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Abstract
The relevance of Operational Research (OR) in developing countries has increasingly engaged the attention of operational researchers in both the industrialised and less developed countries over the last 50 years. With this, there has been a considerable amount of interest in the potential for using OR in developing countries. One sign of this is the emergence of a number of initiatives to promote OR in developing countries and the number of new societies for OR that have emerged from the developing world.  This paper is an attempt at providing an overall picture of the state of OR in the developing countries. In particular, it will look at the coverage in terms of countries and methods. It will also highlight the contribution OR is making towards the theme of poverty, the reduction of which is regarded as the key focus of development policy interventions as reflected in the Millennium Development Goals (MDGs).  
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1. Introduction

The relevance of OR in developing countries has increasingly engaged the attention of operational researchers in both the industrialised and less developed countries. It has been an important strand of work for a number of professional societies and has been a constant presence as a theme for major conferences.  For example, the International Federation of Operational Research Societies (IFORS) continues to be a strong advocate for OR in development countries (Rand 2004). Since the IFORS Conference held in Japan in 1975, it has been extremely active in promoting OR in developing countries by supporting a range of initiatives, including streams at conferences and the IFORS Prize for OR in Development, awarded at every triennial conference to recognise excellent work in the application of OR to issues of development (Dutta, 2001, 2004). 
One significant initiative worth mentioning was the meeting in December 1992 of the first International Conference on OR for Development (ICORD) held in Ahmedabad, India. The participants emerged with their recommendations on how OR could best be advanced in developing countries. This became known as the Ahmedabad Declaration calling for a range of actions from IFORS (and other OR societies) to support and strengthen OR in developing countries. The declaration contained the conviction that OR can make significant contribution to the process of development in general and to developing countries in particular.  Thus, asserting that OR has a broader role than just knowledge brokering or technology transfer was firmly on the map (Rosenhead and Tripathy, 1996).  
Other OR societies besides IFORS have also developed similar themes (for example the EURO and IFORS Africa initiative (Rand and Tsoukias, 2002). What is common between these themes is the desire to promote OR in developing countries, while being concerned with addressing the process of development more generally. The main aim of the OR and developing countries initiatives appears to be to promote the increase in the use of OR as a practical tool for problems in developing countries. Some of these initiatives include regional workshops as well as academic exchanges. There has also been a flow of students from the developing countries to Europe and the US for training in OR, which has been viewed as crucial to the prospects for developing countries OR.. Thus, the endeavours appear to have both a business and a moral case.. First, there is a desire to expand the discipline in countries where professional groups or societies have not yet, or have recently been formed. This is often combined with a desire to promote better or more relevant practice through training and through developing the subject. Second, there is the desire to evaluate the possibilities and limitations of OR for developing countries, to better understand the role of OR in developing countries, and in some circumstances to think about the role of OR in light of the process for development or globalisation.  The latter is borne out of a continuing trend in OR to recognise the profession’s social responsibility (Rosenhead, 1993). Therefore, to undertake a review of OR in developing countries presents a daunting and complex task. As well as providing an overview of what is happening and what has been the effect of the many initiatives, there are bigger questions hanging in the background that somehow cannot be ignored, particularly whether developing countries OR should focus on the relationship between development and the alleviation and/or the creation of poverty.  The risk is that if these questions are not at least acknowledged a review may provide little assistance in understanding the nature of OR in developing countries or even development, or worse that no suggestions can be made for the future of OR in developing countries (see Bornstein & Rosenhead, 1990). The intention, then, for this review will be not only to provide an overview of what OR is being utilised in developing countries but also to address the issue of the relevance of OR for development. 
It should be noted that there are very few reviews of OR in developing countries undertaken over the years. Indeed, there are only a handful of special issues of academic journals providing an overview of the application of OR in developing countries in the literature (e.g. Kemball-Cook and Wright, 1981; Bornstein, et al, 1990; Datta and Bandyopadhyay, 1994). However, of the reviews undertaken, their objectives were to examine the extent to which OR applications in these areas are relevant to the development problems of the developing countries and whether the existing techniques and methodologies are relevant to tackle such problems. Which begs the question - would a review be useful?  It seems to us that a review would be useful in order to help us think about and tackle the question of OR’s relevance in a complex world. 
However, how should a review of OR in developing countries be organised? Should it be organised by developing countries, methods used or otherwise? To organise a review is not straightforward. For example, some authors have pointed out that the concept of OR in developing countries is different from that found in the developed world (Aggarwal, 1994). Others have found that the term ‘‘OR’’ used to describe an approach varies quite markedly from one developing country to the next (Smith 2008). Given this, and the extent of the literature, what counts as OR can be interpreted in many different ways, and so it is impossible for a review to be in any sense comprehensive. For a review to draw any inference there would need to be a clear and consistent definition of OR and some means of evaluating good practice across all applications. There would also need to be a clear definition on what is a developing country or what is meant by development. This will be explored below. 
Thus, this paper aims to provide an overview of the practice of OR (broadly defined) in the developing countries over the last decade. It cannot be a systematic review, nor is it entirely a critical review along the lines of Bornstein and Rosenhead (1990). Instead it is a snapshot of practice which will hopefully highlight the variety and range of OR practice and help to appraise the relevance of OR for development. A comprehensive search was made of a variety of databases, including the ISI Web of Knowledge, Business Source and the International Abstracts in Operations Research (IAOR) databases. In doing this we are aware that there are a range of places where material on OR in developing countries may appear in print. It has not been possible to access these for this review. The focus of this review is mainly on practical applications of OR rather than theoretical or philosophical debates. However, we have heeded the warning that an appreciation of the contextual aspects of developing countries, their history, politics, and so on cannot be ignored (Datta, 1993; Bornstein and Rosenhead, 1990). Thus, we have structured the paper into three main sections – we begin with the context of OR in developing countries; this is followed by the practice of OR in developing countries; finally, the relationship between development and the alleviation of poverty will be explored through looking at the application of OR to the millennium development goals (MDG). There is inevitably a degree of duplication in doing it this way but we believe that readers may be coming at it either through an interest in a particular country, method or through an application area. 

2. Background to the review of OR in developing countries

Without doubt we can say that developing countries exists. According to the UN, the developing countries are mainly found in Africa, Asia and the Pacific (excluding Japan, Australia, New Zealand and the member States of Commonwealth of Independent States in Asia), Latin America and the Caribbean. This list excludes Europe, (and the European transition economies) Canada, the United States of America Japan, Australia and New Zealand (UNDP, 2005). but historically there has been a variety of terms used (Rapley, 1996). The term developing country was used immediately after the close of World War II in 1945. ‘Third World’ was the most commonly used term, thereafter, followed by the term ‘underdeveloped world’. Other terms that are sometimes used are ‘less developed countries (LDCs)’, least economically developed countries (LEDCs), ‘non-industrialized nations’. However, there is no singularly recognised definition of a developing country, and what might be recognised as the levels of development may vary widely within so-called less developed or third world countries, with some having high average standards of living.  Developing country is a term still used to describe a nation with a low level of material well being. International organizations like the World Bank consider all low- and middle- income countries as ‘developing’, and in 2008, it defined countries with Gross National Income[footnoteRef:1] per capita below US$11,905 as developing (World Bank, 2009 (a)). Other institutions use less specific definitions. There are also countries defined as ‘newly industrialized countries’. These are countries with more advanced economies than other developing nations, but which have not yet fully demonstrated the signs of a developed country. The use of the term ‘developing country’ has also come under criticism. The term may imply inferiority of a ‘developing country’ compared to a ‘developed country’. It may also assume a desire to ‘develop’ along the traditional 'Western' model of economic development.  The term 'developing' also implies mobility and does not acknowledge that development may be in decline or static in some countries (Willis, 2005).  [1:  The World Bank has adopted the GNI as a replacement for the Gross Domestic Product in line with the 1993 System of National Accounts (SNA). GNI takes into account all production in the domestic economy (i.e., GDP) plus the net flows of factor income (such as rents, profits, and labour income) from abroad.
] 

The concept of a developing country is also found, under one term or another, in numerous theoretical systems having diverse orientations —the major theories of development being modernization, dependency, world-systems and globalization. These are the principal theoretical explanations to interpret development efforts carried out in the developing countries and form the basis of more critical reviews of development in developing countries (Rapley, 1996; Willis, 2005).   In relation to OR and development, Bornstein and Rosenhead (1990) provide a selective survey, where the central premise is to understand development as underdevelopment which is more or less a set of relationships between developed and less developed countries. The paper discusses the limited extent to which this framework has been incorporated into OR's. Two distinguishable main strands are highlighted.. The first (Modernisation Theory) stresses the need for developing countries to 'modernise', while the second (Dependency Theory) stresses the obstacles in the way of their doing so (Willis, 2005).  
Modernization Theory states that the development can be achieved through stages, which is a linear process that every country must go through. This approach is premised on the idea that western societies can provide a developmental model for 'traditional' societies (Rapley, 1996; Willis, 2005). It posits that growth and development arise from the set of values that predominate within any society. Hence, the factors that help or hinder development are seen as largely internal to a society. The main criticism of the theory however, is that the modernization perspective only shows one possible model of development.  Dependency Theory takes a very different perspective (Rapley, 1996; Willis, 2005). It is a view of development and underdevelopment that is relational and claims that for underdeveloped nations to develop, they must break their ties with developed nations and pursue their own path for internal growth (Rapley, 1996; Kingsbury et al., 2004). 
One of the main current criticisms of the Dependency Theory (and to some extent the Modernization Theory) is that it continues to base its assumptions and results on the nation-state. It has been also been argued that thinking about development has reached an 'impasse' whereby the conflicting paradigms present irreconcilable accounts of the global order (Schuurman, 1993). Today, there are new activities in the world-economy which can not be explained within the confines of the modernisation nor the dependency perspective.  This created the conditions for the emergence of the world-systems theory (McMichael, 2000; Nederveen, 2001). The idea claims that it is being increasingly recognised that there are worldwide conditions that operate as determinant forces especially for small and underdeveloped nations, and that the nation-state level of analysis is no longer the only useful category for studying development conditions, particularly in the developing countries (McMicheal, 2000).  The factors which have had the greatest impact on the internal development of smaller developing countries are the new systems of global communications, the new world trade mechanisms, the international financial system, and the ease of knowledge transfer and so on.  These factors have created their own dynamic at the international level, and, at the same time, these elements are interacting with the internal aspects of each country (Nederveen, 2001). 
In a similar fashion, the "received wisdom" of the last decades has revolved round the idea of free markets, declining government and a transition to a borderless world in which the role of the state becomes ever less important. Globalization is the overarching term given to this process with the evolving global economy based upon the comparative advantage of regions and countries and growing international trade in goods and services (Stiglitz, 2002). Trans-nationalism through the movements of capital, goods, services and labour has revitalised theories of growth. The theory of globalization emerges from a perception of the global mechanisms of greater integration between countries with particular emphasis on economic transactions.  In this sense, this perspective is similar to the world-systems approach (Kingsbury et al., 2004).  However, one of the most important characteristics of the globalization position is its focus and emphasis on cultural aspects and their communication worldwide.  In cultural communication, one of the most important factors is the increasing flexibility of technology to connect people around the world. Through this process nations are interacting much more frequently and easily, not only at the governmental level, but also within the population. Even though the main communications systems are operating among the more developed nations, these mechanisms are also spreading in their use to less developed nations.  This fact, it is claimed, will increase the possibility that marginal groups in poor nations can communicate and interact within a global context using the new technology (Stiglitz, 2002; Wolf, 2004). The interesting thing is that the globalization and world-systems theories take into account the most recent economic changes in world structure and relations that have occurred in the last couple of decades and the current economic downturn has not gone unnoticed (World Bank, 2009 (b)).    
The objective of this section was to explore some of the problems in defining what is a developing country and difficulties inherent in the concept of 'development'. It can be seen that the nature of development is illusionary. What is obvious is that to account for OR in developing countries an understanding of the backdrop to development is vital.  Some aspects of these theories have a clear relevance to understanding what kind operational research practice is being conducted in the developing countries and, to some extent, they should be able to help in our understanding of what kind of OR is relevant. One of the main arguments over the years is that OR is a technology that should be transferred to the developing countries. The next section will look at this.    

2.1  OR in developing countries as technology transfer 

	Technology transfer has been at the core of the strategy for development, which has been impressed upon most developing countries by international agencies. Yet the notion of technology transfer can be seen to be deeply implicated in the processes which maintain a level of dependency between developed and developing countries on the one hand and are intrinsically linked to globalisation on the other. Attempts to improve the economic performance and autonomy of developing countries through industrialisation have largely foundered on this obstacle. For example, many developing countries have attempted to adopt a policy of industrialisation based on import substitution to reduce their dependency on western technology and resources. The aim was both to reduce foreign exchange losses and to foster a ‘local’ productive capacity. However, this has not occurred to a significant extent. Another strategy is to adopt more appropriate technologies, which in principle are drawn out of an awareness of indigenous resources, traditions and skills. Again, this has not led to any significant shift in growth or development. The main issues are that technology transfer depends on a number of things, for example on visiting experts and most significantly on the education of professionals and practitioners. These have been the main mechanisms for bringing OR to the developing countries and as noticed by a number of commentators (see Bornstein and Rosenhead, 1990), these are not without their problems. They mostly concern issues of appropriateness and focus squarely on themes such as ‘the brain drain’ and so on. One such issue is the role of education of O.R. in developing countries.  There are many O.R. courses in universities in many of the developing countries.  However, those who teach these may not have relevant practical experience in applying O.R. to practical problems of the developing countries, and therefore the material may concentrate on the (more mathematics) techniques  rather than the entire O.R. process.  It is also worth pointing out that there is little incentive in many academic institutions in developing countries for involvement with the business, commercial and government communities. 
	Finally, rather than seen as essentially a failure of development, technology and knowledge transfer is now increasingly being considered to be an integral part of the development process itself and one that can lead to poverty alleviation rather than poverty creation. We will pick this up further (and other issues) later in this review. 

3. OR in Developing Countries

There have been only a few reviews of OR by developing countries. From these there seem to be some asymmetry. The imbalance between regions/countries is not surprising. The large countries in most regions have been relatively well served already by OR activities. But the smaller regions/countries have been overlooked. Table 1 gives the members of IFORS and those that are classified by the World Bank as ‘developing’ are highlighted. There are clearly countries that are not IFORS members that have OR that are not included, for example there is an obvious lack of African countries (Smith, 2008). It should also be noted that there are some recently new countries that are members. 

Table 1 here

3.1 What is being done in different regions/countries? 

From the literature, there appears to be only one attempt to create a systematic bibliography for countries in Africa (Smith, 2008). The study provides a useful template for future research on regional usage of OR.  For general experiences of use of OR in emerging nations, several studies are available. Stewart (1995) describes challenges to the use of OR in South Africa; Kemp and Yousef (1995) are concerned with OR in a (rich) developing country, the UAE, and Li et al. (2000) give experiences from the use of OR/MS in a fast emerging economy, China. 

3.1.1 Africa
The development of OR in this region has been  highlighted recently in a comprehensive review by Smith (2008), with emphasis on areas of application. It also discusses the challenges to OR in the context of development problems in  Africa, and includes exploring the potential for OR (both as a profession and practice) in the region. This review should be seen in light of EURO and IFORS initiatives for development, including supporting OR Practice for Africa initiative (ORPA). The main reviews are: (Smith, 2008; Stewart, 1995; Rand and Tsoukias, 2004) 

3.1.2 Asia
The most comprehensive review of OR in this region is provided by Chang and Hsieh (2008). The paper reviews articles published by Asian authors in Operations Research and Management Science (OR/MS) journals from 1968 to 2006. The research highlights trends and scope for OR in region through comparing work with the USA (Chang & Hsieh, 2008). The contribution of different countries/regions is as follows: Japan 3.7%, Taiwan 3.2%, India 2.3%, Hong Kong 2.2%, South Korea 2.1%, People's Republic of China (PRC) 1.9%, and Singapore 1.2%. There are other reviews that take a particular focus on China (Bartholdi, 1986; Lasdon, 1980; Li, Wang and Xu, 2000) and Taiwan (Chen and Wei, 2002)). 

3.1.3 India
Operational research has been firmly established in India since the early 1950s. The Operational Research Society of India (ORSI) was the first operational research society founded in a developing country. It was established in 1957 and predated many similar societies in developed countries. While there has not been a major review of OR in India, details of OR activities in India are provided by a number of articles in the publication: “OR in India: A Retrospective” (Raghuram, 1992), particularly, Datta (1992), Jaiswal (1992) and Gupta (1992). In relation to development, the proceedings from the International Conference on Operational Research (ICORD) held in Ahmedabad in 1992, published in 1996, included a number of contributions on Indian OR (Rosenhead and Tripathy, 1996) and Tripathy‘s paper submitted for the IFORS development Prize in 1993outlined practical application of OR in India (Tripathy, 1993). Operational research in India also flourished in industry and the corporate sector, and there is also a broad based academic community. In the review by Chang & Hsieh (2008) it was highlighted that the Indian Institute of Technology was one the five most productive institutions in relation to OR published articles in Asia.  

3.1.4 South America
There has not been an extensive review of OR in this region. Particular overviews of national planning and industrial development can be found in Sagasti (1974), Iachan (2009) and Ferrelli et al. (1997).

3.2  Summary
	In sum, there appears to be a dearth of reviews of OR and development by countries. This may not be a surprise given the breadth of what might count as OR and the worry that a review might provide some worrying over generalisations. However, given that each country is potentially unique in terms of its history, culture, social structure, economic development, there is a case that a review of OR may be invaluable in understanding the potential for using OR in individual developing countries. For example, even the UN definition of a developing country discussed earlier, we see that there is a great range of developing countries and as many commentators have pointed this out, there is a great variety within a region.  India is different from its neighbours and the countries of East Africa differ from those in West Africa. We should also point out that we have provided very little reference to O.R. in North Africa, the Middle East and Central Asia. Indeed a review of the current state of management science/OR in the Arab countries may provide a useful point of reference for those interested in OR in developing countries (see for example Yousef, 2009)



4. “Developed countries” OR applied in developing countries 

OR methods originally designed for developed countries are being increasingly applied in the developing countries. In this section we discuss “developed countries” methodologies that are well suited to developing countries and also application areas. 

4.1 Methodologies used in OR for developing countries 
In this section we are seeking to give a flavour of the methodologies commonly employed in OR for developing countries. We cannot be comprehensive here, but have selected methods (see Table 2) that are well suited to the conditions of developing or emerging nations. 
Table 2 here

Optimisation methods are well represented in the literature of OR for developing countries. For example, optimisation of mobile health facility routes is carried out by Doerner et al. (2007) as a case study in Senegal. Routeing and scheduling optimisation is used by De Angelis et al. (2007) regarding food aid planes in Angola. Ahmed and Alkhamis (2009) integrate simulation with optimisation for hospital management in Kuwait.
 The optimisation techniques of locational analysis are frequently used in the service of developing countries. The optimal locations for new facilities are often under consideration in both urban and rural areas where public and private services are lacking. Rahman and Smith (2000) provide a review of locational analysis for healthcare planning in developing countries. Galvão et al. (2002) apply locational techniques to optimising maternal and perinatal healthcare services in Rio, Brazil. Also focusing on Brazil, Pizzolato et al. (2004) consider the location of public schools in urban areas. Yasenovskiy and Hodgson (2007) apply locational analysis to healthcare provision in the rural area of Suhum, Ghana, as do Smith et al. (2009) for rural regions of India.
DEA, which compares efficiencies of units producing either services or goods, is applicable in situations where new industries or institutions are being developed. Saranga provides examples of applications of DEA in India, both in pharmaceutical production (Saranga, 2007) and in car component manufacturing (Saranga, 2009). Again in India, Sathye (2003) applies DEA to efficiencies of banks. In a broad application, Lu and Lo (2007a) extend DEA techniques in considering regional economic performance, taking environmental factors into consideration.
In situations where a multitude of competing interests prevent an easy optimisation of resource use, the technique of System Dynamics (SD) is able to shed light on areas of complexity.  In a Taiwanese case study (Jan and Hsiao, 2004), SD is used to model the efficiency of growth of car production industries in developing countries. Another example of such usage is given by Chen and Jan (2005), who apply SD to the development of the semiconductor industry in Taiwan over a 25-year period. Conclusions are drawn for predicting the possible growth of semiconductor industries in other developing countries of Asia. 
It has been argued that “Soft” OR methods, which were developed mainly in the UK, are well suited to the problems of developing countries (Bornstein and Rosenhead, 1990, White, 1994, White and Taket, 1997). Lewis et al. (2003) use soft OR with rapid appraisal techniques in the Hillbrow community of South Africa. Also in South Africa, a soft OR method is employed in education planning by Phahlamohlaka and Friend (2004). It must be said, however, that application of ‘soft OR’ in developing countries has been limited. 
In summary, the methodologies developed from the developed world and used in developing countries range from optimisation techniques and Data Envelopment Analysis (DEA) to System Dynamics (SD) and ‘Soft’ OR methods. However, we note a lack of combinations of ‘hard’ and ‘soft’ methods, which may provide powerful applications of efficient planning alongside consideration of local aspirations. 

4.2 Application areas

In low income economies, large shares of GDP and even larger shares of employment derive from agriculture. Therefore it is no surprise that agriculture is the predominant area of application of OR in most developing countries. There are well-developed models for land-use and crop development, which are priorities for many developing countries. Other matters that are of wide interest to developing countries include manufacturing efficiency, infrastructure and healthcare facility management. It is notable that many such studies are applied in countries known as emerging nations or newly industrialised economies (International Monetary Fund, 2009). We discuss applications from Brazil, Chile, China, Croatia, India, Indonesia, Israel, Jordan, Kuwait, Mexico, Poland, South Africa, Tunisia and Turkey.

4.2.1 Agriculture and the environment
A wide variety of OR applications can be found pertaining to agriculture and the environment. In the field of agricultural decision making, Alphonce (1997) proposes application of the Analytical Hierarchy Process (AHP). An integrated method of predicting grain harvests is presented by Chen, Pan et al. (2001) More recently, Ahumada and Villalobos (2009) review the application of planning models in agricultural supply chains. 
Optimal use of scarce natural resources is a continual concern for developing countries. Optimisation of crops in dry regions is considered by Haouari and Azaiez (2001) with application in an area of Tunisia. Optimal collection of tendupatta leaf, by destitute families in the forests of India, is modelled by Singh and Shah (2004).
Both ‘soft’ and ‘hard’ OR techniques have been employed in approaching environmental problems. Petraš (1997) uses multicriteria decision analysis to rank sites for nuclear waste disposal in Croatia. A utility-maximising model is used by Kumbaroglu (1997) to develop air quality control strategies for Turkey. Maturana and Contesse (1998) present a mixed integer programming model for the use and disposal of sulphuric acid in Chile in the context of strict environmental laws. Prioritisation of environmental projects in Jordan is carried out by Al-Rashdan et al. (1999), using the structured group decision process Nominal Group Technique along with multiple criteria decision aid software.
Several studies are designed to assess the environmental impact of development. Gielen and Yagita (2002) assess the global impact of greenhouse gas reductions in the uncertain position of developing countries. Tiwari (2004) evaluates housing construction techniques for low environmental impact, cost and employment. The environmental problems caused by development in China are studied by Lu and Lo (2007a, 2007b), applying DEA to different regions. 
Green supply chain problems are recently receiving attention in developing countries. Srivastatava (2008) optimises green supply chain logistics in India. Li et al. (2008) optimise rescheduling of waste management vehicles in Brazil. Reverse logistics for recycled vehicles in Mexico are optimised by Cruz-Rivera and Ertel (2009) as an uncapacitated facility location problem.

4.2.2  Management
In the context of development, industrial management provides frequent applications of OR, often enabling small industries to gain much-needed efficiency. Instances of efficiency savings are given for vacuum-pan sugar factories in India, (Ferrantino and Ferrier, 1995), for small arc furnaces in the steel industry (Al-Marsumi, 2005) and for the distribution system of a beer producer in Turkey (Pamuk et al., 2004). The effects of congestion on efficiency in Mexican industry are studied by Bannister and Stolp (1995). Pizzolato and Guerrero (1999) advocate appropriate OR methods for a developing country when scheduling production in a Brazilian chemical firm.
ICT and related industries in developing countries also provide opportunities for use of OR modelling. Improvements in customer service for small- to medium-sized Internet Service Providers in Brazil are sought by Fontanella and Morabito (2002), making use of queueing models. The effect of computerisation on manufacturing efficiency in small, large and state-owned firms is investigated by Ng and Chang (2003). 
Improvements to supply chains, logistics and transportation networks are well suited to OR application. Examples include supply chain organisation for tractor distributors in India, (Raghuram, 2004) and reverse logistics for recycled vehicles in Mexico (Cruz-Rivera and Ertel, 2009). The throughput of the Suez Canal is improved by Griffiths (1995) using a combination of linear programming, queueing theory and simulation. Chen, Goh et al. (2001) use mixed integer programming in expanding a logistics network in China, encountering a challenging environment with poor roads and excessive bureaucracy. 

4.2.3 Infrastructure
Infrastructure development is a long-term determiner of the rate of overall development of any country. The provision of energy and water supplies, along with efficient road and other transport networks, is essential for emerging economies and economic growth. 
In face of worldwide difficulties of meeting energy needs and rising usage in developing countries, a greater emphasis on optimal use of energy resources might be expected in OR literature. For example, Chattopadhyay (2001) employs an LP-formulation combined with Monte Carlo simulation to optimise electricity production and supply in India. Optimal release of water from reservoirs is achieved by van Vuuren and Gründlingh (2001), using an LP-based decision support system. Peniwati and Brenner (2008) use an AHP process to improve decision making regarding the companies supplying water in Indonesia. 
A combined routeing and scheduling heuristic for a transportation network is provided by Groves et al. (2004). It is applied to the South African railway network at a time of rationalisation. Żak (1999) utilises multiple-criteria decision making (MCDM) to optimise an urban mass-transit transportation system in Poznań City, Poland. A vital part of infrastructure development is the provision of petrol stations. With current emphases on conversion to environmentally fuel in mind, Bapna et al. (2002) apply optimisation techniques to the location of unleaded petrol stations in developing countries, with a case study in India.

4.2.4 Health care and education
Operational performance of health facilities and in emerging nations has received much recent attention in OR literature. Hospital management is a particular application area, as healthcare resources are often concentrated at secondary levels. Simulation is used for optimisation of resources in a Kuwaiti emergency department by Ahmed and Alkhamis (2009). Günes and Yaman (2009) optimise the allocation of resources in a Turkish hospital network. De Moraes et al. (2010) suggest an MCDA decision tool for improving the efficiency of use of equipment in hospitals of developing countries.
Other aspects of healthcare management are also receiving attention in developing countries. Healthcare waste management systems are optimised by Brent et al. (2007) using an Analytical Hierarchy Process (AHP), with the objective of minimising further infections to patients and healthcare workers. Case studies are demonstrated from sub-Saharan Africa.
Education and meal provision for children is an important contribution to the well-being of an impoverished area, whether provided by state or private support means. Epstein et al. (2004) describe use of integer linear programming models to improve the supply of school meals in Chile. A state agency provides free meals at school to children from low income families through contract assigned by combinatorial auction. Considerable savings and improvements in quality are reported.
The location of schools in urban areas of developing countries is addressed by Pizzolato et al. (2004). A decision support system is described for location of public schools in urban area of Brazil, combining locational analysis with GIS to provide equitable solutions to the problems of under-provision in areas of deprivation. 

4.2.5 Governance, Employment and Migration
Particular emphasis is given to decision support tools for governance in developing countries. Akinyosoye (1995) finds that establishment of data banks as decision support tools is necessary for successful development planning. Decision tools for improving governance are developed by Zhang and Cui (1999) for evaluating government projects, and by Melgarejo et al. (2009) for improving the resettlement of destitute families in Brazilian Agrarian Reform. 
We report a lack of applications in the areas of employment and migration. An exception is Batabyal and Beladi (2002), who carry out dynamic analysis of protection and environmental policy in “a small trading developing country”, modelling the migration of workers from traditional to industrialised employment. 
Macro-level national and international studies have attracted the attention of OR researchers in developing countries. Zheng et al. (2000) study income levels as time series, to gain a picture of regional inequalities. Kao et al. (2008) propose a methodology for comparing the competitiveness of nations, highlighting ways in which developing countries can improve their position.

4.2.7  Investment and finance
The need for foreign investment to assist development is well recognised. Deng et al. (1997) propose a method for evaluation of the environment for foreign investment, in China and similar developing countries. With existing variable conditions for investment in the different provinces of China, this systematic method takes local resources into account in recommending optimal strategies for different regions desirous of attracting investment.
Data Envelopment Analysis (DEA) is a powerful tool for comparing efficiencies in countries whose economies are badly affected by inefficiency. Sathye (2003) uses DEA in a comparison of the productive efficiency of banks in a developing country, namely India. 

5. OR for development in developing countries: tackling the Millennium Development Goals

This section looks at applications in the developing countries that meet most people’s perception of the range of attributes which characterise development. These might include: widespread poverty, poor health and health care, high levels of unemployment, urban squalor and shanty-towns, reliance on a single crop or product for export, poor governance (particularly administrative and political institutions), poorly developed financial institutions, and political instability. The relationship between development and the alleviation of poverty will be explored through looking at the application of OR to the Millennium Development Goals (MDGs). Most of the poorest people in the world are still to be found in the developing countries particularly in the rural regions. Most of the contemporary approaches to poverty alleviation is in the context of the MDGs. The Millennium Declaration, which was adopted by the world leaders in 2000 (it was signed by 147 heads of state),  summarised the conditions that beset developing countries and was a pledge to "free all men, women, and children from the abject and dehumanizing conditions of extreme poverty." The declaration contained the MDGs, which are a set of targets to reduce global poverty and improve living standards in developing countries by 2015. They are arguably the most ambitious developmental undertaking ever embraced by the international community. It is widely recognised that most of the MDG targets are endogenously related. They are to:  
· Eradicate extreme poverty and hunger, 
· Achieve universal primary education, 
· Promote gender equality and empower women, 
· Reduce child mortality, 
· Improve maternal health, 
· Combat HIV/AIDS, malaria, and other diseases, 
· Ensure environmental sustainability 
· Develop a global partnership for development

The goals provide a useful summary of the critical issues facing a number of developing countries and Table 3 below is a summary of published OR work relating to the MDGs. 

Table 3 here

It is clear that in relation to the priorities to reduce poverty, applications of OR on the priority areas in developing countries is scarce. However, this may be as result of the types of methods associated with OR. Below, we summarise studies which may not directly address the MDG but are close enough. In particular we found that the most prominent area of application was in the field of healthcare and in particular in addressing HIV/AIDS. 

5.1 Empowerment of women

Women’s microfinance savings groups or self-help groups have in many developing countries been found to be effective ways of bringing small businesses to needy areas. Gutiérrez-Nieto et al. (2009) construct measures of efficiency of microfinance institutions in both economic and social terms, including impact on women and a poverty reach index. Smith et al. (2009) optimise numbers of village health workers that can be supported by self-help groups.

5.2 Healthcare needs: reduction of childhood and maternal mortality and community health
The reduction of childhood and maternal mortality is a priority in areas of deprivation and poverty. However, research pertaining to the reduction of deaths and diseases of women and children has received scant attention to-date in the Operational Research journals. The reason given often concerns that fact that data concerning mortality is often difficult to obtain in developing areas, as frequently deaths are not officially recorded, and reliance has to be made on hearsay and interview only.  
Community healthcare facilities particularly address the needs of those living in poverty in rural developing areas, where access to quality medical care is denied to many people because of travel difficulties and cost. Smith et al. (2009) consider the sustainability of community healthcare facilities in rural regions of India, demonstrating the usefulness of optimisation techniques in planning the location of such facilities. The effect of distance in accessing health facilities in a rural district of Ghana is discussed by Buor (2003), in relation to other factors such as travel time, cost and level of education. Ahsan and Bartlema (2004) analyse performance of primary healthcare facilities in Bangladesh. The effect of healthcare users in developing countries by-passing close lower level facilities to use more distant higher level facilities is modelled by Yasenovskiy and Hodgson (2007). A hierarchical location-allocation model is proposed, based on spatial choice.
Mobile health facilities are well suited to supplying medical care to rural villages at a distance from hospitals or community health centres. Optimisation of mobile health facility routes is considered in case studies in Ghana (Hodgson et al., 1998) and in Senegal (Doerner et al., 2007).
Other healthcare-related studies include: (Bachmann & Barron, 1997; Barr, 2007; Benavides & Jacoby, 1994; Datta, 1993; Dick et al., 2006; Ferrelli et al., 1997; Fiedler & Day, 1997; Goldie et al., 2006; Sudhir et al., 1996; Thunhurst, 2007; Tomson et al., 2005)

5.3 Combating HIV/AIDS, malaria, and other diseases

In recent years, the majority of OR work on infectious diseases in developing countries has concentrated on HIV. This is one of the major issues of the 21st century and so perhaps this comes as no surprise. Nonetheless, it seems a shame that OR has not been used to help with some of the other, possibly less fashionable diseases. 
There has been limited work in the area of optimal resource allocation and epidemic control (Brandeau et al., 2003) and we found little work on general resource allocation problems in health care for developing countries, where infectious diseases are particularly important in governing the healthiness of a population. Lasry et al. (2007) consider the general problem of resource allocation for HIV where they compare an equity-based allocation of resources with the optimal allocation. More recent work looks at a more practical application (Lasry et al., 2008), where a decision support tool named S4HARA is described. 
There has been a considerable amount of modelling of HIV since the early 1990s when it was first really recognised as being a serious problem. In fact, the number of modelling studies that repeat the same research suggests that it may even have been over-worked. One of the most successful models of the HIV epidemic is STDSIM. This was first described by van der Ploeg et al (1998), where it was applied to data from Kenya. The aim was always to develop a general model that could be used for decision support in developing countries. The model has since been reused to model the HIV epidemics in Botswana and India (Nagelkerke et al., 2002), the results of a large community-based trial of STI treatment (Korenromp et al., 2000) and to determine how best to focus condom distribution (van Vliet et al., 2001). In recognition of the importance of social networks and individual behaviour in the transmission of HIV, the majority of models employ some form of discrete event simulation (DES). Two other well-known and well-used models for HIV are described in Bernstein et al.(1998): the US Interagency Working Group AIDS Model or iwgAIDS; and SimulAIDS. 
Models in the core OR literature tend to be more focused towards operational decision support. The model by Harper and Shahani (2003) is a good example of this, with an emphasis on usability of the model and practical outcomes, such as the projected costs of the HIV epidemic. Costs are also taken into account by Flessa (2003) in his system dynamics model of control programmes for a general east African setting and by Rauner et al. (2005) who model mother-to-child transmission of HIV. Vieira et al. (2003) model  mother-to-child transmission, again with an emphasis on usability. 
It is hard to determine how much of an impact OR and related techniques have had on policy decisions related to HIV in developing countries, as policy makers tend to be influenced by a range of different information and rarely list what this is. For example, descriptions of large-scale HIV intervention programmes such as Avahan, the Indian AIDS initiative (Wilson and Halperin, 2008) suggest that OR has had little part to play where it could be most useful in countering the HIV epidemic and there is a need for more awareness among policy-makers in the developing world of what OR can do.

5.5 Natural disasters, humanitarian logistics

Natural and man-made disasters particularly afflict those living on the poverty line, bringing immediate needs of food supplies, clothing, shelter and medical aid. Development itself is delayed or destroyed until immediate needs can be satisfied. A recent survey (Altay & Green III, 2006) notes the lack of OR literature in the area of disaster planning: the lack of research specifically applied to developing countries is thus even more pronounced.
Routeing and scheduling of food aid planes in Angola is optimised by De Angelis et al. (2007). Yi and Özdamer (2007) provide a dynamic formulation of disaster relief modelling, with relocation of scarce medical resources, emergency vehicle flows and location of temporary medical centres. Earthquake relief in Istanbul is described as a case study. Other relevant studies include Datta (1993) and Peters et al. (2007).

6. Discussion and Conclusion

In this review of OR in developing countries, certain qualifications and reservations were pointed out. These reservations tended to focus on what is a developing country, whether OR in developing countries is different to OR in the developed countries, and whether a review of OR in developing countries is useful for the subject in general. It seems clear that OR can make important contributions to improved decision-making in developing countries, but there are a range of issues that have to be borne in mind. The first is it is very difficult to define a developing country and there will always be characteristics which confounds most attempts at a definition. Second, the definition of OR varies widely in the literature on OR in developing countries, which means it is almost impossible to evaluate the impact of OR in developing countries. Third, there are many theories of development and an appreciation of them helps in defining the boundary around what counts as OR in developing countries. In other words, it depends on a position on what counts as development. Clearly ambiguities will arise around our response to questions such as whether a "right to development" exists, and if so, what kind of development, and who defines it? We think these are worthy of examination in the context of a globalized world. Finally, we are aware that there are a range of outputs where material on OR in developing countries may appear in print and that many multi-nationals and non-governmental organisations (NGOs) do OR in developing countries and either do not write up the experience or if they do the work is not readily available for review. Thus, many possibly good examples of practice will go unnoticed. This last point stresses the need to support the development of national OR societies in developing countries. 

In this review we have attempted to locate OR within the contemporary debates to development as poverty alleviation in the context of the MDGs. Here, there are many issues relating to this now widely accepted notion of development, which there is a dearth of OR application. From our review, we found that OR is not used to address the MDGS in any significant way. However, this is not to say there are no applications to the issues: we found a great deal of publications addressing health, the most significant area being HIV/AIDS. There seems to be many great problems for which OR would be of immense use in the developing countries. 
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Table 1: IFORS members (√ indicates a developing country defines by the World Bank)

	Argentina √
	Italy           

	Australia
	Japan

	Austria
	Korea

	Bangladesh √
	Lithuania √

	Belarus √
	Malaysia  √      

	Belgium
	Mexico √

	Brazil √
	Netherlands

	Bulgaria
	New Zealand

	Canada  
	Norway 

	Chile √
	Philippines    √

	China √
	Poland

	Columbia √
	Portugal  

	Croatia √
	Serbia-Montenegra

	Czech Republic 
	Singapore    

	Denmark
	Slovinia

	Finland
	Slovakia 

	France
	South Africa √

	Germany
	Spain               

	Greece
	Sweden

	Hong Kong
	Switzerland 

	Hungary √
	Tunisia √

	Iceland                  
	Turkey √

	India √
	United Kingdom

	Ireland
	United States of America

	Israel
	Uruguay √




Table 2: Developed countries methodologies used in developing countires
	DEA
	(Saranga, 2007; 2009; Sathye, 2003; Lu and Lo, 2007a, 2007b)

	Systems Dynamics
	(Chen and Jan, 2005; Jan and Hsiao, 2004)

	Optimisation 
	(Doerner, 2007; De Angelis et al., 2007 Ahmed & Alkhamis, 2009) 

	Locational analysis
	(Rahman & Smith, 2000; Galvão et al., 2002; Pizzolato et al., 2004; Yasenovskiy & Hodgson, 2007; Smith et al., 2009)

	“Soft” OR methods
	(Lewis et al., 2003; Phahlamohlaka & Friend, 2004)




Table 3 : MDG and OR practice
	Eradicate extreme poverty and hunger, 

	(Bornstein and Rosenhead, 1990; Schweigman et al., 1990; Datta, 1993; Hyden, 2007)


	Achieve universal primary education

	(Durstine and Davis, 1969; Walsham, 1978; Laverack et al., 1997; Phahlamohlaka & Friend, 2004)


	Promote gender equality and empower women 

	(Bertrand, 1991; Datta, 1993; Sharma, 1996; Fiedler and Day, 1997; Smith et al., 2009)


	Reduce child mortality, 

	(Adetoro et al., 1991; Sircar et al., 1991)


	Improve maternal health, 

	(Adetoro et al. 1991; Berg, 1995; Fiedler and Day, 1997)


	Combat HIV/AIDS, malaria, and other diseases

	(Sharma, 1996; Porter et al., 2002; Harper and Shahani, 2003; Zulu et al., 2004; Abayomi et al., 2006; Barr, 2007; Lasry et al., 2007)


	Ensure environmental sustainability 

	(Papageorgiou, 1994; Sudhir et al., 1996; Daniel et al., 1997; Kunsch et al., 2007; Gavrilescu, 2008; Zavadskas, 2008; White and Lee, 2009)


	Develop a global partnership for development

	(Porter et al., 2002)





