce the rain water run-

off. Doing this, projects finally enabled individual farmers to reasonably invest 

in their own fields. This was a relative success since most farmers adopted 

contour rock bunds which they combined with the zai for higher crop yields. 

Even pastoralists who usually move down to the southern part of Burkina Faso 

seeking water and pasture for their animals, do not have to do so any more, since 

the pasture is more abundant (due to more bio-mass) of better quality (due to a 

greater herbaceous species diversity) (Kaboré et al. 2003). 

Actually, environmental degradation may be caused or worsened by 

demographic pressure only in the absence of innovations leading to more 

intensification. Income rise due to higher productivity brought up by innovation 

could lead to a decrease in the need for more children, as stated above. Children 

will be somehow substituted for innovations and demographic pressure on 

natural resources will decline. In the Yatenga region where SWC technologies 

became available, as they could be mastered by all farmers, and efficient in the 

sense that they increased yields and had other desirable impacts such as 

                                                 
23

 The zaï is a SWC technique, which consists of digging small pits (10-15cm of diameter and 

of 20 cm of depth) where organic matter is laid (about 500g per pit); a crop (generally 

sorghum or millet, sometimes associated with cowpea) is sown later before or at the first rain. 

The pits become a favorable micro-environment where the crops benefit from longer moisture 

conditions and from the organic matter. This is a traditional technique which has been 

drastically improved over time given the worsening cropping conditions. 
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reforestation (regeneration of so far disappeared species), food security, reduced 

poverty and most importantly a better integration agriculture-livestock. This 

integration of agriculture and livestock results not only on more productive but 

also in more sustainable systems of production
24

. See Figure 2.4 illustrating the 

switch from the ‘vicious circle’ to the ‘virtuous’ one. The farming system has 

drastically changed and all variables were reversed: more intensification, more 

cropping-livestock integration, crop yield increase, more fodder and pasture 

(due to adjusted herd size), replenished vegetation with more reappearing 

species (trees)
25

, better pasture quality, etc…and less impact of the external 

factors (See Kaboré et al. 2003 for the whole success story). 

Of course, the above success stories in Burkina Faso may not be applicable in all 

the Sudano-Sahelian region of West Africa in general and in Mali in particular. 

This is due to the local-specifity of agriculture. Alternative soil and water 

management techniques exist and could be improved and adopted in Mali such 

as tied ridges as well as high-yielding varieties and inorganic fertilizers. 

 

Institutional innovations are generally harder to set up and to introduce into the 

community but are necessary to accompany technological improvements and 

should appear as incentives for a better management of natural resources. This 

may be illustrated by the warrantage
26

 credit system in the the Sudano-Sahelian 

region of West Africa: although farmers are aware of the benefits of 

technological innovations, they usually cannot afford to adopt recommendations 

that call for large investments at given periods in time. The warrantage credit 

facility practiced in Asia for many years, is considered in the Sudano-Sahelian 

region of West Africa as a means to support small farmers in their efforts to 

adopt technologies, by solving their liquidity problem. The system, although 

useful to alleviate farmers’ liquidity constraint in principle, takes time to be set 

up in rural areas because of institutional issues related to food prices. The 

warrantage system is based on the hypothesis of substantial food price increase 

in time from harvest to pre-seeding period, which is not always the case from 

one year to the other. During good years, food prices remain relatively stable 

                                                 
24

 The success story led the International Fund for Agricultural Development (IFAD) to 

extend the SWC project zone to another region of Burkina Faso (PICOFA in the eastern part) 

and to fund the PDRD in the region where the success was experienced.  
25

 So far, vanished species of trees have reappeared at the surprise and satisfaction of some 

farmers who recognized they are discovering those species that they heard about since their 

childhood without having any chance to see them before. 
26

 Initiated in the Sudano-Sahelian region of West Africa by the Food and Agriculture 

Organization (FAO) in collaboration with ICRISAT and the International Fertilizer 

Development Center (IFDC), the warrantage is a credit system where farmers stock their 

produce at harvest with a local entrepreneur and receive cash on credit. Together, they sell the 

produce about four months later. This creates a higher probability of making about 40 % 

additional profit. The system allows farmers to raise cash to buy farm inputs including 

fertilizers, improved seeds, or other investment inputs. 
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and give no opportunity of making profit. Similarly, in most countries (Ghana 

for example) markets are liberalized with lots of food imports; “therefore the 

previous problem of low grain prices after harvest, and price rocketing during 

the dry season, is not such a problem anymore” (Humphreys, 2007). This tends 

to make food prices even lower than at harvest time. The whole system, as a 

removal of barriers to the adoption of technologies, becomes therefore useless. 

In conclusion, it is clear that the combination of both (technological and 

institutional) innovations and economic incentives (infrastructure improvement, 

credit systems…) could in the long term change the conditions of life. These 

conditions could be part of these “countervailing factors lowering the 

productivity of the additional child” as stated above. Such a combination leading 

to an income rise could subsequently contribute to a decrease in population 

pressure because the latter income rise will decrease the need for numerous 

children (see above). Since innovations lead to less population growth through 

the reduction of number of children, per capita income will rise as well as 

‘human value of time’. This in turn creates strong tendencies to have fewer and 

fewer children (Norton et al., 1993). Consequently, pressure on natural 

resources will decrease while the demand for environmental protection will 

increase in the long run. Natural resources will then be managed in a more 

sustainable way and conflict prevalence will have more chance to be reduced. 
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Source : Adapted from Kaboré et al. (2001) 

Figure2.2: The switch from the ‘vicious circle’ to the ‘virtuous’ one in the Central Plateau of Burkina Faso 
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Source: Adapted from Kaboré et al. (2002) 
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2.5. Strategic options 
 

In summary, poverty and environmental degradation go hand in hand (Norton et 

al. 1993). Poverty causes people to apply agricultural or livestock production 

practices that produce food in the present, at the sacrifice of future production 

such as deforestation, overgrazing, over fishing, continuous (no-fallow) 

cultivation or farming on marginal lands. In order to reverse the environmental 

degradation, economic growth as a necessary condition is needed to combat 

poverty first. Interventions that promote economic growth (but not at the 

expense of future generations) could help reduce environmental degradation and 

consequently the prevalence of conflicts associated with natural resource use. 

Economic and agrarian policy interventions could be used to mitigate potential 

conflicts between alternative resource use options and to reduce tensions 

amongst different groups of land users. In principle, different policy strategies 

are available, including:  

(a) pure technological options (enhancing factor productivity);  

(b) changing factor availability (land distribution, labour extraction)
27

; 

(c) economic strategies towards market reforms (changing relative output or 

input prices); and, 

(d) policies focusing on institutional changes (e.g. improved credit access, 

public investment in infrastructure, public works, etc.). 

We will discuss some of these options in detail in Chapter 6. 

                                                 
27

 We did not include capital/credit in our simulations (given the already extensive discussion 

in other literature on microfinance initiatives)  
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3.1. Introduction 
 

The chapter briefly presents the regional settings through an overview of the 

study region and of the biophysical and the socio-demographic profiles of the 

Madiama commune. Methods of data collection are then described: the 

relevance of the commune as an investigation unit is pinpointed first. The 

methods of selecting villages and sample households are discussed; the survey 

procedure, the type of data collected and some sample characteristics are lastly 

presented. 

 

 

Map 3.1: Study area location 
 
 
3.2. Regional settings 
 

3.2.1. Overview of the Niger River delta of Mali 
 
The inland Niger River delta of Mali represents a complex ecological system of 

great but uncertain productivity which crucially depends on rainfall (300-500 

mm/year) and annual flood levels of the Bani and Niger rivers (see Figure 2.1). 

MALI 

Djenné Circle (Mopti Region) 

Madiama 

Madiama commune (Djenné Circle) 
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It is a large area with many tributaries and lakes out of which about 16,000 sq 

km are flooded under normal flood conditions and other several  thousands of sq 

km  of flood-plain pastures left for dry season grazing and flood retreat crop 

cultivation (rice) (Vedeld, 1997). 

 

 

Figure 3. 1 : Climatic characteristics of Mali 
 

Those flood-pastures are the largest in West Africa. However, following the 

drought cycle starting from late 1960s (see chapter 1), only one third is currently 

flooded (CABO, 1991)28. The area provides the habitat for a variety of natural 

and human eco-systems, a large diversity of wild and domesticated animals and 

plant genetic resources. Over 70% of the potential of irrigable lands of the 

country are located in this area; 50% of the national livestock is raised there and 

the main part of fisheries is attributable to the delta region with 80% of fish 

                                                 
28

 It was showed a 20% decrease in rainfall compared to the average resulting in a 55% 

decrease in the Niger River water flow and a drying coefficient higher than the long run 

average coefficient. 



 

 

 

51 

caught in Mali. Fisheries represent 3% of the GDP (about 100,000 tons per year) 

and 200,000 to 300,000 people live from this activity. The region is thus one of 

the most important centers of production and export of the country (Sy, 1994). 

 

 

3.3.1. General presentation of the Madiama Commune 
 
Bio-physical characteristics of the Madiama commune 
The commune of Madiama is about 25 kilometers south-east from Djenné 

(capital of the circle which is the name for an administrative district) and 120 

kilometers from Mopti, capital of the 5
th
 region of Mali. 

It is located in the extreme northern part of the North-Sudanian bio-climatic 

area, almost in the South-Sahelian area (Figure 3.1). This area is characterized 

by the sequence of a rainy season (4-5 months) and a dry season. The cropping 

season is about 80-90 days with 41 rainfall days. The analysis of recent climatic 

data revealed a long-term tendency to aridity (Leisinger et al. op. cit.). The 

climatic characteristics of the commune are influenced by the inland delta 

ecological features. 

Three agro-ecological zones can be delineated in the commune from East to 

West: the lower Bobo Plateau, the Mid Bani-Niger and the Delta .The Delta is 

made of floodable plains that can be cropped only under water control; 

seasonally flooded soils represent 74% of this agro-ecological zone. The Mid 

Bani-Niger is characterized by high humidity and slightly sandy soils. The last 

agro-ecological i.e. the lower Bobo Plateau exhibits more apparent relief and 

lateritic soils (See Map 3.2).The presence of three types of soils i.e. plain 

hydromorphic soils of the Delta, the sandy soils in the Mid Bani-Niger and the 

rocky soils on the Bandiagara Plateau, suggests three cropping management 

patterns (see Badini et al. 2002). 
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Source: Badini et al. (2002) 

 
Map 3.2: Land and Soil Units of the Commune of Madiama. 
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Socio-demographic profiles of the Madiama commune 

The commune comprises 10 villages29 for a total land area of about 170 km² 

(Badini et al. 2002). The population was 7,614 inhabitants in 1996 (Table 3.1) 

with an average density of about 45 inhabitants per km². This population is 

almost evenly distributed between males and females (50.4 % for males and 

49.6% for females). Madiama which is the biggest village and located in the 

central part of the commune serves as the capital of the commune (See Map 3.1 

for location) and counts for 30 % of the total population and 22% of the 

households living in the commune. 

 

Table 3. 1: Distribution of population and households, Madiama 
Commune, 1996 Census. 

Villages # of Households* Males Females Total 
Population 

Tatia-Nouna 116 (10) 361 341 702(9.2) 

Nerokoro 90 (08) 278 243 521(6.8) 

Promani 159 (14) 449 469 918 (12.1) 

Tombonkan 61 (05) 250 215 465 (6.1) 

Madiama 251 (22) 1134 1145 2279 (29.9) 

Toumadiama 123 (11) 373 399 772  (10.1) 

Bangassi 162 (14) 511 514 1025 (13.5) 

Torokoro 83 (07) 215 229 444  (5.8) 

Teguenie-Doucourani 60 (05) 159 110 269  (3.5) 

Siragourou 46 (04) 107 112 219 (2.9) 

Total 1151 (100) 3837 (50.4) 3777(49.6) 7614 (100.0) 

Source: Sofara (1996)    *In parentheses are percentages to totals. 

 

The ethnic groups include (i) a majority of Markas (50.6%) and Fulanis (42.1%) 

and (ii) others e.g. Bambaras (3.6%), Bozos (2.4%), Dogons (0.8%) and Sonraï 

(0.4%). The population is mostly young: over 50% are 18-40 years old (Kodio et 

al.2000).  

 

 

3.3. Methods of data collection 
 

3.3.1. The relevance of the commune as an investigation unit 
Research activities are particularly useful if results can be used for policy-

making purpose. This is particularly true in Less Developed Countries where 

policy-makers face a severe lack of informative data. Especially for the 

decentralisation process in Mali, which is underway, tools and data are needed at 

the local level for this process to be a success. Decentralisation means more and 

                                                 
29

 Two distinct villages (Nouna and Tatia) are administratively merged; the number of 

villages is 11 in the case where those two villages are counted separately. 
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more power and responsibility to local institutions which take charge of making 

decisions related to development and to natural resource management in 

particular. In this vein, SANREM West Africa’s30 strategy aimed at “supporting 

the movement toward decentralization with improved natural resource and 

conflict management” (Bertelsen, 1999). In other words, the project’s strategy 

aimed at supporting newly empowered decentralized institutions in Mali, i.e. the 

communes. No other unit of investigation was found as relevant as the 

commune31. The Madiama commune located in the inner delta of the Niger 

River of Mali, close to Djenné in the 5
th

 Region (Mopti) definitely appeared to 

be representative in terms of population pressure, activity diversity and of 

natural resources endowment and their progressive degradation. It is hoped the 

research results will provide decision-makers with tools and knowledge about 

their own commune. 

 

3.3.2. Research site and sample household selection 
 The Madiama commune in the Djenné circle (Mopti Region) was selected as 

the survey site in consultation with SANREM partners (NGOs e.g. CARE, 

OXFAM) and  the Institut d’Economie Rurale, the national agricultural research 

institute of Mali); a two-week Participatory Landscape/Lifescape Appraisal 

(PLLA) was then carried out in February 1999 in this site. The PLLA 

information, secondary data (in particular Mali 1996 Census data) as well as 

key-informants’ advices were used to select study villages for a follow-up 

structural survey.  In depth structural surveys were carried out in February-

March and in September 1999. Five out of the ten villages of the commune were 

selected: Madiama, the headquarters of the commune; Nerokoro, a pastoralist 

village; Promani, a village of sedentary and transhumant pastoralists and 

farmers; Tombonkan, a farmers’ village; and Tatia-Nouna, a village of farmers 

and agro-pastoralists. The list of the households in the commune was obtained 

for each village from the 1996 census data available from government offices 

(Sofara, 1996). Individuals to sample were randomly selected from the village 

household list and the stakeholder group that they belonged to was determined 

by the consensus at a meeting with all villagers. Conversely to the village 

sample, the household sample was randomly selected from the four main 

stakeholder groups in the commune; its size was 120 households, representing 

                                                 
30

 Sustainable Agricultural and Natural Research Management; a USAID financed project 

implemented in the Niger River delta of Mali. The fieldwork of this research was conducted 

within this project.  
31

 The relevance of the commune as a useful policy unit has been discussed and agreed upon 

at the kick-off workshop in Bamako, Mali in January, 1999. SANREM partners, both 

American and national were represented. However, as it can be seen in chapter 2, some 

policies have scale and impacts outreaching the limits of the commune (e.g. investments on a 

forest over-lapping two or more communes). In cases the concerned communes should 

cooperate to achieve their goals. 
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about 10% of the total number of the households in the commune in 1996. The 

sample distribution by village and stakeholder group is presented in Table 3.2.  

 

Table 3. 2 : Sample distribution by activity and village, Madiama 
Commune, Mopti Region, Mali, 1999 

Group by main Activity 

Pastoralists 

 

Villages  

Farmers 

 

Agro- 

Pastoralists 
Sedentary Transhumant 

 

Total 

Madiama 12 20 0   0 32 

Promani 08 05 10   0 23 

Tombonkan 09 01   0   0 10 

Tatia-Nouna 14 06 04   0 24 

Nerekoro  0 01 09 21 31 

Total 43(36) 33 (27) 23(19) 21(18) 120(100) 

Group size as a percentage of the sample is expressed in parentheses 

 

3.3.3. Survey procedure and types of data collected 
A pre-test was implemented with a few respondents in order to (a) 

correct/improve the questionnaire and (b) give enumerators survey experience.   

The training, the pre-test and the questionnaire improvement took one week. 

A meeting was held in each of the selected villages with the farmers/herders in 

order to explain the objectives of the study and to encourage them to be patient 

and open to the questionnaire. Of course, transhumant pastoralists were not 

present at the meeting but their current location was determined, and someone 

from the village was designated to inform them of our future visit to survey 

them. 

During the survey, the active participation of a Fulani community leader from 

Nerekoro was particularly helpful in soliciting the participation of the 

transhumant pastoralists while the Chief of Tatia-Nouna was very supportive in 

gaining farmer confidence.  

Two types of data were collected.The first set of data was related to household 

characteristics, production and consumption, factors (labor, equipment, land) 

and money transfer. Origin and source of exchanged factors were also recorded 

(see INERA’s website, www.inera.bf  for questionnaire and codebook).  

The questionnaire was administered by four enumerators and two supervisors: a 

researcher from the Institut d’Economie Rurale (I.E.R) in Mopti and the author, 

then a graduate student from Virginia Polytechnic Institute and State University, 

USA. A two-day training session for both enumerators and the IER researcher 

was conducted in Madiama by the author, in order to explain the objectives of 

the study, the SAM approach and the requirements of this kind of survey.  The 

survey conducted in February-March 1999 took 3-4 hours for each respondent 
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and was scheduled with a break after two hours or so, by the time of the Muslim 

prayer or lunchtime. Each enumerator was assigned to survey a maximum of 

two households per day in order to avoid weariness and therefore preserve data 

quality. The second group of  collected data focussed on micro-enterprise 

activities in the commune that generate income, such as food processing, 

handcrafts, retail trade, livestock trading, cereal trading and so forth (see 

INERA’s website, www.inera.bf  for questionnaire and codebook). This data 

was collected in September 1999 in a sub-sample of 60 households drawn from 

larger sample of 120 households. For questionnairies, see also Annex to Chapter 

3 at the end of this thesis. 

 

 

3.4. Sample Households Characteristics 
 

Sample characteristics along with the economic activities conducted by groups 

of households in the commune are examined in this section. 

Table 2.3 shows (i) the household size by group, (ii) the ethnic composition of 

household members (iii) their sex distribution, (iv) the number of actives per 

group of household, (iv) land use and (iv) livestock composition and size. 

Agro-pastoralist households are larger (9.7 members on average) while the 

transhumants are the smallest (6.7); farmers and sedentary pastoralists are of 

medium size: 8.2 and 8.1 members on average respectively. Similarly agro-

pastoralist group records the oldest household head: 53 years against 51 and 47 

years for farmers and sedentary pastoralists, respectively. Transhumants are the 

youngest (41 years). 

Farmers and agro-pastoralists are mainly Markas (77.2% and 79.1%, 

respectively). Sedentary and transhumant pastoralists are quasi-exclusively 

Fulanis (over 99%). Both groups of farmers and agro-pastoralists comprise other 

ethnic groups such as Bambara (11.6%), Fulanis (7.4%), Bozos and Dogons 

(1.7% each) for the farmers. The agro-pastoralist group includes more Fulani 

pastoralists (19%) than Bambara farmers (1.9%). This reveals the progressive 

sedentarization of Fulanis, farming more and more.  

The level of the use of animal traction decreases with the farming specialization: 

95.2% for farmers against 61.9% for transhumants. 93.9% of agro-pastoralists 

are equipped with animal traction facilities against 82.6% for sedentary 

pastoralists32. 

The land use for crop cultivation reflects the group specialization: from 1.18 ha 

per member for the farmers and the agro-pastoralists, this indicator is smaller for 

the pastoralists: 0.22 ha and 0.36 ha for the transhumants and the sedentary 

pastoralists respectively. This supports the evidence that transhumants need less 

land for cropping activities but much more for pasture. In the same time land 
                                                 
32

 A household is equipped if it has at least one plow and a traction animal either an ox, a 

donkey or a horse. 
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tenure reveals the dominance of the most farming households over the 

transhumant pastoralists: over 80% of their total land is owned against less than 

60% for the transhumants who are compelled to borrow more cropping land. 

The cropping system is based on cereals (millet, rice, sorghum and maize). 

Minor crops such as legumes (cowpea, peanut and Bambara nuts) and 

vegetables are also present. The variety of cultivated crops changes from the 

farmers group to the transhumant one. Table 3.3 gives average crop yields per 

group of household. Crop yields are higher for the sedentary group of 

pastoralists for the most important crops in the system, which are millet and rice: 

631 kg/ha for millet and 1,232 kg/ha for rice. This could be explained by the 

greater availability of manure, combined with their increasing farming ability. 

Conversely to the land use and not surprisingly, the livestock size shows a 

difference between farming and pastoralist households (Table 3.4). The 

livestock size in Tropical Livestock Unit (T.L.U) for farmers (4.60) and agro-

pastoralists (12.08) drastically increases for the pastoralists (26.52 and 23.55, for 

sedentary and transhumants, respectively). 

 

Table 3.3 : Average yield by crop and by Household Group – Commune 
of Madiama, Northern Mali, 1999 (kg/ha) 

HOUSEHOLD GROUP  
Crop 

Farmers Agro- Pastoralists Sedentary 
Pastoralists 

Transhumant 
Pastoralists 

Millet 605 595 632 532 

Sorghum 454 642 250 - 

Rice 643 771 1 232 525 

Okra 1 017 415 221 - 

Maize 200 120 320 - 

Peanuts 171 260 - 325 

Bambara nuts 232 - - 30 

Fonio 100 - - - 

Cowpea 513 190 - - 

Average yields are rounded up 
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Table 3. 4 : Sample Household characteristics, commune of Madiama, 
Northern Mali, 1999. 

Household Groups  

Characteristics Farmers 

N=43 

Agro-pastoralists  

N=33 

Sedentary 

Pastoralists 

N=23 

Transhumant 

Pastoralists 

N=21 

Household size 8.2 9.7 8.1 6.7 

Age of Household head 51 53. 47 41 

Ethnic Group(%) 

• Bambara* 

 

11.6 

 

1.9 

 

- 

 

0.7 

• Marka 77.2 79.1 - - 

• Fulani** 7.4 19.0 100 99.3 

• Sonrai 0.3 - - - 

• Bozo 1.7 - - - 

• Dogon 1.7 - - - 

 

51.3 

 

49.1 

 

54.5 

 

47.9 

Sex Composition (%) 

• Male 

• Female 48.7 50.9 45.5 52.1 

Number of actives (≥10 

years) 

5.2 5.8 4.9 4.0 

    

4.8 6.1 17.4 38.1 

Equipment (%) 

    Manual  

   Animal traction 95.2 93.9 82.6 61.9 

Land use (ha) 

 
 

 

 

 

 

 

 

 

9.63 11.44 2.91 1.45 

1.18 1.18 0.36 0.22 

1.87 1.97 0.60 0.36 

7.92 9.60 2.37 0.85 

1.16 1.22 0.52 0.56 

 Total area per Hhld  

� Ha per member 

� Ha/Active 

� Owned 

� Borrowed 

� ORM*** 0.56 0.61 0.02 0.05 

Livestock Size per 

household in T.L.U 

 

 

    

• Cattle 3.20 7.37 22.01 20.21 

• Horse 0.16 0.34 0 0.08 

• Donkey 0.37 0.34 0.05 0.03 

• Sheep 0.21 1.40 0.42 0.43 

• Goat 0.19 0.89 1.58 0.81 

Total in  T.L.U 
 4.60 12.08 26.52 23.55 
• Poultry (units) 4.65 10.03 5.83 4.43 

* Including Bambara and Dioula **Including Fulani and Diawondo 

***ORM: Office Riz Mopti; T.L.U: Tropical Livestock Unit; hhld= household 
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Transhumance as a means of production and a way of life is primarily a 

common practice of pastoralists. In the case of a greater pressure on the local 

natural resources this practice gives more and more rise to conflicts and calls 

therefore for a better management scheme. Transhumants go south (Tominia 

zone) in the beginning of the rain season  and come up north (cure salée) at 

harvest time to avail of crop residues and the bourgou as the level of water 

decreases. They cross the Bani River to access Yonga and Goubet in the Djenné 

region (see Map 3.3. for transhumance pattern). Figure 3.2 highlights the 

transhumance duration inside and outside the commune. It can be seen that 

transhumance is carried out for longer periods outside the commune: for over 20 

days, transhumance are mostly outside the commune while shorter 

transhumance periods happen within the commune.  Other results of the field 

study are presented in chapter 4. 

 
Map 3.3: Transhumance pattern in the Madiama commune in the 

Mopti region, Mali, 1999 
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Figure 3. 2 : Transhumance duration in the Madiama commune, Mopti, 

Mali, 1999 
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CHAPTER 4: THE SOCIAL ACCOUNTING 
APPROACH: SOCIAL 
INTERWEAVING, POLICY IMPACTS 
AND IMPLICATIONS ON NATURAL 
RESOURCE USE 

 

 

 

 

 

 
 





 

4.1. Introduction 
 

This chapter examines the differential implications of general economic policies 

for the factorial and social distribution of income and their impact for conflict 

reduction; we firstly discuss the social accounting matrix (SAM) approach. 

Arguments for the use of this approach are reviewed along with the underlying 

theoretical issues. Then economic relationships between different stakeholders 

are analyzed in order to show the policy impacts in terms of income and their 

possible implications on conflicts.  

The SAM is the basis to the commune level CGE model developed in chapter 5 

in order to address complementary issues. Although no model is fully able to 

meet the real world complex nature, it is expected that our approach will 

usefully depict the linkages between the stakeholders and particularly highlight 

the income impacts of policies in the Madiama commune and their implications 

on natural resource use. 

 

 

4.2. The relevance of the Social Accounting Matrix approach 
 

The diversity of stakeholders in the Niger River delta region of Mali had 

benefited from an abundant natural resource base for centuries. Nowadays, this 

former productive area faces a decline in its potential and subsequent conflicts 

appeared among users. A better understanding of the linkages between 

stakeholders is required if the commune has to make any decision towards 

solving/mitigating conflicts. Agricultural households in Mali as in most 

developing countries, represent over 70-80% of the national economy. 

Alternative policies affect their behavior in different ways and it is essential to 

know which factors determine levels of production, factor input demand, 

income, consumption or labor supply. 
Household modelling is usually designed to capture the relationships between 

these variables in such a consistent way that the results can be used to predict 

the effects of policy interventions. They are developed when market 

imperfections are absent and households are assumed to be price-takers.  
Econometric methods and mathematical programming are usually developed to 

derive results on household behaviour: demand, profit functions, elasticities for 

instance and the first-round impacts of policy changes (Taylor et al. 1996).  

Non-separability issues have been accounted for in some household models (see 

Singh and Strauss, 1986); in other words, the assumption that farm households 

do not maximize sequentially profits and then utility, but rather simultaneously, 

is usually made. Such an assumption revealed to be particularly relevant mostly 
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in the presence of imperfections (failures) in market that have direct relevance to 

the utility of households. (See section on model specification hereafter). 

Although very useful in a partial analysis framework, household modelling is 

alone can be misleading since: 

a. the approach ignores the general equilibrium effects of policies on 

households (Singh et al. 1986). Household-farm models do not capture 

the income and the general equilibrium effects affecting policy outcomes; 

they are unable to provide guidance on the indirect effects of exogenous 

changes on incomes and production in the local economy taking place 

through interactions among activities, factors and households (multiplier 

effects). Impacts of policy interventions may then be nil or weak on some 

households but reveal to be important on others, depending on the nature 

of interactions (see for example Subramanian and Sadoulet, 1990; Taylor 

et al., 1996); 

b. Inter-linkages among households and between households and other 

economic agents are not accounted for. While individual household-farms 

can be considered as whole micro-economies, any analysis limited to 

households is incomplete because household interactions are not 

examined. For example, we know that natural resources are managed at 

different levels, particularly at the individual household level and/or 

commune level. Modelling at the smaller and individual level of 

households does not account for the interactions with other natural 

resource users whose behaviour also affects natural resource profile. 

”Where economic linkages among households are important, micro-

economic household models may produce misleading findings, including 

biased estimates of the impacts of policy and market changes on the rural 

economy”. Ignoring “local (village or commune-wide) economic effects 

may give a quantitatively if not qualitatively distorted view of policy 

outcomes” (Taylor et al., 1996, p.6). 

Definitely, modelling households as micro-economic agents partially illuminates 

impacts of policy interventions. Farm- households should be deemed to be parts 

of the whole economic community and be modelled as such i.e. put in 

interactions not only among themselves but also with other components/partners 

of the local economy (government, rest of the world…). Whenever interactions 

are manifold between households, partial equilibrium analysis reveals to be of 

less relevance; this kind of analysis is not useful since there are too many factor 

and commodity) markets in which competition for scare resources exists. 

The only data on farm-households (pastoralists and farmers) are obviously not 

informative enough for decision-making at the commune level which goes 

beyond individual farm level. In our case, since interactions between households 

are not only numerous but have a direct bearing on natural resources, a Social 

Accounting Matrix (and later a general equilibrium model accounting for the 

farm household specific circumstances at the commune level) is appropriate to 
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complement and improve household-farm information to be used by the 

empowered commune through decentralization laws. 

 

 

4.3. The Social Accounting Matrix Approach: Background and uses 
 

The SAM approach traces its distinguished ancestry back to 1758 and the 

Tableau Economique of the famous French economist Quesnay where the 

circular flow of an economy was first envisioned. In the latter part of the 19
th
 

century, another French economist, Léon Walras, added mathematical rigor and 

expanded the idea into the concept of general equilibrium where all flows of an 

economy are brought into equilibrium through the actions of markets. Formal 

and continuous measurement of these equilibrating flows at national levels 

didn’t begin in earnest until after the crash of 1929 when developed countries 

began to recognize the need to develop a comprehensive system of national 

accounts to better understand the interrelationships within their economies and 

to use it as the major yardstick for measuring economic progress (through GNP, 

NNP).  The economy-wide model implicit in the system of national accounts 

was taken one big step further by Nobel laureate Wassily Leontief, developer of 

input-output analysis.  Leontief used data from the national income and product 

accounts for the US to develop and use fixed-price multipliers to analyze 

consequences of changes in the final demand for the different sectors of the 

economy. Subsequent to this, input-output models of many developed countries 

were created and used for similar types of development planning.  They 

continue to be a primary tool for regional economic and environmental analyses.  

Primary credit for the development of the SAM approach goes to another Nobel 

Prize laureate, Sir Richard Stone. This SAM framework was constructed by 

Stone to reconcile the I-O analysis (based on technical linkages) with national 

income and product accounts for the purpose of planning and policy analysis 

(Taylor et al. 1996). Stone added economic and social structure that both 

complemented and completed the production information found in the input-

output sectors. Social Accounting Matrices thus originate from input-output (I-

O) models; they are primarily concerned with economic flows between activities 

in the process of production and focus on production activities and generated 

value added (Miller and Blair 1985). Beyond the I-O focus on production 

activities, they include issues of income distribution, the households being the 

salient unit of analysis. SAM models are much more detailed and more 

comprehensive frameworks which deal with interactions between economic and 

social structures in order to address policy issues. A SAM provides a 

“framework for collating, reconciling and presenting a detailed quantitative 

picture of an economy” (Pyatt, 1985, p.337); it is “a representation of economic 

accounts of a socio-economic system which captures the transactions and 

transfers between all economic agents in the system” (Round, 2003, p.14-2). By 
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providing a comprehensive, time-exposed snapshot of an entire economy, it also 

creates the statistical foundation for a model of the economy from which 

interventions could be simulated. It also allows for significant unit 

disaggregation, thereby permitting an analysis of the distributional consequences 

of policies and other exogenous factors.  

Due to their flexibility both in topic and scale, SAM frameworks have been used 

quite extensively for planning purposes and to address a large range of issues.   

At the national level, analyses were conducted in several countries using SAM 

approach: Defourny et al. (1994) for the Korean economy, Pradham et al. 

(1999) for India, Dorosch et al. (1991) for Madagascar, Pyatt et al. (1979) for 

Sri Lanka, Arndt et al.(1998) for Mozambique and Roland-Holst (1988) for the 

USA, for example.  

Although starting at the nation-wide scale (see Pyatt et al. 1979 for an extensive 

reference to the scale and the variety of disagregations) SAMs for lower levels 

(village or region) have been developed and are as consistent and relevant as 

those for a country. This is so because the interrelatedness of sectors is 

irrespective of the economy’s size or complexity. Moreover, village or region-

level SAMs may be particularly relevant because they bridge the gap between 

microeconomic household-production models and regional models.  Regional 

versions of SAM are even recommended (since they capture regional 

differences, Komen, 2001, p.115) and have been then recently developed. In that 

vein, SAM analyses in developing countries have been recently conducted at the 

village or region level. Golan (1996) constructed a SAM for a Senegalese 

village; Subramanian (1988) using ICRISAT data modelled the production and 

distribution in a dry-land village economy of India in a Social Accounting 

Matrix. Lewis et al. (1986) used a SAM framework to stress economic linkages 

in a small regional economy in Kenya (Kutus region). Furthermore, the 

flexibility of the SAM approach allowed  researchers to address specific issues 

such as migration (Adelman et al. 1988), household nutrition and economic 

linkages  (Ralston, 1996), environmental issues (Golan et al. 1995, Reilly et al., 

1994), tourism (Wagner, 1997), poverty analysis (Thorbecke et al. 1996),… 

Due to the fairly simple theoretical basis of the SAM, “the economic activity of 

the whole economy is visualized as if it were covered by one huge accounting 

system” (Leontief, 1936, p.106); and the SAM approach is particularly 

interesting due to some of its desirable characteristics: 

(a) the double-entry accounting requires that, for each account, total 

revenue equals total expenditure; this allows for a check for 

consistency; 

(b) Account definitions are flexible, which is particularly advantageous in 

the case of natural resource management. In the present research, the 

methodology allows for disaggregating specific sector elements 

involving various production activities (crop, livestock, income 
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generating activities) and specific households (farmers, agro-

pastoralists, sedentary and transhumant pastoralists) in order to 

understand inter-linkages among groups and to assess impact of pro-

growth interventions. Farming, herding and income generating 

activities compete for labor, land (for cropping, grazing and watering), 

inputs (fertilizers, pesticides, feed complement, veterinary supplies for 

example) and capital; this produces output, but develops some 

consumption/income patterns among households and sets a network of 

relationships between them.  A SAM model can successfully capture 

the commune-level linkages between and among decision making 

units33 and map distinct multipliers for the commune growth, income, 

and employment; 

(c) Inputs for a SAM as well as outputs from SAM can provide a 

comprehensive package of economic information for the commune. 

Multipliers are computed to summarize linkages between production 

structures and income distribution (Pyatt, 1991) and provide 

implications for policy (see Thorbecke et al. 1996; Pyatt et al. 1985 

op. cit. for various possible policy uses of the SAM). Those multipliers 

offer important information to commune level decision-makers on the 

prospects for, and differential impacts of, economic growth on the 

various sectors. This has direct implications for who benefits and loses 

from policy changes and, by extension, how conflicting sectors benefit 

and how they might accordingly react to changes. 

 

 

4.4. The SAM structure 
 

4.4.1. The Input-Output model 
In order to better present the SAM schematic, the I-O model in material balance 

as well as in nominal equations is examined. 

 

Material balance equations 
The I-O model forms under some assumptions, the basis of an economy-wide 

general equilibrium model focusing on production. The I-O matrix can best be 

illustrated for a simplified situation, where n goods are produced which are 

numbered i=1, 2,…,n. The basic idea is that each good i is produced by making 

use of the other goods as inputs. Let 

yi be the production of good i; 

xi the final demand for good i; 

                                                 
33

 ‘Institutions’ in the SAM/CGE jargon. . The expression “decision making unit” (DMU) 

instead of institutions is used here and in chapter 5 in order to prevent semantic confusion 

with the term “institutions” used in chapter 3. 
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yij the quantity of good i used to produce good j;  

yj the column total for good j; and, 

ijA  the requirement of input i to produce one unit of good j.  

From the definitions, it follows that 
j

ij

ij
y

y
A =  (4.1)  

It can be written 

 

∑
=

=
1j

jiji yAy + xi  i =1,2,…,n (4.2) 

 

or in a vector notation xAyy +=  (4.3) 

 

with the n-dimensional vector y consisting  of elements y1, y2,…,yn, the n-

dimensional vector x of x1,x2,…,xn and the nxn matrix A of elements Aij, 

i=1,2,…,n,  j=1,2,…,n. Each row i of matrix A refers to one good i, each column 

j to good j. 

From (3) it can be derived the so-called Leontief multipliers as follows: 

 

xAyy += ⇒⇒⇒⇒ xyAI =− )(  (4.4) 
 

with I being the nxn identity matrix; Iij =0 for i≠j and Iii =1, i=1,2,..,n. 

If the inverse matrix (I-A)
-1

 exists, then it can be written: 

 
xAIy 1)( −−=  (4.5) 

 

If the final demand of all products is given, then (4.5) calculates the total 

production of all goods. 1)( −− AI  is the Leontief multipliers matrix and 

determines the total production given the final demand. 

 

Nominal balance equations 
In order to better understand the similarity between I-O model which is mostly 

in material equations and the SAM which is nominal terms, it is more 

appropriate to start with a nominal I-O model. Rather than making a distinction 

between n goods, a distinction is made between n economic sectors. In each 

economic sector an aggregate good is produced. The output of each sector is 

expressed in financial terms, the value of the aggregate good.  

Let iP  be the output price in sector i; we can write: 

 

iiij

j

iii xPyPyP +=∑
=1

 (4.6) 
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Giving the constant I-O coefficients assumptions, we still have
j

ij

ij
y

y
A =  (4.7) 

 

In any given year, the ratio 
jj

iji

j

iji

yP

yP

P

AP
=  holds ( jP  the price in sector j). (4.8) 

 

For a base-year, prices can be all set to one so that and Eq. (4.7) and (4.8) are the 

same. 

Equation (4.6) can then be rewritten as (4.2) with the same results as in (4.5). 

This is so because we considered a period of time (base-year) where prices are 

assumed fixed.  

From now on, it should be clear that the mechanics of getting the multipliers are 

the same in the I-O and the SAM (see below), particularly because is 

constructed for a year where prices are fixed. 

4.4.2. The Madiama SAM basic structure  
The SAM structure is similar to the I-O model in nominal terms. It has proven to 

be convenient to make not only a distinction between economic sectors 

producing various (aggregate) goods, but also sectors which consume goods, 

such as households, firms which accumulate capital and the government. The 

distinguishing feature is that the table includes not only the intermediate 

transactions but also socio-economic accounts such as factors of production, 

decision making units34 (households, firms, government) capital accumulation 

and the rest of the world. The term “good” is used in a more general way and the 

term “account” is rather used; the SAM matrix is a set of sub-matrices. A 

schematic illustration of the basic Social Accounting Matrix for the Madiama 

commune is presented in Table 4.1. Non-zero cells represent the payment by 

account j to account i. 

The SAM portrays all the economic activities of the whole system 

(consumption, production, accumulation and distribution) and is therefore more 

complete than I-O models. It tracks markets and non-markets income and 

resource flows, which allows it to better display the linkage between income 

distribution and the economy structure. 

The SAM records the transactions in FCFA (the local currency) between 

accounts into the matrix cells, say yij; the yij are payments from the accounts j to 

accounts I; yi is the total payment for account i across the j columns. The three 

basic forms of economic activities are present in the table: production (accounts 

1-3), consumption (accounts 4-7), accumulation (account 8) and the rest of the 

world (account 9). The resulting data system links production accounts, factors 

                                                 
34

 They usually include households and government.  In our study, the mosque is also deemed 

to be a religious decision making unit. People, on an annual basis contribute to its functioning 

through gifts recommended by the Muslim religion. 
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of production and decision making units and captures the circular, complex 

inter-linkages among (a) production activities, (b) factorial income distribution 

and (c) the income distribution among decision making units and particularly 

among socio-economic household groups (Defourny et al. 1994). 

 



 

Table 4. 1.: A Basic Social Accounting Matrix (SAM)   
ACCOUNTS (1) (2) (3) (4) (5) (6) (7) (8) (9) TOTALS 

Activities 
(1) 

 Domestic 
sales 

       Sales of 
production 

P
ro
d
u
c
ti
o
n
 

Commo-
dities (2) 

Intermed
iate 
consump
tion 

  Household 
consump-
tion 

Mosque 
consump-
tion 

    Fixed capital 
formation and 
change in 
stocks 

Exports Demand for 
commodities 

Factors of 
production (3) 

Value-
added 
payments 
to factors 

       Factor 
income 
from Rest 
of the 
World 

Factor 
income 
receipts 

House-
holds (4) 

  Factor 
income  

Inter 
Household 
transfers 

  Current 
transfers 
to house-
holds 

   Current 
Transfer 
from 
Abroad 

Current 
household 
receipts 

Mosque 
(5) 

    Household 
Transfers 
to Mosque 

         Current 
Mosque 
receipts 

Govern-
ment (6) 

       Direct 
Taxes 

  Current 
Government 
receipts 

D
e
c
is
io
n
 m

a
k
in
g
 u
n
it
s
 

Tax 
(7) 

    Direct 
taxes 

       Current Tax 
receipts 

Capital 
(accumulation) (8) 

   Household 
savings 

      Capital 
receipts 

The World 
outside the 
geographic area 
of analysis 

(9) 
 Imports  Household 

Transfers 
to Abroad 

   Current 
external 
balance  

 Aggregate 
receipts from 
Rest of the 
World 

TOTALS Costs of  
produc-
tion 

Supply of 
products 

Factor 
income 
pay-
ments 

Current 
household 
outlays 

Current 
Mosque 
outlays 

Current 
Govern-
ment 
outlays 

Total 
tax 
pay-
ment 

Current capital 
outlays 

Aggregate 
outlays to 
Rest of the 
World 

 



 

In the case of Madiama, the transaction payments were derived from the 

collected data. For each group, average values were taken; since each group of 

stakeholder is only a sample of a larger group in the commune, expansion 

coefficients were used to get values for the total population to construct the 

Social Account Matrix (SAM) for the commune35. Production budgets were 

computed for each activity; producer prices were multiplied by corresponding 

quantities to get domestic sales. Input purchases are quantities valued at their 

market prices. Similarly, expenditures for each commodity are the quantity 

purchased valued at consumer prices36. 

Activities: In Table 4.1, domestic sales are presented in the cell (1,2); they are 

the total production in each activity valued at producer’s price. For example, 

total production of sorghum, millet, livestock or rice valued at their respective 

producer’s price. Totals (in the totals column) i.e. the corresponding yi, are the 

sales for each activity (see below for details on the activities).  

Commodities: This account is also part of production. Some may be produced in 

the activities listed above and others like retail trade, handicraft commodities are 

included to encompass all commune commodities. 

The corresponding row includes commodity consumption by (i) activities, (ii) 

households, (iii) consumption for fixed capital formation and (iv) exports. The 

row total represents total demand for each commodity. The cell (2,1) 

corresponds to the transaction table in the I-O model in monetary terms; it 

represents intermediate consumption for goods in the production process. For 

instance, crop seeds used in the Activities accounts such as Millet, Sorghum, 

Vegetables,…are demanded to produce millet, sorghum and vegetables 

respectively. It may also be the consumption of livestock production like manure 

to produce the above crops or the demand for veterinary products by small or 

large ruminant account to retail trade. 

The entry (2,4) stands for the household consumption of the commodities 

(crops, livestock, natural resource, retail trade items,..) while (2,5) (2,8) 

represent the expenses for commodities by the mosque and for accumulation 

(capital formation) purpose respectively. In the Madiama case, capital formation 

was mainly acquisition of animals in 1998, as it is the case in most sahelian rural 

areas. Commodity exports appear in cell (2,9): for each commodity, the 

collected data permits to derive exports (commodities sales to the rest of the  

world) since the use of produced  goods was recorded by destination. 

Factors of production: they include family labor, hired labor, land and capital. 

                                                 
35

 See INERA’s website (www.inera.bf) for details on the computation process 
36

 It happened that the interviewee could not give both quantities and unitary prices, but only 

total expenditures or total costs for the commodity or input. In such cases, the value in FCFA 

was considered; quantities were valued at average prices. For some goods such as manure 

which have no regular market, their prices were estimated with the producers. 
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Each of them contributes to the value-added; each entry (3,1) gives the part of 

the value-added paid to each of them. Usually, the valuation of the contribution 

of each poses some difficulties for the following reasons:  

 

• the family labor is not a marketed factor; its valuation can be made only 

through some estimation; and,  

• the land contribution cannot be observed either. 

Given such difficulties, secondary results on family labor and land returns 

derived from ICRISAT crop budgets in Burkina Faso in a similarly region (the 

sahelian region of Burkina Faso) was used (Matlon et al., 1989)37. The 

corresponding yi is the total factor income for each factor. 

Households: Four groups of households are present: farmers, agro-pastoralists, 

sedentary pastoralists and transhumant pastoralists. For each group, records are 

presented on factor income (entry (4, 3)), inter-household transfers (entry (4, 4)), 

current transfers to households by government (cell (4, 6)), and net current 

transfers from abroad (entry (4, 9)). The row total represents current household 

receipts. 

The mosque: a relatively important institution in a commune where the majority 

of the population is Muslim. Most households give part of their production for 

religion purpose to the mosque. Entry (5,4) represent such transfers. 

The central government and Tax: the former is included to account for the 

governmental investment or expenditures on behalf of the households (entry 4,6) 

while the latter represents the tax paid to government (entry (6,7)). 

Capital: its records household investment (in column) and savings as well as 

balance in foreign trade on capital account in row. In cell (7,4) appear  

household saving, mainly in terms of animals acquisition in the Madiama case. 

The rest of the World (ROW): it represents the rest of Mali and outside Mali. 

Entries (9, 2) and (9, 4) are the commodity imports, household imports and the 

current external balance respectively.   

It should be noted that row totals should be equal to column totals. Total sales of 

production are equal to costs of production; product supply is equal to total 

demand for commodities, factor income receipts equal factor payments,…In 

short, expenses equal receipts and the SAM should be in balance. 

The primary disaggregated SAM developed for the Madiama commune is a 

(71x71) square matrix made up of the following accounts (see Table 4.2): 

• Activities: 23 activities are distinguished based on the production 

systems of production (cropping and livestock) and other livelihood 

                                                 
37

 The West African Economics Program of ICRISAT, where the author served as a research 

assistant, conducted a comprehensive survey in three agro-climatic zones of Burkina Faso for 

three years. Returns to factors were computed from this extensive database, based on labor 

and crop prices. The return to land is the residual after subtracting returns to other factors 

from the value of the crop. Results from the sahelian region of Burkina Faso were used for 

Madiama.  
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activities (income generating activities).There are therefore of two 

kinds: the agro-pastoral activities (cropping and livestock activities) and 

micro-enterprise activities. Six (6) agro-pastoral production activities are 

included (Millet, Sorghum, Rice, Other Cereals, Vegetables and 

Legumes) along with four (4) livestock production activities: Small 

ruminants, Large Ruminants, Milk and Poultry; and fishing. On the 

other hand, the micro-enterprise activities are based on trading (or 

processing) of the outcomes of the above production activities (Millet, 

Sorghum, Rice, Other Cereals, Small ruminants, Large Ruminants, Milk 

and Poultry) or of others such as textiles (handicraft), natural resources 

(shea-butter, soumbala processing), fish smoking and retail trade. 

• Commodities: 23 commodities are part of the matrix as counterparts of 

the activities defined above. This is so for the following reasons: first, 

the outcome of each activity is a good (or goods) which are either 

consumed in the household or used as inputs (seeds for example). 

•  Factors: Sixteen (16) factor accounts are considered: land, family labor, 

hired labor and capital (equipment). Each of those four factors is split 

into four to account for the number of households (non-governmental 

decision making units below). 

• Decision making units: they are of two categories: the non-

governmental and governmental decision making units. Non-

governmental decision making units are mainly household groups 

(farmers, agro-pastoralists, sedentary pastoralists and transhumant 

pastoralists) and the mosque. Governmental decision making units are 

the central government and tax (separately taken for practical reasons). 

In total seven (7) decision making units appear in the SAM for the 

Madiama commune. 

• Saving/ capital and the rest of the world (ROW) are other accounts of 

the SAM. 

 

The primary SAM for Madiama is posted on INERA’s website 

www.inera.bf.  

In order to develop an economic model of the domestic economy under the 

assumption that imports are not perfect substitutes for domestically 

produced goods, it is necessary to purge imports from the intermediate 

demand and domestic final demand. Holland et al.(1993) suggest that 

imports be assumed to (i) be used in only domestic production and not 

directly embodied in exports and (ii) be absorbed in both intermediate and 

final demand (except exports) in a given proportion for every commodity. 

This proportion is computed as: 
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ii dI −= 1  where 
iii

ii

i
EMX

Ey
d

−+

−
=   is the domestic demand for production of 

commodity i divided by total commodity supply of commodity i less 

exports of commodity i; 

iI = import supply ratio i.e. the ratio of imported supply to domestic supply 

=iy  Domestic output (production) of commodity i 

=iE  Exports of domestic commodity i 

=iM Imports of commodity i 

A diagonal matrix D of the id  parameters is then used to purge the material 

balance equations of imports as follows: 

 DVVd =  and DFFp =  where V and F38 are intermediate demand 

matrix and domestic final demand vector, respectively; dV  and pF  the 

corresponding purged matrix and vector. 

Doing so reduces by one half the number of activity/commodity columns 

and rows in the final SAM since we have a one-to-one correspondence 

between Activities and Commodities and imports now appearing in the rest 

of the world row are classified by sector of destination rather than by sector 

of origin. This version of the Madiama SAM does not include commodities 

any more; it is more tractable and is the one used to derive the SAM-based 

multipliers (see Table 4.2. for the purged SAM accounts). We refer to this 

version of the Madiama SAM as the purged SAM. 

                                                 
38

 V and F are the matrices of the ijy  and ix  from section 4.4.1. 



 

Table 4. 2.: Madiama primary SAM accounts 
ACTIVITIES 

with 

corresponding 

commodities 

FACTORS DECISION MAKING UNITS 

Millet FamilyLaborFarmers Farmers 

Sorghum FamilyLaborAGP Agro-pastoralists (AGP) 

Rice FamilyLaborSedP Sedentary Pastoralists (SedP) 

Other Cereals FamilyLaborTrans Transhumant pastoralists(Trans) 

Vegetables HiredLaborFarmers Mosque 

Legumes HiredLaborAGP Central Government 

Small ruminants HiredLaborSedP Tax 

Large ruminants HiredLaborTrans CAPITAL 

Poultry LandFarmers World outside the Madiama 

Commune 

Milk LandAGP  

Fish LandSedP  

Millet M LandTrans  

Sorghum M CapitalFarm  

Rice M CapitalAGP  

Other Cereals M CapitalSedP  

Small ruminants 

M 

CapitalTransh  

Large ruminants 

M 

  

PoultryM   

Milk M   

FishSmoking   

Retail trade   

Textiles   

NR&foodProcess   

M: relates to micro-enterprise activity/commodity 

NR&foodProcess: Natural resource and food processing 
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4.5. The SAM multipliers 
 

As stated above, the SAM includes not only the intermediate demand matrix but 

also socio-economic accounts; it is seen as an augmented I-O matrix.  

Let S be the SAM transaction matrix; S is of dimension p x p where p is the total 

number of accounts with p>n (p-n=number of the socio-economic accounts). 

Similarly to the I-O model case, it can be written:  

 

Sij= yij /yj (i= 1,2,….,n,….p), (j=1,2,….,n,….p) (4.9) 
 

Following the I-O model illustrative example, the SAM multipliers can be 

derived. But we need to designate some accounts to be exogenous, for the 

matrix to be invertible. It is then necessary to decide which accounts are 

endogenous and which are exogenous. The usual endogenous accounts are those 

of production (activities and commodities), factors and households39. This 

definition of endogenous accounts can help to have more insight into the 

interactions between production activities and households and through the two 

sets of markets (factors and commodities). Usually, government, (mosque in our 

case), capital and the rest of the world are regarded as exogenous since 

governmental policy is determined externally, the rest of the world is out of 

control and since the model is not dynamic, investment is exogenously 

determined.  

Therefore, we have to partition matrix S into two matrices: say, C a m x m 

matrix corresponding to the m endogenous accounts and a matrix corresponding 

to exogenous accounts. A vector x is introduced representing all exogenous 

totals for a given account. The vector x is of dimension m x 1. Similarly to 

equation (4.2), it can be stated that: 

 

∑
=

=
m

j

jiji ycy
1

+ xi  i,j =1,2,…,n,…, m; (4.10) 

 

or equivalently, in a vector notation, y= Cy+x (4.11) 

 

Equation (4.11) can be rewritten as: 

 
(I-C) y=x (4.12) 

 

where I is the mxm identity matrix. If the matrix C is invertible, (I-C)
-1 exists 

and we can then write:  

 
y= (I-C)

-1
x =Ma x (4.13)  

                                                 
39

 The multiplier values are sensitive to the selected exogenous accounts. 
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where Ma is the SAM multiplier matrix (a matrix of ‘accounting multipliers’40); 

equation (4.13) determines the equilibrium total outputs in value and incomes y 

consistent with any set of injections. To illustrate the use of the multipliers, 

suppose that the government decides to increase its demand for a given good by 

one million of CFA Francs; this demand is called an injection or a shock; 

equation (4.13) calculates the effects of this increase on outputs of activities of 

production and importantly   on incomes of households. 
Conversely to the I-O multipliers which capture only the inter-industry effects, 

SAM multipliers account not only for the direct and indirect effects but also for 

induced effects on factor and household incomes and activity outputs due to the 

Keynesian income-expenditure multipliers (Robinson, 1989, Adelman and 

Robinson, 1989).  

Other illustrative examples include the effects of an increase in the export 

demand of livestock on the livestock production and household income in our 

study area. It may also be the resultant effect of an increase in the government 

demand for rice on the income of each group of household and the output levels. 

Policy effects are examined in the following section using SAM multipliers. 

 

 

4.6. Conflicts and policy contents 
 

The SAM is a suitable tool to analyze the composition of income and 

production. Sources and destination of transactions among economic decision 

making units provide detailed information on the complex process of income 

generation and distribution. It is thus possible to examine not only the inter-

weaving between stakeholders, but also to detect their income levels and 

therefore the conflict contents attached to it, given the linkages: the current 

distribution pattern of productive activities and factor income, the redistribution 

process of income and the injection paths in case of policy actions are important 

tools to achieve such objectives.  

In this section, we present some results based on the Madiama purged SAM. In 

the first place, an analysis of nominal income based on the distribution pattern of 

productive activities and factor income is presented. SAM multipliers are then 

discussed along with their components after decomposition. While the SAM 

multipliers depict the current distribution pattern of nominal income, their 

decomposition permits to focus on the paths of the injection through the whole 

system.  Particularly, the decomposition technique reveals the possible impact of 

a policy on sectors or decision making units of the economy; doing so, it sheds 

                                                 
40

  ‘Fixed price multipliers’ can also be computed using elasticities of i with respect to j but 

our analysis only refers to accounting multipliers. See Pyatt and Round (1979) for the use of 

fixed-price multipliers. 
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light on possible conflicts that any policy in a particular activity could create 

with other sectors.  

 

4.6.1. Injections41 and the distribution pattern of nominal income  

4.6.1.1. Distribution of activity income 
Since distribution may be a source of conflict, it is crucial to highlight the 

conflicts contents of both the current income status and of any policy. 

Although the SAM is not a model per se, SAM-based multipliers (i) are rather 

useful to examine the effects of injection, on the distribution of income across 

socio-economic groups of households and (ii) lend themselves easily to 

decomposition, “thereby adding an extra degree of transparency in 

understanding the nature of linking in an economy and the effects of exogenous 

injections…” (Round, 2003, p.14). Referring to the SAM multipliers we 

examine in turn the distribution pattern among productive activities. From this 

perspective of income distribution, it is possible to identify the winners and 

losers in the present and after an increase in the exogenous demand.   

Table 4.3 contains selected multipliers from the purged SAM. The column sums 

in this table show the increase in the nominal income of the productive system 

when the activity corresponding to the column receives an exogenous injection 

of one monetary unit. These total values show the diffusion effects on the 

productive system generated by each activity. They are close to each other and 

range from 1.8882 to 2.8716; this means that very similar policy impacts are 

expected on the local sectors and such impacts do not have very strong potential 

to stimulate general growth. This is due to the relatively poor integration 

between sectors. From the same table, it appears that the following activities 

create large diffusion effects: textiles (2.8119), Rice (2.7347), RiceM (2.6318), 

Millet (2.6065) and MilkM (2.5629).  

                                                 
41

 Injection is preferred to ‘shock’ even though equivalent in the literature.  



 

Table 4. 3: The SAM multipliers for selected activities in the Madiama commune, Mali, 1999 
 

 
Activities 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total* 
Millet (1) 1,2061 0,1575 0,1634 0,1358 0,1287 0,1480 0,1004 0,1749 0,2104 0,1370 0,1413 0,1343 0,0689 0,0714 0,0748 0,0981 0,1449 0,0601 0,1607 0,1165 3,6331 
Sorghum (2) 0,0276 1,0820 0,0290 0,0253 0,0238 0,0266 0,0165 0,0299 0,0270 0,0902 0,0278 0,0266 0,0123 0,0128 0,0133 0,0156 0,0282 0,0111 0,0258 0,0205 1,5718 
Rice (3) 0,2219 0,2241 1,4008 0,1899 0,1652 0,2072 0,1211 0,2472 0,2007 0,2000 0,2878 0,1963 0,0958 0,0964 0,1065 0,1171 0,2110 0,0863 0,2184 0,1651 4,7588 
S rum (4) 0,1328 0,1393 0,1383 1,1443 0,1240 0,1380 0,1161 0,1287 0,1503 0,1504 0,1542 0,1496 0,2261 0,0655 0,0626 0,1102 0,1539 0,0552 0,1111 0,0957 3,5460 
Lrum (5) 0,7839 0,7617 0,7732 0,8448 1,8836 0,8166 1,0772 0,7453 0,7278 0,7235 0,7441 0,7156 0,4018 0,6321 0,3443 0,9859 0,7493 0,2876 0,7883 0,5430 15,3295 
Poultry (6) 0,0010 0,0010 0,0011 0,0010 0,0009 1,0010 0,0007 0,0011 0,0011 0,0011 0,0011 0,0011 0,0005 0,0005 0,0420 0,0007 0,0011 0,0004 0,0009 0,0007 1,0589 
Milk (7) 0,0368 0,0328 0,0344 0,0426 0,0553 0,0408 1,0879 0,0339 0,0274 0,0270 0,0278 0,0266 0,0222 0,0263 0,0150 0,2484 0,0284 0,0119 0,0427 0,0253 1,8935 
Fish(8) 0,0136 0,0131 0,0138 0,0093 0,0088 0,0115 0,0060 1,0162 0,0093 0,0092 0,0095 0,0089 0,0053 0,0055 0,0064 0,0056 0,0443 0,0088 0,0151 0,0101 1,2307 
Millet M (9) 0,0068 0,0070 0,0071 0,0072 0,0066 0,0071 0,0069 0,0069 1,0435 0,0073 0,0075 0,0072 0,0034 0,0035 0,0032 0,0058 0,0075 0,0028 0,0060 0,0050 1,1585 
Sorgh M (10) 0,0036 0,0036 0,0037 0,0031 0,0030 0,0034 0,0029 0,0040 0,0030 1,0457 0,0031 0,0029 0,0016 0,0017 0,0017 0,0024 0,0032 0,0013 0,0037 0,0027 1,1005 
Rice M (11) 0,0105 0,0099 0,0104 0,0104 0,0114 0,0106 0,0143 0,0107 0,0085 0,0085 1,0697 0,0083 0,0053 0,0058 0,0046 0,0125 0,0089 0,0037 0,0114 0,0074 1,2430 
OtherCer M 

(12) 0,0010 0,0009 0,0010 0,0010 0,0011 0,0010 0,0015 0,0010 0,0008 0,0008 0,0008 1,0901 0,0005 0,0006 0,0004 0,0011 0,0009 0,0004 0,0010 0,0007 1,1065 
S rumM(13) 0,0117 0,0117 0,0119 0,0146 0,0146 0,0132 0,0173 0,0104 0,0128 0,0128 0,0131 0,0127 1,1776 0,0069 0,0052 0,0174 0,0130 0,0046 0,0113 0,0081 1,4011 
LrumM(14) 0,0452 0,0452 0,0458 0,0570 0,0574 0,0514 0,0689 0,0396 0,0499 0,0498 0,0511 0,0497 0,0249 1,1947 0,0201 0,0685 0,0507 0,0178 0,0433 0,0311 2,0620 
PoultryM(15) 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 0,0000 0,0001 0,0001 0,0001 0,0001 0,0001 0,0000 0,0000 1,3702 0,0000 0,0001 0,0000 0,0001 0,0000 1,3713 
MilkM(16) 0,0063 0,0061 0,0064 0,0053 0,0051 0,0058 0,0043 0,0069 0,0051 0,0050 0,0052 0,0049 0,0027 0,0028 0,0029 1,0046 0,0054 0,0023 0,0067 0,0045 1,0981 
FishSmk (17) 0,0211 0,0209 0,0208 0,0194 0,0193 0,0197 0,0174 0,0215 0,0180 0,0179 0,0184 0,0176 0,0094 0,0100 0,0094 0,0166 1,0188 0,1250 0,0207 0,0147 1,4565 
Retail(18) 0,1150 0,1133 0,1097 0,1072 0,1121 0,1046 0,0992 0,1121 0,0941 0,0935 0,0960 0,0914 0,0505 0,0548 0,0490 0,0974 0,0978 1,2039 0,1112 0,0766 2,9894 
Textiles(19) 0,0054 0,0053 0,0055 0,0048 0,0047 0,0051 0,0041 0,0059 0,0045 0,0044 0,0046 0,0043 0,0024 0,0025 0,0025 0,0046 0,0047 0,0020 1,2847 0,0039 1,3659 
NRFP(20) 0,0085 0,0084 0,0087 0,0077 0,0088 0,0081 0,0069 0,0091 0,0075 0,0075 0,0077 0,0074 0,0039 0,0043 0,0040 0,0062 0,0079 0,0032 0,0085 1,0599 1,1941 
Total* 2,6589 2,6440 2,7850 2,6306 2,6343 2,6197 2,7697 2,6052 2,6019 2,5917 2,6711 2,5555 2,1152 2,1981 2,1383 2,8187 2,5799 1,8882 2,8716 2,1916   

*Totals are for selected activities only; they are therefore slightly different from totals including all activities 
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On the other hand, the row sums show the overall increase in the nominal 

income of one account when there is an injection of one monetary unit in the 

activities; such total values show the absorption effects in the whole economy 

the presence of one unit injection in these activities.  

The greatest absorption effects are received by livestock activities, confirming 

the pivotal position of livestock (large ruminants in particular) in the local 

economy: 15.3295 for large ruminants and 3.5460 for small ruminants against 

4.7588 and 3.63331 for rice and millet respectively. 

As it can be seen, livestock activities benefit far more from an exogenous unitary 

money inflow in the economy than the cropping activities of the Madiama 

commune by absorption effect. This means that the livestock activities as they 

are currently conducted are likely to develop or exacerbate conflicts. Despite 

their high absorption capacity, livestock activities require more land for pasture 

and for transhumance; this means that any policy that aims to promote the 

current activities in the economy could end up with more conflicts since it 

primarily benefits to the land-consuming livestock sector.  

4.6.1.2. Distribution of factor income 
Examining factor nominal income distribution gives a rich picture of how the 

created value-added is distributed and how it rewards the contributing factors. 

Table 4.4 (a numerical implementation of the sub-matrix (3,1) of Table 4.1)) 

shows how each activity rewards the factors split into family labor, hired labor 

land and capital for each of the four household categories. The data directly 

shows the income going to the type of household given the different factors. 

Family labor and land are the most rewarded factors while capital and hired 

labor are poor contributors to the value-added. Family labor is the most 

rewarded for the agro-pastoralists (24%) compared to the other groups: 13% for 

farmers, 11% for sedentary pastoralists and only 6% for transhumants. It clearly 

appears that any policy promoting family labor, that is making more efficient 

use of family labor by new technologies for example, is likely to be in favor of 

the agro-pastoralists. 

 Figure 4.1 illustrates the distribution of payments by the main activities to 

family labor--the most rewarding factor-- relatively to total factor payments: 

livestock activities reward better than cropping activities across all household 

groups. More specifically, we notice that they are more rewarding for agro-

pastoralists and sedentary pastoralists. 

It can be noticed that land is the second factor that contributes most to the value-

added: 16% for agro-pastoralists, 10% for farmers, 12% for sedentary 

pastoralists and 5% for transhumants.  
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Table 4. 4: Factor income distribution for selected activities, Madiama commune, 1999 (in millions of FCFA) 
 Millet Sorghum Rice Veget Legumes S  

ruminants 
L 
ruminants 

Fish Millet M Sorghum 
M 

RiceM Sruminants 
M 

Lruminants 
M 

FishSmoking Retail Textiles NR&Food 
Proess. 

Total over 
all activities 

FamLabFarm 28.970 6.587 13.168 2.533 6.278 12.166 76.413 9.020 1.633 0.816 2.766 8.794 32.978 12.256 16.685 2.554 2.573 236.191 

FamLabAGP 24.172 7.936 14.670 6.984 0.188 54.688 126.777 4.694 17.863 8.931 30.246 9.267 34.749 76.785 20.551 0.260 1.476 440.237 

FamLabSedP 6.289 0.484 1.628 0.051 0.000 21.418 176.250 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.110 0.042 207.273 

FamLabTrans 0.426 0.036 0.146 0.000 0.000 7.026 83.206 0.000 0.000 0.000 0.000 4.066 16.263 0.000 0.167 0.000 0.300 111.637 

HdLabFarm 6.327 0.379 4.342 0.059 0.000 0.188 1.141 0.000 0.000 0.000 0.000 0.406 1.523 0.000 0.000 0.000 0.000 14.364 

HdLabAGP 3.337 0.689 0.000 0.000 0.002 1.032 3.660 0.000 0.000 0.000 0.000 0.011 0.042 0.000 0.000 0.000 0.000 8.774 

HdLabSedP 1.525 0.000 0.000 0.000 0.000 0.000 1.685 0.000 0.000 0.000 0.000 2.013 8.051 0.000 0.000 0.000 0.000 13.273 

HdLabTrans 0.592 0.054 0.000 0.000 0.000 0.084 0.502 0.000 0.000 0.000 0.000 0.150 0.600 0.000 0.000 0.000 0.000 1.982 

LandFarm 30.220 2.837 58.432 8.744 3.399 12.166 76.413 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 192.211 

LandAGP 25.215 3.418 65.098 24.108 0.102 54.688 126.777 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 299.406 

LandSedP 6.561 0.208 7.224 0.177 0.000 21.418 176.250 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 211.838 

LandTrans 0.444 0.016 0.650 0.000 0.000 7.026 83.206 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 91.342 

CapFarm 1.194 0.062 0.278 0.000 0.011 0.000 0.000 0.000 0.138 0.069 0.233 0.177 0.664 0.115 0.290 0.000 1.620 4.850 

CapAGP 0.701 0.227 0.422 0.000 0.313 0.000 0.000 0.000 0.185 0.093 0.314 0.048 0.179 0.064 0.306 0.000 2.266 5.117 

CapSedP 0.687 0.108 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.188 0.753 0.000 0.000 0.000 0.037 1.776 

CapTransh 0.393 0.015 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.102 0.408 0.000 0.090 0.000 0.000 1.007 

Total  137.053 23.056 166.061 42.656 10.292 191.902 932.279 13.714 19.819 9.909 33.560 25.222 96.209 89.219 38.089 3.925 8.315 1,841.279 

Shares  in percentage of  value-added 

FamLabFarm 21.14 28.57 7.93 5.94 60.99 6.34 8.20 65.77 8.24 8.24 8.24 34.87 34.28 13.74 43.80 65.08 30.95 12.83 

FamLabAGP 17.64 34.42 8.83 16.37 1.83 28.50 13.60 34.23 90.13 90.13 90.13 36.74 36.12 86.06 53.96 6.62 17.75 23.91 

FamLabSedP 4.59 2.10 0.98 0.12 0.00 11.16 18.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 28.29 0.51 11.26 

FamLabTrans 0.31 0.16 0.09 0.00 0.00 3.66 8.93 0.00 0.00 0.00 0.00 16.12 16.90 0.00 0.44 0.00 3.61 6.06 

HdLabFarm 4.62 1.64 2.61 0.14 0.00 0.10 0.12 0.00 0.00 0.00 0.00 1.61 1.58 0.00 0.00 0.00 0.00 0.78 

HdLabAGP 2.43 2.99 0.00 0.00 0.02 0.54 0.39 0.00 0.00 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.00 0.48 

HdLabSedP 1.11 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 7.98 8.37 0.00 0.00 0.00 0.00 0.72 

HdLabTrans 0.43 0.23 0.00 0.00 0.00 0.04 0.05 0.00 0.00 0.00 0.00 0.59 0.62 0.00 0.00 0.00 0.00 0.11 

LandFarm 22.05 12.30 35.19 20.50 33.03 6.34 8.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.44 

LandAGP 18.40 14.82 39.20 56.52 0.99 28.50 13.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.26 

LandSedP 4.79 0.90 4.35 0.41 0.00 11.16 18.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.50 

LandTrans 0.32 0.07 0.39 0.00 0.00 3.66 8.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.96 

.
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Figure 4.1.: Payment to family labor by main activity and household 

group, Madiama, 1999 
 

Clearly, a policy related to land might have differential effects on the groups of 

households and trigger some conflicts or exacerbate them. 

4.6.1.3.: The injection path analysis 
The SAM multipliers are able to provide the possible effects of an exogenous 

injection. They can be taken further in their usefulness, creating more 

transparency and examining the nature of linkage in the economy that leads to 

these outcomes (Round, 2003). Imagine an injection of one million of FCFA 

applied to an account in one block (let’s say to production sector); one can easily 

imagine, as described later in this section, the following paths: 

- It may move around within the same block and the effects will be 

similar to the ones measured by the Leontief inverse multiplier; 

- It may move around and end up in one of the other blocks; or, 

- Finally, it may move around the whole system (economy) and return to 

the block from which it started. 

The results of such movements are called (i) direct, within-accounts, own, 

transfer or intra-group effects, (ii) indirect, open-loop, spillover or extra-group 

effects and (iii) between-account, closed loop, circular or inter-group effects, 

respectively. See Annex to chapter 4 for the mechanics of this decomposition 

through algebra. 

The multiplier decomposition can therefore be used to examine the commune-

wide effects of an injection into a particular endogenous account of the system. 

Results of this approach may suggest better targeting and thus better impacts. 

The interpretation of the different multipliers composing the SAM multipliers is 

given below along with some illustrative examples. The interpretation crucially 

relies on the structure of the matrix S (see Annex) which should be kept in mind 

in order to perceive the combinations between blocks and follow injections’ 
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effects on the different accounts. In this analysis we use the Stone-additive 

version of the SAM multipliers which is more straightforward for understanding 

and interpretation. For ease of presentation, we go through the different 

multipliers (M1 M2 and M3 ) in order to show their structure before examining the 

effects of scenarios. 

 From the annex to this chapter
42

, we know that Ma=M3M2M1=I+ (M1-I) + (M2-

I) M1+ (M3-I) M2M1, which can be written as:  

Ma= I+ (M1-I) + (M2-I) M1+ (M3-I) M2M1 = I+T+O+C where: 

• I is the identity matrix; 

• T= (M1-I) the net transfer multiplier which measures the net intra-group or 

direct effects or within accounts effects where the original injection takes 

place;  

• O=(M2-I) M1 =    M2M1-M1the open-loop multiplier which measures the net 

extra-group effects or net cross-effects arising out of an initial injection 

when it has completed a tour outside the original accounts without 

returning to it; and, 

•  C=(M3-I) M2M1 = M3M2M1 -  M2M1  or closed-loop multiplier which 

measures the net contribution of circular effects or net inter-group effects 

arising after the original injection has completed a tour through all groups 

of accounts and returned to the one where it originally started. 

 

Direct, own, within-block or intra-group multiplier: 1M   

 



















−−

−−
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1)(00

00

001)(
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M  

captures the effects of one group of accounts on itself through direct transfers 

and is independent of the closed-loop nature of the system. In other words, 

effects transmitted to or from other accounts are excluded.  As it can be seen, 1M  

is a block diagonal matrix: 1)( −− AI   and  1)( −− HI  refer to the effects between 

production activities and the effects on direct transfers between households, 

respectively. The block I stands for the direct transfer between factors and is an 

identity matrix since there are no such transfers between factors. For the 

example’s sake, we can get to the Madiama case and wonder what effects an 

increase in livestock exogenous demand will have. 1)( −− AI  measures the effects 

of this demand increase only on the production activities in the commune, given 

the technical relations in the set of these production activities: it is the analogous 

of the Leontief inverse matrix in the input-output model. Table 4.5 illustrates the 
1)( −− AI  component of T= (M1-I). If there is an exogenous injection on a given 

activity, the inter-activity transactions alone would induce increases in output of 

                                                 
42

 See www.inera.bf for both versions of the multipliers matrices. 
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the magnitude of figures in the table. For example an increase in the demand of 

millet of one billion for FCFA induces a net intra-group or direct effect of 

0.0479 billion for millet, 0.0026 billion for small ruminants and 0.0128 for large 

ruminants. 

An increase in the demand for poultry, small and large ruminants induces the 

largest direct (net intra-group) effects in output in the whole economy: 0.4116 

for traded poultry, 0.3678 for traded large ruminants and 0.3335 for traded small 

ruminants. 
1)( −− HI   on the other hand, captures the effects of an exogenous increase on 

transfers between households. If the government or an NGO increases 

households’ income exogenously, 1)( −− HI  reflects the subsequent effects on 

direct transfers between households. However, since there are no direct transfers 

between factors, no exogenous action entails intra-group effects for value-added, 

which is revealed by the identity matrix block I.  
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Table 4. 5: Net transfer effects* of an exogenous injection on selected production activities, Madiama commune, 
1999. 

 
Activities 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total** 

Millet (1) 0.0479 0.0001 0.0000 0.0000 0.0055 0.0000 0.0000 0.0000 0.0727 0.0000 0.0000 0.0000 0.0000 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1273 
Sorghum (2) 0.0000 0.0537 0.0000 0.0000 0.0024 0.0000 0.0000 0.0000 0.0000 0.0632 0.0000 0.0000 0.0000 0.0005 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1198 
Rice (3) 0.0000 0.0000 0.1692 0.0000 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0817 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2522 
S rum (4) 0.0026 0.0022 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0001 0.0000 0.0000 0.1611 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1663 
Lrum (5) 0.0128 0.0104 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0009 0.0006 0.0000 0.0000 0.0000 0.1950 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2198 
Poultry (6) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0415 0.0000 0.0000 0.0000 0.0000 0.0000 0.0415 
Milk (7) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1791 0.0000 0.0000 0.0000 0.0000 0.1791 
Fish(8) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0342 0.0040 0.0000 0.0000 0.0384 
Millet M (9) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0362 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0362 
Sorgh M (10) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0427 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0427 
Rice M (11) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0610 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0610 
OtherCer M 

(12) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0893 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0893 
S rumM(13) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1713 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1713 
LrumM(14) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1679 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1679 
PoultryM(15) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3702 0.0000 0.0000 0.0000 0.0000 0.0000 0.3702 
MilkM(16) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
FishSmk (17) 0.0008 0.0009 0.0001 0.0006 0.0013 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0001 0.0003 0.0000 0.0000 0.0000 0.1174 0.0000 0.0000 0.1217 
Retail(18) 0.0082 0.0087 0.0012 0.0064 0.0132 0.0000 0.0000 0.0000 0.0006 0.0005 0.0001 0.0000 0.0010 0.0026 0.0000 0.0000 0.0000 0.1642 0.0000 0.0000 0.2068 
Textiles(19) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2788 0.0000 0.2788 
NRFP(20) 0.0000 0.0000 0.0000 0.0000 0.0015 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0537 0.0556 
Total** 0.0725 0.0761 0.1705 0.0071 0.0253 0.0000 0.0000 0.0000 0.1106 0.1073 0.1428 0.0893 0.3335 0.3678 0.4116 0.1791 0.0342 0.2856 0.2788 0.0537  

*Or net direct, intra—group, wihin accounts effects 

**Totals for selected activities only; they are therefore slightly different from totals including all activities; table derived from the (M1-I) matrix relatively to 
1)( −− AI  
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If there were an injection to household income in the form of government 

transfers, there would be some effects depicted in Table 4.6. An exogenous 

transfer of exogenous transfer of 1 billion of FCFA to agro-pastoralists is 

expected to induce not only one of the largest direct effects on the income of this 

group (0.0015) but also for the other three groups: 0.0007 for farmers, 0.0030 

for sedentary pastoralists and 0.0007 for transhumants. A transfer to any other 

group performs less in terms of overall effects. The agro-pastoralist group is the 

best channel for income redistribution (0.0060) while the sedentary pastoralists 

are the poorest one. 

 

Table 4. 6: Net transfer effects of an exogenous injection on households’ 
income, Madiama commune, 1999.  

 Farmers  AgroPast SedPast Transhum 
Farmers  0,0015 0,0007 0,0000 0,0001 

AGP 0,0000 0,0015 0,0000 0,0001 

SP 0,0007 0,0030 0,0000 0,0001 

ST 0,0007 0,0007 0,0000 0,0000 

TOTAL 0,0030 0,0060 0,0001 0,0004 
AGP: Agro-pastoralists; SP: Sedentary pastoralists; ST: Sedentary pastoralists 

Table derived from the (M1-I) matrix relatively to 1)( −− HI  

 

In any of those cases taken as examples, we deal with the direct effects of 

exogenous injections in a set of accounts, alone, not including possible other 

further effects on the other segments of the economy. In the following section, 

we examine effects traveling around and ending up in the other sectors. 

Extra-group, open loop or spillover multipliers: 2M  
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  is a block diagonal matrix 

which measures those effects that are transmitted to other blocks (conversely to 

the own effects) and end there; they are not fed back to the sector where they 

originated. This means that they are one-way; outward effects and impacts on 

the originating block are excluded as shown by the identity matrices as diagonal 

blocks. YHIEAI 11 )()( −− −−  in the upper off-diagonal blocks measures the open 

loop effects of an exogenous injection on the value-added distribution, which go 

through to expenditures, household transfers and then to production activities. 

For example, if there is an increase in the wage rate, which is an injection on the 

value-added distribution pattern, YHIEAI 11 )()( −− −−  tells us that this will have 

effects not only on expenditures, but also on households’ income and on 

production activities. 

Similarly, EAI 1)( −−  measures the open-loop effects of a transfer from 

government to households’ income in terms of commodity demand 
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(expenditures). Table 4.7, derived from the (M2-I) M1 matrix relatively to 

EAI 1)( −− , shows that a unitary increase of exogenous demand induces 

households’ expenditures of 0.76 for transhumant pastoralists, 0.68 for the other 

groups. This clearly shows that the transhumants are overall, more reactive in 

terms of consumption to a policy that increases household income. Examining 

more closely the consumption increase by group, it appears that all four groups 

tend to increase their livestock consumption; particularly for large ruminants 

(the pastoralists’ one is higher). Farmers and agro-pastoralists tend to increase 

their crop consumption expenditures. The pattern indicates that a greater number 

of animals (large ruminants in particular) are expected following an increase in 

the household income. This in turn could increase conflicts between farmers and 

pastoralists in the area since the livestock system is extensive and therefore more 

space-consuming. 

 

Table 4. 7: Open loop effects* of an exogenous injection on households’ 
income, for activities Madiama Communue, 1999.  

 
 Farmers  AgroPast SedPast Transhum Total 
Millet 0.105580 0.062198 0.025482 0.011848 0.082043 
Sorghum 0.015243 0.014799 0.002496 0.001838 0.013751 
Rice 0.147315 0.099500 0.018396 0.004529 0.107896 
Other Cer 0.000025 0.000012 0.000006 0.000021 0.000026 
Veget 0.016240 0.020103 0.004172 0.003816 0.017732 
Legumes 0.015424 0.001143 0.000000 0.000000 0.006627 
Srum  0.028740 0.092550 0.036211 0.031523 0.075609 
Lrum  0.230499 0.294104 0.453704 0.550211 0.611407 
Poultry 0.000414 0.000612 0.000201 0.000110 0.000535 
Milk 0.010519 0.000564 0.029463 0.075036 0.046233 
Fish 0.013386 0.002573 0.000208 0.000174 0.006536 
Millet M 0.002137 0.004096 0.001415 0.003604 0.004501 
SorghM 0.002515 0.001184 0.000438 0.001405 0.002216 
Rice M 0.005137 0.002413 0.005235 0.008522 0.008523 
OCerM 0.000443 0.000268 0.000212 0.001355 0.000911 
SrumM 0.000369 0.006447 0.009607 0.006037 0.008984 
LRumM 0.000100 0.025232 0.037598 0.025810 0.035496 
PoultryM 0.000016 0.000054 0.000006 0.000000 0.000030 
MilkM  0.004375 0.001923 0.001826 0.000122 0.003298 
FishSmke 0.011330 0.007777 0.006067 0.005071 0.012098 
Retail 0.057421 0.038343 0.041186 0.027479 0.065772 
Textiles 0.003475 0.001691 0.002179 0.000000 0.002938 
NRFP  0.004966 0.003345 0.001712 0.002596 0.005047 
Total 0.675667 0.680932 0.677820 0.761107  
*Net extra-group or spillover effects 

Inter-group, between-block, circular or closed loop multipliers: 3M  
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shows the ‘between-block’ effects of  an injection into one block on the 

accounts of that same block, resulting from the linkages around the system; the 

effects within blocks effects already included in 1M  are excluded. In other 

words, it measures the effects proceeding outwards from the block where they 

originate and then feed back to it (on the contrary of the above extra-group, 

spillover or open loop multipliers ( 2M )). This is a class of particularly 

interesting multipliers because they isolate a measure of the overall 

interdependence between sectors, factors and decision making units in the 

economy. For example, 111 ])()([ −−− −−− YVHIEAII  says that, given an exogenous 

injection on an activity in the form of an increase in demand, there will be an 

open loop effect on value-added, proceeding to impact distribution among 

decision making units (transfers), households’ incomes, consumption sectors 

and from there gets back to activities. Table 4.8 is derived from the (M3-I) M2M1 

matrix relatively to 111 ])()([ −−− −−− YVHIEAII ; it gives the closed loop effects for 

selected activities given an increase in corresponding demands. It shows the 

effects after traveling outwards (through value-added, distribution among 

decision making units, and households’ incomes) and getting back to the activity 

sector.  

Closed-loop effects are highest for (large ruminants) over the whole economy; 

the effects sum up to over 14.1097 against 3.5066 for rice and 2.5058 for millet, 

confirming the high absorption capacity of those sectors. Individually taken, 

milk is the most responsive to an external injection: an exogenous injection of 1 

billion in the milk sector induces the highest inter-group effects by 1.7697 

billion. This effect is of 1.5864 billion for millet, 1.5679 for sorghum, and 

1.5864 for large ruminants.  
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Table 4. 8: Closed-loop effects* of an exogenous injection for selected activities, Madiama Commune, 1999 
 

Activities 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total** 

Millet (1) 0.1582 0.1575 0.1634 0.1358 0.1231 0.1480 0.1004 0.1749 0.1377 0.1370 0.1413 0.1343 0.0689 0.0703 0.0748 0.0981 0.1449 0.0601 0.1607 0.1165 2,5058 

Sorghum (2) 0.0275 0.0283 0.0290 0.0253 0.0214 0.0266 0.0165 0.0299 0.0270 0.0270 0.0278 0.0266 0.0123 0.0123 0.0133 0.0156 0.0282 0.0111 0.0258 0.0205 0,4520 

Rice (3) 0.2219 0.2241 0.2317 0.1899 0.1641 0.2072 0.1211 0.2472 0.2007 0.2000 0.2061 0.1963 0.0958 0.0962 0.1065 0.1171 0.2110 0.0863 0.2184 0.1651 3,5066 

S rum (4) 0.1301 0.1371 0.1383 0.1443 0.1240 0.1380 0.1161 0.1287 0.1501 0.1502 0.1542 0.1496 0.0649 0.0655 0.0626 0.1102 0.1539 0.0552 0.1111 0.0957 2,3797 

Lrum (5) 0.7711 0.7512 0.7732 0.8448 0.8835 0.8166 1.0772 0.7453 0.7269 0.7229 0.7441 0.7156 0.4018 0.4371 0.3443 0.9859 0.7493 0.2876 0.7883 0.5430 14,1097 

Poultry (6) 0.0010 0.0010 0.0011 0.0010 0.0009 0.0010 0.0007 0.0011 0.0011 0.0011 0.0011 0.0011 0.0005 0.0005 0.0005 0.0007 0.0011 0.0004 0.0009 0.0007 0,0174 

Milk (7) 0.0368 0.0328 0.0344 0.0426 0.0553 0.0408 0.0879 0.0339 0.0274 0.0270 0.0278 0.0266 0.0222 0.0263 0.0150 0.0692 0.0284 0.0119 0.0427 0.0253 0,7143 

Fish(8) 0.0136 0.0131 0.0138 0.0093 0.0088 0.0115 0.0060 0.0162 0.0093 0.0092 0.0095 0.0089 0.0053 0.0055 0.0064 0.0056 0.0101 0.0048 0.0151 0.0101 0,1923 

Millet M (9) 0.0068 0.0070 0.0071 0.0072 0.0066 0.0071 0.0069 0.0069 0.0073 0.0073 0.0075 0.0072 0.0034 0.0035 0.0032 0.0058 0.0075 0.0028 0.0060 0.0050 0,1223 

Sorgh M (10) 0.0036 0.0036 0.0037 0.0031 0.0030 0.0034 0.0029 0.0040 0.0030 0.0030 0.0031 0.0029 0.0016 0.0017 0.0017 0.0024 0.0032 0.0013 0.0037 0.0027 0,0577 

Rice M (11) 0.0105 0.0099 0.0104 0.0104 0.0114 0.0106 0.0143 0.0107 0.0085 0.0085 0.0087 0.0083 0.0053 0.0058 0.0046 0.0125 0.0089 0.0037 0.0114 0.0074 0,1819 

OtherCer M (12) 0.0010 0.0009 0.0010 0.0010 0.0011 0.0010 0.0015 0.0010 0.0008 0.0008 0.0008 0.0008 0.0005 0.0006 0.0004 0.0011 0.0009 0.0004 0.0010 0.0007 0,0171 

S rumM(13) 0.0117 0.0117 0.0119 0.0146 0.0146 0.0132 0.0173 0.0104 0.0128 0.0128 0.0131 0.0127 0.0064 0.0069 0.0052 0.0174 0.0130 0.0046 0.0113 0.0081 0,2298 

LrumM(14) 0,0452 0,0452 0,0458 0,0570 0,0574 0,0514 0,0689 0,0396 0,0499 0,0498 0,0511 0,0497 0,0249 0,0268 0,0201 0,0685 0,0507 0,0178 0,0433 0,0311 0,8942 

PoultryM(15) 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 0,0000 0,0001 0,0001 0,0001 0,0001 0,0001 0,0000 0,0000 0,0000 0,0000 0,0001 0,0000 0,0001 0,0000 0,0012 

MilkM(16) 0,0063 0,0061 0,0064 0,0053 0,0051 0,0058 0,0043 0,0069 0,0051 0,0050 0,0052 0,0049 0,0027 0,0028 0,0029 0,0046 0,0054 0,0023 0,0067 0,0045 0,0981 

FishSmk (17) 0,0202 0,0200 0,0207 0,0188 0,0180 0,0197 0,0174 0,0215 0,0180 0,0179 0,0184 0,0176 0,0093 0,0097 0,0094 0,0166 0,0188 0,0076 0,0207 0,0147 0,3349 

Retail(18) 0,1068 0,1045 0,1084 0,1008 0,0989 0,1046 0,0992 0,1121 0,0936 0,0930 0,0959 0,0914 0,0495 0,0522 0,0490 0,0974 0,0978 0,0397 0,1112 0,0766 1,7827 

Textiles(19) 0,0054 0,0053 0,0055 0,0048 0,0047 0,0051 0,0041 0,0059 0,0045 0,0044 0,0046 0,0043 0,0024 0,0025 0,0025 0,0046 0,0047 0,0020 0,0059 0,0039 0,0871 

NRFP(20) 0,0084 0,0084 0,0087 0,0077 0,0072 0,0081 0,0069 0,0091 0,0075 0,0075 0,0077 0,0074 0,0039 0,0040 0,0040 0,0062 0,0079 0,0032 0,0085 0,0062 0,1385 

Total** 1,5864 1,5679 1,6144 1,6235 1,6090 1,6197 1,7697 1,6052 1,4913 1,4844 1,5283 1,4662 0,7816 0,8303 0,7266 1,6395 1,5456 0,6027 1,5928 1,1379  

*Net inter-group or net contribution of circular effects 

**Totals for selected activities only; they are therefore slightly different from totals including all activities 



 

 

Tracing the transmission flow beginning in the activity sector, it can be seen that 

the injection triggers demand for factors whose income in turn increases 

households’ income and expenditures, which comes back to generate additional 

production in the original sector.  

Table 4.9 comes from the (M3-I) M2M1 matrix relatively 

to 11 ])()([ −−−−− EAIYVHII ; it shows the closed loop impact of an injection on 

household income distribution (governmental or NGOs transfers to households 

for example).  

The induced closed loop total effects are the highest when income transfer 

occurs  to the transhumants: 1.6916  against a total effect of around 1.42-1.44 

for the three other groups.; transferring income to transhumant pastoralists 

induces a larger impact on all other households than doing so to any other group. 

However, any such a policy will tend to benefit less to transhumants as a 

separate group and might induce or exacerbate conflicts. Seeking the largest 

impact by transferring income to transhumants ends up with detrimental effects 

on this group who will have to move more and more on a larger area; this 

increases chance of generating conflicts. 
 
Table 4. 9: Net inter-group effects* of an exogenous injection on 

household income distribution pattern, Madiama Commune, 
1999.  

 Farmers  
Agro-

Pastoralists 
Sedentary 

Pastoralists Transhumants 
Farmers  0,3962 0,3565 0,3071 0,3401 

AGP 0,5305 0,5455 0,4817 0,5480 

SP 0,3425 0,3744 0,4313 0,5308 

ST 0,1551 0,1703 0,2117 0,2728 

TOTAL 1,4243 1,4467 1,4319 1,6916 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; ST: Sedentary pastoralists 

*Closed-loop multiplier (or net contribution of circular effects) 

 

The main findings in this chapter can be summarized as follows: 

� Livestock activities (small and large ruminants) would benefit far more 

from an exogenous unitary money injection in the economy than cropping 

ones. However they require more land for pasture; this means that any 

policy that aims to promote livestock activities in the economy could end 

up with more conflicts since it primarily benefits to the land-consuming 

livestock sector.  

� Family labor is the most rewarded factor for the agro-pastoralists (24% of 

the value-added) compared to the other groups: 13% for farmers, 11% for 

sedentary pastoralists and only 6% for transhumants. This confirms that 

this household group’s ability to operate more efficiently (feed-lot activity 

for example). It clearly appears that any policy promoting family labor, 
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that is making more efficient use of family labor by new technologies for 

example, is likely to be in favor of the agro-pastoralists.  

� An exogenous transfer of 1 billion of FCFA to agro-pastoralists is 

expected to induce not only one of the largest direct effects on the income 

of this group but also for the other three groups. However in terms of 

open-loop effects and closed-loop effects, transhumants are (i) more 

reactive in terms of commodity consumption to a policy that increases 

households’ income and (ii) benefit less from an income injection despite 

an overall larger impact.  

Obviously, transhumants convey better effects of any income policy; from this 

point of view, they are a good channel to better impact the whole economy and 

probably promote local development, although specific actions are to be 

implemented for them, when necessary. 

We are in a dilemma since on the one hand, (i) livestock activities are the most 

reactive to policies (activity development, family labor improvement, income 

transfer) (ii) transhumants, who are pastroralists seem to be good channels for 

local development. On the other hand, we know that transhumance requires 

more and more land for pasture and water and therefore gives rise to conflicts 

between stakeholders; this needs negotiation between stakeholders and with the 

communal authorities to make decisions for a better management. 

 

 

4.7. Discussion and Implications 
 

Based on the description of the relationships and structural inter-linkages 

between different social groups in Madiama commune (as simulated with the 

purged SAM model) and the differential implications of general economic 

policies for the factorial and social distribution of income, we can draw some 

conclusions regarding their feasibility for conflict reduction. 

Since inter-linkages in terms of land and (hired/exchanged) labour use are rather 

strong and (food) consumption is strongly based on local output, changes in 

factor and output prices are rapidly transmitted to other households.  In addition, 

expansion of selected cropping and livestock activities is likely to enhance 

conflicts over the natural resource base. Given the registered multiplier effects, 

targeted transfers may partly leak away to other groups. 

Under such conditions of input/output relationships, targeted public investments 

and transfers are unevenly distributed amongst social groups and could thus 

even enhance income inequality, thus reinforcing the conflicts instead of 

mitigating them. This is particularly the case for transfers to livestock owners 

and transhumant groups that require additional land resources, thus enhancing 

competition with farmers. Far better results are reached with transfers focussing 

on improving the efficiency of (family) labour use that benefit directly the 

targeted households and show less leakage. 



 

 

 

 

 

CHAPTER 5: A CGE MODEL FOR THE 
MADIAMA RURAL COMMUNE 

 

 

 

 

 

 

 





 

 

5.1. Introduction 
 

The economic interactions and social interweaving between different types of 

rural households at community-level with respect to natural resources is the core 

issue in this thesis. Interactions are dynamic and cannot be adequately captured 

by SAM analysis presented in the previous Chapter. We therefore need a model 

framework that can take into consideration farm household behaviour and at the 

same time village level interactions. In this Chapter we develop a household-

CGE model that can shed light on the key issues of competition for natural 

resources and the social conflict that can arise from that competition.  

For results from farm-households CGE models to be useful in this process, the 

complex real world in the Madiama rural commune needs to be accounted for; 

particularly, it should be noted that: 

� For some commodities, markets exist and function to some degree since 

some exchanges take place there. However, this should not hide some 

distortions that determine supply and demand quantities which are not 

usually part of the competitive markets: trading conditions are frequently 

disturbed by high transaction costs due to bad roads and inadequate 

delivery systems. Local markets are usually weekly and many people 

converge from more or less far away for selling and buying. Such markets 

are the basis for the whole local economy and transaction costs are crucial 

to their performance. Given such facts, households facing such extra costs 

will participate in the markets only if some particular conditions are met.  

For example, a producer will not sell millet if the sales price of this 

commodity is, given the transaction cost, smaller than the price he gives 

to the commodity43. The household on the contrary, will not buy any 

commodity if its purchase price is greater than the price he gives to the 

commodity. In other words, there are market distortions due to the 

transactions costs and market participation regime is highly dependent of 

such transaction costs that in turn drive households’ behavior.  

� Meanwhile, other commodities or factors (such as labor) are not traded on 

formal markets, though they are very important to the local activities. 

Family labor is the main factor used by households but they can hire in 

some labor to supplement or hire out some extra labor on a seasonal basis. 

Similarly, although important, land is not traded. However, both factors 

are important to rural activities in the Madiama commune. 

Market imperfections are thus an important part of the local economy that 

should be accounted for in any model addressing this commune. 

                                                 
43 The price given to the commodity by the producer is the shadow price which reflects the 

production and other associated costs. 
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Since the model is basically dependent on the SAM, the limitations of the latter 

are examined before stepping into the considerations related to the CGE model 

itself.  

The relevance of the CGE modelling can be depicted as a solution to overcome 

the limitations of SAM or a complementary approach to SAM. Below, the basic 

structure of a CGE model is described before examining specific models 

(village-level and farm-household models) and their distinctive characteristics. 

Finally, the calibration of the IFPRI model using the Social Accounting Matrix 

for Madiama is presented.   

 

 

5.2. The model structure 
 

In the following sections, a farm-household CGE model is developed aiming at 

providing insights into possible actions undertaken by household groups in the 

Madiama commune and their income impacts. The model does not pretend to 

generate solutions to the natural resource management but can contribute to 

stimulate the reflection about the issue. 

In Section 5.2.1 we discuss the limitations of the social accounting matrix 

approach with respect to the dynamics this thesis addresses. In Section 5.2.2 we 

discuss the basic structure of the CGE model showing the type of linkages the 

modelling approach can take into consideration. We also discuss the way the 

SAM is incorporated into the model and how it is calibrated for the benchmark 

results. In the next section the specificities of village level modelling are 

discussed in detail. 

 

5.2.1. SAM limitations and relevance of the CGE model 
The SAM is constructed, based on the following assumptions; (i) fixed prices 

(ii) excess capacity (elastic supply) and (iii) linear, fixed-proportion inputs on 

the production side. Such assumptions make SAM-based models unable to fully 

and adequately address policy issues for the reasons hereafter:  

The fixed-price assumption: With this assumption, prices are not explicitly 

present in the model, while prices play a critical role in the economy. 

In a perfect neoclassical context, prices are given (derived) by (from) the market 

forces and production and consumption decision are based on such exogenous 

prices. The commune of Madiama, like most Sahelian rural areas, is 

characterized by imperfect (non neoclassical) markets; for example, labor and 

staple commodities do not have perfect markets. Shadow prices on them may 

differ from their market prices (wages for labor and market prices for non-

tradables). 

Using SAM-based models for policy simulations raises the main concern about 

(i) whether prices change in response to exogenous shocks and (ii) whether price 

changes induce changes in the SAM expenditure share matrix. 
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Because the commune economy is a relatively small entity, it is likely to be a 

price-taker for some commodities, but shadow prices will replace market prices 

for some other goods or factors, in presence of missing or imperfect markets. 

Whatever the prices are (market prices or shadow prices) they need to be 

accounted for, in any realistic model in order to be policy relevant. 

Excess capacity or elastic supply assumption: it is assumed in the SAM that 

there exists an excess capacity (elastic supply) and unemployed factors of 

production in all sectors. The whole system is demand-driven like in a 

Keynesian model where no resource constraint prevails. This is a serious 

limitation since there exist some binding constraints in some factors such as 

land, inputs (fertilizers for example, as a result of a market imperfection or of 

the presence of transaction costs). Prices are expected to allow for adjustments 

to supply variation, thus guiding resources to their most productive use inside 

and outside the commune. Resource constraints tend to generate high shadow 

prices for the related resource. This assumption, made in the SAM is not likely 

to be policy relevant since price effects cannot be accounted for. 

Linear, fixed-proportion inputs on the production side: this assumption implies 

constant marginal productivities of factor inputs, which is not always realistic 

since production function may exhibit decreasing or increasing marginal 

productivities. CGE models were developed to overcome the above limitations 

to the SAM. 

5.2.2. The basic structure of the CGE standard model 
The circular flow of exchange as a foundation to the Social Accounting 

Matrix 
CGE models were originally developed at the level of the national economy. 

The circular flow of commodities in a closed economy (Figure 5.1) is the 

conceptual starting point and the foundation to the SAM and the CGE models. 

In this framework (See Varian, 1992; Besanko et al. 2005:596-610): 

• households are endowed with factors of production and are final 

consumers;  

• firms rent factors of production from households to produce goods and 

services; 

• Government levies taxes and deliver goods and services from and to both 

households and firms. 

Households receive factor and capital payments from firms; they use in turn 

such payments as their income to purchase goods and services produced by 

firms. 

The physical principle of material balance states that the quantity of a factor 

with which households are endowed or of a commodity that is produced by 

firms must be completely absorbed by the firms or the households (respectively) 

in the rest of the economy. 
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Source: Wing (2004) 

 

Figure 5. 1: The circular flow of the economy 
 

The budgetary balance principle (in value terms) says that for each sector in the 

economy the value of expenditures must be balanced by the value of incomes. 

Moreover, the production of each sector must be matched by others’ uses (both 

by firms and households). Similarly, each activity’s income must be balanced by 

others’ expenditures. Such accounting rules are the cornerstones of the 

Walrasian general equilibrium and the principle of no free disposability holds 

since all flows of goods and factors are fully absorbed by the production and 

consumption activities in the economy. Therefore, this implies that households’ 

endowment of factors is fully employed by firms and that outputs from firms are 

completely consumed by households. 

For a given commodity the produced quantity must be equal to the sum of the 

quantities demanded by the other firms and households in the economy. 

Similarly for a given factor the quantities demanded by firms must completely 

exhaust the aggregate households’ supply of this factor. This is the market 

clearance condition (See equation (5.1) below). 

On the side, total revenue from the production of goods by firms must be 

allocated either to households as receipts or factors income, to industries as 
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payments for intermediate inputs or to government as taxes. Furthermore, the 

value of a unit of each commodity in the economy must then equal the sum of 

the values of all inputs used to produce it i.e. the cost of intermediate inputs plus 

the payments to the primary factors used in its production process. Such 

conditions imply that in equilibrium, producers make zero profit (See equation 

(5.2) hereafter).  

As stated earlier, households exhaust their income (obtained as factor payments) 

on good purchases after fully employing their endowments; this sends back to 

the balanced-budget accounting known as income balance principle (see 

equation 5.3). One can analogously to the industries’ case, think of the zero 

profit condition as for the production of a “utility good” whose value is the 

aggregate of the values of the households’ expenditures on commodities and 

whose price is the marginal utility of income44.  

Conditions (5.1)-(5.3) i.e. market clearance, zero profit and income balance are 

the foundations to CGE models that essentially solve for the set of prices and the 

allocation of goods and factors that support general equilibrium.  

Three assumptions are made about this economy to keep things simple. First, 

there are no tax or subsidy distortions, or quantitative restrictions on trade. 

Second, the households act collectively as a single representative agent45 who 

rents out the factors to the industries in exchange for income. Households then 

spend the latter to purchase the N commodities for the purpose of satisfying D 

types of demands (e.g., demands for goods for the purposes of consumption and 

investment). Third, each industry behaves as a representative firm that hires 

inputs of the F primary factors and uses quantities of the N commodities as 

intermediate inputs to produce a quantity y of its own type of output (see list of 

symbols and indices in  Annex 5.1) The conditions (5.1)-(5.3) can be 

mathematically formulated as follows, letting: 

� the indices i ∈ {1, ..., N} denote the set of commodities, 

 j ∈ {1, ..., N} the set of industry sectors,  f ∈{1, ..., F} the set of primary 

factors, and d ∈{1, ..., D} the set of final demands, that is the demands for 

commodities after the intermediate inputs demands are satisfied. For 

simplicity, it is assumed that each firm produces one good and firms are 

the only producers while households are consumers who hire out their 

endowed factors to firms. Firms may also use intermediate goods in 

combination with those primary factors to produce. 

� 
i

y   be the value of total supply of commodity i, jy  the value of gross 

output of sector j, ijx  the intermediate input of good i used by firm j,  ijv  

                                                 
44 No assumption is needed on the utility function for this to be true. The comparison with the 

production’s case permits including the price of the “utility good” in the profit maximization 

problem and then drawing the marginal utility of consumption. 
45 The concept of representative agents is used in this exposition on the economic flow; 

symbols with stripes refer to the representative agents (firms and households). 
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the payment for factor f by sector j, ijg  the  final demand for good i, fV  

the representative household’s endowment of factor f and  m   its income. 

 

For the commodity market clearance: 
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 (5.1) 

where iy  stands for the value of total supply of commodity i, ∑
N

ijx
1

 the value of 

intermediate input uses of goods i by firms and ∑
D

idg
1

 the final demand of all 

goods. 

 

For the factor market clearance: 
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 (5.2) 

 

where fV  is the representative agent’s endowment of factor f and fjv  the use of 

factor f by industry j. 

 

For the zero profit principle: 

 

∑∑
==

+=
F

i

fj

N

i

ijj vxy
11

 (5.3) 

 

where jy  is the value of gross output, ∑
=

N

i

ijx
1

 the value of intermediate input uses 

of goods i and ∑
=

F

i

fjv
1

 the value of primary factors employed by firms j. 

 

For the income balance: 
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where m  represent the representative  household’s income, ∑
=

F

f

fV
1

 stands for 

factor rental and ∑∑
= =

N

i

D

d

idg
1 1

 is total expenditures (for final and input commodities). 
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Combining the above four equalities leads to a SAM which is nothing but a 

snapshot of the inter-industry and inter-activity flows of value within an 

economy that is in equilibrium in a particular benchmark period (see later in this 

section for analogy with the SAM). 

 

The SAM as a basis to the CGE model 
A rather relevant question is how we can proceed from a SAM to a CGE model. 

It should be clear that the CGE models’ algebraic framework results from the 

imposition of the axioms of producer and consumer maximization on the 

accounting framework of the SAM. Cobb-Douglas functions are usually 

assumed –because of their tractability– for households’ preferences and firms’ 

production functions.   

That is, a household maximizes its utility, which can be depicted as follows: 

 

Max ∏
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αααα  (5.5) 

 

(with 1....21 =+++ Nααα ) 

subject to the budget constraint )( iii scpm +=∑  where ic  and is  stand for 

consumption and saving respectively of commodity i and ip  the price of 

commodity i46. 

The household which maximizes its utility will have no surplus budget 

available; an alternative approach leads to the following: 
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Solving this problem gives the household’s demand function for the 

consumption of commodity i as: 
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 The first order condition is ii cpU δδλ /=  for all i; λ is the Lagrangean, standing for the 

marginal consumption, identical for each commodity. 
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and 
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α  which is the exponent of the utility function and can be 

interpreted as the share of each commodity in the total value of  consumption. 

On the producers’ side, we have an analogous proceeding that is a profit 

maximization process. 

The producer’s problem is thus: 
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(where jp , ip , fw  are respectively the price of output, the price of input good and 

factor cost), subject to the following production function: 

 

),....,;,....,( 11 FjjNjjjj vvxxy φ=  where jy , ijx , fjv  are  as previously defined. 

Assuming the tractable Cobb-Douglas production function, we can rewrite the 

production function as:  
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γβγγγβββ  where ijβ  and fjγ  are the 

Cobb-Douglas coefficients, with  1...... 11 =+++++ FjjNjj γγββ . 

Solving the producer’s problem yields: 

 

(i) his demand for intermediate inputs of commodities: 

 

i

jj

ijij
p

yp
x β=  (5.9); 

 

(ii) his demand for primary factors: 
f

jj

fjfj
w

yp
v γ=  (5.10) 

 

Rearranging (5.9) and (5.10) gives 
jj

iji

ij
yp

xp
=β  and 

f

jj

fjfj
w

yp
νγ =  respectively, that 

will be estimated later. 

Similarly to the demand for consumption goods above, the exponents of the 

Cobb-Douglas production function represent the shares of their respective inputs 

to production in the value of output.  

In order to step to the general equilibrium, equations (5.7), (5.9) and (5.10) are 

examined; they are the building blocks from which a CGE model is constructed. 

They are bound together by the general equilibrium conditions algebraically 

developed above. [Eq. (5.1)-(5.4)]. Equations (5.7), (5.9) and (5.10) are then 
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substituted into them in order to get the equations that a CGE model uses to 

solve for equilibrium.  

 

Thus, equation (5.1) becomes: ii

N

j
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 (5.11) 

 

illustrating the commodity market clearance condition which states that the 

value of each commodity supplied must equal the sum of the value demand of 

that commodity by the j producers in the economy as an intermediate input to 

production, and by the representative agent as an input to consumption and 

saving activities. 

From equation (5.2) (the factor market clearance condition), the quantities of 

primary factor f used by all producers must sum to the representative agent’s  

 

endowment of that factor fV ; that is ∑
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=
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 (5.12) 

 

The zero profit principle states that the value of output generated by producer j 

must equal the sum of the values of intermediate goods i and of f primary factors 

employed in production. This implies that equation (5.8) be set to 0 and be 

rewritten as 0
11
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which is the analogous of equation (5.3). 

The income balance principle implies that the income of the agent must equal 

the value of producers’ payments to him for the use of the primary factors that 

he owns and hires out. Thus, as in equation (5.4), the balancing income is  

 

f

F

j

f Vwm ∑
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 (5.14) 

 

Equations (5.11) – (5.14) form the core of a CGE model. To see how the model 

solves, the concept of excess quantities is used by assuming that the 

endowments of the representative agent are fixed at the time the general 

equilibrium prevails. It can be easily seen that substituting (5.9) into (5.11) and 

(5.13) that Walras’ law is satisfied which states that the sum of the values of 

market demands equal the sum of the values of market supplies (Varian, 1992: 

343). 
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Model calibration and solution  
The circular flow in this economy can be completely characterized by three data 

matrices: an N x N input-output matrix of industries’ uses of commodities as 

intermediate inputs, denoted by X , an F x N matrix of primary factor inputs to 

industries, denoted by V  , and an N x D matrix of commodity uses by final 

demand activities, denoted by G  . 
Referring to Figure 5.2 below, equations (5.1) and (5.3) are respectively checked 

in rows and columns for the benchmark (reference) year. 

X + G  = iy  in rows (Eq. 5.1). 

X + V = jy  in columns (Eq. 5.3). 
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Figure 5. 2: Input-output matrices in a closed economy  
 

Given the assumption of a closed economy with no tax distortions, the above 

figure portrays the economy as the SAM describes it and the two equalities (in 

rows and in columns) set the relationship between the variables. This stylized 

format is the foundation to even more complicated (more realistic) SAMs that 

include government (for tax distortions) and trade (world outside the commune); 

the embedded logic in equations (5.1)-(5.4) is kept throughout the model. 

Numerical calibration, which consists of replicating the SAM values using 

relationships such as utility and production functions to reflect agents’ behavior 

at the time the SAM was constructed. The crucial step in this regard is to 

compare equations (5.1)-(5.4) with equations (5.11)-(5.14). The pairs (5.1) and 

(5.11), (5.2) and (5.12), (5.3) and (5.13), and (5.4) and (5.14) exhibit a striking 

symmetry. In particular, the elements of each pair are equivalent if jπ = 0 (zero 

profit, which is assumed), ijiji xxp = and fjfjf vvw = . 
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Therefore, a fundamental equivalence may be drawn between the equations in a 

CGE model and the benchmark flows of value in a SAM by assuming that in the 

benchmark year all prices are equal to unity47. 

Basically, CGE models which are highly non-linear, use data from a single year 

(such as the SAM) to estimate input-output coefficients and different share 

coefficients; they draw on other partial studies for estimates of important 

behavioral parameters such as elasticities determining supply and demand 

behavior of economic actors. In other words, two kinds of parameters are 

present: (i) share parameters such as input costs, consumer expenditure shares 

estimated from the SAM under the assumption that the base year represented by 

the SAM as an equilibrium solution of the CGE model and (ii) elasticity 

parameters describing the curvature of various structural functions such as 

production functions, utility functions,… which are taken from other studies, 

based on research conducted in other contexts. 

The production function is of the Leontief type (fixed input and output 

coefficients) with technologies to allow for a linear approximation to a CES 

function. This treatment is preferred to neoclassical alternatives because it 

allows activities producing relatively homogeneous agricultural products to shift 

between positive and zero levels. The Leontief representation includes zero 

inputs in its domain and can allow for input substitutability by including several 

techniques for each activity. 

All prices are treated as index numbers with a value of unity in the benchmark, 

and all value flows in the SAM are therefore treated as quantities for the 

reference period (for which the SAM is built). These assumptions allow the 

technical coefficients and elasticity parameters of the utility and production 

functions to be directly solved for. The values of those parameters replicate the 

benchmark equilibrium i.e. solve the numerical problem and set the quantities of 

the variables equal to the corresponding flows in the SAM. Input demand and 

primary factor demand are computed from the SAM while iα , CA jA  are taken 

from Löfgren et al (2003) in order to derive other parameters such as ijγ  and  ijβ , 

as the IFPRI model is adapted to our case study. 

 

5.3. The use of a CGE model for a site-specific economy 

Because CGE models overcome the SAM limitations enlisted above, they are 

particularly useful for policy impact analysis. Originally developed at the 

national level, Computable General Equilibrium models rely on SAMs for 

calibration. Given that computational cost has drastically dropped, Whalley 

(1986) emphasized the need “to move from the general to specific-purpose 

                                                 
47 The excess demand function is homogenous of degree zero; multiplying all prices by a 

positive number does change neither the excess demand nor the agent’s behavior. We are free 

to set the prices to 1. 
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models if general equilibrium analysis has to become more policy relevant”. He 

suggests that future efforts be devoted to constructing special purpose models 

“tailored to address special issues”. In this vein, many researchers have 

developed general equilibrium models applied to the agricultural sector, to a 

specific region to address particular issues. Regional disaggregation allows to 

adequately capture the impact of agricultural or resource policy (Hertel, 1986). 

Kraybill et al. (1992) disaggregated the United States into a region (the State of 

Virginia) and the rest of the country in order to analyze policy impact. Similarly, 

Vargas et al. (1999) developed a regional CGE model for the Oklahoma state.  

One decade after Whalley’s recommendation, Taylor et al. (1996) in Village 

Economies, go beyond SAMs constructed for villages from which they 

developed village computable general equilibrium models. Such micro-

computable general equilibrium models “occupy a middle ground between 

household-farm models and aggregate national CGE models for policy 

analysis”. Like household models, they are rooted in the (local) micro-economy 

and constructed from the bottom-up, using household-farm survey data. This 

makes it possible to capture the complex linkages and general-equilibrium 

feedbacks among household-farms that shape the effects of exogenous shocks 

on local economies. Simulations using regional models are unique in their 

ground-level view of the possible impacts of exogenous policy and market 

changes on local economies, a view which is critical for designing development 

studies (Taylor et al., 1996). 

 

5.3.1. The village CGE model developed by Taylor et al. (1996) 
Taylor et al. (1996) pioneered in developing village CGE using village SAMs. 

They accounted for households and village specificities, following (Singh et al. 

1986). It is true that in the village economy, purchase and sale prices may differ 

for the same commodity, or some markets are imperfect. This leads to the farm-

households assuming non-separability (non-recursiveness). A household model 

is said to be non-separable when the household’s decisions regarding 

production (use of inputs, choice of activities, desired production levels) are 

affected by its consumer characteristics (consumption preferences, demographic 

composition, etc.). By contrast, in a separable model, the household behaves as 

a pure profit maximizing producer. The profit level achieved in turn affects 

consumption, but without feedback on production decisions (De Janvry et al. 

2006: chapter 8, page 2). 

Taylor et al. (1996) depart from the neoclassical household-farm model:  they 

do not make the assumption that all goods are household tradables. For example, 

hired labor is not a perfect substitute for family labor and we are then in 

presence of a missing market for the family labor. Therefore, the household 

faces a constraint of balancing its total (fixed) supply of time with its demand 

for leisure time and income activities. The allocation of family time between 
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leisure and income activities is guided by the opportunity cost (shadow price) of 

family time (which is equal to the marginal utility of leisure), and by marginal 

utility of income. They assume that the village and the households are price-

takers for most goods and only few households are self-sufficient. Most goods 

can therefore be considered to be tradable at the household level and their prices 

are determined inside or outside the village. Imported or exported goods are 

village tradables. Since village SAMs are consistent benchmark data sets reflect 

observable behaviors and specify relationships; Taylor et al . (1996) used them, 

as village-wide economy equilibrium picture, to develop their village CGE 

models for different locations. Households are assumed to be utility and profit 

maximizing units; utility and production are of Cobb-Douglas functional forms 

whose parameters are estimated from the data contained in the SAM. The other 

relationships in the CGE model also derive from the SAM as seen in the 

previous section. 

Basically the village CGE model developed by Taylor et al. (1996) lies on the 

same theoretical foundations as the standard one presented earlier; they just 

qualify it according to the local specificities of the village and to the 

circumstances and behavior of the households.  

Their model assumes that households and producers maximize Cobb-Douglas 

utility and production functions subject to some constraints largely deriving 

from the usual CGE model foundations highlighted above. Some interesting 

features include the re-specification of the utility function as well as the 

constraints accounting for the village and the farm-households’ specifities. 

Namely, the utility function includes leisure as a contributor to the households’ 

utility along with goods. The cash income (budget) constraint accounts for the 

households’ net profit and remittances from internal and international migrants 

(an exchange rate converts them into local currency).  

The production function includes tradable inputs (hired labor for example), 

capital inputs and family labor. The important concept of tradables is thus 

relevantly accounted for, highlighting the site-specificity of the village and 

particular circumstances of farm-households. Not all commodities or factors are 

sold or purchased in the context of a village; sometimes there is no market for 

some of them. 

So far, it can be noted that household time availability enters the model in three 

ways: in the utility function as leisure, as a production factor (family labor) and 

in the form devoted to migration. 

Assuming the household’s budget and income constraints binding, the model 

gives (i) the conditions determining the endogenous village market-clearing 

(material-balance): it includes government demand, investment and village 

marketed surplus; (ii) the factor supply-demand balance including imported 

factors; (iii) the equilibrium condition in the local capital market and (iv) the 

village trade (with outside) balance conditions. It should be noted that for the 

village the outside world is the rest of Mali.  
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Although enriching in terms of providing insights into a local economy with its 

own specificities, the model developed by Taylor et al. op.cit. does not explicitly 

account for the household market participation regime, which has critical 

implications for policy decision-making.  

 

5.3.2. The IFPRI Non-separable farm-household CGE model48 
The IFPRI model is developed to simulate farm-household behavior; rooted into 

non-separability it includes price gaps (due to transaction costs) and 

endogenously determines household’s market participation regime.  

The optimization version of the model is first developed and its mixed 

complementary version is derived to better address the market participation 

regime shift issue and operationalize the whole model. 

The household maximizes utility U (.). In the present case, a Cobb-Douglas 

utility function is assumed. 

 

( )c

n

cc
qqqUMaxU ...,, 21=  (5.15) 

 

where U (.) is the utility function, q
c

i
  is the consumption of commodity i 

(i=1,2,…,n)  subject to:  

a. Production function 

( )c

i
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i

x

i qqqXq ,...,, 21=  (5.16) 

where X(.) is the neo-classical production function, q
x

i
 the production of 

commodity i as it is derived from the first order conditions of the profit 

maximization problem, and q
c

i
as input factors.  

 

Balances for factors and commodities49 
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48

 The model formulation is drawn from Löfgren et al. (1999) and the GAMS code for the 

farm-household was obtained from IFPRI and adapted to the Madiama case. 
49

The  i indices should be replaced with f throughout in this section, when dealing with factors 

in relevant cases.  In the case of (5.17) above, the factor counterpart would be  
s

f

Jj

f

fj

c

f

p

f

h

f qqqqq ++=+ ∑
∈

. The reasoning for commodities applies, when relevant to factors; 

equations are not rewritten with the f index  for ease of presentation. 
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where q
x

i
is the production of commodity i, q

h

i
the endowment of 

commodity/factor i, q
p

i
 the quantity i purchased, q

c

i
the consumption of 

commodity/factor i, q
i

ij
 the quantity of i as an input for j and q

s

i
 the quantity of 

commodity sold. On one hand, for a given commodity/factor, the produced 

quantity plus the household endowment and the purchased quantity should be 

equal to the quantity consumed, plus the quantity sold and the quantity 

demanded as inputs, on the other hand. 

 

b. Cash constraint 
 

∑∑ =
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i pqpq  (5.18) 

 

where 
p

i
p  and 

s

i
p  are purchase and sales prices respectively. 

In other words, the income spent for the different purchases is strictly equal to 

the total receipts (earnings) from the sales of all commodities. 

 

c. Non-negativity constraints: purchase and sales quantities should be non-

negative. 

 

0≥p

iq   ;   0≥s

iq  (5.19) 

 

where p

iq  is the purchased quantity of commodity/factor i and s

iq  the sold 

quantity of commodity/factor i. 

The Mixed Complementary Problem50 (MCP) 
The above maximization model can be solved as a non-linear programming 

problem but purchase prices should be distinguished from sales prices, with 
p

i
p >

s

i
p , due to transaction costs. 

The MCP version is derived from the optimization one, after manipulating the 

first order conditions. This version is rather useful because it highlights some 

features of the model kept implicit in the optimization version, namely:(i) profits 

and utility are maximized on the basis of a household-specific shadow prices, 

(ii) if an item is sold or purchased, its shadow price is the same as sales or 

purchase price (iii) if an item is not traded, its shadow price is free to vary; to the 

extent that trading takes place, the sales and purchase prices have lower and 

upper limits respectively. That is, the shadow price is equal or less than purchase 

price or it is equal or greater than sales price. In other words, the MCP version 

                                                 
50

 See Rutherford (1995); Tin-Loi et al. (1996), Ferris and Munson (1998); Ferris and Kanzow 

(1998) for mixed complementarity problems. 



 

 110 

includes not only some equations of the optimization (production function, the 

level of production, commodity/factor balances) version but also equations 

related to institutional consumption, income and input demand (based on 

shadow prices) and inequalities on price conditions. 

Formally, the equations included in this version are: 

 

Production Function 

 

( )c
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i qqqXq ,...,, 21=  as defined above in (5.16) (5.20) 

 

Input demand 
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where  q
i

ij
 is the input demand, I(.) the neo-classical demand function, h

ip  and x

iq  

are respectively the shadow price for commodity/factor i and produced quantity 

of i ( =h

ip
∗
ip /λ where ∗

ip  is marginal utility). 

 

Factor and Commodity balance 
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 defined as above in equation (5.17).  (5.22) 

 

Price conditions / Market regime (only for items that can be sold or purchased). 
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: if the item is sold ( 0≥s

iq ); h

ip  and 
s

i
p  are the commodity/factor shadow price 

and sales price. If
s

i

h

i pp > , then 0=s

iq ; for
s

i

h

i pp = , 0>s

iq .The market regime 

(participation in the market) is thus determined by some limits to the commodity 

shadow price. 

 

The mixed complementarity approach allows explicit specification of market 

regimes. The first regime is characteristic of goods and factors of production for 

which the commune is a price taker (traded commodities with the world outside 

the commune setting the price). In the second regime, goods and factors of 

production are not traded outside the commune but are traded amongst 

households. The third regime is the case where the goods and factors of 

production are not traded at all. These regimes can vary between households. 
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Income 
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where h

ip  and 
h

i
q  are defined as above. The household income y is equal to all its 

commodities (or factors, see footnote 49) valued at their shadow prices. 

 

Consumption 
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where C (.) is the neo-classical consumption function; q
c

i
which is the 

consumption of commodity(factor) i depends on shadow prices of all 

commodities/factors and the income.  

 

5.3.3. The merits of the IFPRI model 
Conversely to most CGE models, the current one accounts for the mixed 

complementarity problem and the non-separability (non-recursiveness) in farm-

household decision. While price gaps between purchase and sales prices are 

implicit and exogenous in the Taylor’s household model, the IFPRI CGE model 

treats them as explicit and endogenous i.e. depending on the prices of 

transaction inputs or factors. Another desirable and innovative feature of the 

model is the introduction of additional links between decision making units 

(households) and activities: every activity is associated with a decision making 

unit but all decision making units are not necessarily related to any activity. This 

further disaggregation allows for an in-depth analysis of policy impact. This 

model is reasonably adequate for the Madiama commune due to the presence of 

market imperfections and transaction costs for most goods. For example, 

shadow prices are given not only for different goods and factors but also for the 

different categories of households since they don’t have the same factor 

endowments and do not produce the same type of goods. Farmers are probably 

more self-sufficient in millet than transhumant pastoralists who rely on market 

for this cereal. In contrast, farmers are far needier in milk than pastoralists and 

should enter the market to purchase it.  

The Madiama SAM was modified to fit into this innovative CGE model, namely 

linking activities and decision making units (household). Table 5.1 gives the link 

activities-households as they were introduced in the model. 

Decisions by households as decision making units associated with activities are 

made on the basis of the household-type shadow prices that clear balances. In 

the presence of transaction costs, those shadow prices are influenced by 

household-type trading position (sale, purchase or self-sufficient). 
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Equations of the farm-household CGE model are presented in Annex 5.2. 

Equations 1-5 are related to the price system. The term item is used for both 

commodities and factors. Equation 1 states that the household u may purchase 

item i but the upper price limit should be the sum of the market price plus the 

household and item specific unit transaction cost for purchase.  It is linked to an 

associated non-negative variable q
p

iu
 (the purchased quantity of commodity i by 

household u) in a complementary-slackness condition. A similar interpretation is 

given to Equation 2 in the case of sales. Equation 3 defines the prices on the 

basis of which activities make profit maximizing conditions and there is a 

mapping between household prices to the corresponding activities. Equations 4 

and 5 define the upper and lower limits for commune market prices; they are 

associated with complementary-slackness conditions: non-negative quantities of 

imports and exports.  

Equations 6-8 define output supply, input demand and the profit maximization 

rule in Leontief technology conditions. Equations 9 and 10 are related to the 

household incomes and spending. The Cobb-Douglas consumption demand 

function which is used in the model allows the derivation of equation 10. 

Equation 11 gives institutional demands for transaction items, while equation 12 

defines institution-level market: participation in the market (or not) depending 

on the price level (this equation is associated with a complementary-slackness 

condition on price). Equation 13 defines the market equilibrium condition for 

exchanged item by the household while equation 14 is the commune account 

balance and equation 15 the price numéraire. 



 

 

Table 5.1: Association between Activities and households in the farm-
household CGE model 

PRODUCTION ACTIVITIES MICRO-ENTREPRISE ACTIVITIES 

Activity Household Account  Activity Household Account 

Mil Farmer MilAFMR Mil Farmer MilNAFMR 

Sorghum Farmer SorgAFMR sorghum Farmer SorNAFMR 

Rice Farmer RiceAFMR Rice Farmer RceNAFMR 

Other cereals Farmer OCerAFMR Other cereals Farmer OCeNAFMR 

Vegetables Farmer VegAFMR Small Ruminants Farmer SRmNAFMR 

Legumes Farmer LegAFMR Large Ruminants Farmer LrmNAFMR 

Small Ruminants Farmer SRmAFMR Poultry Farmer PltNAFMR 

Large Ruminants Farmer LrmAFMR Fish Farmer FshNAFMR 

Poultry Farmer PltyAFMR Retail Farmer RtlFMR 

Fish Farmer FishAFMR Textile Farmer TxtlFMR 

Mil Agro-pastoralist MilAAGP NR processing Farmer NRProFMR 

Sorghum Agro-pastoralist SorgAAGP Rice Agro-Past. RceNAAGP 

Rice Agro-pastoralist RiceAAGP Other cereales Agro-Past. OCeNAAGP 

Other cereals Agro-pastoralist OCerAAGP Small Ruminants Agro-Past. SRmNAAGP 

Vegetables Agro-pastoralist VegAAGP Large Ruminants Agro-Past. LrmNAAGP 

Legumes Agro-pastoralist LegAAGP Fish Agro-Past. FshNAAGP 

Small Ruminants Agro-pastoralist SRmAAGP Retail Agro-Past. RtlAGP 

Large Ruminants Agro-pastoralist LrmAAGP Textile Agro-Past. TxtlAGP 

Poultry Agro-pastoralist PltyAAGP NR processing Agro-Past. NRProAGP 

Fish Agro-pastoralist FishAAGP Small Ruminants Sed. Past SRmNASP 

Mil Sed. Pastoralist MilASP Large Ruminants Sed. Past LrmNASP 

Sorghum Sed. Pastoralist SorgASP Milk Sed. Past MilkNASP 

Vegetables Sed. Pastoralist VegASP Textile Sed. Past TxtlSP 

Small Ruminants Sed. Pastoralist SRmASP NR processing Sed. Past NRProSP 

Large Ruminants Sed. Pastoralist LrmASP Small Ruminants Transhumants SRmNATP 

Poultry Sed. Pastoralist PltryASP Large Ruminants Transhumants LrmNATP 

Milk Sed. Pastoralist MilkASP Milk Transhumants MilkNATP 

Mil Transhumants MilATP Retail Transhumants RetailTP 

Sorghum Transhumants SorgATP NR processing Transhumants NRProTP 

Rice Transhumants RiceATP    

Small Ruminants Transhumants SRmATP    

Large Ruminants Transhumants LrmATP    

Poultry Transhumants PltryATP    

Milk Transhumants MilkATP    
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5.4. Parameterization and Calibration of the commune CGE model 
 

CGE models essentially replicate a Walrasian system in which only relative 

prices matter. Relative prices in this material exchange economy lead to an 

equilibrium by making the set of excess demand equations equal zero given that 

consumers maximize utility under their budget constraints and producers their 

profits under technological constraints. However, for the Madiama commune 

characterized by market imperfection and transaction costs, as stated in the 

previous chapter, households do not sequentially maximize profit and then 

utility; the CGE is not built on those neo-classical assumptions of separability 

(De Janvry et al. 2006) but rather on non-separability hypothesis. 

The farm household maximizes profit and utility on the basis of a set of 

household-specific shadow prices. If an item is sold or purchased, its shadow 

price is identical to the sales or purchase price, respectively. If an item is not 

traded, its shadow price is free to vary; to the extent that trading is permitted, 

however, the sales and purchase prices provide lower and upper limits. 

In the section on model calibration in Section 5.2.2 we discussed the basic 

source of the core data, namely the SAM which can be considered as the base 

run outcome or benchmark of the CGE model. The parameters that dictate the 

curvature of the non-linear relationships in the CGE model can be determined in 

different ways. 

There are usually two alternative approaches to the specification of parameters 

in CGE models: econometric estimation and calibration51 to a benchmark. 

Econometric estimation appears to be the most accurate way to get parameters 

that enter the CGE model but requires a lot of data which are available neither in 

quantity nor in quality, particularly in developing countries. Calibration is 

therefore conducted by using secondary sources or making “learned guesses” on 

parameters entering the calibration process. 

Many elaborate specifications of demand and supply functions are often used 

which lead to a high number of parameters to be obtained exogenously. Simpler 

specifications are clearly to be preferred if they adequately can be used to 

address the issues at hand and computationally tractable functions are generally 

used. In the CGE model for the Madiama rural commune, a Leontief production 

function and a Cobb-Douglas utility function were used. In both cases, most 

parameters were determined by the calibration process given the first order 

conditions for the Leontief and the Cobb-Douglas functions (see equations 6-12 

in Annex 5.2), except for the elasticity substitution parameter which was taken 

from Löfgren et al. (2003). 

SAM transaction cost is disaggregated between decision making units: for 

commodities, transactions costs are associated with a marketed surplus. The 

                                                 
51 The calibration consists of replicating the SAM (the benchmark situation) using the CGE 

model. 



 

 115 

share of surplus commodity that is traded by household is computed (Table 5.2) 

as the total proportion of transaction spending on a given item with the surplus 

of commodity that is faced by the household. The computation is based on field 

data collected in the commune. 

 

Table 5.2: Shares of Transaction spending 
Household groups 

 Commodities Farmers AGP SP TP 

Millet 0,703 0,222 0,058 0,017 

Sorghum 0 0 0 0 

Rice 0 0 0 0 

OCER 0,143 0 0 0,857 

Veget 0,487 0,305 0,012 0,197 

Legumes 0,284 0,195 0,469 0,052 

Srum 0,257 0,257 0,395 0,09 

LRum 0,069 0,069 0,697 0,165 

Pltry 0,328 0,328 0,209 0,136 

Milk 0,453 0,254 0,293 0 

Fish 0,43 0,357 0,153 0,06 

Millet M 0,278 0,722 0 0 

SorghM 0,278 0,722 0 0 

RiceM 0,278 0,722 0 0 

OCERM 0,278 0,722 0 0 

SRumM 0,148 0,606 0,178 0,069 

LRumM 0,18 0,289 0,345 0,186 

PltryM 0,385 0,267 0,255 0,093 

MilkM 0,167 0,074 0,608 0,151 

FshSmk 0,247 0,753 0 0 

Retail 0,39 0,605 0 0,005 

TXTLES 0,743 0,111 0,146 0 

NRFP 0,759 0,198 0,016 0,027 

 

For labor, transactions costs are associated with a marketed deficit. Factor 

transactions costs (in the form of supervision labor) are included in the payment 

of activities to labor.  

The transaction effect was accounted for in the model by considering that the 

traded surplus is reduced as the transaction cost increases. 

Transaction coefficients for commodities with marketed surplus are computed 

from the SAM as the ratio [transaction cost/ commodity price market]/[(value of 

marketed surplus of commodity i by DMU u)/(price of commodity i for DMU 

u)]. 

The market participation decision for the household is highly dependent of 

transaction costs; as stated above, price regimes are specified: a price regime for 
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goods and factors of production traded with the world outside the commune (the 

commune is therefore a price-taker); they are commodities traded for income 

generating such as crops (millet, sorghum, rice) and animals (small and large 

ruminants); another price regime is relative to commodities and factors not 

traded  outside the commune but are traded amongst households (family labor 

that can be hired in or hired out).  

Other parameters (obtained from the SAM) were used to facilitate computations.  

Among such parameters are:  

• the value of marketed surplus of commodity i by DMU u which is 

computed as: [sales of commodity i by DMU u for activity a]-[purchases 

of commodity i by DMU u]-[purchases of commodity i for activity a]. 

• the marketed surplus of factor by DMU u as [the sales of factor f by DMU 

u]-[purchases of factors f by activity a]. Institutions do not purchase 

factors. 

 

 

5.5 Software considerations 
 

The Madiama commune CGE model is implemented on the General Algebraic 

Modeling Systems (GAMS) improved by GTREE and eased for results display 

and management by DATAVIEWER module52. GAMS is a powerful and 

concise software based on codes for computation; it allowed for segmenting the 

computation code file into linked portions in order to get a higher computational 

performance. Our code file includes the following sub-files53: 

� The main file which contains the sets, parameters and variables as well as 

associated relations; 

� The calibration file which includes the calibration procedure with a test 

procedure providing the level of accuracy of results; 

� The scenario definition in which all parameters related to scenarios are 

defined; 

� The scenario execution file from which scenario options are launched. 

GAMS is a powerful tool for mathematical programming problems, such as 

CGE modeling. It is a script-based modeling language that closely resembles the 

mathematical formulation of the problem, hence ensures transparency of code.  

Analysis results are stored and can be accessed and managed by using 

DATAVIEWER: options for charts, tables and export to other softwares are 

available. 

                                                 
52

 GTREE and DATAVIEWER are both developed by LEI (Landbouw Economisch Instituut 

in The Hague, Netherlands) as GAMS performance boosters. 
53 In the absence of this technique, the computation is dramatically longer. 
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5.6. Conclusions 
 

The CGE model constructed and calibrated for Madiama commune shows that the 

distribution of productive activities is quite segmented amongst households, 

implying that constraints in factor availability are easily reached and exchange 

transactions tend to be intensified. This has profound implications for the 

potential effectiveness of policy incentives for both production and expenditure 

elasticities, as well as for local income distribution (that will be further discussed 

in Chapter 6). 

The importance of a policy assessment model is the ability to conduct what-if 

analyses. Scenarios based on conditions that arise from implementing certain 

policies should give insight into the effects on specified indicators. The 

household-CGE model allows such scenario analyses. 

It is important to note the assumptions made to construct the computable model, 

since these assumptions may influence the outcomes. We summarize the most 

important assumptions: 

• Cobb-Douglas specifications for both consumption utility and production 

functions. These assumptions imply that consumer expenditure shares per 

consumer commodity category will remain stable, while for production 

there is perfect substitution. Both assumptions will hold if the shocks are 

not too great. For large shocks, the assumption may be unrealistic. 

• Transaction costs are linked to market shares. This is a plausible 

assumption if the market shares in transactions for different household 

categories do not change dramatically. The fixed production structures in 

the production part of the model help prevent radical shifts so common in 

mathematical programming models. Again the assumption holds for not 

too great shocks. 

• The perfect information assumption of the CGE model is limited to the 

commune level.  

 
 





 

 

 

 

 

CHAPTER 6: POLICY SIMULATIONS FOR THE 
MADIAMA RURAL COMMUNE 

 

 

 

 

 

 
 

“The difference between a garden and the desert is not water but man” (a Tuareg 

proverb) 
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6.1. Introduction 
 

As stated in previous chapters, modeling serves as a basis to knowledge and 

knowledge in turn is the foundation to durable actions for the Madiama 

commune. In order to get useful results, models that are as close as possible to 

the complex real situation should be developed; at least they should deal with 

some important items which are characteristic of the real situation (see chapter 

5). In that sense, the commune CGE model for farm-households may be useful 

since it deals with imperfect markets and household market participation regime 

as described in the previous chapter. 

In this chapter, we examine some policy simulations following the base run 

results of the farm-household CGE model calibrated in the previous chapter.  

The welfare effects of such alternative policies are analyzed as well as their 

distribution (equality) impacts. 
 

 

6.2. Policy simulations 
 

It is crucial to understand the way the model drives the results: using a 

production function anchored in an existing SAM implies that we should tend to 

stay close to the original calibrated base run as much as possible since that is the 

initial feasible solution. Deviating with more than marginal shocks in exogenous 

parameters implies that the non-linearities in the model may start wreaking 

havoc in the results as it is characteristic of CGE models. 

In the context of the Madiama commune, land, labor (family and hired) and 

equipment are the main factors of production; we mainly focus on land and 

labor as key factors that are likely to influence natural resource management. 

Issues addressed in this chapter are the impacts of policies on natural resource 

use and their possible impacts on income and therefore on natural resource 

management and conflict mitigation. Such policies are either opted for by 

decision-makers or received as facts such as exogenous commodity price 

changes. Ultimately, the rural commune should be aware of the impacts of both 

types of interventions and events54.  

From the base run, policy simulations were computed and are three-folded as 

follows: 

                                                 
54

 The word policy in this chapter basically refers both to interventions by the commune and 

events such as a change in the world commodity price. 
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- Policies based on a decision made by the commune55: land and labor are 

key factors in the use of natural resources; the households’ response to 

changes in the availability of such factors directly impinges on natural 

resource use: less or more pressure for production activities and others. In 

turn, this will impact their income. For instance, if there is less land to 

exploit, producers could tend to focus on trade activities and therefore 

save natural resources. Conversely, when they have more labor they may 

use more natural resources or divert to other activities depending on the 

availability of other factors such as land and capital.  Transactions costs 

which obviously hinder trade and impact commodity prices can be 

reduced by the commune, for example by improving roads and delivery 

systems; this will stimulate other variables such as cropping and livestock 

activities and especially trade ones. 

- Changes abroad and influence in the commune: Such policies refer to 

changes in the commodity “world price” which are taken from outside; 

although the commune has no possible actions on such policies, their 

impact could directly or indirectly impact natural resource use and income 

levels. Higher prices generally induce more commodity supply; given the 

current (extensive) production systems and the poor levels of technology, 

producers will tend to use more natural resources. 

- The combination of the above: Both the above types of policies can occur 

simultaneously and it is obviously relevant to consider such a policy event 

in the perspective of the natural resource use and its consequences. 

The analysis of all policy experiments will include income and welfare impacts 

and focus on their perspective on the natural resource management and conflicts. 

 

6.2.1. Policies based on a decision made by the commune 
They are mainly related to changes in labor and land availability and transaction 

costs. 

 
6.2.1.1. Labor change experiment 
This experiment explores the commune-wide impacts of changes in the 

availability of family labor following an exogenous increase in the demand of 

labor through the implementation of public works or a decrease due to the 

adoption of a hypothetical labor-saving technology56. Labor is not only a key 

factor in rural production systems but also a factor whose allocation on a 

seasonal basis reflects the households’ preferences in face of some 

opportunities. In that sense, labor is viewed as a powerful lever factor for 

policies, particularly for poverty reduction strategies since labor is generally a 

                                                 
55

 Such policies are deemed to be consensus-based since participation is the necessary 

condition for a successful decentralization 
56

 For example, the research institute could release a time-saving technology for horticulture 

for the dry season and weed-resistant crop varieties that do not require frequent weeding. 
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source of income. That’s obviously why poverty reduction policies aiming at 

keeping the rural workers on their terroir are common actions in many 

countries; they could be implemented by the commune to get similar results. 

High labor-intensive works are often funded to construct roads or dams for local 

population by using local labor. In Mali, a pilot project of this kind started in 

2005 in the Ségou57 region and could be extended to other regions, given the 

satisfactory results. Besides impacts on income, such policies have firstly 

impacts on local labor market through shadow prices of labor and the level of 

other variables (production activities, consumption…). The experiment 

examines not only direct but also indirect impacts of changes. On the other 

hand, a labor-saving technology is likely to free some labor that can be used for 

other activities.  

 

a. Impact of a 10% decrease in family labor availability on household 
labor shadow price  

The nature of imperfect labor markets in rural areas and the household-specific 

market participation regime justifies the consideration of shadow prices for each 

category of household. Given the specific labor endowments and constraints, 

households enter (if they ever do) the labor market differently. The more severe 

the labor constraint is, the less the household will be likely to participate in the 

market and therefore the higher will be its labor shadow price.  A decrease in 

family labor is thus expected to increase households’ labor shadow prices. In 

turn, when households’ labor shadow prices increase, this will impact some key 

variables like food production, income generating activities and finally 

households’ income level.  

Table 6.1 shows the trend of the effect of a step by step decrease of family labor 

up to 10 % from the base run price levels. Shadow prices increase for all 

household groups, although in a decreasing rate: low levels of decrease in family 

labor availability entail a drastic increase in the shadow prices for the four 

households: they almost double for all households, increasing by over 90%. In 

contrast, at higher levels of labor decrease, labor shadow prices are relatively 

slow to decrease, meaning that households have made some adjustments lead 

them to give less and less value to family labor in their production plan since it 

is less and less available. Family labor shortage leads them to reduce activities 

requiring this labor; at that stage, the value attached to it is still high; if the 

decrease keeps on, some activities using this labor are cancelled and its value 

(willingness to pay) drastically drops. 

 

                                                 
57

 It is called “Projet d’insertion des jeunes dans la vie professionnelle à travers les 

investissements à haute intensité de main-d’oeuvre” 
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Table 6. 1: Effect of 1-10 % decrease in labor availability on households’ 
labor shadow prices (%) 

% decrease AGP Farmers SP TP 
1 1.90 1.90 1.90 1.90 

2 1.87 1.87 1.87 1.87 

3 1.83 1.83 1.83 1.83 

4 1.47 1.47 1.47 1.47 

5 1.36 1.36 1.36 1.36 

6 1.26 1.26 1.26 1.26 

7 1.23 1.23 1.23 1.23 

8 1.23 1.23 1.23 1.23 

9 1.21 1.21 1.21 1.21 

10 1.20 1.20 1.20 1.20 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

Progressively, larger levels of decrease in labor availability end up with smaller 

increase in households’ labor shadow prices. This pattern clearly highlights the 

households’ behavior when they face a labor shortage: 

� In the first place, this factor which they are short of has a lot of value to 

them even at a low level of decrease; this first decrease appears when they 

do not have any possibility of curtailing some of their activities. 

� In the second place, this relatively high value of labor falls down when 

they happen to make necessary arrangements in their activity plan in order 

to cope with the labor shortage by incorporating this constraint; labor 

value still increases but at a slower rate. A 10 % decrease in labor 

availability increases its shadow price by about 20%. 

A decrease in family labor, beyond its direct effects on labor shadow prices, has 

indirect effects, particularly on production, household income, commodity/factor 

purchases and sales that are examined in turn below. 

 

b. Effect of a 10% decrease in family labor on production 
Impacts on Crop production: A 10% decrease in family labor availability on 

production ends up with a decrease in millet production for farmers and agro-

pastoralists but an increase for sedentary pastoralists’ (due to a labor reallocation 

in favor of this crop). Agro-pastoralists’ rice production follows the millet 

production pattern described above for the sedentary pastoralists i.e. a slight 

increase. Farmers and sedentary pastoralists experience a decrease in vegetable 

production. 

Impacts on livestock production: Sedentary pastoralists and agro-pastoralists 

whose production (millet and rice respectively) increased with the labor 

decrease record a decrease in livestock production: small and large ruminants 

for the former and only large ruminants for the latter. This reveals a substitution 

of livestock activities for cropping ones in the presence of labor shortage. 

Sedentary pastoralists tend to include more millet activity in their production 
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plan, confirming their option for sedentarization and the associated 

diversification strategy through more cropping. Millet being the main food crop 

in the region, they will devote more resources (particularly manure and other 

inputs) to keep this crop production increasing for the family food security, one 

of the reasons why they are now sedentary. They are more prone to intensify this 

crop production by using the relatively abundant manure from their numerous 

livestock. Agro-pastoralists on the other hand exhibit a similar behavior but with 

a preference for rice which is both food and cash crop. Milk production is 

decreasing for sedentary pastoralists while constant in the transhumants group. 

Income generating activities: the outstanding trends are observed in the agro-

pastoralists, the sedentary pastoralists and the transhumants groups. In the 

presence of a decrease in family labor availability, the production of natural 

resource-based items increases for agro-pastoralists and sedentary pastoralists 

while milk transformation is increased for the transhumants group.  

Considering an increase in the family labor availability—which is constraint 

alleviation—following the adoption of a labor-saving technology, such as the 

time-saving horticulture system58 or weed-resistant crop varieties not requiring a 

lot of weeding, the picture is that production increases for most activities. The 

amazing finding is relative to the transhumants; they rather experience a 

decrease in the milk transformation and trade while it was increasing in the 

instance of labor decrease. This particular behavior of this group of households 

highlights their flexibility and capacity to avail of some opportunities. Reducing 

their milk trade when they have more time and increasing it in periods of 

relative labor shortage makes sense since they happen to sell out labor and 

purchase some when necessary (see below). 

 

c. Impact of labor decrease on household market participation regime 
Impacts on purchases: Facing a family labor decrease of 10%, households 

experience similar effects: purchases of most commodities tend to decline. 

Family labor stands for an important factor to household participation in 

commodity market as purchasers.   

At lower levels of labor decrease farmers’ purchases decline but start rising at 

higher levels; the most purchased items are natural resource-based commodities, 

textiles and industrial items from retail. The same pattern is observed for agro-

pastoralists although with a less drastic decline at lower levels of labor decrease. 

Labor enters as a purchased factor by sedentary pastoralists, in declining 

quantities at lower levels of labor decrease, confirming once more their labor 

constraint. Transhumants also decrease their purchases in general and include 

labor purchase in more rapidly increasing quantities than in the sedentary 

pastoralists, but falls at higher levels of tightening labor constraint. 

                                                 
58

 For example, the drop by drop watering system is not only efficient in the use of water for 

horticulture, but also allows the producer to save time for other activities. 
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Impacts on sales: the number of sold commodities or factors decreases from 

farmers and agro-pastoralists (5) to sedentary and transhumant pastoralists (2-4). 

With a 10 % decrease in labor availability, sedentary pastoralists sell no more 

than four items: small ruminants from trade, vegetables, and millet and natural 

resources commodities but not labor. Transhumants increase their sales of 

transformed milk and labor. While agro-pastoralists participate in the market in 

the first place with decreasing quantities of sold labor; in the second time their 

sales of textiles and legumes increase before declining at more severe levels of 

labor constraint.  

It is definitely clear that labor is a key factor to market participation; although 

the reduction of labor availability, households still participate in the commodity 

and factor markets by purchasing or selling; however, purchases quantities are 

declining while the number of sold commodities shrinks to a very few 

particularly for transhumants who sell transformed milk and labor. As stated in 

previous section, the transhumant group shows once more its high capacity to 

adapt to situations: this group is the only one buying and selling labor while 

sedentary pastoralists only purchase labor. 

 

d. Income impact of a 10% change in labor availability 
Income elasticities of labor availability are presented in Table 6.2. A 1% 

decrease in labor availability entails a decrease in income ranging from -0.58% 

for sedentary pastoralists to -0.71% for farmers.  

 

Table 6. 2: Income elasticities of labor availability 
Change  

Household group Decrease Increase 

Farmers -0.71 0.72 

Agro-pastoralists -0.67 0.67 

Sedentary pastoralists -0.58 0.58 

Transhumant pastoralists -0.61 0.61 

 

Conversely and almost in the same proportion, the increase in labor has a 

positive effect on income. It can be observed that changes (either way) in labor 

entail a smaller (less than proportional) income effect; however, income changes 

are higher for farmers and smaller for sedentary pastoralists. 

6.2.1.2. Decrease in Land availability 
Land is a crucial resource in farming and livestock production activities and a 

critical issue in the perspective of natural resource management. An experiment 

related to it is therefore particularly useful.  

The population of the Madiama rural commune may decide in a participatory 

way to regulate the use of land. 
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A new zoning may then be accepted which consists of putting a significant part 

of all communal land so far used by all categories of households, in fallow59. 

This policy merely aims at a better management of land and the associated 

resources (water, forests, soils, wild animals...) through rehabilitation, protection 

or prevention from degradation. For instance, land along rivers and their 

tributaries may need to be protected from sand deposit caused by river bank 

exploitation. Similarly, a forest and its surrounding area ought to be protected or 

restored. The total land area under the policy measure may be a significant 

portion of communal land such that all groups are concerned. Such a policy will 

reduce total available land not only for cropping but also for grazing animals: 

cropping along rivers or bottomlands as well as animals grazing at particular 

periods of the year will be therefore reduced in non-specific way, regarding 

households. 

The current experiment is two-fold: a first simulation of the reduction of land 

availability for all the four categories is conducted; the second also considers the 

decrease in land availability but only for transhumants. 

 

a. Reduction of land availability for all groups of households  
The policy is not targeting a particular household group; the land decrease is 

considered for all four household groups. 

Impacts on commodity/factor shadow prices 

It should be noticed that transhumants are more sensitive to a decrease in land 

availability; they experience the highest shadow prices both for land and capital, 

respectively multiplied by 10 and 1.5 as compared to the base run price level. In 

that sense, they are more penalized --at least in the short run60-- by this policy 

and this explains a possible change in their production plan.  

Impacts of decrease in land availability on activities 

Given a 10% decrease in land availability for all household groups, this policy 

effects can be described as follows:  

• Cropping and livestock production activities are decreased in all 

household groups except for the sedentary pastoralists whose milk and 

poultry production, after a decrease at lower land reduction increases; 

• On the contrary, trade activities rather increase for all categories of 

households for a few commodities: textiles for farmers, fish smoking, 

large ruminants, other cereals (maize and fonio) and rice trade for agro-

                                                 
59

 Mise en défense in French, which is a technique consisting of letting natural resources 

regenerate on a given piece of land where the exploitation of any resource is formally 

prohibited for a period of time, long enough to get desired effects (ecological, socio-economic 

and cultural); it is essentially based on a common will of the population which accepts and 

respects the rules governing the concerned area. 
60

 However, in the long run the expected positive effects of the policy might also benefit 

them; for example, better crop yields may decrease the food prices in the whole commune.  
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pastoralists and transformed milk for transhumants. Sedentary pastoralists 

exhibit a bit difference, since after a drastic increase in textiles, natural 

resource-based commodities, milk and small ruminant trade and a peak at 

lower levels of land decrease, a decline is recorded before a slight 

increase in the production of those commodities, except for traded milk. 

The increase in trade tends to compensate for the decline in production activities 

when the constraint on land is tightening.  

Impacts of decrease in land availability on market participation regime 

The decrease in land availability gives rise to households’ market participation 

which can be depicted as follows: 

� Sales: The major feature is the increase in labor sales for the agro-

pastoralists and transhumants. Sedentary pastoralists tend to increase their 

small ruminants’ sales and decrease their vegetable ones.  Farmers 

slightly increase their textiles sales while transhumants largely increase 

their transformed milk sales. Agro-pastoralists decrease their sorghum 

sales;   

� Purchases: All households tend to decrease their purchases except the 

transhumants; agro-pastoralists decrease their purchases, mostly for milk 

(by 50% in comparison with the base run level). Farmers tend to decrease 

all purchases except for millet (22%). A drastic decrease in small 

ruminants’ purchases is recorded by the sedentary pastoralists.  

While a decrease is noticed in the other groups, the increase is the main feature 

in transhumants’ purchases for most commodities. 

In presence of a reduction of land availability, transhumants who are generally 

in need of more land for pasture and water, tend to sell out labor,  

—since their usual activities tend to decrease— purchase more commodities 

and intensify their trade and income generating activities obviously to 

compensate for the reduction in production due to the decrease in land 

availability. 

Impacts of decrease in all households’ land availability on households’ income 

Figure 6.1 presents the effect of a 1-10% decrease in land availability on income 

in percent of the base run income. Agro-pastoralists, farmers and sedentary 

pastoralists experience a decrease in their income of 13%, 12 % and 16%, 

respectively.  

On the contrary, transhumants enjoy a drastic income increase by 36%. This 

comes logically from previous results highlighting transhumants’ sensitivity to 

land decrease. More penalized by land decrease, they react by selling out extra 

labor and intensifying income generating activities. 
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Figure 6.1.: Effect of 1-10% decrease in land availability on households’ 

income (%) 
 

b. Reduction of land availability: targeting the transhumant pastoralists 
Emphasizing on income, it can be noted that targeting transhumants results only 

in null income effect for the other three groups since they are not affected by the 

policy. Moreover, transhumants who experience a positive income impact of the 

reduction in land availability for all households, keep that advantage when the 

reduction targets them only. Table 6.3 presents the impact of a 10% decrease in 

the transhumants’ land availability. While transhumants’ income increases by 

over 36%, like in the above case where land reduction is designed for all 

households.  

Again, the result reflects the transhumants’ ability to avail themselves of this 

policy of land reduction which could be expected to depress their income. 
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Table 6. 3: Effect of 1-10% decrease in transhumants’ land availability 
on income (%) 

% decrease AGP Farmers SP TP 

Base run income* 0.8645 0.5659 0.3867 0.2464 
1 0 0 0 15.58 

2 0 0 0 15.58 

3 0 0 0 15.58 

4 0 0 0 15.58 

5 0 0 0 15.58 

6 0 0 0 15.58 

7 0 0 0 20.58 

8 0 0 0 28.13 

9 0 0 0 36.00 

10 0 0 0 36.40 

*All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

6.2.1.3. Transaction costs decrease experiment 
African rural areas are characterized by difficult infrastructures; this is the case 

in Mali and particularly its Niger delta river region where the Madiama rural 

commune is located. Market access is always hard due to bad roads, particularly 

in the rainy season. All these factors entail high transaction costs which tend to 

increase prices and negatively affect market development. In other words, 

transaction costs are high; decreasing them boils down to improving 

infrastructures. In our model, the reduction of transaction costs—that is the 

improvement of infrastructures like roads, product delivery system— was dealt 

with by assuming the loss of marketed production due to high transaction costs. 

The effects of a 10% decrease in transaction costs are presented in Table 6.4; it 

is interesting to mention that, at the level of 10% no improvement is observed, 

neither on key variables (production, sales, purchases…) nor on income. Higher 

levels of decrease in transaction costs are required to start getting positive 

effects; for income, up to a 28% decrease is necessary to yield an income 

improvement of about 4% for agro-pastoralists and sedentary pastoralists, 3% 

for farmers and 23% for transhumants. At the high level of 50% decrease in the 

transaction costs results in a drastic income improvement: 186% for 

transhumants and 47-55% for the other three household groups. 
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Table 6. 4: Effect decrease in transaction costs on households’ income (%) 
% decrease AGP Farmers SP TP 

Base run 
income* 0.8645 0.5659 0.3867 0.2464 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 0 0 

5 0 0 0 0 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 0 

28 4.38 2.97 3.76 22.61 

50 54.51 54.76 47.40 185.96 

*All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

The results confirm the bad quality of the infrastructures upholding transactions 

in the Madiama region; a tiny decrease in the transaction costs of 10% is of no 

impact on income. Only the implementation of a strong policy of infrastructure 

improvement (at least a 28 % decrease in the transaction costs) is able to boost 

households’ income and other variables, after roads are improved. It should be 

noted that long distances coupled with the bad quality of roads require heavy 

investments for improvement. Furthermore, it should be noted that transhumant 

pastoralists will be the winners of such a policy. This sounds right since they are 

the most concerned as they have to move within the area for water and pasture, 

no matter the infrastructures are convenient. They are sometimes so isolated 

from —and with the worse access to—the nearest market for product stocking 

up. 

 

6.2.2. Changes abroad and influence on the commune  
This simulation is based on the assumption of an increase in the commodity 

price outside the commune61. “World price” increase is likely to stimulate the 

production and therefore may contribute to natural resource degradation. The 

commodities analyzed are millet, rice and natural resource and food processing 

items.62 

Millet 
No income effect with so low a level of 10% increase on the millet price is 

observed. This is rather understandable since this commodity is not sold outside 

                                                 
61

 “World price” stands for the prevailing price outside the commune; it may be just in the rest 

of Mali or outside. 
62

 The model does not allow a change over 3% either way for large ruminants.  
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the commune; obviously, millet is produced and consumed locally. It is seldom 

exported outside the commune. 

Large ruminants 
Table 6.5 shows that a 10% increase in large ruminants’ world price is more 

beneficial to transhumant pastoralists: 16.64% income increase for this group 

against 5% for the three other household groups. 

 
Table 6. 5: Effect of 1-10% increase in large ruminants’ price on 

households’ income (%) 
 % increase AGP Farmers SP TP 
Base run income 0.8645 0.5659 0.3867 0.2464 

1 0.89 0.95 0.52 15.87 

2 1.21 1.24 1.03 15.87 

3 1.56 1.54 1.58 15.91 

4 2.08 2.07 2.09 15.99 

5 2.60 2.58 2.64 16.11 

6 3.12 3.09 3.15 16.19 

7 3.64 3.57 3.67 16.31 

8 4.16 4.05 4.22 16.44 

9 4.70 4.52 4.76 16.52 

10 5.22 5.00 5.28 16.64 
*All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

Natural resource and food processing63 (NRFP) items 

A 10% increase in the “world price” of these products results in non substantial 

income increases: about 1% for agro-pastoralists and farmers and much less for 

the pastoralists (Table 6.6).  

 

                                                 
63

 Natural resource and food processing items are goods based on natural resources or 

processed food such as shea butter or “soumbala” a traditional spice. 
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Table 6. 6: Effect of 1-10% increase in NRFP “world price” on 
households’ income (%) 

% increase AGP Farmers SP TP 

Base run income*  0.8645 0.5659 0.3867 0.2848 
1 0.06 0.05 0.03 0.00 

2 0.20 0.12 0.08 0.00 

3 0.31 0.19 0.13 0.04 

4 0.42 0.25 0.18 0.04 

5 0.51 0.32 0.23 0.07 

6 0.65 0.39 0.26 0.07 

7 0.76 0.44 0.31 0.11 

8 0.87 0.51 0.36 0.11 

9 0.98 0.58 0.41 0.14 

10 1.10 0.64 0.44 0.14 

*All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 
 

Rice 
Table 6.7 presents the effects of a 10% increase in rice’s “world price” on 

households’ income. Although the model does not allow for an increase smaller 

than 7%64, it can be noticed that a 10% increase in this price benefits more to 

agro-pastoralists (28% income increase) and farmers (25% income increase). 

Sedentary and transhumant pastoralists benefit less from such an increase. 

 

Table 6. 7: Effect of 10% increase in rice “world price” on households’ 
income (%) 

% Increase AGP Farmers SP TP 
Base run income*  0.8645 0.5659 0.3867 0.2848 

7 6.43 5.02 1.89 1.97 

8 12.86 10.67 5.61 3.93 

9 19.29 17.83 9.34 5.86 

10 27.66 24.76 12.93 8.85 

* Base run solution reached at 6% increase 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

 

6.2.3. The policy combination 
 

6.2.3.1. “World price” and labor increase 
The combination of 10% labor and “world price” increase reveals to be useful in 

terms of policy simulation for the above commodities (millet, rice, large 

ruminants and natural resource and food processing products.  

                                                 
64

 Probably because the differences are not observable. 
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Millet  

Figure 6.2 contains the simulation result: a 10% increase in labor and millet 

“world price” results in a very slight increase in transhumants’ income (0.25%) 

but a rather substantial one in sedentary pastoralists’ income (23%). The income 

increase is of 6% for farmers and 11% for agro-pastoralists. 

This picture reveals the income potential of millet as a traded commodity for 

some household groups: when there is more labor and a better price, this 

commodity can contribute to increase income, particularly for the sedentary 

pastoralists and agro-pastoralists. Transhumants who are not usually large millet 

producers do not get a substantial income increase even in the case of better 

millet prices and more labor. 
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AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

Figure 6.2.: Effect of 1-10% increase both in labor and millet price on 
households’ income (%) 

 
Rice 
A 10% increase both in labor and rice “world price” has the highest pay-off for 

sedentary pastoralists (19% income increase); agro-pastoralists are the second 

winners of this policy (13% income increase); farmers enjoy about 11% income 

increase and transhumants only 4% (Figure 6.3). This also illustrates the high 

income potential of rice—mostly for agro-pastoralists and sedentary 

pastoralists)—when some boosting conditions are met (labor availability and 

better prices).  
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AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

Figure 6.3.: Effect of 1-10% increase both in labor and rice price on 
households’ income (%) 

 
 

Large ruminants 
When applied to large ruminants, the simulation yields results in favor of 

transhumants. They record 17% income increase against only 5% for all other 

groups (Table 6.8). 

 
Table 6. 8: Effect of 1-10% increase both in labor and large ruminants’ 

price on households’ income 
% increase AGP Farmers SP TP 

Base run income * 0.8645 0.5659 0.3867 0.2848 
1 0.89 0.95 0.52 15.87 

2 1.21 1.24 1.03 15.87 

3 1.56 1.54 1.58 15.91 

4 2.08 2.07 2.09 15.99 

5 2.60 2.58 2.64 16.11 

6 3.12 3.09 3.15 16.19 

7 3.64 3.57 3.67 16.31 

8 4.16 4.05 4.22 16.44 

9 4.70 4.52 4.76 16.52 

10 5.22 5.00 5.28 16.64 

*All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

Natural Resource and Food Processing products 
Very tiny income increases (at most 1%) are brought by the simultaneous 10% 

increase in labor and natural resource and food processing product price for all 

households, except for the sedentary pastoralists whose income decreases by 
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11% (Table 6.9). Such a result suggests the relatively limited supply of natural 

resource products which are essentially gathered rather than produced. This may 

explain why households’ income does not drastically increase in spite of some 

levels of labor and price. 

 
Table 6. 9: Effect of 1-10% increase both in labor and NRFP price on 

households’ income 
% Increase AGP Farmers SP TP 

Base run income* 0.8650 0.5662 0.3913 0.2848 
1 -0.06 -0.05 -1.18 0.00 

2 0.00 0.00 -2.27 0.00 

3 0.14 0.07 -3.37 0.00 

4 0.25 0.14 -4.47 0.04 

5 0.36 0.19 -5.55 0.04 

6 0.45 0.26 -6.62 0.07 

7 0.59 0.34 -7.72 0.07 

8 0.71 0.39 -8.79 0.11 

9 0.81 0.46 -9.89 0.11 

10 0.92 0.53 -10.96 0.14 

NRFP= Natural resource and food processing. 

 *All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

6.2.3.2. “World price” increase and land decrease 
Similarly to the above simulation, land decrease is considered in combination 

with a possible “world price” increase. World commodity price increase is 

expected to increase local production while land restriction is likely to reduce 

some activities; considering both simultaneously can have some interesting 

income effect. Among the commodities examined above, only NRFP items and 

large ruminants provide some results presented below. 

 

Natural Resource and Food Processing products 
Conversely to the labor and ”world price” increase where only small income 

increase was observed, the income effect of a decrease in land availability with 

an increase in NRFP price is rather substantial (Table 6.10): 75% for agro-

pastroalists, 63% for farmers, 33% for sedentary pastoralists and 9% for 

transhumants. This insinuates the important income effect of natural resources 

(fruit, leaves, grains, flowers, wood, bark and roots) particularly when land is 

reduced. They tend to be better protected and exploited mostly by the agro-

pastoralists, farmers and sedentary pastoralists who are generally land owners. 

Transhumants who probably have a less permanent access to the land resources -

because moving around- enjoy a less important income. 
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Table 6. 10: Effect of 1-10% decrease in land availability and increase in 
NRFP “world price” on households’ income (%) 

% Change  AGP Farmers SP TP 
Base run income  0.8645 0.5659 0.3867 0.2848 

1 0.64 0.60 0.75 0.00 

2 1.94 1.75 2.28 0.00 

3 3.94 3.50 4.60 0.07 

4 6.71 5.92 7.84 0.11 

5 10.35 9.12 16.32 0.14 

6 15.10 13.29 21.83 0.18 

7 21.23 18.68 21.88 0.21 

8 29.33 25.39 22.06 0.39 

9 42.31 31.79 23.53 1.51 

10 74.57 62.96 33.28 9.20 

NRFP= Natural resource and food processing 

*All base run income levels are in millions of FCFA 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 
Large ruminants 
A decrease in land availability combined with an increase in large rumnimants’ 

price yields a reverse income effect pattern as compared to the simultaneous 

increase in labor/large ruminants’ price increase. The results show that sedentary 

pastoralists benefit more: 14% income increase against 12% for agro-

pastoralists, 10% for farmers. While transhumants enjoy a higher income 

increase in the labor/price increase experiment (16%), they experience a 

dramatically low income increase of 1% in the present case (Table 6.11). 

This picture complies with the pattern described in previous sections: in the 

presence of a decrease in land availability, transhumants tend to divert to milk 

transformation and trade activities or sell out labor to survive. It is then sound 

that they are not reactive to an increase in large ruminants’ price. On the other 

hand, it is possible that the other household groups tend to intensify livestock 

activities (through feedlots for example) in order to take advantage of higher 

large ruminants’ price. 

 

Table 6. 11: Effect of 1-10% decrease in land availability and increase in 
large ruminants’ “world price” on households’ income (%)* 

% decrease AGP Farmers SP TP 
Base run income** 0.8645 0.5659 0.3867 0.2848 

1 1.50 1.50 1.40 0.25 

2 2.97 2.86 3.21 0.35 

3 4.95 4.56 5.43 0.53 

4 7.15 6.49 8.56 0.70 

5 9.43 8.22 11.25 0.84 

6 12.28 10.21 14.09 1.02 

* The model allows up to 6% change.  **All base run income levels are in millions of  FCFA. 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 
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6.3. Welfare impact of policies  
 

Doing simulations basically means comparing the base-run situation to the 

policy impacts (benchmark vs. counterfactual situations). This boils down to the 

practical question of “who has gained or who has lost from the policy”. 

Alternatively, we wonder whether the income distribution has worsened or 

improved. Policy impacts are definitely crucial in the perspective of the analysis 

of natural resource use or management given the tight and everlasting 

relationships between households’ socioeconomic conditions (circumstances) 

and their behavior vis-à-vis natural resources, as depicted in chapter 3. Such 

relationships remind us the double preoccupation that policy impacts may have 

both in terms of equity and consequences on the natural resource-base 

(degradation or improvement). 

Welfare impacts of policies have been debated for decades by economists. Since 

Dupuit (1844), substantial discussions have taken place in the course of time 

among economists about the welfare impacts of policy changes. Consumer 

surplus measures are often considered to address the issue but they “are only an 

approximation device for appraising the impacts of policies…assuming that 

linear demand functions characterize behavior in the economy” (Shoven et al. 

1992:123). Using applied general equilibrium, there is no more need to rely on 

such approximations since the characteristics of a new equilibrium are computed 

and associated features appear as part of the equilibrium solution; welfare 

measures therefore do not rely on approximation but are based on “exact 

comparisons between equilibria” (Shoven et al. op.cit. p.123).  

Among possible welfare measures are the compensating and equivalent 

variations that are used in this study to address the winner-loser issue when a 

policy is conducted. Graphs 1and 2 illustrate the two concepts. 

While compensating variation (CV) addresses the issue of how much income is 

needed at new prices 1P  to keep individual consumers as well off as they were 

before the policy (Graph 6.1), equivalent variation (EV) rather questions about 

the income that is equivalent to the utility evaluated at the old prices 0P  (Graph 

6.2). As it can be easily understood, the two concepts deal with price scenarios 

but imply demands, indirect utility functions and ultimately the money metric 

indirect utility functions (See Annex for the derivation of these functions). 



 

 138 

 

 

 

 

 

 

 

Graph 6.1: Compensating Variation 

 

Graph 6.2: Equivalent Variation  
 

We present for the above simulations both the corresponding compensating 

variation and equivalent variation. 

 

6.3.1. The welfare impact of policies based on a decision made by the 
commune 

The 10% decrease in family labor availability 

Table 6.12 presents the welfare measures for a 10% decrease in family labor 

availability. It clearly shows that some (increasing) compensation is needed for 

all household groups at all levels of labor decrease since we have positive 

(increasing) compensating variation values. The equivalent variation has a 

similar trend i.e. given the labor decrease, the equivalent variation to the 

households’ utility evaluated at the old prices (before the labor decrease) is also 

positive which means that they could  lose from this policy.  It should be noted 

that losses are higher for transhumants if there is no compensation system upon 

the adoption of such a policy. 
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Table 6. 12: Welfare measures for a 1-10% decrease in labor availability 
Compensating Variation 

 

Equivalent Variation 
 

% 
decrease 

AGP Farmers SP TP AGP Farmers SP TP 
1 0.0058 0.004 0.0022 0.0251 0.0058 0.004 0.0022 0.0237 

2 0.0116 0.0081 0.0045 0.0269 0.0116 0.0081 0.0045 0.0253 

3 0.0174 0.0121 0.0067 0.0286 0.0174 0.0121 0.0067 0.0270 

4 0.0233 0.0162 0.0089 0.0304 0.0233 0.0162 0.0089 0.0286 

5 0.0291 0.0202 0.0112 0.0321 0.0291 0.0202 0.0112 0.0303 

6 0.0349 0.0243 0.0134 0.0339 0.0349 0.0243 0.0134 0.0319 

7 0.0407 0.0283 0.0156 0.0356 0.0407 0.0283 0.0156 0.0336 

8 0.0465 0.0324 0.0179 0.0373 0.0465 0.0324 0.0179 0.0352 

9 0.0523 0.0364 0.0201 0.0391 0.0523 0.0364 0.0201 0.0368 

10 0.0582 0.0405 0.0223 0.0408 0.0582 0.0405 0.0223 0.0385 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 

The 10% increase in family labor availability 

Considering the simulation of labor increase, Table 6.13 reveals that all 

households have negative CV and EV values, except for tranhumants; this 

implies they would be better off and need no compensation with the increase in 

labor availability; particularly agro-pastoralists and farmers need less and 

compensation—as labor increases—than sedentary pastoralists. On the contrary, 

transhumants need not only compensation but also would be worse-off with this 

policy; they would be most hit by such a policy, although decreasingly. 

 

Table 6. 13: Welfare measures for a 1-10% increase in labor availability 

Compensating variation 
 

Equivalent Variation 
 

% 
increase 
  AGP Farmers SP TP AGP Farmers SP TP 
1 -0.0058 -0.004 -0.0022 0.0217 -0.0058 -0.004 -0.0022 0.0204 

2 -0.0116 -0.0081 -0.0045 0.0199 -0.0116 -0.0081 -0.0045 0.0188 

3 -0.0174 -0.0121 -0.0067 0.0182 -0.0174 -0.0121 -0.0067 0.0171 

4 -0.0233 -0.0162 -0.0089 0.0164 -0.0233 -0.0162 -0.0089 0.0155 

5 -0.0291 -0.0202 -0.0112 0.0147 -0.0291 -0.0202 -0.0112 0.0139 

6 -0.0349 -0.0243 -0.0134 0.013 -0.0349 -0.0243 -0.0134 0.0122 

7 -0.0407 -0.0283 -0.0156 0.0112 -0.0407 -0.0283 -0.0156 0.0106 

8 -0.0465 -0.0324 -0.0179 0.0095 -0.0465 -0.0324 -0.0179 0.0089 

9 -0.0523 -0.0364 -0.0201 0.0077 -0.0523 -0.0364 -0.0201 0.0073 

10 -0.0582 -0.0405 -0.0223 0.0060 -0.0582 -0.0405 -0.0223 0.0056 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 
 

The 10% decrease in land availability for all households 

If a land decrease policy is adopted for all households, only transhumants have 

positive CV and EV values, which means that they are to lose income and 

welfare. For the three other groups, CV and EV values are negative and 

identical, which implies that they would be better off upon the implementation 
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of this policy and have no need of any compensation and experience no welfare 

loss (Table 6.14). 

 

Table 6. 14: Welfare measures for a 1-10% decrease in land availability 
Compensating Variation  Equivalent Variation  % 

decrease AGP Farmers SP TP AGP Farmers SP TP 
1 -.0025 -0.0015 -0.0014 0.0234 -.0025 -0.0015 -0.0014 0.0221 

2 -.0074 -0.0045 -0.0042 0.0234 -.0074 -0.0045 -0.0042 0.0221 

3 -.0147 -0.0089 -0.0082 0.0234 -.0147 -0.0089 -0.0082 0.0221 

4 -.0241 -0.0146 -0.0135 0.0234 -0.0241 -0.0146 -0.0135 0.0221 

5 -.0353 -0.0215 -0.0197 0.0234 -0.0353 -0.0215 -0.0197 0.0221 

6 -.0482 -0.0292 -0.0269 0.0234 -0.0482 -0.0292 -0.0269 0.0221 

7 -.0622 -0.0378 -0.0348 0.0241 -0.0622 -0.0378 -0.0348 0.0218 

8 -.0772 -0.0469 -0.0432 0.0239 -0.0772 -0.0469 -0.0432 0.0202 

9 -.0927 -0.0563 -0.0518 0.0217 -0.0927 -0.0563 -0.0518 0.0171 

10 -.1084 -0.0658 -0.0606 0.0169 -0.1084 -0.0658 -0.0606 0.013 

 -.1239 -0.0752 -0.0692 0.0109 -0.1239 -0.0752 -0.0692 0.0078 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 
 

A 10% decrease in land availability for transhumant pastoralists 

Results are similar to the previous ones relative to land decrease for all 

households. CV and EV are only positive for transhumant pastoralists. This 

means that they need to be compensated for welfare decrease (Table 6.15). 

 

Table 6. 15: Welfare measures for a 1-10% decrease in transhumants’ 
land availability 
Compensating Variation Equivalent Variation % 

decrease AGP Farmers SP TP AGP Farmers SP TP 
1 0 0 0 0.0234 0 0 0 0.0221 

2 0 0 0 0.0234 0 0 0 0.0221 

3 0 0 0 0.0234 0 0 0 0.0221 

4 0 0 0 0.0234 0 0 0 0.0221 

5 0 0 0 0.0234 0 0 0 0.0221 

6 0 0 0 0.0241 0 0 0 0.0218 

7 0 0 0 0.0239 0 0 0 0.0202 

8 0 0 0 0.0217 0 0 0 0.0171 

9 0 0 0 0.0169 0 0 0 0.013 

10 0 0 0 0.0109 0 0 0 0.0078 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 
6.3.2. The welfare impact of policies from abroad  
We examine the welfare impact of a 10% increase in the “world price” of some 

commodities such as large ruminants and natural resource and processed food 

on households’ income. 
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A 10% increase in the price of large ruminants 

This policy entails a reduction in welfare for all households since both CV and 

EV values are positive, which means that they all need some compensation and 

could be worse-off upon the implementation of this policy. Transhumants are 

more hit than others household groups: values are higher for this group (Table 

6.16). 

 

Table 6.16: Welfare measures for an increase in large ruminants’ price (%) 
Compensating Variation Equivalent variation % 

increase AGP Farmers SP TP AGP Farmers SP TP 
1 0.0036 0.0082 0.0011 0.0254 0.0036 0.0082 0.0011 0.0241 

2 0.0049 0.0154 0.002 0.0278 0.0048 0.0155 0.002 0.0265 

3 0.0072 0.0266 0.003 0.0277 0.0071 0.027 0.0029 0.0264 

4 0.0106 0.0348 0.0043 0.0277 0.0103 0.0356 0.0041 0.0263 

5 0.0172 0.0425 0.0056 0.0277 0.0167 0.0436 0.0054 0.0262 

6 0.0243 0.0507 0.007 0.0277 0.0234 0.0522 0.0067 0.0262 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 
A 10% increase in the price of natural resources and processed food 

Table 6.17 indicates that if an increase in the price of natural resource-based 

commodities prevails, then all households need some compensation and a loss of 

welfare. This trend is stronger for transhumants where losses are higher; they 

then need more compensation than the other households. 

 
Table 6. 17: Welfare measures for a 1-10% increase in NRFP price (%)  

Compensating Variation Equivalent variation % 
change AGP Farmers SP TP AGP Farmers SP TP 

1 0.0004 0.0004 0.0001 0.0233 0.0004 0.0004 0.0001 0.0220 

2 0.0010 0.0006 0.0002 0.0233 0.0010 0.0006 0.0002 0.0220 

3 0.0015 0.0010 0.0003 0.0233 0.0015 0.0010 0.0003 0.0219 

4 0.0020 0.0014 0.0003 0.0232 0.0020 0.0014 0.0003 0.0219 

5 0.0025 0.0019 0.0004 0.0232 0.0025 0.0019 0.0004 0.0218 

6 0.0031 0.0022 0.0004 0.0231 0.0031 0.0022 0.0004 0.0218 

7 0.0036 0.0027 0.0005 0.0231 0.0036 0.0027 0.0005 0.0217 

8 0.0042 0.0031 0.0005 0.0231 0.0042 0.0031 0.0005 0.0217 

9 0.0047 0.0036 0.0005 0.0230 0.0047 0.0036 0.0005 0.0216 

10 0.0053 0.0040 0.0006 0.0230 0.0053 0.0040 0.0006 0.0216 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 
The above results show an equality in CV and EV values for all groups of 

households, except for the transhumants; this CV-EV equality is due to the 

absence of income effects for the three groups (farmers, AGP and SP) (see 

Hanemann, 1982 for possible reasons of such an equality; for him, a lack of 

income effects in demand functions may explain it). In our case, it is not 

surprising that transhumants exhibit a different welfare pattern since they enjoy 
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more income impact than the other groups.  For example, transhumants who 

enjoy a larger income increase due to land decrease will be worse-off by this 

policy than the three other household groups. 

 
6.3.3. The welfare impact of ‘policy mix’ 

A 10% increase in family labor availability and a 10% increase in commodity 

“world price” increase 

Table 6.18 summarizes CV and EV for main policy simulations (millet, natural 

resources, large ruminants and rice). For all those commodities a 10% increase 

in labor and “world price”, CV and EV are all positive, meaning that households 

need some compensation. CV and EV values are higher for millet and rice for 

agro-pastoralists and sedentary pastoralists, for large ruminants for farmers. 

Values for transhumants are higher for natural resources. 

 
Table 6. 18: Welfare measures for an increase both in family labor 

availability and commodity ‘world prices’ 
Compensating Variation Equivalent Variation 

AGP Farmers SP TP AGP Farmers SP TP 
 

change 

Millet 

10%  0.0608 0.0455 0.0671 0.0273 0.0587 0.0466 0.0635 0.0260 

  Natural resource and food processing items 

10%  0.0053 0.0040 0.0006 0.0230 0.0053 0.0040 0.0006 0.0216 

 Large ruminants 

3 %  0.0243 0.0507 0.0212 0.0277 0.0234 0.0522 0.0203 0.0262 

 Rice 

10%  0.0639 0.0448 0.0578 0.0283 0.0606 0.0436 0.0556 0.0261 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 
 

 

A 10% decrease in all households’ land availability and a 10% increase in 

commodity “world price” increase 

 

The combination of these policies entails a compensation for all households for 

large ruminants and natural resource commodities (Table 6.19). 
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Table 6. 19: Welfare measures for a decrease in all households’ land 
availability and an increase in commodity “world prices”  

Compensating Variation Equivalent Variation  
change  AGP Farmers SP TP AGP Farmers SP TP 

 Natural resource and food processing items 

10%  0.5456 0.3209 0.0646 0.0397 0.4895 0.3020 0.0555 0.0361 

 Large ruminants 

6%  0.0797 0.0751 0.0354 0.0276 0.0773 0.0775 0.0337 0.0261 

AGP: Agro-pastoralists; SP: Sedentary pastoralists; TP; Transhumant pastoralists 

 
 
6.4. Equality impact of policies 
 

Each policy is likely to have income distribution impact over household groups. 

In other words, the question is to know whether the policy tends to reinforce 

income concentration—thus aggravating income inequality—in favor of a 

particular group or a better income distribution over all households. Table 6.20 

presents Gini coefficients65 for selected policy simulations. As it can be seen, 

very low Gini coefficients (< 0.1) are associated with the policies, meaning that 

they could be implemented with no expected inequality effects on income. 

 
Table 6. 20: Gini coefficients for a 10% change in selected variables 

AGP Farmers SP TP 
Gini 
coefficient Variables 

Incomes for a 10% increase (millions FCFA)  
Family Labor  0.9227 0.6064 0.4090 0.3022 0.07 

Income 0.9510 0.6225 0.4253 0.3132 0.08 

Millet price  0.8645 0.5659 0.3867 0.2848 0.06 

NR price increase 0.8740 0.5695 0.3884 0.2852 0.06 

Large ruminants Price  0.9096 0.5942 0.4071 0.2874 0.07 

Millet price and  labor  0.9553 0.5983 0.4760 0.2855 0.08 

Rice price and labor  0.9757 0.6263 0.4599 0.296 0.08 

 
Incomes for a 10% decrease (millions FCFA) 

 

Millet price  0.8645 0.5659 0.3867 0.2848 0.06 

Land for  Transhumants 0.8645 0.5659 0.3867 0.3361 0.06 

Land for  all households 0.5001 0.7562 0.3261 0.3361 0.03 

Transaction Costs  0.8645 0.5659 0.3867 0.2464 0.07 

Family Labor 0.8064 0.5255 0.3643 0.2674 0.05 

AGP=Agro-pastoralists ; SP=Sedentary pastoralists ;TP= Transhumant pastoralists 

                                                 
65

 Gini coefficients range from 0 to 1, 0 meaning perfect equality in income distribution, 1 

perfect inequality, 0-0.30 a mild inequality while over 0.40 coefficients reflect a severe 

inequality. 
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In chapter 4 it appeared that (i) livestock activities (small and large ruminants) 

benefit more from an exogenous money injection in the economy than cropping 

ones; (ii) the agro-pastoralists group is the best “gate” for interventions in terms 

of direct effects that is, an exogenous income transfer to agro-pastoralists 

induces not only the largest direct effect on the income of this group but also for 

the other three groups. However, in terms of the over-all (closed and open-loop) 

effects, the transhumants convey better effects of any income policy and are 

more reactive in terms of commodity consumption.  

Although possible conflicts could be developed through policy implementation, 

chapter 6 reveals that this does not raise any equity issue. A thorough 

discussion of the policy relevance of the simulation results in this chapter 

follows in chapter 8. 
 
 

6.5 Discussion & Conclusions 
 

We reviewed in this chapter different policy instruments, their implications for 

changes in the income distribution between rural households and the potential 

conflictive nature of emerging claim on the natural resource base. The following 

main conclusions can be drawn: 

• changes in (family) labour availability – due to migration or absorption in 

public works – have strong price effects and income effects that are 

unevenly distributed amongst social groups, with largest effects for 

farming households and smallest for pastoralists, thus enhancing the 

likelihood of social conflicts; 

• changes in land availability (or land redistribution) lead to large shifts in 

activity patterns amongst social groups, and are particularly effective for 

repositioning the transhumant pastoralist group; 

• changes in transaction costs (due to public investments in infrastructure) 

are benefiting most to pastoralists, due to their larger engagement in 

commodity exchange; 

• price policies (of tradables) are largely effective for those households 

involved in market transactions, either as a seller or a buyer (e.g. changes 

in ruminant prices are biased towards transhumant pastoralists, changes in 

processed food prices influence most agro-pastoralists, etc.). 

 

Given the trade-offs between different policy instruments in terms of welfare 

and equity, also some combined policy simulations are presented. 

Complementarities between price and input policies are confirmed, particularly 

for agro-pastoralist and farming households (in the policies for land + food 

prices) and for transhumant pastoralist (in policies focussing on labour + cattle 

prices).  
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Although the commune level CGE model sheds light on the nature of the 

changes in resource allocation amongst different groups, their activity level 

choice and subsequently on incomes and on potential conflicts over those 

resources, one should be wary about the absolute levels of the model results. 

The basic simplifying assumptions of the CGE framework indicate amongst 

others that we are not taking into account possible regime shift changes in terms 

of technology packages and factor packages, nor major shifts in cropping 

patterns and livestock strategies. Moreover our production functions are only 

well defined over small intervals. Nevertheless, the analysis indicates the 

direction and magnitude of potential relevant changes.  

In summary, we can conclude that factor and output price policies have clear 

effects on commune-level income distribution (see Table 6.20). This implies that 

some policy packages could reduce local conflicts (e.g. land redistribution, 

labour transfers, transaction costs reduction), whereas other policies are likely to 

enhance local conflicts (e.g. food price increase, output price decrease).  
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7.1. Introduction 
 

The analysis of the policies in chapter 6 cannot be closed if we do not examine 

the conditions under which they are supposed to be implemented. A policy 

intervention might work, or fail to work, depending on the underlying contextual 

factors, mechanisms and processes. Beyond the political will it appears relevant 

to see how the institutional context shapes the policy implementation. In our 

case study namely in Mali, examining the local context of conflicts among 

stakeholders as well as the broader decentralization process at the national level 

is crucial to assess the policy implementation. 

In this chapter, we firstly discuss the conflict cycle in the Sahel in general before 

focusing on the specific case of the study area. We analyze the conflicts context 

and implications and sketch how they are managed: customary rules and modern 

laws are discussed since they determine the institutional setting of the 

decentralization process, which intends to facilitate local government and 

promote development. 

Secondly, we examine theoretical issues on decentralization (its meaning and 

motivations); then its enabling conditions are examined in terms of people’s 

participation (types, shapes, approaches, different experiences); people’s 

participation is needed to sustain the decentralization process which in turn is 

expected to contribute to a resource management through negotiation and 

consensus building. Democratic local governance (DLG) as an institution to 

promote local participation is examined. Finally, the particular decentralization 

experience of Mali is scrutinized in order to draw lessons; encountered 

difficulties relative to the duality in rules (customary versus modern) for the 

natural resource management, organization, lack of resources (financial and 

human) are pointed out along with perspectives offered by the experience. 

 

 

7.2. The Conflict Cycle in the Sahel66: context, scale and management 
 

The occurrence of conflicts is driven by a set of causes sequenced in a 

deterministic order; the resulting cycle is often a spiral in the sense that some 

causes may speed up (frequency) or worsen (severity) the conflicts.  

In this section, we describe the conflict cycle, which is a framework illustrating 

the relations between natural resource and conflict management. The main inter-

acting components of the context that may explain or determine conflicts are 

highlighted. The role of civil society in natural resource and conflict 

management will be given special attention. Conflicts characteristics, typology 

                                                 
66 This section substantially draws from a previous co-authored paper, Moore et al. (1999).  
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and occurrence are reviewed. Conflict management prevailing in our study is 

lastly analyzed. 

 

7.2.1. Context of conflicts and their implications 
Although similar in Sahelian countries, conflicts are rather frequent and more 

severe in the Niger River delta of Mali. Conflicts and the management of natural 

resources are strongly related (Figure 7.1). Usually, the management of natural 

resources takes place within a framework established and maintained by civil 
society which refers to the interacting social, cultural and economic institutions 

and the rules that guide them within a defined region67. Civil society in this 

instance is therefore equivalent to the concept of “lifescape”. It includes the mix 

of social organizations, ethnic groups, extended families, gender, NGOs as well 

as norms and values, tradition, market behavior and other driving forces; it 

however excludes the government (Moore et al op. cit., 1999). See Box 7.1 for 

an example of a pastoralists’ union as a potential constituency of civil society. 

Presently at multiple levels (national, regional, village…), civil society includes 

different types of social units or actors at each level. In West Africa, major 

components of civil society are the natural resource user groups (agricultural, 

pastoral, agro-pastoral groups); they may combine both agriculture and pastoral 

elements into their production system due to degrading production conditions. 

Their decisions are based on incentives generated by civil society views and 

related to market price signals, cultural constraints, gender participation which 

largely determine their strategies vis-à-vis the natural resource use. On the other 

hand, the natural resource user groups act upon the natural resource-base (the 

landscape), which happens to be very constraining in the Sahel (poor soil and 

declining forest resources, climate).  

Their natural resource management strategies include short-term production 

strategies and long-term investment strategies that in turn impact directly on the 

natural resource-base. 

Such strategies result from user groups’ interpretations of the incentives filtered 

through the civil society and from the perceived risk and uncertainty associated 

with assessments of potential gains and losses. Historically, there were many 

different survival strategies; production systems (both agricultural and pastoral) 

were sustainable because they were very flexible and had a great capacity of 

adaptation to changing circumstances. Any conditions limiting the number and 

the flexibility of such survival strategies tend to reduce the long-term 

sustainability of the Sahelian production systems. As a consequence, the civil 

society will either be transformed or just reproduced. 

 

                                                 
67 For Hansen (1996), civil society is rather “an organizational activity between the individual 

(or the family) and the state. Its democratic role is to advocate for constituents, to act as 

watchdog over the state, and to support political competition generally”. See Chapter 3 of 

Hansen (1996) for a discussion on the definition and the role of Civil Society. 
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Source : Moore et al. (1999) 

 
Figure 7.1: The conflict cycle 
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Box 7.1: Pastoralists’ union  

Feeling themselves abandoned by the government, pastoralists try to create 
a union in order to stand and resist: 
We noticed that most projects are agricultural; they have no component specific 

to livestock, although livestock is a large part of the economy. We are trying to 

create a strong union (Syndicat des Eleveurs) to defend our interests. Not a dead 

association, but a strong union, declared an interviewee, a high-ranked civil 

servant in Mopti, who possesses a large herd of cattle, as many of his colleagues 

in Mali. 

 Their feeling can be explained by the agriculture-livestock integration policy 

conducted some decades ago, by governments and NGOs in most sahelian 

countries. This policy tried to sedentarize pastoralists, which was usually 

interpreted as not only a lack of support to pastoralism, but, most importantly, a 

willingness to suppress it. Historically, many reasons have been given for the 

sedentarization of nomads: ease of control, of taxation, of infrastructure 

development, and disease control.  Nomads are seen as an ecological and an 

economic liability and militarily dangerous (ungovernable and uncooperative).  

The sedentarization of nomads is seen to improve both tax collection and use of 

infrastructure (marketing channels, veterinary posts, waters points; Gefu, 1989).  

Nomadic pastoralists are seen as wasteful, unproductive, self-destructive, and 

incompatible with modern agriculture (Awogbade, 1989). Furthermore, the 

pastoral way of life is viewed as conflicting or as incompatible with the standard 

of civilized behavior, manners, and values (Asenso-Okyere, 1997).   

 

Natural resource management and conflicts are linked by food insecurity and 

poverty as a consequence; poverty is often considered as the cause of conflict in 

the Sahel. It may be a contributing factor that exacerbates existing cleavages in 

civil society (class, caste…). Population pressure, misguided policies, 

drought/climate change (Figure 7.1.) are primary factors leading to increasing 

poverty and food insecurity. The conflicts always occur over natural resource 

(water, farming land, pasture land) and involve some issues about control or 

access (see Box 2.1 in Chapter 2 and Box 7.2 for examples in the case of the 

study region). 

The above description of the conflict context clearly shows that in the Sahel, 

frequent conditions trigger conflicts and sometimes confrontation between 

stakeholders. However, the most harmful side of the story is not the conflicts 

themselves, but rather how they are controlled. Conflicts are not bad per se; all is 

in how they are controlled. Poorly controlled, conflicts can lead to degradation 

of the environment and violent confrontation. Conversely, well-controlled, they 

may help the society evolve and develop. In the past, traditional user groups 

played a major role in the management of conflicts. The recent transition from 

pure farming or pastoralism to a mix-entreprise (agro-pastoralism or sedentary 
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pastoralism) is the result of conflicts and is deemed to be positive in the 

perspective of a better integration of agriculture and livestock. 

Unfortunately, the introduction of ‘modern’ tenure regimes led to the 

juxtaposition of two land tenure regimes which make conflict management 

strategies less effective and which are, on top of all, responsible for additional 

constraints on the user groups and their production management strategies. 

Furthermore, this duality of tenure regimes reduces the range and the flexibility 

of the user groups’ alternative strategies and therefore the sustainability of their 

production systems. 

No matter how conflicts are managed, the result will have a negative or positive 

impact on civil society at lower (producer’s level) or upper levels (NGOs and 

associations levels); the natural resource management will tend to keep or to 

change the context that triggers the conflicts (Figure 7.1) through a reduction or 

an exacerbation of the causes making later conflicts more or less severe. 

 

 

Box 7.2: Herders’ complaint 
 

“You know, pastoralists have a different vision of the space. That’s why they 

keep moving their herds from one place to the other and why Fulanis are spread 

all over West Africa. There is now a hardening of the boundaries between 

cropping and pasture lands which tends to exclude us. 

Some decades ago, there used to be a lot of pasture lands in this region. Now, 

you have fields everywhere, particularly on the bottom-lands or along the 

rivers; and farmers do not want pastoralists to take animals close to their fields, 

sometimes even after the harvest. Where do they want the pastoralists to take 

their livestock then? To the sky?” 

 
Source: Interview with a Fulani from Nerekoro by the author. 

 

 

7.2.2. The conflict scale 
Conflicts generally occur where activities are conducted; they can be transmitted 

from one scale (for example a household) to another (a village) (see Figure 7.2).  

Often contesting claims in the Niger Delta are linked to traditional relations 

between Fulani and their ancient slaves (Rimaïbés). 

Natural resource management-related conflicts are site-specific; in the first 

instance, they may begin between individual producers over land (plot).The 

distinct units (individuals, households, villages, communes...) are attached to 

social units above and below them, through various ties (ethnic, producer 

organizations, brotherhood, political parties,…).  
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Source: Moore et al. (1999) 

 

Figure 7.2: The conflict scale 
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The social organizations “provide the ‘hard wire’ conduits for articulating 

conflict and other information” (Moore et al. op. cit. 1999). Conflicts at lower 

levels generally reinforce antagonistic dichotomies at higher levels and may 

escalate, and vice versa. The dynamics and information flows between and 

among levels are the main vectors of conflict escalating and should be well 

understood in order to know how conflict scaling occurs and how to prevent or 

better managed conflicts at all levels. 

 

7.2.3. Conflicts Management in the Niger River Delta of Mali: multiple 
systems of regulations 

As stated by Shipton (1994, p. 347), “nothing excites deeper passions or gives 

rise to more bloodshed than do disagreements about territory, boundaries or 

access to land resources”. Customary property and tenure regimes regulate the 

use of natural resources that happened to be highly variable and scarce. They 

must serve to prevent chaos, contribute to avoid/resolve conflict or to decrease 

occurrence of conflicts. At the heart of the perennial nature of most of these 

conflicts is the lack of a single accepted authority for the resolution of natural 

resource rights and, consequently, tenure security in the management of natural 

resources (Touré, 1997; Maiga et al. op. cit., 1996; Lo et al., 1996; Ngaido, 

1996). 

Historically, the Niger delta region was occupied by successive professional 

groups of different tribes such as Somono, Marka, Fulanis, Bamana and 

Toucouleur (Kassibo, 1994): first by fishermen and hunters and later by farmers 

and pastoralists. It is recalled that this was favored by the declining level of 

water in the rivers and the appearance of cropping/grazing lands over centuries 

(Gallais, 1967). This process continued for many years: the villagers indicated 

during the PLLA that rivers get less and less water and even dry up some years 

(SANREM, 1999). 

During its occupation period each group developed its own set of laws regarding 

the management of the natural resources. The most famous is the Dina, set up in 

1818 by the theocratic (Islamic) empire of Macina representing the dominance 

of the Fulani on the region. This law ruled out by Sékou Amadou strongly 

influenced the land tenure as well as the management of natural resources in the 

delta. Property rights were well-defined and enforced for different users such as 

pastoralists, farmers, and fishermen in the sense of the survival of the whole 

empire but in favor of the dominant (Fulani) group (Kassibo, 1994, op. cit.).  

Later on, Biton Coulibaly, king of Ségou, took power and Bamanan people 

occupied the delta; this occupation was rather military and did not lead to the set 

up of any kind of political institutions. It rather stimulated trade and exchanges. 

French colonization started with new economic rules and laws; Mali as a 

modern, sovereign and independent state denied the traditional system of natural 

resource management based on family property rights: regulating property rights 

are gathered in the so-called Code Domanial et Foncier (CDF) since 1986.This 



 

 156 

CDF draws very little on the customary (Islamic) rules and institutions and 

states that “all pastures, transhumance corridors and animal water points are 

properties of the State”. However the Dina rule (1818-62) is still in people’s 

mind.  This led to the double and ambiguous system of regulation: a traditional 

rule (religious or not) vs. modern laws existing in the delta region, which creates 

more frequent and/or exacerbated conflicts. Swallow and Bromley (1991) 

conceive that a key dimension of the institutional crisis affecting management of 

rangelands in Africa is “the lack of compatibility between formal law and 

institutions largely transplanted from outside and embedded in post-

independence state culture, and customary law and institutions embedded in 

local custom shaped through history”.   

Customary rules are often used to resolve conflicts. Modern laws, supposed to 

be enforced by civil servants, seem to be inefficient and create frustration on 

both conflicting sides (Daget, 1994). Vedeld (1998 op. cit.) refers to empirical 

studies on natural resources by pastoral user groups which indicate that major 

threats to efficient and sustainable property rights regimes often arise from 

external rather than from  internal factors. 

External factors are understood to be for instance, inappropriate state laws and 

interventions, market failures due to the absence of some specific markets... 

Many conflicts happened to be either unresolved or unsatisfactorily resolved 

since both parties never reach a consensus but have to comply with the judge’s 

decision, generally based on the modern law sometimes conflicting with 

customary rationale (see Chapter 1 for comparable cases of conflicts in West 

Africa). 

This is so since the disputants themselves do not understand or do not adhere to 

the modern rationale and subsequently do not feel accountable for the execution 

of the modern judge’s decision. When the law is not explicitly followed, it is due 

to the lack of understanding of the texts and a poor interpretation by illiterate 

local officials. For example, traditional land allocation practices still dominate. 

A household or a compound head that requires additional land will turn to a 

neighboring household head to borrow it.  If, after some years or in the next 

generation, conflicting claims arise, village elders or the village head may 

arbitrate. It is only when village authorities cannot resolve that a dispute 

proceeds to the Rural Council68, and perhaps to the Sous-Préfet. Even in these 

cases, resolution of the problem is dependent on the specific circumstances of 

the case as much as on the technical requirements of the law. Vedeld (1998) 

describes the confusion in which state officials and judges interpret access and 

use rights: “they unilaterally decide to use either the rights of the last conquer 

(Jowro) or founder (Fulani villages), the long-term occupancy rule (Bozo agro-

fishermen) or rights of “all Malians” (supporting the entry of influential 

                                                 
68 It is in charge of solving conflicts internally to the village or encourages disputants to come 

to an arrangement; a failure at that stage them to the sous-préfet. 
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outsiders”. The existence of such legal duality (state law versus village law) and 

ambiguity is the main reason of the regulation system failure. 

Such a failure is also noticed in the relatively frequent cases of crop damages 

caused by animals. Financial damage compensation is generally determined by 

the modern officials always contested by one of the litigants since there is no 

pre-existing guide to the level of the amounts of financial compensation (key 

informants). Bribery is then exerted on modern officials who often decide 

against facts, aggravating the feeling of the incapacity of modern laws to deal 

with conflict resolution and the tendency of local population to keep away from 

the modern legislation supposed to resolve conflicts. They are thus closer to 

their traditional regulatory system, which implicitly justify the transfer of local 

conflict resolution system to local institutions.  Many observers also stress that 

in Africa, rangeland tenure issues are better dealt with “through negotiation, 

adjudication and political manoeuvre…if rights to land are defined through on-

going, open-ended debate over authority and obligation as well as rules and 

practices, the security of farmers’ and pastoralist’s rights depends on the terms 

in which they participate in such debates and in the domestic, judicial and 

bureaucratic arenas in which they occur.”(Berry, 1994, p.11).  

The current picture does not facilitate the implementation of policies relative to 

natural resources; actors’ participation is thus critical to tenure issues, natural 

resource management and certainly to the overall development process. 

Therefore, the democratization/decentralization processs currently developed by 

most countries intends to more significant participation of local people in order 

to more efficiently address development issues at the local level. 

 

 

7.3. Decentralization: a backbone to Democratization and local 
development 

 

7.3.1. Definitions 
Ribot (2002b) defines decentralization as ‘any act in which a central 

government cedes powers to actors and institutions at lower levels in a political-

administrative and territorial hierarchy’ (p.2). It comprises some subtle aspects 

such as political or democratic decentralization, administrative decentralization 

(deconcentration) and privatization. For him, “political or democratic 

decentralization occurs when powers and resources are transferred to 

authorities representative of and downwardly accountable to local populations. 

It aims to increase popular participation in local decision-making. It is an 

institutionalized form of the participatory approach. This is considered as the 

“strong” form of decentralization- the form that theoretically provides the 

greatest benefits” (pp 2-3). 

On the other hand, deconcentration or administrative decentralization “involves 

the transfer of power to local branches of the central state, such as prefects, 
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administrators, or local technical line-ministry agents. These upwardly 

accountable bodies are local administrative extensions of the central state. They 

may have some downward accountability built into their functions, but their 

primary responsibility is to central government. Deconcentration is a “weak” 

form of decentralization because the downward accountability from which many 

benefits are expected is not as well established as in democratic or political 

decentralization”. 

However, he points out that privatization is not a form of decentralization, 

although often carried out in the name of it; rather, it “is the transfer of powers 

to any non-state entity, including individuals, corporations, NGOs, etc. It 

operates on an exclusive logic, rather than on the inclusive public logic of 

decentralization” (pp.2-3). See Prudhomme (2003) for the economic aspects of 

decentralization. 

 

7.3.2. Motivations for democratic decentralization 
Democratic decentralization is sought because of its assumed ability to “   

increase the efficiency and equity of development activities and service delivery 

and to promote local participation and democracy” (Ribot, 2002a). It is 

assumed to be a precondition for efficient rural poverty reduction and for 

development. The traditional centrally-located and top-down bureaucracy is an 

enormous inefficient means of allocating generally scarce resources within the 

society. Mali is particularly in need of such a reform, given its large area (over 

one million of Km sq.) to cover administratively and long distances69. Bringing 

the government closer to the governed from both spatial and institutional points 

of view can increase governmental responsiveness, overall efficiency in 

development actions and more effective governance, likely to reach the poor 

residing outside economic channels (see Manor, 1999; Crook and Manor, 1998; 

Blair, 2000 for details). 

Smoke (2003) found that decentralization contributes to improve equity through 

a more ‘equitable distribution of public resources and target poverty within 

adequate jurisdictions’. 

Citizens and local institutions need to occupy spaces created by the rolling back 

of the state and enter into new partnerships. Decentralization aims at promoting 

such new entities and opportunities at the local level and at sustaining this 

process.  But, since citizens and local institutions need to occupy empty spaces, 

participation is particularly crucial to let them move towards local development. 
 

7.3.3. Participation: types and shapes 
If participation is necessary to democratic decentralisation, it is still relevant to 

know what participation is and how it takes place on the ground. 

                                                 
69 The distance between Bamako the capital and Gao for example is about 1,300 km. 
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More and more funding agents require that development projects be 

participatory, that is, the target population should be involved at all stages of the 

project cycle. To meet such a requirement different definitions, understandings 

and approaches prevail on the project implementation ground. From alibi-

participation to acceptable (full) participation, a large range of types are often 

present with diverse ingredients to their respective meaning. 

Nelson et al.(1995) state that participation is often understood “as a means to 

accomplish the aims of a project more efficiently, effectively or cheaply as 

opposed to participation as an end where the community or group sets up a 

process to control its own development” (p.1). They indicate that participation is 

a “warmly persuasive word” and its procedures greatly differ from project to 

project. For them, participation means “the involvement of people in public 

decision-making”, but for many others, participation has become “the 

dominating ideology in contemporary thinking in both non-governmental and 

governmental/inter-governmental agencies” (Cernea, 1985; Poulton et al. 1988; 

Oakley et al. 1991). Participation is a “multi-dimensional concept meaning 

different things to different people” (Cohen and Uphoff, 1980; Oakley et al. 

1984). 

The World Bank (1994) gives more importance to participation processes 

involving the poor who are given the status of primary stakeholders. In this case 

participation means their active, not passive, involvement which should be 

source of transformation in the community. 

Lane (1995) questions the type of participation in relation with the stages of a 

given project. For him, “participation at the construction and implementation 

stages of a project is very common and equates with co-operation and 

incorporation into predetermined activities”; he concludes that “participation 

should include involvement in decision-making, in implementation and 

maintenance, in benefits and in evaluation of both successes and failures” 

(p.182). For Idé (2004) participation means “take a part of” and may be 

‘passive’ (where the so-called participating people don’t make any decision) or 

‘active’ (where people contribute to decision-making and have some 

responsibilities). Five types of participation are then distinguished: de facto 

participation where people take part in the framework of their own traditions, 

voluntary participation (where people voluntarily adhere in order to meet some 

of their needs), spontaneous participation (voluntary but with relatively transient 

groups), provoked participation (with groups created with the help of outside 

development project agents) and imposed participation (with groups created 

from outside and dictated norms). In a similar vein, Pretty (1993) found six 

stages portraying increasing participation, from passive participation to auto-

mobilization (Table 7.1). Participation is most effective and desirable at the 

critical stages identified by Paul (1987): information sharing, consultation, 

decision-making and initiating action (highest participation intensity). Some 
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studies on views on participation in Africa revealed that participation in 

monitoring and evaluation still fails to exist in the process (Guijt, 1991).  

Despite the variety of meanings and shapes given to it, participation has been 

sought and tried in many countries over decades with more or less success, 

depending on the approaches and methodologies.  

 

Table 7.1: Types of participation 
Stage (type) of 
participation 

 How participation is performed 

 Passive participation  People are just informed of project activities 

Informative participation  People are solicited to answer questions  

Consultative  participation People are consulted but their opinions are 

not necessarily accounted for 

Functional participation People participate given predetermined 

objectives 

Iterative participation People participate in the analysis of their 

situation with the project technicians 

Auto-mobilization 

 

People fully participate by initiating projects 

according to their needs with the technician 

assistance; they supervise the 

implementation of the associated activities 
 

Source: Pretty, 1993    Shows the increasing quality of participation. 

 

7.3.3.1. Approaches to yield participation  

Experience from projects and NGOs 

In order to yield participation, many approaches have been developed; they 

largely vary from one project/NGO to another and do seldom have a holistic 

perspective; they rather tend to address sectoral aspects of the community 

livelihoods. Initial projects emphasize either one segment of the community 

(farmers or pastoralists), a geographical area (village, district, terroir, region…), 

gender (women) or a specific resource/activity (soil, forests, credit, 

alphabetisation…). 

Although set up in a systematic way or implemented in a programmatic 

framework, most interventions failed to increase agricultural or livestock 

production and even resulted in a higher rate of depletion of the natural 

resources. The reason for such bad results is the weak involvement of local 

population in the conception, design, implementation, and evaluation of these 

interventions that were seen as exogenous to the local communities.  Such 

failures called for new community-based approaches such as “Gestion de 
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Terroir” and the development of pastoral organizations in the Sahelian 

countries. 

Gestion de Terroir is a multi-sector and global strategy aiming to establish new 

socio-economic and ecological equilibria in order to achieve food 

self-sufficiency and to preserve/regenerate the productive potential of natural 

resources (Lowenberg-DeBoer et al., 1994). The Gestion de terroir approach 

involves the local people in planning for natural resources use and gives them 

full responsibility for NRM within the limits of their terroir. All resource users 

in the terroir should be included in the management unit (e.g., villages, 

communities and gender groups). 

This approach was developed since the early 80s and is implemented in some 

Sahelian countries like Burkina Faso and Senegal.  In Burkina Faso, the 

Programme National de Gestion des Terroirs (PNGT), financed by the World 

Bank, has been conducted for a decade in regions of the country where natural 

resource management is viewed as critical.  In Senegal, the USAID-sponsored 

Community-Based Natural Resource Management (CBNRM) Project also works 

with a similar approach but at a higher level (multi-village level, the 

Communauté Rurale).  Many NGOs have also been conducting this approach in 

other countries.  Despite this, many problems have been noted: (a) lack of basic 

research-based data that could help projects or NGOs in the approach 

implementation; (b) the terroir geographic limits are generally not clear; and (c) 

the agricultural area has nearly always been the unit of analysis at the expense of 

livestock (Lowenberg-DeBoer et. al., 1994) and it is not clear that this approach 

benefited pastoral communities whose economic activities extend well beyond 

the limits of a village (Benjaminson, 1997). 

In conclusion, participation as a process did not perform optimally in most cases 

in Africa because of approach and methodological pitfalls and/or 

misunderstandings on the concept. Some people are pessimistic about it; 

“…participation in rural development programs is more myth than reality” 

(Cernea, 1985, p.10). This feeling is explained (at least partly) by an 

insufficient, incomplete and ineffective participation: rural people participate at 

some stages of the projects (implementation) but do not at some others 

(initiating, monitoring and evaluation). This is often due to an asymmetric 

perception of priorities (Hussein, 1995): some projects/ONGs end up with an 

imposition of their activities to rural people. Projects/NGOs influencing through 

their leadership priority identification are likely to ignore future participation. 

Something is probably missing in order to set up a better dialogue between 

projects/NGOs and the communities for a greater participation. Freire (1972) 

claims that “conscientization of the masses by outsiders is essential to awaken 

beneficiaries out of the ‘culture of silence’ brought by their circumstances of 

under-development”. The knowledge (information) as a significant asset in the 

process of learning and decision-making for (full) participation is advocated. 
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Need for real participation 

After the semi-failure in the previous approaches described above, Agrawal et 

al. (1999) find that participation could perform better if appropriate institutions 

exist i.e. a political will should exist as well (Agrawal et al. 1999).  

Obviously, the role of community is essential “to bring about decentralization, 

meaningful participation, cultural autonomy and conservation” (Chambers and 

McBeth, 1992, Chitere, 1992, Etzioni, 1996). In order to manage conflicts over 

natural resources, and beyond the political commitment, methodological 

approaches need to be developed to set up ‘participatory units’ (institutions) at 

the local (commune) level and have them play their role. The limits of the State 

in natural resource conservation are generally recognized while popular 

participation is perceived as a viable alternative to manage natural resource in a 

sustainable manner. Vedeld (1998) finds “that instead of legislatively dictating 

detailed property rights to pastoral or agricultural resources, the procedural 

law could specify an enabling framework within which the concerned parties 

could legitimately put forward their claims to a certain resource. This 

institutional framework would be embedded in the local culture and customary 

law.” Requier-Desjardins (1998) finds that such a framework could rather 

facilitate negotiations between stakeholders.  

Three important aspects of community are noticed by Agrawal et al. op.cit. 

(1999) that can play crucial role in natural resource management: the 

community should be a small spatial unit, have a homogenous social structure 

and shared norms.  

Many studies related to the commons have highlighted the important time and 

place-specific knowledge that local community possess and their ability to 

achieve successful local level of resource management through institutional 

arrangements (Bromley, 1992, McKean, 1992, Peters, 1994, Wade, 1987). 

It is likely that local communities use natural resources destructively if they are 

not properly involved in the management of these resources (Western et al. 

1994). However, this advocacy of community as a masterpiece of a sustainable 

natural resource management ignores critical problems within and between 

groups’ interests that can ultimately undermine the role of community in the 

natural management. The primacy of the above three characteristics of the 

community i.e. size, space and norms, poses some problems since communities 

seldom adequately manage common properties (The Tragedy of the Commons). 

Juul (2001) finds, based on her experience in a borehole management case in the 

Naoré (Senegal), that such communities “become politicised”, remain 

“contingent and indeterminate”; “tactics and strategies are needed rather than 

mere rules of the game” (p.72). 
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Conversely, the institutions70 advocated by Agrawal et al. (1999) are supposed 

to “promote stability of expectations ex ante and consistency in actions, ex 

post”. Bates (1989) and North (1990) deem that without such institutions, social 

interactions could be impossible. In other words, the political approach through 

institutions focussing on the multiple interests and actors and how those actors 

influence decision-making can be perceived as a version of decentralization 

process, with the communes71 standing for the so-called institutions likely ‘to 

implement agreed upon rules resulting from negotiations’ (Agrawal et al. op. 

cit.). They therefore seem to be the most promising conflict management 

frameworks at the local level. 

Following this, in most developing countries, decentralization has implied the 

emergence of a variety of new institutions through Democratic Local 

Governance (DLG). 

 

 

7.4. Democratic Local Governance (DLG) as a political institution to 
promote participation 

 

Democratic Local Governance (DGL) means that government at the local level 

is more responsive to citizen needs and more effective in service delivery. 

However, for this approach to lead to people’s participation for local 

development, some enabling conditions are the following: 

 
A strong central State capacity: decentralization as a process is supposed to be 

conducted by the central government. Depriving the central government of 

funds and staff-as it has been the case of the structural adjustment programs--

may be harmful to successful local reforms. Moreover, a strong central 

government is needed for setting national priorities and standards, establishing 

poverty-reduction strategies and assuring compliance with national laws and 

supporting a variety of local efforts with finance and technical services (Ribot, 

2002 a). 

 
A well-defined civil society72 seen as “an intermediate realm situated between 

State and household, populated by organized groups or associations which are 

separate from the State, enjoy some autonomy in relations with the State and are 

formed voluntarily by members of society, to protect or extend their interests, 

                                                 
70

  Agrawal et al. (1999, op.cit.) define institutions « as sets of formal and informal rules and 

norms that shape interactions of humans with others and nature » p.637. For Luckham et al. 

(2000), they are “socially constructed sets of arrangements routinely exercised and 

accepted”. Such arrangements range from customary rules or organizations to modern laws. 
71

  Also called rural communes or local collectivities. 
72 This definition is preferred because it is less problematic and easier to use than both its 

political and sociological concepts presented by Manor, 1999. 
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values or identities” (Manor, 1999). The roles and activities of the civil society 

widely vary and include (i) the mobilization of social actors to increase their 

consciousness and impact; (ii) the regulation and monitoring of State 

performance and the behaviour and the action of public officials and (iii) 

developmental or social actions to improve the well-being of their own or other 

constituencies (Manor, 1999, op. cit.). Civil society is thus essential to DLG 

process, acting as a watchdog over the State. 

 
An organized political force such as political parties: “Opposition political 

parties make for a powerful engine for enforcing accountability. The party in 

power all too often has strong incentives to evade accountability but opposition 

parties have their own incentives to uncover wrongdoing at city hall and 

publicly hound incumbents for their misdeeds” (Blair, 2000, p.28). Opposition 

parties therefore play a crucial role for keeping the government-due to 

accountability- in a position of rectitude which contributes to promote good 

governance. 

In the process, effective decentralization should be conducted “by local 

authorities empowered with discretionary decisions over resources that are 

relevant to local-people”. Such discretionary powers should allow them “to 

adapt, act and react effectively” (Ribot, 2002 b). However, selected institutions 

should represent and be accountable to the populations for whom they are 

making decisions. Most of the time, they are neither representative nor 

accountable. Non-representative they are, since the central authorities keep some 

control over local institutions. In the same time, they are not accountable to the 

local populations, since in the best cases, local authorities are elected from a list 

of the party and thus rather accountable to it, instead. 

 Since the degree of effective empowerment has an impact on the distribution of 

DLG benefits (elites steering most benefits to themselves), the World Bank 

developed the Community-Driven Development (CDD) approach which aims at 

providing full empowerment to local communities and governments. It is based 

on five pillars that are (i) empowerment of communities by providing them with 

fungible resources, (ii) empowerment of local governments, (iii) re-alignment of 

central ministries and service delivery, (iv) accountability and (v) learning-by-

doing (capacity building) (World Bank,2004). 

The CDD approach and decentralization can thus have an important mutually 

reinforcing tendency since successful decentralization requires some degree of 

local participation while the decentralization process itself can enhance 

opportunities for local participation. The World Bank reports that capacity 

building and resource devolution to local communities in the form of 

development projects “have contributed to laying foundations for more effective 

and rapid political devolution” in countries such as Cambodia, Malawi and 

Zambia. 
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Local collectivities can be created by law in the process of decentralization but 

they should initiate by themselves some dynamics within local communities so 

as they can address specific topics such as natural resource management. 

 

 

7.5. Decentralization in Mali: experience and lessons learned 
 

Mali is one of the poorest countries in the world; it has been experiencing 

democracy since 199273, after Traoré’s regime was thrown over on March 25, 

1991. Despite the relative calm after the pro-democracy agitation, a government 

of national unity called the Transitional Committee for the Salvation of the 

People was set up (military and representatives of political parties); after a 

national conference held in July-August 1991 and a constitutional conference, 

the first democracy elections were held on 1992. A rebellion, a regional 

movement by the Tuareg of northern Mali, started as an armed fighting due to a 

long disillusionment with the central government. For them, no significant 

development action has been taken in their region since the independence of the 

country; they thrived to separate from the southern Mali and ally with other 

Tuareg of Niger and Burkina Faso. This rebellion resisted the central 

government until 1996 but was brought to a close through negotiation and 

promises of administrative reforms (Smith, 2001). Bingen (1998) in ‘Cotton, 

Democracy and Development in Mali’ reports another demand for policy 

changes in cotton production and marketing, brought forth by the Syndicat de 

Producteurs de Coton et de Vivriers in the southern part of Mali and ultimately 

resulted in a request for democracy. Cotton farmers demanded and obtained 

from the government that more attention was paid to the role they play in the 

national economy and in Mali’s politics arena. This uprising of the cotton 

farmers to demand for more transparency and democracy in the cotton sector 

management, although expressing a want of changes, contrasts with the Tuareg 

rebellion which was an ethnical, regional, political and mostly importantly, 

armed movement. 

Whatever the origin of the uprising or the rebellion, the government understood 

the urging need to promote ‘developmental democracy’ that is democracy as a 

means rather than an end. This “democracy of the countryside” was welcome to 

shape out the democratization scheme. Promises of administrative reforms were 

then brought to reality in compliance with the Pacte National: on top of more 

democratization and transparency within the existing 19 communes, 684 new 

communes were created all over the whole country. The Madiama commune 

where the current study was conducted is one of those communes. 

 Definitely, the democratization process in Mali is due to the pro-democracy 

agitation and uprising; the need to satisfy the popular growing request for 
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 This is to contradict the common thought that there exists a positive relationship between 

democracy and economic development.  
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transparency and democracy was the main engine that led the government of 

Mali to speed up the decentralization process74 from 1999 with the creation of 

the new communes. This was the response to the uprising social climate in the 

country and to the population’s demand for democracy (Coulibaly, 2000, Jaap et 

al. 1998). 

Consequently, the governmental policy tends to promote farmers’ participation 

since the 90s: farmers are deemed to be actors capable of making decisions and 

responsible for their own development through the empowered communes. 

Musch (2001) finds that in this process, “farmers are not objects, target groups 

or even (simple) beneficiaries, but the main actors in development” (p.40). This 

creation of “communes” in Mali was a strong indicator of the governmental will 

to give more power to local communities, due to pro-democracy agitation, the 

Tuareg rebellion and the government’s own commitment to democracy.  

Democratisation/decentralisation as a political option in Mali aims at more 

population participation which has confusing meanings, diverse types and vague 

shapes on the ground. Definitely, democratic institutions should not be mixed up 

with democratic politics. Democratic institutions reflect the tendency to create 

formal institutions with no insurance that they will effectively work while 

democratic politics refers to the governmental will to promote democracy.  The 

spread of democratic institutions does not necessarily mean the spread of 

democratic politics (Luckham et al., 2000).The former are more formal and 

consist of creating institutions (for example communes that are not working due 

to lack of either resources- both human and financial- or of strong political will) 

while the latter reflects the commitment to set up a democratic real play.  

 
Lessons learned from decentralization in Mali 
Started in 1999, decentralization in Mali reveals to be a positive experience 

despite some pitfalls (Haut Conseil des Collectivités, 2006). Among positive 

points are: 

- The enrichment of public action;  

- A higher contribution to infrastructure building at the local level 

- The emergence of a new category of actors (élus locaux) ; 

- A more participative development planning. 

However, many pitfalls and difficulties have been noted in the decentralization 

process such as: 

- the inadequacy of the institutional framework : the absence of a 

concertation framework for the three levels75 of territorial collectivities 

and the low representation of villages, fractions and quarters in the 

communal council ; 
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 This is true compared to other countries in West Africa where the decentralization process 

is a bit behind. 
75

 The three levels of the decentralization architecture are the region, the circle and the 

commune.   
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- the weak involvement of the civil society in the management of the 

commune although accountability is crucial to the process; 

- the absence of a status for customary authorities which are still present : 

the duality of rules (customary vs. modern) particularly complicates 

conflict resolution and management; 

- Difficulties due to the country zoning in view of decentralisation: some 

cercles and regions have been erected without any consultation with the 

local populations. They revealed to be not appropriate enough for the 

decentralisation. Moreover, the zoning in 684 communes is not agreed 

upon by some villages who do not find any reason to be included in a 

given commune instead of being the head of their own commune. This 

deteriorates the socio-political environment and therefore hinders the 

good functioning of the involved communes; 

- weak contribution of governmental services due to lack of resources 

(human and financial). Although useful, decentralization rather seems to 

be more the decentralization of problems — through the empowerment of 

local authorities and more responsibility to population — than a full 

process which is able to ensure local development through opportunities. 

Insufficient support entails frustration for local authorities and population, 

and increases in the course of time, the risk of deception and deviation 

from the relevant and ambitious objectives of local development. In that 

sense, decentralization is not an opportunity for local development but 

may well be a risk; care should be exerted to ensure that such a risk be 

minimized in order not to jeopardize the whole process.  

The Haut Conseil des Collectivités (2006) has sorted out the above good 

experience and pitfalls in the Malian decentralization process. Although in a 

good track, this process lacks to fulfil the basic requirements of a community-

driven development which consists of : (i) the reinforcement of the community’s 

capacity so that people can fully and beneficially participate in the conception, 

the implementation and the monitoring of the community development projects ; 

(ii) the new role of the central government consisting of a its repositioning: less 

central government at the local level but more human capacity and financial 

resources transferred to the commune. The decentralization is not full yet since 

there are serious impediments in terms of human and financial resources; (iii) 

social accountability: it is a pity that the civil society is still weak, not strong 

enough to exert a monitoring on actions conducted by the communes in order to 

improve their performance by reducing corruption and ensuring that actions are 

oriented towards local development. 

Although not perfect yet, decentralization in Mali is a good experience that 

deserves to be improved by remedying the above pitfalls and difficulties. On the 

other hand it needs some deepening for more sustainability and success by 

including crucial dimensions of financial means and knowledge in particular. 

Since any action without knowledge is blind and bound to fail in the long run, it 
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is hoped that our study will contribute with some useful results to the Madiama 

commune.  
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CHAPTER 8: MAIN FINDINGS, POLICY 
IMPLICATIONS AND 
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8.1. Introduction 
 

This study should be viewed as a research contribution to the effort to address 

the issue of natural resource management in the perspective of poverty reduction 

in the presence of decentralization in progress in Mali. Climate change and 

human activities have led to the degradation of the natural resources while 

demographic pressure is getting higher; a social restructuring then took place 

(farmers having more and more livestock, traditional pastoralists farming more 

and more and unsuccessful fishermen becoming farmers while some pastoralists 

remain transhumants). Conflicts between stakeholders become therefore more 

frequent.  

On the other hand, decentralization is on-going in Mali and over 700 communes 

were created which are empowered for local development and natural resource 

management in particular. In this context, participation is obviously a necessary 

condition for success and knowledge is required for appropriate decision making 

and sustainable actions. 

This study aimed to identify (i) technologies and/or policies that are likely to 

change incomes for various groups and corresponding trade-offs between groups 

and (ii) the implications of the identified changes on natural resource use or 

abuse in the Madiama commune (Mopti region) representative of areas 

characterized by (i) demographic pressure, (ii) activity diversity (iii) natural 

resources endowment in a progressive degradation and (iv) recurrent conflicts 

over their use.  

Our hypothesis was that increasing incomes of the different groups through 

technical, policy or institutional changes is likely to improve natural resource 

management, which could in turn reduce conflict occurrence.  

A fieldwork was conducted in five of the ten villages of the Madiama commune 

and 120 households were interviewed. 

First, a Social Accounting Matrix is constructed for the Madiama commune in 

order to highlight linkages between stakeholders and secondly, a commune-level 

CGE model (with relevant farm-households) based on the SAM, is developed to 

study policies that could be helpful for decision-making by the newly 

empowered development unit i.e. the Madiama commune. 

This chapter highlights in the first place the strengths and weaknesses of the 

approach and of the tools used. Then it summarizes the main findings and raises 

issues which, although of some interest, could not be addressed in the thesis. It 

draws some policy recommendations and finally discusses research issues in the 

last section. 
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8.2. Strengths and weaknesses of the SAM and justification for the 
commune-level CGE model 

 

This section summarizes the strengths and weaknesses of the SAM as well as 

the justification for the farm-household CGE model developed in this study as a 

remedy. 

 

8.2.1. Strengths of SAM modeling 
Due to its fairly simple theoretical basis, the SAM allows for a synoptic view on 

the whole economy with the inter-relations between activities and decision 

making units. The flexibility of the approach is particularly desirable to address 

natural resource management since it allows for disaggregating specific sector 

elements involving various production activities and specific households in 

order to understand inter-linkages among groups. Moreover, the SAM provides 

a comprehensive package and computed multipliers summarize linkages 

between production structures and income distribution. Such multipliers offer 

important information to commune level decision-makers on the prospects for, 

and differential impacts of, economic growth on the various sectors. This has 

direct implications for who benefits and loses from policy changes and, by 

extension, how conflicting sectors benefit and how they might accordingly react 

to changes. 

 

8.2.2. The SAM weaknesses 
They are of three types and are basically relative to: 

 

The fixed-price assumption: the crucial role of prices is not explicitly accounted 

for; in particular in rural areas like the Madiama commune, where imperfect 

markets exist and transaction costs are high, prices have a strong impact on the 

level of production, consumption…. It is important to explicitly account for 

prices (market or shadow prices) in order to portray a real world economy; that 

is why the farm-household CGE model is developed to overcome this 

shortcoming. 

 

Excess capacity or elastic supply assumption: the SAM approach assumes that 

there exists an excess capacity (elastic supply) and unemployed factors of 

production in all sectors. Such an assumption is not true since there are some 

binding constraints in some factors such as land and inputs… Automatic 

adjustments do not occur in the short run in response to exogenous policies. The 

absence of prices in the SAM indicates that the economy cannot achieve an 

optimal level of resource use, which is a serious pitfall in terms of policy 

measures. 
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Linear, fixed-proportion inputs on the production side: this assumption 

assumes constant marginal productivities of factor inputs, which is not always 

realistic since production function may exhibit decreasing or increasing 

marginal productivities, particularly in the agricultural sectors where erratic 

production conditions exist.  

 

8.2.3. Justification for the farm-household CGE model 
CGE models were developed to overcome the above limitations to the SAM 

since they permit analyses that consider the economy-wide implications of 

prices changes and the use of resources that are fixed in supply. CGE models 

basically consist of equations, variables, parameters and functional forms that 

describe households’ behavior (utility and profit maximization), technological 

and institutional constraints, domestic and world market profiles and closure 

rules to ensure equilibrium. This primarily aims at replicating the benchmark 

situation reflected in the SAM, which means an endeavoring to be as close as 

possible to the real situation. The originality of specific models such as the farm-

household CGE model developed at the Madiama commune level originates 

from their closeness to the reality by accounting for market imperfections that 

lead to price gaps and specific shadow prices for households and subsequently 

their income and resource use. 

 

 

8.3. The main findings 
 

8.3.1. Results from the SAM 
The main findings from the SAM can be summarized as follows: 

 

Given the current activity pattern, any policy that aims to promote the current 

activities in the economy could end up with more conflicts since it primarily 

benefits to the land-consuming livestock sector. Family labor is the most 

rewarded for the agro-pastoralists compared to the other groups. This clearly 

shows that any policy promoting family labor is likely to be in favor of the agro-

pastoralists. An injection to agro-pastoralists’ income in the form of government 

transfers, induces not only one of the largest direct effects on the income of this 

group but also for the other three groups. The agro-pastoralist group is the best 

channel for income redistribution while the sedentary pastoralists’ one is the 

poorest. A greater number of animals (large ruminants in particular) are 

expected following an increase in the households’ income. This could increase 

conflicts between farmers and pastoralists in the area since the livestock system 

is extensive and therefore more space-consuming. 

Transferring income to transhumant pastoralists induces a larger impact on all 

other households than doing so to any other group. However, any such a policy 

will tend to benefit less to transhumants as a separate group and might induce or 



 

 174 

exacerbate conflicts. Seeking the largest impact by transferring income to 

transhumants ends up with detrimental effects on this group who will have to 

move more and more on a larger area; this increases chance of generating 

conflicts. 

There is a dilemma, for livestock activities are the most reactive to policy, and 

transhumants seem to be good channels for local development. On the other 

hand since transhumance requires more and more land for pasture and water and 

therefore gives rise to conflicts between stakeholders, this needs negotiation 

between stakeholders and with the communal authorities to make decisions for a 

better management. Since the model is developed in a region where livestock 

production is dominant, the inter-linkages show the importance of this sector 

and possible policies are related to the same sector. Some complications are then 

expected in the field of consensus building, particularly between pastoralists and 

farmers. 

 

8.3.2. Results from the CGE 
The analysis conducted examined the effect of some policies on key variables 

such as prices, sales, purchases and mostly income. The policy simulations are 

related to land, labor, commodity world prices, exogenous income transfer and 

transaction costs. 

The analysis is conducted on particular variables before focussing on policy 

effects on (i) income, (ii) welfare and (iii) income distribution.  

 

Impact of the reduction in land availability: a decrease in land availability 

entails a decline in production activities and increases trade which tends to 

compensate for this decline. Transhumants are more sensitive to a decrease in 

land availability and experience the highest shadow prices both for land and 

capital. By definition transhumants extensively use land and a decrease in the 

availability of this resource could penalize them in the short run; however they 

develop some flexibility which enables them to adapt, carrying out some income 

generating activities and selling out labor, which increases their income.   

 

Impact of a change in labor availability: the most impressive finding, when 

family labor becomes more available—which is seen as labor constraint 

alleviation—is relative to the transhumants. They rather experience a decrease in 

milk transformation and trade while these activities increase in the instance of 

labor decrease. This particular behavior of this group of households highlights 

their flexibility and capacity to avail of some opportunities. Reducing their milk 

trade when they have more time and increasing it in periods of relative labor 

shortage makes sense since they happen to sell out labor and purchase some 

when necessary. 

A decrease in labor tends to increase some crop production (millet for sedentary 

pastoralists and rice for agro-pastoralists), but decreases livestock production. 
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This depicts a substitution of livestock activities for cropping ones. Milk 

transformation increases in the transhumants’ group which exhibits a rather 

flexible behaviour: they switch to selling out labor when labor availability 

increases. 

 

The impact of the reduction of the transaction costs: the results confirm many 

observations about the impact of the bad quality of the infrastructures (bad 

roads, inadequate input delivery system) which tends to increase prices and 

influence market participation (Ruijs, 2002); a slight decrease in the transaction 

costs (of 10% for example) is of no impact on income in the Madiama region. 

Only the implementation of a strong policy of infrastructure improvement (at 

least a 28 % decrease in the transaction costs) is able to boost households’ 

income and other variables, after roads are improved and transhumant 

pastoralists will benefit more of such a policy probably because of their habit to 

move within the commune.  

 

Policy combination 
Millet revealed to have an income potential in a context of an increase of both 

labor and its world price, mainly for sedendary pastoralists and farmers. 

Transhumants who are not usually large millet producers do not get a substantial 

income increase even in the case of better millet prices and more labor. A 

similar trend is depicted in the case of (i) rice in particular for agro-pastoralists 

and sedentary pastoralists and (ii) large ruminants for transhumants. 

Income effects are more substantial when land availability decreases and the 

world prices for commodities based on natural resources increase for all 

categories of households. The importance of natural resources increases in this 

case. Sedentary pastoralists, agro-pastoralists and farmers benefit more from 

large ruminants. On the contrary, transhumants experience a dramatically low 

income increase, which means that land decrease reduces the income potential 

of keeping large ruminants even in a situation of better prices. 

 

Welfare impact 
The analysis clearly revealed that some (increasing) compensation is needed for 

all household groups at all levels of labor decrease. On the contrary, all 

households, except for transhumants, would be better-off if labor availability 

increases. If a land decrease policy is adopted for all households, only 

transhumants are to lose income and welfare. 

 

Equality impact 
Very low Gini coefficients are associated with the policies, meaning that they 

could be implemented with no expected inequality effects on income 

distribution. 
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The above analysis highlighted some important characteristics of households in 

the Madiama commune as well as their behavior in the presence of some 

policies. A differentiated reaction to policy simulation is observed; transhumants 

showed to be very flexible to cope with factor constraints (labor, land reduction) 

and thus get more income in some cases. In the same track they are very often 

hit by the policies: they frequently need to be compensated for income or 

welfare loss. The overall effect of the policies is not likely to worsen the income 

distribution among households given the low Gini coefficients. 

The limitations to our CGE model are relative to the assumptions made to 

construct the model which may influence the outcomes, namely: (i) the Cobb-

Douglas specifications for both consumption utility and production functions 

imply that consumer expenditure shares per consumer commodity category will 

remain stable, while for production there is perfect substitution. Both 

assumptions will hold if the shocks are not too great. For large shocks, the 

assumption may be unrealistic, (ii) the linkage transaction costs/market shares is 

a plausible assumption if the market shares in transactions for different 

household categories do not change dramatically. The fixed production 

structures in the production part of the model help prevent radical shifts so 

common in mathematical programming models. This assumption holds for not 

too great shocks; and (iii) the perfect information assumption of the CGE model 

is limited to the commune level. 

 

8.3.3. Interesting issues not addressed 
The CGE model as it is applied to the practical case of the Madiama rural 

commune, although relevant and likely to shed some light on policy issues, is 

worth some comments, particularly regarding:  

• The Walras-type equilibrium state: the obtained results refer to a given set 

of resource endowments for the four household groups; although some 

mechanisms (e.g. tax system) can be set up to achieve a new equilibrium 

state, it is questionable how practically this can be done in the rural area 

of Madiama. The obtained equilibrium should not be understood neither 

as a state of wealth nor as a sign of equity: it may be reached despite the 

high incidence of poverty. We may be in equilibrium of poverty and some 

actions are needed for development. 

Moreover, the state of equilibrium may not be stable though, confirming 

the dynamic orientation of some actions and possible multi-equilibrium 

solutions obtained for some of the simulations. 

• The differential bargaining power of stakeholders: within the commune 

the stakeholders do not have the same level of bargaining power. The 

simulations do not account for the negotiation process that take place in 

the context of multi-stakeholders in the rural commune and above all with 

conflicting objectives and strategies: pastoralists need more land for 

pasture while farmers need it to increase their food production. This 
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negotiation process largely depends on the role of the newly empowered 

authorities (nouveaux élus) leading the Madiama commune. Their 

impartiality is strongly required in order to make the simulations work in 

policy format. In default of such impartiality, the “nouveaux élus” could 

mis-manage by conducting some policies that favor the group whose 

bargaining power and the influence network are the strongest, although 

non-beneficial to other groups and to the overall commune. The issue of 

accountability is consequently raised in this context. Stakeholders should 

participate in the commune life by checking not only the relevance but 

also the implementation of policies, to the extent that organized, strong 

and credible political parties or an active civil society exist. 

• The difficulty for consensus building: Involving all stakeholders is a 

necessary but problematic task; the nature of the natural resource 

management resembles a game in which each player aims at maximizing 

the pay-off of his own actions. In this context, it is extremely hard to do 

without consensus. Building such a consensus, although a necessary 

condition to policy implementation is a slow and difficult process. Getting 

together and negotiating between stakeholders seem to be good steps; 

issues should be dealt in a holistic perspective76 of development in general 

and of natural resource management in particular. 

• Although necessary, this process may be hard to realize; pending or ill-

resolved conflicts prevail and could prevent from achieving desired 

consensus for it is of common knowledge that some bribery occurs in the 

process of conflict resolution in the delta region. During  the interviews 

with key informants, it was pointed out that some conflict parties try and 

try again to wake up solved conflicts by bribing the préfet who newly 

arrives, with sheep or even cattle. This clearly shows that the authorities 

of the commune should avoid and even punish such bad behaviors in 

order not to jeopardize the decisions that they could make in order to 

better manage the natural resources. Indeed, consensus building is tough 

and does not follow a standard methodology; inter-village level 

experiments in decentralized NRM have taken place at the local level in 

Mali. In some cases, they have been assisted by locally based NGOs (SOS 

Sahel in Bankass and the Near East Foundation (NEF) in Douentza) or 

supported by researchers in collaboration with extension personnel (Siwaa 

in Sikasso). Relations between the local population and government 

service agencies in support of co-management of natural resources need to 

be developed (Moore et al., 2005); co-management agreements are often 

developed between villages but there is no single approach as stated 

above and some assistance to local population is needed. 

                                                 
76 The SANREM project conducted an experiment on an interesting process of consensus 

building in the Madiama commune. 
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From the above comments, it can be easily seen that the results on policy 

simulation analysis conducted in previous sections should ultimately not be seen 

as a tool package that can be used to address poverty alleviation through a better 

natural resource management but a thinking framework useful to the decision-

making process. Moreover, some necessary conditions are expected in order to 

get things start working, such as participation that makes decentralization turn 

out true and effective. 

 

 

8.4. Policy recommendations  
The recommendations are made in the two areas of the decentralization process 

and of the policy simulations. 

 

8.4.1. On the decentralization process 
The decentralization is the backbone for local development; however, as stated 

in chapter 7, the process in Mali meets some difficulties that are mainly (i) the 

weak involvement of the civil society in the management of the commune (ii) 

the absence of a status for customary authorities which are still present and (iii) 

the weak contribution of governmental services due to lack of resources (human 

and financial). 

In presence of such pitfalls, the following actions are worth consideration: 

• Reinforce the process by involving more the population by creating or 

enhancing their participation capability through information, training, 

meetings and dialogue between stakeholders. This capacity building will 

enable people to be more and more involved in the process from the 

generation (planning) of development programs, their implementation to 

the monitoring and evaluation of results. 

• Build consensus over the use of natural resources: as stated above, no 

sustainable resource management can be set without a consensus among 

the main stakeholders since full implementation of collective actions will 

be compromised if the interests of any stakeholders, whether socially 

powerful or not, are ignored. Although tough to be performed, consensus 

building should be undertaken. The process must be iterative, allowing for 

the adaptive learning that takes a considerable amount of time to bring all 

stakeholders together in an informed and voluntary manner, and to 

negotiate consensus on each component of the decision to be made. As 

Moore (2003 op. cit) noted, “the process needs time to evolve and mature, 

because building trust between groups is a time-consuming process”. 

• Give more resources (human and capital) to the commune in order to 

implement development projects. Resources are essential engines to 

development; lack of these factors is inevitably source of failure that will 

curtail the whole process and jeopardize it. In contrast, the optimal 
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combination of them allows turning the decentralization into an 

opportunity rather than a risk.  

• Encourage transparency and accountability of all local authorities who are 

engaged in the management of local resources: local authorities should be 

as open as possible to local population so that their actions can be 

followed up and monitored any time. Actions which are decided and 

implemented by local authorities without any participation of local 

population and any possibility of control are dangerous for the 

decentralization process. 

• Make certain that the legal instruments used to establish local 

accountability and to transfer powers are secure so that transfers are made 

as rights rather than as privileges to be given and taken back by central 

authorities: decentralization should not be an opportunity to duplicate 

“lords” at the local level but a transfer of responsibility and commitment 

to promote local development. The presence of local authorities that 

perceive it as privileges will be counter-productive and stands for 

jeopardy to the whole process. Similarly, they should not receive any 

pressure from the central government that will have them make unwise 

decisions.  

• Promote a strong civil society through the development of its technical 

and advocacy skills; however, civil society organizations should ensure an 

impartial control of local authorities. In the same time, the civil society 

should make sure that local elite does not capture the power and 

patronize, since as stated Olowu (2001), “in many instances, it is local 

elite rather than the most vulnerable that capture decentralized power—

which is then utilized to repress local minorities—including women and 

other marginal groups”. 

Unresolved or pending questions remain. The role of traditional authorities is 

still a question to be answered. Issues of natural resources and land in particular 

are tough and the local authorities should not probably be the only ones to 

address them since the traditional right is not totally denied. This means 

traditional chieftaincy is useful and should be associated: the main question 

remains how this can be done without risk of loss of power for the communal 

authorities.  

Moreover, the communal authorities should seek ways of cooperating with 

neighboring communes particularly for some issues which are common to them, 

such as forests, rivers, roads… 

Despite the above shortcomings, decentralization is the right path for 

development that deserves attention and deepening: there is no best alternative 

to promote local development. It needs to mature and should be tread carefully 

to avoid fatal failure. 
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8.4.2. Policies based on the simulation results 
Given the above results it appears that some policies could be conducted: 

 

Development of public works: for example the construction of roads and dams 

at local level and using local labor will decrease family labor; as stated above, 

this tends to increase crop production and decrease livestock production. This 

policy, although entailing a slight decrease in households’ overall income in the 

short run, is worth consideration by the communal authorities. Its long run 

impact may be useful in the sense of natural resource management since it 

reduces livestock production and increases cropping activities. However it is 

absolutely necessary to get a consensus about this policy; the decentralization 

framework is again a good path to achieve it. 

 

Reduction of land availability: The communal authorities could encourage a 

consensus building about the reduction of land availability since it will decrease 

cropping and livestock production activities and rather increase trade activities. 

Of course, such a policy should be coupled with another one that will consist of 

an intensification program to support producers whose activities decrease. 

Transhumants develop some flexibility by carrying out some income generating 

activities at the expense of their traditional livestock production activities, which 

stands for a drastic change in the transhumants’ status. Although getting more 

income as a result of reduction in land availability, transhumants could loose 

their identity and experience a destruction of their traditional life. What is a 

transhumant with no land where to wander with animals, to settle any time, any 

where? What kind of Fulani will he be with no cattle in the long run? It is of 

common knowledge that there exists an invisible and mystic link between Fulani 

pastoralists and their cattle and that transhumance is a way of life rather than a 

mere activity. The implementation of any policy that will lead to the 

transformation of the transhumants’ status may be socially devastating since it 

may yield another category of households in the commune. 

 

Reduction of transaction costs by improving the infrastructures: the communal 

authorities need to invest in the construction of roads, in the improvement of 

input delivery services and infrastructures in order to reduce transaction costs. 

The study showed that such investments should be substantial enough to get a 

significant impact on incomes. However, this kind of investments cannot be 

made by one commune but in collaboration with neighboring communes since 

the Madiama commune is connected to others by roads that go beyond the 

boundaries of the region and reach remote places. Exchanges between Madiama 

and the other part of Mali are crucial and a good road system is likely to boost 

economic activities in the whole region. This highlights again the need for 

cooperation between communes for a higher level of synergy.  
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8.5. Implications for future research 
 

The discussion in this thesis shows that some research topics still remain to be 

investigated. Particularly with respect to the new process of decentralization, 

future research should focus on the following areas:  

 

The role of the communal authorities vs. customary rules: the natural resource 

issue is multi-dimensional (political, institutional, economic, social, ecological 

and judicial) and crucial to the rural commune; we previously stated that despite 

difficulties met in the process of decentralization in Mali, there is a lot of hope 

that it will strongly contribute to local development. For this reason, and given 

the learning problems inherent in the process, some studies embracing the 

holistic perspective of natural resource management should be conducted in 

order to shed light on the conditions of success of the decentralization.  For 

example, the new power given to communes includes land management which is 

so far implemented by customary authorities based on traditional rules. How 

successful can be the shift of power from customary authorities to communal 

ones? At what (social) cost? Another example is the role of taxes locally levied 

by the commune and their impact on the local economy. Since the communes 

receive insufficient support, the tendency could be to overtax local people; this 

could be unproductive for the local economy given the high poverty incidence in 

rural areas. 

Basically, the results of our study should be completed with other specific 

studies for better use. 

 

Poverty alleviation measurement of the policies 
Although some methods exist, the poverty was not measured: our study only 

showed some income effects of simulated policies. However, this does not 

imply neither that these effects are enough to alleviate poverty, nor to what 

extent the households’ poverty level is impacted. As stated in chapter 1, the 

quantification of the policy impacts on the natural resource management in the 

Madiama commune is out of the scope of the thesis. The quantification of such 

impacts could be a good argument to convince local authorities to implement the 

policies. Future research could include doing so in its agenda.  

 

Dynamic follow-up of policy impacts 
The CGE model used in this study is static in nature, which cannot allow it to 

account for accumulation effects in the commune over time. In future 

investigation it is necessary to develop a dynamic CGE model in order to 

capture long run effects and analyse poverty and inequality impacts of policies. 

Long run impacts may be largely different from short run effects. Similarly, 

short run effects are likely to change through time. Since poverty reduction may 

be effective in the course of time, it is crucial to investigate this issue in the long 



 

 182 

run perspective in order to overcome the static model limitations. How the 

process of poverty reduction is a bottom line to a better resource management 

could be better explained; therefore, people’s behaviour vis-à-vis the natural 

resources will be better understood.  
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ANNEX to Chapter 3: 
 
 
 

ENQUETE S.A.M 
SANREM NORD MALI 

 
AGRICULTEURS/AGRICULTEURS-ELEVEURS/ELEVEURS 

 
 

1. IDENTIFICATION 

 

Nom et Prénoms du CE: …………………………..  Enquêteur : ……………………… 

 

Nom et Prénoms du CM:………………………….. ……….. Date:………/………/…… 

 

Village ………………………..Quartier : …………………     Activité: Agriculteur 

__________ 

           Agriculteur-éleveur_____ 

           Eleveur sédentaire_____ 

           Eleveur transhumant____ 

 

2. INFORMATIONS DEMOGRAPHIQUES DU MENAGE 

 
NOM ET PRENOMS  SEXE AGE ETHNIE LIEN DE 

PARENTE 

ALPHABE 

TISE O/N 

RESIDENT 

 

PARTICIPE 

AUX 

TRAVAUX 

      Autocht. Immig. AGRICOLES 
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INFORMATIONS DEMOGRAPHIQUES DU MENAGE (suite) 

 
NOM ET PRENOMS  SEXE AGE ETHNIE LIEN DE 

PARENTE 

ALPHABE 

TISE O/N 

RESIDENT 

 

PARTICIPE 

AUX 

TRAVAUX 

      Autocht. Immig. AGRICOLES 

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

 

Nombre de décès dans le ménage depuis les 12 derniers mois ____________________ 

 

Noms et Prénoms Age Sexe 

   

   

   

   

 

Etes-vous membre d’une ou de plusieurs associations Oui ________ Non______ 

 
Si Oui : 

Associations Depuis quand ? Raison sociale  Lieu Actions 
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3. CALENDRIER PASTORAL (pour uniquement ménage éleveurs) 
 

Lieu d’origine :  Village : _____________ Cercle : ________________ 

 

a) Villages visités  

  

Village* 

 

Visite  

Raison visite 

 Durée Période  

1    

2    

3    

4    

5    

6    

 

* indiquer l’ordre de succession des villages visités. 

 

b) Villages à visiter 

 

Village* Visite Raison visite 

 Durée prévue Période  

1    

2    

3    

4    

5    

6    

 

* indiquer l’ordre de succession des villages à visiter. 
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4. CHAMPS CULTIVES 
 
Champ N° 

Champ 
Propriétaire Culture Superficie 

 ha 
Distance Type 

de 
sol 

Toposé-
quence 

Aména 
gement 

AD 
J 

DD 
J 

Régime 
foncier 

Casiers Hors 
casiers 

Autres 
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CHAMPS CULTIVES (suite) 
Champ N° 

Champ 
Propriétaire Culture Superficie 

 ha 
Distance Type 

de 
sol 

Toposé-
quence 

Aména 
gement 

AD 
J 

DD 
J 

Régime 
foncier 

Casiers Hors 
casiers 

Autres 
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5. PRODUCTION DES CHAMPS 
 

Champ N° 

Champ 

Propriétaire Culture 

PRODUCTION 

    Unité 

de 

mesure 

Poids 

unitaire 

(kg) 

Nbre 

d’unité

s 

Quantité 

totale (kg) 
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PRODUCTION DES CHAMPS (Suite) 
 

Champ N° 

Cham

p 

Propriétaire Culture 
PRODUCTION 

    Unité 

de 

mesure 

Poids 

unitaire

(kg) 

Nbre 

d’unités 

Quantité 

totale (kg) 
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6. PRODUCTION MARAICHERE 
 

Est-ce que vous pratiquez le maraîchage ? Oui________ Non_______ 

Est-ce qu’un ou des membres de votre ménage sont membres d’une association pratiquant le 

maraîchage Oui __________Non__________ 

 

Si Oui : 

 

Nom et 

Prénoms 

Cultures 

maraîchèr

es 

 

Quantité consommée 

 

Quantité vendue 

  Unités 

de 

mesure 

Nbre 

d’unité

s 

Poids 

Unité 

Quan

tité 

Unités 

de 

mesure 

Nbre 

d’unité

s 

Poids 

Unité 

Quanti

té 

Lieu 

de 

vente 
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7. PRODUITS DE L’ELEVAGE (ESTIMATION) 
 

Produits Quantité produite Quantité vendue ou troquée 

 Unité Nbre 

Unités 

Poids Poids/vol Unité Nbre Unités Poids Poids/vol Montant 

F.CFA 

Lait          

Beurre          

Bouse de 

vache * 

         

 

* Donner estimation de la paie du paysan pour le parcage et la durée. 

 

Depuis combien de temps êtes-vous en charge du troupeau ? ________ ans   _______ mois 

 

Etes-vous propriétaire du troupeau ? 

 

Oui : _________ non : _________  

 

Si oui, héritage : _____________,  achat : ______________  

Si non, à qui appartient - il? 

 

Nbre de propriétaires : ________________  

 

Propriétaire 1 ______________________ région : __________________ 

         2 ______________________ région : __________________ 

               3_______________________région:___________________  __________________
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8. MAIN D’ŒUVRE 

a) familiale (par jour, par semaine ou par an, préciser) 

Activités Temps en saison sèche Temps en hivernage 

 H F E Total H F E Total 

Gardiennage troupeau 

 

        

Gardiennage veaux 

 

        

Gardiennage petits ruminants 

 

        

Traite du lait 

 

        

Constitution stock fourrage 

 

        

 

b) Main d’œuvre salariée (employée hors du ménage). 

Activités Temps en saison sèche Temps en hivernage 

 H F E Total P. fcfa H F E Total P. fcfa 

Gardiennage troupeau 

 

          

Gardiennage veaux 

 

          

Gardiennage petits ruminants 

 

          

Traite du lait 

 

          

Constitution stock fourrage 

 

          

 

c) Main d’œuvre salariée (louée à d’autres ménages) 

Activités Temps (h) en saison sèche Temps (h) en hivernage 

 H F E Total P. fcfa H F E Total P. fcfa 

Gardiennage troupeau 

 

          

Gardiennage veaux 

 

          

Gardiennage petits ruminants 

 

          

Traite du lait 

 

          

Constitution stock fourrage 

 

          

Est-ce que vous payez pour l’utilisation des pâturages et de l’eau ? 
Oui : ________________,  non : ____________  

Si oui, type de pâturage en saison sèche, et en hivernage. 
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Types Saison sèche Hivernage 

 A qui ? Durée Lieu Coût 

F.CFA 

Nature A qui ? Durée Lieu Coût 

F.CFA 

Nature 

Pâturage/Fourrage 

    . Paille de riz 

    . Tiges de 

mil/sorgho 

    . Bourgou 

    . Autres (spécifier) 

 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

........... 

 

................

................

................

................

............ 

 

.................

.................

.................

.................

................ 

 

.................

.................

.................

.................

................ 

 

.................

.................

.................

.................

................ 

 

.................

.................

.................

.................

................ 

 

...............

...............

...............

...............

........ 

Points d’eau 

_________________

_________________

_________________

_________________

___________ 

 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

................

................

................

................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

...............

...............

...............

...............

........ 

Autres (spécifier) 

_________________

_________________

_________________

_________________

____________ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

................

................

................

................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

.................

.................

.................

.................

............ 

 

...............

...............

...............

...............

........ 
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9. UTILISATION D’INTRANTS AGRICOLES 
Cultures I N T R A N T S 

 Semences 

 

Eng. Chimique 1 (préciser) 

 

Eng. Chimique 2 (préciser) 

 

 

Pesticides (préciser) Fumier Compost 

 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

1 = Lieu , 2 = Unités, 3 = Nombre d’unités,  4 = Prix d’unités, 5 = Coût en F.CFA 
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10. LOCATION DE TERRE 
 

10.1. Terre louée par le ménage 

 

Noms et Prénoms Superficie en ha Domicile du Coût en nature Coût 

du locataire  Propriétaire Unité Nombre d’unités Poids unitaire Poids total Espèces F.CFA 

        

        

        

        

        

        

        

        

        

        

 

10.2. Terre cédée par le ménage  

Noms et Prénoms Superficie en ha Domicile du Coût en nature Coût 

du bénéficiaire  Propriétaire Unité Nombre d’unités Poids unitaire Poids total Espèces F.CFA 

        

        

        

        

        

        

        

        

        

        

 



 

 210 

11. UTILISATION DE PRODUITS ZOOTECHNIQUES ET VETERINAIRES (PAR AN) 
PRODUITS Bovins Ovins Caprins Asins Equins Autres 

Pierre à lécher       
    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Déparasitants       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Antibiotiques       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Vaccins       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Tourteaux       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       
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UTILISATION DE PRODUITS ZOOTECHNIQUES ET VETERINAIRES (suite) 
Bourgou       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Résidus mil/sorgho       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Résidus de riz       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       

Autres (spécifier)       

    Lieu       

    Unité de mesure       

    Nbre unités       

    Coût unitaire       

    Coût total       
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12. LOCATION D’EQUIPEMENTS AGRICOLES (payée par le ménage) 
 

Matériel  Opération Origine 

(Lieu) 

Durée Cout 

total(Nat./cfa) 

 

Culture 

Principal

e 

Désignati

on 

Nombre      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 
 

      

 



 

 213 

 
13. LOCATION D’EQUIPEMENTS AGRICOLES (cédés par le ménage) 
 

Matériel  Destination (A qui?) Durée 

 

Paiement 

(Nat./cfa) 

Désignati

on 

Nombre    
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14. MAIN D’OEUVRE POUR CULTURE : 1) Familiale 
  

Champ N° Champ Propriétaire Culture 

Opérations culturales (heures) 

    Trspt/épandage Fumier Labour Sarclage Récolte 

    H F E Total H F E Total H F E Total H F E Total 

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

                    

  
H = homme ; F = femme ; E = enfant 
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15. MAIN D’OEUVRE POUR CULTURE : 1) Familiale (Suite) 

  

Champ N° Champ Propriétaire Culture 

Opérations culturales (heures) 

    Trspt/épandage Fumier Labour Sarclage Récolte 

    H F E Total H F E Total H F E Total H F E Total 
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16. MAIN D’OEUVRE POUR CULTURE : 2) Salariée  utilisée par le ménage 
  

Champ N° Champ Cult. 
Opérations culturales  

   Trspt fumier Labour Sarclage. Récolte 

 

 

  

 

H 
 

F E Orig. Tot Coût H 
 

F E Orig Tot Cout H 
 

F E Orig Tot Cout H 
 

F E Orig Tot Cout 

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

                           

Bien spécifier  le type de paiement: en nature ou en FCFA 
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17. MAIN D’OEUVRE POUR CULTURE : 3) Salariée offerte par des membres du ménage 
  

Nom et Prénoms 

Opérations culturales (heures) 

 Trspt/épandage fumier Labour Sarclage Récolte 

 H 

 

F E L T P H 

 

F E L T P H 

 

F E L T P H 

 

F E L T P 

                         

                         

                         

                         

                         

                         

                         

                         

                         

                         

                         

                         

  

H = homme ; F = femme ; E = enfant ; L = lieu ; T = total ; P = paiement 
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18. Main d’oeuvre pour élevage : 1) Familiale 
Nom et 

Prénoms Opérations culturales (heures) 

 Gardiennage des gros 

ruminants 

Gardiennage  

veaux 

Gardiennage petits 

ruminants 

Traite de lait Constitution de 

fourrage 

 H 

 

F E L T H 

 

F E L T H 

 

F E L T H F E L T H F E L T 
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19. Main d’oeuvre pour élevage : 2) Salariée utilisée par les membres du ménage 
Nom et 

Prénoms Opérations culturales (heures) 

 Gardiennage des gros 

ruminants 

Gardiennage  

veaux 

Gardiennage petits 

ruminants 

Traite de lait Stockage de 

fourrage 

 H 

 

F E L T P H 

 

F E L T P H 

 

F E L T P H F E L T P H F E L T P 

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               

                               



 

 220 

20. Main d’oeuvre pour élevage : 3) Salariée offerte par les membres du ménage 
Nom et 

Prénoms Opérations culturales (heures) 

 Gardiennage des gros 

ruminants 

Gardiennage  veaux Gardiennage petits 

ruminants 

Traite de lait Stockage de 

fourrage 

 H 

 

F E L T P H 

 

F E L T P H 

 

F E L T P H F E L T P H F E L T P 
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 21. PENSEZ-VOUS QUE LE RENDEMENT DE VOS CULTURES A AUGMENTE AU 
COURS DES CINQ (5) DERNIERES ANNEES? 
 OUI _________  NON ______  SANS CHANGEMENT _______ 

 

 Si oui, indiquez les cultures dont le rendement a subi une baisse sensible 

 

 Cultures  % de baisse  Raisons 

 ………………… ………………  ………………… 

 ………………… ………………  ………………… 

 ………………… ………………  .……………….. 

 ………………… ………………  ………………... 

 ………………… ………………  ………………... 

………………… ………………  ………………… 

 ………………… ………………  ………………… 

 ………………… ………………  .……………….. 

 ………………… ………………  ………………... 

 ………………… ………………  ………………... 

 

22. QUE FAITES-VOUS POUR AMELIORER LA PRODUCTIVITE DE VOS CHAMPS? 
 

Traitement Type de sol Type d’érosion Toposéquence 

    

    

    

    

    

    

    

 

23. ESTIMATION DU COUT DU TRAITEMENT( par ha si possible) 

Traitement Construction Entretien par an 

 Main-d’oeuvre 

(Heures) 

FCFA Main-d’oeuvre 

(Heures) 

FCFA 

 

 

    

     

     

     

     

24. Y-A-T-IL DES ARBRES DANS VOS CHAMPS?  OUI/NON 
 
 Si oui quelles espèces ?  

 Les avez-vous plantés vous-mêmes ? OUI/NON 
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25. UTILISATION DES RESSOURCES FORESTIERES (estimation annuelle) 
PRODUITS 

DES ARBRES 

CONSOMMATION HUMAINE ET 

ANIMALE 
V   E  N  T  E  S 

 Unité 

Mesure 

Nbre 

Unités 

Poids/Unité Qté 

(Kg) 

Lieu Unité  

Mesure 

Nbre 

Unités 

Poids 

/Unité 

Qté 

(Kg) 

Montant 

FCFA 

Lieu 

Fruits            

            

            

            

Fleurs            

            

            

            

Feuilles            

            

            

            

Racines            

            

            

            

Ecorce            

            

            

            

Bois de chauffe            

Bois de 

construction. 

           

Charbon            

Autres (préciser)            
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26. UTILISATION DES RESIDUS DE RECOLTES (estimation annuelle) 
RESIDUS 

DES 

RECOLTES 

CONSOMMATION 
V   E N T E S 

 Unité 

Mesure 

Nbre 

Unités 

Poids/Unité Qté 

(Kg) 

Lieu Unité  

Mesure 

Nbre 

Unités 

Poids 

/Unité 

Qté 

(Kg) 

Montant 

FCFA 

Lieu 

Fane arachide            

            

            

            

Fane niébé            

            

            

            

Tiges 

mil/sorgho 

           

            

            

            

Paille de riz            

            

            

            

Autres            
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27. ACTIVITE DE PECHE DE MENAGE (PAR AN) 
 

Lieu de pêche Saison Type de pêche Nbre d’unités Poids unitaire Quantité totale Quantité cons. Quantité vendue Lieu de vente 

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

 

        

 

28. CITEZ LES PROBLEMES LIES A LA PECHE (par ordre d’importance) 
1.___________________________________________________________________ 

2. ___________________________________________________________________ 

3. ____________________________________________________________________ 
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29. INVENTAIRE DES ACTIFS DURABLES AGRICOLES ET NON-AGRICOLES 
 Nombre Année d’acquisition Coût (FCFA) 

Actifs agricoles 
Charrue(A) 

Charrue(B) 

Charrue (C) 

Charrette (A) 

Charrette(B) 

Charrette (C) 

Pulvérisateur 

Animaux de traction 

*boeufs 

*Anes 

*Chevaux 

Autres (préciser) 

Actifs non agricoles 
Poste radio 

Téléviseur 

Tonneaux 

Marmites 

Bicyclette 

Vélomoteur 

Autres (préciser) 

 

………. 

………

………

………

………

………. 

………

………

……… 

………

………

……….

………

……. 

……… 

…….. 

……… 

…….. 

…….. 

…… 

…….. 

 

…………………………

…………………………

…………………………

…………………………

…………………………

………………………… 

……………………… 

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

………………………… 

 

………………………

………………………

………………………

………………………

………………………

……………………. 

……………………… 

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………………

………………. 

 

30. INVENTAIRE DES MAISONS D’HABITATION 
 Nombre Année de construction Coût (FCFA) 

Maison en tôles 

Maisons en terrasse 

Autres (préciser) 

………. 

…………

…… 

……………………………

……………………………

…………… 

…………………………

…………………………

………………… 

 

31. INVENTAIRE DE CONSTRUCTIONS (AUTRES QUE LES MAISONS  
      D’HABITATION) 
 Nombre Matériaux 

utilisés 

Année de 

construction 

Coût (FCFA) 

Grenier en paille 

 

Grenier en banco 

 

 

Etable 

 

 

Parc 

 

 

Autres (préciser) 

………. 

............. 

.............. 

………

………

………

……… 

………

……… 

............. 

............ 

...............

.......... 

.................. 

.................. 

.................. 

..................

..................

..................

..................

..................

..................

..................

..................

..................

................. 

………………

………………

………………

………………

………………

………………

……………….

.........................

.........................

.........................

.........................

.........................

........................ 

……………………

……………………

……………………

……………………

……………………

……………………..

……………………

………………….......

...................................

...................................

...................................

...................................

.................................. 
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32. INVENTAIRE DU CHEPTEL* 
 

Type d’animaux 

Mâles Femelles Nombre de petits 

 Nombr

e 

Valeur Durée 

de vie 

Nombr

e 

Valeur Durée 

de vie 

par an tous les  

2 ans 

Volaille 

Poulets 

Pintades 

Canards 

Dindons 

Bovins 
Ovins 
Caprins 
Equins 
Camelins 
Asins 
Autres 
 

 

………

………

………

………

………

………

………

………

………

………

………

. 

 

……

……

……

……

……

……

……

……

……

……

……. 

 

……

……

……

……

……

……

……

……

……

……

…….. 

 

………

………

………

………

………

………

………

………

………

………

………

. 

 

……

……

……

……

……

……

……

……

……

……

……. 

 

……

……

……

……

……

……

……

……

……

……

…….

. 

 

……

……

……

……

……

……

……

……

……

……

…….

. 

 

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

………… 

*Durée de vie et nombre de petits à estimer par le paysan 
 

33. Selon  vous, est-ce que l’importance numérique  de votre cheptel a crû au cours des cinq 
dernières années ?   OUI/NON. 
 
 Si oui : 
 

 

Type d’animal 

 

Nombre 

Raisons 

  Accroiss.

normal 

Achat* Don** Autres (préciser) 

………………

………………

………………

………………

………………

………………

………………

………………

………………

……………… 

……………… 

…………….. 

……………. 

………

………

………

………

………

………

………

………

………

……… 

……… 

……… 

……… 

…………

…………

…………

…………

…………

…………

…………

…………

…………

………… 

………… 

……….. 

……….. 

……

……

……

……

……

……

……

……

……

….…. 

…….. 

…….. 

……... 

………………

………………

………………

………………

………………

…………… 

………………

………………

………………

……………… 

……………… 

……………… 

……………… 

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

……………………….. 

*   Donner le prix et le lieu d’achat 

** Indiquer l’origine 
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 Si Non : 
 

 

Type d’animal 

 

Nombre 

Raisons 

  Calamité* Vente** Don** Autres (préciser) 

………………

………………

………………

………………

………………

………………

………………

………………

……………… 

………

………

………

………

………

………

………

………

……… 

…………

…………

…………

…………

…………

…………

…………

…………

………… 

……

……

……

……

……

……

……

……

……. 

………………

………………

………………

………………

………………

………………

………………

………………

……………… 

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

…………………………

………………………… 

*  Préciser de quelle calamité ou problème il  s’agit  

**Donner le prix et le lieu de vente 

** Indiquer la destination  

 

34. AVEZ-VOUS UNE DETTE OU UN CREDIT? 
 

Dette 

- en nature 

……………………

………………… 

- en espèces (FCFA) 

…………… 

 

Crédit 

- en nature 

……………………

………………….. 

- en espèces (FCFA) 

…………… 

Raisons 

 

……………………

……………………

……………………

……. 

 

……………………. 

 

 

 

……………………

……………………

……………………

……. 

 

……………………. 

Date de remboursement 

 

…………………………

…………………………

…………………………. 

 

…………………………. 

 

 

 

…………………………

…………………………

………………………… 

 

…………………………. 

Montant 

 

…………………

…………………

…………………

. 

 

…………………

. 

 

 

 

…………………

…………………

…………………

. 

 

…………………

. 
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35. AVEZ-VOUS RECU DES DONS EN NATURE OU EN ESPECES CETTE ANNEE ? 
 
OUI/NON 

 

Si oui  
Don 
 

Raisons 

 

 

 

 

 

 

 

 

Montant 

 

Origine 
 

 

36. AVEZ-VOUS FAIT DES DONS EN NATURE OU EN ESPECES CETTE ANNEE ?  
 OUI/NON 
 

Si oui  

Don 

 

 

 

 

 

 

 

Raisons 

 

Montant 

 

Destination 
 

 
 
37.SOURCE D’ENERGIE (ESTIMATION PAR AN OU PAR MOIS SELON LE CAS) 
 

Sources Quantité 

Bois Unité Nbre Poids unitaire Quantité 

totale 

Tiges mil/sorgho     

Bouse     

Autres (spécifier)     

     

     

 
 



 

 229 

38. CONSOMMATION DU MENAGE (par an) 
 

PRODUITS Quantité consommée 
Quantité achetée ou troquée pour consommation 

 Unité 

Mes. 

Poids 

unitaire 

Nb

Un

ite

s 

Or

igi

ne 

Quantit

é  

totale 

Unité Mes. Poids 

unitaire 

Nbr

Unit

es 

Orig

ine 

Quan

tité  

totale 

Avec 

qui ? 

Contr

e 

quoi ? 

Valeur 

totale(Fcfa

) 

Sorgho 

Mil 

Riz 

Arachide 

Mais 

Niébé 

Viande 

Poisson 

Tabac 

Noix de cola 

Lait 

Miel 

Oignon 

Pastèque 

Chou 

Gombo 

Voandzou 

Café 

Thé 

Sucre 

Autres 

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

.……

…........

.…… 

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

……… 

…

…

…

…

…

…

…

…

…

…

…

… 

… 

… 

…. 

…. 

….

. 

….

. 

 

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…. 

….

. 

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

………

…… 

 

 

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

………. 

…………

…. 

…………

…………

…………

…………..

................. 

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

………… 

…………

… 

…………

…………

…………

…………. 

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

… 

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

… 

……

……

……

……

……

……

……

……

……

…….

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

......... 

……

……

……

……..

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

.......... 

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

..........

.......... 

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

…………

………… 
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39. VENTES/ACHATS DE PRODUITS AGRICOLES ET ANIMAUX 
 

Produits VENTE ACHAT 

 Unité Nbre 

d’unités 

Poids 

unitaire 

Quantité Lieu 

de 

vente 

Montant Raison 

de 

vente 

Unité Nbre 

d’unités 

Poids 

unitaire 

Quantité Lieu 

de 

vente 

Montant Raison 

d’achat 

Produits 

végétaux 

 

              

Produits 

animaux 

 

  - volaille 

 

  - petits 

ruminants 

 

  - bétail 

 

  - autres 

(spécifier) 
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 40. AUTRES DEPENSES DU MENAGE 
PRODUITS Unité 

de 

mesure 

Nbre 

d’unités 

Prix 

unitaire 

Quantité 

totale 

Lieu 

Achat 

Valeur 

totale(Fcfa) 

Transport 

 

      

Habillement 

traditionnel 

      

Habillement 

industriel 

 

      

Savon 

 

      

Frais de 

scolarité 

      

Médicaments 

 

      

Mariages 

 

      

Baptêmes 

 

      

Funérailles 

 

      

Pétrole 

 

      

Essence 

 

      

Huile 

 

      

Graisse 

 

      

Autres 

(préciser) 
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41. ACTIVITE GENERATRICE DE REVENUS 
 

Est-ce que des membres de votre ménage mènent des activités génératrices de revenus ? 

 

OUI ____ Non_____ 

 

(Si OUI rencontrer les personnes indiquées). 
 

Noms et Prénoms Activité Période d’exercice 

   

   

   

   

   

   

   

   

   

 

42.. MIGRATION ET TRANSFERT D’ARGENT 

 

Y a t - il des membres du ménage qui ont émigré ? 

 

OUI ________ NON ______________ 

 

Si Oui 

 

Nom et Prénoms Age Sexe Lieu Depuis Envoi d’argent (s’il y a 

lieu) 

    quand ? Montant 

F.CFA 

Raisons 

       

       

       

       

       

       

       

       

 

 



 

 233 

43. ENQUETE AUPRES DES MEMBRES 
 

Activités Nom et 

Prénom 

Lieu 

d’approv 

Montant 

F.CFA 

Lieu de 

vente 

Auto-

conso

m. 

Ventes/

an 

(F.CFA 

Nombre 

d’artisan

s dans le 

village 

ARTISANAT 

     .Tissage 

     . Transformation 

            - Karité 

            - Soumbala 

     . Poterie 

     . Charbonnage 

     . Fumage poisson 

     . Teinture 

     . Forge 

     . Boucherie 

     . Maçonnerie 

     . Mécanique 

     . Orpaillage 

     . Gérisseur tradi. 

      . Fourrage à 

spécifier 

     . Autres (préciser) 

       

COMMERCE 

 

     . Marchandises 

diverses 

     (produits 

manifactures) 

 

     . Carburant (pétrole,  

       essence) 

 

     . Céréales 

 

     . Bois 

 

     . Bétail 
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44. ACTIVITES GENERATRICES DE REVENU : MAIN-D’OEUVRE EMPLOYEE 
 

Nom et 

Prénoms 

Activités FAMILIALE EXTERIEURE 

  H F E T Hommes Femmes Enfants 

      Lieu Heures Coût Lieu Heures Coût Lieu Heures Coût 
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45. IMPOTS ET TAXES 
Combien payez-vous d’impôts et taxes par an ? ______________ F.CFA 

Base imposable Nombre Impôt Total A qui payé ? 
  unitaire impôt  

 

Personnes 

 

 

........................ 

 

....................... 

 

........................ 

 

...................... 

Animaux 

      . Bovins 

      . Asins 

      . Equins 

 

........................

........................

....................... 

 

........................

........................

....................... 

 

........................

........................

........................ 

 

......................

......................

..................... 

Equipements 

       . Charrue A 

       . Charrue B 

       . Charrue C 

       . Charrette A 

       . Charrette B 

       . Charrette C 

       . Armes 

        . Mobylette 

 

........................

........................

........................

........................

........................

........................

........................

....................... 

 

........................

........................

........................

........................

........................

........................

........................

........................ 

 

........................

........................

........................

........................

........................

........................

........................

........................ 

 

......................

......................

......................

......................

......................

......................

......................

...................... 

 

Autres taxes (spécifier) 

 

........................

........................

..................... 

 

........................

........................

........................ 

 

........................

........................

....................... 

 

......................

......................

...................... 

 

46. Comment payez-vous vos impôts et taxes chaque année ? 
 

Sources       Montant (F.CFA) 

 

Epargne _____________________________________________________ 

 

Vente de céréales ______________________________________________ 

 

Vente d’animaux ______________________________________________ 

 

Vente de bijoux _______________________________________________ 

 

Bénéfice de commerce _________________________________________ 

 

Transfert d’argent _____________________________________________ 

 

Autres ______________________________________________________
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SANREM NORD MALI 

ENQUETE S.A.M 

COMMERCE / ARTISANAT/TRANSFORMATION DES PRODUITS 

 
1. IDENTIFICATION DE L’ENQUETÉ(E) 
 

Nom et Prénoms: ………………………….. Enquêteur : ……………………………. 

 

Nom et Prénoms  Chef d’Exploitation.:……………………… 

 

Nom et Prénoms  Chef de Ménage:……………………… 

 

Lien de Parenté avec le Chef de Ménage……………. Age:………..     

 

Sexe:……..Date:………/………/…… 

 

Village ………………………..  
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 II INFORMATIONS GENERALES SUR L’ACTIVITE 
ACTIVITES Depuis quand 

exercez-vous cette 
activité? 

PROPRIETE 

1=Personnelle 

2=Familiale  

3=Autre 

Saisonalité (Période 

d’exercice de 

l’activité) 

I. TRANSFORMATION 
PRODUITS 
 
 
 

 

 

 

 

 

 

II ARTISANAT 
 
 
 
 

   

III COMMERCE 
 
 
 
 

   

 
III FACTEURS DE PRODUCTION 
a. Ressources Naturelles 

 
Cout FCA 

ACTIVITES 
 

Type Unite Nbre Quantite 
Unitaire 
(kg ou litre) 

Quantite 
Totale 
(kg ou 
litre) 

Lieu  
d’approvi-
sionnement Cash A 

credit 
I.TRANSFOR-
MATION de 
PRODUITS 
• ……………….. 

 

• ……………….. 

 

        

II ARTISANAT 
• ………………… 

 

• ………………… 

 

        

III COMMERCE 
• ………………… 

 

• ………………… 
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III FACTEURS DE PRODUCTION 

b. Autres intrants  
 

 
Coût FCA 

ACTIVITES 
 

Type Unite Nbre Quantité 
Unitaire 
(kg ou litre) 

Quantité 
Totale 
(kg ou 
litre) 

Lieu  
d’approvi-
sionnement Cas

h 
A 
crédit 

I.TRANSFOR-
MATION de 
PRODUITS 
• ……………….. 

 
• ……………….. 
 

        

II ARTISANAT 
• …………………

.. 
 

• …………………
.. 

 

        

III COMMERCE 
• …………………

.. 
 

• …………………
.. 
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III. FACTEURS DE PRODUCTION 

c. Capital Fixe 

Matériel  Propriétaire 
ou Location 

1=oui  
2=location 

Origine 
(Lieu) 

Durée Coût total 
d’acquisition 
ou de location 

(Nat./cfa) 
 

Désignation Nombre  
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III. FACTEURS DE PRODUCTION 

d. Main-d’oeuvre utilisée (en jours par période) 
FAMILIALE EXTERIEURE 

Hommes Femmes Enfants H 

 

F E 

Paiement Paiement Paiement 

Nature Nature Nature 

 

 

A C T I V I T É S 

   

Or

igi

ne 

Heures 

ou 

Jours 
F

C

F

A 

1 2 3 4 

Orig

ine 

Heur

esou 

jour 
F

C

F

A 

1 2 3 4 

Orig

ine 

Heure

s ou 

jour 
F

C

F

A 

1 2 3 4 

                         

                         

                         

                         

                         

                         

                         

                         

                         

                         

H=Homme  F= Femme  E=Enfant   

Paiement en nature : 01=Unité 02=Nombre d’unités  03=Quantité (kg ou litre) de l’unité   04=Quantité totale (kg/l)  c’est-à-dire le 

nombre X quantité unitaire. 
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IV. PRODUCTION, CONSOMMATION ET VENTES 
PRODUCTION 
TOTALE 

AUTO-
CONSOMMATION 

VENTES 

Recette (F 

CFA) 

 

ACTIVITE 
 

PRODUIT 
Unite  Nbre Kg/l 

unite 

Kg/l 

total 

Unite  Nbre Kg/l 

unite 

Kg/l 

total 

Unite Nbre Kg/l 

unite 

Kg/l 

total 

Lieu 

de 

vente Cash/ A 

credit 
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V ACCES/ UTILISATION DU CREDIT 
 

Avez-vous accès au crédit?  1=Oui   0=Non 

 

Si oui, indiquer la source : 1=Fournisseur de crédit ____ Village____________ 

   2= ONG (indiquez le nom):______________ 

   3=Autres (précisez):______________Origine:______________ 

 

 

Si non indiquer quelques raisons :____________________________________________ 

    

             _____________________________________________ 

   

 

Est-ce que vous utilisez le crédit  dans le cadre de votre (vos) activité(s)?  1=Oui  0=Non 

 

Si  oui, remplir le tableau suivant: 

 

 

DE QUI? ACTIVIT
E 

QUAN
D? 

RAISO
N Sourc

e  

Lie

u 

MONTAN
T 
(CFA) 

PERIODE 
REMBOURS
E-MENT 

MONTANT 
REMBOUR
SE 

       

       

       

       

       

       

       

Si non, donnez les raisons ______________________________________________________  
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ANNEX to Chapter 4:  

The Algebra of the Multiplier Decomposition 

 

Let us consider the partitioning of the Madiama SAM into endogenous and 

exogenous accounts. We can write out the endogenous accounts in the following 

form: 

 

S=

















HY

V

EA

0

00

0

 (A4.1) 

 

where S is the matrix of the SAM coefficients related to endogenous accounts; 

A the matrix of coefficients for production activities, V the matrix of value-

added coefficients (factors), Y the matrix of value-added distribution 

coefficients, E the matrix of expenditure coefficients and H the matrix of 

household distribution. 

The supply and demand balance equations can be written in a vector notation as: 

 

















+

















=

















ey

ev

ex

I

F

X

S

I

F

X

 (A4.2) 

 
where X is the sector supply, F the vector of value-added by category of factor, I 

the vector of household I, ex  the vector of exogenous commodity demand, ev  

the vector of value-added and ey  the vector of exogenous household incomes.  

As seen earlier in section 4.5 (Equation 4.13), (A4.2) can be written as 

 

 

















−=
















−

ey

ev

ex

SI

I

F

X
1)(  (A4.3) 
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where  1)( −− SI   stands for the SAM multiplier matrix. We can rewrite the block 

matrix in (A4.1) as the sum of two block matrices, that is: 

 

RQ

Y

V

E

H

A

HY

V

EA

+=

















+

















=

















00

00

00

00

000

00

0

00

0

   (A4.4) 

 
Making use of the equality in equation (A4.2) leads to: 

 

















−+

















−=

















+

















+

















=
















−−

ey

ev

ex

QI

I

F

X

RQI

ey
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I

F

X

R

I

F

X

Q

I

F

X
11 )()(  (A4.5) 
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ex

QI

I

F

X

T

I

F

X
1)(   (A4.6) 

 
 

where  RQIT 1)( −−=  

 

Multiplying (A4.6) through by T, we get: 
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QIT
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F

X

T

I

F

X

T
12 )(   (A4.7) 

 

 

and  
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F

X
112 )()(  (A4.8) 
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Again, we can multiply (A4.8) through by T and make similar manipulations to 

get77: 
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QI
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ex

QIT
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QIT

I

F

X

T

I

F

X
11123 )()()(  

 =

















−++− −−

ey

ev

ex

QITTITI
1213 ))(()(  (4.19) 

 =

















ey

ev

ex

MMM 123  

  (4.20) 

 

where 1

1 )( −−= QIM   ;   )( 2

2 TTIM ++=  and  13

3 )(
−−= TIM . 

Reverting to the blocks in equation (A4.4) and making necessary computations 

after substitution for Q, T, T
2   

T
3,
 we end up with M1, M2  and M3 in the 

following  matrix form: 

 

















−

−

=
−

−

1

1

1

)(00

00

00)(

HI

I

AI

M   

 

which is the so-called direct, within-account, own  or intra-group multipliers; 

 

















−−

−

−−−

=
−−

−

−−−

IYHIYVHI

EAIVIV

EAIYHIEAII

M
11

1

111

2

)()(

)(

)()()(

; it is called the matrix of  

extra-group, open loop or spillover multipliers. 

 

 

                                                 
77 The number of substitutions reflects the partitioning of the S matrix which corresponds to 

production activities, endogenous institutions (households) and factors so that the sequence of 

substitutions reaches, at the third step, a complete cycle in the circular flow   within the 

economy. However, mathematically, there is no reason to stop the substitution process. 
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−−−

−−−

−−−

=
−−−

−−−

−−−

111

111

111

3

])()([00

0])()([0

00])()([

EAIYVHII

YHIEAIVI

YVHIEAII

M

 

known as  inter-group, between-block, circular or closed loop multipliers.  

 

Equation 4.20 can be written in a more convenient version (Stone-additive form) 

as:  M3M2M1≡ I+ (M3-I) + (M2-I) M1+ (M3-I) M2M1 
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ANNEX TO CHAPTER 5 

 

ANNEX 5.1.: Symbols and indices used in the circular flow of the economy 

i
y : Value of total supply of commodity i by representative 

household ; i ∈ {1, …, N} 

j
y : Value of gross output of sector j; j∈ {1,…N}  

ijx : Intermediate input of commodity i used by sector j 

id
g : Final demand for commodity i; d∈{1,…,D} 

:fV  The representative household’s endowment in factor f;    

 f : primary factors   f∈{1,…, F}  

:fjV Payment for factor f by sector j 

:m  The representative household’s income 
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ANNEX 5.2: Association between Activities and households in the farm-

household CGE model 

PRODUCTION ACTIVITIES MICRO-ENTREPRISE ACTIVITIES 

Activity Household Account  Activity Household Account 

Mil Farmer MilAFMR Mil Farmer MilNAFMR 

Sorghum Farmer SorgAFMR sorghum Farmer SorNAFMR 

Rice Farmer RiceAFMR Rice Farmer RceNAFMR 

Other cereals Farmer OCerAFMR Other cereals Farmer OCeNAFMR 

Vegetables Farmer VegAFMR Small Ruminants Farmer SRmNAFMR 

Legumes Farmer LegAFMR Large Ruminants Farmer LrmNAFMR 

Small Ruminants Farmer SRmAFMR Poultry Farmer PltNAFMR 

Large Ruminants Farmer LrmAFMR Fish Farmer FshNAFMR 

Poultry Farmer PltyAFMR Retail Farmer RtlFMR 

Fish Farmer FishAFMR Textile Farmer TxtlFMR 

Mil Agro-pastoralist MilAAGP NR processing Farmer NRProFMR 

Sorghum Agro-pastoralist SorgAAGP Rice Agro-Past. RceNAAGP 

Rice Agro-pastoralist RiceAAGP Other cereales Agro-Past. OCeNAAGP 

Other cereals Agro-pastoralist OCerAAGP Small Ruminants Agro-Past. SRmNAAGP 

Vegetables Agro-pastoralist VegAAGP Large Ruminants Agro-Past. LrmNAAGP 

Legumes Agro-pastoralist LegAAGP Fish Agro-Past. FshNAAGP 

Small Ruminants Agro-pastoralist SRmAAGP Retail Agro-Past. RtlAGP 

Large Ruminants Agro-pastoralist LrmAAGP Textile Agro-Past. TxtlAGP 

Poultry Agro-pastoralist PltyAAGP NR processing Agro-Past. NRProAGP 

Fish Agro-pastoralist FishAAGP Small Ruminants Sed. Past SRmNASP 

Mil Sed. Pastoralist MilASP Large Ruminants Sed. Past LrmNASP 

Sorghum Sed. Pastoralist SorgASP Milk Sed. Past MilkNASP 

Vegetables Sed. Pastoralist VegASP Textile Sed. Past TxtlSP 

Small Ruminants Sed. Pastoralist SRmASP NR processing Sed. Past NRProSP 

Large Ruminants Sed. Pastoralist LrmASP Small Ruminants Transhumants SRmNATP 

Poultry Sed. Pastoralist PltryASP Large Ruminants Transhumants LrmNATP 

Milk Sed. Pastoralist MilkASP Milk Transhumants MilkNATP 

Mil Transhumants MilATP Retail Transhumants RetailTP 

Sorghum Transhumants SorgATP NR processing Transhumants NRProTP 

Rice Transhumants RiceATP    

Small Ruminants Transhumants SRmATP    

Large Ruminants Transhumants LrmATP    

Poultry Transhumants PltryATP    

Milk Transhumants MilkATP    



 

 

 ANNEX 5.3: Equations∗∗∗∗ for Farm-household CGE model (developed by 
IFPRI) 
# Equations Complementarity 

constraint 

Domain Description 

Price block 

1 ∑
∈

≥+
ij

u

ui

p

juiji ppp
 α  0≥p

iuq  
i∈I, u∈U 

(i,u)∈MTUI 

Upper limit for 

institutional prices 

2 ∑
∈

−≥
Jj

juiji

i

ui ppp
s α  0≥s

uiq  
u∈U, i∈I 

(u,i)∈MUIS 

Lower limit for 

institutional prices 

3** 

( )

u

ui

Uu

i

ai pp

MUAau ∈

∑
∈

=
,

 
 a∈A, i∈I 

(a,i)∈MAI 

Activity prices 

4 

c

wm

c
ppr ≥  0≥m

iq  
c∈CM Upper limit for 

commune market 

price (import price) 

5 we

cc prp ≥  0≥e

iq  
c∈CE Lower limit for 

commune market 

price (export price) 

Production block 

6 ∑
∈

=
Tt

a

at

x

ac

a

ac qq α  
 a∈A, c∈C Leontief production 

function 

7 ∑
∈

=
Tt

a

at

i

iatia qq α  
 i∈I, a∈A Leontief input 

demand 

8 ∑∑
∈∈

≥
Cc

x

ac

a

ac
Ii

i

iat

a

ai pp αα  0≥a

atq  
a∈A, t∈T Leontief FOC for 

profit maximization 

Institution block 

9 
∑
∈

=
Ff

h

hf

u

hfh qpy  
 h∈H Household income 

10 

u

hi

h

c

ihe

it
p

y
q

ψ
=  

 i∈I, h∈H 

(i,h)∈MIH 

House consumption 

demand 

11 ∑ ∑
∈ ∈

+=
Jj Jj

p

ju

p

iuj

s

uj

s

iuj

i

iu qqq αα  
 i∈I, u∈U 

(i,u)∈MTUI 

Institutional 

transactions demand 

12 

( ) ( )

s

ui

i

ia
Aa

c

iu

p

iu

h

ui

x

ai
Ia

qqqqqq

MUAauMUAau

++≥++
∈∈

∑∑
∈∈

,,

 0≥u

uip  
u∈U, i∈I 

(i,u)∈MUI 

Institutional 

commodity and 

factor demand-

                                                 
∗
   For simplicity, domain restrictions have been partly suppressed for variables and equations. 

**
 On the right-hand side, the notation indicates summation over all elements in U subject to 

them being mapped to the element in A that is in the domain of the equation (each element in 

A is only mapped to one element in U but an element in U may be mapped to zero, one or 

more elements in A). A parallel interpretation applies to the conditional summations in 

Equation 12.  

 See following page for the list of sets, parameters and variables of the model. 
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supply balance 

System-constraint block 

13 ∑ ∑∑
∈ ∈∈

++≥+
Uu Uu

t

iu
Uu

e

i

p

iu

m

i

s

ui qqqqq  0≥ip  i∈I Commune market 

for factor and 

commodities 

14 
∑ ∑
∈ ∈

=
CEc CMc

m

c

wm

c

e

c

we

c qpqp  
  Current account of 

RoW 

15 
∑
∈

=
Cc

cpi

cc pp ω  
  Price numéraire 

 
SETS  
    

u∈U :Decision making units (households) 

a∈A  : Activities 

i,j∈I (=J) :Factors and commodities 

c∈ C (⊂ I) : Commodities 

c∈CE (⊂ C) : Exported commodities 

c∈CM (⊂ C) : Imported commodities 

f∈F (⊂ I)  : Factors 

h∈F (⊂ U) : Households 

t ∈ T            : Techniques 

 

Mapping 
(a,i)∈MAI : item i is input or output for activity 

a 

(i,h)∈MIH: i is consumed by household h. 

(u,a)∈MUA : institution u is responsible for act. 

a  

(i,u)∈ MTUI: u may use i as transaction input 

(u,i)∈MUI : u has a supply demand balance for 

i 

(i,u)∈MUIP : u may purchase item i 

(u,i)∈MUIS : u may sell item i 

 

PARAMETERS 

i

iatα : input demand for i per unit of factor 

 p

iujα : transactions demand for i per unit of j purchased by u 

 s

iujα : transactions demand for i per unit of j sold by u 
x

aiα : yield of output i per unit of activity a 

cω : weight of commodity c in  Consumer Price Index   
c

ihψ : share for commodity i in consumption demand for 

household h 
cpip : Consumer Price Index  (CPI) 
wep : export price of commodity c (in foreign currency) 
wm

cp : import price of commodity c (in foreign currency)  
h

uiq : supply (endowment) of factor i, owned by household u 
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VARIABLES 

ip : market price of factor or commodity i 
a

aip : price of commodity or factor i for activity a 
u

uip : shadow price of commodity or factor i for decision 

making unit u 
a

atq : quantity of activity a using technique t 
c

iuq : quantity of consumption demand from household u 

for commodity i 
e

iq : quantity of exports of commodity c 
m

iq : quantity of imports of c 
i

iaq  : quantity of input demand for I from a 
p

iuq : quantity purchased of commodity i by decision 

making unit u 
s

iuq : quantity sold of item i by decision making unit u 
t

iuq : quantity demanded of item i for transaction by inst. u 
x

aiq : quantity produced of commodity i by acidity a 
G

cq  : quantity  of com. c consumed by government 

  r: exchange rate (units of domestic currency per unit of 

foreign currency) 

 hy  : Income of household h 

 

Source: Lofgren et al. (1999)
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ANNEX 5.4: Shares of Transaction spending   

 

 

 

 

Household  groups 
 Commodities Farmers AGP SP TP 

Millet 0,703 0,222 0,058 0,017 

Sorghum 0 0 0 0 

Rice 0 0 0 0 

OCER 0,143 0 0 0,857 

Veget 0,487 0,305 0,012 0,197 

Legumes 0,284 0,195 0,469 0,052 

Srum 0,257 0,257 0,395 0,09 

LRum 0,069 0,069 0,697 0,165 

Pltry 0,328 0,328 0,209 0,136 

Milk 0,453 0,254 0,293 0 

Fish 0,43 0,357 0,153 0,06 

Millet M 0,278 0,722 0 0 

SorghM 0,278 0,722 0 0 

RiceM 0,278 0,722 0 0 

OCERM 0,278 0,722 0 0 

SRumM 0,148 0,606 0,178 0,069 

LRumM 0,18 0,289 0,345 0,186 

PltryM 0,385 0,267 0,255 0,093 

MilkM 0,167 0,074 0,608 0,151 

FshSmk 0,247 0,753 0 0 

Retail 0,39 0,605 0 0,005 

TXTLES 0,743 0,111 0,146 0 

NRFP 0,759 0,198 0,016 0,027 



 

 253 

ANNEX TO CHAPTER 6 
 

The following shows how compensating variation and equivalent variation can 

be formally computed, using money metric functions, for the Cobb-Douglas 

utility function.  

Let’s define the utility function )(Cµ , the indirect utility function ),( YPv  and the 

money metric function ),( vPm . C represents the vector of goods consumed, P the 

vector of prices and Y household income. 

The utility function is specified as =)(Cµ  ∏
=

I

i

i
iC

1

α and a demand function 

i

i

i
P

Y
YPC

α
=),(  is derived by maximizing utility subject to the budget constraint. 

The indirect utility function ),( YPv  is obtained by replacing the  iC  in the utility 

function with the demand function:   

 ∏
=









=

I

i

i

i

i

P

Y
YPv

1

),(

α
α

.  Solving for Y gives the money metric indirect utility 

function  ),( vPm which is the income needed to attain utility level v at the vector 

of prices P , v
P

vPm

iI

i i

i

α

α
∏

=








=

1

),( . 

Using the money metric utility function, we can formally derive equivalent 

variation (EV) and compensating variation (CV), in the case of the Cobb-

Douglas utility function as follows: 

  

( )( ) ( )( ) ( )( ) 0110000110 ,,,,,, YYPvPmYPvPmYPvPmEV iiiiii −=−=  

     ( )( ) 0110 ,, YYPvPmEV ii −=  

 ( ) 011

1

0

, YYPv
P

i

iI

i i

i −







= ∏

=

α

α
 

 = 0

1
1

1

1

0

Y
P

YP I

i

i

i

i

iI

i i

i −















∏∏

==

αα
α

α
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          = 01

1
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P
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i i

i −







∏

=
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Similarly,  

 

( )( ) ( )( ) ( )( )0011001111 ,,,,,, YPvPmYYPvPmYPvPmCV iiiiii −=−=  

( )( )0011 ,, YPvPmYCV ii−=  

( )00

1

1

1 ,YPv
P

Y i

CD

iI

i i

i

α

α
∏

=








−=  

i

i

i
I

i

iI

i i

i

P

YP
Y

αα
α
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−= ∏∏

==
0

0

11

1

1  

 0

1
0

1

1
Y

P

P
Y

iI

i i

i −







= ∏

=

α

 

where iα  are the consumer utility parameters with  1
1

=∑
=

I

i

iα  for  i (i= 1,….,I) 

consumed goods; 0

iP  and 1

iP  are the prices respectively before and after the 

policy and 0Y  and 1Y  the corresponding incomes, m and v are respectively the 

money metric and utility attained . 
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