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Abstract. There is considerable interest in the potential for using Operational Research in developing
countries. One sign of this is the formation of new societies for O.R. scientists in countries and regions
where no such society had existed. Since 2003, such societies have been formed in several parts of Africa.
This paper focuses on West Africa, and presents a bibliography of papers relating to applications of
operational research in the nations of this part of the continent. The paper describes the way that the
bibliography was collated and discusses the overall picture that the list of papers presents of the state
of O.R. in the eighteen countries which are considered.

1. Introduction

In 2009, the International Federation of Operational Research Societies (IFORS) will celebrate its 50th

birthday. This federation, which began with a handful of national societies in 1959, now has 48 members.

For a great part of its life, IFORS has encouraged its member societies to assist in developing operational

research in countries where there is no recognised professional group of experts in operational research.

Most, but not all, of these countries are in the developing world.

As far as the author is aware, there has been no systematic listing of the O.R. literature on a country-by-

country basis for many parts of the less-industrialised world. Such a list would be useful for the pioneers

of the discipline in countries where professional groups or societies have not yet, or have recently, been

formed. This paper is an attempt to provide a brief introduction to the literature of of applications of

O.R. in West Africa.

There are several reasons for making West Africa the focus of such a study. The three most important

are, first, the nations of this region form a geographical unity of independent states, with internal economic

links. Second, the first years of the twenty-first century have seen the formation of two groupings of O.R.

professionals in the region; INFORN, the Institute for O.R. in Nigeria, and ROCARO, the Réseau de

l’Ouest et du Centre de l’Afrique pour la Recherche Opérationelle. (Although the latter is nominally

a grouping for all countries in the region, it is primarily concerned with the French-speaking nations.)
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Third, there is no journal of O.R. published in the region, and therefore the literature is scattered in

many different journals.

This paper is about that literature. Inevitably the bibliography is incomplete, but the extent of the

list produced here is encouraging. In the next section, there is a brief description of how the material

was collected, and this should serve as a guide to future researchers concerned with compiling a literature

review to extend this, or to supplement it by studying other regions of the world.

2. Compiling the list

2.1. Defining West Africa. There is no universal notion of which countries form the region “West

Africa”. The author adopted a pragmatic approach, and decided that the seventeen countries included

in the Lonely Planet guidebook were an appropriate set. The guidebook did not include Gabon, but

several of the references treated Gabon as being similar in nature to those in the book, so this nation was

added. The guidebook treated the Cape Verde Islands as part of the region, although the climate and

environment of islands are different from those of the continental landmass. The islands were retained in

the list.

The United Nations definition is almost identical, except that Gabon and the Cameroon are left out.

Cameroon is a leading member of ROCARO.

2.2. Defining Operational Research. Aggarwal ([23]) has pointed out that the concept of O.R. in

developing countries is different from that found in the developed world. The term “O.R.” may not

be used to describe the approach being taken. Decision-makers have different assumptions from those

familiar in “traditional” O.R. methodology. Aggarwal writes: “The primary objective pursued in each

case was to make the situation tolerable for as many people as possible.”

From the outset, for this paper, therefore, the author determined that the bibliography would not be

a study of papers written by authors from those eighteen countries. The scope was determined to be

papers which describe a case-study or a practical example of O.R. in a country, part of a country, or

several countries, and which develops methodology for

(1) “What if?” questions or

(2) “Science of Better” questions

both of which may make the situation being studied “more tolerable”.
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The question of whether or not the results had been implemented was initially considered as a criterion

for inclusion in the bibliography. However, very few papers describe the implementation of the results;

the value for the researcher in case-studies is found in the fact that another scholar has experienced the

social and cultural setting of the region, when collecting data, dealing with decision-makers, constructing

and using models.

2.3. Sources of information about published papers. To compile the list of papers, the author

used a variety of sources. The principal ones were

• International Abstracts in Operations Research;

• Google Scholar

• ISI Web of Science

• Previous bibliographies

• Other online databases

2.3.1. International Abstracts in Operations Research. The International Abstracts in Operations Re-

search (IAOR) is published by IFORS as a print and online database (IAOR-Online) of abstracts of

papers on the theory and practice of O.R.. Each year it records between 3500 and 4000 abstracts, from

between 40 and 50 journals which are abstracted cover-to-cover, and from a further 200 to 300 journals

which are inspected and selected material is taken. Since 1992, IAOR has had a classification for devel-

oping countries, which means that every paper considered to be concerned with practice or techniques

in a developing country should be readily identifiable. It is reasonably straightforward to locate all the

papers with that classification, using IAOR-online, and that allows one to download the abstracts as

well. However, IAOR is not consistent in the way that it divides papers within the group; some show

a particular country, some show a continent, some do not give any precise identification about which

“developing country” is referred to.

A significant problem with IAOR is that it is geared towards the international literature, and the main

source of its contents is the core literature of Operational Research. Applications in developing countries

are not well covered by the mainstream O.R. literature.

2.3.2. Google Scholar. For many academic users, the facility and user-friendliness of Google Scholar en-

courages one to use it. However, Google is searching among the millions of papers on the Internet, and its
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searches do not recognise “OR” as a search term, since it is a “stop word” used for the logic of searches.

Added to this problem is the fact that many papers on O.R. do not actually use that expression; instead

they describe the process and methodology of O.R. or they describe the use of one or more techniques

from those used in O.R. methodology. Furthermore, when papers refer to a geographical setting, the

reference may be inadequate for detection by electronic search tools. Although “everyone knows” that

Lagos is in Nigeria, for example, an O.R. paper with applications in Lagos may never mention Nigeria

and so a search for “Nigeria” would omit such a paper. The problem is particularly noticeable as papers

which are about particular countries may never mention the continent – everyone knows that Ghana is

in Africa, so why do you bother to say so?

2.3.3. Previous bibliographies. The Journal of the O.R. Society (U.K.) ([223]) and the European Journal

of O.R. ([71]) have both published special issues on O.R. in Developing Countries. Neither of these issues

gave a systematic bibliography. The citations in each gave a limited view of the subject. There appears

to be one attempt to create a bibliography for all developing countries ([107]), which includes Asian and

Latin American countries as well as Africa. A survey of O.R. in Nigeria ([108]) identified some papers

and later correspondence ([109], [247]) supplemented this.

2.3.4. Online databases. Many libraries provide access to the Web of Science and this was useful in the

same way as Google Scholar was. The publishers Elsevier maintain an archive of their journals which

may be searched (Scopus). A great many journals maintain electronic archives of tables of contents,

and offer email alerts as fresh issues appear. These latter are useful for the current literature, and for

searching the significant number of smaller journals which do not appear in Web of Science. There are

also journals which specialise in a combination of developing countries and quantitative methods, such as

the Electronic Journal of Information Systems in Developing Countries (EJISDC), World Development

and World Health & Population. There are also accessible directories of theses submitted for research

degrees.

2.3.5. Serendipity. Part of the collection in this paper was found by happy chance (serendipity). Finding

a publication by an author prompted a web search for further papers by the same author, or highlighted

journals which proved to be relevant.
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Topic Count (from 279)
Agriculture and food 131

Economics and Management 41
Health 33

Water resources and irrigation 30
Transport 14
Location 13
Energy 12

Information Technology 12
Government 10

Forestry 7
Retailing 4

Waste management 3
Education 2
eCommerce 1

Network planning 1
Poverty 1
Tourism 1
Table 1. Count by topics

2.3.6. A broad search. The hunt for evidence of O.R. activity began with the mainstream literature of the

subject. This led into a wide range of journals, few of which are on the regular reading lists of operational

research scientists. Some publications came from national or international organisations whose research

programmes occasionally model “What if?” questions. Some of these organisations maintain offices in

West Africa. Just as there are no lists of publications relating to O.R. in the region, there are no lists of

research and development organisations that are active in these countries.

3. The evidence

The bibliography now contains over 275 papers. What is the nature of these, and how are they

distributed? Researchers may be concerned about what problem has been considered (topic) and/or

what country or countries the work relates to. Table 1 shows the count of papers by topics. Table 2

shows the count by countries. The totals do not completely tally because some papers cover several

topics or countries. Because one might expect larger countries to feature in more papers, Table 3 shows

the number of papers per country divided by the square root of the population, and then mapped to

the range (0, 100). (The square root is taken to reflect the observation that many national outputs grow

more slowly than population; IFORS uses the square root in its voting rules.)
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County Total Country Total Country Tota;
Nigeria 96 Cote d’Ivoire 15 Sierra Leone 4
Ghana 40 Niger 13 Mauritania 3
Mali 34 The Gambia 10 Cape Verde 2

Burkina Faso 26 Benin 7 Guinea-Bissau 1
Senegal 26 Gabon 5 Liberia 1

Cameroon 23 Guinea 5 Togo 1
Table 2. Count by countries

County Score Country Score Country Score
Mali 100 Cameroon 59 Mauritainia 19

Ghana 91 Gabon 48 Guinea 18
Nigeria 87 Niger 38 Sierra Leone 18

The Gambia 84 Cote d’Ivoire 38 Guinea-Bissau 8
Senegal 81 Cape Verde 30 Liberia 6

Burkina Faso 74 Benin 26 Togo 4
Table 3. Count divided by sqrt(population) by countries, scaled to (0,100)

4. The missing evidence

4.1. Surprises: topics. There are few surprises about the most popular subjects for papers. Agriculture

is the predominant industry of West Africa (and most developing countries). There are well-developed

models for land-use and crop development. There are many European agricultural research stations

collaborating with developing countries.

Health and water resources are also prominent. Again, the high rank is understandable. These are

priorities for many African countries, especially with the epidemic of AIDS, the shortage of water, and

the difficulty of providing good sanitation.

The topic of economics is also not surprising; there is a well-developed field of economics whose

application area is the under-developed nations, with regular journals, conferences and all that go with

these.

The second group of five topics includes several matters which are of wide interest to developing

countries; energy, government and transport are components of an infrastructure. Information Technology

has provided solutions for communications in many such countries, and there are numerous instances

where questions of location need to be solved.

But in the final group, one should ask why there is so little O.R. applied to forestry in West Africa?

And why so little to problems of education?
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4.2. Surprises: countries. The imbalance between countries is surprising. The large countries have

been relatively well-served already by published O.R. papers. But the smaller countries have been over-

looked. Even though the numbers of papers in the final column of table 2 are small, table 3 shows that

there ought to be twice as many papers about O.R. in Niger to make it comparable with its neighbours,

Nigeria and Burkina Faso. And there ought to be four or five times as many papers about O.R. in Sierra

Leone, and twenty times as many about the subject in Togo to make these countries comparable with

those in the first column of table 3; the discrepancy is considerable, despite the similarities of society,

situation and climate.

This leads to the question: who will be the pioneers for O.R. in Liberia, Togo, Sierra Leone, Guinea

and Guinea-Bissau?

5. Cross-reference

For the convenience of other researchers, the following section shows the themes of the papers in the

bibliography organised by country and topic.

5.1. Benin.

5.1.1. Agriculture and food. [8], [9], [169], [186].

5.1.2. Health. [173]

5.1.3. Information Technology. [69], [196]

5.2. Burkina Faso.

5.2.1. Agriculture and food. [52], [53], [93], [118], [145], [150], [169], [174], [175], [199], [232], [238], [244],

[277], [278], [279]

5.2.2. Economics and Management. [187], [219]

5.2.3. Education. [185]

5.2.4. Government. [220]

5.2.5. Health. [87], [88]

5.2.6. Information Technology. [69]
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5.2.7. Location. [87]

5.2.8. Poverty. [66]

5.2.9. Transport. [60]

5.2.10. Water resources and Irrigation. [228]

5.3. Cameroon.

5.3.1. Agriculture and food. [61], [102], [122], [131], [136], [169], [178], [195], [197], [217], [227]

5.3.2. Economics and Management. [15], [77], [115]

5.3.3. Education. [185]

5.3.4. Energy. [156]

5.3.5. Forestry. [272]

5.3.6. Health. [88]

5.3.7. Information Technology. [69], [196]

5.3.8. Retailing. [77]

5.3.9. Transport. [60], [198]

5.4. Cape Verde.

5.4.1. Agriculture and food. [156]

5.4.2. Health. [31]

5.5. Côte d’Ivoire.

5.5.1. Agriculture and food. [18], [67], [96], [169], [181], [235]

5.5.2. Economics and Management. [15], [160], [181]

5.5.3. Education. [185]

5.5.4. Energy. [222]

5.5.5. Forestry. [184]
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5.5.6. Health. [88], [89]

5.5.7. Information Technology. [69], [196]

5.5.8. Transport. [82]

5.6. Gabon.

5.6.1. Agriculture and food. [169]

5.6.2. Economics and Management. [177]

5.6.3. Energy. [75]

5.6.4. Forestry. [272],

5.6.5. Transport. [59]

5.7. The Gambia.

5.7.1. Agriculture and food. [74], [78], [94]

5.7.2. Health. [88], [172], [246], [273], citeYamu2003

5.7.3. Information Technology. [119], [274]

5.7.4. Tourism. [97]

5.8. Ghana.

5.8.1. Agriculture and food. [2], [24], [47], [51], [91], [169], [266], [270], [276]

5.8.2. Economics and Management. [7], [36], [79], [84], [85], [117], [144], [166], [218], [221]

5.8.3. Energy. [41], [43], [63], [64], [193]

5.8.4. Forestry. [48]

5.8.5. Government. [7], [84], [85], [117], [267]

5.8.6. Health. [80], [88], [134], [135], [189], [211], [212], [214], [275]

5.8.7. Location. [80], [134], [135], [211], [212]

5.8.8. Retailing. [216]
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5.8.9. Water resources and Irrigation. [29], [86], [99], [228]

5.9. Guinea.

5.9.1. Agriculture and food. [42]

5.9.2. Health. [173]

5.9.3. Transport. [34], [60]

5.10. Guinea-Bissau.

5.10.1. Health. [101]

5.11. Liberia.

5.11.1. Forestry. [264]

5.12. Mali.

5.12.1. Agriculture and food. [47], [49], [50], [70], [72], [76], [81], [93], [98], [103], [104], [105], [127], [130],

[132], [133], [137], [150], [154], [161], [169], [229], [237], [254], [263]

5.12.2. Economics and Management. [95], [192] [44]

5.12.3. Information Technology. [69]

5.12.4. Transport. [60]

5.12.5. Water resources and Irrigation. [104], [260], [271]

5.13. Mauritania.

5.13.1. Agriculture and food. [170]

5.13.2. Information Technology. [88]

5.13.3. Water resources and Irrigation. [260]

5.14. Niger.

5.14.1. Agriculture and food. [1], [104], [112], [157], [167], [168], [169], [180], [194], [233]

5.14.2. Economics and Management. [55]
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5.14.3. Information Technology. [196]

5.14.4. Transport. [60]

5.14.5. Water resources and Irrigation. [104], [180]

5.15. Nigeria.

5.15.1. Agriculture and food. [3], [6], [11], [12], [13], [14], [17], [22], [26], [32], [33], [35], [37], [38], [62],

[83], [92], [114], [121], [124], [148], [149], [159], [163], [165], [169], [171], [208], [210], [213], [236], [240],

[248], [249], [250], [258], [262]

5.15.2. Economics and Management. [15], [28], [39], [65], [83], [108], [109], [110], [116], [129], [142], [149],

[190], [201], [202], [203], [247], [252], [253], [257]

5.15.3. Education. [10]

5.15.4. Energy. [45], [46], [147], [152]

5.15.5. Forestry. [40], [120]

5.15.6. Government. [138], [140], [176]

5.15.7. Health. [19], [54], [90], [125], [126], [141], [143], [205], [206], [249]

5.15.8. Information Technology. [27], [106], [110], [141], [142], [191]

5.15.9. Location. [11], [12], [13], [14], [17], [25], [206], [210], [236]

5.15.10. Network planning. [256]

5.15.11. Retailing. [183]

5.15.12. Transport. [37], [38], [111], [204], [213], [215], [242], [251]

5.15.13. Waste Management. [25], [158]

5.15.14. Water resources and Irrigation. [4], [6], [10], [16], [20], [21], [26], [30], [139], [209], [234], [255],

[257], [268], [269]

5.16. Senegal.

5.16.1. Agriculture and food. [53], [56], [57], [58], [68], [73], [78], [123], [224], [226], [239], [265]
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5.16.2. Economics and Management. [15]

5.16.3. Education. [185]

5.16.4. Forestry. [226]

5.16.5. Government. [267]

5.16.6. Health. [88], [100], [151]

5.16.7. Information Technology. [69], [196]

5.16.8. Location. [100]

5.16.9. Transport. [37], [38], [111], [204], [213], [215], [242], [251]

5.16.10. Waste Management. [153]

5.16.11. Water resources and Irrigation. [57], [58], [164], [224], [259], [260], [261]

5.17. Sierra Leone.

5.17.1. Economics and Management. [146]

5.17.2. Government. [113]

5.17.3. Health. [88], [225]

5.17.4. Retailing. [146]

5.18. Togo.

5.18.1. Agriculture and food. [169]

5.19. General.

5.19.1. Agriculture and food. [5], [155], [162], [182], [200], [241], [243]

5.19.2. eCommerce. [188]

5.19.3. Economics and Management. [128]

5.19.4. Government. [245]

5.19.5. Health. [207]
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5.19.6. Information Technology. [179], [188]

5.19.7. Water resources and Irrigation. [230]

6. Availability

Abstracts of most of the papers cited here are available online, and for many, a copy of the complete

paper is also provided. The author’s website will host a copy of this list with annotations and/or abstracts;

this is a long document (about 90 pages).

7. Conclusions

This is work-in-progress. It is not yet complete, and one should argue that it will never be complete.

The author would be grateful for further relevant references.

The approach described here will work for other countries and regions, and the journals included in

the bibliography will be an aid to anyone wishing to compile a similar bibliography.

The research has also identified countries and topics where there has – so far – been little published

work on O.R.; these gaps provide scope for future work.
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[9] Anselme Adégbidi, Esaie Gandonou, and Remco Oostendorp. Measuring the productivity from indigenous soil and
water conservation technologies with household fixed effects: A case study of hilly mountainous areas of Benin.
Economic Development and Cultural Change, 52(2):313–216, January 2004.

not seen
[10] O A Adekola and J J Ishaya. The state of operational research/quantitative techniques in Nigeria: a case study of

Borno state. Presented at the International Conference on Third World Strategies for Technological Development,
Yola, Nigeria, August 1989, August 1989.

A survey of companies in Borno state, asking what knowledge (if any) they had of OR tech-
niques and methodology. Many organisations used simple OR Techniques, without knowing the
terminology of operational research.

[11] O C Ademosun. The establishment of location-allocation models for oil palm fruit processing units in Southern
Nigeria. PhD thesis, University of Cranfield, U.K., 1980.

Two types of oil, mesocarp oil and kernel oil, are extracted from oil palm fruits. These are not only
consumed locally in Nigeria, but also serve as raw materials for industrial production throughout
the world. The oil palm crop is therefore of primary importance in the Nigerian economy. In the past
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Nigeria has been the major producer of this crop, but at present her production of the mesocarp oil
falls short even of domestic consumption. It has therefore become necessary to establish government
oil palm plantations which will require processing units to be installed in order to process the fruits
that are produced. Various constraints arise in the Nigerian oil palm industry due, for instance,
to the necessity to process the fruits on the first or second day after harvest or to the policy
of the federal and state governments on the distribution of agricultural resources. With regard
to such constraints, the objective of this study is to establish location-allocation models which
determine the number and locations of the processing units and the allocations of the various oil
palm products from their sources of production to the destinations where they are either processed,
consumed or exported so that the total cost incurred in the whole industry is minimized. In order
to identify the constraints, a literature survey of the oil palm industry and a work study exercise
in the Nigerian oil palm industry were carried out. Furthermore, since the degree of suitability for
the extraction of oil from the fruits of the existing types of processing machines varies with the
variety of oil palm fruit, the survey and work study afforded the opportunity to identify a suitable
type of processing equipment for the whole Nigerian oil palm industry. Further relevant data that
would be required for the models were also collected while the author was in Nigeria.

[12] O C Ademosun. Location-allocation models for oil palm production in Nigeria based on the feasible set approach.
International Journal of Production Research, 20(2):211–226, March–April 1982.

Based on the feasible set approach, a location-allocation model is established in this study for
palm-oil production in Nigeria. This model determines the number capacities and locations of the
processing units and the allocation of the various oil palm products so that the total cost incurred
is minimized. The model incorporates a processing unit dropping routine, node creation routine
and a forcing technique. With the relevant data collected in Nigeria, cost-minimizing results are
obtained using the model, and the robustness of the model is verified by sensitivity analysis.

[13] O C Ademosun. Mechanized production system of oil palm produce in Nigeria: A preliminary-study on the establish-
ment of location-allocation models. Agricultural Systems, 8(3):193–207, 1982.

This paper describes a basic study preceding the establishment of location-allocation models for
a government-controlled agricultural industry. The need to develop an efficient and low cost pro-
duction system for the Nigerian oil palm industry is established. The peculiar handling techniques
of oil palm produce are outlined and the requirement of location-allocation models for this indus-
try is discussed. Data were collected in Nigeria and the relevant cost and distance functions were
developed for the models. It is necessary to emphasise that this paper contains the pre-requisites
for the establishment of location-allocation models. The techniques for establishing these models
have been discussed by the author elsewhere.

[14] O C Ademosun. Machinery-crop selection at maximum tractor power utilization in Nigeria. Modelling, Measurement
& Control D, 14(1–2):1–15, 1996.

The level of mechanisation of Nigerian agriculture is low because of high cost-to-benefit ratio of
farm machinery, especially as pertains to tractor usage. This is due to the few hours of tractor
utilization per annum. This paper describes the establishment and application of a model for
maximizing tractor power utilization. The sizes of the implements that can be coupled to the
different categories of tractor hitch for the various operations were determined. A model was
established for the determination of machinery-crop matching at maximum tractor utilization.
A linear programming simplex technique was applied to solve the model using relevant data on
Nigerian agriculture. The crop combination and the farm size for each crop, resulting in maximum
tractor utilization, were obtained for each tractor-implement hitch category.

[15] A Adenikinju, L Soderling, C Soludo, and A Varoudakis. Manufacturing competitiveness in Africa: Evidence from
Cameroon, Cote d’Ivoire, Nigeria, and Senegal. Economic Development and Cultural Change, 50(3):643–665, April
2002.

[16] Olusegun Adeoti. Challenges to managing water resources along the hydrological boundaries in Nigeria. Water Policy,
9(1):105–118, January 2007.

At present, Nigeria is undertaking a broad reform program process of its water resources. In order
to complement this effort, this paper examines the challenges to managing water resources along
the hydrological boundaries in Nigeria. It reviews the present situation of participatory approach
in Nigeria using official regulatory documents and other relevant materials and complements it
with primary information sources. Findings indicate that: (1) there are no legal regimes or provi-
sions for a river basin-based participatory approach in Nigeria and (2) there is/are no stakeholder
management platform(s) that consist(s) of both government and non-government bodies in prac-
tice, but conditions do exist for the implementation of a participatory approach in Nigeria, which
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range from political willingness to socio-economic, environmental and sustainability issues. The
paper closes with suggestions about possible interventions, which also stand as challenges on their
own, to remedy the identified policy gaps in Nigeria.

[17] E A Aderinola, C Ibe, and I A Ajibefun. Farm plans for maximum income and food security among small scale food
crop farming families in Ogun state, Nigeria. Modelling, Measurement & Control D, 15(1):29–42, 1997.

This study was carried out to formulate optimum farm plans for smallholder food crop farmers in
Ogun state, Nigeria, given their families’ food security. Data collected from 120 food crop farm-
ers randomly selected and interviewed were collated and analysed using the linear programming
technique. Results showed that the cassava/maize enterprise had the highest gross margin per
hectare of N7,477.32 in Ikenne zone, while cassava/maize/yam [N6,194.78], cassava/maize/mellon
[N10,625.00], cassava/maize/mellon [N21,792.00] had the highest gross margin per hectare in Ilaro,
Ijebu and Abeokuta respectively.

[18] A A Adesina and A D Ouattara. Risk and agricultural systems in northern Côte d’Ivoire. Agricultural Systems,
66(1):17–32, October 2000.

In the Savannah region of West Africa, the highly variable rainfall and poor soils have been
shown to differentially affect the yield potential of various crops. The paper applies a simple risk
programming model to assess the effects of price and yield risk on the incomes of smallholder
farmers in northern region of Côte d’Ivoire. The analysis showed that by considering price and
yield risks, it would be possible for farmers to improve their incomes. Considerable evidence has
been gathered to show that smallholder allocative inefficiency is a common place in Côte d’Ivoire.
This study also found that farmers were operating at sub-optimal levels. This could be due to
several factors, including multiple market failures, lack of information on prices, price and yield
risks, labor market search costs or high transaction costs. The results from this paper suggest that
when such price series information on the risks of different crops are considered, farmers would
be better off re-allocating their cropping to a more optimal cropping plan. In evaluating cropping
systems in the Savanna zone it is important to consider not only the yield of alternative crops, but
also the yield risk, price risk, and income risk that farmers face in adjusting their cropping patterns.
Second, to reduce production risks faced by farmers, emphasis should be placed on yield-stability
of technology interventions intended for farmers in this zone. Lastly, policy makers should focus
efforts on achieving farm income stabilization for farmers in this zone by: (1) developing effective
market price information transmission system; (2) providing low-cost but high-resolution climatic
information; and (3) developing risk-management institutions. Unless policy makers improve the
availability of information that allows farmers to improve their managerial capacity for making
more risk-efficient cropping decisions, it is unlikely that farmers in the zone will be able to cope
with the pervasive risks that affect their welfare and livelihoods.

[19] O O Adetoro, K S Adeyemi, B Parakoyi, A Oni, T Akure, and O Ogunbode. The application of operational re-
search procedures to maternal mortality from puerperal sepsis in a rural community. Social Science and Medicine,
33(12):1385–1390, December 1991.

An operational research study on maternal mortality from puerperal sepsis was carried out in
Irepodun Local Government Area of Kwara State of Nigeria. The study involved ten focus groups
holding discussions in two districts of the Local Government Area. The findings were analysed
from three broad perspectives, that is, consumers’ views, providers’ views and community decision
takers’ views. In general, the analysis revealed that the community knowledge of puerperal sepsis
is poor. In addition, limited access and prohibitive cost of orthodox health care services prevented
the community from full utilization of the few available health care centres in the community. The
study also revealed that there is urgent need to introduce three key interventions for an improved
maternity care in the community. These interventions are community health education, health
institutions development and community participation in provision of ancillary services such as
transportation.

[20] J B O Adewami. Systems modelling and control in irrigation. PhD thesis, Imperial College, London, U.K., 1983.
An irrigation scheduling model is proposed for the operational control of irrigation systems. The
model is based on the physical processes of soil-water dynamics and plant response; it is specif-
ically developed for the optimal allocation of limited irrigation storage to offset the shortages in
consumptive use requirements that result from marginal rainfall. Initially a distinction is made
between the operational and planning problems of irrigation. The need for an optimal irrigation
scheduling model in real-time irrigation control is discussed with reference to irrigation problems in
Northern Nigeria where the climate is essentially semi-arid. A review of the quantitative methods
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for defining alternative water-management policies for irrigation systems shows that a systems ap-
proach is necessary for dealing with operational problems. In devising a scheme for optimizing the
irrigation regime, particular attention is paid to the submodels of the physical processes involved
in irrigation optimization. The scheme involves simple models of:

(1) soil-water dynamics in the ’root-zone;

(2) actual plant response.

The soil-moisture dynamics model was tested against field data. Various formulations of single-
stage and multi-stage crop production functions are reviewed. The irrigation scheduling model
developed for controlling non-stationary irrigation systems is represented as a stochastic dynamic
programming problem involving linear dynamics, a quadratic loss function and certainty equiva-
lence. Performance of the control model is compared to typical field behaviour through computer
simulation. Simulation results show that the irrigation scheduling model developed provides an
improvement to current scheduling practice. Its application in a planning context is demonstrated
using data relating to the Kano-Irrigation project in Northern Nigeria.

[21] O A Agbede. Optimization studies of groundwater in Northern Nigeria. Modelling, Measurement and Control C,
14(4):1–13, 1989.

Groundwater plays an important role in the management of regional water resources. Since the
problem of aquifer management is the primary objective of this study, the optimization models were
used as a prevision tool to optimize the groundwater extraction inthe aquifers in the northern part
of Kaduna State, Nigeria. This was accomplished with the aid of linear optimization programming,
taking into consideration the planned domestic, agricultural and industrial water requirements
until the year 2000. The Katsina-Daura sedimentary formation was treated as an eight-cell model
while the chad formation within the study area was represented as a two-cell model. The pumping
rates in each cell of the aquifers in order to supply a total demand of water at the lowest possible
total cost were obtained from the computation using the Simplex Method for the optimization.

[22] A U Agbonlahor, A B Aromolaran, and V I Aiboni. Sustainable soil management practices in small farms of southern
Nigeria: A poultry-food crop integrated farming approach. Journal of Sustainable Agriculture, 22(4):51–62, 2003.

A major reason given for the decline in per capita food production in Nigeria over the last two
to three decades is the gradual decline in land productivity. Available information shows that in
southern Nigeria, for example, there was recorded a consistent decline in yield per hectare of major
food crops between 1995 and 2000. Evidence from the literature suggests that the main reason for
this persistent decline in soil productivity is the perpetuation of unsustainable soil management
practices by small food crop farmers that dominate the food production landscape in the country.
This study therefore sets out to find out whether the adoption of a poultry based integrated
food crop production system is economically viable in southern Nigeria. This is predicated by the
fact that the environment in the southern part of Nigeria is well adapted for poultry production.
Primary data was collected in Edo state, southern Nigeria, through a sample survey using a
well structured questionnaire. A total of 94 poultry-based integrating farmers was selected using a
combination of stratified and systematic random sampling procedure. A Linear Programming (LP)
model was used to analyze and determine the optimal enterprise combination that maximizes the
dual objectives subject to the production constraints of the small farms. The result shows that the
dual objectives of maximizing Total Gross Margin (TGM) and simultaneously ensuring sustainable
soil management practices was possible under full integration of poultry-food crop production. The
results of the study suggest that a poultry-based integrated food crop production system, if given
more attention by farmers and backed up by policy, may be an acceptable and feasible way of
stemming the declining trend in soil productivity in southern Nigeria.

[23] Sumer C Aggarwal. Practical applications of OR in an underdeveloped nation. European Journmal of Operational
Research, 77(3):357–374, September 1994.

This paper discusses 13 specific problematic situations, which were presented to the author by
the government of Somalia, an underdeveloped nation in East Africa. These situations are totally
different from the ones for which decision methods have already been developed by OR specialists.
Each one of these emerged under extremely poor and harsh economic and political environments.
The primary objective pursued in each case was to make the situation tolerable for as many people
as possible. We could group these situations into two categories (1) micro-level, and (2) national
level. Each situation is described and analyzed in a separate subsection. First, the background
conditions are highlighted; next, the government objectives for the situation are brought into
focus. Before starting with the analysis, all the existing constraints and limits impinging upon the
situation in question are elaborated upon. This is followed by discussions about the assumptions
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which had to be made for developing each model or decision methodology. Further, the paper
outlines the possible surprises or management dilemmas which may pop up during implementation
of the decision. Next, certain precautions or remedies to deal with such surprises are suggested.
Finally, a realistic assessment of the effectiveness of each of these models or decision methodologies
is provided. In conclusion, the paper adds a few comments in relation to some of the possible
questions or arguments likely to be raised by some OR experts.

[24] E Agidi. Towards the adoption of a new methodology in rural land use planning in Ghana. Land Administration
Journal, 1(2):37–43, 1979.

Shows the inadequacy for planning purposes of the method used in Ghana of synthesizing and
presenting land use information cartographically and to suggest more appropriate techniques. It
looks first at factors determining land use (physical, economic, technological and institutional),
then at the value of the linear programming technique in land use planning. The implications of
the technique are discussed and the paper suggests that it would be useful in land planning in
Ghana. Its possible use in relation to planning for the Ghanaian cocoa industry is given as an
example.

[25] J C Agunwamba, N Egbuniwe, and T C Ogwueleka. Least cost management of solid waste collection. Journal of Solid
Waste Technology and Management, 29(3):154–167, August 2003.

Most developing countries have to grapple with the problem of efficient solid waste management in
the face of increasing waste generation rate, high collection cost and dwindling financial resources.
In some cities wastes are dumped indiscriminately and littered on the streets. This is the case
with Onitsha, a heavy commercial city in Eastern Nigeria. This study is aimed at least cost
solid waste collection in Onitsha through mixed integer programming. Actual transportation cost
was estimated based on 1999 salaries and fuel prices. Optimum cost of collection via transfer
stations to two disposal sites were compared with the existing situation of having no transfer
station and only one disposal site. Post-optimality analysis was performed for several scenarios,
investigating the sensitivities of the optimal cost to varying capacities of the transfer stations,
investments and operating cost of the transfer stations, generation rates, unit collection costs via
transfer stations were each operated at a capacity of 300 tons per day. The introduction of transfer
stations resulted in $463.75 (38.9%) savings per day in the collection cost per day. Implementation
of the programmed will facilitate regular collection of solid wastes by reducing the operation cost.

[26] O D Akatugba-Ogisi. Multiple objectives and small farmer production behaviour in Delta and Edo states of Nigeria:
an application of goal programming. PhD thesis, University of Reading, U.K., 1994.

This thesis examines the effect of multiple objectives on the production behaviour of the small
farmer and explores the applicability of Goal Programming (GP), a multiple criteria decision
making technique (MCDM), in modelling his circumstances. To achieve these aims, the farming
objectives of a sample of 150 small farmers in Delta and Edo states are elicited and evaluated
using three techniques, numerical rating scale, paired comparisons and magnitude estimation.
Further, Linear Programming (LP) and GP models are developed and applied to typical farms
using input-output data collected weekly from a subsample of 45 farmers. The hierarchy of the
farming objectives arrived at is ‘food for the family’, ‘educate children’, ‘repay and avoid more
debt’, ‘make the most profit’, ‘save for farm investment’, ‘employ family on own farm’ and ‘increase
leisure hours’ in descending order of importance. This shows that even though ‘make the most
profit’ is an important objective of the small farmer, it is neither the only one nor the highest in
priority. The optimum solutions of the LP model formuated to take account of ‘repay debt and
avoid more’ and ‘food for the family’ goals (TLP), and the GP models of farms in both areas are
broadly the same. It is concluded from the results that an LP model formulated to take account
of other objectives/goals of the decision maker is in actual fact a subset of MCDM. The WGP
model have an advantage over the LP as the effect of the non profit objectives and the preference
structure can be more explicitly observed in the former. The findings of this research suggest that
the small farmer is more likely to adopt technologies that are designed to guarantee satisfaction
of the higher priority objectives, especially if extension services to small farmers in rural areas of
Nigeria are improved.

[27] T O Akindale. Information Technology in Nigeria: problems and prospects. Information Technology for Development,
4:667–672, 1989.

None yet
[28] V O Akinyosoye. Operationalizing the data banking concept within a national statistical and information system:

Problems and prospects in Nigeria. International Transactions in Operational Research, 2(4):375–385, October 1995.
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The main issue raised in this paper is the role of Data Banks in the process of generating informa-
tion for public administration in a country under a Federal System of Government. The conceptual
underpinning is based on a data-information-decision construct and, an example is drawn from
an effort to operationalize the concept within the National statistical and Information System of
Nigeria, a country with a relatively large public sector. The main inference from the paper is that
although the availability of data from statistical agencies are necessary ingredients for national
development programming, the establishment of data banks as decision support tools, is sine qua
non for success in this direction. This is particularly true of developing countries.

[29] G Akosa, R Franceys, P Barker, and T Weyman-Jones. Efficiency of water-supply and sanitation projects in Ghana.
Journal of Infrastructure Systems - ASCE, 1(1):56–65, 1995.

The efficient use of scarce resources for domestic water supply and sanitation is particularly vital in
low-income countries. Conventional cost-benefit analysis gives an indication ofthe appropriateness
of projects but often fails to reflect factors that cannot be assigned monetary values. A form of
linear programming, data envelopment analysis, is used to measure a single-efficiency score for
10 water supply and sanitation projects in Ghana, relating noncommensurate technical, financial,
economic, institutional, social and environmental inputs to output factors of reliability, utilization,
utilization, and convenience. Results suggest that capital- and management-intensive projects for
water supply in major cities are as efficient as community-based rural sanitation schemes based
on pit latrines. Within these two extremes, many projects are failing to reach potential levels of
efficiency, most significantly, rural boreholes fitted with handpumps, sewerage, and overengineered
latrines.

[30] Emmanuel M Akpabio. Assessing integrated water resources management in Nigeria: insights and lessons from irri-
gation projects in the Cross River Basin. Water Policy, 9(2):149–168, March–April 2007.

This paper examines the practice of integrated water resources management (IWRM) in the Cross
River Basin, Nigeria. Specific case studies have been made of the irrigation projects of the Cross
River Basin Development Authority (CRBDA) to generate issues and examine implications on
the concept of IWRM. A wide range of study methods, including semi-structured interviews, case
studies of irrigation projects, personal correspondence, field visits, observation and secondary data
was used in the research. In the results, it was observed that the CRBDA irrigation projects are
highly under-utilised. The authority has acquired many hectares of land but has developed only
3.4%.There were a number of factors that explained this. These ranged from poor user interests
and financing, fragmented and inconsistent policies, declining funding and political commitment
as well as problems of accountable and transparent management practices. The paper argues that
the above factors relate to the overall influences of macro and micro institutional processes as
well as physical challenges that border on water and related resources management in the area.
Based on these issues the paper concludes that the policy on IWRM in Nigeria was a sweeping
experiment with no meaningful consideration of local contexts and circumstances as well as other
institutional issues for operation.

[31] Christine A Alexander, Gary Busch, and Karl Stringer. Implementing and interpreting a data envelopment analysis
model to assess the efficiency of health systems in developing countries. IMA Journal of Management Mathematics,
14(1):49–63, January—March 2003.

This paper presents a data envelopment analysis model that can be implemented by public sector
management for assessing the efficiency of a health system within a developing country. To illustrate
the practical implementation and interpretation of the model this study compares health systems
across 51 developing countries using 199899 data. The results of the analysis generated empirical
indicators of efficiency, and we demonstrate how these may then be used by management in order
to understand the factors associated with good performance of a health system.

[32] E A Allison-Oguru. Economics of Resource Allocation by Small-Holder Farmers in Bayelsa State of Nigeria. PhD
thesis, Rivers State University of Science and Technology, Port Harcourt, Nigeria, 2004.

[33] E A Allison-Oguru, M S Igben, and E C Chukwuigwe. Revenue maximising combination of crop enterprises in Bayelsa
State of Nigeria: A linear programming application. Indian Journal of Agricultural Economics, 61(4):667–676, October
2006.

Using data from small-holder crop farmers drawn from 3 of the 8 local government areas (LGAs) in
Bayelsa State, Nigeria, a study was performed to determine the optimum crop enterprise mixture
consistent with maximum farm revenue, identify the limiting resource in the cropping system
practiced by farmers in the areas and assess the level of resource use and efficiency. The data
comprised farm land availability and endowment, farm labor availability and endowment, farm
capital availability and the inputs-output coefficient of the various resources endowment and the
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crop production activities involved. It was found that mixed cropping in the central Niger Delta of
Nigeria is superior to mono-cropping in terms of income generated. Furthermore, it was observed
that farm land, family labor for the period January-March and hired labor for the period April-
June are the most limiting agricultural resources faced by the farmers in the area.

[34] Tayfur Altiok. Tandem queues in bulk port operations. Annals of Operations Research, 93(1):1–14, May 2000.
The study is motivated by the operations at the bulk material handling port of Kamsar in Guinea.
Bauxite ore is brought to port to load vessels that arrive on a semi-scheduled basis. Vessels go
through several stages of delays due to sailing, tide and due to time in a waiting berth before and
after they are loaded. We propose bounds and an approximation for a modified port time which
is a significant measure of performance in bulk-material port operations.

[35] G N Amadi. Forecasting in Nigerian agriculture. PhD thesis, University of Wales, Swansea, U.K., 1978.
In 1975, Laszlo presented a paper on how advance information about basic and critical trends
concerning universal human needs, as well as needs due to cultural and developmental factors,
could be beneficial in international decisionmaking at the highest level. This idea has much appeal
and forms the ’raison d’tre’ of this research. To appreciate and test the full implications of Laszlo’s
paper, much practical and theoretical work would need to be done. In this research, a partial
analysis of some of Laszlo’s ideas has been carried out. The work is limited to testing his ideas
concerning the building and use of mathematical models of certain sectors and of a particular
format. As such its objectives are limited in scope and clearly represent only a part of the work
that is necessary to fully assess Laszlo’s ideas. In keeping with Laszlo’s ideas, a System Dynamics
model of the Nigerian agricultural/food sector was built and was used to forecast Nigeria’s future
food need and domestic food supply in terms of calories and protein over the next twenty-six years.
In carrying out this work, some problems were encountered. However, it was found that Laszlo’s
ideas can in principle be applied successfully to the sector chosen and methods for overcoming some
of the problems have been identified. Detailed conclusions have been drawn from this case study
and a deeper understanding of the implications of Laszlo’s ideas has been obtained. In general, it
is recommended that Laszlo’s ideas are worth pursuing and should be subjected to further testing
in identified areas. Finally and separately from the testing of Laszlo’s ideas, the specific model
developed for the agricultural/food sector can, in its own right, be of direct use to the Nigerian
Government in its current planning. This System Dynamics model together with an analysis of its
short-comings is presented in detail.

[36] Kwasi Amoako-Gyampah. The relationships among selected business environment factors and manufacturing strategy:
insights from an emerging economy. Omega, 31(4):287–301, August 2003.

Manufacturing strategy represents the way a firm plans to deploy its manufacturing resources
and to use its manufacturing capability to achieve its goals. Recent research has pointed out the
important role of the business environment on the manufacturing strategy choices by organizations.
However, most of the research has been confined to well-developed economies. This paper extends
the research on business environment and manufacturing strategy by presenting results from an
emerging economy. Using data collected from manufacturing firms in Ghana we demonstrate that
in an emerging economy concerns about the competitive hostility is the factor with the strongest
influence on manufacturing strategy choice.

[37] Taiwo Lookman Amoo. Application of operational research to fertilizer distribution in a developing country: a case
study of Nigeria. PhD thesis, University of Exeter, U.K., 1992.

Fertilizer is one of the important inputs which helps to boost food and fibre production in Nigeria.
The major problem of Nigerian farmers and other fertilizer users has been their inability to get the
right type and the right quantity of fertilizers required for their land. Despite this problem, the
federal government has been spending a huge amount of money to procure and distribute fertilizers
throughout the country. In this thesis we develop a multiproduct transportation model which could
be used to solve the logistic problem of fertilizer distribution system in Nigeria. The objective of
the model is to minimise the total transportation cost: f rom locally-produced plants to primary
distribution centres (PDCs); from importing ports to PDCs; and from locally-produced plant(s) to
export areas (ports). The model aims at finding the optimal shipments of transporting 11 different
types of fertilizer from eight sources (four plants and four ports) to 20 destinations (PDCs), using
two modes of transportation (road and rail), and exports from plant(s) through the ports. This
problem is formulated as a linear programming problem having 971 variables and 166 constraints.
The aims of this research are: (1) To develop a multiproduct transportation model for the fertilizer
sector in Nigeria; (2) To find the optimal distribution plan for transporting fertilizers from the
plants and the ports to the primary distribution centres including exports from the plants to the
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export areas (ports); (3) To find the optimal distribution plan when the problem is considered as
a transhipment problem; (4) To predict the total transportation cost and the optimal distribution
plan (for the original problem) when there is a change in the: (a) Unit transport cost; (b) Optimal
use of the sources; (c) Increase or decrease in demands at PDCs.

[38] Taiwo Lookman Amoo and David K Smith. Fertilizer distribution in Nigeria: Can OR help? In Jonathan Rosenhead
and Arabinda Tripathy, editors, Operational Research for Development [231], pages 199–211. New Age International
(P) Limited, New Delhi, India, 1996.

Fertilizer is one of the most important inputs for boosting food and fiber production in Nigeria.
One of the problems of Nigerian farmers and distributors is to obtain the right quantity, at the
right place, at the right time, and at a reasonable delivery cost. The federal government has been
spending huge amounts of money on procurement and distribution throughoutthe country. This
paper presents a multiproduct transportation model which could be used to solve the logistic
problem of the fertilizer distribution system in Nigeria. It also presents a sensitivity analysis of the
problem. The analysis shows how the optimal solution responds to changes in the unit transport
costs, the use of sources and the demand for products at the primary distribution centres (PDCs).
This senstitivity analysis is necessary because of the many difficulties involved in obtaining accurate
data. The model aims to find the optimal shipments for transporting 11 different types of fertilizer
from eight sources (four plants and four ports) to 20 destinations (PDCs) using two modes of
transport (road and rail) and exports from plants through the ports, with a variety of constraints.
This problem has been formulated as a linear programming problem having 971 variables and 166
constraints.

[39] Murugan Anandarajan, Magid Igbaria, and Uzoamaka P Anakwe. Technology acceptance in the banking industry: A
perspective from a less developed country. Information Technology & People, 13(4):298–312, December 2000.

In the last decade, information technology has proven to be the major enabler that has helped
multinational corporations to integrate their worldwide operations. However, studies show that
many of these foreign subsidiaries, especially in less-developed countries, under-utilize their in-
formation systems, thus not making a significant contribution in improving the performance of
organizations. Previous research, which investigated the factors that motivated individuals in
accepting information technology, were conducted in developed countries. Since less-developed
countries differ culturally from developed countries, it is important to identify the factors which
motivate individuals in these countries to accept as well as use information technology. This study
seeks to investigate this issue. A comprehensive questionnaire on microcomputer acceptance and
its resulting impact was collected from 88 users in six banks in Nigeria. The results suggest that
social pressure is an important factor affecting microcomputer usage.

[40] R O Aruofor. A linear programming model of the forest sector of the Nigeria economy. Discovery and Innovation,
9(3–4):227–233, December 1997.

A linear programming model of the Forestry Sector of Nigeria was constructed and used to re-
appraise the utilization of the existing timber wood resources optimally between various end uses.
An econometric model was used to forecast demand for wood products from 1987 to year 2010
and fed directly into the linear programme. The objective was to maximize sectoral net revenue
subject to wood resource availability, installed capacity and demand constraints. Results indicated
that the exploitation of the natural high forest of Nigeria, be kept as near as possible to 80,000
hectares per annum in order to ensue optimum use, maximum extension of the life of the reserved
natural high forest and maximum profitability.

[41] Yaw Asiedu and Mingyuan Chen. Photovoltaic generation network design via a mixed integer programming model:
A case study. INFOR, 35(3):161–174, August 1997.

Traditionally, electric power plant capacities are determined after specific plant locations have been
selected. In recent times the focus in the design of photovoltaic (PV) systems has been shifting to
ones that operate in conjunction with electric grids. In this paper, a generation expansion problem
involving the choice of locations and plant capacities over a specified planning horizon (years) is
tackled. The problem is formulated as a mixed integer programming model and solved using a
modified embedded Benders decomposition method. The model and the algorithm developed in
this paper are used to solve a renewable energy system design problem in Ghana.

[42] Jennifer Astone. Incorporating local history into planning documents: A case study from Guinea, West Africa. World
Development, 26:1773–1784, September 1998.

International development planners need to incorporate rural people’s extensive historical expe-
rience with colonial, state and international development projects into their project feasibility
documents. A comparison of four planning documents prepared in Guinea during 1987-1993 with
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historically informed field research demonstrates how the documents overlooked important factors
in understanding local techniques in soil management and in women’s organizational experiences.
While many projects employ participatory methodologies to gather background information, they
continue to emphasize technical and descriptive data and overlook important historical changes in
the social and economic conditions that affect natural resource management strategies.

[43] R Atta-Konadu and Mingyuan Chen. Expert system tool for designing hybrid energy systems. International Journal
of Power and Energy Systems, 19(3):239–250, 1999.

This paper describes a tool to design and optimize the component mix of a photovoltaic/fuel
generator hybrid system. The tool assists a designer in choosing the best design configuration
for a particular application. It has two main components: an expert system and a mixed integer
programming (MIP) model. The expert system helps the user to make decisions and serves as the
pre-processor, executor and post-processor to the MIP model through a spreadsheet interface. The
MIP model simulates the performance of the energy system through energy and load management
techniques. Some numeric demonstrative examples using data from Kumasi in Ghana, Africa, are
provided.

[44] M Audibert and J F Etard. Productive benefits after investment in health in Mali. Economic Development and
Cultural Change, 51(3):769–782, April 2003.

[45] A ’Sesan Ayodele. The technological choice decision making process: An example from Nigeria–the Kainji hydro-
electric technology: A multi-purpose development technology. Socio-Economic Planning Sciences, 16(1):9–14, 1982.

This paper examines the technological-cum-economic/social/political criteria under which techno-
logical decisions are made. An example-The Kainji Dam hydro-electric technology-from Nigeria (a
buyer of technology) is selected as a case study. The study shows the importance of socio-economic
criteria in the process of making any technological choice decision. Nonetheless a close interplay of
some political factors may mitigate purely the socio-economic considerations in the technological
choice decision making process. This is evident in the choice of the Kainji Dam technology in
Nigeria.

[46] A ’Sesan Ayodele. The technological choice of Kainji hydro-electric dam in Nigeria– a blessing/curse. Socio-Economic
Planning Sciences, 18(3):143–150, 1984.

Whereas the socio-economic considerations under which the Kainji Dam technology was chosen
were mitigated purely by some political factors, nonetheless, the bottle-necks in the Nigerian
Electricity Market cannot be easily linked with the political mitigation. The problems emanated
from some uncontrollable artificial and natural factors. Despite these problems, Nigeria would
not have been better off without the Kainji Dam technology, given the new developments which
accompanied its inception.

[47] Suresh Chandra Babu, Lynn R Brown, and Bonnie McClafferty. Systematic client consultation in development: The
case of food policy research in Ghana, India, Kenya and Mali. World Development, 28:99–110, January 2000.

Too often the knowledge generated through food policy research does not become part of the local
body of information and consequently is not used by policymakers. This leads to less than optimal
food policies. Our paper highlights the need for better linkages between the food research and
food policymaking processes. We propose that a key component of the linkage is the integration of
clients into the research process. This paper discusses the link between food policy researchers and
one group of clients-food policy decision-makers. The paper first reviews the role of research and
clients in the policymaking process and proposes a conceptual framework that integrates clients
into the research process. Case studies utilizing client consultation in Ghana, India, Kenya, and
Mali illustrate the hypothesis that integration of all client groups, including policy decision-makers
and in-country researchers, beginning at the priority-setting stage of the research process, may best
influence ultimate policy decisions.

[48] C F Bach. Economic incentives for sustainable management: a small optimal control model for tropical forestry.
Ecological Economics, 30:251–265, August 1999.

The main purpose of this article is to evaluate different policy options for promoting low-impact
logging through the use of economic incentives. To do this we construct a small optimal control
theory model within an integrated framework including both the biological and the economic
implications of timber extraction. The approach uses detailed stock, yield and cost data from
Ghana. A numerical solution is reached by the use of multi-period non-linear optimisation. Direct
subsidies to low-impact logging activities through area-dependent subsidies is found to be far
more efficient than subsidising prices of tropical timber. The model takes a novel approach in
combining growth and stock in a tropical forest area with the cost and damage connected with
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timber extraction. It allows us to analyse the interactions between stock, growth, timber extraction,
logging damage and operating costs in an integrated manner.

[49] Oumarou Badini, Claudio O Stöckle, Jim W Jones, Roger Nelson, Amadou Kodio, and Moussa Keita. A simulation-
based analysis of productivity and soil carbon in response to time-controlled rotational grazing in the West African
Sahel region. Agricultural Systems, 94(1):87–96, April 2007.

In the Sahel region of West Africa, the traditional organization of the population and the grazing
land avoided overexploitation of pastures. Since independence in the 1960s, grazing lands have
been opened to all without specific guidance, and the vulnerability of the pastures to degradation
has increased. Rotational grazing is postulated as a possible solution to provide higher pasture
productivity, higher animal loads per unit land, and perhaps improved soil carbon storage. The
objective of this study was to conduct a simulation-based assessment of the impact of rotational
grazing management on pasture biomass production, grazing efficiency, animal grazing requirement
satisfaction, and soil carbon storage in the Madiama Commune, Mali. The results showed that
grazing intensity is the primary factor influencing the productivity of annual pastures and their
capacity to provide for animal grazing requirements. Rotating the animals in paddocks is a positive
practice for pasture protection that showed advantage as the grazing pressure increased. Increasing
the size of the reserve biomass not available for grazing, which triggers the decision of taking the
animals off the field, provided better pasture protection but reduced animal grazing requirements
satisfaction. In terms of soil carbon storage, all management scenarios led to reduction of soil
carbon at the end of the 50-year simulation periods, ranging between 4differences in reduction as
a function of grazing intensity were of no practical significance in these soils with very low organic
matter content, mostly resistant to decomposition.

[50] E J Bakker, H Hengsdijk, and K Sissoko. Sustainable land use in the Sudano-Sahelian zone of Mali: Exploring
economically viable options using multiple goal linear programming. Netherlands Journal of Agricultural Science,
46(1):109–122, May 1998.

Technical options in crop and animal husbandry to reduce soil nutrient mining and other forms
of natural resource degradation in the Sudano-Sahelian zone should be economically attractive,
if they are to be adopted. A model is presented in which agronomic and economic information
and goals are combined to explore possibilities for agro-ecologically sustainable and economically
viable land use in three different climatic regions in Mali and for a situation of non-degraded soils.
The time horizon of the study is the year 2010. For each region, an agro-ecologically sustainable
land use system (a combination of crop, livestock and pasture production systems) that maximises
income of the agricultural sector and satisfies self sufficiency targets is identified. Special attention
is given to the use of chemical fertiliser in crop activities. It is shown that use of chemical fertiliser is
an important element of sustainable and economically viable land use, especially in higher rainfall
regions. It is also concluded that population size has a marked effect on optimal land use systems
in the regions, but that self sufficiency is not endangered even if population is 50% higher than
estimated for 2010. It is argued that results should not be used to simulate the actual situation or
future developments, but to define priorities for agricultural development in the Sudano-Sahelian
region.

[51] Rob Baltussen, Elly Stolk, Dan Chisholm, and Moses Aikins. Towards a multi-criteria approach for priority setting:
An application to Ghana. Health Economics, 15:689–696, July 2006.

Background: Many criteria have been proposed to guide priority setting in health, but their relative
importance has not yet been determined in a way that allows a rank ordering of interventions.
Methods: In an explorative study, a discrete choice experiment was carried out to determine
the relative importance of different criteria in identifying priority interventions in Ghana. Thirty
respondents chose between 12 pairs of scenarios that described interventions in terms of medical
and non-medical criteria. Subsequently, a composite league table was constructed to rank order a
set of interventions by mapping interventions on those criteria and considering the relative weights
of different criteria. Results: Interventions that are cost-effective, reduce poverty, target severe
diseases, or target the young had a higher probability of being chosen than others. The composite
league table showed that high priority interventions in Ghana are prevention of mother to child
transmission in HIV/AIDS control, and treatment of pneumonia and diarrhoea in childhood. Low
priority interventions are certain interventions to control blood pressure, tobacco and alcohol abuse.
The composite league table lead to a different and more differentiated rank ordering of interventions
compared to pure efficiency ratings. Conclusion: This explorative study has introduced a multi-
criteria approach to priority setting. It has shown the feasibility of accounting for efficiency, equity
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and other societal concerns in prioritization decisions, and its potentially large impact on priority
setting.

[52] Bruno Barbier. Induced innovation and land degradation: Results from a bioeconomic model of a village in West
Africa. Agricultural Economics, 19:15–25, September 1998.

This paper introduces a modeling method which simulates a village’s response to population and
market pressure. The method combines a recursive and dynamic linear programming model with a
biophysical model of soil condition and plant growth that predicts yields and land degradation for
different type of land, land use and cropping patterns. The linear programming model simulates
farmers’ plans aggregated at the village level under constraints of risk aversion, food consump-
tion, land area, soil fertility, soil depth, labor and cash availability. Detailed agroecological factors
determine the main processes of land degradation. A large number of technological alternatives,
representing different degrees of labor and/or land-saving techniques available in the study ar-
eas, are introduced, taking into account their respective constraints, costs and advantages. The
method has been calibrated for a village located in the sub-humid region of Burkina Faso. Several
simulations are carried out to the Year 2030. The results show that population pressure leads to
intensification and investment in land conservation practices but not necessarily to better farm in-
comes. Increasing market opportunities can play a more positive role in boosting productivity, but
for the next decades the best way to increase production per farmer is to let farmers migrate from
the high-population-density areas to the low-population-density areas because, under the current
economic conditions of most Sahelian countries, intensification per hectare is stil more expensive
than the fallow system.

[53] Bruno Barbier, Michel Benoit-Cattin, Grégoire Leclerc, and Jean Françiois Ruas. Pour une
agriculture plus durables des pays sahéliens: simulations dynamiques de l’impact de la pres-
sion dèmographique sur l’agriculture du Sénégal et du Burkina Faso. In the online file at
http://www.francophonie-durable.org/documents/colloque-ouaga-a3-barbier.pdf (accessed 06/Nov/2007).
online, 2004.

[54] M Don Baridam and U N Uwaga. Structural and resource determinants of pharmaceutical management information
flow in health service organizations. Vikalpa, 21(1):33–39, January–March 1996.

This study examines the extent to which structural and resource factors affect pharmaceutical
management information flow (PMIF) in health service organizations in the eastern states of
Nigeria. Fifty public and 35 private HSOs were surveyed using a composite rating scale-the Phar-
maceutical Management Information Battery Scale. Based on the data, the authors conclude that
each component of structural and resource factors has a substantial, significant impact on PMIF.

[55] Robin Barlow and Wayne Snyder. Taxation in Niger: Problems and proposals. World Development, 21:1179–1189,
July 1993.

The tax structure in Niger depends heavily on uranium mining and the rest of the formal sector.
The slump in uranium prices has reduced tax revenues to 9% of GNP, which is not enough to
finance an adequate level of public services. In this paper, tax reforms are considered which will
raise more revenue while respecting criteria of equity, efficiency, and growth. The reforms mostly
involve extending taxation into the informal sector, such as using external indicators of income
in the administration of the income tax, and making greater use of taxes on buildings and motor
vehicles.

[56] D Barnetta and B Blake B A McCarl. Goal programming via multidimensional scaling applied to Senegalese subsis-
tence farms. American Journal of Agricultural Economics, 64(4):720–727, 1982.

A methodology is developed to estimate empirically the weights for a multiple-goal objective func-
tion of Senegalese subsistence farmers. The methodology includes a farmer-oriented goal preference
survey, and an application of a multidimensional scaling technique to the survey data. A compar-
ison of model performance under the multiple-goal objective with a profit maximization objective
function does not indicate that there are distinct advantages to using either function.

[57] Olivier Barreteau and François Bousquet. SHADOC: A multi-agent model to tackle viability of irrigated systems.
Annals of Operations Research, 94(1):139–162, July 2000.

The viability of irrigated systems in the Senegal River Valley is being brought into question
today due to their under-utilization. We assume that their viability depends largely on the way
their different components behave and interact. We therefore sought to examine in greater depth
today’s knowledge of the structure of these systems and activities performed within them. This
led to the development of a multi-agent system model, a kind of virtual irrigated system, with a
special focus on rules in use for access to credit, water allocation and cropping season assessment
as well as organization and coordination of farmers. The purpose of this paper is to show how this
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kind of tool is relevant to the study of irrigated systems’ viability. As an example it is used to
examine the influence of existing social networks on the viability of irrigated systems.

[58] Olivier Barreteau, François Bousquet, C Millier, and J Weber. Suitability of multi-agent simulations to study irrigated
system viability: application to case studies in the Senegal river valley. Agricultural Systems, 80(3):255–275, June
2004.

It is assumed that Agent-Based Modeling is a useful technique for water management issues. In
particular, it may provide a suitable framework for representing irrigated systems. The objective
of this paper is to demonstrate its potential for a specific use: research on irrigated systems’
viability in the Senegal River Valley. The main assumption to be verified is that Multi-Agent
Systems constitute a suitable architecture to study theoretically irrigated systems’ viability using
simulations. By using Multi-Agent Systems, virtual irrigated systems can be designed that might
then be used as virtual laboratories. These virtual labs constitute an alternative when real labs
cannot exist for some reason. In this paper we report on experiments we have conducted using such
virtual labs for exploring an Agent-Based Model through the simulation of scenarios. A scenario is
defined as a triplet: an environment, a set of individual rules, a set of collective rules. It is evaluated
according to the longevity of the irrigated system. An index is defined, based on the ratio of long-
enduring simulations among a set of repetitions of a given scenario. Even if simulation results
display significant diversity for a given scenario due to random factors in the processes simulated,
the ratio of long-enduring simulations is repeatable. This entails to explore the overall behavior of
the virtual irrigated system and to build theories concerning the viability of Senegalese irrigated
systems. An example is given showing the need for strong coherence for a given environment among
individual rules and collective rules.

[59] Jean-Michel Baryla. Method for preevaluation and selection of road projects in Gabon. Journal of Transportation
Engineering (ASCE), 118(1):160–178, January/February 1992.

A method for preevaluation and selection of road projects in the open country adapted to the
particular conditions of Gabon is presented. This method is both the most complete possible given
the state of current knowledge, and sufficiently simple to be carried out easily. Although based
on the classic micro-economic method of choosing road investments, it adds potentiality criteria,
related to agricultural and forestry production, of a more economic nature, and usage criteria of a
more social nature, to the classic econometric criteria. The package permits the selection of projects
with the greatest utility to the national collectivity. This method, which is relatively simple and
practical, is capable of handling the types of project interdependencies often encountered among
road investment projects, especially in developing countries.

[60] Roger Behrens, Lourdes Diaz Olvera, Didier Plat, and Pascal Pochet. Collection of passenger travel data in West
and Southern African cities : Towards a research agenda for improving survey instruments and procedures. Pre- and
Post-Print documents halshs-00079648v1, HAL, CCSd/CNRS, June 2006.

[61] Nancy Benjamin. Adjustment and income distribution in an agricultural economy: A general equilibrium analysis of
Cameroon. World Development, 24:1003–1013, June 1996.

To distinguish policy packages that have favourable characteristics for both structural adjustment
and income distribution, this paper uses static and dynamically optimizing simulations of a Com-
putable General Equilibrium (CGE) model based on detailed country and household data from
Cameroon. Model results indicate that public spending to reduce transport and marketing costs
are beneficial for the poor and for economic growth, even at the expense of competing public
investments.

[62] Marloes Van Den Berg. The design and implementation of a model for a Sources of Growth project for Heineken in
Nigeria. Master’s thesis, Eindhoven University of Technology Faculty of Technology Management Industrial Engineer-
ing and Management Science, 2001.

Heineken Export Group (HEG) exports Heineken to Nigeria through its distributor Nigerian Brew-
eries PLC (NB PLC) in which Heineken NV has the majority. Heineken was reintroduced in Nigeria
in 1998 after its compelled disappearance from the market in 1975. The sales grew instantly from
31.000 hectolitres in 1998 to 63.000 hectolitres in 2000. Heineken has a current market share of
1.5%. The expected sales for Heineken for 2001 are around 65.000 hectolitres, which basically
means no growth compared with 2000. HEG supposes that they can increase the volume much
more. The problem HEG faces is that they do not know what the sources of growth are. Their focal
question is how to grow the sales of the Heineken brand in the Nigerian market. For this reason
a so-called “Sources of Growth project” was initiated. The objective of the master thesis research
is to design a model for the Sources of Growth project for Heineken in Nigeria, to implement this
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model, and to give recommendations for a generic model for future projects. This objective results
in the following research questions:

(1) Which model should be implemented for the Sources of Growth project in Nigeria?

(2) What are the sources of growth for Heineken in Nigeria and which actions are essential in
order to grow the sales of Heineken?

(3) Which model should be implemented for future Sources of Growth projects?

These conclusions resulted in fundamental recommendations for HEG about how to grow the sales
of the Heineken brand in the Nigerian market. These recommendations are:

• revision of the Heineken distribution structure by increasing the sales through Key Distrib-
utors. To achieve this, it should be more attractive for them and less attractive for nonKey
Distributors to sell Heineken. Tools to accomplish this are:

– forecasting;

– determination of best stock levels and ordering system;

– price equalisation;

– price re-orientation;

– incentive programs.

• above the line communication, that is advertisement on television supplemented by bill-
boards;

• promotions for modern off trade, special accounts, other retailers, and party service;

• launch of Heineken six-pack;

• relationship deal with mini marts in gas stations;

• introduction of draft beer.

After the implementation of the revised StarBrand Roadmap, a reflection on the whole project
resulted in an improved model that HEG can use in future Sources of Growth projects.

[63] Paul K Bergey, Cliff T Ragsdale, and Mangesh Hoskote. A decision support system for the electrical power districting
problem. Decision Support Systems, 36(1):1–17, September 2003.

Many national electricity industries around the globe are being restructured from regulated monop-
olies to deregulated marketplaces with competitive business units. The business units responsible
for transmission and distribution must be given physical property rights to certain parts of the
power grid in order to provide reliable service and make effective business decisions. However, par-
titioning a physical power grid into economically viable districts (distribution companies) involves
many considerations. We refer to this complex problem as the electrical power districting problem
(EPDP). This research identifies the fundamental characteristics required to appropriately model
and solve an EPDP. The proposed solution methodology is implemented as a decision support
system (DSS) featuring a visualization tool that allows decision makers (DMs) to explore what we
refer to as a soft efficient frontiers. This DSS was found to effectively support DMs at The World
Bank in solving an EPDP in the context of a case study for the Republic of Ghana.

[64] Paul K Bergey, Cliff T Ragsdale, and Mangesh Hoskote. A simulated annealing genetic algorithm for the electrical
power districting problem. Annals of Operations Research, 121(1):33–55, July 2003.

Due to a variety of political, economic, and technological factors, many national electricity indus-
tries around the globe are transforming from non-competitive monopolies with centralized systems
to decentralized operations with competitive business units. A key challenge faced by energy re-
structuring specialists at the World Bank is trying to simultaneously optimize the various criteria
one can use to judge the fairness and commercial viability of a particular power districting plan.
This research introduces and tests a new algorithm for solving the electrical power districting
problem in the context of the Republic of Ghana and using a random test problem generator.
We show that our mimetic algorithm, the Simulated Annealing Genetic Algorithm, outperforms a
well-known Parallel Simulated Annealing heuristic on this new and interesting problem manifested
by the deregulation of electricity markets.

[65] Constant D Beugré and O Felix Offodile. Managing for organizational effectiveness in sub-Saharan Africa: a culture-fit
model. International Journal of Human Resource Management, 12(4):535–550, June 2001.

Research in comparative management has suggested that an organization’s policies can lose their
effectiveness when its cultural environment changes. Going beyond the traditional cultural-free
versus culture-dependent debate, the present article develops a culture-fit model, that is, a model
suggesting a synthesis between indigenous cultures and modern management techniques in sub-
Saharan Africa (SSA). Positive cultural patterns may help implement new managerial techniques
such as total quality management, just-in-time, re-engineering, teamwork and collaborative man-
agement. Implications for research and practice are suggested.
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[66] David Bigman, Stefan Dercon, Dominique Guillaume, and Michel Lambotte. Community Targeting for Poverty Re-
duction in Burkina Faso. World Bank Economic Review, 14(1):167–193, 2000.

This article develops a method for targeting antipoverty programs and public projects to poor
communities in rural and urban areas. The method calls for constructing an extensive data set
from a large number of sources and then integrating the entire set into a geographic information
system. The data set includes demographic data from the population census; household-level data
from a variety of surveys; community-level data on local road infrastructure, public facilities, water
points, and so on; and department-level data on agroclimatic conditions. An econometric model
that estimates the impact of household-, community-, and department-level variables on household
consumption is used to identify the key explanatory variables that determine the standard of living
in rural and urban areas. This model is then applied to predict poverty indicators for 3,871 rural
and urban communities in Burkina Faso and to map the spatial distribution of poverty in the
country. A simulation analysis assesses the effectiveness of village-level targeting based on these
predictions. The results show that such targeting is an improvement over regional targeting in that
it reduces leakage and undercoverage.

[67] Joachim Nyemeck Binam, Ibrahim Diarra, Gwendoline Nyambi, and Kalilou Sylla. Factors affecting technical efficiency
among coffee farmers in Cote d’Ivoire: evidence from the centre West region. African Development Review, 15:66–76,
June 2003.

This paper presents measures of technical efficiency for a sample of 81 peasant farmers in the
low-income region of Côte d’Ivoire. DEA techniques were used to compute farm-level technical
efficiency (TE) measures. The analysis reveals average levels of technical efficiency equalto 36 per
cent and 47 per cent respectively for the CCR (Charnes et al., 1978) and BCC (Banker et al.,
1984) models. These results suggest that substantial gains in output and/or decreases in cost can be
attained given existing technology. In a second step analysis, two-limit Tobit regression techniques
were used to examine the relationship between TE and various farm/farmer characteristics. From
a policy point of view, an important conclusion stemming from the analysis of our sample is
that family size, membership to farmer’s club or association and the origin of the farmer are the
variables found to be most promising for action. The analysis suggests that policymakers should
foster the development of the formal farmers’ club or association by building the capacity of the
farmers. Our analysis also supports the argument for public sector involvement in the provision
of information on labour force management to peasant farmers as a means to improve efficiency
levels, and thus household incomes.

[68] R James Bingen, A E Hall, and Mbaye Ndoye. California cowpeas and food policy in Senegal. World Development,
16:857–865, July 1988.

Since 1985 the government of Senegal has promoted a large-scale food production program offering
cowpeas as a substitute cash and food crop for peanuts. In order to launch the program, the
government imported almost 700 tons of a California cowpea variety, CB5, from the United States.
Cowpea production in 1985 was estimated to be three to four times the average national harvest,
and for the first time in many years villagers had food to carry them through the “hungry season”,
Despite the dramatic increase in cowpea production, this paper presents evidence to show that
promoting rural development through the international transfer of plant varieties is more complex
than commonly imagined. Lasting success of imported technology depends heavily on a country’s
scientific and agricultural institutions and on government agricultural development policies.

[69] Felix Bollou. ICT infrastructure expansion in Sub-Saharan Africa: An analysis of six West African countries from
1995 to 2002. Electronic Journal of Information Systems in Developing Countries, 26(5):1–16, August 2006.

A decade has passed since many African countries started consistently investing in the new Infor-
mation and Communication Technology (ICT). Currently, there is need for more research on the
impact of these investments on the expansion of productive capacity necessary for economic and
social developments in this region on the world. Presently, the African Telecommunication Union
(ATU) is advocating higher levels of investment in ICT in African countries, regional integration
and new policies for the ICT sector. High-tech parks are being constructed for the development
of the technology and to attract and encourage business initiatives in the sector. However, UNDP
agencies for information technology and social development have not yet been able to state firmly
whether the adoption of ICT has had a significant impact on less developed countries in general
and African countries in particular. In this paper, I demonstrate that the investments in the ICT
sector have resulted in technical progress. This study uses a DEA approach and some novel analy-
sis to examine the impacts of investments in the ICT sectors of six West African countries during
the period of 1995 and 2002.
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[70] T S Bontkes and H van Keulen. Modelling the dynamics of agricultural development at farm and regional level.
Agricultural Systems, 76(1):379–396, April 2003.

Policy making, to enhance sustainable agricultural development, requires insight in the complex
dynamics of agricultural systems at the farm and regional level. These include the way farmers
take management decisions, the effects of these decisions on soil fertility and crop and animal
production and the consequences of these production levels for prices at regional level, which in
turn influence decisions at the farm level. Moreover, interactions between farms should be taken
into account in an environment where an expanding agriculture is facing the limitations of space.
This paper discusses a number of modelling approaches that are used to support decision-making
on these issues. The paper argues that the study of such systems requires the use of non-linear
dynamic models that allow simulation of the system in a qualitative way, based on a description of
the underlying processes. The approach is illustrated with a regional model that has been developed
to simulate agricultural development in the Koutiala region in the south-western part of Mali. The
paper shows how the approach helps to better understand the dynamics of this system and how
it may help to explore the effect of policies on sustainability. Finally, the strong and weak points
of the approach are discussed.

[71] C T Bornstein, Jonathan Rosenhead, and R V V Vidal, editors. European Journal of Operational Research special
issue: Operational Research in Developing Countries, volume 49:2. North-Holland, November 1990.

A collection of papers about the theory and practice of operational research in developing countries.
There is no reference to West Africa

[72] R H Bosma, M Bos, S Kante, D Kebe, and W Quak. The promising impact of ley introduction and herd expansion
on soil organic matter content in southern Mali. Agricultural Systems, 62(1):1–15, October 1999.

In southern Mali, cultivated area and herd size increase together with population growth. Conse-
quently, periods of natural fallow shorten and traditional farming and animal husbandry techniques
lead to a decrease of soil organic matter (SOM) content. Between 20 and 45% of the land is cul-
tivated while less than 60% is arable area. To increase efficiency of natural fallow, a reduction
in livestock herds is often proposed. By means of a linear programming model, the feasibility of
maintaining actual SOM content in two villages in different agro-ecological zones was investigated.
By adjusting animal numbers and cropping pattern, the model maximized: (1) SOM content under
the condition of positive farm labour income; or (2) farm labour income under the condition of a
positive SOM content. The model results suggested that maintaining SOM content requires the use
of cereal crop residues for animal feed and for manure through bedding in kraals, but also higher
animal densities. The last was feasible only through: (1) herding cattle of several farms together
to overcome labour constraints; and (2) introducing P-fertilized leys, for grazing in the dry season.
Grazing of the leys together with crop residues allowed animal densities up to 44 tropical livestock
units (TLUs) per square km, while less than 16% of the produced rangeland fodder was grazed.
In such conditions, a positive SOM balance and higher income was obtained with a minimum of
16.7% of ley in the crop rotation. Limiting the area cropped with cotton stabilized income and
contributed to a positive SOM balance. Zero-grazing during the warm season allowed SOM sur-
pluses to be achieved with 12.5% of ley. However, as income decreased, seasonal zero-grazing could
only be adopted for high-producing animals and small herds.

[73] J Bourliaud, J M Boussard, and J Leblanc. Linear programming as an instrument for describing African peasants’
behavior: A pilot study in Senegal. Mondes en Developpement, 17(1):49–74, 1977.

NOT SEEN
[74] Joachim Von Braun. Effects of technological change in agriculture on food consumption and nutrition: Rice in a West

African setting. World Development, 16:1083–1098, September 1988.
This paper traces the effects of technological change in agriculture to production and income
effects, and to consumption and nutritional effects. The study environment is West Africa (The
Gambia) . The technological change considered is various new modes of rice production versus
traditional rice production. Main findings of this empirical analysis are the following. (1) It cannot
be assumed that by focusing investment on a “woman’s crop”, one helps women farmers. The
more a new technology increased labour productivity in rice, the more there was a takeover of the
rice production technology by male producers, and the more the crop became a “communal” crop
for household food security. Household income increased substantially. (2) Much of the increased
income is spent on increased calorie consumption. It makes no difference for the degree of change
in calorie consumption levels if change in real income is in the form of cash or subsistence food.
(3) Technological change effects mediated through income are traced to increased food consumption
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(calories) at the household level where it is found to significantly improve children’s nutritional
status, especially in the “rainy” season.

[75] Jack Brimberg, Pierre Hansen, Keh-Wei Lih, Nenad Mladenovicacute, and Michéle Breton. An oil pipeline design
problem. Operations Research, 51(2):228–239, March/April 2003.

We consider a given set of offshore platforms and onshore wells producing known (or estimated)
amounts of oil to be connected to a port. Connections may take place directly between platforms,
well sites, and the port, or may go through connection points at given locations. The configuration
of the network and sizes of pipes used must be chosen to minimize construction costs. This problem
is expressed as a mixed-integer program, and solved both heuristically by Tabu Search and Variable
Neighborhood Search methods and exactly by a branch-and-bound method. Two new types of valid
inequalities are introduced. Tests are made with data from the South Gabon oil field and randomly
generated problems.

[76] J Brossier and B Jager. Technical and economic analysis of farm units in the Senoufo region of Mali. [Analyse technico-
economique d’unites de production agricoles Senoufos Fonsebougou, Mali.]. Technical report, Royal Tropical Institute,
Amsterdam, 1984.

Linear programming is employed to analyze resource management in two farms situated in the
Senoufo region of Mali. The farms, using manual and draught power respectively, were studied
over a 4 year period. The animal traction farm is shown to possess a much higher capacity for
capital accumulation. The study shows that the choice between food and cash crop farming is
determined by the availability of farm labour, yields, price levels, and marketing channels.

[77] Ann-Marie Brouder. Is small beautiful? Constraints facing small-scale food processing enterprises in sub-Saharan
Africa. PhD thesis, University of Reading, U.K., 2003.

The thesis examines the characteristics and constraints of small-scale food processing enterprises
taking examples from Cameroon, Kenya and Zimbabwe. The thesis found that many of the small-
enterprises could not easily be classified as part of the informal sector and that many enterprises
could constitute the missing middle of entrepreneurship in sub-Saharan Africa. Although many
were capable of growth, few managed to grow substantially. This may be due to the fact that
many regarded their primary objectives as non-family oriented and regarded diversification of
equal importance to expansion of the enterprise. These enterprises were also more likely to have
expanded in terms of capital than labour, belying the supposed expansion in terms of cheap labour.
Problems related to the acquisition of inputs were more prevalent amongst enterprises that could
be judged to have been less successful and this represents an initial barrier to the survival and
development of small-scale food processing enterprises. Problems related to production and the
market were more prevalent amongst enterprises judged to have been more successful and could
represent a barrier to growth. Whilst credit issues are important, particularly at start up, it is
the acquisition of inputs which poses the main problem. Finally another barrier to the small-scale
processor is its perceived negative image amongst consumers. Whilst the thesis shows that small-
scale processors have a largely correct impression of the factors that are important to consumers
when purchasing their product, they suffer from a negative image vis--vis large-scale processors.
The type of assistance needed, whether it be to help alleviate poverty or encourage firm growth,
can largely be determined by the size and food-product sector of the enterprise.

[78] Molly E Brown. Assessing natural resource management challenges in Senegal using data from participatory rural
appraisals and remote sensing. World Development, 34:751–767, April 2006.

This study demonstrates that there is a relationship between socioeconomic problems in parts of
West Africa and remote-sensing-derived environmental information about the region (normalized
difference vegetation index (NDVI), net primary production (NPP), and gridded rainfall data).
Further, it finds that using both remotely sensed data and site-specific information from par-
ticipatory rural appraisal (PRA) reports enables an improved understanding of natural resource
management problems in the region. The study uses 100 PRA reports as sources of data on so-
cioeconomic and natural resource management problems in Senegal and The Gambia. Utilizing a
binary variable to extract semi-quantitative information from the reports, the study examines 10
PRA tools for their usefulness.

[79] Graeme Buckley. Microfinance in Africa: Is it either the problem or the solution? World Development, 25:1081–1093,
July 1997.

This article is based on research undertaken on micro enterprises in the informal sector in Kenya,
Malawi and Ghana. It seeks to provoke critical reflection on the uncritical enthusiasm that lies
behind much proselytizing of microfinance for informal sector micro enterprise. It questions whether
the extensive donor interest in micro enterprise finance really addresses the problems of micro
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entrepreneurs or whether it offers the illusion of a quick fix. It suggests that the real problems
are more profound and cannot be tackled solely by capital injections but require fundamental
structural changes of the socioeconomic conditions that define informal sector activity and a fuller
understanding of the “psyche” of informal sector entrepreneurs.

[80] Daniel Buor. Analysing the primacy of distance in the utilization of health services in the Ahafo-Ano South district,
Ghana. International Journal of Health Planning and Management, 18:293–311, October 2003.

Although the distance factor has been identified as key in the utilization of health services in
rural areas of developing countries, it has been analysed without recourse to related factors of
travel time and transport cost. Also, the influence of distance on vulnerable groups in utilization
has not been an object of survey by researchers. This paper addresses the impact of distance on
utilization, and how distance compares with travel time and transport cost that are related to it
in the utilization of health services in the Ahafo-Ano South (rural) district in Ghana. The study,
a cross-sectional survey, also identifies the position of distance among other important factors
of utilization. A sample of 400, drawn through systematic random technique, was used for the
survey. Data were analysed using the regression model and some graphic techniques. The main
instruments used in data collection were formal (face-by-face) interview and a questionnaire. The
survey finds that distance is the most important factor that influences the utilization of health
services in the Ahafo-Ano South district. Other key factors are income, service cost and education.
The effect of travel time on utilization reflects that of distance and utilization. Recommendations
to reduce distance coverage, improve formal education and reduce poverty have been made.

[81] Liborio S Cabanilla, Tahirou Abdoulaye, and John H Sanders. Economic cost of non-adoption of Bt-cotton in West
Africa: with special reference to Mali. International Journal of Biotechnology, 7(1–3):46–61, January 2005.

A major public policy issue in West Africa is whether or not, and how, to introduce Bt-cotton in
the region. The implications of non-adoption may be more significant than, for example, the issues
often raised concerning cotton subsidies in advanced countries. This paper provides estimates of
the potential benefits from Bt-cotton if introduced in West Africa. Our analysis shows significant
farm-level benefits. Aggregate benefits depend on adoption rate and yield advantage of Bt-cotton.
These range from a low of US$7 million to a high of US$67 million in Mali; US$4 million to US$41
million in Burkina Faso; US$5 million to US$52 million in Benin; US$4 million to US$38 million
in Côte d’Ivoire; and, US$1 million to US$7 million in Senegal. The reduction in insecticide use is
an added environmental benefit. Non-adoption of Bt-cotton in the region will ultimately result in
non-competitiveness in the world market.

[82] Gregory S Carpenter and Dominique M Hanssens. Market expansion, cannibalization, and international airline pricing
strategy. International Journal of Forecasting, 10(2):313–326, June 1994.

The authors analyze market response and pricing of air travel on the Paris-Abidjan, Côte d’Ivoire
(Ivory Coast) route operated by a French airline, Union des Transports Aeriens (UTA). They
measure the impact of price on the overall size of the market, and examine the nature, pattern,
and extent of cannibalization using a set of econometric models for overall passenger volume and
for each fare class share. The present analysis shows that (1) only one class of fares expands the
market; (2) cannibalization is very significant and highly asymmetric; (3) even small deviations
from optimal prices substantially reduce profit. Based on these estimated models, the authors
forecast demand for air travel and calculate optimal fares. They discuss how these models and
results were used by UTA and the impact they had on pricing strategy.

[83] Michael R Carter. Environment, technology, and the social articulation of risk in West African agriculture. Economic
Development and Cultural Change, 45(3):557–590, April 1997.

[84] Sheetal K Chand and Karl O Moene. Controlling fiscal corruption. World Development, 27:1129–1140, July 1999.
This paper examines the issue of how to control fiscal corruption by providing incentives to fiscal
officers. A model is developed to portray the incentive effects. The results indicate that simply
providing bonuses is not enough. Corruption at higher levels of management has to be contained
so as to allow bonuses to become more effective, and thereby to initiate a “virtuous circle”. These
findings are supported by a case study of a successful attack on fiscal corruption in Ghana.

[85] J P Chudy. Political management and economic policy reform: An exploration of structural adjustment experience.
Public Budgeting and Financial Management, 6:542–565, January 1994.

This article analyzes the economic policy reform experience of three less developed countries
(LDCs) during the 1980s-Costa Rica, Ghana and Jamaica-in three policy areas, exhange rate,
trade, and agriculture. A political management model that shows how strong but skillful political
leadership is as critical to policy reform success as is economic content is used for the analysis.
The model proposes that government officials have to make policy reforms politically feasible if
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the reforms are to succeed. The assumption is that successful decision makers will take three kinds
of political initiatives: (1) appeal to national sentiments, (2) seek the collaboration of affected
interest groups, and (3) manage external actors. The article provides evidence that the economic
performance of three countries correlated with the degree of political initiative taken. Costa Rican
policy elites demonstrated the highest level of initiative. Ghana ranked second in political manage-
ment, and Jamaica ranked third. The success of some LDCs also provides instructive experience
for the Clinton Administration as it moves forward with a variety of policy reforms.

[86] George R G Clarke, Claude Menard, and Ana Maria Zuluaga. Measuring the welfare effects of reform: Urban water
supply in Guinea. World Development, 30:1517–1537, September 2002.

Reforming public utilities remains high on the agenda of economists and policy-makers. Few studies
however have measured the impact of these reforms on welfare. This paper analyzes the radical
changes in the arrangement providing water to Conakry ( Guinea) and estimates the consequences
of that reform on consumers, the government, and the foreign owners involved in the process.
It shows that notwithstanding a difficult institutional environment, private sector participation
benefited all constituents. It does so using a comparative method, with the actual results compared
to a counterfactual scenario. The robustness of our results is supported by sensitivity tests.

[87] Cara Cocking, Stefan Flessa, and Gerhard Reinelt. Locating health facilities in Nouna District, Burkina Faso. In
J. Schnberger H.-D. Haasis, H. Kopfer, editor, Operations Research Proceedings 2005: Selected Papers of the Annual
International Conference of the German Operations Research Society (GOR), Bremen, September 7-9, 2005, pages
431–436. GOR, Springer, 2006.

The Nouna health district in Burkina Faso, Africa, has a population of approximately 275,000
people living in 290 villages, who are served by 23 health facilities. At present, the time and effort
required in travelling to a health facility (especially during the rainy season) is, for many people, a
deterrent to seeking proper medical care. As one step toward improving health care for the people
in the district, this study focuses on the problem of optimally locating new health facilities. In light
of a government goal that every village should have a health facility within 10 kilometers, the basic
model we use for this problem is a covering model, which we then further adapt to the specific
situation in Nouna. In this paper we will discuss our application of location analysis techniques to
this problem, including an analysis of the current situation, the creation of an appropriate model,
solution techniques, and final results.

[88] Barney Cohen. The emerging fertility transition in sub-Saharan Africa. World Development, 26:1431–1461, August
1998.

This paper summarizes the recent evidence on levels, trends and differentials in achieved fertil-
ity, nuptiality, and contraceptive use in sub-Saharan Africa. Drawing from a wide variety of data
sources, not all of which have been readily available in the past, an interesting picture of fertility
decline emerges, one that is quite at odds with the popular perception of stationary or very limited
fertility decline. A fairly widespread decline in fertility is currently underway across Africa. Moder-
ate to large declines in fertility have already taken place in Kenya, Rwanda, Zimbabwe, Botswana,
South Africa, and Côte d’Ivoire, with smaller declines observed in Malawi, Tanzania, Zambia,
Cameroon, Central African Republic, Burkina Faso, Gambia, Ghana, Mauritania, Senegal, and
Sierra Leone. The driving forces behind these changes are later marriage and the greater use of
modern contraception. A unique characteristic of African transitions appears to be the extent to
which contraceptives are being used to space rather than to limit births.

[89] P Cowley. Preliminary cost-effectiveness analysis of an AIDS vaccine in Abidjan, Côte d’Ivoire (Ivory Coast). Health
Policy, 24(2):145–153, May 1993.

A preliminary assessment was made of the cost-effectiveness of a hypothetical AIDS vaccine in
Abidjan, Côte d’Ivoire (Ivory Coast). A total of $20,079 per HIV positive case in the Ivory Coast
was projected by estimating the indirect and direct costs of infection. The HIV vaccine was then
estimated to increase by $5.28; the costs of a fully immunized child (plus costs of the vaccine).
After using this data and taking into account that at least 5% of a cohort of vaccine-eligible infants
would become HIV positive at approximately age 26, a cost-benefit analysis was undertaken varying
cost, efficacy rates for the hypothetical vaccine and HIV seroprevalence rates in order to indicate
at what price per individual dose of vaccine would it stop being cost-beneficial. Furthermore, the
basic model was expanded to include vaccinating young adults and the added benefits associated
with decreased HIV transmission especially in individuals with high risk behavior. The model was
expanded to examine the effects of a changing discount rate. Because of the tremendous economic
burden due to AIDS, the prospective vaccine costs at which there is no economic benefit were higher
than expected. Progress has been made in developing a vaccine against AIDS, but will developing
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countries be able to afford a vaccine if and when one is developed? Contemplating this question,
the author conducted a preliminary assessment of the cost-effectiveness of a hypothetical AIDS
vaccine in Abidjan, Ivory Coast. It is projected that the direct and indirect costs of infection per
HIV-positive case in the Ivory Coast will total $20,079, and that the HIV vaccine will increase in
cost by an estimated $5.28; the cost to fully immunize a child. Full immunity will be conferred after
2 doses of vaccine. Data were used with the allowance that at least 5% of a vaccine-eligible cohort of
infants would become HIV-positive at approximately age 26. The cost-benefit analysis varied cost,
efficacy rates for the hypothetical vaccine, and HIV seroprevalence rates to determine the price
per individual dose of vaccine at which immunization would cease being cost-effective. The basic
model was also expanded to include vaccinating young adults and the added benefits associated
with decreased HIV transmission especially in individuals with high risk behavior. Moreover, the
effects of a changing discount rate were considered along with some of the problems with AIDS
vaccine modeling. Final analysis assuming a valid baseline EPI model of 5% HIV seroprevalence
rate and a 60% vaccine efficacy rate, found costs to equal benefits at $462/dose; including the
dynamic benefits, the price rises to $1287/dose. AIDS, however, imposes an enormous economic
burden upon individuals, households, communities, and countries. It may therefore be concluded
that a vaccine should be made available to all individuals despite their relative poverty or the
relative expense of provision. An effective vaccine against AIDS would be cost-beneficial in almost
any circumstance.

[90] G M Danbala, H G Mu’azu, and L T Kwache. Population growth and health care delivery in Adamawa state of
Nigeria. Global Journal of Mathematical Sciences, 3(1):53–56, 2004.

Adamawa state population is projected to be approximately 2,819,000 by the year 2001. This gives
an increase of 716,784 as compared to the 1991 census figure, which is 2,102,053 for the state. The
last census (1991) formed the basis of this projection. Further,1996 projected population was
projected to the year 2001. The projections were obtained using an exponential growth model.
The 1996 Doctors/population and nurses and midwives/population ratios obtained as 1:29,840
and 1: 7197 respectively are above the World Health Organisation’s recommendation (1:10,000
and 1:5,000 respectively)

[91] G Dansoa, P Drechsela, S Fialorb, and M Giordanoc. Estimating the demand for municipal waste compost via farmers
willingness-to-pay in Ghana. Waste Management, 26(12):1400–1409, December 2006.

This paper has its primary focus on the analysis of perceptions and willingness-to-pay (WTP)
for composted municipal solid and faecal waste among urban and peri-urban farmers and other
potential compost users in Ghana. Participatory rural appraisal and contingent valuation methods
(CVM) were used for the demand analysis. Most respondents were clear and firm in their responses
to the principal question about WTP for compost, as well as in giving their views and perceptions
about issues involved in demand for compost. The probit analysis proved valuable in highlighting
variables, which explain variations in the WTP. The WTP analysis allowed the quantification of
the compost demand under different scenarios of subsidized and non-subsidized compost produc-
tion, with due allowance for a local reference price to cover compost station operating costs. The
analysis revealed that the effective demand for compost for agricultural purposes is marginal and
limited by farmers transport costs. Only through the additional consideration of the demand of
the construction sector can about 25% of the organic waste produced in Ghanas capital, Accra,
be transformed and utilized. Public subsidies appear necessary and could be generated through
savings in transport and disposal. Without subsidies, the challenge for an increased agricultural
use is how to produce a low-cost but nutrient-rich compost, which can compete with abundant and
cheap poultry manure and still achieve the price to maintain a compost station. The experience
in Ghana shows that this is hardly possible except through privatepublic partnerships.

[92] A G Daramola and B A Aiyesan. Optimum farm plants for the back-to-land programme in Ondo state of Nigeria. a
linear programming analysis. Modelling, Simulation & Control. B, 27(3):37–48, 1990.

This paper is a static analysis of the back-to-land agricultural programme of the Ondo State
Government. Employing technical, economic and secondary data, the study employed linear pro-
gramming techniques in designing optimum farm plans under a profit maximization objective.
Empirical results from the study show that farmers are operating at sub-optimal levels and new
enterprises combinations have been recommended where necessary. The implications of higher
profit both for the farmers and society at large cannot be overemphasized.

[93] Christopher L Delgado and John McIntire. Constraints on oxen cultivation in the Sahel. American Journal of Agri-
cultural Economics, 64(2):188–196, May 1982.
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Ox-powered cultivation is common in parts of the Sahel, yet most farmers in the region continue
to cultivate manually. Insights from oxen farms in Mali are compared to nonadopters in Upper
Volta. Ox-driven technology in the Sahel may be more labor shifting than labor saving. Linear
programming models indicate a prohibitive opportunity cost of extra labor required for team
maintenance and use on small, rainfed farms growing traditional millets and sorghums in Upper
Volta. Farm simulations suggest that ox plowing increases cash crop acreage, but clearly profitable
adoption requires companion innovations to boost labor productivity in peak periods.

[94] Jennie Dey. Development planning in the Gambia: The gap between planners’ and farmers’ perceptions, expectations
and objectives. World Development, 10:377–396, May 1982.

This paper challenges the prevalent view that irrigation development largely depends on engineer-
ing, agricultural and managerial inputs and argues with reference to Gambian irrigation projects
that new technologies may be adapted by farmers in ways that are incompatible with planners’
objectives. The conclusion is that planners need to give greater attention to the organization and
control of production and consumption within the household. This would require a change in
attitudes among many planners, the recruitment of more social scientists into planning teams,
and greater co-operation between planners, farmers of all socioeconomic categories and extension
agents.

[95] Boubacar Diallo. Un modele de “Credit scoring” pour une institution de micro-finance Africaine: Le cas de Nyesigiso
au Mali. Pre- and Post-Print documents halshs-00069163v1, HAL, CCSd/CNRS, May 2006.

The objective of this research is to develop a model of Credit Scoring by using a sample of 269
individual borrowers of the Nyésigiso institution for micro-finance in Mali. The results showed the
importance of long-term relationships, of the interest rate, the costs of transactions and rationing
in the prediction of defaulting. The model which was developed starting from the logistic regression
and discriminant analysis, and made correct prediction in more than 70% of the cases. A more
conservative setting of the cut-off point from 0.5 to 0.4 significantly improves the ability to predict
the bad loans without affecting the total predictive performance of the model. Analysis of the
cases which were rejections showed a certain coherence between the predictions of the model and
the decisions for rejection made by the institution. (Translation by BabelFish modified by David
K Smith) L’objectif de cette recherche est de développer un modèle de Credit Scoring en utilisant
un échantillon de 269 emprunteurs individuels de l’institution de micro-finance Nyèsigiso au Mali.
Les résultats ont montré l’importance de la relation de long terme, du taux d’intérêt, des coûts de
transactions et du rationnement dans la prédiction du défaut de remboursement. Le modèle qui a
été développé à partir de la régression logistique et de l’analyse discriminante, prédit correctement
dans plus 70% des cas. Une fixation plus conservatrice du point de coupure de 0.5 0.4 améliore
significativement pouvoir de prédiction sur les mauvais prêts sans affecter la performance globale
de prédiction du modèle. L’analyse des cas de rejets a montré une certaine cohérence entre les
prédictions du modèle et les décisions de rejet de l’institution.

[96] Hermann Dick, Sanjeev Gupta, Thomas Mayer, and David Vincent. The short-run impact of fluctuating primary
commodity prices on three developing economies: Columbia, Ivory Coast and Kenya. World Development, 11:405–
416, May 1983.

Computable general equilibrium models are used to study the short-run impact of fluctuating
primary commodity prices on the economies of Columbia, Ivory Coast and Kenya. The results
indicate that these economies are destabilized by primary commodity price fluctuations unless
governments act to hold real domestic absorption constant. To achieve this, however, would require
foreign exchange reserves in excess of the level normally available to these governments for the
purpose of stabilizing domestic economic activity.

[97] Peter U C Dieke. Tourism in the Gambia: some issues in development policy. World Development, 21:277–289,
February 1993.

The paper deals with a number of issues arising from the design and implementation of tourism
policies and programs in The Gambia. It gives a description of tourism in the Gambian economy
and discusses the reasons for success in this sector. A number of recommendations are put forward
related to the need to increase earnings from tourism and to reduce the incidence of black markets.
The overall conclusion of the paper is that a shift toward more cautious and flexible policies would
benefit the tourism sector in The Gambia and thus make the programs intended to assist this
sector more effective. It is on that basis that the country will attract more foreign tourists, and
improve the standards and quality of products. The programs must also be executed in a careful,
sensitive and planned manner that ensures the cooperation of the local communities.
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[98] J W M Van Dijk. Risk and agro-pastoral decision-making and natural resource management in Fulbe society, central
Mali. Nomadic Peoples, 1(1):108–132, 1997.

Risk and uncertainty dominate life in the semiarid tropics where most of the world’s pastoralists
live. Scientific approaches to risk in semiarid zones have been dominated by agroecology and agroe-
conomics. Within these paradigms risk is treated as a stochastic occurrence, and decisionmaking
strategies are analysed with the help of simulation models, which are based on assumptions from
rational choice decisionmaking theory, and presume that people are either geared towards profit
maximization or towards risk minimization. The author shows that this approach is too narrow,
because people operate not only in an ecological and economic environment, but also in social
and cultural environments. He argues that an understanding of individual behaviour and cultural
dynamics in high risk environments may be furthered by treating risk and uncertainty as total
events, i.e. that more can be learned by tracing the consequences of single events across space and
time, as well as the tracks people follow to deal with calamities. The argument is illustrated by
a case study of Riimaybe cultivators and Fulbe herdsmen in an agropastoral community in the
centre of the Niger Bend, central Mali. Fieldwork was carried out in the area in 1990-1992.

[99] S R K Doe. Sustainability of community water management in small towns of developing countries: case studies
from Ghana. PhD thesis, University of Loughborough, U.K., 2003.

This thesis investigates the sustainability of community water management in small towns of
developing countries by using case studies from Ghana. Sustainability is investigated as a multi-
faceted concept encompassing technical, managerial, institutional and organisational issues. The
study is particularly relevant because over 1 billion of the worlds population lacks access to safe
drinking water with resultant poverty, morbidity and mortality among the Worlds most vulnerable,
a significant proportion of whom live in small towns of developing countries. Small town dwellers are
likely to increase thus exacerbating the existing situation of poor sustainable water services. Efforts
at providing solutions, largely through the public sector, were found to be ineffective and inefficient.
Consequently, many governments have adopted community management a key paradigm for rural
water supply and sanitation for small towns. The thesis however, hypothesises that community
management is limited in achieving sustainable water supply solutions in small towns, hence
modifications are needed in approach to the issues of small town water supply. The case study
methodology relied on direct observation, focus group discussions, semi-structured interviews and
household surveys to gather reliable and valid data. The thesis concludes that community water
management is indeed limited in small towns. The implications of the research highlight the need
for a paradigm shift in the selection of water supply management models for sustainability in
small towns. Since the private sector is active in Ghana, the research explored public-private
partnerships as a viable water management option. The study gives a special context to small
towns for sustainable water service delivery different from the usual rural and urban contexts. The
recommendations from the thesis include practitioner focused policy changes that affect planning
and support systems for water supply in small towns as well as areas of future research.

[100] Karl Doerner, Axel Focke, and Walter J Gutjahr. Multicriteria tour planning for mobile healthcare facilities in a
developing country. European Journal of Operational Research, 179(3):1078–1096, June 2007.

A multiobjective combinatorial optimization (MOCO) formulation for the following location-
routing problem in healthcare management is given: For a mobile healthcare facility, a closed
tour with stops selected from a given set of population nodes has to be found. Tours are evalu-
ated according to three criteria: (i) An economic efficiency criterion related to the tour length,
(ii) the criterion of average distances to the nearest tour stops corresponding to p-median location
problem formulations, and (iii) a coverage criterion measuring the percentage of the population
unable to reach a tour stop within a predefined maximum distance. Three algorithms to compute
approximations to the set of Pareto-efficient solutions of the described MOCO problem are de-
veloped. The first uses the P-ACO technique, and the second and the third use the VEGA and
the MOGA variant of multiobjective genetic algorithms, respectively. Computational experiments
for the Thies region in Senegal were carried out to evaluate the three approaches on real-world
problem instances.

[101] G L Dorros. Planning and management of change in health systems. World Health Forum, 14:86–88, 1993.
The modernization of a health system may require priorities to be defined and the responsibilities
of staff at the periphery to be increased. Senior personnel from Guinea-Bissau’s Ministry of Health
participated in a seminar on mission mapping.

[102] I Dounias, C Aubry, and A Capillon. Decision-making processes for crop management on African farms. Modelling
from a case study of cotton crops in northern Cameroon. Agricultural Systems, 73(3):233–260, September 2002.
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Recent work on decision processes on French farms and irrigated systems in Africa has shown
that farmers plan their cyclical (recurrent) technical operations, and that one can model this
planning process. Taking the case of cotton crop management in North Cameroon, we show that
with certain adjustments, modelling of this kind can also be done for rainfed crop farming in
Africa. The adjustments are needed to take account of the differences in social status between
different fields on one farm and the implications of the fact that farm work is primarily manual.
This produces decision models with a similar structure to that described for technical management
of an annual crop break in a temperate climate using mechanised implements. Not only do these
models give us a detailed understanding of the variability of farming practices, we can also classify
them into categories according to weather scenarios yield level as a function of weather scenario.
We show that one can attribute farms to these types of model using simple indicators concerning
work organization. By analyzing North Cameroon farmers’ decision processes for managing cotton
crops we can thus produce an effective tool for organizing technical supervision of farmers at
the regional level: advisers can work with these decision model types by measuring some simple
indicators at farm level to predict which types of model are applicable, without the onerous work
of constructing individual decision models.

[103] N Van Duivenbooden. Impact of inorganic fertilizer availability on land use and agricultural production in the Fifth
Region of Mali: Ii. scenario definition and results. Fertilizer Research, 35(3):205–216, October 1993.

[104] N Van Duivenbooden, editor. Efficient Soil Water Use: The Key to Sustainable Crop Protection in Dry Areas of
West Asia, and North and Sub-Saharan Africa. Optimizing Soil Water Use Consortium, International Center for
Agricultural Research in Dry Areas (Aleppo, Syria) and International Crops Research Institute for the Semi-Arid
Tropics (Andhra Pradesh, India), 1999.

Proceedings of workshops organized by the Optimizing Soil Water Use Consortium held in Niamey,
Niger, April 26-30, 1998, and in Amman, Jordan, May 9-13, 1999. Provides an extensive profile of
soil water use and resources, agricultural practices, and land use in Egypt, Iran, Jordan, Kenya,
Mali, Morocco, Niger, South Africa, Syria, Turkey, and Zimbabwe. Papers include case studies
of water management technologies; optimizing water use; determining profitable tillage systems
and crops in dryland areas; research, analyses, and methods for monitoring successful production
methods.

[105] N Van Duivenbooden and F R Veeneklaas. Impact of inorganic fertilizer availability on land use and agricultural
production in the Fifth Region of Mali: I. methodology and basic data. Fertilizer Research, 35(3):193–204, October
1993.

[106] U Selong Edem and Olu Olat Lawal. Utilization of quantitative methods in decision making among Nigerian university
librarians. Library Management, 18(1):53–58, February 1997.

Presents survey data used to determine how university librarians in Nigeria utilize quantitative
methods in decision making in diverse areas such as personnel management, acquisition, storage
and circulation of information materials. A stratified random sampling method was used to select 22
out of 35 university librarians. The survey results indicate that four (18.19 per cent) respondents
have good knowledge of quantitative methods, i.e. its use and application in decision making;
whereas as high as 18 (81.8 per cent) are hardly aware of, and have not used these statistical tools
in decision making in university libraries. The research study uncovers factors that hinder the
utilization of quantitative methods such as lack of understanding of the subject; a traditionally held
view of librarianship as not requiring such statistical analysis; inadequate time for its teaching and
acquiescence; dislike for intellectualism in resolving library problems; and disproportionate views
of top practitioners on the concept of decision making. Submits that it would augur well for library
practice at a high level if university libraries could use and apply quantitative methods in their
work situations. This could ideally be learned and perfected through special courses. workshops,
management seminars or formal academic programmes. Adequate exposure of respondents through
continuing education would enhance proper utilization of quantitative methods in decision making
in university libraries thereby guaranteeing efficiency, effectiveness and quality library services to
library clientele, as well as enhancing the librarians own standing and image among academic
peers.

[107] I C Ehie, C O Benjamin, and Y Omurtag. A bibliographic survey of operations research in developingcountries:
methods and applications. In Engineering Management Conference, 1988. ’Engineering Leadership in the 90’s’.,
IEEE, pages 202–209. IEEE, October 1988.

The results of a literature survey of operations research studies in developing countries are pre-
sented. A categorized bibliography of 140 works is provided for operations research practitioners
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and researchers. The results of an analysis of the published studies are summarized along with
trends in operations research utilization in less-developed countries

[108] I C Ehie and D K Smith Jr. OR utilization in Nigeria: a sample survey. Journal of the Operational Research Society,
45(1):31–37, January 1994.

The study presents the results of a mail survey on the utilization of Operational Research (OR)
techniques in tackling complex operational problems in the private sector in Nigeria. The survey
was mailed to Operational Research OR practitioners in nearly 1000 companies and was aimed at
determining the familiarity with, and usage of, Operational Research OR techniques, background of
Operational Research OR personnel, degree of computer usage, application areas, implementation
and contributions of OR, problems attendant in using Operational Research OR techniques, and
future prospects for Operational Research OR usage.

[109] I C Ehie and D K Smith Jr. Response to the viewpoint by Smith and Ogbu on “OR utilization in Nigeria: a sample
survey”. Journal of the Operational Research Society, 45(6):730–731, June 1994.

Response to [247] and comments on it
[110] Fabian A Ehikhamenor. Information technology in Nigerian banks: The limits of expectations. Information Technology

for Development, 10(1):13–24, 2003.
In the last ten years, banks in developed countries have been investing more and more in informa-
tion technology (IT) as a means to reduce costs and improve operational efficiency. An investigation
of the application of IT in Nigerian banks was carried out in order to determine the expectations
and success of IT implementations in the sector. The data were generated from a survey of ran-
domly selected branches of 56 banks in Lagos, the commercial capital of Nigeria. Almost all the
banks had an IT policy, the main thrusts of which where to achieve full application of IT, to be able
to meet organisational goals, to secure competitive advantage, and to be up to date. Only 54.6%
of them actually achieved some measure of successful implementations. The expected benefits of
investment in IT were realised in only a relatively few number of banks. The consequence was that
less than 40% of the banks were poised to maximise the benefits of IT through major investments,
especially in the areas of online access and transactions, electronic commerce, and electronic pub-
lishing. It is estimated that at least 60% of the branches of these banks are spending less than
$150,000 annually on IT. An upsurge of investment is, however, expected, first by the banks that
style themselves as progressive and have already made some success in IT implementations, and
later by the other banks.

[111] J O Fasakin. Daily cost considerations in the operations of commercial motorcycles in Nigeria: A locational analysis
for Akure township. Transportation Research A, 36A(2):189–202, March 2002.

Most planning solutions aimed at ensuring the continuous operation of public transport modes in
Nigeria do not succeed, because they are ad hoc and fail to take into consideration costs incurred
daily by operators of transport fleet. This paper examines some factors that explain the costs of
daily operations of commercial motorcyclists (locally called Okadas) in Akure, Nigeria. The Okada
is a new mode regarded to have contributed to improved public transport in the city. Empirical
estimates show that factors that significantly explain costs of daily operations of Okadas include:
various levies imposed by union officials (garaging costs); districts of operation; ownership of
business; ability of operators to repair or maintain their machines and the total number of hours
spent in operations each day. Some policy implications of finding are discussed.

[112] Petra R Feil, John P A Lamers, and Ludger Herrmann. Knowledge transfer in the field: Solving crop residue problems
in Niger. The Journal of Technology Transfer, 20(1):31–41, April 1995.

A major recurrent problem of agronomic research is whether its results can be transformed into
recommendations relevant to the livelihood of the intended beneficiaries, the small farmersand if
they can, then how. This problem is illuminated by research on mulching with millet crop residues,
and by the translation of the results into agricultural extension in Niger, West Africa. Comparisons
of different experiments with identical crop residue applications, conducted in the same year and at
the same research station but implemented on different fields and managed by different researchers,
showed high heterogeneity in their outcome. In addition, farmers have multiple uses for crop
residues, which greatly complicates the formulation and transfer of research recommendations. This
discussion is examined from agronomic, economic, and extension viewpoints. The development of
adapted innovations for farming systems in Niger requires that the current agronomic research be
reconsidered, with a move toward greater participation of farmers. Alternatives to the dominant
transfer of technology concept are discussed.
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[113] J B Fofanah and M Al-Hussein. Infrastructure management and quality of life assessment in war-torn third world
countries: The case of Sierra Leone. In Proceedings, Annual Conference: Canadian Society for Civil Engineering (Vol-
ume 2005), volume 2005, pages 158.01–158.10, 2005. Department of Civil and Environmental Engineering, University
of Alberta, Edmonton, T6G 2W2.

This paper presents a prioritized framework based on the Analytic Hierarchy Process (AHP) for
evaluating the infrastructure initiatives that the government of Sierra Leone and donor agencies
implement to reconstruct the country, which has been devastated by 11 years of civil war. Sierra
Leone is one of the poorest countries in the world, with a population, 4.9 million in 2002, which
is growing by approximately 2% annually (World Bank Document 2002). Over one million people
have become internally displaced, while another 357,000 are living as refugees in neighboring
countries (Government Document 1997). There are many levels involved in rehabilitation efforts:
a hierarchical government structure, administrative organizations such as the United Nations, and
a variety of donor institutions. Each of these parties has a separate agenda and a distinct set
of priorities with respect to rebuilding the nation of Sierra Leone. Therefore, it is necessary to
develop a “yardstick”, in order to objectively determine the direct impact each invested dollar in
the infrastructure on the quality of life of the people. This paper presents a model that quantifies
the investment on the infrastructure effect on the quality of life based on the AHP approach. The
proposed model is expected to assist the different organizations involved in the process, including
government, international organizations, donors, and the citizens themselves.

[114] C Davis Fogg. Economic and social factors affecting the development of smallholder agriculture in eastern Nigeria.
Economic Development and Cultural Change, 13(3):278–292, 1965.

[115] William M Fonta. The application of contingent valuation method to community-led financing schemes: Evidence
from rural Cameroon. The Journal of Developing Areas, 39(1):109–126, Fall 2005.

A key decision problem facing several programme officers of many donor agencies in developing
countries like Cameroon, is how to price intended financing schemes for community participation.
This paper provides further evidence on how useful the contingent valuation method (CVM) can
be for such pricing decision problems facing these organizations. In this regard, a case study
was conducted by a non-governmental organization(NGO) to elicit the willingness-to-pay (WTP)
values, for an intended community-based financing scheme aimed, at introducing new variety of
fish species (Tilapia nilotica and Heterotis niloticus) into the Bamendjim dam reservoir located in
the Ndop area of the Northwest Province of Cameroon for long-term fish productivity. To assess
the theoretical underpinning of the study, we used a censored Tobit model. The results show that
factors such as household income, the level of education attained by household heads, occupational
status of household heads, payment mechanism and the hypothetical prices used in the elicitation
format (referendum format) can influence the propensity of community members to pay more for
such a proposed scheme. However, the study recommends that it would be important for NGO’s
to compare the CVM results with the actual cost of financing the schemes.

[116] F G Foster. Experiences with developing management sciences/operational research in Nigeria. Journal of the Oper-
ational Research Society, 37(2):217–221, February 1986.

An on-going cooperative linkage scheme between the University of Nigeria, Nsukka and Trinity
College Dublin is described. The broad objective of the scheme is to develop M.S./O.R. at Nsukka.
The scheme focuses on a research study of methods of processing, storing and marketing yams and
cassava at farm and village level in Nigeria.

[117] Ben K Fred-Mensah. Capturing ambiguities: Communal conflict management alternative in Ghana. World Develop-
ment, 27:951–965, June 1999.

The primary purpose of this paper is to propose an alternative land conflict management method
for rural Ghana. The paper adopts the country’s legislative and judicial decentralization programs
as a framework for integrating aspects of the existing conflict management methods and skills of
the national government and the country’s ethnic groups. The paper argues that the continuing
outbursts and protraction of land conflicts, particularly conflicts between host communities and
migrant-farming groups, in Ghana demonstrate increasing ambiguities in the determination of land
rights and the ineffectiveness of the existing land conflict management methods in the country.

[118] Susanne Freidberg. Contacts, contracts, and green bean schemes: Liberalisation and agro-entrepreneurship in Burkina
Faso. The Journal of Modern African Studies, 35(1):101–128, March 1997.

This paper describes the administration and planning that preceded the first export flight of green
beans from Burkina Faso to European markets

[119] Claire Fyvie and Alastair Ager. NGOs and innovation: Organizational characteristics and constraints in development
assistance work in the Gambia. World Development, 27:1383–1395, August 1999.
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Innovation is frequently claimed to be a key attribute of nongovernmental organizations (NGOs)
working in the field of development. Evidence from interviews with four northern and two local
NGOs implementing childcare programs in The Gambia suggests that these NGOs did indeed
possess many of the organizational characteristics associated with successful innovation (Rogers,
1983). Why then were their potential innovative capacities not reflected in project outcome? This
paper examines some of the internal and external factors that may constrain NGO innovative
activity and looks at what the innovation process can tell us about NGOs as organizations, and
about the environment in which they operate.

[120] J L Garcia-De-Ceca and K G Gebremedhin. A decision support system for planning agroforestry systems. Forest
Ecology & Management, 45(1–4):199–206, 1991.

A decision support system for planning small-scale agroforestry systems was developed. The pro-
gram generates a set of feasible alternatives of culture combinations based on specified constraints.
The constraints include land, labor, and cash. The program utilizes a multiple objective linear pro-
grammming model coupled with a management tool to generate alternatives. The system can be
used by planners, managers, trainers, extension personnel, farmers etc. to determine the optimum
and desirable alternative(s) for an agroforestry farming system. To demonstrate the use of the pro-
gram, an agroforestry example is used. The example involves six basic corn-based combinations
of zero-tillage systems from Nigeria. It considers 6 ha of land, 300 narias investment, 750 narias
DNER, 144 man-h own labor, and 0.5 narias/man-h price of hired labor.

[121] A Gobin, P Camping, and J Feyen. Logistic modelling to identify and monitor local land management systems.
Agricultural Systems, 67(1):1–20, January 2001.

In the wake of sustainable development, measurable indicators are needed to monitor land resources
management. Aerial photograph interpretation, participatory research methods and logistic mod-
elling were combined to establish indicators and to investigate their relationship with local land
management systems. Land tenure and customary laws explained the differences in field character-
istics at Ikem (south-eastern Nigeria). A binary followed by an ordinal logistic model quantified the
relationship between field characteristics and local land management. The odds for private land
management increased by 102% per 100 m2 decrease in field size and by 128% per unit increase
in palm tree density. For communal land management, fallow periods were longer with increasing
non-palm tree densities and field sizes; odds increased by 76 and 31%, respectively. Field size, total
tree density and palm tree density are important indicators to monitor local land management.

[122] James Gockowski and Michel Ndoumbb. The adoption of intensive monocrop horticulture in southern Cameroon.
Agricultural Economics, 30(3):195–202, May 2004.

Results from a 1997 survey of 208 households in the humid forest zone of southern Cameroon
indicate that African policy makers seeking to intensify agricultural production should focus at-
tention on the horticultural sub-sector. The survey, which gathered information on horticultural
production practices, found that the average expenditure on agro-chemical inputs by horticultural
producers using monocrop production systems was 190 US$/ha, which greatly exceeds the FAO
reported national average expenditure of 6.50 US$/ha. A logit model of monocrop adoption in-
dicated that the size of land holding per household had a negative effect on adoption, congruent
with population-driven technical change and that increases in unit transportation costs signif-
icantly decreased the probability of adoption. These findings suggest that policy makers should
target horticultural intensification in areas of higher population density and promote investment in
rural roads. The age of the household head had a significant negative and elastic effect on adoption,
which in combination with an increase in the cohort of younger farmers in the rural population
induced by macro-economic events contributed to the spread of intensified horticulture. In the
study area, roughly two-thirds of rural households also produce cocoa and the quantity of cocoa
produced was positively associated with adoption of intensive horticultural systems suggesting that
export crop promotion indirectly facilitated diversification of agriculture. Womens participation in
intensive monocrop production was limited and efforts to promote their greater involvement are
recommended.

[123] Stephan J Goetz. Economies of scope and the cash-crop–food-crop debate in Senegal. World Development, 20:727–734,
May 1992.

The government of Senegal plans to achieve national food self-sufficiency by inducing farmers to
switch away from cash crops toward food-crop production. This paper examines selected economic
consequences of the planned substitution using empirical data recently collected in south-eastern
Senegal. Cost function estimates suggest that farmers are currently producing “too much” food-
crop and “too little” cash-crop output, given existing technology and observed relative prices.
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Moreover, economies of scope in producing both food crops and cash crops on the same farm
result in a 22% cost saving relative to growing both types of crops on separate, specialized farms.

[124] Abe Goldman and Joyotee Smith. Agricultural transformations in India and Northern Nigeria: Exploring the nature
of “green revolutions”. World Development, 23:243–263, February 1995.

This paper examines village level experiences of “Green Revolution,” in four areas, one each in
northern and southern India and two in northern Nigeria. It argues that these have consisted not
merely of the introduction of new high-yielding varieties but of a broad set of mutually reinforcing
changes which have transformed agricultural practice in the areas in which they took place. The
changes have typically involved a suite of new technological components (including several new
crops, fertilizers, and new power sources, among others), altered land use patterns, and changes in
the labour economy. These have facilitated both intensification and extensification of agriculture
(except in south India, where intensification predominated), resulting in substantial increases in
regional output and income. Market production rather than population pressure has driven the
changes in all of these cases, and it is questionable that population growth alone could lead to
transformations of this kind. The cases also demonstrate that adoption of ploughs and fertilizers can
occur at relatively low population densities in Africa, provided other conditions are favourable. In
Africa, India, and elsewhere such changes have been geographically uneven, occurring dramatically
in some areas but affecting others only marginally. Such geographic disparities call for attempts
to mitigate the regional inequities and stresses to which they give rise.

[125] Herman H Gray and James Ciroma. Reducing attrition among village health workers in rural Nigeria. Socio-Economic
Planning Sciences, 22(1):39–43, January 1988.

Nigeria’s primary health care program relies on village health workers (VHWs) to provide simple
curative and preventive services to largely rural underserved communities. Despite the reported
need for these services, there is increasing evidence that VHWs often take leave of their jobs as
a result of low patient demand, competing time interests, and less than adequate supervision.
This paper describes the use of a simple operations research (OR) approach to assist rural health
program managers design strategies for reducing VHW attrition. It illustrates the feasibility and
potential utility of employing the Nominal Group Technique (NGT) to draw on the experience
and judgment of a variety of health professionals in arriving at local program decisions. This OR
approach to problem solving resulted in a feasible and acceptable strategy which is now being
implemented in southern Gongola State, Nigeria.

[126] Reginald Herbold Green and Hans Singer. Sub-Saharan Africa in depression: The impact on the welfare of children.
World Development, 12:283–295, March 1984.

This paper analyses the impact of the economic crisis on the welfare of children in Sub-Saharan
Africa, an area which includes most of the least developed and most severely affected countries.
These countries are characterized by: low levels of skilled person-power, dependency on their
primary product exports, small industrial sectors, a lagging food production growth, a high pro-
portion of rural population and a child dependency ratio that is virtually 1 to 1. The situations
of Nigeria, Zambia and Tanzania are examined in detail. In Zambia where there is substantial
evidence of worsening of the condition of children in the 1970s, the most urgent requirement is
additional resources, particularly foreign exchange. Such is also the case with Tanzania, while
Nigeria does have the resources to develop a more coherent economy and finance basic services
adequately.

[127] J J R Groot and A Coulibaly. Les modèles de simulation de la croissance végétale comme outils de recherche
développement. Two day seminar 11, Wageningen, Wageningen, November 1994.

(1) Le rôle des modèles dans la recherche, dans l’enseignement et dans la planification

(2) Développement des paramètres pour des modèles de simulation; cas des cultures annuelles,
pérennes et ligneuses

(3) Les modèles de simulation de la croissance végétale comme outil de recherche
développement: le cas du développement du sorgho

(4) Evaluation du modèle de simulation de la croissance et du développement d’Andropogon
gayanus, en zone soudano-sahélienne

(5) Les modèles de simulation comme outils de gestion des sols et de développement agricole:
exemple du modèle Cultures Pluviales du Burkina Faso

(6) Réponse à la photopériode de trois variétés de sorgho au Mali

(7) Les modèles de simulation comme outils pour le zonage agro-climatologique: cas de la
production de Sorgho au Mali
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[128] Maurice M Grzeda and Tov Assogbavi. Management development programs in Francophone Sub-Saharan Africa.
Management Learning, 30(4):413–429, 1999.

The effectiveness of management development in the improvement of productivity is well estab-
lished in many developed countries. This powerful tool in the search for managerial effectiveness
and efficiency, has become more and more popular among developing countries. However, to be
effective, it has to integrate the social reality of these countries. This article analyses management
development in sub-Saharan Francophone African countries by putting an emphasis on the cultural
dimension. It points out the main cultural factors that have to be taken into account, describes
how these apply to the management development process and concludes with recommendations for
management development needs analysis, objectives, design and implementation, and evaluation.

[129] Y A Habeeb. Adapting multi-criteria planning to the Nigerian economy. Journal of the Operational Research Society,
42(10):885–888, October 1991.

Techniques of development planning involve physical and financial aspects. Financial planning
refers to the allocation of monetary resources; in Nigeria the previous development plans and bud-
gets, which had been based on the incremental approach, contained various shortcomings, resulting
in the deliberate inflation of estimated expenditure, and consequently it has been associated with
retarded growth and conflicts between ministries. In addition, the approach does not adequately
relate national objectives to their priorities. Conventional mathematical programming models are
unable to allocate resources effectively in a conflicting environment. This paper proposes a goal
programming model for allocating a countrys scarce resources among competing sectors during
a planned period. The goal programming model is shown to be adequate for allocating resources
under the conflicting conditions of national planning. The model can help to determine all the
priorities for the goals.

[130] S M Haefele, M C S Wopereis, M K Ndiaye, and M J Kropff. A framework to improve fertilizer recommendations for
irrigated rice in West Africa. Agricultural Systems, 76(1):313–335, April 2003.

A framework to optimize soil fertility management in irrigated rice, based on soil and climate
variability, fertilizer and paddy prices and farmers’ objectives is presented. The framework uses
three models in succession. The dynamic ecophysiological ORYZAS model simulates potential
rice yields under irrigation, based on weather conditions, cultivar choice and sowing date. This
yield potential is used in the static FERRIZ model, together with site specific information on
recovery efficiency of applied N, P and K, indigenous soil N, P and K supply, and maximum N,
P and K accumulation and dilution in rice dry matter. Resulting outputs are required fertilizer
doses to obtain different target yields depending on yield potential and soil nutrient supply. The
framework allows sensitivity analysis and agro-economic evaluation of different fertilizer options.
In a last step, the dynamic decision tool RIDEV is used to simulate optimal timing of different
management actions such as fertilizer application, weeding, and harvest. Resulting integrated crop
management recommendations ensure high resource use efficiency adapted to local socio-economic
and bio-physical conditions. Provided necessary input data are available, this framework can be
applied to field, perimeter or regional scale. The framework was applied to the Office du Niger in
Mali, using field data of 58 farmers. In the wet season, fertilizer doses adjusted to three soil fertility
classes out-performed current uniform recommendations only slightly, except on soils with very
low K supply (10 cases). Only on these soils was application of K profitable. Profit-optimizing
fertilizer doses had high costs and low value/cost ratios. Target yields close to potential yield
increased farmers’ risk. Adjusting fertilizer doses to the lower yield potential in the dry season
reduced costs and risk without reducing profit, resulting in better value/cost ratios. New simple
recommendations for both wet and dry seasons were formulated.

[131] F Hartwich and M Von Oppen. Who contributes efficiently to development? evaluating agricultural research and
development in Cameroon and Tanzania. Quarterly Journal of International Agriculture, 45(1):47–70, 2006. a IFPRI,
Washington, DC, United States b IFPRI San Jose?, IICA, Apdo. 55-2200, Coronado, Costa Rica c University of
Hohenheim, Stuttgart, Germany.

The article presents results from an evaluation of the technical efficiency of agricultural research
and development (R & D) activities at universities and government research organizations in
Cameroon and Tanzania. Data Envelopment Analysis (DEA) is used to measure multiple-input
multiple-output relations in the R & D process. The calculations are expanded with qualitative
information about the relevance of R & D to its users applying the Analytic Hierarchy Process
(AHP) method in which peers rate the relevance of R & D outputs. The findings suggest that
though the evaluated universities did not have a mandate for development-oriented R & D, they
were as efficient in conducting agricultural R & D as national agricultural research organizations or
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international agricultural research centers. International research centers were found to generate
relevant R & D outputs, but at high costs, particularly with regard to the international staff
they use. The new process evaluation method tested in the study allows to compare the efficiency
with which research entities operate in order to make better micro management decisions, e.g.,
whom to involve and whom to encourage to become more efficient. The method is complementary
to economic impact assessment of agricultural R & D which is ususlly conducted at the more
aggricated program level.

[132] H Hengsdijk and M K van Ittersum. A goal-oriented approach to identify and engineer land use systems. Agricultural
Systems, 71(3):231–247, March 2002.

This paper describes a formalized approach to identify and engineer future-oriented land use
systems. Such land use systems can be used to explore options for strategic decision making with
respect to land use policy and to do ex-ante assessment of land use alternatives to be further tested
or developed in experimental settings. The so-called goal-oriented approach consists of three steps:
(1) goal-oriented identification and design of land use systems; (2) quantification of biophysical
production possibilities; and (3) defining the optimal mix of inputs, i.e. the production technique,
required to realize production possibilities. The goal-oriented identification and design depends
on the land-related objectives of a system under study, whereas plant, animal and environmental
characteristics determine biophysical production possibilities. Characteristics of the production
technique determine the realization of production possibilities. General guidelines are given to
structure the specification and number of alternatives to be explored and to apply agro-ecological
principles required for quantification of future-oriented land use systems. Concepts of the approach
are illustrated with data from the northern Atlantic zone of Costa Rica and the Sudano-Sahelian
zone of Mali. Finally, suggestions are given for the application of the approach at spatial and
temporal scales exceeding the field level and time horizon of 1 year.

[133] H Hengsdijk and M K van Ittersum. Dynamics in input and output coefficients for land use studies: a case study for
nitrogen in crop rotations. Nutrient Cycling in Agroecosystems, 66(3):209–220, July 2003.

Increasingly, model-based approaches play a role in the design and development of new land use
systems. Simulation modeling may play a role in the generation of land use systems for land units,
and optimization modeling ( e. g. linear programming - LP) may be used in the upscaling to farm
and region. In the quantification of new land use systems for land units, often equilibrium con-
ditions with respect to soil resources are assumed, following a so-called target-oriented approach.
This facilitates ex ante computation of inputs and emissions of nutrients and allows their use in
static optimization models based on LP. The condition of equilibrium in soil resources is often not
met, nor is it the ultimate aim. Hence, the dynamics in new systems are insufficiently dealt with.
This paper presents an approach for the design of land use systems (crop rotations) and their
quantification in terms of input and output coefficients, using particular yields and dynamics in
soil resources as targets. Interactions between N input and output of succeeding crops are explic-
itly taken into account. A simple N-balance model is used describing major processes affecting soil
N-dynamics. For the Koutiala region in Mali five crop rotations are evaluated that differ in target
crop yield, crop choice, crop residue management and external N source. Modeled crop rotations
aiming at high yields, in combination with incorporation of crop residues and legumes, result in
depletion of soil N stock. Only in crop rotations aiming at high yields and with incorporation of
crop residues combined with a supply of large quantities of animal manure, soil N depletion can
be prevented. Four approaches are presented of how to use the dynamic input - output coefficients
of these systems in land use studies using LP: (i) use of average coefficients, (ii) use of discounted
coefficients, (iii) use of pessimistic estimates of coefficients in an optimization of the land use allo-
cation followed by a recalculation of the objective values for the optimized land use with optimistic
coefficients, and (iv) a combined use of systems characteristics, i. e. cumulative N-inputs of land
use systems over the time horizon and the magnitude of the soil N pool at the end of the time hori-
zon, which can be used as filters for land use systems. Though none of the approaches completely
captures the dynamics in input - output coefficients, they enable a well-founded consideration of
the consequences of dynamics in, for instance, soil N stocks in static optimization approaches for
farm and regional studies.

[134] A B Heywood and B C Campbell. Development of a primary health care information system in Ghana: Lessons
learned. Methods of Information in Medicine, 36(2):63–68, February 1997.

In Ghana, between January 1990 and September 1993, a series of steps were undertaken to re-
view the existing vertical reporting procedures and to develop an integrated Health Management
Information System (HMIS) for Primary Health Care (PHC). These steps included a situation
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analysis of the existing reporting systems; participatory design of tools for planning, data collec-
tion, feedback and reporting; field test and revision of the modified system; training of staff at all
levels; development of tools for self-assessment and stimulation of routine feedback to lower levels
and reporting of analysed indicators to higher levels. There were some notable achievements which
included promotion of self-reliance, improved data relevance and accuracy, as well as strengthened
supervision and support. However, it was difficult to identify the most appropriate institutional
location for the HMIS; over-emphasis on process leads to reduced implementation; reporting was
still given greater priority than analysis and use of data, and systems for collection and use were
still cumbersome and rime consuming. It is also difficult to prove that having better informa-
tion really improves decision-making, or even coverage and quality of PHC service delivery. These
issues, as well as lessons learned, are discussed in the paper.

[135] M J Hodgson, Gilbert Laporte, and F Semet. A covering tour model for planning mobile health care facilities in
Suhum District, Ghana. Journal of Regional Science, 38(4):621–638, November 1998.

The provision of adequate primary health care in developing countries is often troublesome. The
problem is to provide a sufficient number of facilities to be geographically accessible, yet few
enough to be properly stocked and staffed. In many less developed countries accessibility problems
are exacerbated by extensive rainy seasons in which travel is only possible on paved roads. Using
the covering tour model we investigate the use of mobile facilities to resolve this dilemma in Suhum
District, Ghana. The model minimizes a mobile facility’s travel while serving all population centers
within range of a feasible stop. Computational results show that in the rainy season the model
cannot provide full coverage; over six percent of the population is beyond a covering distance
of eight kilometers. In the dry season, 99 percent of the population can be served by a tour at a
covering distance of seven kilometers. Beyond a distance of four kilometers, the dry season problem
becomes a trade-off between the distance traveled by healthcare patrons and mobile facilities. These
results illustrate the importance of flexibility of mobile systems: if accessibility cannot be provided
in all seasons it may still be provided at favorable times of the year.

[136] Eric L Hyman. An economic analysis of small-scale technologies for palm oil extraction in Central and West Africa.
World Development, 18:455–476, March 1990.

Artisanal production of palm oil meets a significant and growing portion of the domestic demand
in Central and West Africa. The traditional technology of pressing palm fruits is laborious and has
a low yield of oil. In some areas, service pressing is available using manual Colin expellers, which
are aging and no longer imported. Recently, commercial manufacturing of small-scale, Caltech
expellers began in Cameroon in manual and motorized versions. The economic viability of these
expellers and of two screw-operated batch presses used elsewhere in Africa are compared. Other
types of screw-operated batch presses, hydraulic presses, and phase separation extractors are also
discussed.

[137] Eric L Hyman. A comparison of labour-saving technologies for processing shea nut butter in Mali. World Development,
19:1247–1268, September 1991.

Shea nut butter (karité) is a major cooking fat in semi-arid parts of West Africa. Its preparation
by the traditional process involves long and arduous work by women. Several labour-saving tech-
nologies have been developed and applied in Mali. A manual press has been developed by KIT,
with GTZ support. It is suitable for small groups of women where the ability to pay for equip-
ment is limited or shea nut supplies are uncertain and other oilseeds are available. CEPAZE has
developed two more mechanized alternatives with support from ATI and other donors. The first,
a prototype of an animal-driven grinder/kneader, was not accepted in one village in Mali since
the people were familiar with a motorized alternative. The animal-driven unit also requires further
technical development. The second, a motorized grinder and centrifuge system, may be well suited
for a larger, artisanal-scale commercial enterprise. By itself, the motorized CEPAZE grinder may
be appropriate for service pressing of shea kernels as well as grain in larger villages.

[138] Adamu Idama. The introduction of operational research into developing countries, with special reference to Nigeria.
PhD thesis, University of Warwick, U.K., 1984.

The problems of the introduction of Operational Research (OR) into developing countries was
examined with particular reference to the Nigerian Civil Service. Following preliminary investi-
gations on OR in developing countries a questionnaire was used to interview fifty-nine Nigerian
senior civil servants including nine permanent secretaries on the problems of the introduction of
OR into government services in Nigeria. The interviews were conducted in thirty-five ministries,
and in three public corporations in the Federal government, and in five State governments in Nige-
ria. This unique information which is the first of its kind from Nigeria was used to identify nine
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factors essential to the introduction of OR into the civil service in Nigeria. In order to explore the
problems of staffing, a psychometric instrument, the 16PF, was used to determine the personality
traits which account for success in OR. The instrument was administered to fifty-six British OR
scientists in order to construct a personality profile of OR scientists. This study represents the first
attempt to understand using scientific method the traits which are responsible for success in OR,
and the traits which significantly distinguish OR Scientists from the general adult population, the
scientific community, and other occupational groups. The thesis concluded by discussing a gen-
eral theory on the introduction of Operational Research (OR) into organisatons, and by making
recommendations on the introduction of OR into the Nigerial Civil Service.

[139] Adamu Idama. Water resources planning in a typical state in Nigeria: a management science approach. Global Journal
of Mathematical Sciences, 2(1):17–28, 2003.

Properly planned, using scientific method, water resources can be used to create jobs for a large
number of people. Discussed in this paper is a study of water resources utilization in Adamawa
State as a tool for poverty alleviation. Some twelve strategic water resources development projects
were examined using the methodology and techniques of Dynamic Programming and Mixed Integer
programming.

[140] Adamu Idama and Rolfe Tomlinson. The prospect for OR in the Nigerian government service–an administrator’s
viewpoint. Journal of the Operational Research Society, 37(2):195–202, February 1986.

Based on Idama’s PhD ([138])
[141] Bayo Idowu, Rotimi Adagunodo, and Rufus Adedoyin. Information technology infusion model for health sector in a

developing country: Nigeria as a case. Technology and Health Care, 14(2):69–77, March—April 2006.
To date, information technology (IT) has not been widely adopted in the health sector in the
developing countries. Information Technology may bring an improvement on health care delivery
systems. It is one of the prime movers of globalization. Information technology infusion is the degree
to which a different information technology tools are integrated into organizational activities. This
study aimed to know the degree and the extent of incorporation of Information Technology in the
Nigerian health sector and derive an IT infusion models for popular IT indicators that are in use
in Nigeria (Personal computers, Mobile phones, and the Internet) and subsequently investigates
their impacts on the health care delivery system in Nigerian teaching hospitals. In this study,
data were collected through the use of questionnaires. Also, oral interviews were conducted and
subsequently, the data gathered were analyzed. The results of the analysis revealed that out of
the three IT indicators considered, mobile phones are spreading fastest. It also revealed that
computers and mobile phones are in use in all the teaching hospitals. Finally in this research, IT
infusion models were developed for health sector in Nigeria from the data gathered through the
questionnaire and oral interview.

[142] P A Idowu, A Alu, and E R Adagunodo. The effect of information technology on the growth of the banking industry
in Nigeria. Electronic Journal of Information Systems in Developing Countries, 10(2):1–8, September 2002.

The advent of Information Technology (IT) is rapidly changing the banking industry. In this study,
the impact of IT on the banking industry in Nigeria is described. A questionnaire was employed
to collect data from customers at five major banks in Nigeria on the extent to which customers
believe that IT exerts an impact on banking services. The results of the study clearly indicate that
IT has contributed immensely to the growth of the banking industry in Nigeria.

[143] Fidelis M Ikem and Arnold M Reisman. Approach to planning for physician requirements in developing countries
using dynamic programming. Operations Research, 38(4):607–618, July 1990.

Physician manpower requirements of most developing countries can often be met by developing
local training facilities, sending indigenes to train abroad, and/or by recruiting expatriate Physi-
cians. Foreign training and having expatriates often involve expenditures of scarce foreign exchange
in competition with other development projects. This paper develops a manpower planning model
which coordinates physician manpower requirements of a developing country with its capacity to
train such physicians along with national objectives to contain costs. The paper presents compu-
tational results from a dynamic programming model using the best data available from Nigeria.

[144] William D Ingram and Scott R Pearson. The impact of investment concessions on the profitability of selected firms
in Ghana. Economic Development and Cultural Change, 29(4):831–839, 1981.

[145] K T Ingramand, M C Roncoli, and P H Kirshen. Opportunities and constraints for farmers of West Africa to use
seasonal precipitation forecasts with Burkina Faso as a case. Agricultural Systems, 74(3):331–349, December 2002.

Skill of seasonal precipitation forecasts for west Afria has improved to the point that forecasts may
be of value to agricultural users, especially farmers. We studied agricultural production systems in
three-agro-ecozones of Burkina Faso to establish: (1) farmer interest in and ability to use forecasts;
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(2) forecast information farmers request; (3) lead-time required for greatest forecast value; (4) needs
for forecast dissemination, interpretation and application; and (5) possible strategies for using
climate forecasts to improve crop production and resource management. The three agro-ecozones
studied were a cotton-based system in the relatively high rainfall Sudan area of southwest Burkina
Faso; a sorghum and millet based system in the low rainfall central plateau; and a cattle-based
system in the very low rainfall Sahel area in the north. Potential value of forecasts to farmers
differed among the three zones, with greatest apparent value to farmers of the central plateau
and least apparent value to cattle herders of the Sahel. While farmers in all three agro-ecozones
expressed a strong interest in receiving seasonal precipitation forecasts, they were much more
interested in receiving forecasts of when the rains would start and end, and whether there would be
interruptions in rains. Our results suggest that if seasonal precipitation forecasts are disseminated,
they should be a part of an extension package that includes discussion of the probabilistic nature of
the forecasts, potential response strategies, and risk management. Furthermore, farmers may need
greater access to basic agricultural technologies, such as plows, new crop varieties, and fertilizers,
before they can benefit fully from precipitation forecasts.

[146] Barry L Isaac. Price, competition, and profits among hawkers and shopkeepers in Pendembu, Sierra Leone – an
inventory approach. Economic Development and Cultural Change, 29(2):353–373, 1981.

[147] Akin Iwayemi. An investment planning model for the electricity sector in Nigeria. Socio-Economic Planning Sciences,
12(5):285–292, September 1978.

In this study the methodology of mixed integer programming is used to deal with investment re-
source allocation problems that involve economies of scale in the Nigerial economic planning envi-
ronment. The specific application is to long-term investment decisions in the government-operated
electric power supply industry (NEPA). The investment planning problem involves determining
the optimal generating plant/transmission mix from among a set of fossil fuel and conventional
hydro plants which will meet the demand for electricity in Nigeria over the next three decades at
minimum cost. Economies of scale in plant construction makes the investment cost function to be
non-linear. However the non-linearity is approximated by a fixed charge function. Alternative price
assumptions are made about locally found fuel resources (oil, gas, coal and liguite) to calculate
the energy cost of fossil fuel plants. Different investment strategies are then evaluated in terms of
the present values of the cost of supplying electricity to meet the required demand.

[148] M A Jabbar, J Cobbina, and L Reynolds. Optimum fodder-mulch allocation of tree foliage under alley farming in
southwest Nigeria. Agroforestry Systems, 20(3):187–198, December 1992.

In alley farming, crop response to mulching is the most important determinant of whether or not
the use of prunings for feeding animals is economic. At low crop yields, and low crop response to
mulching, feeding part of the tree foliage to small ruminants is economically gainful but at high
crop yield levels and higher crop response to mulching, the use of pruning for feeding animals is
uneconomic at current market prices.

[149] M A Jabbar, S K Ehui, and R Von Kaufmann. Supply and demand for livestock credit in sub-Saharan Africa: Lessons
for designing new credit schemes. World Development, 30:1029–1042, June 2002.

Based on analysis of credit supply in Ethiopia, Kenya, Uganda and Nigeria, it is shown that
public credit institutions do not have sufficient funds to meet the demand for livestock credit and
cannot mobilize savings from their clients or other commercial sources for one reason or another. In
addition, available credit does not reach those who need it the most and with whom it could have
the greatest impact due to the application of inappropriate screening procedures and criteria to
determine creditworthiness. The analysis of demand based on borrowing and non-borrowing sample
households using improved dairy technology, it is shown that not all borrowers borrowed due to
liquidity constraint while some borrowers and some non-borrowers had liquidity constraint but did
not have access to adequate credit. Logistic regression analysis show that sex and education of
the household head, training in dairy, prevalence of outstanding loan and the number of improved
cattle on the farm had significant influence on both borrowing and liquidity status of a household,
though the degree and direction of influence were not always the same in each study country.
Based on the findings it is suggested that combining public and commercial finance could solve
the problem of inadequate credit supply while inventory finance to community level input suppliers
and service providers might help in getting credit to worthy and needy smallholders at lower cost
than providing credit to smallholders directly.

[150] William K Jaeger and Peter J Matlon. Utilization, profitability, and the adoption of animal draft power in West
Africa. American Journal of Agricultural Economics, 72(1):35–48, February 1990.
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Farmers in West Africa’s semi-arid tropics have been slow to adopt animal draft power to replace
manual cultivation, defying the logic of conventional choice-of-technique analyses. This paper
demonstrates that farmers can profitably adopt animal draft power when household characteristics
and exogenous factors permit high utilization of animals and equipment. Empirical analysis of farm-
level data indicates that low utilization is the key cause of low returns, and that a long learning
period precedes achieving high utilization and benefits. Linear programming models are used to
establish the importance of family size, access to land, and appropriate implements in achieving
profitable adoption.

[151] Johannes P Jütting. Do community-based health insurance schemes improve poor people’s access to health care?
Evidence from rural Senegal. World Development, 32:273–288, February 2004.

Community-based health insurance is an emerging and promising concept, which addresses health
care challenges faced in particular by the rural poor. The aim of this paper is to analyse whether
rural Senegal members of a health insurance scheme are actually better-off than nonmembers. The
results show that in poor environments, insurance programs can work: Members of les mutuelles
de santé (mutual health organizations) have a higher probability of using hospitalization services
than non-members and pay substantially less when they need care. Furthermore, the analysis
revealed that while the schemes achieved to attract poor people, the poorest of the poor remained
excluded.

[152] Timothy Ch U Kalu. Domestic petroleum-related expertise utilization and Nigeria’s oil industry survival: A multicri-
teria decision analysis. European Journal of Operational Research, 110(3):457–473, November 1998.

Despite Nigeria’s current economic crisis and the need to remove control structures which were
originally designed to protect national interest so as to attract foreign investment in upstream
activities of its oil sector, the notion of an indigenously controlled oil sector is still alive in the
country. The current paper utilizes a multiperiod goal programming model to examine the effect
the enforcement of Nigeria’s Petroleum Decree on the utilization of domestic petroleum-related
expertise would have on the survival of the multinational oil companies and, therefore, of the oil
industry. The results indicate that there are some benefits to the nation in enforcing the Decree,
but that to do so now will trigger a chain of events that will culminate in the demise of the oil
industry. The results also highlight the danger in using legislation to regulate strategic industries
and the role operational researchers can play in public policy design and decisions in the future.

[153] Ka-Mbayu Kapepula, Gerard Colson, Karim Sabri, and Philippe Thonart. A multiple criteria analysis for household
solid waste management in the urban community of Dakar. Waste Management, 27(11):1690–1795, November 2007.

Household solid waste management is a severe problem in big cities of developing countries. Mis-
managed solid waste dumpsites produce bad sanitary, ecological and economic consequences for
the whole population, especially for the poorest urban inhabitants. Dealing with this problem, this
paper utilizes field data collected in the urban community of Dakar, in view of ranking nine areas
of the city with respect to multiple criteria of nuisance. Nine criteria are built and organized in
three families that represent three classical viewpoints: the production of wastes, their collection
and their treatment. Thanks to the method PROMETHEE and the software ARGOS, we do a
pair-wise comparison of the nine areas, which allows their multiple criteria rankings according to
each viewpoint and then globally. Finding the worst and best areas in terms of nuisance for a
better waste management in the city is our final purpose, fitting as well as possible the needs of
the urban community. Based on field knowledge and on the literature, we suggest applying general
and area-specific remedies to the household solid waste problems.

[154] B Kaya, P E Hildebrand, and P K R Nair. Modeling changes in farming systems with the adoption of improved
fallows in southern Mali. Agricultural Systems, 66(1):51–68, October 2000.

Agricultural production in the Koutiala region, southern Mali, is based on cash sources (cotton
and groundnut), cereal sources (maize, sorghum, milllet), and a store of wealth (livestock). In
these low-input farming systems, crop production is seriously constrained by soil fertility decline.
Research is being conducted in the region to investigate the potential of improved fallows planted
to leguminous agroforestry tree species to improve soil fertility and crop production. This paper
examines the potential for the adoption of this technology on different household groups using linear
programming-based modeling. The model revealed that an improved fallow would be an interesting
venture only if fodder has a market value and if maize yields equal to or higher than the regional
average yield of 2,500 kg per hectare can be achieved. Improved fallows are not financially attractive
to farmers if they do not produce benefits other than soil fertility improvement measured in terms
of crop yield. Any subsidy program which would prevent farmers from cutting the fodder, as
secondary output before the end of the planned fallow length, would not have adoption potentials.
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A special fallow installation loan program, similar to the one that cotton enjoys, would make the
venture viable.

[155] B A Keating and R L McCown. Advances in farming systems analysis and intervention. Agricultural Systems,
70(2/3):555–579, November/December 2001.

In this paper, we recognize two key components of farming systems, namely the biophysical Pro-
duction System of crops, pastures, animals, soil and climate, together with certain physical in-
puts and outputs, and the Management System, made up of people, values, goals, knowledge,
resources, monitoring opportunities, and decision making. Utilising upon these constructs, we re-
view six types of farming systems analysis and intervention that have evolved over the last 40 years,
namely: (1) economic decision analysis based on production functions, (2) dynamic simulation of
production processes, (3) economic decision analysis linked to biophysical simulation, (4) decision
support systems, (5) expert systems, and (6) simulation-aided discussions about management in
an action research paradigm. Biophysical simulation modelling features prominently in this list of
approaches and considerable progress has been made in both the scope and predictive power of the
modelling tools. We illustrate some more recent advances in increasing model comprehensiveness
in simulating farm production systems via reference to our own group’s work with the Agricultural
Production Systems Simulator (AP-SIM). Two case studies are discussed, one with broad-scale
commercial agriculture in north-eastern Australia and the other with resource-poor smallholder
farmers in Africa. We conclude by considering future directions for systems analysis efforts directed
at farming systems. We see the major challenges and opportunities lying at the interface of hard
scientific approaches to the analysis of biophysical systems and soft approaches to intervention in
social management systems.

[156] F Kenfack, Alain Guinet, and J M Ngundam. Investment planning for electricity generation expansion in a hydro
dominated environment. International Journal of Energy Research, 25(10):927–937, August 2001.

This paper presents the investment planning model, which has been developed to rigorously val-
orize the large hydroelectric potential resources of Cameroon. Based on Benders technique, the
decomposition approach proposed allows each component of the problem (investment and opera-
tion) to be conveniently modelled and solved by adapted methods. Furthermore, the relative small
size of the actual system, the long experience of the manual generation management in use over a
long time by the national electricity company (Sonel), and the fundamental data of the problem
are exploited as the basis of the approach, to define a more detailed and adapted model. For-
mulated as a multistage mixed linear programming problem, the decomposition procedure of the
Benders technique is applied to isolate from the problem so modelled its two main subproblems
(investment and operation). The investment subproblem is modelled as a multistage mixed linear
programming problem and solved by a branch and bound technique. The operation subproblem
is represented as a multistage stochastic linear problem and solved by a revised simplex-based
method. Subsequently, a solution algorithm for the whole problem, defined by a finite iterative
process where the subproblems are alternatively solved, is derived from the co-ordination proce-
dure of Benders technique. Case studies with the southern interconnected network of the Sonel
system are presented and analysed.

[157] M Mahmud Khan. Market-based early warning indicators of famine for the pastoral households of the Sahel. World
Development, 22:189–199, February 1994.

Using a theoretical model of the pastoral production system, this research identifies some specific
animal price ratios which can be utilized as early warnings signs of a food crises. The quantity and
quality of animals offered for sale, herd size and its composition, relative prices of animals types
with differential drought and feed resistivity but similar demand and supply elasticities should be
important indicators of food stress faced by the pastoral community. The time series of animal
prices during the famine of 1984-1985 in Niger provide an excellent standard to test the empirical
validity and sensitivity of the early warning indicators.

[158] O F Kofoworola. Recovery and recycling practices in municipal solid waste management in Lagos, Nigeria. Waste
Management, 27(9):1139–1143, September 2007.

The population of Lagos, the largest city in Nigeria, increased seven times from 1950 to 1980
with a current population of over 10 million inhabitants. The majority of the citys residents are
poor. The residents make a heavy demand on resources and, at the same time, generate large
quantities of solid waste. Approximately 4 million tonnes of municipal solid waste (MSW) is
generated annually in the city, including approximately 0.5 million of untreated industrial waste.
This is approximately 1.1 kg/cap/day. Efforts by the various waste management agencies set up
by the state government to keep its streets and neighborhoods clean have achieved only minimal
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success. This is because more than half of these wastes are left uncollected from the streets and the
various locations due to the inadequacy and inefficiency of the waste management system. Whilst
the benefits of proper solid waste management (SWM), such as increased revenues for municipal
bodies, higher productivity rate, improved sanitation standards and better health conditions,
cannot be overemphasized, it is important that there is a reduction in the quantity of recoverable
materials in residential and commercial waste streams to minimize the problem of MSW disposal.
This paper examines the status of recovery and recycling in current waste management practice
in Lagos, Nigeria. Existing recovery and recycling patterns, recovery and recycling technologies,
approaches to materials recycling, and the types of materials recovered from MSW are reviewed.
Based on these, strategies for improving recovery and recycling practices in the management of
MSW in Lagos, Nigeria are suggested.

[159] P M Kormawa and M Von Oppen. Linking potential supply and demand for soybean in West Africa: A location
analysis of a developing industry in Nigeria. Quarterly Journal of International Agriculture, 40(3):211–226, 2001.

Optimal location and size of a processing plant provide direct benefits to consumers (lower prices)
as well as to producers (higher incomes). Despite this potential, less attention has been devoted to
the spatial organization of processing plants in West Africa. Soybean is an emerging industrial crop
with high market potential. However, poor linkages between producers, processors, and consumers
have hindered production, expansion, and utilization of soybean in Nigeria. An interregional trade
model was formulated to determine how to efficiently link these major participants in the marketing
chain. The study is based on simulation with two model years. In addition to conditions of model
year A, model year B assumes that production will increase by 5% and 10% per annum. Also,
additional processing plants at other locations are assumed to start processing. Results from the
model show that during the initial stages of soybean development, large-scale processing plants
are not profitable as capacity under-utilization results in high unit processing costs. During this
period, only two plants, each with a rated capacity of 36,000 tons, would be efficient.

[160] Oussou Kouassy and Bouabre Bohoun. Fiscal adjustment and growth in Côte d’Ivoire. World Development, 22:1119–
1128, August 1994.

The Ivorian Government resorts to public spending cuts, particularly investment, for its current
fiscal adjustment. This paper which hypothesizes that this pattern is likely to induce recession,
focuses on the relationship between adjustment and growth in Côte d’Ivoire. Using a specific growth
model, the paper establishes that public investment has a net crowding-in effect on the private
sector and a positive impact on growth. Hence, public investment cuts bring about a decline in
output. Simulations of alternative policies show that the best suited one, e.g. which reduces the
fiscal deficit while preserving growth, supposes an increase in public investment, cuts in public
consumption, and a decrease in taxes and tariffs on the external sector.

[161] G Kruseman and J Bade. Agrarian policies for sustainable land use: Bio-economic modelling to assess the effectiveness
of policy instruments. Agricultural Systems, 58(3):465–481, November 1998.

This article presents a bio-economic modelling approach for the assessment of the effectiveness
of different agrarian policies to improve farm household income and soil fertility. Farm household
decisions on allocation of land, labour and capital resources for crop and production technique
choice are simulated, taking into account resource availability, household objectives and prevailing
market conditions. The modelling framework relies on a combination of three procedures: (1)
farm household modelling, (2) linear programming, and (3) partial equilibrium analysis. These
procedures are applied to evaluate the impact at farm household and regional level of technology
improvement and a variety of policy instruments: improvement of infrastructure, price support,
land policy and credit schemes. Regional aggregation allows prices to be determined endogenously
on regional markets. The approach is applied to the Cercle de Koutiala in Mall, for which selected
results are given as an example. Results indicate that technology alone cannot sufficiently induce
farmers to adopt sustainable production systems. Additional economic incentives are necessary to
foster technological change.

[162] R L Kruska, R S Reid, P K Thornton, N Henninger, and P M Kristjanson. Mapping livestock-oriented agricultural
production systems for the developing world. Agricultural Systems, 77(1):39–63, July 2003.

Questions as to whether public investment in international agricultural research is a “Good Thing”
or not may best be addressed using two arguments: (1) justifications based on whether or not past
investments have yielded substantial benefits to societies and the resource-poor; and (2) that fu-
ture investments need to be made as effectively and efficiently as possible, which means they must
be targeted as closely as possible. A major component of any impact assessment framework that
aspires to comprehensiveness is information on the location of different agricultural systems and
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pertinent characteristics of the resource poor who operate them. Given the importance of live-
stock to the diets and incomes of poor farming households, and the predicted increase in demand
for livestock products throughout the developing world over the next few decades, understanding
how livestock fit into these systems, and how these systems may evolve in the future, is critical.
This is especially true in Africa, where approximately 27% (162 million people) of the world’s poor
livestock keepers live. In this paper, we further develop a global livestock production system classi-
fication put forward by Sere and Steinfeld in 1996. These livestock systems fall into four categories:
landless systems, livestock only/rangeland-based systems (areas with minimal cropping), mixed
rainfed systems (mostly rainfed cropping combined with livestock) and mixed irrigated systems
(a significant proportion of cropping uses irrigation and is interspersed with livestock). We then
describe a method for mapping the classification, based on agro-climatology (length of growing
period), land cover, and human population density. We conclude with a discussion of how the
maps could be refined, and indicate their potential use in a range of different policy and research
and development applications.

[163] S Kushwaha and J E Ochi. The economic and social implication of using animal excreta as fertilizer and feedstuff:
Profitability and environmental protection simulation model. Journal of Sustainable Agriculture, 14(1):81–89, 1999.

In recent times chemical fertilizer has been implicated in environmental pollution on a global scale.
Also, in Nigeria, the current high prices coupled with untimeliness of the input supply add credence
to any effort aimed at finding a good substitute whose use would result in increased productivity
and environmental purity. A multiobjective linear programming model was used for the study. To
be feasible in terms of the supplies of animal wastes as fertilizer as well as feedstuff, the total
collectable animal wastes must not be less than the required amount (in quantity and quality)
for optimal crops and livestock productivity. The use of animal waste technology as fertilizer and
feedstuff provides a good measure of environmental pollution control. The production model has
shown that the marginal damage due to environmental pollution caused by the use of chemical
fertilizer is higher than the marginal damage due to cross-media pollution transfers, from the use
of animal excreta. Consequently, the use of animal excreta in crop production results in a larger
net benefit to society than the use of chemical fertilizer.

[164] V Lahtela. Managing the Senegal river: National and local development dilemma. International Journal of Water
Resources Development, 19(2):279–293, Jun 2003.

The Senegal River is located in West Africa in the Sudano-Sahelian zone. The river has faced
various development schemes since the early 1970s, which have not brought the desired results.
Many problems stem from the overall lack of economic and human development and weak insti-
tutional settings. Droughts and ethnic complexities add to the problem. The environment and
local population have continuously been exposed to negative changes. The river developers face a
difficult task when choosing the development options for the future. Taking into account all the
stakeholders and variables, and adding to these the external demographic and natural challenges,
the development actions require weighing complex multiform and interconnected issues. An objec-
tive analysis of the development plans is needed in order to avoid repeating past mistakes and to
acquire harmonious end results.

[165] T R Lakshmanan. A systems model of rural development. World Development, 10:885–898, October 1982.
This paper presents a systems model that views rural development as the outcome of interactions
between various rural system components - pattern of asset distribution, organizations and in-
stitutions and incentive structure in the region and the external relations to the outside world.
It uses the model to interpret the rural development experience in Bangladesh, Brazil, China,
Indonesia and Nigeria, identifying the links between the asset-organizational-incentive-relational
mix in these countries and their respective developmental styles and achievements. Finally, the
model’s potential use for generation of coherent developmental interventions consistent with and
supportive of desired developmental objective is illustrated.

[166] Sanjaya Lall. Structural adjustment and African industry. World Development, 23:2019–2031, December 1995.
A recent World Bank study comes to optimistic conclusions about the impact of adjustment on
African industry and exports. This paper questions both the underlying approach and the empirical
evidence. The analysis on which adjustment programs are based ignores market failures in the
process of developing competitive capabilities. The data do not establish that adjustment benefited
industry. The experience of Ghana, the strongest adjuster in Africa, shows a spurt followed by
relative stagnation and little manufactured export diversification. Accepting the desirability of
openness and policy reform, the policy needs that emerge are very different from those of Bank
adjustment programs.
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[167] John P A Lamers and M Bruentrup. Comparative advantage of single and multipurpose uses of millet stover in Niger.
Agricultural Systems, 50(3):273–285, 1996.

This study compares the economic profitability of five alternative uses of millet stover in the
Sahelian zones of West Africa: mulching at a rate of 0 (zero mulch), 0.5 (low mulch), 2 t ha(-
1) (high mulch), burning at a rate of 2 t ha(-1) (burning) and as animal feed (cr op-livestock).
Results are based on experiments conducted at the ICRISAT Sahelian Research Center, Niger.
Gross margin estimations show that the crop-livestock use had the highest returns to total labour.
Burning stover gave the highest returns per unit weeding time. Returns to land were highest for the
high mulch use. When the alternatives were compared by linear programming models of typical
farms in Western Niger, all optimal solutions suggested a multipurpose use of stover. Optimal
combinations of stover use varied with the resources available. Future research recommendations
are presented.

[168] John P A Lamers, M Bruentrup, and A Buerkert. The profitability of traditional and innovative mulching techniques
using millet crop residues in the West African Sahel. Agriculture, Ecosystems & Environment, 67(1):23–35, January
1998.

To try to maintain soil fertility in the West African Sahel (WAS), research and development
organisations promote the use of mineral fertilizers, especially phosphate (P), and an improved
management of crop residues (CR). While researchers have achieved considerable increases in yield
using broadcast mulch rates of 2000 kg CR ha(-1), farmers traditionally apply CR only on selected
microsites with low productivity. The economic analyses in this paper were based on the results
of an on-station field experiment presented previously. The yields were analysed according to a
set of hypothetical application methods, that is assuming that: (1) all fertilisers were broadcasted
evenly, (2) all fertilisers were applied to poorly producing microsites only, and (3) all fertilisers
were applied to good producing microsites only. Linear programming models were used to estimate
the comparative advantages of traditional and innovative mulching techniques for typical farms in
western Niger. The following scenarios were tested: (1) application of CR only to poorly producing
microsites when the latter comprised 10% , 30% and 50% of the total farm land; (2) applying CR
mulch to poorly and good producing microsites or broadcasting it with or without the addition of
P fertilizers; and (3) the amount of CR available for mulching was compared between sites where
there was or was not a market for buying and selling CR. The data came from an experiment
conducted between 1991 and 1992 at the ICRISAT Sahelian Centre in Niger and from several
household surveys used to characterise a typical farm in western Niger. The optimum solutions to
the linear equations suggest that farmers’ concentrated microsite techniques are more profitable
than broadcast applications due to the higher productivity of the traditional techniques per unit
of labour input. At a proportion of 10% poor microsites, it is not profitable to treat the poorly
producing parts, However, as the proportion of the low fertility land increases the profitability of
treating these areas increases, High relative costs of P fertilizer and low millet grain prices render
P application beneficial only if applied to good producing microsites. In the short run, the farmers’
mulching techniques are currently rational from an agronomic and economic viewpoint. Yet, as
the proportion of low fertility land increases, traditional techniques need more CR which can only
be assured by P inputs. A more favourable agricultural price policy may improve adoption of P
fertilizers by Sahelian farmers.

[169] Augustine S Langyintuo, J Lowenberg-DeBoer, and Channing Arndt. Potential impacts of the proposed West African
monetary zone on cowpea trade. Agricultural Economics, 33(3):411–421, November 2005.

Member countries of the Economic Community of West Africa States (ECOWAS) are expected
to form a West African Monetary Zone (WAMZ) by December 2009, whereby members would
use a common currency in an attempt to promote regional integration. Evidence suggests that
reduction in transaction cost as a result of a decrease (or elimination) of nontariff barriers (NTBs)
and real interest rates in response to elimination of exchange rate differentials positively influence
trade. The objective of this study is to quantify the effects of (a) a 7% real interest rate on capital
and (b) zero NTBs within ECOWAS countries, on cowpea (Vigna unguiculata (L.) Walp) trade
to provide a measure of the potential impacts of the WAMZ on grain rade. The study applies a
spatial and temperal price equilibrium model formulated in a mixed complementary programming
(MCP) framework and solved using GAMS/PATH. The focus is on the Nigerian cowpea grainshed
(NCG) comprising Benin, Burkina Faso, Côte d’Ivoire, Ghana, Mali, Niger, Nigeria, and Togo
in ECPWAS, and Cameroon, Chad, and Gabon in the Central African Economic and Monetary
Community (CAEMC). The results show that if WAMZ results in reduced real interest rates
within ECOWAS, the larger of the two monetary unions, consumers in the relatively larger coastal
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economies and producers in the smaller Sahelian economies would benefit while all others lose.
However, net social welfare would increase by 0.19% over the base case of 6.3 billion US$ (bUS$).
Removing NTBs among countries in the larger trading bloc may alter the pattern of cowpea flows
with total trade volume increasing by 3%, but inter-bloc trade decreasing by about 8%. The net
total regional social welfare would increase by 0.14%, or 15 million US$ (mUS$), benefiting only
consumers in importing countries and producers in exporting countries. The results emphasize the
importance of specialization based on regional comparative advantage, but also draw attention to
the need to devise ways to ensure acceptable welfare distribution among producers and consumers
in line with policy objectives of the individual countries within the proposed WAMZ. Finally, this
article contributes to the literature on the application of spatial and temporal models incorporating
both ad valorem tariffs and differential interest rates in developing economies.

[170] Victor Lavy. Does food aid depress food production? the disincentive dilemma in the African context. Policy Research
Working Paper Series 460, The World Bank, July 1990.

Food aid averages only ten percent of total financial aid to developing countries, but in certain
African countries - Botswana, Cape Verde, Mauritius, and Mauritania - it represents more than
half the food available for consumption. The author applies vector auto-regression (VAR) analysis
to data for sub-Saharan Africa to test these hypotheses. The issue is not whether food aid is good
or bad but how it can be used to promote economic development and improve the nutrition of the
food-insecure. The author found that food aid has a significant positive effect on food production.
Any disincentive induced by the additional supply of food is offset by the positive effects. Food aid
is also more likely to have a positive effect in countries that use fertilizer intensively. One possible
explanation for this is that countries that enjoy a relative abundance of regular food aid can use the
resources made available through reduced food imports to invest more in the agricultural sector -
which is more likely when such an investment is a condition imposed by the aid donors.

[171] A B Lawal and H Ibrahim. A linear goal programming approach to food security among agropastoralists households
in Giwa area of Kaduna state, Nigeria. European Journal of Social Sciences, 4(2):60–64, January 2007.

The study provides the information that a farm plan based on an efficient allocation of resources
would ensure food security among Agropastoralists in Giwa area of Kaduna state. Goal pro-
gramming model was used to analyze the data. The result shows that the optimal farm plan
that ensures food security among Agropastoralists recommends that an average Agropastoralists
household should devote 0.68 and 0.89 hectares of farm land to producing maize and maize/cowpea
respectively.

[172] Susan Ruth Levin. Improving distribution of pharmaceuticals in developing countries: A case study of the Gambia
project. The Journal of Technology Transfer, 11(2):1–8, March 1987.

Without sufficient sanitation, nutrition and primary health care infrastructures, developing na-
tions must depend on pharmaceuticals as the principal defense against debilitating diseases such
as malaria, schistosomiasis, river blindness, tetanus, and leprosy. Yet the distribution of pharma-
ceuticals within many developing countries is severely inadequate to meet the health care needs
of large sectors of the population, particularly those persons living in rural areas. The result is
that with 80% of the world’s population, and an even greater share of the world’s serious illnesses
and disease, the Third World consumes only 20% of the global supply of pharmaceuticals. One of
the major obstacles confronting individuals in developing countries that need pharmaceuticals is
access – the drug delivery infrastructure is often inadequate. Problems exist in the entire range
of drug management: Ordering, receipt, storage, distribution, and resupply. To help combat the
problems, a unique collaboration began in 1981 at the initiation of several members of the Phar-
maceutical Manufacturers Association (PMA), and Africare, a private voluntary organization, to
improve the drug distribution and management system in The Gambia in Africa. The purpose of
this article is to demonstrate the feasibility of transferring The Gambian model of cooperation
between governments in developing countries, private voluntary organizations, and the interna-
tional pharmaceutical industry to other Third World nations given different cultural, political and
economic parameters. Last year, after observing how effectively The Gambia project had improved
record keeping and management, the government of Sierra Leone invited Africare to help set up
similar improvements in its drug distribution and inventory program. Although the multinational
pharmaceutical corporations are often criticized by Third World governments for overpricing and
dumping drugs, and excessive marketing schemes, The Gambia project demonstrates how the
industry can work with health ministries to alleviate the problem of an inadequate supply and
storage of pharmaceuticals particularly to poor, rural areas in Less Developed Countries.
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[173] D Levy-Bruhl, A Soucat, R Osseni, J M Ndiaye, B Dieng, X De-Bethune, A T Diallo, M Condea, M Cisse, Y Moussa,
K Drame, and R Knippenberg. The Bamako initiative in Benin and Guinea: Improving the effectiveness of primary
health care. International Journal of Health Planning and Management, 12(Supplement 1):S49–S79, June 1997.

The objective of the health system revitalization undergone in Benin and Guinea since 1986 is to
improve the effectiveness of primary health care at the periphery. Second in a series of five, this
article presents the results of an analysis of data from the health centres involved in the Bamako
Initiative in Benin and Guinea since 1988. Data for the expanded programme of immunization,
antenatal care and curative care, form the core of the analysis which confirms the improved effec-
tiveness of primary health care at the peripheral level over a period of six years. The last available
national data show a DPT3 immunization coverage of 80% in 1996 in Benin and 73% in 1995
in Guinea. Tn the Bamako Initiative health centres included in our analysis, the average immu-
nization coverage, as measured by the adequate coverage indicator, increased from 19% to 58%
in Benin and from less than 5% to 63% in Guinea between 1989 to 1993. Average antenatal care
coverage has increased from 5% in Benin and 3% in Guinea to 43% in Benin and 51% Guinea.
Utilization of coverage with curative care has increased from less than 0.05 visit per capita per
year to 0.34 in Guinea and from 0.09 visit per capita per year to 0.24 in Benin. Further analysis
attempts to uncover the reasons which underlie the different levels of effectiveness obtained in indi-
vidual health centres. Monitoring and microplanning through a problem-solving approach permit
a dynamic process of adaptation of strategies leading to a step by step increase of coverage over
time. However, the geographical location of centres represents a constraint in that certain districts
in both countries face accessibility problems. Outreach activities are shown to play an especially
positive role in Guinea, in improving both immunization and antenatal care coverage.

[174] Arno Maatman. ‘Si le fleuve se tord, que le crocodile se torde.’ Une analyse des systèmes agraires de la région Nord-
Ouest du Burkina Faso à l’aide des modèles de programmation mathématique. PhD thesis, University of Groningen,
Netherlands, 2000.

[175] Arno Maatman, Caspar Schweigman, Arjan Ruijs, and Maarten H. van der Vlerk. Modeling farmers’ response to un-
certain rainfall in Burkina Faso: A stochastic programming approach. Operations Research, 50(3):399–414, May/June
2002.

Farmers on the Central Plateau of Burkina Faso in West Africa cultivate under precarious condi-
tions. Rainfall variability is extremely high in this area and accounts for much of the uncertainty
surrounding the farmers’ decision-making process. Strategies to cope with these risks are typically
dynamic. Sequential decision making is one of the most important ways to cope with risk due to
uncertain rainfall. In this paper, a stochastic programming model is presented to describe farmers’
sequential decisions in reaction to rainfall. The model describes farmers’ strategies of production,
consumption, selling, purchasing, and storage from the start of the growing season until one year
after the harvest period. This dynamic model better describes farmers’ strategies than do static
models that are usually applied. This study draws important policy conclusions regarding reori-
entation of research programs and illustrates how operations research techniques can be usefully
applied to study grass root problems in developing countries.

[176] Susan MacManus and Cyprian Eboh. Local government retrenchment strategies in Nigeria, 1985-87: A comparison
with U.S. localities. Public Budgeting and Financial Management, 3:333–353, June 1991.

Local governments worldwide have generally borne the brunt of economic downturns. This research
compares retrenchment strategies adopted by Local Government Areas in the Nigerian state of
Bendel and county governments in Ohio. There is strong support among local officials in each
location for more fiscal assistance from higher levels of government, more revenue-raising capacity
for local governments, and less external mandating of increased local functional responsibility
without a commensurate expansion of the revenue base. Differences in coping strategies, where
they exist such as in the use of public-private partnerships, service elimination, or transferring-of-
functions cutback strategies, are generally attributable to variations in the economic base or legal
authority of Nigerian and Ohio local governments.

[177] Edward Marcus. Large-scale investment and development the dilemma of the Gabon Republic. Economic Development
and Cultural Change, 9(1):64–74, 1960.

[178] T B Mayaka, T Hendricks, J Wesseler, and H H T Prins. Improving the benefits of wildlife harvesting in Northern
Cameroon: a co-management perspective. Ecological Economics, 54(1):67–80, July 2005.

We examined ways of improving the incentive structure of a safari company, the state, and the local
communities within a wildlife co-management framework in Northern Cameroon. To this end, we
built an integer linear programming model with state-allocated quotas and a profit maximisation
objective function for a typical hunting concession. The model was evaluated under three scenarios
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representing varying taxation schemes and apportionment of trophy fees and company’s profits.
Further, we set forth three principles that should underlie a good incentive structure, namely (i) a
close link to the resource base, (ii) economic sustainability, and (iii) a transfer of land property
rights from the state to the communities neighbouring the hunting areas. Our results indicate that
the safari company would improve its profits if the concession term is extended to 15 years and
a single business tax is substituted to the current myriad of levies. The local communities should
be apportioned 25% of the trophy fees and a negotiated percentage of the company’s profit, in
return for resource custodianship. Finally, the state could expect an increased efficiency of its
conservation policy through an improved regulatory framework and a more equitable distribution
of wildlife revenues.

[179] Victor W A Mbarika. Rethinking information and communications technology policy focus on internet versus tele-
density diffusion for Africa’s least developed countries. Electronic Journal of Information Systems in Developing
Countries, 9(1):1–13, April 2002.

The digital divide between the West and Africa seems to be drawing closer for many northern
and southern African countries in terms of information and communications technology. These
countries are experiencing tremendous growth in use of computers, Internet connectivity, wireless
communications and many other related technologies. However, the same is not true for Africa’s
Least Developed Countries (LDCs) that are still greatly behind other regions of the world in
terms of the level of basic telecommunications infrastructure such as teledensity (number of main
telephone lines for every one hundred inhabitants). While it is true that Africa?s LDCs have some
Internet presence, it seems to be limited only to the urban elite. These countries may therefore
not be in the position to exploit most of the benefits the Internet can offer. This study suggests
a sound teledensity infrastructure as the precursor to the diffusion of various information and
communications technologies. Furthermore this study proposes a set of strategies that Africa’s
LDCs should consider as steps to improve growth of their teledensity.

[180] Nancy McCarthy and Jean-Paul Vanderlinden. Resource management under climatic risk: a case study from Niger.
Journal of Development Studies, 40:120–142, June 2004.

In this article, we develop an empirical model of an agro-pastoral system subject to high climatic
risk in order to test the impact of rainfall variability on livestock densities, land allocation patterns
and herd mobility observed at the community level. Also, because grazing land is a common-
pool resource, we determine the impact of cooperation on these decision variables. To capture
different abilities of communities to cooperate in managing these externalities, we construct indices
comprised of factors considered to affect the costliness of achieving successful cooperation. We then
test hypotheses regarding the impact of rainfall variability and cooperation, using data collected
in a semi-arid region of Niger. Results indicate that rainfall variability initially leads to higher
densities, but the impact becomes negative as variability increases still further. This result indicates
that the benefits of accumulating large herds in variable environments are eventually offset by
the increasing probability of large losses. Mobility in the current period is strongly related to
current rainfall, and is also positively related to long-term rainfall variability. Communities with
characteristics hypothesised to favour cooperation have lower stock densities and greater herd
mobility. Neither cooperation nor rainfall variability has a significant impact on the proportion of
land allocated to crops or common pastures.

[181] John McIntire and Panos Varangis. Reforming Côte d’Ivoire’s cocoa marketing and pricing system. Policy Research
Working Paper Series 2081, The World Bank, March 1999.

Côte d’Ivoire has historically taxed cocoa producers. Market reforms over the past 10 years have
somewhat succeeded in making domestic and foreign marketing more transparent and competitive.
But they have not done much to raise producer prices in real terms or as a share of the FOB
(free on board) price. Maintaining fixed producer prices and marketing costs and margins has
encouraged rent-seeking and led to efficiency losses. New reform will fully liberalize the country’s
export marketing system by eliminating public management of exports. This means the end of
mandatory export authorization, of public forward sales, and of fixed minimum producer prices
and marketing margins. The new reform is expected to improve producers’incomes. The authors
find that the benefits from the new reform (in terms of lower implicit taxes, lower marketing costs
and margins, and higher producer prices) will outweigh the costs from eliminating public forward
sales and fixed producer prices. Results from a general equilibrium model indicate that reducing
export taxes would have a small negative effect on aggregate income but would improve income
distribution for poorer rural areas. The fact that Côte d’Ivoire has market power in the world
cocoa market justifies a higher optimal export tax than the current one. But raising export taxes
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may eventually reduce its market share and worsen income distribution, at the expense of the
poorer rural sector.

[182] H Meinke, W E Baethgen, P S Carberry, M Donatelli, G L Hammer, R Selvaraju, and C O Stockle. Increasing
profits and reducing risks in crop production using participatory systems simulation approaches. Agricultural Systems,
70(2/3):493–513, November/December 2001.

The development of cropping systems simulation capabilities world-wide combined with easy ac-
cess to powerful computing has resulted in a plethora of agricultural models and consequently,
model applications. Nonetheless, the scientific credibility of such applications and their relevance
to farming practice is still being questioned. Our objective in this paper is to highlight some of the
model applications from which benefits for farmers were or could be obtained via changed agri-
cultural practice or policy. Changed on-farm practice due to the direct contribution of modelling,
while keenly sought after, may in some cases be less achievable than a contribution via agricultural
policies. This paper is intended to give some guidance for future model applications. It is not a
comprehensive review of model applications, nor is it intended to discuss modelling in the context
of social science or extension policy. Rather, we take snapshots around the globe to take stock and
to demonstrate that well-defined financial and environmental benefits can be obtained on-farm
from the use of models. We highlight the importance of relevance and hence the importance of
true partnerships between all stakeholders (farmer, scientists, advisers) for the successful devel-
opment and adoption of simulation approaches. Specifically, we address some key points that are
essential for successful model applications such as: (1) issues to be addressed must be neither triv-
ial nor obvious; (2) a modelling approach must reduce complexity rather than proliferate choices
in order to aid the decision-making process; (3) the cropping systems must be sufficiently flexible
to allow management interventions based on insights gained from models. The pro and cons of
normative approaches (e.g. decision support software that can reach a wide audience quickly but is
often poorly contextualized for any individual client) versus model applications within the context
of an individual client’s situation will also be discussed. We suggest that a tandem approach is
necessary whereby the latter is used in the early stages of model application for confidence build-
ing amongst client groups. This paper focuses on five specific regions that differ fundamentally in
terms of environment and socio-economic structure and hence in their requirements for successful
model applications. Specifically, we will give examples from Australia and South America (high
climatic variability, large areas, low input, technologically advanced); Africa (high climatic vari-
ability, small areas, low input, subsistence agriculture); India (high climatic variability, small areas,
medium level inputs, technologically progressing); and Europe (relatively low climatic variability,
small areas, high input, technologically advanced). The contrast between Australia and Europe
will further demonstrate how successful model applications are strongly influenced by the policy
framework within which producers operate. We suggest that this might eventually lead to better
adoption of fully integrated systems approaches and result in the development of resilient farming
systems that are in tune with current climatic conditions and are adaptable to biophysical and
socioeconomic variability and change.

[183] G O Melodi. Inventory control in a developing economy: the case of Nigeria. D.Phil., New University of Ulster,
Northern Ireland, U.K., 1989.

This research has the objective of finding a way of lowering production costs of manufacturing firms
in a developing economy by improving their inventory control practice. The study concentrated
on Nigerian firms, first identifying their inventory control practice with the view of isolating their
problems, then selecting appropriate scientific inventory control systems from the literature with
the aim of introducing these to the firms. The scientific systems selected are quantitative in form
and are part of operations research/management science techniques. The method of research is
three-fold:

(1) Postal survey;

(2) Interviews;

(3) Case studies.

The results of the above investigations showed that firms require some assistance before they can
adopt any of the existing optimal systems because the most significant problems confronting them
are outside their control. Nevertheless they can still adopt some of the near optimal proactive
systems which are amended to simple calculating aids which most of the firms employ. The more
established firms can with the assistance of the government and operational researchers, employ the
optimal systems with little modifications. Also, to benefit more from the use of modern equipment
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which is essential to full implementation of these systems, some firms will require centralized
inventory control departments.

[184] G A Mendoza and A O Ayemou. Analysis of some forest management strategies in Côte-d’Ivoire: A regional case-study.
Forest Ecology and Management, 47(1–4):149–174, January 1992.

Extensive forest harvesting in Cote d’Ivoire has raised concern over the long-term timber supply
from the country’s national forests. To alleviate anticipated timber shortages in the future, the
Ivorien government is shifting its management emphasis to reforestation. This paper examines ex-
isting and alternative forest management scenarios using a multiperiod linear programming model.
Three issues addressed by the model are: economic returns, timber removal, and timber inventory.
Emphasis is given to individual firms and their financial capability to conduct reforestation. A re-
gional case study consisting of six forest companies and eleven primary timber species is presented
and examined.

[185] Katharina Michaelowa. Primary education quality in francophone sub-Saharan Africa: Determinants of learning
achievement and efficiency considerations. World Development, 29:1699–1716, October 2001.

What are the most efficient means to ensure basic learning competencies for a high number of
children? This question is analyzed on the basis of the exceptionally rich data set provided by the
“Program on the Analysis of Education Systems” (PASEC), standardized and comparable for the
five countries Burkina Faso, Cameroon, Côte d’Ivoire, Madagascar and Senegal. A Hierarchical
Linear Model (HLM) is used to assess the individual, school level, and national characteristics
determining fifth-grade students’ achievement in French and mathematics. Special consideration
is given to institutional factors. A further question addressed is the possibility of a trade-off between
enrolment and education quality.

[186] Nicholas Minot and Lisa Daniels. Impact of global cotton markets on rural poverty in Benin. Agricultural Economics,
33(s3):453–466, November 2005.

World cotton prices fell by about 40% over 20012002, focusing attention on the effect of subsidies
for cotton growers in depressing world prices. This paper combines farm survey data from Benin
with assumptions about the deline in farm-level prices to estimate the direct and indirect effects of
cotton price reductions on rural income and poverty in Benin. The results indicate that there is a
strong link between cotton prices and rural welfare in Benin. A 40% reduction in farm-level prices
of cotton results in an increase in rural poverty of 8% points in the short run and 67% points in
the long run. Under the assumptions of the partial inputoutput model, we estimate the multiplier
to be in the range of 2.96, meaning that 1 US$ of reduced income by cotton growers results in
a contraction of 2.96 US$ in overall income. Finally, econometric analysis of the determinants of
the demand for hired agricultural labor suggests that falling cotton prices will not greatly reduce
labor demand since the labor intensity of cotton is similar to that of competing crops in Benin.
Overall, the study demonstrates the impact of changes in world cotton prices on rural poverty in
Benin, thus highlighting the likely negative effects of cotton subsidies in the United States and
elsewhere on Benin farmers.

[187] Barbara MkNelly and Michael Kevane. Improving design and performance of group lending: Suggestions from Burkina
Faso. World Development, 30:2017–2032, November 2002.

We summarize lessons learned by a credit program for women in Burkina Faso. Three observa-
tions are made regarding program design: (a) high membership turnover means mutual guarantee
groups should be smaller and more central to non-repayment penalties; (b) high turnover in eco-
nomic activities implies more training in best practices and more variety and experimentation
in credit and savings mechanisms; and (c) high degrees of stocking activity suggests the need to
develop instruments to mitigate commodity price risk at the individual and program level. Three
observations are made regarding program implementation: be more consistent in the treatment of
debts of deceased borrowers; become more sensitive to the complexity and variety of procedures
followed in the event of non-repayment; and devote more attention to preventing and mitigating
the effects of staff embezzlement.

[188] Alemayehu Molla and Paul S Licker. eCommerce adoption in developing countries: a model and instrument. Infor-
mation and Management, 42(6):877–899, September 2005.

Several studies of eCommerce in developing countries have emphasized the influence of contex-
tual impediments related to economic, technological, legal, and financial infrastructure as major
determinants of eCommerce adoption. Despite operating under such constraints, some organiza-
tions in developing countries are pursuing the eCommerce agenda while others are not. However,
our understanding of what drives eCommerce among businesses in developing countries is limited
by the absence of rigorous research that covers issues beyond contextual imperatives. This paper
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discusses a holistic and theoretically constructed model that identifies the relevant contextual and
organizational factors that might affect eCommerce adoption in developing countries. It provides
a research-ready instrument whose properties were validated in a survey of 150 businesses from
South Africa. The instrument can be used as a decision tool to locate, measure, and manage some
of the risk of adopting eCommerce. Implications of the study are outlined; they indicate a need to
consider eCommerce, micro, meso, and macro issues in understanding the adoption of eCommerce
in developing countries.

[189] L Møller-Jensen and R Y Kofie. Exploiting available data sources: Location/allocation modeling for health service
planning in rural Ghana. Geografisk Tidsskrift, 101:145–153, 2001.

The preconditions for applying GIS-based location-allocation analysis for health service planning
in rural Ghana are examined in terms of data availability and quality. A population map is estab-
lished from the latest available census using geo-coding methods and digital topographic sheets.
A vector-based transport model of the region is established by merging data from several sources
including GPS. It is suggested that a hybrid transport model is required. This model combines the
possibilities for all-direction transportation inherent in the raster-based approach with the possibil-
ities for road/path transportation inherent in the vector-based approach. All-direction movements
are expected to take place close to the villages in order to reach a suitable linear transport corridor
represented by a vector. Several scenarios for improving the accessibility aspects of the health ser-
vice provision are examined in light of Ghana’s current health service policy. Location-allocation
modelling tools are used to select optimal locations and provide statistics on average distance to
health centres and percentage of population covered.

[190] Samuel Kaku Msheliza. Strategic planning in Nigerian insurance companies. PhD thesis, University of Nottingham,
U.K., 1991.

This thesis explores the relationship between strategic planning and performance in Nigerian in-
surance companies. Although strategic planning is strongly recommended in the management
literature, there is little evidence to support the view that it influences performance. This study
recognizes the need for an instrument to measure the quality of strategic planning in companies.
It also takes into account the important objectives of the companies and company characteristics
such as size, ownership, and classes of business in the analysis of their performance. The qual-
ity of planning and performance are examined as having a simultaneous relationship. The thesis
begins with a review of the concept of strategic planning, its processes and techniques. This is
followed by an analysis of strategic planning in Nigerian insurance companies. The analysis shows
that although strategic planning is relatively new in Nigerian insurance companies significant dif-
ferences can be found among companies on the extent to which it is practised. The next stage
of the study is to analyze the environmental factors affecting the strategy and performance of
insurance companies in Nigeria. In particular the political, legal, social, economic factors as well
as the structure of the industry are analyzed in order to identify their effects on the development
of the industry, competition and performance of individual companies. Management decisions on
corporate objectives, and the quality of strategic planning are analyzed. This shows that company
characteristics such as size, class of business and ownership type have significant effects on the
choice of objectives. An index of strategic planning quality was constructed and applied to the
Nigerian insurance companies. The result shows significant differences between companies in the
quality of strategic planning. The performance measures used are five year growth rates of gross
premiums and profits. A simultaneous equation analysis shows that strategic planning quality,
and performance are significantly related. Strategic planning problems in U.K and Nigerian insur-
ance companies are also analyzed. This shows that the most difficult aspects of strategic planning
are setting objectives, product planning, market and competitor analysis, and application of the
portfolio techniques of strategic planning. The thesis concludes with recommendations on how to
improve the quality of strategic planning in the Nigerian insurance companies.

[191] Anja Mursu, Kalle Lyytinen, H A Soriyan, and Mikko Korpela. Identifying software project risks in Nigeria: an
international comparative study. European Journal of Information Systems, 12(3):182–194, September 2003.

We report a study where software project risk factors were solicited in Nigeria. The study repeats
a research design, which has been used in a Delphi study in the US, Finland, and Hong Kong
to rank software development risks. The study produces a rank-order list of software risk factors
and compares results with the earlier study, showing significant differences. Obtained rankings
signal the importance of the infrastructure related and socio-economic software risks in developing
countries like Nigeria. This demonstrates the importance of understanding the broader socio-
economic context in identifying and managing software risks. The study also shows that some
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risks in Nigeria are located on a different scale. The choice of contingent mitigation strategies of
project managers play a less important role, because the risks are so deeply engrained with the
poor quality of basic infrastructure services.

[192] Gerry Nkombo Muuka and Kenneth Kaoma Mwenda. Towards best practices for micro finance institutional en-
gagement in African rural areas: selected cases and agenda for action. International Journal of Social Economics,
31:143–158, 2004.

Micro-finance institutions are critical to Africa’s quest for solutions to the continent’s development
challenge. The area of their greatest potential impact, rural Africa, is not only home to the bulk of
the continent’s population, but also the vast majority of Africa’s poor. This paper not only defines
MFIs with examples from Zambia, South Africa, Mali and Zimbabwe, it also establishes a clear link
between MFIs and both poverty eradication and the empowerment and equality of women, two of
the major Millennium Development Goals. The paper concludes with some policy recommendations
and a set of best practices for the future success of MFIs on the continent, including the need to
ensure flexibility and careful government regulation and supervision of MFIs.

[193] J Nassen, J Evertsson, and B A Andersson. Distributed power generation versus grid extension: An assessment of
solar photovoltaics for rural electrification in Northern Ghana. Progress in Photovoltaics, 10(7):495–510, November
2002.

The competitiveness of distributed solar photovoltaic (PV) power generation for rural electrifica-
tion in northern Ghana is assessed and compared with the conventional option of extending the
national grid and increasing the capacity for centralised power generation. A model is constructed
to calculate the life-cycle cost (LCC) of the two options and to test the sensitivity of different pa-
rameters. All calculations are based on information from the GEF/UNDP pilot region in the East
Mamprusi District. In addition to the economic aspect, issues of quality and environmental effects
are discussed. The LCC of distributed PV is lower than that of a grid extension for an electricity
demand corresponding to solar home systems of 140 W-p or smaller. Thus, distributed PV is cost
competitive for purposes of lighting, entertainment, information and basic public facilities, such
as schools and hospitals. The LCC for the option of grid extension with central power generation
is dominated by the cost of low-voltage micro-grids within the communities. Important factors
are the density of households and the penetration (fraction of households electrified), as they af-
fect the line length per connected household. The relatively low cost of regional medium-voltage
grids makes the geographical location of each community less important than expected. Battery
replacement every fifth year makes up the major part of the LCC of solar home systems and is
also responsible for the large energy input in the production of the systems. This could limit both
future cost reductions of distributed PV and its potential to mitigate greenhouse gas emissions.

[194] J Ndjeunga and A Bationo. Stochastic dominance analysis of soil fertility restoration options on sandy Sahelian soils
in Southwest Niger. Experimental Agriculture, 41(2):227–244, April 2005.

The poor fertility of sandy Sahelian soils remains one of the major constraints to pearl millet
(Pennisetum glaucum) production in West Africa. On-farm trials under farmers’ management were
conducted in two rainfall zones of Niger in 1996 and 1997 to evaluate the risk characteristics of six
soil fertility restoration options. Stochastic dominance analysis was used to compare the fertilizer
treatments tested. Results showed that the farmers’ traditional method (no fertilizer control),
Tahoua phosphate rock (PRT) alone applied at 13 kg P ha−1 broadcast, and a combination of
PRT broadcast at 13 kg P ha−1 and single super phosphate (SSP) hill-placed at 4 kg P ha−1 had
the most desirable risk characteristics and were acceptable to risk averse decision-makers in both
rainfall zones. At current inputoutput price ratios, most fertilizer-using farmers would choose the
combination of PRT broadcast and SSP hill-placed. If the availability of SSP was limited, some
farmers would use PRT alone. The demand for risk efficient alternatives could significantly increase
if farmers could bear less than half the fertilizer costs at the current output price, although further
research is required to say if a fertilizer subsidy could be justified on broader economic or social
grounds.

[195] D S Ngambeki, R R Deuson, and P V Preckel. Integrating livestock into farming systems in Northern Cameroon.
Agricultural Systems, 38(3):319–338, 1992.

Farming systems in West Africa’s semi-arid zone consist of mainly purely nomadic pastoralism
and purely sedentary crop production with a minor crop-livestock production system. Farmers
there are slow to integrate cropping and livestock and utilize their intermediate farm products of
crop residues, draft power, and animal manure to tackle production constraints such as shortage
of animal feed, labor bottlenecks, and soil degradation. This paper uses a crop-livestock linear
programming model to show that, apart from the adoption of crop technologies, by integrating
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and using crop-livestock farm linkages, farmers can make more efficient use of their marginal
land with less chemical fertilizers, improve their economic gains substantially, and achieve a more
sustainable agricultural production system.

[196] Ojelanki Ngwenyama, Francis K Andoh-Baidoo, Felix Bollou, and Olga Morawczynski. Is there a relationship between
ICT, health, education and development? an empirical analysis of five West African countries from 1997-2003.
Electronic Journal of Information Systems in Developing Countries, 26(5):1–11, January 2006.

For more than a decade, key international organizations such as the World Bank, International
Monetary Fund, the UN and International Telecommunications Union (ITU) have argued that
investment in information communication and telecommunication (ICT) infrastructure is a pre-
requisite for the development of poor countries. However, dissenting voices of the international
development community argue that African governments should focus their attention on build-
ing schools, delivering basic health care, electricity and clean water rather than on the building
of costly ICT infrastructure with their limited financial resources. In this paper, we present an
analysis of the relationships among investments in ICT, Health Care and Education and the hu-
man development index on five West African nations. We use a Stepwise regression analysis to
help unravel the complex relationships among these variables. Our results provide evidence that
complementary investments in ICT, health and education can significantly increase development.
Given that developing nations are making considerable investments in healthcare, education and
ICT and that there are concerns over the type of investments they should make, our findings are
a significant contribution to the literature.

[197] C F Njiti and D M Sharpe. A goal-programming approach to the management of competition and conflict among
land uses in the tropics: The Cameroon example. Ambio, 23(2):112–19, 1994.

No abstract
[198] A J Njoh. Gender-biased transportation planning in sub-Saharan Africa with special reference to Cameroon. Journal

of Asian and African Studies, 34:216–34, May 1999.
Major factors contributing to transport problems women face include societal attitudes, urban-
biased development schemes, gender-based discriminatory transport policies, inappropriate spatial
organization, and negative trends in the country’s economy. Argues that the uniqueness of women-
specific transport problems warrants special and calculated action on the part of planners and
policy makers in a developing nation such as Cameroon. Suggests remedial steps.

[199] M Van Noordwijk, G Dijksterhuis, and H Van Keulen. Risk management in crop production and fertilizer use with
uncertain rainfall; how many eggs in which baskets? Netherlands Journal of Agricultural Science, 42(4):249–269,
December 1995.

Model results are analysed for risk management options for sorghum production with a range of N
fertilizer rates on three soils of a toposequence in three climatic zones in Burkina Faso. The three
levels of analysis are: (a) quantifying the probability distribution of physical and economic yield
for a range of fertilizer levels and soil types; (b) quantifying the possible variance reduction by soil
heterogeneity or by a combination of soils and N rates; (c) developing a procedure for selecting
’meaningful diversity’ of soil and N fertilizer combinations.

[200] Joachim Binam Nyemeck and Guy Blaise Nkamleu. Potentiel de productivité et efficacité technique du secteur agricole
en Afrique. Canadian Journal of Agricultural Economics/Revue canadienne d’agroeconomie, 54(3):361–377, Septem-
ber 2006.

This study utilizes frontier metaproduction functions to analyze inter-region agricultural produc-
tivity differences. Technical efficiency scores are examined through estimation of stochastic frontiers
for 16 African countries divided into three different regions (West Africa, East and Southern Africa,
and North Africa) from 1970 to 2001. The idea is to explore the differences in efficiency and tech-
nological gaps of agricultural sector. Apart of common traits that characterize African agricultural
sector, countries exhibit national and regional specificities. These diversities are such that it is
difficult to make valuable generalizations. It appears from the results that: in West Africa, the
level of technology is relatively good, meaning that there is no problem of input constraints. By
contrast, the efficiency with which inputs are used is very low. The situation is very different in
the East and Southern Africa, with the level of technology relatively low and appreciable technical
level. At least, the North Africa countries make a performing mixture between technology and
efficiency.

[201] M O Nyong. Dynamic linear programming for bank financial planning in a less developed economy. Savings & Devel-
opment/African Review of Money Finance & Banking, 1:17–33, 1989.

The continuously evolving nature of macroeconomic activity, most especially government revenue
and expenditure policies, which affect banking markets, extends the need for planning from a
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static context to one which explicitly recognises the potential gains from dynamic planning of
the bank balance sheet. This study applies a dynamic linear programming model to a three-year
financial planning of a bank in Nigeria. The optimal results derived from the optimisation model
yields significant results with implications for efficient bank planning for profitability in a regulated
environment.

[202] Francis A Ogbu. Potentials and problems of operational research for development in Nigeria. In Jonathan Rosenhead
and Arabinda Tripathy, editors, Operational Research for Development [231], pages 304–313. New Age International
(P) Limited, New Delhi, India, 1996.

Operational Research presents a useful approach to decision making under different environment
settings. Operational Research methods having been firmly established in the developed world,
the same approach is now being advocated as one way of helping developing countries to develop.
Nigeria, though being resource rich, is palagued with various economic and social problems. The
effective management of the various sectors of the Nigerian economy (Higer Education, Planning,
Marketing and Business, Agriculture, etc.) provides an excellent ground fo Operational Research
applications. In this paper, we discuss some of the potential and problems of Operational Research
applications in different sectors in Nigeria.

[203] Francis A Ogbu and David K Smith. The need for developing an OR/MS approach in Nigeria. Asia-Pacific Journal
of Operational Research, 7(1):63–75, 1990.

It was not surprising that when one of the authors requested information and co-operation from
a large public establishment in Nigeria for his Ph.D. programme in operational research that this
request was turned down. The only reason given was that to give such help would not be in the
interest of national security. Although the Ph.D. programme is to be undertaken in Britain, re-
quests for co-operation and provision of data have also been refused to some other people carrying
out their research in Nigeria. This has been one of many reasons why many Nigerians who have
thought of the chronic poor performance of most of the parastatals in Nigeria, and have decided
to make them case studies in their postgraduate programmes, could not carry out their proposals.
This lack or unwillingness for co-operation have also marred many administrative inquiries set up
to investigate these establishments. Corruption, inefficiency and mismanagement in these estab-
lishments have persisted and Nigerias dream of developing fully has continued to elude her. In this
paper the authors discuss the need and the effort to put Nigeria on the journey to development
by adopting the OR/MS approach in decision making in government and public establishments,
and the implications of such a step.

[204] Ajibade Ogunjumo and Adeyemi Fagbemi. Towards modal choice decision-making models: A case study of Lagos
state transport corporation bus riders. Transportation Research A, 25A(6):391–397, November 1991.

Identification of the socioeconomic factors which affect the demand for buses, and the analysis
of the use of the other transport modes by bus users are the two main objectives of this article.
Work and school trips are highlighted as being very important trip purposes in Lagos metropolis
by the multiple discriminant analysis model. It identifies mode of transport, distance, travel time,
reliability, and the number of stops as significant mode choice variables. Multiple linear regression
models for work and school trips identify mode of transport, transport fare, travel time, annual
income, and crew behaviour as significant variables in the choice of transport mode. These find-
ings support the two alternative hypotheses of the study that the choice of bus is related to the
individual perception of the quality of service of the different modes and that socioeconomic char-
acteristics of the riders influence the patronage of buses. The attention of policy makers for the
22 transport corporations that operate inter- and intra-urban services in all the 21 states and the
federal capital of Abuja in Nigeria is drawn to the importance of these variables for decisions.

[205] E O Ojofeitimi, M K Jinadu, and I Elegbe. Increasing the productivity of community health workers in rural Nigeria
through supervision. Socio-Economic Planning Sciences, 22(1):29–37, January–February 1988.

This paper describes the application of an operations research (OR) approach to the resolution
of operational problems in the supervision of community health workers (CHWs) in rural Nige-
ria. It illustrates the application of a modified form of the Multiple Criteria Utility Assessment
(MCUA) model to assess the utility of alternative strategies for improving supervision, given sys-
tem constraints, and to select a limited number for recommendation and field testing. The paper
also demonstrates how MCUA can be used to accommodate the preferences, judgements and
knowledge of a wide variety of health professionals in arriving at program decisions.

[206] F C Okafor. The spatial dimensions of accessibility to general hospitals in rural Nigeria. Socio-Economic Planning
Sciences, 24(4):295–306, 1990.
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The problem of inadequate health services in rural Nigeria is worsened by poor location decisions
which have resulted in various degrees of inaccessibility to the existing health facilities. In this
paper, some accessibility treasures are applied to determine the spatial variation of access to
general hospitals in the rural Anambra State of Nigeria. The local government area (LGA) is used
as the spatial unit of analysis and the spheres of influence of the general hospitals located in each
LGA are measured using three indices of accessibility. The scores for each LGA are aggregated and
classified according to the levels of accessibility using a cluster analysis technique. The emerging
clusters are briefly examined and a needs assessment of all the LGAs for general hospitals is carried
out. Based on this assessment. the minimum number of general hospitals required in each LGA to
effect an equity of access is suggested. Possible advantages accruing from this allocation procedure
are presented and their policy implications discussed.

[207] Albert A Okunade. Analysis and implications of the determinants of healthcare expenditure in African countries.
Health Care Management Science, 8(4):267–276, November 2005.

The income elasticity of health care spending in the OECD countries tends toward luxury good
values. Similar studies, based on more recent data, and capable of informing macroeconomic health
policies of the African countries, do not currently exist. How the health care expenditure in Africa
responds to changes in the Gross Domestic Products (GDP), Official Development Assistance
(ODA), and other determinants, is also relevant for health policy because health care is a necessity
in the basic needs theory of economic development. This paper presents econometric model findings
of the determinants of per-capita health expenditure (in PPPs) for 26 African countries, using the
flexible BoxCox model regression methods and 1995 cross-sectional data (sources: WRI, UNEP,
UNDP, The World Bank). The economic and other determinants, capturing 74 percent of the
variations in health expenditures, include per-capita GDP (in PPPs), ODA (US$), Gini income
inequality index, population dependency ratio, internal conflicts, and the percentage of births
attended by trained medical workers. Income inequality dampens, while the ODA and population
per health personnel raise health care expenditure. The GDP eleasticity of about 0.6 signals the
tendency for health care to behave like a technical necessity. Implications for sustainable basic
health development policies are discussed.

[208] E M Omoregie and K J Thomson. Measuring regional competitiveness in oilseeds production and processing in Nigeria:
a spatial equilibrium modelling approach. Agricultural Economics, 26(3):281–294, Dec 2001.

The four main resource regions of Nigeria, namely, the East, Middle-belt, West and North, differ
in their endowments in the production and processing of oilseeds. The Federal Government has
allocated resources to the oilseeds sub-sector across the regions without apparent rational basis.
Consequently, huge imports of oilseed products, high and unaffordable oilseed product prices, and
the establishment of new oil mills in the face of frequent shutdowns and chronic under-utilisation
of existing mills, still characterise the sector. In this paper, a spatial equilibrium model of the
Nigerian oilseeds economy is used to determine the optimal location and number of mills across
the regions, and to establish regional competitiveness in aid of the planning and development of
the oilseeds sub-sector. In the model, production (farming and milling) activities are tied to arable
land and milling capacity constraints. The shadow prices of the arable land and milling capacities
are used as a measure of competitiveness. Results indicate that, because of its central location,
the Middle-belt is the most competitive in oilseeds production at a shadow value of N18,400 per
hectare of cultivated land, followed by the North, West and East regions. However, the East is the
most competitive in oilseeds milling, followed by the West, due to their close proximity to ports
of export. These results suggest that transport cost is the main determinant of the viability of
oilseeds production and milling in Nigeria.

[209] A E Onuoha. The design of a water quality management system for Nigerian rivers. PhD thesis, University of Salford,
U.K., 1993.

There is an intricate relationship between water quantity and quality, development, human health
and welfare, and aquatic life. Water availabilty is, however, variable in location and time. The
increase in human populations and various anthropogenic activities have exerted significant im-
pacts on the quantity and quality of freshwater resources. Nigeria is a rapidly developing country
with a population of 88.5 million. About 70% of the rural population has no access to potable
water. There are no data on access to sanitation facilities. The pace of industrial development
in Nigeria has been without adequate environmental considerations. The need was, consequently,
identified to assess water resources in Nigeria, determine the causes and sources of water pollution,
and design a water quality management system for Nigerian rivers. Before such a system could
be designed, it was necessary to study in depth the administrative, operational and legislative
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framework of an existing functional organisation. The National Rivers Authority, in the north
west region of England, was chosen as such a model. The research started with a detailed survey
of literature on water pollution, its nature, sources, types, modes of propagation, effects, means
of detection, enumeration and control. A thorough assessment of the functions and institutional
framework of the National Rivers Authority which enable it to manage river water quality in the
north west of England was carried out. A comparative assessment was made, of water resources
and the current status and practice of water quality management in Nigeria. The research culmi-
nated in the design of a water quality management system for Nigerian rivers. The design took
into consideration the political and cultural orientations, and the level of industrialisation of the
country. Recommendations were made, which if adopted, will ensure the sustainable use of rivers
in Nigeria.

[210] C E Onyenwaku, O Ogunfowora, and A O Falusi. An inter-regional programming model for agricultural planning in
Nigeria. Indian Journal of Agricultural Economics, 37(4):483–493, 1983.

Uses a linear programming model to plan the desired self-sufficiency in food production in Nigeria.
Establishes through this method the differentiating influence of location on the diffusion of new
technology in agriculture. Also notes education as an important factor influencing adoption.

[211] J R Oppong and M J Hodgson. Spatial accessibility to health-care facilities in Suhum District, Ghana. Professional
Geographer, 46(2):199–209, May 1994.

To improve geographical accessibility to health facilities in rural Ghana, it has been recommended
that additional health facilities be built. Resource constraints make this recommendation infeasi-
ble. Using location-allocation models, this paper demonstrates that in the Suhum District of Ghana
substantial improvements in accessibility can be achieved with better locational choices and with-
out additional facilities. Also, additional facilities will produce little improvement in accessibility
if location is not explicitly considered. The paper demonstrates the utility of location-allocation
models for improving accessibility to services in the Third World.

[212] J R Oppong and M J Hodgson. An interaction-based location-allocation model for health facilities to limit the spread
of HIV-AIDS in West Africa. Applied Geographic Studies, 2(1):29–41, 1998.

An effective way to limit the spread of HIV-AIDS through the activities of IDVs is to provide
a health facility system that reduces bypassing and IDV use. Bypassing does not spread HIV-
AIDS; it indicates the level of unmet need most likely serviced by IDVs. In the West African
context, bypassing is a proxy for the risk of HIV-AIDS exposure through poor access to health
services. Arguably, better-equipped and staffed health facilities in rural areas would attract more
users, induce greater usage and reduce patronage of IDVs. Nevertheless the difficult economic
conditions prevailing in countries of West Africa make significant improvements in the system
infeasible. Providing attractive health facilities in every village is not possible. It is essential to
select strategically located towns and villages to provide excellent services to induce greater use.
This article explores a location-allocation model for locating health facilities to reduce bypassing
and increase usage. Its underlying thesis is that given the endemic nature of many infectious
diseases in West Africa and the high demand for health care, particularly injections, improved
rural access to quality formal health facilities may curtail bypassing and the need to use IDVs and,
thus, reduce HIV-AIDS risk. Compared to the current situation where most HIV-AIDS screening
facilities are located in urban centers, such a system of facilities will also ensure better access
to HIV-AIDS screening and diagnosis in rural areas. The article begins with a brief examination
of the health care system. Following this, the model is presented and, finally, applied to Suhum-
Kraboa-Coaltar, a rural district in Ghana.

[213] Izevbuwa Osayimwese. Application of linear programming to evacuation of groundnuts in Nigeria. Journal of Transport
Economics and Policy, 8(1):58–69, 1974.

A review of the routes and modes used for transporting groundnuts indicates that substantial
economies could be made. The export of groundnuts is of great importance to Nigeria, but there
has been little study of this subject, and data are unreliable.

[214] D Osei, S d’Almeida, M O George, J M Kirigia, A O Mensah, and L H Kainyu. Technical efficiency of public district
hospitals and health centres in Ghana: A pilot study. Cost Effectiveness and Resource Allocation, 3(9), September
2005. a Planning and Budget Unit, PPME, Ghana Health Service, Accra, Ghana b WHO Country Office, Accra,
Ghana c World Health Organization, Regional Office for Africa, Brazzaville, Congo d Department of Health Sciences,
School of Public Health, Kenyatta University, Nairobi, Kenya.

Background: The Government of Ghana has been implementing various health sector reforms (e.g.
user fees in public health facilities, decentralization, sector-wide approaches to donor coordination)
in a bid to improve efficiency in health care. However, to date, except for the pilot study reported
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in this paper, no attempt has been made to make an estimate of the efficiency of hospitals and/or
health centres in Ghana. The objectives of this study, based on data collected in 2000, were: (i)
to estimate the relative technical efficiency (TE) and scale efficiency (SE) of a sample of public
hospitals and health centres in Ghana; and (ii) to demonstrate policy implications for health sector
policy-makers. Methods: The Data Envelopment Analysis (DEA) approach was used to estimate
the efficiency of 17 district hospitals and 17 health centres. This was an exploratory study. Results:
Eight (47%) hospitals were technically inefficient, with an average TE score of 61% and a standard
deviation (STD) of 12%. Ten (59%) hospitals were scale inefficient, manifesting an average SE of
81% (STD = 25%). Out of the 17 health centres, 3 (18%) were technically inefficient, with a mean
TE score of 49% (STD = 27%). Eight health centres (47%) were scale inefficient, with an average
SE score of 84% (STD = 16%). Conclusion: This pilot study demonstrated to policy-makers the
versatility of DEA in measuring inefficiencies among individual facilities and inputs. There is a
need for the Planning and Budgeting Unit of the Ghana Health Services to continually monitor
the productivity growth, allocative efficiency and technical efficiency of all its health facilities
(hospitals and health centres) in the course of the implementation of health sector reforms.

[215] Douglas O A Osula and O Adebisi. Testing the stability of travel expenditures in Nigeria. Transportation Research
A, 35A(4):269–288, May 2001.

A report is presented on a study carried out to develop a functional form for travel money expen-
diture in a Nigerian setting, and test its stability against energy policy change: specifically the fuel
price increase of October 1994. The BoxCox transformation regression approach was adopted in
the modelling exercise in order to evolve a data-defined functional form and ensure a more ratio-
nal basis for the stability test. The results of the modelling exercise show that while statistically
significant functional forms were estimated for the before and after fuel price increase periods,
the functional forms estimated are not stable across the periods. Thus travel budget is as yet not
usable as a term for travel expenditures in Nigeria. The implication of this for travel demand
modelling in Nigeria is that, at least till other evidences prove otherwise, there is as yet no basis
for using the Universal Mechanism of Travel model developed by Zahavi. Of disposable income
and total expenditure, the former has proved to be more appropriate for use as available money for
the estimation of travel expenditures in Nigeria in the before energy policy change period, while
total expenditure proved appropriate in the after period.

[216] Ragnhild Over̊aa. Networks, distance, and trust: Telecommunications development and changing trading practices in
Ghana. World Development, 34:1301–1315, July 2006.

Ghana liberalized its telecommunications sector in 1995. This article examines the impact of the
phenomenal growth in access to cell phones on informal traders’ business practices. The study
demonstrates how these “telecommunication pioneers” have changed their mode of operation to
reduce both transportation and transaction costs. It is argued that traders with access to tools
for more efficient communication over long distances provide better services and create a higher
profit potential than others. It is further argued that adoption of new technology enhances trust
building in trade networks, thus facilitating a higher number of transactions in an uncertain
economic environment.

[217] C Le Page, François Bousquet, I Bakam, and A Takforyan. Multiagent simulations of hunting wild meat in a village
in eastern Cameroon. Ecological Modelling, 138:331–346, 2001.

This paper is based on a study of blue duiker hunting in Djemiong, a forest village in eastern
Cameroon. The aim of the study is to understand how the organization of the hunting activity
between villagers constitutes a management system. The main species hunted is a small antelope,
the blue duiker (Cephalophus monticola, Thunberg). Surveys were conducted to understand the
inhabitants’ hunting behaviour. Hunting takes place 6 months/year and is subject to a spatial
shifting rule. Every year, each hunter changes the location of his traps. This behaviour is presented
as a management rule that is implemented by the hunters. A spatially explicit individual-based
model is used to compare different rules for trap locations in space and time. We propose a
model based on the use of multiagent systems. Creating a multiagent system involves reproducing
an artificial world that resembles the observed world i.e. it is made up of different actors for
experimental purposes. Each agent is represented as an independent computerized entity capable of
acting locally in response to stimuli or to communication with other agents. CORMAS (Common-
pool resources and multiagent systems), a generic simulation environment based on SMALLTALK,
makes it possible to build flexible spatially explicit individual-based models. Using this multiagent
simulation software, a model was built based on the life history of the blue-duiker and on the
inhabitants’ hunting behaviour. The model incorporates data from a geographical information
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system to create an artificial landscape that resembles the village landscape. The results highlight
the importance of coordination between hunters, particularly the fact that trap networks are
appropriated by family groups. The spatial location of traps seems to have a much more crucial
influence on the model than global hunting pressure and the duration of the close season.

[218] Elisabeth Paul. Evaluating fair trade as a development project: Methodological considerations. Development in Prac-
tice, 15:134–150, April 2005.

This article identifies the need for an appropriate methodology for evaluating Fair Trade, given that
most evaluations to date have been in-house or commissioned reviews and hence have not followed
a consistent approach. Focusing on the development aspects of Fair Trade, the article reviews a
range of impact evaluation methods and presents a detailed methodology for analysing Fair Trade.
This methodology incorporates standard project evaluation criteria and is based on a wide range
of proven methods for collecting and analysing data, principally qualitative but also quantitative.
This framework is a modular package from which practitioners may select according to their needs
and means, while still retaining an overarching logic. The article illustrates its use by reference to
evaluations undertaken in Costa Rica, Ghana, Nicaragua, and Tanzania. The approach allows for
a comprehensive understanding of Fair Trade programmes and enables these to be compared with
conventional development projects.

[219] Julia Paxton, Douglas Graham, and Cameron Thraen. Modeling group loan repayment behavior: New insights from
Burkina Faso. Economic Development and Cultural Change, 48(3):639–655, April 2000.

[220] Deborah Pellow. Endangering development: Politics, projects, and environment in Burkina Faso. Economic Develop-
ment and Cultural Change, 53(3):757–759, April 2005.

[221] James Pickett, D J C Forsyth, and N S McBain. The choice of technology, economic efficiency and employment in
developing countries. World Development, 2:47–54, March 1974.

This paper comprises a bald presentation of some results of an enquiry into the choice of technology
in the sugar and footwear industries in Ethiopia and Ghana, and a bold examination of some
implications of these results. The baldness can be justified by the need for brevity and the fact
that more complete results, more fully described, will shortly be available; the boldness by the
desire to focus attention on a number of issues which can stand airing in provocative form. The
paper is organized in three parts. The first provides a brief theoretical introduction (to help fix
ideas); the second describes the research and presents the results; and the third considers some
equations raised by the findings.

[222] Patrick Plane. Privatization, technical efficiency and welfare consequences: The case of the Côte d’Ivoire electricity
company (CIE). World Development, 27:343–360, February 1999.

In 1990, Côte d’Ivoire privatized the management of its electric power company (lease contracting).
In this paper, we are interested in identifying the economic effect of this institutional change. By
estimating a stochastic production frontier, we have found that productive efficiency improved
after privatization thanks to organizational innovations. Total factor productivity gains have been
closely associated with a cost-reduction strategy. The way these gains have been distributed in a
monopoly context suggests that consumers have been the main beneficiaries through a significant
decrease of the relative price of electricity.

[223] Graham K Rand, editor. Journal of the Operational Research Society; Special Issue: O.R. in Developing Countries,
volume 37(2). Operational Research Society, February 1986.

[224] K Rasmussen, N Larsen, F Planchon, J Andersen, I Sandholt, and S Christiansen. Agricultural systems and transna-
tional water management in the Senegal River basin. Geografisk Tidsskrift, 99:59–68, 1999.

This paper examines the relationship between hydrology and the functioning of traditional and
modern agricultural systems in the Senegal River valley in West Africa. It will be demonstrated that
the traditional flood recession agriculture, relying on the natural floodings of the wide river valley,
is declining because of a strong reduction of the inundated area. This is due to both the reduction
in rainfall since the early seventies and the construction of the Manantali Dam, controlling the
discharge in the Bafin branch of the river. The operation of the dam is presently optimized to
satisfy the needs of modern irrigated rice cultivation, yet the development of this cultivation has
not entirely lived up to expectations, mainly because of economical and management problems.
Therefore, farmers still express a preference for flood recession agriculture, whenever the floodings
are suffiently large. In the future, water availability for both the flood recession and irrigated
agriculture will be influenced by two major projects: Firstly, it is planned that hydro-electric
power production will be initiated at Manantali, which will change the principles of dam operation.
Secondly, it is planned to dam the Faleme branch of the Senegal River in order to divert water into
the dry ’fossil’ valley system in northern-central Senegal, whereby the discharge in the main river
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is reduced. It will be argued that hydrological modelling coupled with an economic assessment
of costs and benefits of all the effects, including the environmental impacts, are necessary in the
decision making process concerning major projects that affect water availability and management
in major transnational river basins, such as the Senegal River basin.

[225] A Renner, J M Kirigia, E A Zere, S P Barry, D G Kirigia, C Kamara, and L H K Muthuri. Technical efficiency
of peripheral health units in Pujehun district of Sierra Leone: A DEA application. BMC Health Services Research,
5(77):1–11, December 2005.

Background: The Data Envelopment Analysis (DEA) method has been fruitfully used in many
countries in Asia, Europe and North America to shed light on the efficiency of health facilities
and programmes. There is, however, a dearth of such studies in countries in sub-Saharan Africa.
Since hospitals and health centres are important instruments in the efforts to scale up pro-poor
cost-effective interventions aimed at achieving the United Nations Millennium Development Goals,
decision-makers need to ensure that these health facilities provide efficient services. The objective
of this study was to measure the technical efficiency (TE) and scale efficiency (SE) of a sample
of public peripheral health units (PHUs) in Sierra Leone. Methods: This study applied the Data
Envelopment Analysis approach to investigate the TE and SE among a sample of 37 PHUs in Sierra
Leone. Results: Twenty-two (59%) of the 37 health units analysed were found to be technically
inefficient, with an average score of 63% (standard deviation = 18%). On the other hand, 2 4
(65%) health units were found to be scale inefficient, with an average scale efficiency score of
72% (standard deviation = 17%). Conclusion: It is concluded that with the existing high levels
of pure technical and scale inefficiency, scaling up of interventions to achieve both global and
regional targets such as the MDG and Abuja health targets becomes far-fetched. In a country
with per capita expenditure on health of about US$7, and with only 30% of its population having
access to health services, it is demonstrated that efficiency savings can significantly augment the
government’s initiatives to cater for the unmet health care needs of the population. Therefore, we
strongly recommend that Sierra Leone and all other countries in the Region should institutionalise
health facility efficiency monitoring at the Ministry of Health headquarter (MoH/HQ) and at each
health district headquarter.

[226] Jesse C Ribot. From exclusion to participation: Turning Senegal’s forestry policy around? World Development,
23:1587–1599, September 1995.

A century of centralized forestry policies has excluded Senegal’s forest villagers from charcoal
production and marketing. Policies have given access to marketing and labour opportunities to
urban based merchants who hire Guinean migrant labourers. While forest villagers neither produce
nor consume charcoal, commercial production is cutting forests on which villagers rely. In 1993,
progressive forestry agents ushered in a new “participatory” forestry code. But, this new policy
may not be equitable nor beneficial, and it risks adding control over village labour (for forest
management) to the long list of Forest Service controls. Locally accountable representation, local
decision-making powers and simple local management enabling policies could diminish these risks.

[227] James C Riddell and David J Campbell. Agricultural intensification and rural development: The Mandara Mountains
of North Cameroon. African Studies Review, 29(3):89–106, September 1986.

A study of how land is managed in an area of Cameroon, where there is a high population density
relative to the area of cultivable land.

[228] Charles Rodgers, Nick van de Giesen, Wolfram Laube, Paul L G Vlek, and Eva Youkhana. The GLOWA Volta
project: A framework for water resources decision-making and scientific capacity building in a transnational West
African basin. Water Resources Management, 21(1):295–313, January 2007.

The Volta River Basin encompasses 400,000 square kilometres within the sub-humid to semi-arid
West African savanna zone. The Basin is shared by six riparian states, among which Ghana and
Burkina Faso predominate. Annual precipitations averages 1,000 mm, but less than 10utilizable
due to high evaporation rates. Rainfed agriculture is risky due to unreliable rainfall patterns,
contributing to low income levels of Basin residents, who are among Africa’s poorest. Expansion
of irrigation water use competes directly with hydro-power generation, however, and demand for
water to serve domestic and other uses is increasing dramatically. The GLOWA Volta Project,
a 9-year scientific study funded by the German Federal Ministry for Education and Research, is
conducting a comprehensive, integrated analysis of the physical and socioeconomic determinants
of the hydrologic cycle within the Volta Basin, examining the impacts of changes in climate and
land use on water resources. The principal objective of GVP is the establishment of a scientifically
sound Decision Support System (DSS) for water and land management. The DSS will provide a
comprehensive monitoring and simulation framework, enabling decision makers to evaluate the
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impacts of climatic trends, along with deliberate policies, investments other interventions on the
social, economic, and biological productivity of water resources.

[229] Carla Roncoli, Christine Jost, Carlos Perez, Keith Moore, Adama Ballo, Salmana Cissé, and Karim Ouattara. Carbon
sequestration from common property resources: Lessons from community-based sustainable pasture management in
north-central Mali. Agricultural Systems, 94(1):97–104, April 2007.

Carbon sequestration in soils has been presented as a potential mechanism to enhance productivity
in semi-arid lands in Africa while contributing to the mitigation of greenhouse emissions. Most of
the literature, however, focuses on assessing the capacity of existing technology to sequester carbon
in soils. There is much less discussion in the literature on the social and institutional elements
that need to be in place to realize the potential benefits of carbon sequestration. This paper
contributes insights in this direction by analyzing a case of community-based pasture management
in north-central Mali. The case study challenges common assumptions in carbon sequestration
efforts, namely that land resources are devoted to a single use by resident users; have distinct
boundaries and fall within identifiable territorial and administrative jurisdictions, and are subject
to widely recognized claims and free of conflict. We suggest that this is not always the case. Findings
indicate that carbon sequestration projects centered on rangelands need to allow for flexibility in
livestock movements and resource availability and to account for the diverging interest of multiple
stakeholders, including different types of pastoralists and farmers. We conclude that social capital
formation and conflict management are key elements of a carbon sequestration strategy in supports
of sustainable and equitable development in the Sahelian region.

[230] Mark W Rosegrant and Nicostrato D Perez. Water resources development in Africa. EPTD discussion papers 28,
International Food Policy Research Institute (IFPRI), 1997.

[231] Jonathan Rosenhead and Arabinda Tripathy, editors. Operational Research for Development. New Age International
(P) Limited, New Delhi, India, 1996.

[232] M J Roth, P C Abbott, and P V Preckel. Evaluating agricultural price policy under dual market regimes and
institutional constraints. Journal of Development Economics, 34(1–2):179–197, 1990.

A recursive, multi-region, multi-commodity model emphasizing interactions between official and
private markets is proposed to evaluate agricultural policy reforms in sub-Saharan Africa. Supply
is estimated by linear programming representative farm models incorporating private and official
market incentives, and official procurement and input rations. Demand is represented by a modified
linear expenditure system incorporating rationed official supplies. A linear complementarity prob-
lem calculates the private market equilibrium subject to official market outcomes and institutional
constraints. Results from a case study of Burkina Faso show that reforms improve agricultural
performance, but depend on cotton exports to pay for fertilizer. Relaxing institutional constraints,
such as foreign exchange allocations for fertilizer imports and capacity of official marketing systems,
will be crucial for meeting reform objectives.

[233] Anneke De Rouw. Improving yields and reducing risks in pearl millet farming in the African Sahel. Agricultural
Systems, 81(1):73–93, July 2004.

Over 40 years of research on pearl millet farming in the semi-arid Sahel has not been extended to
farmers successfully. The recommendations for proper planting density, inorganic fertiliser appli-
cation, and short cycle varieties have not been followed by the farmers. The difference in priorities
between researchers, who aim to improve yields in average years, and Sahelian farmers, who seek
to reduce the frequency of crop failure, could explain the non-adoption of most innovations because
the risks of yield losses were not reduced. Innovations and conventional techniques were tested in
farmers’ fields in Niger over 5 years in two experiments. The first experiment (3 years) compared
four hill densities with and without nitrogen and phosphorus (NP) fertilisation. Soil water was
monitored with neutron probes. Grain yield, biomass, and tillering were modified profoundly by
rainfall distribution, and treatment effects were statistically significant in two out of three years.
The conventional low density planting did not produce high yields as frequently as higher densi-
ties under favourable conditions; however, there was less crop failure under harsh conditions with
low density farming, although lower average grain yields were realised. Risks to crop yields were
reduced mainly by the staggered development of main stem and tiller panicles. The tiller contribu-
tion to yields was reduced from about 60% in conventional wide spacing (5000 hills ha-1) to 20%
in recommended spacing (10,000 hills ha-1). The second experiment (3 years) compared NP fer-
tilisation versus no inorganic inputs in 11 fields of variable nutrient status under conventional low
density planting. Grain yields improved with NP application in all fields because of the increase
in panicle number. But contribution of the tillers to yields did not increase in the poorest soils
because higher yields were obtained by reducing the number of sterile hills. This study allowed the
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grouping of farming practices according to their potential to improve yields or reduce risks. The
practices that increased yields and reduced risks were: conventional low density planting with or
without inorganic fertiliser, planting of late and early maturing varieties during the same season,
and manuring. The practices that increased yields but did not reduce risks were: dense planting
with inorganic fertilisation, mono-cropping of early maturing varieties, and incorporating inorganic
fertiliser in very poor soils. Under the marginal conditions of the Sahel, farmers are likely to accept
practices that increase yields and reduce risks.

[234] A Rufai. Strategic development of sustainable urban water resources in Nigeria. PhD thesis, UMIST, University of
Manchester, U.K., 2001.

A scheme is proposed combining Upstream Integrated Catchment Management [ICM] with mid-
stream disaggregation of the management and operations of urban water of disaggregation have
been considered as staged processes involving varying degrees of private sector involvement. The
promotion of these processes is supported by case study data from the Lake Chad catchment and
Lagos State Water Corporation. Several scenarios are developed for Lagos, which enable the pro-
duction of a financial model and cash flow projections used to evaluate the sustainability of the
disaggregated water supply industry. The optimum form of disaggregation will depend on the scale
of operation, hydrological, geographical, economic, social, legislative and other factors. The fact
that informal but extensive private sector water industries already exist in virtually all Nigerian
cities is acknowledged. Mechanisms for converting these existing industries into water sectors that
are: efficient, co-ordinated, appropriately regulated and which provide good service to users and
financial return to both operators and government are presented. Private sector involvement, both
through large-scale institutional investment and small-scale participation of the informal providers,
will require financially supportive structures and robust regulatory control. These aspects are de-
veloped within a multistage regulatory framework for the disaggregated management of urban
water utilities in the Lake Chad Catchment Basin.

[235] David E Sahn. The impact of export crop production on nutritional status in Côte d’Ivoire. World Development,
18:1635–1653, December 1990.

In exploring the implications of the commercialization of agriculture on nutrition in Côte d’Ivoire,
this paper found that sales of export crops, combined with the domestic marketing of food crops,
represent the most important sources of incomes for rural households, rich and poor alike. Increas-
ing the price of the heavily taxed export crops, cocoa and coffee, will raise incomes throughout
the income distribution. Increasing the profitability and productivity of cotton will not only raise
rural incomes but will also have positive distributional consequences. A reduced-form nutrition
model was estimated in order to examine the impact of income, as well as the allocation of land to
the production of the major export crops rather than to food crops, on nutritional status. Results
indicate that higher incomes improve long-term nutritional status, and that the share of land allo-
cated to export crops does not affect the nutritional status of preschool-aged children, even when
controlling for income. In combination, these facts suggest that raising incomes through exploit-
ing comparative advantage in export crops, such as coffee, cocoa, and cotton, will have positive
nutritional outcomes in Côte d’Ivoire.

[236] A T Salami and M O Ilori. Locational decision-making and pattern of diffusion of frozen fish depots in Ibadan City,
Nigeria. Technovation, 18(3):207–213, March 1998.

The diffusion of frozen fish depots in Ibadan Metropolitan Area was examined to confirm the
veracity of the proposed empirical regularities in Hagerstand’s model. A set of questionnaires was
administered to the proprietors of all depots existing in the study area in 1995. Five main factors
were identified as being important in influencing the entrepreneur’s decision-making in the location
of their depots at their present sites. These are nearness to a public marker, availability of space,
demand, accessibility to the public marker and customers and electricity supply. At least two of
the regularities proposed by Hagerstrand (1967) were confirmed in this study. Favourable sites for
new depots were proposed on the basis of the perception or mental maps of the entrepreneurs.

[237] O Samaké. Integrated crop management strategies in Sahelian land use systems to improve agricultural productivity
and sustainability : A case study in Mali. PhD thesis, Wageningen University, October 2003.

Sustainability of food production in the Sahel of West Africa requires Integrated Crop Management
(ICM) strategies including different technologies that take into account constraints of stakeholders
at different scale levels. To achieve this objective, combined effects of growing cowpea after different
fallow durations followed by millet sole crop or intercropped with cowpea, and application of
P-fertilizers were quantitatively evaluated. Prior to implementation of the experiments, a multi-
scale characterization was adapted to determine major opportunities and constraints to millet
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production. The method used so far has been mainly used at higher integration levels. The approach
used in this study involved less spatial scale analysis than earlier multi-scale characterizations and
was conducted at the lower scale levels (i.e., region, district and village levels). The results showed
that the main constraints to millet production were the low state budgets for investment at the
regional and district levels that lead to high prices of inputs and low prices of outputs at the village
level. Low soil fertility and high Striga infestation reduce millet production at the village level
resulting in a problem of self-sufficiency at the district and regional levels. Surveys conducted at
the village level showed that homefields were more fertile than bushfields, because of application
of organic manures and animal penning around the village. Only fallows restore the fertility in
bushfields representing 99% of the village territory. Millet grain yields and Striga infestation were
consistent with these fertility gradients. The results of a 4-years experiment in bushfields indicated
that cowpea grown in 1998, had a positive effect on subsequent millet grain yields, soil organic
C and N and reduced Striga infestation. The increase in yield due to millet-cowpea rotation was
37% in 1999 compared to 3-5 years continuous millet cropping. Including millet/cowpea intercrop
in alternative-row configuration after cowpea did not result in significant increase in millet grain
yield compared to millet-cowpea rotation in the first and second year, but increased millet grain
yields by the third growing season with 22%, the total yields all years and minimized risks of food
security in low rainfall years. The effect of intercropping on Striga lasted longer than rotation. The
effects of two years fallow on millet grain yield, soil organic C and N and Striga were comparable
to those of 5-7 years fallows. P fertilizers enhanced the effects on yield and organic C of both millet
sole crop and intercrop with cowpea after a 1-year cowpea crop without significant effect on N
and Striga. The model QUEFTS gave a reasonable estimate of nutrient-limited millet yields that
can be calculated on the basis of only soil N, P-Bray-I, and exchangeable K. But, validation with
input parameters from other millet cropping environments are needed to improve its predictive
value for a wide range of environments.

[238] John H Sanders, Joseph G Nagy, and Sunder Ramaswamy. Developing new agricultural technologies for the Sahelian
countries – the Burkina Faso case. Economic Development and Cultural Change, 39(1):1–22, October 1990.

[239] P L Sankhayan and O Hofstad. A village-level economic model of land clearing, grazing, and wood harvesting for
sub-Saharan Africa: with a case study in southern Senegal. Ecological Economics, 38:423–440, September 2001.

A village-level dynamic, stochastic, and non-linear programming model, incorporating both eco-
nomic and ecological aspects, is developed to study the complex woodland degradation processes in
the sub-Saharan Africa. The emphasis is on simultaneous accounting of the effects of three major
causes of woodland degradation, namely, land clearing, grazing, and extraction done for wood fuel,
poles and charcoal, that has not been attempted before. The model is applied at the village level
in Senegal and run for the period 1999-2020. By running different model scenarios, a number of
hypotheses are tested about woodland degradation as measured through loss of vegetative biomass
per unit of land. While demographic pressure was found to aggravate the woodland degradation
processes, introduction of improved agricultural technology, higher cotton prices, increased rural
wages, and reduced charcoal prices were found to retard the process of degradation. On the basis of
the findings of this study, therefore, the role of policy makers in devising appropriate demographic
and economic policies to retard the process of woodland degradation appears to be important in
the sub-Saharan African nations with conditions similar to those found in Senegal.

[240] S A Sanni, A O Ogungbile, and J O Olukosi. Optimizing resource use in integrated crop-livestock farming systems in
Katsina State, Nigeria. Moor Journal of Agricultural Research, 5(2):251–259, 2003.

The development of measures for improved crop-livestock integration requires an assessment of
the present state of crop-livestock interaction and the potential for its improvement. This paper
presents a mixed-integer programming model to determine the mix of crop and livestock activities
that maximize gross return. The resource use efficiency and sensitivity of the optimal solutions to
prescribed changes in some limited resources were also examined. Data were collected from 120
households in Katsina State of Nigeria during the 1998/99 cropping season. The model results
demonstrate the rationality of the decision on the part of the households in allocating resources
on their farms as the optimal plans did not deviate much from the dominant existing activities
in the study area. The optimization through mixed integer programming resulted in an increase
of about 65%, 30% and 134% in the gross margins as compared to that obtained in the existing
farm organizations in zones I, II and III respectively. The relative contribution of livestock to gross
return decreased as farm size was made to increase in the sensitivity analysis. The result also
revealed that with large farm sizes, there are unused or inefficiently used livestock activities and
resources. When labour and capital were further restricted, livestock activities were eliminated
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from the optimum plans in all the zones. It was therefore concluded that the potential for crop-
livestock integration in the study area is limited and more applicable to the smallholder farming
systems.

[241] E Schlecht and P Hiernaux. Beyond adding up inputs and outputs: process assessment and upscaling in modelling
nutrient flows. Nutrient Cycling In Agroecosystems, 70(3):303–319, November 2004.

Departing from the historical background of scientific interest in soil fertility and sustainable
agricultural production in sub-Saharan Africa, a review is conducted of nutrient budget studies
carried out in semi-arid West Africa at scales ranging from individual fields to the sub-continent.
For both, nitrogen and phosphorus, the comparison discloses largely diverging balances calculated
for similar agro-ecosystems. In a first step, the modes of calculation of the nutrient budgets are
examined. It is demonstrated that the calculations used in the different studies differ by the
variables and biophysical processes taken into account, and by the choice of spatial scales as well as
related time scales. One important discrepancy between approaches is whether and to which extent
nutrient flows are internalized when upscaling. The extent to which the impact of individual and
communal management, especially of pastoral and forestry resources, on nutrient flows is accounted
for is a second cause of divergence. Moreover, it was observed that nutrient budgets tend to be
increasingly negative as the spatial scale of the study increases from farm to sub-continent. This
unexpected trend is traced back to the lack of internalization of nutrient flows when upscaling.
The complexity of the scale patterns of nutrient flows and that of the interactions and the tradeoffs
in the effects of management calls for the use of models to calculate nutrient budgets. Therefore,
in a second step, examples of a static model, a multiple-goal linear programming model and a
decision rules model were reviewed, all of which include the calculation of nutrient flows and
balances and which were applied to West-African farming systems. The models are analyzed for
their way of dealing with the critical issues of spatial and temporal scales and the impact of resource
management on nutrient flows, taking into account that they have different objectives and were
designed for different spatio-temporal scales. To conclude, suggestions were made for strengthening
the use of models as tools enabling ex-ante testing of alternative agricultural technologies and
policies that could improve soil nutrient balances in semi-arid sub-Saharan Africa.

[242] D Schneerson. Short term planning for a ports system. Maritime Policy and Management, 10(4):217–250, October–
December 1983.

Short term improvements to a system of ports can be achieved by optimally allocating traffic
among ports. This was demonstrated by developing a model that minimizes total system costs of
both ports and inland networks. For ports, queuing costs of ships are calculated. Policy variables
considered to achieve optimum allocation of traffic are the price mechanism and direct control
over commodity movements. The model took Nigeria as a case study. It included 21 ’ports’, 20
commodities, 20 demand centres and three modes of inland transport. A mixed integer program
was used for solving the problem.

[243] C Schweigman and E J Bakker. Operations research as a tool for analysis of food security problems. European Journal
of Operational Research, 49(2):211–221, November 1990.

In the first part of the paper the role of operations research in analyzing daily life problems
of farmers in developing countries is discussed. Experiences on village studies in Tanzania are
reported which formed part of the training in operations research of students of the University of
Dar es Salaam. In the second part, two examples of food security problems are worked out: risk
of food shortage in subsistence farming in Tanzania and the use of rainfall-yield models to predict
shortages of sorghum production at an early stage of the growing season in Burkina Faso. At the
end of the paper, some discussion points are formulated.

[244] Caspar Schweigman, Arno Maatman, H Sawadogo, and A Ouedraogo. Application of zai and rock bunds in the
northwest region of Burkina Faso: Study of its impact on household level by using a stochastic linear programming
model. Netherlands Journal of Agricultural Science, 46(1):123–136, May 1998.

Agricultural production in the northwest region of Burkina Faso is seriously endangered by soil
erosion and an overall decline in soil fertility. In the past 15 years various anti-erosion methods have
been adopted in this region with quite some success. The widespread promotion of rock bunds is an
important example. Land conservation methods alone without increased efforts to mantain (or to
increase) soil fertility levels does not suffice in the long run. In this article we focus on the potential
impact of a combination of rock bunds and zai, a local technology to improve water infiltration
and efficiency of manure application. The analysis is carried out at farm level with a stochastic
linear programming model. It includes sequential decision making to cope with rainfall risks. The
study reveals the important potential of rock bunds and application of zai, and limitations due
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to labour and manure constraints. The techniques are largely applied on common fields. Changes
in labour organizations and use of manure have to be introduced before women may profit from
these techniques on their individual fields as well. The results show that the impact on farm-level
food security is more limited than is sometimes supposed on the basis of a simple extrapolation of
plot-level results.

[245] Alex Sekwat. Public budgeting deficiencies in Sub-Saharan Africa: A review. Journal of Public Budgeting and Finan-
cial Management, 9,(1):142–160, 1997.

This article provides an overview of the major deficiencies affecting public budgeting in Sub-
Saharan Africa. The article describes the major budgetary problems, which include instability
and uncertainty, repetitive budgeting, budget fragmentation, weak revenue base, inadequate ex-
penditure control and accountability, declining donor assistance, and disparity between planning
and budgeting, in light of conditions in the region’s environment among which are adverse global
economic conditions and extreme internal parameters of underdevelopment such as widespread
poverty, civil wars, and natural disasters. The article concludes by providing a broad agenda
for improving the current state of public budgeting in the region including specific proposals for
reform.

[246] A K Shahani, D J Gove, H H J van der Hoorn, S E Meacock, and M E Ward. Prevention of blindness. In Jonathan
Rosenhead and Arabinda Tripathy, editors, Operational Research for Development [231], pages 170–183. New Age
International (P) Limited, New Delhi, India, 1996.

Trachoma, an infectious eye disease casued by a bacterium called Chlamydia Trachomatis, is the
world’s major cause of preventable blindness. About 400 million people suffer from trachoma and
about 8 million people are blind. Trachoma is associated with poverty and poor living conditions. In
endemic areas such as Africa, Middle East and Northern India, chlamydial infection can cause eye
damage, visual loss and blindness. Effective actions for preventing eye damage and blindness have
to be evolved in the face of uncertainty, variability, complexity, limited resources and inadequate
data. These conditions suggest that the modelling approach of Operational Research should be
tried. This paper describes practical models in which the natural history of trachoma is linked
to the available actions for dealing with the disease. The models were developed and tested with
a special series of data from the village of Jali in the Gambia, West Africa. The models suggest
that in endemic areas socio-economic actions rather than chemotherapy will conquer the disease.
Disease can also be conquered if an appropriate vaccine can be developed. The models can be used
to evaluate propsed actions such as a schedule for chemotherapy and to provide guidance about
the necessary effectiveness of a vaccine and socio-economic actions.

[247] David K Smith and Francis A Ogbu. Viewpoint contribution on “OR utilization in Nigeria: a sample survey”. Journal
of the Operational Research Society, 45(6):729–730, June 1994.

A contribution which extends and corrects some comments made in [108]
[248] Joyotee Smith, Anthony D Barau, Abraham Goldman, and James H Mareck. The role of technology in agricultural

intensification — the evolution of maize production in the northern Guinea savanna of Nigeria. Economic Development
and Cultural Change, 42(3):537–554, April 1994.

[249] Victor E Smith. A diet model with protein quality variable. Management Science, 20(6):971–980, February 1974.
Malnutrition is a serious obstacle to development in many countries. To deal with it effectively
we must know how to provide adequate nutrition in an economical way. Linear programming will
determine the most economical set of foods or production activities if the set of nutrients needed
can be specified in absolute amounts or as fixed ratios, but this will not suffice for one of the
most pressing nutritional problems—the protein problem. It is impossible to specify the quantity
of protein required in this way. That quantity depends on the concentration of protein in the diet
and the quality of the protein (its amino acid composition). The greater the concentration, the
less efficiently the protein is used; the better the quality, the more efficiently. For a least-cost diet,
quality and quantity must be determined simultaneously, but the relationships are nonlinear. This
paper presents a model, with one nonlinear restraint, that determines a least-cost diet in which
the quality and the quantity of the protein are jointly and optimally determined. (The present
diet model was developed with data from Nigeria.)

[250] David R Smock. Cultural and attitudinal factors affecting agricultural development in eastern Nigeria. Economic
Development and Cultural Change, 18(1):110–124, 1969.

[251] A Soyibo and R A Adeniran. A linear programming analysis of domestic flight schedules of the Nigeria Airways.
Nigerian Journal of Economic & Social Studies, 29(2):169–179, 1987.

Nigeria Airways, established in 1958, enjoyed a monopoly on domestic routes until a few years ago
when the government granted licences to private airlines to operate chartered flights in Nigeria.
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This has coincided with a rise in the numbers of people who prefer to travel by air, despite the
fact that prospective travellers often get stranded during fesitive holidays. It is claimed that the
Nigeria Airways started wetleasing aircraft some years back because its fleet could not cope with
the increasing demand for its services. In spite of the competition posed by private airlines, Nigeria
Airways still appears to have difficulties meeting the demand for its services on domestic routes.
Apart from the possibility of increasing the size of its fleet in the long-run, one area in which the
company can improve is the scheduling of its flight. Because of the current economic recession, the
Federal Government of Nigeria has indicated its desire to stop subsidizing any of its companies and
parastatals which do not make profit. This paper demonstrates the use of a linear programming
model to schedule the domestic flights of Nigeria Airways. It provides a framework with which
the national carrier can operate optimal scheduled flights. The paper also shows that the current
scheduling practice in the company yields less than optimal schemes, and that it can improve the
volume of its passenger traffic substantially if it adopts linear programming to aid its scheduling
decisions.

[252] A Soyibo, O O Sobodu, and R O Osayameh. A multiobjective model for commercial banks in a developing country:
a case study. Journal of Financial Management & Analysis, 3(1):42–49, 1990.

The current trend in the Nigerian banking and finance sector suggests that the days of easy profits
are now over, and only banks with well conceptualized lending and credit administration policies
procedures can survive the emerging competition. This paper discusses the application of Goal
Programming (GP), a multiobjective decision-making technique, to aid the planning of lending
and credit administration in one of the largest commercial banks in Nigeria over the planning
horizon of one year.

[253] A Soyibo, O O Sobodu, and R O Osayameh. A multiobjective lending and credit administration model for commercial
banks in a developing country. Savings & Development, 15(2):167–186, 1991.

Reports the use of goal programming, a multi-objective technique, in planning lending and credit
administration in one of the largest three commercial banks in Nigeria over a planning horizon
of one year. The paper aims at determining the amount of credit facility by type to be given
to different clientele categories and in particular sectors of the economy subject to satisfying, as
much as possible, the different goals of management, monetary authorities and other structural
constraints.

[254] John M Staatz, Josué Dioné, and N Nango Dembélé. Cereals market liberalization in Mali. World Development,
17:703–718, May 1989.

This paper analyzes the impact of the process of liberalization of cereal markets in Mali. Most
consumers, including food-deficient farmers, and private grain traders have benefited from the
liberalization. Efforts to tie the liberalization to a minimum support price for farmers failed because
the state lacked the resources to guarantee the support price. Furthermore, the ability of different
types of farmers and traders to respond to opportunities created by the liberalization has varied
widely, depending on their access to productive resources, improved technologies, information,
and credit. Economy-wide constraints, such as the insecurity of contracts and liquidity constraints
resulting from the failure of the government to pay salaries on time, have further limited the impact
of the liberalization.

[255] B F Sule. Reservoir operation policies for optimizing energy generation at the Shiroro Dam. Water Resources Man-
agement, 2(3):209–219, September 1988.

Reservoir water release policies are computed for the Shiroro Dam hydroelectric power scheme
in Northern Nigeria, using a probabilistic dynamic programming model. The state variable is the
reservoir storage volume, while the uncertain nature of the inflow process is accounted for in the
model by considering different possible inflow volumes and their inflow probabilities. Simulation
of the reservoir operations with the derived policies show that on the average the hydrosystem has
acceptable reliability when two units are in use, at 45% design power plant factor. At 70% power
plant factor, which is the desired optimum for the power system in Nigeria, system failures are
frequent and, in most cases, severe. For normal operation of the Shiroro Dam hydroelectric power
system, two or three generating units, running at 40-50% power plant factor is recommended.

[256] Bohdan O Szuprowicz. Network planning and economic development. New Scientist, 18(345):728–730, June 27 1963.
Rapid progress in the newly developing nations of the world requires careful integration of a wide
variety of projects that are interdependent. The situation is closely analagous to elaborate indus-
trial programmes in the advanced countries, where network planning techniques using computers
have proved their worth. (It mentions Nigeria.)
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[257] David H L Thomas and William M Adams. Adapting to dams: Agrarian change downstream of the Tiga Dam,
Northern Nigeria. World Development, 27:919–935, June 1999.

In Africa, the economic and social impacts of large dams on communities inhabiting floodplains
downstream have mostly been adverse. Most studies of the impacts of dams have been short term,
however, and confined to the years immediately following dam closure. This paper takes a longer
term perspective, examining the changes that have occurred in the 20 years since the construction of
the Tiga Dam in northern Nigeria. The paper shows that despite adverse short-term environmental
impacts of dam construction (exacerbated by drought), in the longer term, farmers have managed
to adapt their agriculture in the floodplain. Factors important in this adaptation include the effects
of environmental change themselves and the availability of new agricultural technologies, although,
there are indicators which suggest that in some cases this increased level of production may not
be sustainable. The implications of the response of floodplain farmers to desiccation over a period
of decades are discussed.

[258] J P Tre and J Lowenberg-Deboer. Ex-ante economic analysis of alternative mulch-based management systems for
sustainable plantain production in Southeastern Nigeria. Agricultural Systems, 86(1):52–75, October 2005.

Due to rapid loss of soil fertility in traditional cropping systems and subsequent yield decline,
plantain fields in Southeastern Nigeria are usually reverted to fallow after three years. This study
investigates the potential of mulch-based systems for long term plantain production: alley crop-
ping with Dactyladenia barteri and natural bush, and a cut-and-carry technique with Pennisetum
purpureum. Model results simulate yields decline observed under traditional cropping systems due
to a decrease in soil fertility. The adoption of mulch-based technologies is conditioned by capital
availability. However, when adequate capital is available, mulch-based systems are quite profitable.
Under baseline conditions, the alley cropping system with natural bush outperforms the other two
improved technologies with a 154% and 72% increase in net returns over continuous and shifting
traditional systems, respectively. The traditional system had the worst performance without fer-
tilizer use. A sensitivity analysis shows that the increase in net return due to fertilizer in the alley
cropping and traditional systems is at least 25% . This analysis indicates that credit programs
that reach small farmers and land reform that gives them secure title are essential to widespread
adoption of mulch-based plantain systems.

[259] H D Venema. Factor biases and promoting sustainable development: Adaptation to drought in the Senegal River
basin. Mitigation and Adaptation Strategies for Global Change, 1(2):139–165, 1996.

The ongoing drought in the Sahel region of West Africa highlights the vulnerability of food-
producing systems to climate change and variability. Adaptation to climate should therefore in-
crease the sustainability of agriculture under a long-term drought. Progress towards sustainability
and adaptation in the the Senegal River Basin is hampered by an existing set of social and ecologi-
cal relationships that define the control over the means of production and how people interact with
their environment. These relationships are sensitive to the technological inputs and the administra-
tion of food production, or the factor bias in the different policy alternatives for rural development.
One option is based on state-controlled, irrigated plantations to provide rice (Oryza) for the capi-
tal, Dakar. This policy emphasizes a top-down management approach, mechanized agriculture and
a reliance on external inputs which strengthens the relationships introduced during the colonial
period. A time series decomposition of the annual flow in the Senegal River at Bakel in Senegal
suggests that water resources availability has been substantially curtailed since 1960, and a review
of the water resources budget or availability in the basin suggests that this policy’s food produc-
tion system is not sustainable under the current climate of the basin. Under these conditions, this
program is exacerbating existing problems of landscape degradation and desertification, which in-
creases rural poverty. A natural resource management policy offers two adaptation strategies that
favour decentralized management and a reduction of external inputs. The first alternative, ”Les
Perimetres Irrigués”, emphasizes village-scale irrigation, low water consumption cereal crops and
traditional socio-political structures. The second alternative emphasizes farm-level irrigation and
agro-forestry projects to redress the primary effects of desertification. The water requirements of
both the rice import substitution program and the natural resource management program are cal-
culated. A water resources simulation model/optimization analysis using dynamic programming is
used to compare these two alternatives to the rice import substitution programs. Results indicate
that the natural resource management policy could potentially bring a large area into production
while using far less water than the rice import substitution program. The natural resource man-
agement policy, in particular the second alternative with its emphasis on individual ownership and



72 DR DAVID K. SMITH

ecological rehabiliation, defines a different set of social and ecological relationships that appear to
enhance the sustainability of food production under a long-term drought.

[260] H D Venema and E J Schiller. Water-resources planning for the Senegal river basin. Water International, 20(2):61–71,
April/June 1995.

The Senegal River Basin (SRB), located in the Sahel region of West Africa, is simultaneously
undergoing fundamental environmental, hydrologic, and socioeconomic transitions. The trination
(Senegal, Mauritania, and Mali) river basin development authority, the Organisation pour la Mise
en Valeur du Fleuve Senegal (OMVS), is attempting to execute a shift to irrigated rice production
for domestic consumption in the river basin in order to ease the severe foreign exchange shortfalls
these riparian nations face. With the recent completion of the Manantali and Diama darns, year-
round irrigated agriculture is not possible in the SRB. The full agricultural development potential
of the SRB is constrained, however by the basins limited water resources. Significantly, a time series
analysis of Senegal River hydrology has provided powerful evidence that the prolonged Sahelian
drought may be permanent. The negative impact of the state-imposed rice production policy
compounds the severe effects of the drought on the river basic ecology. Rice production in the
arid river valley has been a financial and social failure. Irrigated rice projects suffer a high rate of
abandonment and have intensified the desertification process in the river valley. As an alternative
use of the basins scarce water resources, an agricultural development policy based on village-scale
irrigation is dedicated to low-water-consumption cereal grain crops and is managed by traditional
sociopolitical structures. The agroforestry production system analyzed has the dual objectives of
using irrigation to reestablish a protective biomass cover in the desertifying river valley and of
reversing the drought-induced migration from rural to urban areas. A comparative river system
simulation study was conducted to analyze the effects of both the rice production development
policy (policy RP) and the natural resources management policy (policy NRM) on the SRBs
full agricultural development potential. The simulation study compared three alternate hydrologic
scenarios using, (1) the predrought era, (2) the 1970s level drought and (3) the 1980s level drought.
Principles of dynamic programming were applied to Manantali reservoir management to optimize
water allocation in each scenario. All the hydrologic scenarios generated showed that the lower
overall water demand pattern exerted by policy NRM allows a higher full agricultural development
potential that does policy RP.

[261] H D Venema, E J Schiller, K Adamowski, and Jean-Michel Thizy. A water resources planning response to climate
change in the Senegal river basin. Journal of Environmental Management, 49(1):125–155, Jan–Mar 1997.

The Senegal River Basin (SRB), located in the Sahel region of West Africa, is simultaneously
undergoing fundamental environmental, hydrologic and socioeconomic transitions. The tri-nation
(Senegal, Mauritania and Mall) river basin development authority, the Organisation pour la Mise
en Valeur du Fleuve Senegal (OMVS), is attempting to execute a shift to irrigated rice production
for domestic consumption in the river basin in order to ease the severe foreign exchange short-
falls these riparian nations face. With the recent completion of the Manantali and Diama dams,
year-round irrigated agriculture is now possible in the SRB. The full agricultural development po-
tential of the SRB is constrained, however, by the basin’s limited water resources. Significantly, a
time series analysis of Senegal River hydrology has provided powerful evidence that the prolonged
Sahelian drought may be permanent. The basic hydrologic constraint on development is revealed
in a time series decomposition of Senegal River annual flow volumes, which strongly suggests that
water resources availability has been substantially curtailed since 1960. Two alternative time series
mechanisms are hypothesized to account for the decreased flow volumes in recent decades. The first
time series model suggests the presence of a long-term periodicity, while the second model hypoth-
esizes an ARMA(1,1) process. The second hypothesis provides a superior model fit. The stationary
ARMA(1,1) model can be fit successfully, however, only after explicitly removing a non-stationary
component by linearly detrending after 1960. The implication of non-stationarity in Senegal River
hydrology provides analytic evidence that the landscape degradation and desertification processes
observed in Sahelian Africa can be in part attributed to climate change effects. The negative im-
pact of the state-imposed rice production policy compounds the severe effects of the drought on the
river basin ecology. Rice production in the arid river valley has been a financial and social failure.
Irrigated rice projects suffer a high rate of abandonment and have intensified the desertification
process in the river valley. As an alternative use of the basin’s scarce water resources, an agricultural
development policy based on village-scale irrigation projects and intensive, irrigated agro-forestry
projects has been proposed. Village-scale irrigation is dedicated to low-water-consumption cereal
grain crops and is managed by traditional socio-political structures. The agro-forestry production
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system analysed has the dual objectives of using irrigation to re-establish a protective bio-mass
cover in the desertifying river valley and of reversing the drought-induced migration from rural to
urban areas. A comparative river system simulation study was conducted to analyse the effects
of both the rice production development policy (policy RP) and the natural resources manage-
ment policy (policy NRM) on the SRB’s full agricultural development potential. The simulation
study compared three alternative hydrologic scenarios using, (1) the pre-drought era, (2) the 1970s
level drought and (3) the 1980s level drought. Principles of dynamic programming were applied to
Manantali reservoir management to optimize water allocation in each scenario. All the hydrologic
scenarios generated showed that the lower overall water-demand pattern exerted by policy NRM
allows a higher full agricultural development potential than does policy RP.

[262] I Verinumbe, H C Knipscheer, and E E Enabor. The economic potential of leguminous tree crops in zero-tillage
cropping in Nigeria: a linear programming model. Agroforestry Systems, 2(2):129–138, June 1985.

An economic evaluation of zero-tillage farming system against the background of small-scale farm-
ers in south west Nigeria was undertaken using the linear programming method to maximize
yearly net return on Alfisols. Alternative crop rotation systems considered were maize-maize,
maize-Stylo, maize-maize/Stylo, maize-pigeon pea, maize-maize/pigeon pea, and maize/Leucaena-
maize/Leucaena. The maximum net profit farm plan, for an individual farmer with N300.00 cash
investment, comprised 1.35 ha (95%) maize/Leucaena-maize/Leucaena and 0.07 ha (5%) maize-
Stylo rotation systems. Net profit associated with the plan was N978.58 while shadow prices of re-
jected systems ranged between N66.68 and N168.24, indicating stability of the model. Under severe
cash constraints and where hired labour was available at relatively low cost the maize/Leucaena al-
ley cropping system was the most promising package. The results suggested a promising future for
the combined production of agricultural and forestry crops under an integrated land management
system by small-scale farmers in the humid tropics.

[263] J D Vitale and J H Sanders. New markets and technological change for the traditional cereals in semiarid sub-Saharan
africa: The Malian case. Agricultural Economics, 32(2):111–129, March 2005.

During the last three decades in sub-Saharan Africa, development and research resources have
concentrated on the higher-rainfall and irrigated regions, especially on export crops and the prin-
cipal food crops grown there. There has been much less concern and investment in semiarid regions
without irrigation. Another negative factor has been the lack of public policy concern with the
profitability of the basic food crops. With good weather, prices collapse. With bad weather, gov-
ernments and NGOs dispense food crops as food aid or at subsidized prices. This article documents
the importance of the demand side to facilitate diffusion of new technologies for the basic food
commodities of semiarid regions - the traditional cereals. With farm programming models aggre-
gated into a sector model, the combination of technological change and demand shifts for sorghum
are evaluated in one semiarid region where the traditional cereals are concentrated. It focuses on
combining policies to increase the prices farmers receive after introduction of technologies that
use higher input levels. It also compares benefits of a strategy that focuses on yield and demand
increases for a traditional cereal of the semiarid region, sorghum, with two alternative strategies
for the higher-rainfall zone.

[264] E W Walker and J C Nautiyal. Some possibilities in the economic development of Liberia through the forestry sector.
Forest Ecology and Management, 4(2):179–189, 1982.

Some possible contributions that could be made to the development of the Liberian economy
through the forestry sector are investigated. Emphasis is placed on the establishment of integrated
wood-processing facilities comprising sawmilling, veneer and plywood manufacturing and particle-
board production. Data for 1974 are used to formulate a simple illustrative linear programming
model for determining the minimum investment needs for achieving specified levels of value-added.

[265] Matthew Warning and Nigel Key. The social performance and distributional consequences of contract farming: An
equilibrium analysis of the arachide de bouche program in Senegal. World Development, 30:255–263, February 2002.

This paper is an empirical analysis of the impact of a contract-farming program in Senegal. We
examine the access of poorer community members to contracts and the effect of the program on
the income of participants. The program performs very well on both counts: participants and
non-participants are indistinguishable by wealth measures and farmers increase their income sub-
stantially by participating in the program. We attribute the former to the program’s mobilization
of local information through its use of village intermediaries, permitting the substitution of social
collateral for physical collateral and making the program more accessible to the poor.

[266] H Webber. Improving research management : institutionalization of management information system in National
Agricultural Research Organizations in sub-Saharan Africa. PhD thesis, Wageningen University, April 2006.
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Agricultural research management in the public sector in Sub Saharan Africa suffers from a lack
of relevant, timely and accurate information on which to base decision-making. Developments in
Management information systems over the past several years have been dramatic and can offer
research managers in developing countries a great deal of help in the orderly capture, process-
ing and presentation of information for decision-making. This thesis describes case study research
on institutionalization of a MIS in National Agricultural Research Organizations in Sub Saharan
Africa. Full MIS institutionalization is defined as the continuous and integrated use of MIS by
NAROs staff for data collection, and data processing into information and decision-making in
NAROs research management processes. The MIS software package INFORM (Information for
Agricultural Research Management) was designed and developed by ISNAR (The International
Service for National Agricultural Research) in the early 1990s in collaboration with developing
countries NAROs and implemented in several countries in Africa, Asia and Latin America. The
institutionalization of the latest version INFORM-R and INFORM- Light in the annual research
management cycle of priority setting, planning, budgeting, monitoring, evaluation and reporting
of Sub Saharan African NAROs was found to be inadequate. Issues such as data collection and
use, adequacy of the MIS software packages, leadership, information management capacity, organi-
zational structure etc. were initially considered as problem factors. The goal of the study is to get
insight into factors affecting positively and negatively institutionalization and the continuous and
integrated use and maintenance of the MIS in NAROs in Sub Saharan Africa. The objectives are
fourfold: to evaluate the extent of institutionalization, to identify factors that promoted (critical
success factors) and frustrated (critical failure factors) institutionalization, to evaluate the contri-
bution of MIS to agricultural research management, and to recommend a method of working for
institutionalizing MIS. Based on the goal and objectives, we attempted to answer three questions:
(1) to what extent is MIS institutionalized in Sub Saharan African NAROs? (2) What key factors
promoted (critical success factors) and frustrated (critical failure factors) institutionalization of
the MIS in Sub Saharan African NAROs? (3) How does institutionalization of MIS improve re-
search management and performance of Sub Saharan African NAROs? The rest of this Abstract
is stored in Webb2006 Abstract.tex

[267] Stephen R Weissman. Structural adjustment in Africa: Insights from the experiences of Ghana and Senegal. World
Development, 18:1621–1634, December 1990.

Structural adjustment in Ghana and Senegal has helped create an improved framework for eco-
nomic growth. But this is a fragile trend, one that could be disrupted by bad weather, adverse
terms of trade, and the vagaries of international assistance. The current version of adjustment,
however, has produced little enduring poverty alleviation. A weak performance on equity issues,
together with rising political expectations, has generated threats to the sustainability of structural
adjustment and overall political stability. Alternatively, adjustment policies can be modified to
fully incorporate equity and sustainability objectives. In this respect, it is critical for the poor to
obtain more effective representation in decision-making on adjustment through indigenous non-
governmental organizations.

[268] Dale Whittington, Donald T Lauria, and Xinming Mu. Paying for urban services : a study of water vending and
willingness to pay for water in Onitsha, Nigeria. Policy Research Working Paper Series 363, The World Bank, March
1989.

This paper presents a case study of water vending in Onitsha, Nigeria, one of the most important
market towns in West Africa. It illustrates that a rapid reconnaissance survey of water vending
activities and the willingness of households to pay for improved water services can yield valuable
information for water supply planning and unexpected policy insights. The vast majority of Onitsha
obtains its water from an elaborate and well-organized water vending system which has been
created and is operated by the private sector. Approximately 275 tanker trucks purchase water
from about 20 private boreholes and then sell it to households and businesses equipped with water
storage facilities. Many of the households which purchase water from tanker trucks resell the water
by the bucket to individuals who cannot afford large storage tanks or who cannot be reached by
tanker trucks. During the dry season households obtain approximately 2.96 million gallons per day
(mgd) from the water vending system, for which they pay about US$28,000. In 1987 the public
water utility was supplying about 1.5 mgd during the dry season and only managed to collect
US$1,100 in revenues. In the rainy season the revenues from water vendor sales were still several
times higher than the water utility. On an annual basis, households in Onitsha are already paying
water vendors over twice the operation and maintenance costs of a piped distribution system.
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[269] Dale Whittington, Donald T Lauria, and Xinming Mu. A study of water vending and willingness to pay for water in
Onitsha, Nigeria. World Development, 19(2-3):179–198, 1991.

Most people in Onitsha, Nigeria obtain their water from an elaborate and well-organized water
vending system which is run by the private sector. About 275 tanker trucks collect water from
private boreholes and sell it to households and businesses equipped with water storage facilities.
Many of these households and businesses resell water by the bucket to individuals who cannot
afford large storage tanks or who cannot be reached by the tanker trucks. During the dry season
the private water vending system collects about 24-times as much revenue as the public water
utility. On an annual basis, households in Onitsha pay water vendors over twice the operation and
maintenance costs of a piped distribution system.

[270] Steve Wiggins, Kofi Marfo, and Vincent Anchirinah. Protecting the forest or the people? Environmental policies and
livelihoods in the forest margins of Southern Ghana. World Development, 32:1939–1955, November 2004.

Although a wide range of policies to conserve the environment in the forest zones of southern
Ghana exists on paper, in practice most are only applied in the commercially-valuable timber
reserves. Environmental policies have little impact on those living in the forest margins since they
are only sporadically applied, if at all. Indeed, even accepted community norms for resource use
tend to be set aside when their application would interfere with key occupations. Livelihoods,
however, depend heavily on natural resources, so conservation is necessary. The dilemma is to
devise policies that are effective. Some decentralization of policy-making might improve matters,
but care will be needed to avoid pitfalls.

[271] Philip Woodhouse. African enclosures: A default mode of development. World Development, 31:1705–1720, October
2003.

This paper draws on recent empirical studies of changing land and water use in semi-arid Africa to
identify socioeconomic and political dynamics and discusses their implications for current policy
which emphasizes decentralization and the strengthening of “local”–often customary–land rights.
The paper presents cases where local initiative in response to market opportunities is driving
investment and intensification of water use to increase production. This trend is associated with
an increase in individualized control and market relationships in access to land, with increasing
disadvantage to the poor. It is argued that this “default” pattern of development is occurring
irrespective of the formal system of land tenure and may be promoted, rather than inhibited, by
policies of decentralizing natural resource management.

[272] Sven Wunder. Macroeconomic change: Competitiveness and timber production: A five-country comparison. World
Development, 33:65–86, January 2005.

This study analyzes how long-run macroeconomic fluctuations have affected timber production
levels in five tropical oil-producing countries: Gabon, Cameroon, Papua New Guinea (PNG),
Venezuela, and Ecuador. The core hypothesis is that oil booms, foreign borrowing and other ma-
jor foreign exchange inflows slow down timber harvesting. These inflows cause “Dutch Disease”,
depressing the price competitiveness of timber exports and other trade-exposed sectors. A quali-
tative examination of long-run trends in the five countries is combined with simple econometrics.
The findings confirm a strong impact of competitiveness on logging. Substantial real currency
devaluation can greatly accelerate timber exports. Yet, in middle-income countries with strongly
expanding domestic timber markets (Ecuador, Cameroon, Venezuela), home-market demand also
rises much with urban incomes and population. When full or partial import protection occurs, this
translates into rising domestic production. The relative weight of these two potentially significant
factors varies widely, so policies to influence extraction levels need to be tailored accordingly.

[273] L K Yamuah. The role of data management in health: A case study in developing countries. Drug Information
Journal, 35:707–712, 2001.

Field trials of interventions against diseases are complex and expensive, especially in developing
countries, particularly Africa. Careful planning is needed while conducting such trials in order
to avoid a premature or unsuccessful end. The objective of this paper is to highlight aspects
of data management that are vital to the successful completion of health-related trials or clinical
trials, especially dealing with unforeseen problems that are usually overlooked. Errors and tools for
dealing with such problems are described. Practical examples from seven years of data management
experiences gained from studies conducted at the Medical Research Council in The Gambia are
discussed, including the “garbage in, garbage out” principle. To meet acceptable standards and
enhance the reproducibility of studies, careful monitoring of the quality of data collected and
entered and the processes of keeping study populations under surveillance is of great importance.
Data management plays the central role as the link between all disciplines in any trial, including
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fieldwork, laboratory, the clinic, and statistics. Do not start any study without first consulting a
data manager.

[274] L K Yamuah. Healthcare provision in The Gambia: the role of health informatics. PhD thesis, City University,
London, U.K., 2003.

This research focuses on the development of a Health Information System (HIS) capable of provid-
ing doctors, nurses and other healthcare professionals with quick and easy access to the appropriate
information needed to care for their patients. A systems analysis has been undertaken to identify
the full need for patient health data, the range of users and the extent of present paper-based pro-
vision. From this analysis, a requirements specification has been produced for a proposed health
information and administration system (HIAS) to become operational and also successful in terms
of efficiency and effectiveness. The requirements specification has taken the form of a series of
precise statements of needs, buttressed with a corresponding justification in each case. By assess-
ing what information and communication technology (ICT) is required and feasible, affordable
and available in The Gambia, based on the extensive fieldwork involving interviews, observational
study and questionnaires, a design specification (the logical and physical framework for the pro-
posed HIAS) has also been produced as a precursor to the development of the proposed HIAS
prototype. The approach used will aid any implementor to progress from the proposed system to
a fully functional one in an efficient and timely manner. Constraints in the programme of research
were such that it was not possible to continue on with a prototype implementation based on this
design. Hence it is now for The Gambia government to study and implement the proposed system.
Several recommendations have been made in the areas of policies to be implemented, resources
needed and training and motivation. In conclusion, the study has demonstrated the value or role
of health informatics in the provision of health care in a developing country. It has contributed
in the understanding of the complexities of the problems in The Gambia and developing coun-
tries, building this understanding in terms of requirements analysis and design specification and
in methodological issues.

[275] V Yasenovskiy and J Hodgson. Hierarchical location-allocation with spatial choice interaction modeling. Annals of
the Association of American Geographers, 97(3):496–511, September 2007.

We combine concepts and methods from hierarchical spatial systems, spatial interaction model-
ing, and location-allocation modeling to derive optimal hierarchical facility systems. We consider
models of increasing realism in how spatial interaction is dealt with - the first two are from past
literature, the third is new. The p-median model assumes that patrons always travel to the closest
facility and that distance minimization best serves them. Several researchers have observed, how-
ever, that patients in the developing world frequently bypass lower level facilities to attend more
distant higher level ones. Previous location-allocation models have incorporated spatial interaction
models attributing attendance and benefits to facility size and distance. In this article, we present
a new model that incorporates a spatial choice interaction model attributing attendance and ben-
efits to facility size, distance, and neighborhood accessibility. We demonstrate our approach with
150-node, three-level Oppong’s problem of locating healthcare facilities in Suhum District, Ghana.
This approach reacts intuitively to changes in accessibility patterns and deals realistically with the
bypassing problem.

[276] Emmanuel K Yiridoe, Augustine S Langyintuo, and Wilson Dogbe. Economics of the impact of alternative rice
cropping systems on subsistence farming: Whole-farm analysis in northern Ghana. Agricultural Systems, 91(1–2):102–
121, November 2006.

Reducing fallow periods with sown leguminous plants (i.e., Callopogonium mucunoides) was found
to be a technically feasible, low-input method of improving soil nutrient levels for rice cropping
in the Guinea and Sudan savannah regions of northern Ghana. However, farmers and policy mak-
ers are particularly interested in understanding whether the new rice production technology can
be substituted for the traditional rice cropping systems within a whole-farm plan context and,
if so, what are the likely resource allocation and financial implications to farmers. An optimal
whole-farm plan that incorporates traditional (bush fallow) cropping of rice, jointly with livestock
production was generated using a linear programming model, and then used to assess the economic
implications of introducing the improved fallow (i.e., incorporating Callopogonium mucunoides)
rice cropping system. The alternative combinations of enterprises investigated needed to be eco-
nomically viable household farm units, as well as meet household food security requirements of
such resource poor farmers. Introducing the new rice production technology into a base whole-farm
model (i.e., under traditional rice cropping) increased rice area by 45%, and farm income above
variable costs by 34%. In addition, the representative farm raises six beef cows and 72 poultry birds.
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In sensitivity analyses of alternative model scenarios, farm incomes were higher and more stable
for farming systems using the new rice cropping technology than with the traditional whole-farm
model. More widespread adoption of the new rice-based production technology will help transform
existing traditional subsistence farming systems to more profitable commercial production systems.
This transformation will have implications for farm structure (in terms of consolidation of highly
fragmented holdings), agricultural resource management, and property rights (such as recognition
of individualized rights to cropland, livestock grazing land and agricultural water resources).

[277] F J Zimmerman and M R Carter. A dynamic option value for institutional change: Marketable property rights in the
sahel. American Journal of Agricultural Economics, 81(2):467–478, May 1999.

In this article we use dynamic programming methods to create an option value measure of the value
of the institutional innovation of marketable property rights. This measure has two properties that
are important to understanding institutional change: it is truly dynamic and it allows for agent
heterogeneity. In the case of West Africa, we find that the collapse of customary risk management
institutions is a vital part of the demand for marketability rights as agents struggle to smooth
income and consumption in its wake. We find that the social efficiency implications of this demand
for institutional innovation are ambiguous.

[278] F J Zimmerman and M R Carter. Asset smoothing, consumption smoothing and the reproduction of inequality under
risk and subsistence constraints. Journal of Development Economics, 71(2):233–260, August 2003.

A growing literature asks whether low-wealth agents can accumulate assets over time or whether
they are trapped in poverty. This paper develops a stochastic dynamic programming model with
endogenous asset price risk to explore savings and portfolio decisions in a resource-poor environ-
ment characterized by risk and subsistence constraints. Optimal portfolio strategies are found to
bifurcate, despite divisible assets and fully rational agents. Wealthier agents acquire a higher-
yielding portfolio and pursue conventional consumption smoothing. Poorer agents acquire a less
remunerative portfolio and pursue asset smoothing, rather than consumption smoothing. Asset-
based risk coping thus results in positive correlation between initial wealth and portfolio rate of
return.

[279] R Zougmoré. Integrated water and nutrient management for sorghum production in semi-arid Burkina Faso. PhD
thesis, Wageningen University, 2003.

Loss of water and nutrients through runoff are major agriculture problems for inherent poor fertile
soils in semiarid West Africa. The intensification of crop production requires an integration of soil,
water and nutrient management that is locally acceptable and beneficial for smallholder farmers.
To that end, two semi-permeable soil and water conservation measures (stone rows, grass strips)
and two nitrogen inputs (compost, urea) applied alone or in combination were studied on the
Central Plateau of Burkina Faso. Stone rows greatly reduce runoff, soil erosion and improve soil
moisture. Under unfertilised continuous sorghum cropping, stone rows induced limited effect on soil
fertility improvement. During erratic rainfall years in the Sahelian zone, stone rows alone doubled
sorghum yield compared to plots without stone rows and therefore, can reduce risks of crop failure.
During well-distributed rainfall years, stone rows alone did not induce significant yield increase.
Grass strips of Andropogon gayanus was also an efficient anti-erosion measure and could be an
interesting alternative to stone rows, especially in stone-limiting areas. However, Andropogon grass
must be managed properly to alleviate shading and other effects of competition on crops near to
the strips. The sole applications of compost or urea improved nutrient uptake and crop biomass
production that subsequently demands more available water for transpiration. Combining stone
rows or grass strips with compost in intensified crop production systems resulted into substantial
crop yields and economic benefits. This integrated water and nutrient management may help to
alleviate poverty and may empower smallholder farmers to invest in soil management for better
crop production in West Africa.
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