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There is a general consensus that agricultural water scarcity contributes to the severe
levels of poverty observed in Africa. However, the results of analyses to determine
whether a lack of water is either actively contributing to the poverty observed, or when
it is incidental, have been inconsistent. This paper examines the extent to which coun-
try-level water statistics and poverty/development statistics align. The authors find
limited correlation, suggesting either that the water–poverty relationship is relatively
inconsequential, or more likely, that the aggregated nature of these statistics obscures
the actual relationship. The authors suggest that variables that better capture spatial
heterogeneity may help rectify this.
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Introduction

In 2009, 700 million people in 43 countries were estimated to live below the water-stress
threshold of 1700 cubic metres per person. By 2025 that number is estimated to reach
three billion (UNDP 2006). Agriculture is central to this issue: global water diversions for
agriculture represent approximately 70% of total water consumption and are expected to
grow by up to 17% by 2025 (de Fraiture et al. 2001). Hussain and Hanjra (2004), The
Niger River Basin Authority (2005) and Namara et al. (2010) maintain that investments
in irrigation and agricultural water use are central to addressing water-related poverty –
identified as a primary contributor to the acute and chronic nature of poverty in Africa.

In terms of agricultural water use, Cook and Gichuki (2006) defined water wealth–
poverty as “a function of water availability and water productivity of the agricultural water
management system that enables people to derive a livelihood”. This definition takes into
account three variables:

� the water system – which determines the availability, access to and reliability of
water;

� the agricultural system – access to infrastructure and institutions that enable the
conversion of water into livelihood support through food, income or other attributes.
This is defined as water productivity; and

� the livelihood system – which modifies water access according to social relations,
institutions or organizations.
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284 D. Kaczan and J. Ward

Molden (2007) contends that in 50 years there will be sufficient water to provide food and
livelihoods for the estimated world population, but suggests that water crises in specific
regions are likely without considerable water-management reform. Elements of the reform
required are described by Falkenmark (2006), who also describes the enormity of the chal-
lenge. A key recommendation is a conceptual shift towards integrated management of
water resources, with a particular focus on improving rainfed agricultural productivity (see
also Rockström et al. 2009). Mitigating factors of water-related crises are not limited to the
reliable provision of sufficient water volumes, but also the provision of fit-for-purpose qual-
ity, the capacity to utilize available water productively, and equitable distribution, access
and control (Cook et al. 2009).

Developing and directing effective solutions to water-related poverty requires care-
ful measurement of the water situation faced by specific communities and countries and
enumeration of the influence exerted on the rate, persistence and extent of poverty. This
research evaluated the correlation of existing and widely deployed national water-situation
indicators with national poverty statistics. Water statistics that are not aligned, or are
only weakly aligned with poverty statistics, may suggest that “water poverty” is a minor
and inconsequential occurrence. Alternatively, water poverty may be real and severe, but
not adequately detected by the suite of water-scarcity indicators currently utilized. In
this paper we suggest that such a situation may arise due to a lack of consideration of
spatial heterogeneity. A high level of aggregation, often up to a national spatial level,
may render water-poverty statistics ineffective if the diversity of water situations found
in the aggregated area is high. Water-policy initiatives that rely solely on hydrologic
probabilities, or fail to account for the different causal relationships of spatially differ-
entiated poverty may be either ineffective or accelerate poverty levels and disparities of
wellbeing.

Establishing statistically significant correlates is one of the antecedents to the reliable
and defensible estimation of causality. This paper focuses on the former and builds upon
the discussion by Chenoweth (2008) and Cho et al. (2010). They posed a similar question
to that considered here – to what extent do national water situation indicators correspond to
poverty statistics – but arrived at different conclusions. The Chenoweth (2008) analysis is
broadened by considering composite indicators of water scarcity in addition to biophysical
indicators, and does so for a more economically homogenous group of countries, conti-
nental Africa and Madagascar. Cho et al. (2010) created simplified composite indicators
of water scarcity from those already existing, and tested them for correlation with poverty
statistics. They concluded positively, however, we argue that this may be due to the measure
constructs rather than a fundamental relationship between water and poverty at a national
level. This paper reports the analyses of an expanded set of water-scarcity and poverty indi-
cators than those tested previously. There are a number of country-level poverty indicators
applied regularly (but not exclusively) for supra-national comparisons.

First we define water poverty before discussing the variety of metrics used to quantify
a country’s water situation, and their comparative advantages and disadvantages. Second,
we introduce some common poverty metrics, before revisiting Chenoweth (2008) and Cho
et al. (2010) to posit an alternative hypothesis for their findings. We argue that accounting
for spatial heterogeneity and the imputed scale is central to the efficacy of both these types
of water and poverty measurement constructs, evidenced by correlations of simple water
and poverty statistics from African countries. This simple analysis of the extent to which
national-level development and water statistics align suggests that more spatially explicit
water-situation indicators are warranted in many situations. Despite comparisons of several
metrics, the results indicate low correspondence between water and poverty measures. We
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conclude that either more nuanced spatial scales of analysis or measures that explicitly
include a component of variance may overcome this problem.

The meaning and measurement of water poverty

Water poverty occurs as the combined effect of factors including increasing and competing
water demand, changes in hydrological regimes due in part to climate change, increas-
ing population, environmental degradation, reduced water quality, impediments to water
access, conflict, corruption and changing levels of water productivity.

Namara et al. (2010) noted that limited water quantity is a common, but far from only,
cause of water-related poverty. Water-related poverty (herein defined as water poverty) may
be a function of insufficient water quantity, quality, productivity or accessibility, and often
involves a combination of these elements. Thus the water-poor may have sufficient access
and availability of water at a fit-for-purpose quality, but productivity is severely limited due
to a lack of infrastructure, capital or institutional impediments. Conversely the water-poor
may have access to the factors of production but have constrained access or availability
to water resources. This broad definition draws on the numerous definitions contained in
the literature, many of which differ markedly in their comprehensiveness. For example,
a purely physical definition is used by Salameh (2000), who proposed a definition based
on domestic and agricultural need. Feitelson and Chenoweth (2002) incorporated a socio-
economic component by describing water poverty as “a situation where a nation or a region
cannot afford the cost of sustainable clean water to all people at all times”. Lawrence et al.
(2002) also defined water poverty as a function both of physical water resources and the
socio-economic ability to make use of those resources. Cullis and O’Regan (2004) incor-
porated an equity component, defining water poverty as a lack of entitlement or capability
to use water.

We base our discussion of water poverty on the concepts of water insecurity and water
scarcity. A person who lacks safe and affordable water for their domestic consumption
and/or income generation is defined as water insecure. When a large number of people are
water insecure in a particular geographic area, that area is defined as water scarce. Water
scarcity and hence water poverty occur when people are either unable to access dependable
water resources or are constrained in their capacity to use them for basic needs, for food
production or for wider economic and environmental services.

Thus water scarcity may arise due to physical, economic or social constraints. Social
constraints include managerial, institutional and political factors (Molle and Mollinga
2003). Hence alleviating water poverty is a complex issue and a singular reliance on
technical and financial policy initiatives may be necessary but insufficient interventions
(Harrington et al. 2009, Molle 2009). In contrast, Komnenic et al. (2009) and Molden
(2007) argued that improving the water situation can have a disproportionately large pos-
itive impact due to the number and variety of linkages in the water–poverty nexus. For
detailed descriptions of some of these linkages, see Namara et al. (2010) and Cook et al.
(2009).

There are a number of factors that complicate the objective quantification of water
scarcity. For instance, water scarcity will depend on how people’s needs are defined, the
water required to maintain ecological health and the spatial and temporal scale of the study
(Rijsberman 2006). Despite these complexities a number of attempts at quantification exist,
which generally fall into one of three categories: (1) uni-variate measures of physical water
availability; (2) uni-variate measures that incorporate both supply and demand aspects; and
(3) multivariate composite indices.
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286 D. Kaczan and J. Ward

The Falkenmark Water Stress Index (Falkenmark and Widstrand 1992) is an exam-
ple of the metric uni-variate category (1), considering the total per capita renewable
water resources (TARWR) of both surface and groundwater available within a region. The
water situation is then classified in one of four categories from < 500 m3/year/person
(absolute scarcity) to > 1700 m3/year/person (relative sufficiency). The simplicity of the
Falkenmark indicator ensures its wide use, however it is limited by its inability to describe
if and how the water available impacts the social-economic conditions of affected people.

To partially improve the usefulness of the Falkenmark Index, the TARWR has been aug-
mented by considering the proportion of available water that is exploited for human use,
an example of a category (2) metric. According to the metric developed by Raskin et al.
(1997), countries with total withdrawals between 20% to 40% of total water available are
considered to have moderate water scarcity and countries which exceed 40% are consid-
ered severely water-scarce. Seckler et al. (1998) developed a metric to consider the future
demand for water also. The statistic is based on: (1) withdrawals as a proportion of available
water resources; and (2) future withdrawals as a proportion of current withdrawals. As this
metric is based on two components, the authors do not present a single score to encapsulate
the water situation, but divide countries into groups that share similar water circumstances.
Those that have current withdrawals greater than 50% of current availability are consid-
ered severely water-scarce. Those with current withdrawals less than 50% but with a future
demand double that of present are considered severely economically water-stressed, and
other categories exist for other particular thresholds of these two metrics.

A criticism made of the Raskin et al. (1997) index is that whilst it considers water with-
drawals, it does not account for the large variations in traded water (Molle and Mollinga
2003). This weakness is addressed by Islam et al. (2007) who developed a globally dis-
aggregated model of water stress based on local runoff, routed flow from upstream and
“virtual water” imported or exported in the form of agricultural goods. A region may have
a high degree of water scarcity as measured by the local availability of water, however, pro-
vided it has sufficient financial resources, it may be able to alleviate the situation through
the purchase of food imports. Despite the reduction in water scarcity that is estimated to
occur due to trade, it is likely that food self-sufficiency remains a policy goal for many
developing and water-stressed countries to avoid the political and economic vulnerabilities
perceived to be associated with such import-dependency (Molden 2007).

The need to recognize both the availability of a resource and the impact the use of that
resource has on a community’s socio-economic situation has led to the construction of cate-
gory (3) multivariate water poverty indices. Ohlsson (2000) and Turton and Warner (2002)
discussed water scarcity as a product of a “first-order” resource scarcity and a “second-
order” social scarcity. The former is due to physical limitations whilst the latter refers to
the institutional capacity required to utilize or re-allocate the water resource in question
and thus better manage overall scarcity. Countries which suffer from both order scarcities
are considered “water-poor” and may consequently find themselves trapped in a spiral of
under-development. In order to capture both elements, Ohlsson (2000) suggested the use
of a Social Resource Water Stress/Scarcity Index, made up of a physical indicator such as
the total available renewable water resources (for example, the Falkenmark Index) divided
by a second-order proxy such as the Human Development Index (HDI).

The Water Poverty Index (WPI) also attempts to reflect physical first-order charac-
teristics of the water situation (such as total quantity available and its quality) and a
range of second-order social factors (such as income, inequality, child mortality, educa-
tion and availability of water infrastructure) (see Lawrence, et al. 2002). The aggregate
statistic is made up of five components: resources (physical water availability and human
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population); access (proportion of population with access to clean water, sanitation and irri-
gation infrastructure); capacity (income, inequality, child mortality and education); usage
levels and environmental quality. The WPI has been widely applied at both sub-national
and international scales.

Multivariate indices, despite addressing the multi-dimensionality of water poverty, cre-
ate a new measurement challenge by compiling disparate and non-commensurate data
aggregated according to somewhat arbitrary weights. The addition or removal of an indica-
tor, or a change in the relative importance that indicator holds, can produce diverse results.
The extent to which indicators are correlated will further affect outcomes: inclusion of
two similar indicators may cause undue emphasis on one aspect of the phenomenon in
question. Hence indicators do not represent reality, nor do they pretend to. They provide
a viewpoint for a specified purpose, and implicitly represent the personal values of their
architects (Molle and Mollinga 2003).

Furthermore, the described indicators fail to capture temporal fluctuations in water
availability, arguably just as important as spatial heterogeneity in assessing a region’s
water situation. Brown and Lall (2006) demonstrated this by using variables of mean
annual temperature, mean annual precipitation, intra- and inter-annual variability and
spatial variability of rainfall to predict macroeconomic performance. As well as demon-
strating the significance of temporal variability of rainfall on gross domestic product
(GDP), they argued that different water policies are required for different categories of
water-concerned countries. Those with insufficient mean rainfall require “soft” policies
(efficiency, water trading, food importation), whilst those with inadequate temporal distri-
bution require “hard” policies (construction of impoundments). This temporal sensitivity
has often been lacking from many econometric studies which bundle climatic variation into
loosely defined “tropical” variables such as distance from the equator (see for example,
Bhattacharyya 2004, Rodrik et al. 2004). In particular, mean rainfall is a poor descriptive
of the water situation a country faces due to temporal and spatial variation.

Thus water poverty is a subjective condition. It is multifaceted, being economically,
biophysically and socially determined and is heterogeneous over space and time. Exactly
what any one researcher or decision maker intends by the term water poverty will depend
on their agency mandate and research foci.

Indicators of poverty

Univariate measures of poverty are predominantly focused on economic income. These
include the Headcount Ratio (the proportion of a country’s population subsisting on less
than $1.25 per day [$US, purchasing power parity), GDP per capita, the Total Poverty
Gap (which measures the intensity of poverty) or the Foster, Greer and Thornbecke Index
(which combines information on the extent, intensity and inequality of poverty) (Ray
1998). A practical and more holistic alternative is health variables. Human health often
reflects the quality of a person’s socio-economic and environmental situation.

Alternatively, a variety of indices built from weighted collections of statistics are
available, which are designed to capture the multi-dimensional nature of the poverty
problem. Widely used examples include the Human Development Index (HDI) and
the similarly designed Human Poverty Index (HPI). The HDI is an equally weighted
summation of life expectancy, school enrolment/literacy and per capita GDP, and is
intended to describe average development achievement. The similarly compiled HPI is
argued to provide a more complete measure for lesser-developed countries by describing
levels of average development deprivation (UNDP 2007). For lesser developed countries
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288 D. Kaczan and J. Ward

(the HPI-1 Index), it is made up of the probability at birth of not reaching 40 years
of age (1/3 weighting), the adult illiteracy rate (1/3 weighting), the proportion of the
population not using an improved water source (1/6) and the proportion of children under
weight for their age (1/6) (UNDP 2007). A final poverty measure we considered in this
assessment is the Social Vulnerability Index, formed specifically to measure the social
vulnerability of African countries to climate change. It is made up of nine sub-indices that
represent economic wellbeing and stability, demographic structure, institutional stability
and strength of public infrastructure, global interconnectivity and dependence on natural
resources (for details, see Vincent 2004).

The problems of quantifying poverty are similar to the problems of quantifying the
water situation: each alternative uni-variate measure emphasizes isolated elements of
poverty, generally considered non-systematically and independently of other poverty-
related factors. Multi-variate indices attempt to correct for this deficiency but are subject
to similar problems of arbitrary weighting and the potential conflation of disparate,
non-commensurate variables that are also used as water-scarcity indicators.

Previous assessments of water scarcity and poverty correlations

Although much of the reviewed literature is concerned with the relationship between water
scarcity and the incidence of poverty, Lawrence et al. (2002), Chenoweth (2008) and Cho
et al. (2010) are examples of a limited number of studies that undertake a systematic eval-
uation of either uni-variate or aggregated poverty and development statistics. Chenoweth
(2008) used a dataset of 173 countries to investigate water and poverty correlations at a
national level, however only considered physical water-scarcity indicators. Based on the
resulting low correlations Chenoweth concluded that the availability of water resources is
uncorrelated with a country’s ability to meet the basic needs of its population. Similarly,
he concluded that there is “no indication that water shortages hold back the development
of nations even though common sense would suggest that in any given country more water
should enable a higher GDP”. Chenoweth (2008) argued that socio-economic develop-
ment, rather than the natural environment, drives the ability of a country to productively
harness water for development. A minimal GDP contribution of a free or nearly free good,
and the low economic returns to water-intensive agriculture relative to less water-intensive
activities are introduced as additional reasons for low correlation coefficients.

Lawrence et al. (2002) presented the WPI in a national-level form. After calculating
aggregate WPI statistics for 147 countries, they presented a correlation matrix of the index
components and the HDI. The HDI statistic, along with the Gini coefficient of income
inequality, forms the “capacity” component of the national-level WPI statistic, and hence
their findings of strong correlations are expected. Cho et al. (2010) used data from 147
countries to develop a simplified WPI. They used principle components analysis to create
two more data-efficient metrics which have only slightly reduced descriptive power. In
order to demonstrate their usefulness they present correlations with the HDI and HPI-1
metrics which again were found to be high. As stated in both papers, high correlations are
to be expected between measures that include common components.

In summary, Lawrence et al. (2002) and Cho et al. (2010) found high correlations,
which are explained at least partly by the common components present in the indices tested.
Alternatively, Chenoweth (2008) found low correlations, derived from a biophysical water-
scarcity metric correlated with the constraints of GDP. The explanation for low correlation
coefficients does not include the hypothesis that spatial scales of water scarcity and poverty
are neither aligned nor correspondent.
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The importance of spatial consideration

There are a number of spatially explicit water-situation assessments in existence including
some of global extent. Vörösmarty et al. (2000) assessed the likelihood of water short-
ages due to climate change and population growth at 30’ grid cells. Islam et al. (2007)
developed a similar global assessment which included virtual water. Meigh et al. (1999)
compiled a regional model (southern and eastern Africa) based on surface and ground-
water as well as projected changes in demand. On a smaller scale, Sullivan, et al. (2003),
Sullivan et al. (2006) and Cullis and O’Regan (2004) demonstrated the feasibility and
usefulness of mapping the WPI at a community level to identify water-poverty hotspots.
However, most studies use country-level statistics in their assessment of water issues. For
example, Hoekstra and Hung (2005) in their assessment of virtual water flows, Lawrence
et al. (2002) in their development of an internationally comparable water poverty index,
and Feitelson and Chenoweth (2002) in their proposed indicator of resource abundance
and adaptive capacity.

A country-level approach is not necessarily inappropriate; in some cases it may be
adequate to address the issue in question. However, when using country-level indicators
it is important to understand the extent to which they represent typical (not just aver-
age) conditions on the ground. Given that the relationships between water and poverty are
numerous and of critical importance, water-poverty measures that accurately describe typi-
cal conditions (not just average conditions) are likely to correlate closely with development
indicators.

As an example, we considered first the water situation experienced by the countries of
the Niger Basin, West Africa. The Basin has a population of approximately 94 million peo-
ple (UN Population Division 2006). The majority of these people are highly impoverished
and life expectancies of all Niger Basin countries are in the bottom 15% of countries world-
wide (UNDP 2007). The population is predominantly rural and thus vulnerable to changing
climates and water regimes. A 30% long-term reduction in rainfall in the Sahelian regions
since the 1970s may be indicative of a new, drier, climatic regime (Niger Basin Authority
2005), although consensus is lacking on whether this decrease is permanent. Mali, Niger
and Chad are all classified as relatively water sufficient (see Table 1), given their high
levels of endowment (> 1700 m3/year/person). However, this water is geographically

Table 1. Water status (total available renewable water resources – TARWR) in countries of the Niger
Basin in 2005 and 2025.

Country

TARWR per
capita 2005

(m3/yr) 2005 status

TARWR per
capita projected1

2025 (m3/yr) 2025 projected status

Benin 3820 Water-abundant 1629 Water-stressed
Burkina Faso 930 Water-scarce 538 Water-scarce
Cameroon 17,520 Water-abundant 9431 Water-abundant
Chad 4860 Water-abundant 2357 Water-abundant
Cote D’Ivore 4790 Water-abundant 2189 Water-abundant
Guinea 26,220 Water-abundant 14,739 Water-abundant
Mali 7460 Water-abundant 5261 Water-abundant
Niger 2710 Water-abundant 1335 Water-stressed
Nigeria 2250 Water-abundant 1164 Water-stressed

Note: Water abundance is defined as >1700 m3/year/person, water-stressed 1700–1000 m3/year/person, water-
scarce <1000 m3/year/person (Source: UNESCO 2006); 1 based on projected population growth only.
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concentrated, and for the balance of the country (and many of their inhabitants), water
scarcity is a regular occurrence. Only Burkina Faso is considered to be consistently water-
scarce using the TARWR indicator. Contrary to expectations, projecting the per capita
water situation to 2025 based on current population growth, Burkina Faso remains the
only water-scarce country, with some additional water stress experienced in Benin, Niger
and Nigeria.

Such a result is to be expected, given the simplicity of the indicator used. An alter-
native indicator designed to capture both first-order physical scarcity and second-order
social capacity is likely to be more closely correlated to overall development performance.
Here we consider two water-scarcity indicators, the simple Falkenmark Index and the more
comprehensive Water Poverty Index, and assess the extent to which they correlate with
national-level development statistics. Data represent the continental states of Africa and
also Madagascar, with some omissions due to non-availability of data.

Four measures of a country’s development were selected based on data available, the
Human Development Index (HDI), the Headcount Ratio, the Genuine Savings Indicator
(GSI) and the Social Vulnerability Indicator (SVI). These measures are described below,
with the exception of the GSI. The GSI is a development index based on GDP, investment in
education and environmental damage (Hamilton and Clemens 1999). Countries that under-
take destruction of their environmental resources, and furthermore fail to invest in human
capital, are considered to be saving less or negatively. This accounting system is one of a
number of alternative progress measures and it is not without criticism (see Everett and
Wilks 1999). None of these four measures contains an explicit water component. All of the
measures utilized here have been criticized (although the HDI is a fairly well established
metric) and no particular one is considered the ultimate measure of poverty and vulnera-
bility. Each emphasizes different aspects of poverty and so have been used in parallel to
facilitate analytical comparison.

Table 2 presents the correlation between the two water-scarcity indicators and the
four poverty/vulnerability measures. Correlations are estimated using a non-parametric
Spearman’s rank test. Note that higher WPI and Falkenmark Index values indicate
an improved water situation (less water poverty), higher HDI values indicate an
improved development level, and a higher GSI indicates more sustainable development.
Alternatively, a higher Headcount Ratio indicates a greater proportion of people in poverty

Table 2. Correlation matrix for all African countries of the Falkenmark Index, the Water Poverty
Index (WPI), the Headcount Ratio (proportion of people living under US$1 per day, PPP), the Human
Development Index (HDI), the Genuine Savings Indicator (GSI) and the Social Vulnerability Index
(SVI).

Falkenmark WPI
Headcount

Ratio HDI GSI

Falkenmark1 - - - - -
WPI1 0.30∗ - - - -
Headcount Ratio2 0.26 −0.34∗ - - -
HDI3 −00.21 0.67∗ −0.58∗ - -
GSI4 −00.18 −00.08 −00.17 0.16 -
SVI5 0.07 −00.47∗ 0.48∗ −00.48∗ −00.02

Note: ∗ - statistically significant correlation (α = 0.05)
Sources: 1 Lawrence et al. (2002); 2 World Bank (2009); 3 UNDP (2007); 4 Hamilton and Clemens (1999); 5

Vincent (2004).
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and higher SVI values mean higher vulnerability. The sample is made up of all African
countries for which data are available (excluding small island states).

Correlations are generally moderate to weak at the national scale. The Falkenmark
Index has no significant correlations (α = 0.05) with any poverty or vulnerability measure.
The quantity of water (the first-order scarcity) has no observable correspondence with the
poverty and vulnerability levels of a country. The Falkenmark Index’s correlation with the
WPI is to be expected given that the latter incorporates a form of the total water-resources
statistic.

The WPI, which includes both first-order physical scarcity and second-order social
capacity has significant correlations with three of the four poverty/vulnerability measures.
Correlation is strongest with the HDI, however, given that elements of the HDI form com-
ponents of this measure, it is of reduced importance here. Correlation with the Headcount
Ratio is negative and significant as expected (r = 0.34, α = 0.05), but relatively weak. The
WPI includes variables such as child-mortality rates, education-enrolment rates and access
to clean water and sanitation which are highly correlated with monetary-poverty levels
(Klasen 2008). Furthermore, variables such as child-mortality rates have been suggested
as superior to monetary-poverty measures in some situations given that they are less influ-
enced by alternative and traditional barter economies (Setboonsarng 2005). Given these
already established relationships, the correlation between the WPI and the Headcount Ratio
is surprisingly weak. There is a significant but moderate correlation (r = −0.47, α = 0.05)
between the SVI and WPI but neither water indicator shows any significant correlation
with the GSI.

Thus at a national level, there is little evidence for a strong association between a
country’s water situation and its development performance on the African continent. This
conclusion is at odds with Hanjra and Gichuki (2008), who argued that there is “near con-
cordance” between WPI, HDI and the proportion in absolute poverty (< US$1 per day)
for the 20 African countries of the Limpopo, Nile and Volta River basins. We calculated
Pearson correlation coefficients for their sample of countries, and found that there is indeed
a statistically significant correlation between HDI and WPI (r = 0.78, α = 0.05), how-
ever we expected this due to the common components present in both indices. The more
informative correlation between WPI and those in absolute poverty is also statistically
significant but considerably reduced (r = 0.44, p = 0.052).

The correlation analysis is intended to highlight two points. First, it provides some
justification for the use of a more sensitive indicator capable of capturing both the first-
order physical conditions of water stress as well as the second-order social conditions
of institutional capability. Compared to the single-factor Falkenmark Index, the correla-
tion coefficient between the WPI and development status was both higher and statistically
significant (α=0.05) for three of the four variables. These efforts were designed to test
the hypothesis posed by Turton and Warner (2002), that “. . . the relative abundance
(or scarcity) of the second-order resource determines the [development] outcome”. Thus
despite the criticism of the WPI as a subjective amalgamation of disparate variables, it
is arguably superior to the single-factor index. The results reported in Table 2 support
the Turton and Warner hypothesis (2002), although a more refined analysis is required to
identify precise limits and qualifications of this statement.

Second, we demonstrate that although the multi-variate indices represent improvements
over the Falkenmark Index, there remains a surprisingly low correlation between water
poverty and development when measured at a national scale. It is likely that the data
compression that occurs when spatially aggregating to a national level masks the other-
wise prominent association between water scarcity and poverty. This has been noted by
previous studies typically investigating a particular country (see for instance Amarasinghe
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et al. (2005)) and we demonstrate the same point here for the general case. Describing a
country’s water situation often requires recognizing temporal heterogeneity also, as demon-
strated by Brown and Lall (2006). Without such sensitivity to both space and time, water
might be dismissed as a contributor to development outcomes. Consequently potentially
beneficial policy approaches may be ignored.

Although we found similar results to Chenoweth (2008), we conclude differently.
Spatial heterogeneity in water and poverty metrics is likely to be too great to allow for
meaningful correlations at a national level. The ability of a country to utilize its water
resources is as important, if not more so, than the gross quantity of water available.
Our analysis tested this hypothesis by using multi-faceted water poverty indicators, and
revealed only weak correlations with the key development indicators for African countries.
The results shown here indicate that it is difficult to build a case for water-related
investment in Africa based on country-level statistics alone, and particularly unreliable
when those national-level results are restricted to a singular consideration of the physical
measures of water scarcity. The results suggest that wherever possible, researchers should
endeavour to use spatially specific water variables at higher resolution in models of
poverty. Alternatively, a variable (or vector) that at least captures the heterogeneity of
the water distribution across a country may be appropriate if national level statistics are
otherwise preferred.

Acknowledgements
This work was supported by the Consultative Group on International Agricultural Research (CGIAR)
Challenge Programme on Water and Food (Niger Basin Focal Project), and CSIRO Water for
a Healthy Country Flagship. Helpful comments were provided by Sandeep Mohapatra and four
anonymous reviewers. All errors and omissions are the responsibility of the authors only.

References
Amarasinghe, U., Samad, M. and Anputhas, M., 2005. Spatial clustering of rural poverty and food

insecurity in Sri Lanka. Food Policy, 30(5–6), 493–509.
Bhattacharyya, S., 2004. Deep determinants of economic growth. Applied Economic Letters, 11(9),

587–590.
Brown, C. and Lall, U., 2006. Water and economic development: the role of variability and a

framework for resistance. Natural Resources Forum, 30(4), 306–317.
Chenoweth, J., 2008. A re-assessment of indicators of national water scarcity. Water International,

33 (1), 5–18.
Cho, D., Ogwang, T., and Opio, C., 2010. Simplifying the Water Poverty Index. Social Indicators

Research, 97(2), 257–267.
Cook, S., et al., 2009. Water, food and livelihoods in river basins. Water International, 34 (1), 13–29.
Cook and Gichuki, F. 2006. Analyzing water poverty: water, agriculture and poverty in basins. Basin

Focal Project Working Paper No. 3. Colombo: CGIAR Challenge Program on Water and Food.
Cullis, J. and O’Regan, D., 2004. Targeting the water-poor through water poverty mapping. Water

Policy, 6(5), 397–411.
Everett, G. and Wilks, A., 1999. The World Bank’s Genuine Savings Indicator: a useful measure of

sustainability? London: The Bretton Woods Project.
Falkenmark, M., 2006. Shift in thinking to address the 21st century hunger gap: moving focus from

blue to green water management. Water Resources Management, 21(1), 7–18.
Falkenmark, M. and Widstrand, C., 1992. Population and water resources: a delicate balance.

Population Bulletin, 47(3), 1–36.
Feitelson, E. and Chenoweth, J., 2002. Water poverty: towards a meaningful indicator. Water Policy,

4(3), 236–281.
Harrington, L., 2009, Cross-basin comparisons of water use, water scarcity and their impact on

livelihoods: present and future. Water International, 34 (1), 144–154.

D
ow

nl
oa

de
d 

by
 [

L
eh

ig
h 

U
ni

ve
rs

ity
] 

at
 0

8:
47

 2
2 

Fe
br

ua
ry

 2
01

6 



Water International 293

Hamilton, K. and Clemens, M., 1999. Genuine savings rates in developing countries. World Bank
Economic Review, 13 (2), 333–356.

Hanjra, M.A. and Gichuki, F., 2008. Investments in agricultural water management for poverty reduc-
tion in Africa: case studies of Limpopo, Nile and Volta river basins. Natural Resources Forum,
32(3), 185–202.

Hoekstra, A. and Hung, P., 2005. Globalisation of water resources: international virtual water flows
in relation to crop trade. Global Environmental Change, 15(1), 45–56.

Hussain, I. and Hanjra, M.A., 2004. Irrigation and poverty alleviation: review of the empirical
evidence. Irrigation and Drainage, 53(1), 1–15.

Islam, S., et al., 2007 A grid-based assessment of global water scarcity including virtual water
trading. Water Resources Management, 21(1), 19–33.

Klasen, S., 2008. Poverty, undernutrition, and child mortality: some inter-regional puzzles and their
implications for research and policy. Journal of Economic Inequality, 6(1), 89–115.

Komnenic, V., Ahlers, R., and van der Zaag, P., 2009. Assessing the usefulness of the water poverty
index by applying it to a special case: can one be water poor with high levels of access? Physics
and Chemistry of the Earth, Parts A/B/C, 34 (4–5), 219–224.

Lawrence, P., Meigh, J., and Sullivan, C., 2002. The Water Poverty Index: an International
Comparison. Keele Economics Research Papers 19 Keele: Keele University.

Meigh, J., McKenzie, A., and Sene, K., 1999. A grid-based approach to water scarcity estimates for
eastern and southern Africa. Water Resources Management, 13(2), 85–115.

Molden, D., 2007. Summary for decision makers. Water for food, water for life: a Comprehensive
Assessment of Water Management in Agriculture. London: Earthscan and Colombo: International
Water Management Institute.

Molle, F., 2009. Water, politics and river basin governance: repoliticizing approaches to river basin
management. Water International, 31 (1), 62–70.

Molle, F. and Mollinga, P., 2003. Water poverty indicators: conceptual problems and policy issues.
Water Policy, 5(5–6), 529–544.

Namara, R.E. et al., 2010. Agricultural water management and poverty linkages. Agricultural Water
Management, 97 (4), 520–527.

Niger Basin Authority, 2005. Regional synthesis on national multi-sectoral studies. Niamey: Niger
Basin Authority.

Ohlsson, L., 2000. Water conflicts and social resource scarcity. Physics and Chemistry of the earth
(B), 25 (3), 213–220.

Raskin, P., et al., 1997. Water futures: assessment of long-range patterns and problems. Stockholm:
Stockholm Environment Institute.

Ray, D., 1998. Development economics. Princeton: Princeton University Press.
Rijsberman, F., 2006. Water scarcity: fact or fiction? Agricultural Water Management, 80(1–3), 5–22.
Rockström, J., et al., 2009. Future water availability for global food production: the potential of green

water for increasing resilience to global change. Water Resources Research, 45(7), W00A12.
Rodrik, D., Subramanian, A., and Trebbi, F., 2004. Institutions rule: the primacy of institutions over

geography and integration in economic development. Journal of Economic Growth, 9(2), 131–
165.

Salameh, E., 2000. Redefining the Water Poverty Index. Water International, 25 (3), 469–473.
Seckler, D., 1998. World water demand and supply, 1990 to 2025: scenarios and issues. Research

report 19. Columbo: International Water Management Institute.
Setboonsarng, S., 2005. Child malnutrition as a poverty indicator: an evaluation in the context of

different development interventions in Indonesia. ADB Institute discussion paper 21. Manila:
Asian Development Bank.

Sullivan, C., et al., 2003. The Water Poverty Index: development and application at the community
scale. Natural Resources Forum, 27(3), 189–199.

Sullivan, C., Meigh, J., and Lawrence, P., 2006. Application of the Water Poverty Index at different
scales: a cautionary tale. Water International, 31 (3), 412–426.

Turton, A. and Warner, J., 2002. Exploring the population / water resources nexus in the develop-
ing world. Washington DC: The Woodrow Wilson Institute Environmental Change and Security
Project.

UN Population Division, 2006. World population prospects: the 2006 revision population database
[online]. Available from: http://esa.un.org/unpp/index.asp?panel=1 [Accessed 12 December
2008].

D
ow

nl
oa

de
d 

by
 [

L
eh

ig
h 

U
ni

ve
rs

ity
] 

at
 0

8:
47

 2
2 

Fe
br

ua
ry

 2
01

6 



294 D. Kaczan and J. Ward

UNDP, 2006. Human Development Report 2006. Beyond scarcity: power, poverty and the global
water crisis. New York: United Nations Development Programme.

UNDP, 2007. Human Development Report 2007/2008: fighting climate change. New York: United
Nations Development Programme.

UNESCO, 2006. The state of the resource in water: a shared responsibility. New York:
United Nations Educational Scientific and Cultural Organisation and World Meteorological
Organisation.

Vincent, K., 2004. Creating an index of social vulnerability to climate change for Africa. Working
paper 56. Norwich: Tyndall Centre for Climate Change Research, School of Environmental
Sciences, University of East Anglia.

Vörösmarty, C., 2000. Global water resources: vulnerability from climate change and population
growth. Science, 289(5477), 284–288.

World Bank, 2009. PovcalNet online poverty analysis tool [online]. Available from http://go.
worldbank.org/NT2A1XUWP0 [Accessed 4 February 2009].

D
ow

nl
oa

de
d 

by
 [

L
eh

ig
h 

U
ni

ve
rs

ity
] 

at
 0

8:
47

 2
2 

Fe
br

ua
ry

 2
01

6 

http://go.worldbank.org/NT2A1XUWP0
http://go.worldbank.org/NT2A1XUWP0

