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ABSTRACT 
 
 

The paper discusses the application of the Water Poverty Index (WPI) as a 

monitoring tool for Benin’s water sector. Benin is currently in a process of political 

decentralization shifting responsibility for and administration of rural water supplies from 

the national to the communal level. Appropriate indicators are needed for monitoring and 

analyzing the progress of the water sector for each community.  The Water Poverty Index 

allows monitoring of a combination of aspects affecting rural water management, 

including water sources, access to and use of water, human capacity to manage water, 

and environmental impacts. The application of this index is tested for Benin at the 

regional level. A series of variables have been chosen for inclusion into the index 

following data collection and analysis in Benin under the IMPETUS project. Results 

show a clear distinction between communes in the north and the south of the country and 

WPI rankings are similar to those for poverty levels. The paper concludes with a 

discussion of the strengths and weaknesses of the WPI and suggests improvements for its 

application at the communal level.  

 

Keywords:  Water Poverty Index, Benin, Water, Indicators, Water Stress, Water Supply, 

decentralization 
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DEVELOPMENT AND EVALUATION OF A  
REGIONAL WATER POVERTY INDEX FOR BENIN 

 
Claudia Heidecke1 

 
 

1.  INTRODUCTION 

During the last few years water has become an increasingly important issue in 

Benin. In order to achieve its Millennium Development Goals by 2015, Benin is focusing 

on reducing the number of people without access to potable water.  At the same time, the 

country is undergoing a decentralization process, which shifts responsibilities and 

administration of water and other resources from the national to the communal level. In 

line with this new policy focus, rural water supply has been reorganized at the communal 

level. 

In order to monitor the achievement of the potable water target at the local level, 

appropriate indicators are needed that allow measurement of progress of the water sector 

for each community.  Such indicators should not only provide information on the 

progress of the target—increasing the number of people with access to drinking water—

but also indicate if the progress actually contributes to the Millennium Development 

Goals of reduced hunger, improved food security, and better health.  The Water Poverty 

Index (WPI) (Sullivan 2000, 2002) was identified as a possible indicator for monitoring 

progress at the local level, as it puts access to water in a wider water-related context.  

The following sections give an overview on Benin, introduce common indicators 

used to monitor water development, and then describe the methodology and application 

of the WPI to Benin. The paper concludes with a section on the strengths and weaknesses 
                                                           
1 University of Bonn, Germany, and visiting researcher, Environment and Production Technology Division, 
IFPRI 
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of the index related to data availability, weighting, correlations, and relationships to other 

indicators.  

 

2.  BACKGROUND ON BENIN 

NATURAL CONDITIONS 

Benin is located in West Africa, between 6°30' and 12°30’ degrees north and 1° 

and 30°40' degrees east. The country has a surface area of 112,620 km2, of which 2,000 

km2 are covered by water. Benin shares borders with Togo and Burkina Faso to the west 

and Niger and Nigeria to the east. Benin’s climate can be divided into three different 

zones: The southern zone with equatorial climate conditions, the northern zone with 

tropic continental conditions, and the transition zone in the centre of the country, which 

faces mixed climate conditions. Rainfall averages 1,039 mm per year, but levels vary 

considerably among regions and during the course of the year with 70-110 rainy days per 

year, ranging from 805-1,414 mm.  Annual temperature varies between 24.5-33.5ºC.  The 

average potential evapotranspiration rate ranges from 3.7 mm to 4.8 mm per day (FAO 

2005).  

Several rivers run through the country, of which the most important ones are the 

Pendjari River in the North (380 km), the Couffo (170 km), and the Oueme (150 km). 

The Niger forms the northern border of the country. Moreover, several smaller rivers and 

lagoons are located mainly in the south of the country (FAO-CENATEL 1998). Internal 

renewable water resources are estimated at 10 km3 per year, of which groundwater 

resources account for 1.8 km3 per year. On a per capita basis, internal renewable water 

resources stands at 3741 m3, relatively high compared to Benin’s neighboring countries 

(see Table 1) (FAO 2005). 
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Table 1--Water resources  
 IRWR Natural Renewable Water Resources 

  

  

Groundwater 
Recharge 

(km3) 

Surface 
Water 
(km3) 

Overlap 
(km3) 

Total 
(km3) 

Total 
(km3) 

Per capita 
(m3 per person) Year of data

Benin 1.8 10 1.5 10 25 3,741 1994 
Burkina Faso 9.5 8 5 13 13 1,024 1992 
Niger 2.5 1 0 3.5 34 2,891 1988 
Nigeria 87 214 80 221 286 2,384 1987 
Togo 5.7 11 5 12 15 3,076 1987 
Note: IRWR = Internal Renewable Water Resources, defined as average annual flow of rivers and 
groundwater recharge generated from endogenous precipitation.  
Natural Renewable Water Resources is the sum of IRWR and natural flow originating outside of the 
country 
Overlap is the volume of water resources common to both surface and groundwater. 
Source: World Resource Institute (2004). 

 

POLITICAL AND ECONOMIC SITUATION OF THE COUNTRY 

Benin has undergone massive political and economic restructuring in its history 

especially since independence in 1960. A military regime during 1960 to 1972 was 

followed by a socialist Marxist government from 1971 to 1989. Since 1989 Benin is a 

democratic republic with multi-party rule (CIA 2005). 

In the early 1990s the government introduced the idea of decentralization. 

However, full decentralization did not gain momentum until 2002, when the first 

communal elections took place. Since then the country has been divided into 12 

administrative zones called ‘departments’ and 77 communes (see Figure 1). Nowadays, 

the communes have financial autonomy and are run by elected councils (UNDP 2003).  

Decentralization has greatly affected communal water policies and supplies. The 

communes are now in charge of providing facilities and managing local water supplies. 

Water committees have been created to manage these sources, and to charge users.  The 
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village head is normally in charge of organizing such a committee. Charges applied are 

used to develop new water sources and for maintaining existing ones (DANIDA 1998). 

Figure 1--Administrative map of Benin 
 

 

Source: UNDP (2003).  
 
 

With around seven million inhabitants Benin is a fairly small country by West 

African standards. However, with annual population growth of 2.8% per year, the 

population is expected to have doubled by 2045 (World Bank 2004). 

The growing population will put significant pressure on available water resources. 

Water is needed both for drinking purposes and agricultural production, and current and 
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planned industrial water use. Although current water levels satisfy the food and water 

needs of the country, this may not be the case in the future.  

Table 2 summarizes public expenditure, access to water, life expectancy, and 

mortality indicators for Benin, Sub-Saharan Africa, and low-income countries.  

Table 2--Public expenditure, access to water, life expectancy and mortality 
indicators for Benin 

 Benin 
Sub-
Saharan 
Africa 

Low-income 
countries 

Public expenditure (2001)    
Health (% of GDP) 2.1 2.5 1.1 
Education (% of GDP) 3.3 3.4 3.1 
Access to water source (%)2 (2000)    
Total 63 58 76 
Urban 74 83 90 
Rural 55 46 70 
Life expectancy (years) (2002)    
Total 53 46 59 
Male 51 45 58 
Female 55 47 60 
Mortality (2000)    
Infant (per 1,000 live births) 93 103 79 
Under 5 (per 1,000 live births) 151 174 121 
Adult (15-60) 2000-2002    
Male (per 1,000 population) 384 519 310 
Female (per 1,000 population) 328 461 259 

Source: World Bank (2004). 
 

The health situation of the country is greatly jeopardized by access to water. 

Diarrheal diseases increased from 105 cases per 1000 children (from 0 to 4 years) in 1995 

to 121 cases in 1999 (CNLP 2002).  Lack of access to clean water forces many, 

                                                           
2 Access to safe water. Measured by the number of people who have a reasonable means of getting and 
adequate amount of clean water, expressed as a percentage of the total population. It reflects the health of a 
country's people and the country's ability to collect, clean, and distribute water. In urban areas "reasonable" 
access means there is a public fountain or water spigot located within 200 meters of the household. In rural 
areas, it implies that members of the household do not have to spend excessive time each day fetching 
water. Water is safe or unsafe depending on the amount of bacteria in it. An adequate amount of water is 
enough to satisfy metabolic, hygienic, and domestic requirements, usually about 20 liters (about 4 gallons) 
per person per day. 
http://www.worldbank.org/depweb/english/modules/glossary.html#wataccess (accessed 6.10.2005) 
Deveopment Education’s Programme World Bank 
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particularly rural dwellers, to drink unsafe water, which aggravates existing health 

problems by causing and spreading disease. Only three quarters of the urban population 

and just over half of the rural population had access to safe water sources in 2002 (World 

Bank 2004).  

Table 3 presents selected indicators of Benin’s economy. The country relies 

heavily on imports, especially for food production. 

Table 3--Economic indicators for Benin, 2002 
Indicator  
GDP in PPP value $7.742 Billion(PPP) 
GDP per capita $1,100 (PPP) 
GDP Growth Rate 5.5% per year 
Investments 19.3% of GDP 
Inflation Rate (consumer 
price) 

1.5% (estimations for 2003) 

Exports $485 million f.o.b. (2003 est.) 
Imports $726 million f.o.b. (2003 est.) 
External Debt US$1.6 billion  (2000) 
Foreign Aid US$342.6 million (2000) 
Source: World Bank 2004 

 

 

The service sector is the largest sector in Benin contributing 50 percent of the 

country’s GDP, followed by agriculture, accounting for 36 percent of Benin’s GDP in 

2003.  In particular, cotton production significantly contributes to the national economy 

as a major cash crop. Overall, fertilizer use is very high, particularly in central Benin, 

where cotton production is concentrated. 

Food production has a great potential for growth and can be enhanced through 

increased irrigation. Currently, less than 12,000 ha are being irrigated which is less than 4 

percent of the irrigation potential of 320,000 ha. However, irrigation expansion would 

also put pressure on available supplies (FAO 2005). 
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INSTITUTIONS AND ORGANIZATIONS IN THE WATER SECTOR 

Water Supply 

The water sector is divided into urban and rural supply. Until 2002, urban water 

supplies were administered in conjunction with urban electricity supplies by SBEE 

(Société Béninoise d’Electricité et d’Eau); however much of the electricity sector has 

since been privatized. Urban water continues to be delivered by the public sector through 

the Société Nationale des Eaux du Bénin (SONEP). The highest amount of annual urban 

water is delivered to the department Atlantique as it includes the Cotonou city supply. 

Public deliveries are larges in the dry season when other sources, such as wells, do not 

carry enough water (SBEE 2001). 

The Ministry of Hydrology and its Office of Hydrology (DGH) has the primary 

responsibility for rural water supplies.  The process of decentralization has enhanced the 

scope of regional offices of the DGH for the administration of water supplies at the 

communal level.  

In addition, rural water supply is supported by the PADEAR program (Projets 

d’Assistance au Développement du secteur de l’alimentation en Eau potable et de 

l’Assainissement en milieu Rural), a cooperation between different international 

organizations and donors. Since 1992, the PADEAR program has focused on the 

development and funding of water-related projects in rural areas, including the 

construction and maintenance of wells and the supply of hand pumps (MEEH, DGH 

2004). 
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Rural dwellers derive their drinking water from a variety of sources: 

• Direct withdrawal from small ponds  

• Traditional wells that have a diameter of up to 1.5 m and are constructed locally 

(water in these well is often not safe for drinking) 

• Modern wells that are filled with concrete in order to prevent outside 

contamination  

• Boreholes are drilled wells reaching into deeper aquifers and, hence, provide 

cleaner, high-quality water (Weisshaupt 2002). 

Up to now data on the amount of water consumed from rural water sources is not 

available for each commune. Hence, only the public water consumption has been 

introduced in the calculation of the WPI.  

CHALLENGES FACING BENIN’S WATER SECTOR 

Benin’s water sector faces several difficulties in the areas of technical 

infrastructure, institution building, and water resource conservation.  The country has a 

long way to go to reach the Millennium Development Goal of halving the population 

without access to drinking water by 2015—it would need to install an additional 28,000 

water delivery points (MEEH, DGH 2004).  

In the wake of the decentralization process, efficient management and monitoring 

of local water supplies depend even more than before on the development of leadership 

and administrative capabilities at the local level. Moreover, water conservation is an issue 

rarely discussed in the country. Many water sources are threatened by contamination. 

High levels of groundwater extraction from wells near Cotonou, for example, increase the 

threat of saltwater intrusion. Furthermore, high amounts of fertilizers and pesticide use 
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for cotton production in the centre of the country contaminate groundwater resources 

(BMZ 2002). 

 

3.  INDICATORS FOR WATER AND DEVELOPMENT 

 
The following section provides a brief description of selected economic 

development and water indicators, including the Human Development Index (HDI), the 

Hydrological Water Stress Indicator (HWSI), and the Social Water Scarcity Index 

(SWSI).  

HUMAN DEVELOPMENT INDEX (HDI)  

The Human Development Index (HDI) has become one of the most common 

indicators to reflect the state of a country’s development. Prior to the HDI, per capita 

GDP used to be the most common measure of development. The HDI adds several 

dimensions to a country’s development status:  

1. A long and healthy life, as measured by life expectancy at birth 

2. Knowledge, as measured by the adult literacy rate (with a two-thirds weight) 

and the combined primary, secondary and tertiary gross enrolment ratio (with 

a one-third weight). 

3. A decent standard of living, as measured by per capita GDP (US$ PPP) 

(UNDP 2004). 

Each of the indicator components included has minimum and maximum values, 

which are standardized for the calculation (see Table 4).   
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Table 4--Goalposts for calculating the HDI 
Indicator component Maximum Value Minimum Value 

1) Life Expectancy at birth 
(years)  

85 25 

2a) Adult Literacy (%) 100 0 
2b) Combined gross enrolment 
ratio (%) 

100 0 

3) GDP per capita (US$ PPP) 40,000 100 
Source: UNDP (2004). 
 
 

The actual values of the dataset are standardized using the following equation:  

*
minmaxmin )/()( ii xxxxx =−− ,       (1) 

where the *
ix  for all three indicators are averaged to derive the HDI.  

 

HYDROLOGICAL WATER STRESS INDICATOR (HWSI) AND SOCIAL WATER 
SCARCITY INDEX (SWSI) 

Falkenmark, Lundqvist and Widstrand (1989) describe water stress as water 

available per capita and year, differentiating four categories: 

1. Availability > 1,700m³/capita/year => water shortage occurs only irregularly 

or locally, 

2. Availability < 1,700m³/capita/year => water stress appears regularly, 

3. Availability < 1,000m³/capita/year => water scarcity is a limitation to 

economic development and human health and well-being, 

4. Availability < 500m³/capita/year => water availability is a major constraint to 

life. (Falkenmark, Lundqvist and Widstrand 1989) 

Ohlsson (1999) further developed the Falkenmark or water stress index into the 

Social Water Scarcity Index (SWSI) to reflect hydrological water scarcity in relationship 

to the social conditions of a country by dividing the HWSI (Hydrological Water Stress 

Index) by the HDI:  
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2
HDI

HWSISWSI =           (2) 

The resulting values are then grouped reflecting different stages of water availability:  
 
5 relative sufficiency 
 
6- 10 stress 
 
11-20 scarcity 
 
> 20 “beyond the barrier 
 
(Ohlsson 1999). 

 

Table 5 summarizes these water-related indicators together with the WPI for 

Benin and neighboring countries. The Human Development Index situates Benin at a 

level comparable to its neighbors. The SWSI classifies Benin as a country with relative 

sufficiency regarding water resources, but ranking lowest among the countries presented. 

The WPI finally ranks Benin worse compared to its neighbors (Lawrence et al 2002). 

Table 5--Water indicators for Benin and neighboring countries 
Country HDI, 2004 HWSI, 1995 SWSI, 1995 WPI, 2000 
Benin 0.421 2 3 39.3 
Burkina Faso 0.302 4 8 41.5 
Togo 0.495 3 5 46.0 
Nigeria 0.466 4 5 43.9 
Niger 0.292 3 7 35.2 

Sources: Lawrence et al. (2002), Ohlsson (1999). 
 

4.  METHODOLOGY 

CONCEPTUAL FRAMEWORK OF THE WATER POVERTY INDEX 

The WPI as suggested by Sullivan (2000, 2001, 2002) comprises 5 different 

components (resources, access, use, capacity, and environment) to capture the complexity 

of the water situation of a country. Each of these components consists of a several 
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elements. The ‘resource’ component combines groundwater and surface water resources, 

and aims to capture the impact of both infrastructure and pollution. ‘Access to water’ 

includes domestic use, food production, and sanitation. The ‘use’ component focuses on 

the consumption of water in households as well as in different productive sectors, such as 

industry and agriculture. Lawrence et al. (2002) applied the WPI to national level data 

reflecting ‘wasteful’ domestic water use by establishing a cut-off point at 50 liters per 

capita per day.  ‘Capacity’ is a collection of indicators focusing on the human 

development of a country, such as GDP, education, health, or investment in the water 

sector, and where possible aims to capture water institutional capacity. The 

‘environment’ component is very complex, combining variables such as biodiversity, 

environmental degradation, soil erosion, and water quality. This is designed to represent 

the degree of maintenance of ecological integrity needed to ensure ecologically 

sustainable development. For the calculation of the WPI of any region or area, the choice 

of variables may have to be adjusted according to data availability.  

The various components of the WPI are standardized ranging from 0 to 1 

similarly to the HDI (Equation 1). However, no upper and lower boundaries have been 

determined for the WPI.  For the Benin calculations 5 percent was added (deducted) to 

the highest (from the lowest) observed values (Equation 3). This allows the regions with 

the highest values to achieve further improvement over time. However, the values are 

still only relative to each other using this approach and cannot really be used for different 

periods.  

1. *

minmax ))05.1/()05.1*((

))05.1/((
min

i
i

x
xx

xx
=

−

−
     (3) 
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The sub-components of the various WPI aspects are then added and multiplied by 

100; and their sum is divided by the weight applied to the component (Sullivan et al. 

2003):  

∑

∑

=

== N

i
ix

N

i
iix

i

w

Xw
WPI

1
,

1
,

 (4) 

where  Xi = component (Resource, Access, Use, Capacity or Environment)  

 w = weight 

While the concept of the WPI is similar to that of the HDI, the WPI incorporates a 

larger number of sub-indicators. On the one hand, the suite of indicators related to the 

five water-related components make the WPI more comprehensive for the assessment of 

the water sector. On the other hand, this comprehensiveness might limit its usefulness as 

it requires a range of consistent data if monitoring is the objective. Understanding the 

interrelationship between different aspects of water use has long been a scientific 

challenge. For example, if water access increases dramatically, what would be the 

implication for water usage or human health? Since these relationships are still fraught 

with uncertainty, the relationships among the WPI components is also not yet fully 

defined, but remains work in progress.  

DATA SOURCES USED 

For the Benin communal-level WPI, the variables of the various indicator 

components are listed in Table 6. For the calculation of the communal value, 16 

indicators have been used.   
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Table 6--Variables for indicator components of the regional WPI for Benin** 
Components / Variable Level / Disaggregation Year of Data Source 

Resource      
1)  Rainfall 50 km grid level 1961-1999 IMPETUS 
2)  Rainfall Variability 50 km grid level 1961-1995 IMPETUS 
3)  Groundwater Departments 1985 Engalenc and Pipe (1985)

Access    

4)  Access to drinking water Commune 2004 DHG 

5)  Access to sanitary facilities Department 2002 INSAE 
Use    

6)  Domestic water consumption Communes/Departments 2000 Niemeyer and 
Thombansen (2000) 

7)  Animal water consumption  Communes 2000 IMPETUS 
8)  Irrigation water use Old Departments 1992 CENATEL 

Human Capacity    
9)  Household expenditures Departments 2002 INSAE 
10) Child mortality Communes 2002 INSAE 
11) Illiteracy rate Communes 2002 BenINFO 
12) Investments in the water sector Departments 2002 SBEE 

Environment    
13) Forest/ protected areas Communes 2001 MISD 
14) Fertilizer use Departments 1998 IFPRI 
15) Use of pesticides Departments 1998 IFPRI 
16) Soil erosion Departments 1993 MEHU 

Note: Data sources are included in the references. 
 

 

Rainfall data enters the WPI as average annual rainfall during 1961-1999. 

Variability in rainfall was calculated as the variation coefficient of the data.  Information 

on groundwater is very sparse and mainly available at the national level. A classification 

of groundwater availability was derived from a hydro-geological map from 1985, which 

distinguished four types of potential access to groundwater.  These were then transferred 

to the communal level by overlaying the hydro-geological map with the administrational 

map (El Fahem 2004). Access to safe drinking water is an indicator calculated separately 

by the Direction of Hydrology of the Water Ministry (DGH) and the National Statistic 
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Institute. Results were similar for both data sources, probably because they were derived 

from similar base data, and DGH data was chosen for the WPI. For the ‘use’ aspect, 

water consumption data was included from a study carried out by the urban water 

supplier (SBEE). Urban water withdrawal was estimated by the SBEE for different levels 

of population density of a commune. (Niemeyer and Thombansen 2002) These data were 

transferred to the communal level. Livestock water use was calculated by multiplying the 

number of animals from each commune with an estimation of livestock water 

consumption (for example, 25 liters per day for cattle, 5 liters per day for sheep and 

goats, (Gruber 2004)). All three ‘use’ variables are assumed to have positive effects on 

the WPI, in the sense that an increase in water use is likely to have a positive impact on 

human wellbeing (Lawrence et al. 2002). In the examples included from Benin domestic 

use does not exceed 50 liters per capita per day. Therefore, increased consumption is 

considered an improvement (Lawrence et al. 2002). More livestock water use and 

irrigation are also considered positive as when a commune makes more use of its 

available water, it is likely to experience better conditions.  

The human capacity indicators are mainly taken from the 2002 census of the 

National Statistic Institute of Benin. In this study, it was difficult to capture the idea of 

ecological integrity, as data to adequately represent the environmental situation were not 

widely available in Benin, as environmental protection is not high on the country’s 

agenda. For this study, data on protected areas, on pesticides and fertilizer use, as well as 

on soil erosion were incorporated into the WPI. For the last three variables, the reciprocal 

of the standardized value has been used, as the higher the amount of soil erosion, the 

worse the environmental impact. In the case of Benin, data availability, especially at the 
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communal scale, is fairly poor. Time-series data, crucial for monitoring purposes, is even 

harder to assemble. For the calculation of the WPI, as presented in this paper, data sets 

have been highly aggregated or summarized from different administration levels. Some 

data, which were only available at the department level, had to be used to approximate 

the situation at the communal level. Furthermore, the time period for data varied and not 

all data was available for the target years of 2002-2004.  

 

5.  APPLICATION OF THE WPI TO BENIN  

RESULTS FOR THE WPI AT THE COMMUNAL LEVEL 

Results for the WPI at the communal level are presented in Figure 2. For better 

comparison the same range has been applied to all maps with WPI values ranging from 

22 to 30 classified as “severe water poverty”, and values ranging from 49 to 77 as 

“relatively good water situation.” The average WPI for all communes is similar to the 

national-level WPI value (Lawrence et al. 2002), even though different data sets, time 

periods, and spatial units have been used.  Annex Table 1 presents the values of the 

components of the WPI and the ranking for all communes of Benin in alphabetical order. 
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Figure 2--Results for the WPI at the commune level 

WPI
22-30

31-36

37-42

43-48

49-77

 

The results show a clear distinction of the water poverty situation between the 

north and the south of the country. The south includes the urban areas around the cities of 

Cotonou and Porto Novo. In these areas, public water supply is well established and the 

economic and social situation is relatively well developed compared to the northern rural 

areas. The only area in the North with a higher score is the commune that includes the 

country’s second biggest city, Parakou.  
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Figure 3--Results for the WPI at the commune level, the role of GDP per capita 

WPI 
WPI with GDP

22-30

31-36

37-42

43-48

49-77

WPI
22-30

31-36

37-42

43-48

49-77

 

GDP is a standard measure of economic development, and while it is widely used, 

it does not capture a number of important aspects of the economy, such as household 

labor, and the consumption of home-produced goods. Since these are both significant in 

low-income countries, the inclusion of GDP may have a distorting effect on WPI scores. 

Therefore, a base calculation for the community-level WPI without GDP was compared 

with a calculation including GDP per capita in the capacity component (Figure 3).  The 

results differ only slightly, reflecting the fact that the WPI includes 16 different sub-

components. Furthermore, per capita GDP data were only available at the departmental 

level and disaggregation to the communal level did not adequately represent differences 

among communes within the same department.  
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Figure 4--Results for the WPI at the commune level, different weightings 
 

WPI
22-30

31-36

37-42

43-48

49-77

WPI
Use with weights

26-30

31-36

37-42

43-48

49-69

 

Discussions with several stakeholders in Benin focused on the concept of 

increasing water use efficiency. To reflect this, base case results were compared with an 

alternative WPI giving more weight—here double—to the use component.  Figure 4 

shows that under the alternative weighting communes in the North have worse WPI 

values than before. This is likely due to the low levels of domestic water consumption 

and low amounts of irrigated areas in the north. On the other hand, irrigation is much 

more widespread in the South. The use variables: consumption, irrigation, and livestock 

water, have all been introduced as positive variables assuming that the higher usage, the 

better outcomes for human welfare (see Section 4 on data sources used).  

On the basis of the study done by the Centre of Ecology and Hydrology, UK, 

Table 7 shows results for the correlation among the different components of the national-
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level WPI values. Of interest is the high correlation coefficient of 0.82 for the factors 

‘access’ and ‘capacity’. This might suggest that the ‘capacity’ component should be left 

out of the WPI concept, as it may reflect water poverty in general. On the other hand, 

since capacity is an important element of water management, it is unwise to remove this 

component.  Results for calculations without the ‘capacity’ component are presented in 

Figure 5.  

 

Table 7--Correlation Among the Components of the National WPI Data, Benin 
 Resources Access Capacity Use Environ HDI WPI 
Access 0.05       
Capacity -0.06 0.82      
Use -0.01 -0.06 -0.11     
Environment 0.28 0.27 0.28 -0.28    
HDI 0.03 0.87 0.94 -0.12 0.31   
WPI 0.46 0.85 0.77 0.12 0.46 0.81  
Falkenmark 0.58 0.14 0.11 -0.04 0.06 0.11 0.35 

Source: Lawrence et al. (2002). 
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Figure 5--Results for the WPI at the commune level, with and without capacity 
component 
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The results for the WPI without the ‘capacity’ component leaves the urban areas 

of the country worse off than before; the same occurs for some rural areas in the northern 

part of the country. 

To display the components in a more visible way, a pentagram showing all five 

components can be used. Although only a few regions are shown, the strengths and 

weaknesses of these regions can be clearly distinguished. In Figure 6, Cotonou, the 

largest city in Benin, has the highest WPI value. However, the water situation can still be 

improved focusing on environmental aspects, particularly wastewater treatment, which is 

hardly developed in Benin. In contrast, Karimana is the commune with the lowest WPI 

value. Although all sub-components show low values, special attention should be given 
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to the access and use components. Parakou, the second largest city in Benin, does well in 

human capacity but is weak on environmental issues.  

 
Figure 6--Results for the WPI for selected communes 
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They demonstrate the variation found for the different components in different 

parts of the country. It must also be noted, however, that this research is a preliminary 

attempt to assess the application of this tool to existing data sources for Benin, and as 

such, could be make more accurate if appropriate refinements and more representative 

data were to be found.  

WPI WITH ALTERNATIVE WEIGHTINGS 

The WPI design allows placing emphasis on different components of the index to 

enable policymakers to examine potential impacts of different management options. For 

example, attributing more importance or weighting to the ‘access’ component could 

provide an indication of the possible impacts of increasing investments to improve access 

to water resources. More work needs to be done to refine this by clarifying more 
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explicitly the interactions between components, but even at this preliminary phase, it is 

possible to demonstrate how WPI calculations can be altered by applying weights to 

different components in order to emphasize their relative importance. Weightings can be 

chosen by policy makers to put an emphasis on national priorities in the water sector.  In 

the following four examples alternative weightings are presented to evaluate the 

transparency of the WPI and its weighting capabilities.   

Table 8 and Figure 7 present four alternative scenarios for government priorities 

reflected by different weightings.  The ‘resource’ category has not been altered as it 

appears less amenable to change through policy choices. Table 9 shows that an emphasis 

on the ‘use’ component (Scenario A) reduces the overall WPI value, as this value is 

generally low in Benin highlighting the fact that water is currently not used to the most 

efficient degree possible. On the other hand, the factors ‘capacity’ and ‘access’ have 

overall positive effects on the results showing how investment in those aspects are likely 

to have a direct effect on human well-being. It is evident, however, that if weightings are 

used, they must be transparently displayed, to avoid misinterpretation or manipulation of 

data and results.  

Table 8-- Results from Different Weightings for Selected WPI Components  
 Local 

Conditions Different weightings WPI 

Scenari
o 

National 
Priorities Resources Access Capacity Use Environ

ment 
Average Value 

for the WPI 

A 
Agriculture 

Industry 
Society 

1 2 2 3 1 34.05 

B Society 1 2 2 1 1 39.16 

C Environment 
Society 1 2 2 1 2 38.73 

D Industry 
Agriculture 1 2 2 2 1 36.28 
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Figure 7--Results for the WPI, Alternative Weightings 
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COMPARISON WITH THE HDI 

In recent years, the Human Development Index has become one of the most 

widely used indicators to measure the state of a country’s development. A comparison of 

the WPI with the HDI allows for some conclusions for the application of the WPI. Table 

9 presents the HDI values for the years 2001 and 2002 and the WPI calculated in this 

study, and their respective rankings for Benin’s 12 departments. Based on this table, 

Littoral (with the largest city Cotonou) ranks highest and Atacora ranks lowest for both 

indicators. 

Table 9--Ranking of Benin’s 12 departments based on the HDI and WPI 
Departments HDI 2001 HDI 2002 Ranking 

2002 
WPI Ranking 

WPI 
Atacora 0.39 0.39 12 34.00 12 
Donga 0.39 0.40 10 37.66 7 
Atlantique 0.46 0.49 4 49.27 2 
Littoral 0.59 0.60 1 66.47 1 
Borgou 0.44 0.45 6 40.01 6 
Alibori 0.43 0.46 5 37.16 8 
Mono 0.41 0.41 8 34.50 11 
Couffo 0.41 0.41 8 35.45 10 
Ouémé 0.47 0.48 3 49.03 3 
Plateau 0.49 0.50 2 45.47 4 
Zou 0.39 0.39 11 43.26 5 
Collines 0.42 0.43 7 37.13 9 
Source: UNDP (2003) and author’s calculations. 

As Figure 12 indicates, there is a fairly strong relationship between the HDI, reflecting general 
economic development, and WPI values, focusing more on water-related development.  Thus, the state 
of the water situation, at least for the case of Benin, also reflects the general economic development 
situation.  
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Figure 8--Relationship between the HDI and the WPI 
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As explained in Section 3 the HDI consist of three components relating to 

poverty; the WPI, on the other hand, consists of 5 components including poverty as well 

as water-related issues. The capacity component of the WPI is similar to the HDI 

variables of education, health, and financial capability, which explains part of the similar 

outcomes. However, the WPI goes one step further by relating poverty issues with 

descriptive variables of the water situation (access as well as resources) and 

environmental issues.   

Figure 9 presents the relationship between the WPI and the access rate to safe 

water calculated by the Direction of Hydrology (DGH). This relationship is weaker 

compared to the correlation between the WPI and the HDI. As the DGH data only refers 

to people’s possibility to access water, it leaves out other important aspects related to the 

water situation.  This suggests that the WPI can be seen as an instrument to display more 

than just an area’s water supply situation by focusing on other aspects, such as the overall 

development needs of a region.  

 

 

Cotonou 
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Figure 9--Relationship between the rate of access to safe drinking water and the 
WPI 
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6.  EVALUATION OF THE WPI 

The WPI is a fairly new concept, which was first developed in 2000 (Sullivan, 

2000, 2002, Sullivan et al. 2003). As the paper has shown, the WPI does allow for 

regional differentiation among the various communes and departments in Benin and WPI 

results compare well with HDI outcomes, while allowing for a better representation of 

water issues. Despite these positive results, there is scope for further development of the 

WPI. When and before using the WPI, the purpose of its application should be clearly 

specified. The following section evaluates the WPI in terms of accuracy, replicability, 

versatility and usability. Furthermore, recommendations for future applications are given 

provided.  

ACCURACY OF THE WPI 

Data used in the WPI are often drawn from different scales. For example, for this 

study some of the data needed for the communal analysis were only available at the 

departmental level. Furthermore, as has been mentioned before, data is often taken from 
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different years. Moreover, it is not possible to evaluate the accuracy of public data sets 

included in the calculation in this research. Taken theses constraints into account, one 

needs to be careful with interpretations of the derived results. Results can only be as good 

as the data included. With better data quality in the future, the accuracy and the 

informational value of the WPI can be improved.  

REPLICABILITY 

The WPI concept has been developed to assure replicability for different scales 

and countries. The way the WPI is calculated in this research would be replicable if the 

same data choices are made for other years, scales or countries.  However, the data 

choices in this paper have been made based on the data available in Benin. It would be 

difficult to find data that is derived in the same way in other countries. For example, it 

would be hard to identify standardized ways on the measurement of access to safe water 

in public data sets of countries and at regional levels.  

VERSATILITY  

The results of the WPI can be used by different stakeholders. The scenario 

analysis particularly lends itself to decision and discussion support. Moreover, the 

pentagram tool helps visibility of the WPI outcomes. The WPI thus can be used as an 

instrument to start a discussion, as an overview of the water situation in a country, as well 

as for classifications of the water situation. The variety of uses can also be seen in the 

interdisciplinary concept of the WPI. Several sectors and aspects are included making it 

an interesting monitoring tool not only for the water sector.  
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USABILITY AND UTILITY 

Classifying and monitoring the water poverty situation has increased in 

importance following the commitment of countries towards achieving the Millennium 

Development Goals. However, for this the WPI data categories would need to be uniform 

across countries. This has only been done so far at the national scale, which cannot 

capture regional and country-level peculiarities.  

Moreover, quantitative data, such as water use, for example, might say little about 

the relative benefit of that data. For example, the domestic water consumption included 

typically only refers to urban water use, whereas the rural population uses mainly sources 

other than tap water. In the values for the use component this water use is seldom 

incorporated. Even if these data were available, the water quality of the rural source 

might be lower, while the benefit derived from less water of lower quality in rural areas 

might be higher. Such differences could only be reflected with difficulty in the indicator. 

 

7.  RECOMMENDATIONS  

METHODOLOGICAL IMPROVEMENTS 

By introducing upper and lower boundaries in the calculation of the WPI as is 

done in the HDI concept, values can be standardized and comparable across years and 

different scales. Upper and lower boundaries can be determined based on a percentage 

increase or decrease over maximum and minimum observed values for all the variables. 

This was done for the calculation of the communal WPI in Benin. However, the upper 

and lower boundaries derived need to be applied in the same manner in other calculations 

to make it comparable (see Section 4). 
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Theoretically, the WPI can be used for scenario analysis. One can assume that in 

the coming years the “use” factor will increase due to increasing industrialization or 

population growth.  However, changing the contribution of the ‘use’ component will 

likely also result in changes in the other components. Still, components are not directly 

linked with each other. For example, if the ‘use’ or ‘access’ component is increased, 

changes in the health indicators are probably necessary as well. Moreover, as the data is 

calculated in relative terms, improvements achieved in one region might lead to worse 

results for other regions. This could also be avoided by standardizing upper and lower 

boundaries for each variable. 

INTERPRETATION OF THE RESULTS 

When and before using the WPI, the purpose of its application would need to be 

clarified. Several indicators have been used in the past to describe water availability or 

access and composite approaches focused on water stress, water productivity, or crop 

productivity. The development of composite indexes combining these elements needs to 

be done in a transparent manner. If not, the indicator will neither be of use for 

stakeholders nor for comparison within regions. To establish an appropriate and 

transparent indicator, standardized data set are needed. Until these are available, 

however, useful information can still be gained from its calculation, especially at the 

local level where appropriate scale information (often from existing other studies) can be 

applied to generate more meaningful results. The question of scale in the application of 

the WPI has been discussed by Sullivan et al. 2005. It is important to recognize that the 

reliability of any indicator (including the WPI) will inevitably be influenced by the 

quality and coverage of the data on which it is based. 
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To display the results to the public or as a tool for policy-making, the pentagram 

can be used as it reflects the values for the various WPI components. The use of the 

pentagram allows simultaneous display of the scores on the five key WPI components, 

allowing for easy comparison of the strengths and weaknesses the particular water 

situation examined. It is also useful to include a table with types of data incorporated, the 

scales and the values for each community to ensure that summary values are not 

misinterpreted.  

Thus, the WPI calculation only provides a complete picture of the water 

development situation if the data background is taken into account when interpreting the 

results.   

Furthermore, additional research is needed on which variables to include in each 

component.  As the water sector is currently focusing more on aspects of water quality, 

such data should be reflected in the indicator as well, as has been suggested in the 

original WPI development study. It is important to identify which type of water quality 

data at which resolution is most appropriate. Moreover, agricultural water use, which 

takes up the largest share of total water use, needs to be reflected better. In this 

calculation, only irrigation and livestock water use have been included. More distinctive 

data about crop and water productivity would improve the WPI concept immensely.   

Assuming that in the future difficulties with data availability can be resolved and 

a set of standardized variables with globally accepted minimum and maximum 

boundaries is decided on, then the WPI applied to the sub-national level can be a useful 

tool for policymakers as it:  
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• Allows comparisons between different regions;  

• Helps to identify those regions and communes that would need extra support to 

meet targets, such as those under the Millennium Development Goals; 

• Facilitates and promotes discussion with people involved in the water sector, 

stakeholders as well as local people (Sullivan and Meigh 2003); 

• Analyses improvements over a period of time if calculated in different years and 

thus could be used as a monitoring tool; and 

• Can be used as a tool to track changes over time and display results for scenario 

analysis. 

 

8.  CONCLUSION 

 
“Indicator development is a complex and slow process, requiring 
widespread consultation. New indicators have to be tested and modified in 
the light of experience.” (UNESCO-WWAP 2003, p.7). 

 
 

As has been discussed at the beginning of the paper, a number of different 

variables significantly influence the water sector, such as natural, political, and 

demographic conditions. Adequately reflecting all these variables in indicators is crucial 

for providing a comprehensive overview of the water sector. The idea of combining five 

dimensions in the Water Poverty Index is an appropriate step toward accurately reflecting 

the water sector situation of a specific region. As Benin has decentralized many 

policymaking and administrative responsibilities to the communal level, it is extremely 

important for the government to develop a tool for analysis and comparison among these 
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communes. This study examined the applicability of the Water Poverty Index as a 

decentralized monitoring tool for water resources development and related outcomes in 

Benin’s communes. Since the decentralization process in Benin is relatively recent, more 

disaggregated data sets will likely become available over time, allowing for more 

decentralized monitoring of water outcomes through the WPI in the future. The quotation 

at the beginning of this section is also valid for the WPI: time and open dialogue to 

further develop this instrument, including standardized data sets, time series data and 

standard boundaries, and more stakeholder inputs will improve its use as a 

comprehensive, policy-support tool that is needed not only in Benin, but throughout the 

world.
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Annex Table 1--Values of the components of the WPI and ranking for all communes 
of Benin in alphabetical order 

Commune Resources Access Use Capacity Environment WPI Ranking
Abomey 15.53 12.07 7.24 10.44 2.41 47.69 14
Abomey-Calavi 13.12 11.88 6.46 10.80 12.29 54.55 3
Adja-Ouere 14.85 5.97 1.10 10.34 11.53 43.80 25
Adjara 11.39 11.22 1.05 11.95 11.53 47.15 17
Adjohoun 14.46 9.01 1.20 11.14 11.53 47.34 16
Agbangnizoun 17.16 11.56 6.77 7.16 2.41 45.07 22
Aguegue 14.73 11.98 1.01 8.32 11.53 47.58 15
Allada 15.28 8.99 5.07 7.10 12.28 48.71 13
Apkro_Missirete 15.64 6.25 1.15 11.59 11.53 46.16 20
Aplahoue 15.09 7.93 2.26 8.26 3.75 37.29 49
Athieme 13.56 6.30 1.69 6.32 3.75 31.62 75
Avrankou 18.67 6.79 1.25 11.25 11.53 49.49 9
Banikoara 10.51 7.61 6.91 9.15 11.38 45.56 21
Bante 13.39 6.82 7.22 7.36 4.13 38.92 42
Bassila 13.12 4.90 0.67 8.58 8.93 36.19 55
Bembereke 12.13 7.09 4.46 9.61 7.05 40.34 38
Bohicon 18.49 11.83 7.43 11.10 2.41 51.27 7
Bonou 15.40 6.01 1.01 9.58 11.58 43.58 27
Bopa 15.06 7.66 1.72 3.67 3.75 31.85 74
Boukoumbe 11.26 3.83 1.06 5.52 8.79 30.46 76
Come 15.28 9.84 1.78 7.29 3.75 37.93 44
Cotonou 10.29 17.84 11.07 15.00 12.28 66.47 1
Cove 14.78 11.26 6.72 9.02 2.41 44.19 24
Dangbo 18.52 10.01 1.18 10.05 11.53 51.30 5
Dassa-Zoume 12.01 5.82 7.39 9.18 2.54 36.94 50
Djakotomey 14.60 9.05 1.67 8.65 3.75 37.72 46
Djidja 12.63 5.19 7.15 7.66 2.41 35.05 64
Djougou 13.67 6.87 2.04 8.37 9.63 40.58 36
Dogbo-Tota 14.56 5.48 1.72 8.36 3.75 33.87 66
Glazoue 11.47 6.16 7.37 9.46 2.41 36.87 52
Gogounou 12.50 5.62 3.94 8.47 6.40 36.93 51
Grand-Popo 11.17 10.21 1.77 7.35 3.75 34.25 65
Houeyogbe 15.21 9.00 1.61 6.13 3.75 35.71 60
Ifangni 15.91 2.25 1.26 11.74 11.53 42.68 29
Kalale 12.50 8.03 5.46 9.45 6.44 41.88 32
Kandi 11.53 4.80 5.76 9.47 7.83 39.40 41
Karimama 9.18 6.74 2.56 4.22 6.38 29.08 77
Kerou 11.28 7.42 3.33 6.53 9.02 37.58 48
Ketou 17.35 6.96 1.87 11.85 12.50 50.54 8
Klouekanme 14.33 7.02 1.78 8.45 3.75 35.33 63
Kobli 13.52 3.57 0.71 5.97 8.79 32.56 71
Kopargo 12.99 8.38 0.67 7.22 8.81 38.07 43
Kouande 13.40 6.00 2.68 7.01 8.81 37.90 45
Kpomasse 14.85 7.40 4.90 7.63 12.28 47.06 18
Lalo 14.47 5.72 1.67 7.05 3.75 32.66 70
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Lokossa 14.93 7.53 1.92 7.51 3.75 35.64 61
Malanville 12.65 6.91 2.81 6.08 8.06 36.51 54
Materi 11.43 4.23 1.22 6.58 8.79 32.25 73
Natitingou 10.94 6.12 0.81 9.50 8.79 36.16 56
N'Dali 11.77 8.04 2.00 9.15 10.41 41.38 34
Nikki 10.72 8.17 4.46 9.88 6.38 39.61 39
Ouake 13.78 5.55 0.56 7.13 8.79 35.80 59
Ouesse 11.12 7.43 7.14 8.32 2.50 36.52 53
Ouidah 13.03 11.29 5.25 9.88 12.29 51.74 4
Ouinhi 15.03 9.36 6.71 7.12 2.41 40.64 35
Parakou 9.67 11.39 1.57 13.06 6.39 42.08 31
Pehonko 12.54 4.05 2.00 5.56 9.26 33.42 68
Perere 10.76 7.80 0.88 7.98 6.38 33.79 67
Pobe 15.42 6.64 1.50 11.52 11.53 46.61 19
Porto-Novo 15.55 13.51 2.36 14.50 11.53 57.45 2
Sakete 15.64 4.65 1.22 10.66 11.53 43.70 26
Savalou 12.63 6.41 7.71 8.42 2.44 37.62 47
Save 9.52 7.38 7.20 8.98 2.88 35.96 57
Segbana 14.08 3.67 2.60 7.54 7.58 35.47 62
Seme-Kpodji 12.25 13.09 1.20 13.12 11.63 51.28 6
Sinende 12.56 9.38 2.72 7.42 7.54 39.61 40
So-Ava 11.43 10.16 4.57 6.36 12.28 44.80 23
Tanguieta 10.64 4.87 0.70 7.39 8.79 32.39 72
Tchaourou 13.56 8.04 1.66 10.33 7.81 41.40 33
Toffo 18.03 7.00 4.44 7.00 12.65 49.12 11
Tori-Bossito 16.64 7.78 4.65 7.47 12.28 48.81 12
Toukountouna 11.28 5.56 0.29 7.14 8.79 33.06 69
Toviklin 14.56 8.73 1.58 7.22 3.75 35.84 58
Za-Kpota 14.92 11.39 6.91 7.07 2.41 42.70 28
Zangnanado 14.71 10.41 6.82 7.95 2.41 42.30 30
Ze 18.03 7.45 4.55 6.95 12.35 49.34 10
Zogbodomey 15.38 8.00 6.81 7.78 2.50 40.48 37



EPTD DISCUSSION PAPERS 
 
 

 
 

 

LIST OF EPTD DISCUSSION PAPERS 
 

01 Sustainable Agricultural Development Strategies in Fragile Lands, by Sara J. 
Scherr and Peter B.R. Hazell, June 1994. 

02 Confronting the Environmental Consequences of the Green Revolution in Asia, 
by Prabhu L. Pingali and Mark W. Rosegrant, August 1994. 

03 Infrastructure and Technology Constraints to Agricultural Development in the 
Humid and Subhumid Tropics of Africa, by Dunstan S.C. Spencer, August 1994. 

04 Water Markets in Pakistan: Participation and Productivity, by Ruth Meinzen-Dick 
and Martha Sullins, September 1994. 

05 The Impact of Technical Change in Agriculture on Human Fertility: District-level 
Evidence from India, by Stephen A. Vosti, Julie Witcover, and Michael Lipton, 
October 1994. 

06 Reforming Water Allocation Policy through Markets in Tradable Water Rights: 
Lessons from Chile, Mexico, and California, by Mark W. Rosegrant and Renato 
Gazri S, October 1994. 

07 Total Factor Productivity and Sources of Long-Term Growth in Indian 
Agriculture, by Mark W. Rosegrant and Robert E. Evenson, April 1995. 

08 Farm-Nonfarm Growth Linkages in Zambia, by Peter B.R. Hazell and Behjat 
Hoijati, April 1995. 

09 Livestock and Deforestation in Central America in the 1980s and 1990s: A Policy 
Perspective, by David Kaimowitz (Interamerican Institute for Cooperation on 
Agriculture. June 1995. 

10 Effects of the Structural Adjustment Program on Agricultural Production and 
Resource Use in Egypt, by Peter B.R. Hazell, Nicostrato Perez, Gamal Siam, and 
Ibrahim Soliman, August 1995. 

11 Local Organizations for Natural Resource Management: Lessons from Theoretical 
and Empirical Literature, by Lise Nordvig Rasmussen and Ruth Meinzen-Dick, 
August 1995. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

12 Quality-Equivalent and Cost-Adjusted Measurement of International 
Competitiveness in Japanese Rice Markets, by Shoichi Ito, Mark W. Rosegrant, 
and Mercedita C. Agcaoili-Sombilla, August 1995. 

13 Role of Inputs, Institutions, and Technical Innovations in Stimulating Growth in 
Chinese Agriculture, by Shenggen Fan and Philip G. Pardey, September 1995. 

14 Investments in African Agricultural Research, by Philip G. Pardey, Johannes 
Roseboom, and Nienke Beintema, October 1995. 

15 Role of Terms of Trade in Indian Agricultural Growth: A National and State 
Level Analysis, by Peter B.R. Hazell, V.N. Misra, and Behjat Hoijati, December 
1995. 

16 Policies and Markets for Non-Timber Tree Products, by Peter A. Dewees and 
Sara J. Scherr, March 1996. 

17 Determinants of Farmers’ Indigenous Soil and Water Conservation Investments in 
India’s Semi-Arid Tropics, by John Pender and John Kerr, August 1996. 

18 Summary of a Productive Partnership: The Benefits from U.S. Participation in the 
CGIAR, by Philip G. Pardey, Julian M. Alston, Jason E. Christian, and Shenggen 
Fan, October 1996. 

19 Crop Genetic Resource Policy: Towards a Research Agenda, by Brian D. Wright, 
October 1996. 

20 Sustainable Development of Rainfed Agriculture in India, by John M. Kerr, 
November 1996. 

21 Impact of Market and Population Pressure on Production, Incomes and Natural 
Resources in the Dryland Savannas of West Africa: Bioeconomic Modeling at 
the Village Level, by Bruno Barbier, November 1996. 

22 Why Do Projections on China’s Future Food Supply and Demand Differ? by 
Shenggen Fan and Mercedita Agcaoili-Sombilla, March 1997. 

23 Agroecological Aspects of Evaluating Agricultural R&D, by Stanley Wood and 
Philip G. Pardey, March 1997. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

24 Population Pressure, Land Tenure, and Tree Resource Management in Uganda, by 
Frank Place and Keijiro Otsuka, March 1997. 

25 Should India Invest More in Less-favored Areas? by Shenggen Fan and Peter 
Hazell, April 1997. 

26 Population Pressure and the Microeconomy of Land Management in Hills and 
Mountains of Developing Countries, by Scott R. Templeton and Sara J. Scherr, 
April 1997. 

27 Population Land Tenure and Natural Resource Management: The Case of 
Customary Land Area in Malawi, by Frank Place and Keijiro Otsuka, April 
1997. 

28 Water Resources Development in Africa: A Review and Synthesis of Issues, 
Potentials, and Strategies for the Future, by Mark W. Rosegrant and Nicostrato 
D. Perez, September 1997. 

29 Financing Agricultural R&D in Rich Countries: What’s Happening and Why? by 
Julian M. Alston, Philip G. Pardey, and Vincent H. Smith, September 1997. 

30 How Fast Have China’s Agricultural Production and Productivity Really Been 
Growing? by Shenggen Fan, September 1997. 

31 Does Land Tenure Insecurity Discourage Tree Planting? Evolution of Customary 
Land Tenure and Agroforestry Management in Sumatra, by Keijiro Otsuka, S. 
Suyanto, and Thomas P. Tomich, December 1997.  

32 Natural Resource Management in the Hillsides of Honduras: Bioeconomic 
Modeling at the Micro-Watershed Level, by Bruno Barbier and Gilles Bergeron, 
January 1998. 

33 Government Spending, Growth, and Poverty: An Analysis of Interlinkages in 
Rural India, by Shenggen Fan, Peter Hazell, and Sukhadeo Thorat, March 1998.  
Revised December 1998. 

34 Coalitions and the Organization of Multiple-Stakeholder Action: A Case Study of 
Agricultural Research and Extension in Rajasthan, India, by Ruth Alsop, April 
1998. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

35 Dynamics in the Creation and Depreciation of Knowledge and the Returns to 
Research, by Julian Alston, Barbara Craig, and Philip Pardey, July, 1998. 

36 Educating Agricultural Researchers: A Review of the Role of African 
Universities, by Nienke M. Beintema, Philip G. Pardey, and Johannes 
Roseboom, August 1998. 

37 The Changing Organizational Basis of African Agricultural Research, by 
Johannes Roseboom, Philip G. Pardey, and Nienke M. Beintema, November 
1998. 

38 Research Returns Redux: A Meta-Analysis of the Returns to Agricultural R&D, 
by Julian M. Alston, Michele C. Marra, Philip G. Pardey, and T.J. Wyatt, 
November 1998. 

39 Technological Change, Technical and Allocative Efficiency in Chinese 
Agriculture: The Case of Rice Production in Jiangsu, by Shenggen Fan, January 
1999. 

40 The Substance of Interaction: Design and Policy Implications of NGO-
Government Projects in India, by Ruth Alsop with Ved Arya, January 1999. 

41 Strategies for Sustainable Agricultural Development in the East African 
Highlands, by John Pender, Frank Place, and Simeon Ehui, April 1999. 

42 Cost Aspects of African Agricultural Research, by Philip G. Pardey, Johannes 
Roseboom, Nienke M. Beintema, and Connie Chan-Kang, April 1999. 

43 Are Returns to Public Investment Lower in Less-favored Rural Areas? An 
Empirical Analysis of India, by Shenggen Fan and Peter Hazell, May 1999. 

44 Spatial Aspects of the Design and Targeting of Agricultural Development 
Strategies, by Stanley Wood, Kate Sebastian, Freddy Nachtergaele, Daniel 
Nielsen, and Aiguo Dai, May 1999. 

45 Pathways of Development in the Hillsides of Honduras: Causes and Implications 
for Agricultural Production, Poverty, and Sustainable Resource Use, by John 
Pender, Sara J. Scherr, and Guadalupe Durón, May 1999. 

46 Determinants of Land Use Change: Evidence from a Community Study in 
Honduras, by Gilles Bergeron and John Pender, July 1999. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

47 Impact on Food Security and Rural Development of Reallocating Water from 
Agriculture, by Mark W. Rosegrant and Claudia Ringler, August 1999. 

48 Rural Population Growth, Agricultural Change and Natural Resource 
Management in Developing Countries: A Review of Hypotheses and Some 
Evidence from Honduras, by John Pender, August 1999. 

49 Organizational Development and Natural Resource Management: Evidence from 
Central Honduras, by John Pender and Sara J. Scherr, November 1999. 

50 Estimating Crop-Specific Production Technologies in Chinese Agriculture: A 
Generalized Maximum Entropy Approach, by Xiaobo Zhang and Shenggen Fan, 
September 1999. 

51 Dynamic Implications of Patenting for Crop Genetic Resources, by Bonwoo Koo 
and Brian D. Wright, October 1999. 

52 Costing the Ex Situ Conservation of Genetic Resources: Maize and Wheat at 
CIMMYT, by Philip G. Pardey, Bonwoo Koo, Brian D. Wright, M. Eric van 
Dusen, Bent Skovmand, and Suketoshi Taba, October 1999. 

53 Past and Future Sources of Growth for China, by Shenggen Fan, Xiaobo Zhang, 
and Sherman Robinson, October 1999. 

54 The Timing of Evaluation of Genebank Accessions and the Effects of 
Biotechnology, by Bonwoo Koo and Brian D. Wright, October 1999. 

55 New Approaches to Crop Yield Insurance in Developing Countries, by Jerry 
Skees, Peter Hazell, and Mario Miranda, November 1999. 

56 Impact of Agricultural Research on Poverty Alleviation: Conceptual Framework 
with Illustrations from the Literature, by John Kerr and Shashi Kolavalli, 
December 1999. 

57 Could Futures Markets Help Growers Better Manage Coffee Price Risks in Costa 
Rica? by Peter Hazell, January 2000. 

58 Industrialization, Urbanization, and Land Use in China, by Xiaobo Zhang, Tim 
Mount, and Richard Boisvert, January 2000. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

59 Water Rights and Multiple Water Uses: Framework and Application to Kirindi 
Oya Irrigation System, Sri Lanka, by Ruth Meinzen-Dick and Margaretha 
Bakker, March 2000. 

60 Community natural Resource Management: The Case of Woodlots in Northern 
Ethiopia, by Berhanu Gebremedhin, John Pender and Girmay Tesfaye, April 
2000. 

61 What Affects Organization and Collective Action for Managing Resources? 
Evidence from Canal Irrigation Systems in India, by Ruth Meinzen-Dick, K.V. 
Raju, and Ashok Gulati, June 2000. 

62 The Effects of the U.S. Plant Variety Protection Act on Wheat Genetic 
Improvement, by Julian M. Alston and Raymond J. Venner, May 2000. 

63 Integrated Economic-Hydrologic Water Modeling at the Basin Scale: The Maipo 
River Basin, by M. W. Rosegrant, C. Ringler, DC McKinney, X. Cai, A. Keller, 
and G. Donoso, May 2000. 

64 Irrigation and Water Resources in Latin America and he Caribbean: Challenges 
and Strategies, by Claudia Ringler, Mark W. Rosegrant, and Michael S. Paisner, 
June 2000. 

65 The Role of Trees for Sustainable Management of Less-favored Lands: The Case 
of Eucalyptus in Ethiopia, by Pamela Jagger & John Pender, June 2000. 

66 Growth and Poverty in Rural China: The Role of Public Investments, by 
Shenggen Fan, Linxiu Zhang, and Xiaobo Zhang, June 2000. 

67 Small-Scale Farms in the Western Brazilian Amazon: Can They Benefit from 
Carbon Trade? by Chantal Carpentier, Steve Vosti, and Julie Witcover, 
September 2000. 

68 An Evaluation of Dryland Watershed Development Projects in India, by John 
Kerr, Ganesh Pangare, Vasudha Lokur Pangare, and P.J. George, October 2000. 

69 Consumption Effects of Genetic Modification: What If Consumers Are Right? by 
Konstantinos Giannakas and Murray Fulton, November 2000. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

70 South-North Trade, Intellectual Property Jurisdictions, and Freedom to Operate in 
Agricultural Research on Staple Crops, by Eran Binenbaum, Carol Nottenburg, 
Philip G. Pardey, Brian D. Wright, and Patricia Zambrano, December 2000. 

71 Public Investment and Regional Inequality in Rural China, by Xiaobo Zhang and 
Shenggen Fan, December 2000. 

72 Does Efficient Water Management Matter? Physical and Economic Efficiency of 
Water Use in the River Basin, by Ximing Cai, Claudia Ringler, and Mark W. 
Rosegrant, March 2001. 

73 Monitoring Systems for Managing Natural Resources: Economics, Indicators and 
Environmental Externalities in a Costa Rican Watershed, by Peter Hazell, 
Ujjayant Chakravorty, John Dixon, and Rafael Celis, March 2001. 

74 Does Quanxi Matter to NonFarm Employment? by Xiaobo Zhang and Guo Li, 
June 2001. 

75 The Effect of Environmental Variability on Livestock and Land-Use 
Management: The Borana Plateau, Southern Ethiopia, by Nancy McCarthy, 
Abdul Kamara, and Michael Kirk, June 2001.  

76 Market Imperfections and Land Productivity in the Ethiopian Highlands, by Stein 
Holden, Bekele Shiferaw, and John Pender, August 2001. 

77 Strategies for Sustainable Agricultural Development in the Ethiopian Highlands, 
by John Pender, Berhanu Gebremedhin, Samuel Benin, and Simeon Ehui, 
August 2001. 

78 Managing Droughts in the Low-Rainfall Areas of the Middle East and North 
Africa: Policy Issues, by Peter Hazell, Peter Oram, Nabil Chaherli, September 
2001.   

79 Accessing Other People’s Technology: Do Non-Profit Agencies Need It?  How 
To Obtain It, by Carol Nottenburg, Philip G. Pardey, and Brian D. Wright, 
September 2001. 

80 The Economics of Intellectual Property Rights Under Imperfect Enforcement: 
Developing Countries, Biotechnology, and the TRIPS Agreement, by 
Konstantinos Giannakas, September 2001. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

81 Land Lease Markets and Agricultural Efficiency: Theory and Evidence from 
Ethiopia, by John Pender and Marcel Fafchamps, October 2001. 

82 The Demand for Crop Genetic Resources: International Use of the U.S. National 
Plant Germplasm System, by M. Smale, K. Day-Rubenstein, A. Zohrabian, and 
T. Hodgkin, October 2001. 

83 How Agricultural Research Affects Urban Poverty in Developing Countries: The 
Case of China, by Shenggen Fan, Cheng Fang, and Xiaobo Zhang, October 
2001. 

84 How Productive is Infrastructure? New Approach and Evidence From Rural 
India, by Xiaobo Zhang and Shenggen Fan, October 2001. 

85 Development Pathways and Land Management in Uganda: Causes and 
Implications, by John Pender, Pamela Jagger, Ephraim Nkonya, and Dick 
Sserunkuuma, December 2001.  

86 Sustainability Analysis for Irrigation Water Management: Concepts, 
Methodology, and Application to the Aral Sea Region, by Ximing Cai, Daene C. 
McKinney, and Mark W. Rosegrant, December 2001. 

87 The Payoffs to Agricultural Biotechnology: An Assessment of the Evidence, by 
Michele C. Marra, Philip G. Pardey, and Julian M. Alston, January 2002. 

88 Economics of Patenting a Research Tool, by Bonwoo Koo and Brian D. Wright, 
January 2002. 

89 Assessing the Impact of Agricultural Research On Poverty Using the Sustainable 
Livelihoods Framework, by Michelle Adato and Ruth Meinzen-Dick, March 
2002. 

90 The Role of Rainfed Agriculture in the Future of Global Food Production, by 
Mark Rosegrant, Ximing Cai, Sarah Cline, and Naoko Nakagawa, March 2002. 

91 Why TVEs Have Contributed to Interregional Imbalances in China, by Junichi 
Ito, March 2002. 

92 Strategies for Stimulating Poverty Alleviating Growth in the Rural Nonfarm 
Economy in Developing Countries, by Steven Haggblade, Peter Hazell, and 
Thomas Reardon, July 2002. 



EPTD DISCUSSION PAPERS 
 
 

 
 

 

93 Local Governance and Public Goods Provisions in Rural China, by Xiaobo 
Zhang, Shenggen Fan, Linxiu Zhang, and Jikun Huang, July 2002.  

94 Agricultural Research and Urban Poverty in India, by Shenggen Fan, September 
2002.  

95 Assessing and Attributing the Benefits from Varietal Improvement Research: 
Evidence from Embrapa, Brazil, by Philip G. Pardey, Julian M. Alston, Connie 
Chan-Kang, Eduardo C. Magalhães, and Stephen A. Vosti, August 2002. 

96 India’s Plant Variety and Farmers’ Rights Legislation: Potential Impact on 
Stakeholders Access to Genetic Resources, by Anitha Ramanna, January 2003. 

97 Maize in Eastern and Southern Africa:  Seeds of Success in Retrospect, by 
Melinda Smale and Thom Jayne, January 2003.  

98 Alternative Growth Scenarios for Ugandan Coffee to 2020, by Liangzhi You and 
Simon Bolwig, February 2003.   

99 Public Spending in Developing Countries: Trends, Determination, and Impact, by 
Shenggen Fan and Neetha Rao, March 2003. 

100 The Economics of Generating and Maintaining Plant Variety Rights in China, by 
Bonwoo Koo, Philip G. Pardey, Keming Qian, and Yi Zhang, February 2003.   

101 Impacts of Programs and Organizations on the Adoption of Sustainable Land 
Management Technologies in Uganda, Pamela Jagger and John Pender, March 
2003.   

102 Productivity and Land Enhancing Technologies in Northern Ethiopia: Health, 
Public Investments, and Sequential Adoption, Lire Ersado, Gregory Amacher, 
and Jeffrey Alwang, April 2003. 

103 Animal Health and the Role of Communities: An Example of Trypanasomosis 
Control Options in Uganda, by Nancy McCarthy, John McDermott, and Paul 
Coleman, May 2003. 

104 Determinantes de Estrategias Comunitarias de Subsistencia y el uso de Prácticas 
Conservacionistas de Producción Agrícola en las Zonas de Ladera en Honduras, 
Hans G.P. Jansen, Angel Rodríguez, Amy Damon, y John Pender, Juno 2003.  



EPTD DISCUSSION PAPERS 
 
 

 
 

 

105 Determinants of Cereal Diversity in Communities and on Household Farms of the 
Northern Ethiopian Highlands, by Samuel Benin, Berhanu Gebremedhin, 
Melinda Smale, John Pender, and Simeon Ehui, June 2003. 

106 Demand for Rainfall-Based Index Insurance: A Case Study from Morocco, by 
Nancy McCarthy, July 2003. 

107 Woodlot Devolution in Northern Ethiopia: Opportunities for Empowerment, 
Smallholder Income Diversification, and Sustainable Land Management, by 
Pamela Jagger, John Pender, and Berhanu Gebremedhin, September 2003. 

108 Conservation Farming in Zambia, by Steven Haggblade, October 2003. 

109 National and International Agricultural Research and Rural Poverty: The Case of 
Rice Research in India and China, by Shenggen Fan, Connie Chan-Kang, 
Keming Qian, and K. Krishnaiah, September 2003.  

110 Rice Research, Technological Progress, and Impacts on the Poor: The Bangladesh 
Case (Summary Report), by Mahabub Hossain, David Lewis, Manik L. Bose, 
and Alamgir Chowdhury, October 2003. 

111 Impacts of Agricultural Research on Poverty:  Findings of an Integrated 
Economic and Social Analysis, by Ruth Meinzen-Dick, Michelle Adato, 
Lawrence Haddad, and Peter Hazell, October 2003. 

112 An Integrated Economic and Social Analysis to Assess the Impact of Vegetable 
and Fishpond Technologies on Poverty in Rural Bangladesh, by Kelly Hallman, 
David Lewis, and Suraiya Begum, October 2003. 

113 Public-Private Partnerships in Agricultural Research: An Analysis of Challenges 
Facing Industry and the Consultative Group on International Agricultural 
Research, by David J. Spielman and Klaus von Grebmer, January 2004. 

114 The Emergence and Spreading of an Improved Traditional Soil and Water 
Conservation Practice in Burkina Faso, by Daniel Kaboré and Chris Reij, 
February 2004. 

115 Improved Fallows in Kenya:  History, Farmer Practice, and Impacts, by Frank 
Place, Steve Franzel, Qureish Noordin, Bashir Jama, February 2004.  



EPTD DISCUSSION PAPERS 
 
 

 
 

 

116 To Reach The Poor – Results From The ISNAR-IFPRI Next Harvest Study On 
Genetically Modified Crops, Public Research, and Policy Implications, by 
Atanas Atanassov, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I. 
Cohen, Vibha Dhawan, Reynaldo V. Ebora, José Falck-Zepeda, Luis Herrera-
Estrella, John Komen, Fee Chon Low, Emeka Omaliko, Benjamin Odhiambo, 
Hector Quemada, Yufa Peng, Maria Jose Sampaio, Idah Sithole-Niang, Ana 
Sittenfeld, Melinda Smale, Sutrisno, Ruud Valyasevi, Yusuf Zafar, and Patricia 
Zambrano, March 2004  

117 Agri-Environmental Policies In A Transitional Economy:  The Value of 
Agricultural Biodiversity in Hungarian Home Gardens, by Ekin Birol, Melinda 
Smale, And Ágnes Gyovai, April 2004. 

118 New Challenges in the Cassava Transformation in Nigeria and Ghana, by Felix 
Nweke, June 2004. 

119 International Exchange of Genetic Resources, the Role of Information and 
Implications for Ownership: The Case of the U.S. National Plant Germplasm 
System, by Kelly Day Rubenstein and Melinda Smale, June 2004.  

120 Are Horticultural Exports a Replicable Success Story?  Evidence from Kenya and 
Côte d’Ivoire, by Nicholas Minot and Margaret Ngigi, August 2004.   

121 Spatial Analysis of Sustainable Livelihood Enterprises of Uganda Cotton 
Production, by Liangzhi You and Jordan Chamberlin, September 2004    

122 Linkages between Poverty and Land Management in Rural Uganda: Evidence 
from the Uganda National Household Survey, 1999/00, by John Pender, Sarah 
Ssewanyana, Kato Edward, and Ephraim Nkonya, September 2004.   

123 Dairy Development in Ethiopia, by Mohamed A.M. Ahmed, Simeon Ehui, and 
Yemesrach Assefa, October 2004. 

124 Spatial Patterns of Crop Yields in Latin America and the Caribbean, by Stanley 
Wood, Liangzhi You, and Xiaobo Zhang, October 2004.   

125 Variety Demand within the Framework of an Agricultural Household Model with 
Attributes: The Case of Bananas in Uganda, by Svetlana Edmeades, Melinda 
Smale, Mitch Renkow and Dan Phaneuf, November 2004.   



EPTD DISCUSSION PAPERS 
 
 

 
 

 

126 Assessing the Spatial Distribution of Crop Production Using a Cross-Entropy 
Method, Liangzhi You and Stanley Wood, November 2004.   

127 Water Allocation Policies for the Dong Nai River Basin in Vietnam: An 
Integrated Perspective, by Claudia Ringler and Nguyen Vu Huy, December 
2004.   

128 Participation of Local People in Water Management: Evidence from the Mae Sa 
Watershed, Northern Thailand, by Helene Heyd and Andreas Neef, December 
2004.   

129 Improved Water Supply in the Ghanaian Volta Basin: Who Uses it and Who 
Participates in Community Decision-Making? by Stefanie Engel, Maria 
Iskandarani, and Maria del Pilar Useche, January 2005.   

130 Improved Fallows in Eastern Zambia: History, Farmer Practice and Impacts, by 
Freddie Kwesiga, Steven Franzel, Paramu Mafongoya, Olu Ajayi, Donald Phiri, 
Roza Katanga, Elias Kuntashula, Frank Place, and Teddy Chirwa, February 
2005.   

131 The Case of Smallholder Dairying in Eastern Africa, by Margaret Ngigi, February 
2005.  

132 Incorporating Project Uncertainty in Novel Environmental Biotechnologies: 
Illustrated Using Phytoremediation, by Nicholas A. Linacre, Steven N. Whiting, 
and J. Scott Angle, May 2005.   

133 Ecological Risks of Novel Environmental Crop Technologies Using 
Phytoremediation as an Example, by J. Scott Angle and Nicholas A. Linacre, 
May 2005.   

134 Policy Options for Increasing Crop Productivity and Reducing Soil Nutrient 
Depletion and Poverty in Uganda, Ephraim Nkonya, John Pender, Crammer 
Kaizzi, Kato Edward, and Samuel Mugarura, March 2005.  

135 Local Seed Systems and Village-Level Determinants of Millet Crop Diversity in 
Marginal Environments of India, by Latha Nagarajan and Melinda Smale, June 
2005.  



EPTD DISCUSSION PAPERS 
 
 

 
 

 

136 The Emergence of Insect Resistance in Bt-Corn: Implication of Resistance 
Management Information under Uncertainty, by Nicholas A. Linacre and Colin 
J. Thompson, June 2005.   

137 Incorporating Collateral Information Using an Adaptive Management 
Framework for the Regulation of Transgenic Crops, by Nicholas Linacre, Mark 
A. Burgman, Peter K. Ades, And Allen Stewart-Oaten, August 2005.   

138 Security Analysis for Agroterrorism: Applying the Threat, Vulnerability, 
Consequence Framework to Developing Countries, by Nicholas A. Linacre, 
Joanne Gaskell, Mark W. Rosegrant, Jose Falck-Zepeda, Hector Quemada, Mark 
Halsey, and Regina Birner, August 2005.  

139 Comparing Farm and Village-Level Determinants of Millet Diversity in 
Marginal Environments of India: The Context of Seed Systems, Latha 
Nagarajan, Melinda Smale, and Paul Glewwe, August 2005.   

140 Analysis for Biotechnology Innovations Using Strategic Environmental 
Assessment (SEA), by Nicholas A. Linacre, Joanne Gaskell, Mark W. Rosegrant,  
Jose Falck-Zepeda,  Hector Quemada, Mark Halsey, and Regina Birner, July 
2005.  

141 Water Pricing and Valuation in Indonesia: Case Study of the Brantas River 
Basin, by Charles Rodgers and Petra J.G.J. Hellegers, August 2005. 

142 Farmer Willingness to Pay for Seed-Related Information: Rice Varieties in 
Nigeria and Benin, by J. Daniela Horna, Melinda Smale, and  Matthias von 
Oppen, September 2005.  

143 Impact of Global Warming on Chinese Wheat Productivity, by Liangzhi You, 
Mark W. Rosegrant, Cheng Fang, and Stanley Wood, October 2005.  

144 On Farm Conservation of Rice Biodiversity in Nepal: A Simultaneous 
Estimation Approach, by D. Gauchan, M. E. Van Dusen, and M. Smale, 
November 2005. 


