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STELLINGEN 

1. Het ontwikkelen en bijhouden van dynamische bedrijfs- en regionale modellen op 
onderzoeksinstituten is een goede manier om samenhang en relevantie van het 
onderzoeksprogramma te bevorderen. dit proefschrift 

2. Empirische valideerbaarheid van modellen is een belangrijke voorwaarde voor de 
bruikbaarheidervan. dit proefschrift 

3. Om de sociale wetenschappen een rol te laten spelen in de ontwikkeling van agrarische 
modellen is het nodig menselijke gedrag te simuleren met behulp van beslisregels in 
plaats van optimaliseringsalgorithmen. dit proefschrift 

4. Het begrip intrinsieke waarde ontkent ten onrechte dat waarden (intersubjectief worden 
toegekend. dit proefschrift 

5. Indien relaties waarover weinig gegevens beschikbaar zijn of die moeilijk te 
kwantificeren zijn, een belangrijke rol spelen in een systeem, dan is het beter om ze zo 
goed mogelijk te kwantificeren dan ervan af te zien ze in het model op te nemen. 

dit proefschrift 

6. Ter voorkoming van het in werking treden van de wet van de remmende voorsprong, 
dienen hoogleraren voor een periode van maximaal 15 jaar te worden benoemd. 

7. Een kenmerkend verschil tussen het HBO en het WO behoort te zijn dat HBO studenten 
leren modellen te gebruiken, terwijl WO studenten leren modellen te ontwikkelen. 

8. Ook het deterministisch wereldbeeld impliceert dat de toekomst in principe 
onvoorspelbaar is. 

9. De toegenomen drang van parlementariërs om zich publiekelijk te profileren vergroot de 
kans op het nemen van maatregelen die leuk zijn voor hun kiezers, maar die tevens tot een 
steeds meer gedetailleerde en daardoor moeilijker uitvoerbare wetgeving leiden. 

10. Waar voor reductionisten geldt dat ze "door de bomen het bos niet meer zien", kan men 
van holisten zeggen dat ze "door het bos de bomen niet meer zien". 

Tjark Struif Bontkes 

Stellingen bij het proefschrift: 
Modelling the dynamics of agricultural development: a process approach. The case of 
Koutiala (Mali). 
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PROPOSITIONS 

1. The development and maintenance of dynamic farm- and regional models at research 
institutes positively influences coherence and relevance of their research programmes. 

this thesis 

2. The possibility for empirical validation of models is an important prerequisite for their 
usefulness. this thesis 

3. To involve social sciences in the development of agricultural sector models, it is 
necessary to simulate human behaviour through decision rules rather than optimisation 
algorithms. this thesis 

4. The notion of intrinsic value erroneously denies that values are (inter)subjectively 
assigned. this thesis 

5. If there are relationships which play an important role in a system, but about which few 
data are available, it is better to quantify these as well as possible and to include them in 
the model than to ignore them. this thesis 

6. To avoid the danger of success-induced complacency, professors should be appointed for 
a period, not exceeding 15 years. 

7. A characteristic difference between a technical and an academic curriculum should be that 
technical students learn how to use models, while academic students learn how to develop 
models. 

8. Even the deterministic world view implies that the future can, in principle, not be 
predicted. 

9. The increasing tendency of members of parliament to seek the limelight, increases the 
chance of policy measures which are pleasant for their constituency, but which also lead 
to a more complicated and therefore less workable legal system. 

10. While reductionists may not be able to see the wood for the trees, the holists may fail to 
see the trees for the wood. 
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Preface 
As a student I became interested in a holistic approach: viewing problems as a whole of 
interrelated elements, agro-ecological as well as socio-economic. This interest was further 
developed during the period I worked in development projects in the rural areas of Benin, 
Bangladesh and Sudan. Working in Benin (at that time Dahomey) with my wife in a 
horticultural and nutrition project, taught me how agricultural production and nutrition were 
interrelated, but also the importance of socio-cultural aspects. In Bangladesh as well as in 
Sudan, I worked in projects that addressed many aspects of rural development, such as 
agriculture, animal husbandry, health, construction of schools and health clinics and road 
improvement. However, I also realised the difficulty of combining the different activities into 
one coherent programme: most activities were more or less carried out in isolation. When I 
returned to the university, where I joined the department of General and Regional Agriculture, 
I got the opportunity from the head of the department, Hans van Asseldonk, to develop 
methods to analyse problem situations in a holistic way: the interdisciplinary approach. Geert 
Nijland, joining the department a few years later, introduced me to the world of computer 
simulation and showed me the importance of dynamics in development processes and the role 
of feedback. Jointly we developed a course on the analysis of agricultural systems, using 
dynamic computer simulation. I developed a simple case study for this course, based on my 
Sudan experience. This case was later on worked out in more detail and published. In 1993 I 
got the opportunity to co-operate with the research programme 'Sustainable land use and food 
security in developing countries' (DLV). The main objective of this programme is 'to develop 
a methodology to integrate agro-ecological and socio-economic information in such a way 
that options for sustainable land use and food security at a regional level in developing 
countries can be explored and formulated with the aim of aiding policy makers'. One of the 
cases, that was selected by DLV was the Koutiala area in Mali and I decided to develop my 
dynamic simulation approach alongside the DLV approach. After a few years, I felt that the 
study might qualify for a PhD thesis and requested the DLV project leaders Prof. dr. Herman 
van Keulen and Prof. dr. Arie Kuyvenhoven to become my supervisors. 
The study is now finished, although I feel I could go on and on, as one always discovers new 
possibilities for improvement. I am grateful to my supervisors for their encouragement and 
advice, especially Herman, who provided me with some very essential ideas on which I could 
build. Dr. Henk Breman was instrumental as the intermediary between Wageningen and Mali 
and brought me in contact with the PSS project in Mali. 
For a theoretical study, information and insight from institutions and persons in the field are 
essential to prevent the modeller from deviating too far from reality. Toon Defoer of the 
Royal Tropical Institute (KIT) has played a very important role by providing useful 
information and stimulating comment regarding the level of reality of the models. I am also 
grateful for information provided by the CMDT (notably: Mamadou Niang, Jean Baptiste 
Diabate and Bertus Wennink) and by Hamady Djouara (ESPGRN). 
Several persons have contributed to my thesis by reading and commenting parts of it: Hans 
Kros (Winand Staring Centre) on pH-modelling and Ruerd Ruben and Henk Moll 
(Department of Development Economics) on economic aspects and last but not least Geert 
Nijland, who was always ready to spend time on reading my drafts and with whom I had 
numerous discussions on all possible aspects of dynamic simulation. I owe a great deal to 
Geert. 
Finally the support of Hans Romberg and Jo Soolsma to solve the hard- and software 
problems has been essential. 



But what can one achieve without the people who may not directly contribute to the content 
of the thesis, but constitute the daily environment and have to deal with a person, who is 
increasingly getting immersed in his research: the members of the Department of Ecological 
Agriculture and my family. In spite of all turmoil, the department has provided a very friendly 
and supportive environment to me: Eric Goewie, Gerard Oomen, Kees Eveleens, Gijsbertje 
Berkhout, Willem Beekman, Ruurdtje Boersma, Karin Groenweg en Els Meisner to name 
only a few. But most important was the moral support, my wife Jantje gave to me, stimulating 
in work but also in relaxing, patient and understanding, and it is therefore to her that I 
dedicate this book. 



1. Introduction 
This study explores the suitability of dynamic simulation modelling as a tool to help decision 
makers to increase their ability to understand the dynamics of agricultural development at 
farm and regional level and to analyse the effects of their decisions on the developments at 
both levels. 
The empirical setting of this study is the Koutiala region in the southeastern part of Mali. 
The production of cotton has made this part of Mali one of the most prosperous districts of the 
country. Cotton has appreciably increased the incomes of the farmers of the area and as a 
result the number of farmers and the cultivated area have increased as well, keeping migration 
to the towns or to neighbouring countries at a low level. Although one may be inclined to 
consider this as a cause for rejoice rather than for worry, questions are now being raised about 
the sustainability of this development: the area of land under continuous cultivation and 
livestock density on the common pastures are rapidly increasing, very often without sufficient 
measures to maintain soil fertility and to prevent erosion, leading to a depletion of nutrients, 
loss of soil organic matter and consequently to a deterioration of the soil structure (Berthe et 
al., 1991; Van der Pol, 1992). 

Enhancing sustainable agricultural development requires insight in the dynamics of 
agriculture at the farm as well as the higher levels. 
At farm level, insight is required in the way farm management affects the development of e.g. 
soil fertility, food security and incomes. At regional level insight is required in the 
interactions of agro-ecological and socio-economic aspects: while on the one hand fanner's 
behaviour affects agro-ecological processes such as nutrient and water supply and 
productivity, on the other hand the results of these processes (such as market prices and 
changes in soil fertility status) influence the decisions of the farmer for the next year. In 
addition to that, interactions between (different types of) farms should also be taken into 
account in a region, where an expanding agricultural sector is faced with limitations of space. 

The main aim of this study is to develop dynamic simulation models that can help to explore 
the consequences of various farm management strategies at the farm level and of agricultural 
policies at the regional level. 
The main indicators that are monitored pertain to soil fertility, farm income, food security, 
land use pattern and distribution of farm types. 

The study can be divided in four parts: introduction, the farm model, the regional model and 
discussion. 
The first part consists of two chapters: in the first (this) chapter methodological aspects are 
discussed at a general level, followed by a statement of the objectives. In Chapter 2 the scope 
of the study is presented including a description of the region. 
The part on the farm model starts with a description of the four farm types in Chapter 3. 
Chapter 4 describes the farm model in detail, followed by an evaluation of the model in 
Chapter 5 and an exploration of the consequences of various management strategies in 
Chapter 6. 
The part on the regional model has a set up, that is similar to the part on the farm model: 
Chapter 7 provides an overview of the regional model, Chapter 8 a detailed description, 
Chapter 9 the evaluation of the model and Chapter 10 the exploration of consequences of 
different policies. 
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The study is concluded with a discussion of the results and the methodology applied in this 
study. 
In the present chapter, first the concept of sustainability is discussed (1.1), followed by a 
general discussion of models and the systems approach (1.2). The following sections discuss 
agro-ecological processes (1.3), methodological issues of modelling farmer's behaviour (1.4) 
and the agricultural sector as a whole (1.5). The chapter concludes with a statement of the 
objectives of the study (1.6). 

1.1 Sustainability 
Since the beginning of the seventies there is a growing awareness of the consequences of a 
continuous increase in population, industrialisation, use of natural resources and pollution for 
the future of mankind. This awareness was triggered world wide in 1972 by the publication of 
The Limits to Growth (Meadows et al., 1972), that predicted a global disaster if developments 
would continue in the same way. Later on, other studies appeared, suggesting that there is still 
room for growth, at least as far as food production is concerned (e.g. Linnemann et al., 1979). 
In 1987 the debate was given a new impetus by the report of the World Commission on 
Environment and Development: Our Common Future (WCED, 1987). The WCED (World 
Commission on Environment and Development) pleaded for a sustainable development, 
whereby the present needs are met without compromising the ability of the future generations 
to meet their needs. 
The concept of sustainability with reference to agriculture was further defined by FAO (1991) 
as: 

".. the management and conservation of the natural resource base, and 
reorientation of technological and institutional change in such manner as to 
ensure the attainment of a continued satisfaction of human needs for present 
and future generations. Such sustainable development conserves land, water, 
plant and animal genetic resources, is environmentally non-degrading, 
technically appropriate, economically viable and socially acceptable". 

Although, at first sight, one can easily agree with such statements, operationalisation of the 
concept of sustainability may be problematic as the criteria may be conflicting (Nijkamp, 
1989; Reijntjes et al., 1992; Van Pelt, 1993). 
An example of this is the moral debate between anthropocentrists and ecocentrists: should the 
concept of sustainability only be geared towards the fulfilment of present and future human 
needs or should nature also be considered as a value in itself (intrinsic value), so that human 
interests might be sacrificed to preserve nature (Katz, 1987; Thompson, 1992; Zweers, 1995). 
The concept of intrinsic value is however debatable, because who is able to determine the 
intrinsic value of say a flower? It seems impossible to assess the value of this flower without 
referring to human judgement and as human judgement cannot transcend itself, it must be 
anthropocentric. All this means that human activities are essentially anthropocentric, so the 
difference boils down to the phenomenon that one person prefers to utilise a piece of fallow 
land for productive purposes to provide jobs or food to people, while the other would like to 
preserve that piece for nature, simply because he is a lover of nature. 
In line with this, Van Pelt (1993) argues that an approach that uses only environmental criteria 
would raise several problems, e.g. how and by whom these criteria should be determined. He 
proposes therefore an integration of ecological and socio-economic aspects. 
Also Thrupp (1993) emphasises the importance of integrating ecological, technological and 
socio-economic aspects and recommends using political ecology as a framework for analysis 
of sustainable development. The advantage of this framework is that it combines the concerns 
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of ecology and a broadly defined political economy, allowing the explanation of various kinds 
of resource exploitation, social and ecological degradation and impacts of agricultural 
technology and other interventions. According to the view of political ecology, ecological 
degradation should not only be seen as a result of technology, but also as a result of the socio­
economic environment. On the other hand, ecological degradation may also force the people, 
who directly caused it, to apply technology that deteriorates the situation further, because the 
environment in which they act does not provide them with incentives to improve their 
technology. So, people's actions are explained by their ecological as well as their political-
economic, social and institutional environment. 

This however is still not sufficient for an operationalisation of the concept of sustainability as 
the question remains what the performance criteria and their target values are. 
Van Pelt (1993) refers in this respect to the discussion between those who advocate weak 
sustainability and those advocating strong sustainability. In this discussion a distinction is 
made between man-made capital stock (e.g. machines, factories, roads but also knowledge 
and skills) and natural capital stock (e.g. soil fertility, forests, fossil energy resources). 
According to the weak sustainability view, the total capital stock is not allowed to decline, but 
it is allowed to substitute natural capital stock for man-made capital stock (e.g. natural soil 
fertility for fertilisers). Strong sustainability is achieved when natural capital as well as man-
made capital do not decline but substitution within both categories is allowed. Whether one 
should strive for weak or strong sustainability may also depend on the situation. In poor 
regions, where access to fertilisers is limited, it may be impossible to substitute loss of natural 
fertility by fertilisers. Under such conditions it may be more important to follow a policy that 
aims at strong sustainability than in rich countries e.g. by putting more emphasis on agro-
forestry, water harvesting techniques and socially relevant technology (Pearce and Warford, 
1993). They also propose to differentiate between those natural capital goods that can be 
substituted (e.g. coal for oil) and those that cannot be substituted (e.g. biodiversity, ozone). 
So it does not make sense to make an a priori choice between weak and strong sustainability: 
criteria and their target values for sustainability should take the situation-specific ecological, 
socio-economic, cultural and political conditions into consideration. Hence determination of 
criteria for sustainability and their target values should not be left to scientists alone, but 
should be determined in an interactive process between scientists, the general public and 
policy makers (Van Pelt, 1993). 
Regarding the desired levels of the different categories of capital stocks, a number of aspects 
must be taken into consideration: should actual levels be maintained, allowed to decline 
somewhat or be increased? Also this question cannot be answered unequivocally: in some 
situations the levels may already be too low, so that these levels should increase; in other 
situations further degradation would cause an irreversible decay, while in still other situations 
a temporary decline would not be harmful. Another consideration in this respect pertains to 
risk and uncertainty. As it is impossible to predict the future with certainty, the outcome of 
policies on sustainability will virtually always differ from the predictions. A risk strategy 
should therefore be part of a sustainability policy, describing subjective attitudes towards risk. 
One such strategy is that a policy is chosen of which the worst possible outcome is better than 
the worst possible outcomes of all other alternative policies. Another strategy is the no-regret 
strategy that aims at avoiding highly uncertain but potentially disastrous events by taking 
measures that also can be justified on the basis of their impact on related, but more 
predictable fields (Van Pelt, 1993). 
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In the process of defining sustainability criteria and targets, a number of issues should be 
taken into consideration, such as equity and the spatial and temporal dimensions of 
sustainability. 
Especially in developing countries, the rural poor depend for their livelihood mainly on 
natural resources without the possibility to substitute these resources by man-made capital 
resources, such as fertilisers. Therefore policies that try to enhance environmental 
sustainability may deteriorate the position of the rural poor. Hence, when equity is an issue, 
policy measures that are supposed to promote sustainability should also be evaluated with 
respect to their effects on different socio-economic categories of the population. 

Sustainability may be defined at different spatial levels: the field, farm, regional, national or 
global level. Sustainability at the field level would imply that natural capital stocks within a 
farm (e.g. organic matter) should remain at a certain level, while sustainability at the farm 
level would allow fertility levels of one field to decline as long as this is compensated by 
increasing fertility levels of other fields of the same farm. Similarly, one could allow natural 
stocks at the farm level to decline as long as the total natural stock at a higher level can be 
maintained. The lower the spatial level the more difficult it is to maintain strong 
sustainability. 
An advantage of carrying out an analysis at farm level, as is done in Farming Systems 
Research, is that the farm is the place where decisions are taken, that directly affect the 
processes related to sustainability (e.g. soil fertility, production, income). However, it is likely 
that a farmer, especially in developing countries, is mainly interested in fulfilling the short 
term requirements of his family, such as the need for food and fuel, while caring less about 
e.g. the long term effects of his farming strategy on the soil fertility of the farm fields (Van 
der Pol, 1992) or on the productivity of the common pasture lands: the "Tragedy of the 
Commons" problem (Hardin, 1968). 
Analysing sustainability at the global level allows in theory the inclusion of all spatial 
interactions, such as migration and food trade. However, a disadvantage of such analyses is 
that they are carried out at a very high level of aggregation, so that they do not provide a 
strong basis for practical decision making. They may constitute a basis for policy 
recommendations at world conferences (e.g. UNCED), but implementation of such 
recommendations usually meets with resistance at the national levels. 
The national or regional level seems to be a more appropriate level of analysis (Nijkamp, 
1989; Gilbert, 1991) because: 
- it is at these levels that policy decisions are taken; 
- they are ecologically more uniform (in case of a large country, a region of such a country 

should be used as level of analysis); 
- it is possible to take decision making at farm level into consideration; 
- it allows, compared to the farm level, the inclusion of a longer time horizon and the analysis 

of the effects of decisions, taken at the farm level, on e.g. the national/regional supply of 
food and cash crops. 

To study sustainability it is imperative to take the temporal dimension into consideration for 
moral -reasons (our responsibility for the future generations) and for technical reasons as 
results of activities, undertaken in the present may appear only after some time. 
As already explained above, the immediate need of the rural poor may be detrimental to the 
natural stocks and so to the welfare of future generations. The importance of the welfare of 
the present generation should therefore be traded off against that of future generations. 
Aspects that should be taken into consideration in this trade-off process are the extent to 
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