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Abstract

While there is agreement on poverty reduction as an overriding policy goal, augmenting the earlier focus on food security, there is little agreement on the definition of the poverty metric. Most widely used are absolute poverty lines, particularly the international poverty line of a “dollar a day” for absolute poverty. The absolute poverty line approach to defining poverty is, however, overlooks other aspects of human deprivation. While internal rates of return and cost–benefit analyses have been widely used in impact assessment, they do not satisfy those interested in knowing how and why a project affects farmers’ lives. Impact assessment practitioners now face the challenge of documenting a much broader range of project impacts, especially in the area of poverty alleviation. Alternative definitions of poverty include the capability approach, one that we adopt in this study, which recognizes poverty as a multidimensional phenomenon, rather than just a lack of income or food, and complements the sustainable livelihoods framework. This framework is based on five classes of assets: natural, physical, human, financial and social capital. Sustainable livelihood development and poverty reduction does not depend on advances in access to just one of the classes of assets but rather on systematic approaches to achieve an appropriate balance between all five. The capabilities approach represents a major contribution to poverty analysis because it provides a coherent operational framework for analyzing and measuring poverty of rural households. The challenge is that different types of livelihoods data are often unavailable on a regular basis and may rely on one-off, often relatively limited, surveys. Furthermore, some of the assets are rarely measured in rural surveys, and for others the indicators are deficient. 
This paper reports on the methods and metrics used in an ex-ante impact study to guide priority setting and targeting of poverty-alleviation activities in the Indo-Gangetic Plains of South Asia, home to millions of rural households. The study developed a spatial mapping methodology that draws on secondary data for 18 quantitative, spatially-explicit variables at the district level. These serve as indicators of the five livelihood classes of assets and ranged from soil capability (natural capital indicators) to degree of farm mechanization (physical capital indicators) to female literacy (Human capital indicators), to access to credit society facilities (financial capital indicators) to membership of self-help groups (social capital indicators). The overall livelihood asset index showed a significant and strong negative correlation (R = -0.65, p = 0.00) with the national poverty line with poverty peaking in districts where the assets base is lowest and vice versa.  Our results show that a livelihoods asset approach provides a good proxy for monetary poverty measures in the case of the IGP in India. It has a number of other methodological advantages. It circumvents some of the measurement issues with absolute poverty indicators, including which poverty line to use, the choice of consumption over income, and the inherent data requirements. Instead, our measure relies on relative asset poverty and on secondary data. Furthermore, by using livelihood assets it is possible to disentangle the underlying causes of poverty. It thereby provides more immediate pointers to the policy implications than an absolute poverty approach. The paper argues that the methods and metrics used in the IGP have broader application i.e. for ex-post impact assessment. The approach could benefit from a refinement of the indicators used: other indicators might prove more appropriate in capturing qualitative and quantitative dimensions of the classes of livelihood assets. While the link between livelihood assets and livelihood outcomes (poverty reduction) is not straightforward, and a sole focus on assets ignores the drivers and modifiers that are addressed in the livelihood framework, the livelihood assets approach provides a foundation for future research on poverty, targeting and priority setting. It also has the potential to bring about synergies between agriculture-focused work and other disciplines such as health and education.
1 Introduction

Poverty mapping

Despite huge progress, rural poverty in India remains endemic and rapid and sustained agricultural growth remains a key priority of the Government of India. The incidence of poverty in India, however, has intra-regional patterns, raising the question of where research and development efforts should be focused in order to have the maximum impact on poverty reduction. Priority-setting and targeting initiatives in India often use of spatial poverty maps, particularly at the state level (e.g. Planning Commission, 2002) and occasionally at the district-level (e.g. Bansil, 2006). The maps are used to inform policy makers, researchers, and development practitioners of specific areas where there may be a concentration of poverty and where development efforts may best be directed. For poverty mapping to be a useful targeting tool there is a need to seek out the most disaggregated data available because large scale poverty maps are unable to capture the heterogeneity that exists. 
Cereal production

Following the Green Revolution, improved cereal germplasm made a major contribution to food security in India through increased food production and reduced food prices for the urban and rural poor (Evenson and Gollin, 2003). The majority of the additional food was produced in irrigated, high-potential areas like the NW Indo-Gangetic Plains (IGP), particularly in the states of Punjab and Haryana, often by farmers with reasonable access to resources and markets. Despite a slowdown in productivity growth the IGP continue to contribute significantly to agricultural production in India, especially of rice and wheat. However, the IGP cover a vast area, with significant diversity in terms of agricultural potential and environmental problems. Confronted with such diversity, Research and Development (R&D) organizations such as the Rice Wheat Consortium for the Indo-Gangetic Plains (RWC, http://www.rwc.cgiar.org) have to make decisions about where to work within the IGP and which groups to target.
The RWC was formed in 1994 to address concerns about the sustainability of the rice-wheat systems of the IGP. It encompasses the national agricultural research systems (NARSs) in Bangladesh, India, Nepal, and Pakistan, and international centers including the International Maize and Wheat Improvement Center (CIMMYT) and the International Rice Research Institute (IRRI). A review of the RWC concluded that the consortium “needed to be more explicit in its response to the revised assistance strategies of donors funding research to have greater impact on poverty alleviation, sustainability and the environment” (Seth et al., 2003: xi). The RWC, hence, needs to target its activities to those areas within the IGP where it can contribute most to alleviating poverty. Given the agro-ecological and socio-economic diversity within the IGP and the paucity of disaggregated data, this is a challenge. 
This paper seeks to address this challenge by developing and applying a spatial mapping methodology for the IGP so as to incorporate livelihood and poverty considerations into R&D priority-setting and targeting. In the next section we outline the different ways to assess poverty and explain why we eschew a narrow definition of poverty in favor of a broader definition based on livelihood assets. The subsequent sections introduce the study area and the methodology used. The results are presented in section 5 and discussed in section 6. The discussion outlines some of the challenges in making even more practical use of the spatial maps in terms of linking them to farmers’ livelihood systems. In section 7, we draw conclusions from the study.

2 Poverty and livelihood assets
Although there is worldwide agreement on poverty reduction as an overriding policy goal, there is little consensus on the definition of poverty. The international poverty line of a “dollar a day” for absolute poverty
 is widely used but may differ from national poverty lines. There are alternative ways to define and measure poverty and these include the capability, participatory and social exclusion approaches (Ruggeri Laderchi et al., 2003). The capability approach recognizes poverty as a multidimensional phenomenon rather than just a lack of income or food. Poverty is the sum total of a multiplicity of factors that include access to land and credit, nutrition and health etc. Poverty can, thus, be defined as the failure to achieve certain minimal or basic capabilities. The capability approach complements the sustainable livelihoods approach adopted by many research and development organizations and is the one that we chose to follow in this study.  

The sustainable livelihoods approach seeks to understand people's strengths, including their skills and possessions, and how they use these assets to improve the quality of their lives (de Haan and Zoomers, 2003). Central to the approach are people’s assets, the major building blocks for their livelihoods. The approach identifies five classes of assets: i) natural capital comprises natural resource stocks such as vegetation, land, water, and air; ii) physical capital comprises assets produced by economic production processes such as machinery, irrigation infrastructure; iii) human capital comprises the education level and health status of individuals and populations; iv) financial capital comprises the financial resources that can be accessed in order to purchase goods; and v) social capital comprises the social networks and associations in which people participate, and from which they can derive support that contributes to their livelihoods. Sustainable livelihood development and poverty reduction depend on approaches to achieve an appropriate balance between all five assets. 
Use of the sustainable livelihood approach in poverty-mapping poses a number of challenges. Different types of data are often unavailable on a regular basis and may rely on one-off surveys. Where census data have the required sample size, samples are designed and the data reported around administrative units rather than meaningful farming systems or livelihood systems (Dixon et al. 2002) and they generally do not have the required information for the generation of spatial livelihood poverty maps (Hentschel et al., 2000). Furthermore, some assets are not measured at all, and for others the indicators are deficient. Despite these shortcomings, the livelihoods or capabilities approach represents a major contribution to poverty analysis because it provides a coherent framework for defining poverty in the context of people’s lives and the freedoms they enjoy (Beck and Nesmith, 2001).
3 Study area

Rice-wheat systems now cover an estimated 14 million ha with most of the area located in India (Timsina and Connor, 2001). The study area is confined to the Indian IGP. In India the IGP primarily comprise five states spanning across northern India along the Himalayan range: Punjab, Haryana, Uttar Pradesh, Bihar, and West Bengal. The IGP in India is generally divided into four major sub-regions (Figure 1). 
· Trans-Gangetic Plains (TGP): Punjab and Haryana in the north-western plains.

· Upper Gangetic Plains (UGP): western and central Uttar Pradesh (UP).

· Mid-Gangetic Plains (MGP): eastern UP and Bihar.

· Lower Gangetic Plains (LGP): West Bengal.

The sub-regions group districts primarily on agro-ecological criteria (Kumar et al., 2002). However, they also largely follow political state boundaries. As such, sub-regions reflect a combination of agro-ecological, socio-economic and political factors and their interactions. The IGP can be divided broadly into eastern (MGP and LGP) and western (TGP and UGP) sub-regions. In the eastern sub-region, rainfed (monsoon/kharif) lowland rice is the traditional cereal staple and the mainstay of food security. By contrast, in the western sub-region, winter (rabi) wheat is the mainstay of food security. Ruminant livestock are also important to farmers’ livelihoods. In the eastern IGP cattle are the predominant livestock, whereas in the western IGP buffalo dominate. 
4 Methodology

Data sources

Data sources were the principal constraint in operationalizing the livelihoods conceptual framework into a spatially explicit knowledge base. We compiled a spatially explicit knowledge base of secondary data for the Indian IGP. Data-gathering focused on secondary datasets that met a number of criteria, including being available for the entire study area, being spatially explicit, being disaggregated to the district level, and being relevant to the five livelihood assets. The study used the following secondary sources: 1) 2001 Population Census and Village Directory (CensusIndia, 2005); 2) National Sample Survey Organization (NSSO - MoSPI, 2007); 3) 17th All India Livestock Census (DAHD, 2005); and 4) Debroy and Bhandari (2003). Reference is made to Erenstein et al. (2007a) for more details. The district level was used as the unit for analysis and for mapping. Most data used are either reported at or can be easily aggregated to district level. Exceptions are variables that cut across districts boundaries such as rainfall and soil capability. These variables were regrouped into district-level estimates using GIS tools and weighting by district-area share. The five IGP states comprise a total of 160 districts after excluding the urban agglomerations of Delhi, Calcutta, and Chandigarh. 

Variables used 

Based on the authors’ knowledge, available secondary data, and the need to ensure that there were several indicators for each category of assets, the study used 18 quantitative, spatially-explicit variables that serve as indicators of the five livelihood capitals:
· Natural capital indicators: annual rainfall, soil capability, farm size, and herd size. 
· Physical capital indicators: irrigation; farm mechanization; distance to nearest town; and paved access road. 
· Human capital indicators: female literacy, complete immunization, rural work participation, and rural population density. 
· Financial capital indicators: banking facilities, credit society facilities, small livestock, herd size, and farm size. 

· Social capital indicators: cooperative societies, self-help groups, and scheduled castes/tribes. 
Data-handling

The 18 retained variables vary in measurement and were each indexed to facilitate aggregation. The lowest 10% of district values across all districts of the IGP states were indexed as value 0.1, the next 10% (10.1-20%) as 0.2, and so on, with the highest 10% indexed as 1.0. Preference was given to such simple indexing over more sophisticated standardization measures (such as Z-scores) in order to maintain a similar spread, across a 0.1-1 range, for all indicators. With the exception of distance to town and scheduled tribes/castes, all variables were indexed positively, i.e. a higher value gives a higher index. The reverse was applied to distance to town and scheduled tribes/castes as these are perceived as negative.
The composite asset index for each livelihood asset (natural, physical, human, social, and financial) was calculated as the average of the relevant indexed indicators (Figure 2). Each composite index comprises four indexed variables, with the exception of social capital (three variables) and financial capital (five variables). The underlying index indicators were given equal weight so as to facilitate interpretation and reduce ambiguity. Each composite asset index varies from a minimum of 0.1 to a maximum of 1.0. The overall composite asset index was calculated as the average of the five composite livelihood asset indexes (Figure 2).The overall index thereby again gives equal weight to each asset category and varies from a minimum of 0.1 to a maximum of 1.0. The individual indicators and composite asset indexes at the district level were mapped for the five IGP states and analyzed statistically for significance of difference between the IGP sub-regions. The complete set of maps (and tables) is included in Erenstein et al. (2007a).
5 Results

The five individual capital indexes show significant variation between the sub-regions. The Lower Gangetic Plains (LGP) in the East has the highest average natural capital index and the Trans-Gangetic Plains (TGP) in the north-west the second highest. This results in a pattern of relatively high indexes for the two ends of the IGP and relatively lower values for the middle. The LGP’s favorable natural capital index is largely attributable to high rainfall and a relatively favorable soil capability. The TGP’s low rainfall and relatively low soil capability, is to a large extent compensated for by a markedly more favorable farm size and a favorable herd size. 
The TGP had the highest average physical capital index, UGP the second highest, followed by the MGP, and with the lowest value for the LGP. The spatial map highlights this striking gradient, with high indexes in the Northwest decreasing eastwards and downstream to the lowest values (Figure 3).The LGP and TGP had the highest average human capital indexes, and the MGP and UGP the lowest. This gives a pattern of relatively high indexes for the two ends of the IGP and lower values for the middle. 
The TGP and UGP have significantly higher average social capital indexes than the downstream MGP and LGP. The share of villages with cooperative societies shows a marked eastward decrease from a high in TGP to a low in MGP, increasing in LGP to similar levels to UGP. The favorable social capital index for TGP is largely attributable to a high share of villages with cooperative societies. The TGP also has the highest average financial capital index, the LGP the next highest, and the UGP and MGP the lowest. 

The overall livelihood asset index is a composite of the previous five separate asset indexes and varies from 0.33 to 0.86. The spatial map highlights relatively high asset indexes in the Northwest, with all TGP districts belonging to the top 40% (Figure 4). The UGP and LGP combine contiguous districts with medium level scores (40-80%) with patches of low scores (lowest 40%). The utmost Western districts in UGP tend to have favorable asset indexes, partly associated with the proximity to New Delhi. Similarly, in LGP proximity to Calcutta has a largely favorable influence on the asset index. The MGP primarily has districts in the bottom 40%. 
The livelihood approach predicts that an unfavorable asset base will result in an increased incidence of poverty. In this section we assess our assets index as a predictor for rural poverty in the IGP. The proportion of the population below the poverty line at the district level in the IGP varies from a low of 1.5% to 67%. The spatial map highlights relatively low levels of poverty in the TGP, with most districts in the lowest quintile and all districts within the lowest 2 quintiles (lowest 40%) (Figure 5). The other 3 sub-regions present more variation in poverty levels, with each having at least four districts in the poorest quintile.
The poverty incidence therefore shows an inverse relationship with the livelihood asset index as expected, poverty peaking in districts where the asset base is lowest and poverty lowest where the asset base is the highest. The asset index and poverty incidence are indeed negatively correlated (correlation coefficient = -0.66, p = 0.00). This is also illustrated in Figure 6, where poverty incidence is plotted against the asset index. The linear regression of population below the poverty line (BPL) on the asset index is highly significant and yields an adjusted R2 of 0.43. 
6 Discussion

Livelihood versus absolute poverty

Our results show that a livelihoods asset approach provides a good proxy for monetary poverty measures in the case of the IGP in India. The livelihood asset approach is thus both a proxy for absolute poverty and a broader poverty measure. It also has a number of other methodological advantages. It circumvents some of the measurement issues with absolute poverty indicators, including which poverty line to use. Our measure relies on relative asset poverty and on secondary data, although its application is confined to the national or sub-national level. The use of spatial poverty maps to guide research and development is not new, but it is far less common to base these maps on the five livelihood assets. Another advantage of this approach is that by using livelihood assets it is possible to start disentangling the underlying causes of poverty. It thereby provides more immediate pointers to the policy implications than an absolute poverty approach. The spatial poverty maps therefore give an indication of where development initiatives to build up different assets should focus. The mapping of particular variables and classes of livelihood assets can help to distinguish where they are most deficient, and so where investment in different types of asset can have the greatest impact.  The mapping thereby enhances both the ability to target investment in different types of asset, and the ability to target investment with more geographical accuracy. 
Limitations of current approach and possible refinements

The approach used in this study could benefit from a refinement of the indicators used, and other indicators might prove more appropriate in capturing qualitative and quantitative dimensions of the classes of livelihood assets. We assigned equal weight to each of the five livelihood assets. However, data limitations mean that each livelihood asset index is not equally robust. For instance, for natural capital numerous indicators are available, whereas for social capital few indicators are available. Adding additional indicators dilutes the contribution of each. Weighting could compensate for this but makes the approach more arbitrary. The current study uses the district level as the unit of analysis, primarily dictated by the availability of data. The decision to use aggregated as opposed to household-level data does clearly lead to some loss in precision due to the livelihood asset heterogeneity within districts, villages, and households. In addition, the spatial poverty maps are a snapshot of the levels of assets; they do not capture any trends. While the maps are a useful tool, their utility would be enhanced if put in a dynamic perspective and linked to underlying trends. Dependent on data availability, maps could be generated for different points over time to illustrate the spatial dynamics of individual assets, their relative contribution and linkages to poverty. 
Reassessing poverty-asset linkages

The study shows an inverse relationship between livelihood assets and absolute poverty. The link, however, between livelihood assets and livelihood outcomes (poverty reduction) is not straightforward, and a sole focus on assets ignores the drivers and modifiers that are addressed in the livelihood framework (Ellis, 2000). We need to understand better how livelihood assets contribute to the adoption and adaptation of technologies and knowledge, and so to impacts on poverty in the IGP, and how these linkages are influenced by the cooperation and interaction of farmers, private firms, public officials, and technical specialists i.e. impact pathway analysis that provides insight into the dominant links and critical roles of key actors leading to the adoption and better management of improved technologies and knowledge in farmers’ fields.  It would be an impossible task to document comprehensively and analyze all the direct and indirect impacts of building up farm households’ levels of natural, financial, physical, social, and human capital in the IGP. However, the present spatial mapping approach would benefit from complementary efforts to map the chain of events linking research outputs through their uptake by intermediate actors (generating “outcomes”) to their eventual adoption by end users (generating “impacts”). 
Research and development implications of the poverty-mapping approach

The spatial poverty maps provide a foundation for priority-setting and targeting within the IGP. The present approach thereby provides a tool to incorporate livelihood and poverty considerations, but does not set priorities as such. Priority-setting depends on an assessment of the value of alternative investments, which captures their relative potential benefits and effectiveness, given existing impact pathways. Similarly, the maps can guide but not answer the discussion as to whether the RWC should invest primarily in relatively marginal areas in the MGP as against the more favorable TGP. A livelihoods approach to poverty reduction entails taking on board variables linked to themes that often do not appear on disciplinary scientists’ radars. A challenge for the RWC is to accept that agricultural technologies promoted throughout the IGP may not always be the key to poverty alleviation. In some cases the most pressing needs may be to improve health and education. The spatial maps and the livelihood framework, therefore, have the potential to bring about synergies between agriculture-focused work and other disciplines. 
7 Conclusion

The assets-based spatial mapping approach developed for the IGP provides a very useful tool to incorporate livelihood and poverty considerations into R&D priority-setting and targeting. It provides a practical application of spatial poverty maps based on a broad definition of poverty, which provides a set of immediate pointers to research and policy priorities. It provides baseline livelihood data which provides a solid foundation for ex-ante and ex-post impact assessment. It also helps to identify bottleneck assets which constrain agricultural development, to prioritize research and policy interventions, and to enhance geographic and socio-economic targeting. The study also calls for making socio-economic research spatially explicit, thereby enhancing its contribution to a spatially explicit knowledge base to support research decision-making in general, and priority-setting and targeting in particular. The livelihoods approach, therefore, ensures an applied, holistic, and cross-disciplinary approach to priority-setting and targeting. Having mapped the livelihood assets, we now need to better understand the asset-poverty linkages and the trade-offs between alternative investments so as to enhance R&D priority-setting in the IGP.
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Figure 1
The sub-regions of the Indo-Gangetic Plains in India 
Note: TGP = Trans-Gangetic Plains; UGP = Upper Gangetic Plains; MGP = Middle Gangetic Plains; LGP = Lower Gangetic Plains. Source: Erenstein et al., 2007a.
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Figure 2
Schematic representation of data types and linkages 

Source: Erenstein et al., 2007a.
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Figure 3
Spatial map of physical capital at the district level 
Note: Color categories on map refer to quintiles of district index scores. TGP = Trans-Gangetic Plains; UGP = Upper Gangetic Plains; MGP = Middle Gangetic Plains; LGP = Lower Gangetic Plains. Source: Erenstein et al., 2007a.
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Figure 4
Spatial map of livelihood asset index at the district level
Note: Color categories on map refer to quintiles of district index scores. TGP = Trans-Gangetic Plains; UGP = Upper Gangetic Plains; MGP = Middle Gangetic Plains; LGP = Lower Gangetic Plains. Source: Erenstein et al., 2007a.
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Figure 5
Spatial map of population below the poverty line (BPL) at the district level in the Indian IGP
Note: Color categories on map refer to quintiles of district scores. BPL data from Debroy and Bhandari, 2003. TGP = Trans-Gangetic Plains; UGP = Upper Gangetic Plains; MGP = Middle Gangetic Plains; LGP = Lower Gangetic Plains. Source: Erenstein et al., 2007a.
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Figure 6
Population below the poverty line against livelihood asset index for each district in the Indian IGP
(Source: Erenstein et al., 2007a)
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