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Stellingen
1.

Als de empirische waarden van een meervoudige doelfunctie niet meetbaar zijn,
kan maximum entropy econometrics zinvol gebruikt worden om de gewichten te
schatten van doelfunctie componenten {dit proefschrift).

2.

Empirische waarnemingen van consumptieve uitgaven zijn een afspiegeling van
een onderliggende nutsfunctie; deze kan daarom uit de empirische
waarnemingen worden geschat (dit proefschrift).

3.

Na calibratie van een model is een analyse van de omgeving van een optimale
oplossing zinvol om te weten of uitkomsten van de modeltoepassingen
betrouwbaar zijn (dit proefschrift).

4.

Vooralsnog is er geen economisch haalbare alternatieve technologie voorhanden
om in de Cercle de Koutiala bodemuitputting tegen te gaan (dit proefschrift).

5.

Modelkeuze hangt zowel van de onderzoeksvraag als de databeschikbaarheid af.

6.

Een productiefunctie is voor een econoom iets anders dan voor een agronoom.

7.

Om "compensatie voor schade aan biodiversiteit" wettelijk te regelen is een
systeembenadering nodig.

8.

Verbetering van organische stofgehaltes in Afrikaanse bodems draagt ook bij tot
vermindering van netto broeikasgasemissies en zou in het kader van
klimaatsverdragen ondersteund moeten worden.

9.

Korte-termijn ondersteuning, middels compensatie voor hoge dieselprijzen, van
een technologie die afhankelijk is van fossiele brandstof, is niet bevorderlijk
voor het substantieel verminderen van de uitstoot van broeikasgassen op
middellange termijn.

10.

Ook in ontwikkelingslanden is het zinvol om gewasveredeling vraaggericht te
sturen.

11.

Het gebruik van "ze" in plaats van "hen" is een slordig Nederlands.

12.

Het begrip "sluiproute" geeft een verkeerd beeld van de snelheid waarmee
automobilisten er gebruik van maken.

13.

De vervanging in de omgangstaal van het gezegde "dat loopt als een trein" door
"dat gaat als een speer" zegt veel over hoe het reizen per spoor wordt ervaren.
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ABSTRACT
The study develops a bio-economic modelling framework that permits simultaneous
assessment of the effects of technology change and policy measures on household welfare and
agro-ecological sustainability indicators. The bio-economic modelling framework expands
traditional farm household models to incorporate direct consumption utility functions, to
allow for multiple objectives and to permit a meaningful interface with biophysical process
models. The resulting model combines econometrically estimated equations in a mathematical
programming framework. Model outcomes are analysed using metamodelling tecyhniques.
The bio-economic modelling framework is relevant for policy analysis related to resource
degradation in developing countries. The model is applied to Cercle de Koutiala in southern
Mali for specified research questions. Model results indicate that the model is robust and
relevant for policy dialogues.
Application of the model to assess the potential of new technology in the household setting
indicates that the problem of soil mining cannot be reversed. With the present alternative
technologies, there is only limited scope for policy induced improvements in sustainability
indicators.
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PREFACE
This thesis is the result of many years of research in a number of different research projects. It
started in spring 1992 when I joined the Centre for Agro-biological Research (CABO-DLO,
now part of Plant Research International), as an economist in the interdisciplinary research
programme Sustainable land use and food security in developing countries, also known by its
Dutch acronym DLV. From early 1995 to the end of 1996,1 participated in the second phase
of this DLV research programme, but now as a research fellow with the Development
Economics Group of the Social Sciences Department at Wageningen University.
1

The first phase of DLV lay the foundations for the methodology presented in this thesis. It
determined a workable interface between agro-biological sciences and economics. The second
phase refined some of the work with a strong emphasis on the household level. In the first
phase the case study area was northern Atlantic Zone of Costa Rica, in the second phase it was
the Cercle de Koutiala in southern Mali.
From September 1997 to September 1999, I was given the opportunity within the
Environment and Economics Programme of NWO to complete the research within the
framework of the project Economic policy, agricultural incentives and soil degradation in
Sub-Saharan Africa. The emphasis of this work was on policy incentives for agricultural
intensification.
Several chapters of this thesis have appeared elsewhere in modified form. Chapter 2 is a
revised and updated version of a paper I wrote with Ruerd Ruben and Arie Kuyvenhoven that
is published in Lee and Barrett (2000). Chapter 3 is a revised version of a paper I wrote with
Herman van Keulen (Kruseman and Van Keulen, 1999) that will be published in the
proceedings of the workshop on Economic policy reforms and sustainable land use in LDCs:
recent advances in quantitative analysis. Chapter 4 is the revised version of a paper
(Kruseman, 1999b) that will also appear in a differently revised form in that book. Chapter 8
is the revised version of a paper presented at the ISEE conference in Santiago de Chile
(Kruseman, 1998). Chapter 9 is the revised version of a paper presented at the NWO
symposium on Environment, Economics and the fourth national environmental plan.
(Kruseman, 1999a).
I am indebted to my supervisors, Arie Kuyvenhoven and Ruerd Ruben, for their valuable
remarks on earlier drafts. They encouraged me to undertake this dissertation work, and
provided a stimulating environment through critical discussions of the ongoing research.
I also wish to thank my colleagues at the Development Economics Group of the Social
Sciences Department of the Wageningen University for creating a stimulating and pleasant
working environment. Special thanks go to: Man-it van den Berg with whom I had regular
discussions on the econometrics techniques applied in this study; Peter Roebeling who was
research assistant to the DLV programme in its second phase; Marijke Kuiper, Patricia
Kandelaars and Erwin Bulte who provided valuable comments on earlier drafts of some
chapters, and Johan Brons who stimulated me to clarify the model specification in GAMS.
' At that time known as Department of Development Economics at Wageningen Agricultural University.
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I am grateful for the fruitful collaboration with biophysical scientists at Plant Research
International (PRI) which permitted the construction of a workable interface between
information from two different scientific realms. Special thanks go to Huib Hengsdijk with
whom I collaborated closely from the summer of 1992 to the end of 1996, and Herman van
Keulen who provided me with many insights into the nature of biophysical processes relevant
to this work.
I also wish to thank Jan Bade with whom I collaborated closely in the second phase of the
DLV programme, and Jos Scheering who helped convert the original farm household model
written in the OMP modelling language into GAMS. I am grateful to Sara van Otterloo-Butler
for editing the final version of this thesis.
Special thanks go to ESPGRN in Sikasso, Mali for providing data for the empirical
analyses, and Keffing Sissoko with whom I worked together intensively during his stay in
Wageningen for his own thesis work.
Last but not least, I thank Wilma and Anna Maria for their support throughout the years
that I worked on my thesis.
2

2

Formerly known as Research Institute for Agrobiology and Soil Fertility (AB-DLO).
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CHAPTER

1

INTRODUCTION

Context

1.1

There is much evidence of degradation of the agricultural resource base in Sub-Saharan Africa
(Bishop and Allan, 1989; Oldeman et al, 1991; Dregne and Chou, 1992; Bojo, 1996). This
degradation is threatening the capacity of countries in Sub-Saharan Africa to meet the rising
demands for food and fibre consistent with slowly rising per capita welfare of the people in
the area (Crosson, 1994; Leisinger and Schmitt, 1996). This is the core of a major problem:
stagnating food supply and increasing food demand is threatening the food security of the poor
in West Africa.
This study presents a methodology to analyse the possible effects of technology change and
policy incentives on household welfare and the quality of soil resources. The results of this
analysis can be used in the ongoing debates on how to deal with the threat to food security in
Africa.
Soil degradation in Sub-Saharan Africa is affected by numerous factors including:
population growth, low resource quality, institutional arrangements concerning land rights,
poor quality of markets and irrfrastructure, a policy environment that provides disincentives to
invest in soil conservation, limited knowledge about soil degradation processes, and absence
of suitable technologies. Increasing population pressure in the semi-arid regions of West
Africa in combination with low input use has resulted in declining yields and the breakdown
of, sometimes sustainable, traditional integrated crop-livestock systems (Breman, 1990;
Ramaswamy and Sanders, 1992).
1

Increased population pressure is not necessarily detrimental to food production, as is shown
by global figures over the past fifty years. While the world population has increased at a
historically high average rate of 1.8 percent per year, cereal production has more than kept
pace, increasing from 275 kg per person in the early 1950s to 370 kg per person in the early
1980s (Daily et al, 1998). Even the effect of population pressure on the state of the natural
resource base is site-specific, since it may in some cases lead to more sustainable farming
systems (Tiffen et al, 1994). However, global figures mask the unequal distribution of soil
degradation amongst and within countries. For semi-arid West Africa the situation is grave
because over-exploitation of the natural resource base is taking place (Bishop and Allan,
1989; Van der Pol, 1993; Breman, 1995). Many agree that even at relatively low population
densities, the quality of the natural resource base is too poor to sustain traditional agricultural
practices.

Soil is defined here as the three-dimensional space comprising the upper surface of the earth crust, which
includes inorganic and organic components, and is capable of supporting plant life and environmental regulatory
functions. Soil degradation is defined as the diminution of the long-term biological and environmental potential
of the soil (Lai, pers. comm.).
1
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This creates particular difficulties since the cases of improved land quality with increased
population pressure are all located in relatively densely populated areas where infrastructure
and market improvements were relatively easy to implement.
Continuing land degradation in Africa can be counteracted by investments in soil
conservation measures (Bishop and Allan, 1989; De Graaff, 1996), but depends critically on
subjective willingness to adopt these measures. The remedies to halt soil mining are a
combination of appropriate (sustainable) technology and adjustments in the structure of the
rural economy in terms of institutional arrangements and market development.
To achieve sustainable agricultural development, most agricultural systems depend on a
conducive policy environment, although it is far from clear which policies should be pursued.
The main reason for this uncertainty is the difficulty of attaining societal goals simultaneously.
In the first place, focusing on one goal will almost automatically imply lower attainment
levels for the other ones, i.e. trade-offs occur. Secondly, the design and implementation must
be based on a sound understanding of household and community behaviour. This micro-level
behaviour is guided by multiple, often conflicting, household objectives that are seldom the
same as the societal goals of sustainable agricultural development defined above. Policyinduced change in the socio-economic environment can be the result of macro-economic
policies directed at a wide range of societal objectives or targeted specifically at the
agricultural sector, a specific region, or specific group of farmers.
Changing the available technological options at farm household level involves agricultural
research and extension. Agricultural research and extension, directed at offering farmers new
(better) options for using their scarce resources, can benefit tremendously from an ex ante
evaluation. The costs of agricultural research and extension are relatively large and are only
warranted if there is a fair probability of success. In the past, this area of intervention was
dominated by technological considerations. It was aimed at improving yields, pest and disease
resistance and thus at technical efficiency for a variety of biophysical circumstances. It did not
adequately take into consideration the socio-economic constraints arising from the relative
resource endowments of the targeted beneficiaries, their objectives and the socio-economic
environment in terms of markets, services and infrastructure.
Often the ex ante evaluation of new technology is limited to a cost-benefit analysis, for lack
of a more integrated approach. Cost-benefit analysis alone, however, is not suitable for this
purpose because it does not take into account behavioural response to changing economic
circumstances (Heerink and Ruben, 1996). Biophysical models that measure the impact of
land use on the state of natural resources do not consider behavioural relationships. Many
economic models based on econometric estimation cannot take into account the subtleties of
technological change. Innovation in this field is necessary to be able to better meet the goals
of food security and agro-ecological sustainability.

