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a  b  s  t  r  a  c  t

The  fields  of global  health  and  international  development  commonly  cluster  countries  by  geography
and  income  to target  resources  and  describe  progress.  For  any  given  sector  of  interest,  a  range  of rel-
evant  indicators  can  serve  as  a more  appropriate  basis  for classification.  We  create  a new  typology  of
country  clusters  specific  to  the  water  and  sanitation  (WatSan)  sector  based  on  similarities  across  mul-
tiple  WatSan-related  indicators.  After a literature  review  and  consultation  with  experts  in  the  WatSan
sector,  nine  indicators  were  selected.  Indicator  selection  was  based  on  relevance  to and  suggested  influ-
ence  on  national  water  and sanitation  service  delivery,  and  to maximize  data  availability  across  as  many
countries  as  possible.  A  hierarchical  clustering  method  and  a  gap statistic  analysis  were  used  to  group
countries  into  a natural  number  of  relevant  clusters.  Two  stages  of  clustering  resulted  in five clusters,
representing  156  countries  or  6.75  billion  people.  The  five  clusters  were  not  well  explained  by  income  or
geography,  and  were  distinct  from  existing  country  clusters  used  in  international  development.  Analysis
of  these  five  clusters  revealed  that  they  were  more  compact  and  well  separated  than  United  Nations
and  World  Bank  country  clusters.  This  analysis  and  resulting  country  typology  suggest  that  previous
geography-  or income-based  country  groupings  can  be improved  upon  for applications  in  the WatSan
sector  by  utilizing  globally  available  WatSan-related  indicators.  Potential  applications  include  guiding
and  discussing  research,  informing  policy,  improving  resource  targeting,  describing  sector  progress,  and
identifying  critical  knowledge  gaps  in  the  WatSan  sector.

© 2013 Elsevier GmbH. All rights reserved.

Introduction

Inadequate access to water and sanitation are major causes
of millions of deaths and billions of cases of diarrheal and
respiratory morbidity each year. This has direct costs to house-
holds and health systems, contributing to the poverty trap for
billions of people worldwide (Pruss-Ustun and Corvalan, 2006;
Waddington et al., 2009). There is, therefore, a concerted effort
to address the lack of basic water and sanitation (WatSan) ser-
vices worldwide, including initiatives by the World Bank, the UN,
and bilateral agencies (About the Water and Sanitation Program,
2013; United Nations, 2011). Despite these initiatives, there remain
783 million people without access to improved water sources
and 2.5 billion people without access to improved sanitation,
according to the Joint Monitoring Program (UNICEF and WHO,
2012). Some have suggested that causes of this situation include
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poorly invested resources, misaligned country investments (Saleth
and Dinar, 2000), and other donor failings (Radele and Levine,
2010).

In the WatSan sector, countries are often clustered in order
to inform efforts to address the lack of access to WatSan ser-
vices. Specifically, country clusters are used to explain trends,
target investments, and generalize findings. Existing approaches
in the WatSan sector for clustering countries have focused on
geographic-, economic-, or health-based indicators. Geography-
based country clusters group countries based on proximity to each
other, while economic- and health-based clusters group countries
based on similarity across indicators of country-wide economic
performance or health, respectively. The Millennium Development
Goals country grouping is geography-based (excepting devel-
oped countries, which are put in a separate group) (UNICEF and
WHO, 2012). The WHO  country grouping is also geography-based,
with sub-groupings based on patterns of child and adult mortal-
ity (Definition of region groupings, 2013). The World Bank has
three systems for grouping countries: geographic region, income
(gross national income per capita), and lending category (deter-
mined based on income group and credit rating) (How we classify
countries, 2013).
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The WatSan sector is complex: institutional arrangements, lev-
els of service, and program and project experiences do not align
by geography, economics, or health alone. The WatSan sector is
also impacted by and connected to political, economic, social, and
environmental factors. This paper presents a cluster analysis which
classifies countries into groups designed to be representative of
WatSan sector arrangements, performance, and progress.

Background

Previous applications of cluster analysis

Cluster analysis denotes a family of methods in applied statistics
used to identify groups in data, where the groups are formed so as
to be as homogenous as possible, while maximizing the differences
between groups (Kaufman and Rousseeuw, 1990). Cluster analy-
sis has been applied across a wide range of disciplines, including
chemistry, genetics, and marketing to create interpretable clas-
sifications using multiple variables (Downs and Barnard, 2003;
Eisen et al., 1998; Zandpour and Harich, 1996). Cluster analysis
has been used to group countries along national-level indicators
in political economy and international business contexts (Ketchen
and Shook, 1996; Wolfson et al., 2004). In the international devel-
opment sector, previous work has shown that applying cluster
analysis to countries over a broad set of relevant economic indi-
cators can yield more informative country classifications than can
traditional geographic- and income-based demarcations (Berlage
and Terweduwe, 1988). Cluster analysis has also been used to group
countries across multiple dimensions of environmental sustaina-
bility (Esty, 2002).

Major approaches in cluster analysis

There are many methods of cluster analysis, of which Everitt
et al. (2001) offers an overview. Major clustering approaches
include hierarchical, optimization, and model-based methods.
Hierarchical methods connect data points based on a measure of
distance between the data points to form clusters. Such methods
produce a hierarchy of clusters that can be judged to merge together
as a distance threshold increases, and can be expressed visually as
a dendrogram. Optimization methods produce a partition of the
data into a number of groups k that must be pre-specified by the
analyst, by choosing k data points as pre-assigned “cluster centers,”
and then assigning data points to those centers in a way  that mini-
mizes the squared distances between members within that cluster.
Model-based methods generally use an expectation-maximization
algorithm that assigns data points to a fixed number of Gaussian
distributions.

An important limitation to any of these methods is that there
is no internal mechanism to distinguish between important and
unimportant indicators. As such, the resulting clusters are sensitive
to the indicators included in the analysis; therefore, indicators must
be chosen carefully based on conceptual underpinnings highly
dependent on sector context.

Methods

Data sources

After a literature review and consultation with experts (aca-
demics and practitioners) in the WatSan sector, we chose indicators
with which to cluster countries based on their relevance and sug-
gested influence on national water and sanitation service delivery,
as well as data availability so as to capture a majority of the world’s

population in the country groupings.1 Suggested influence here
means that the indicator has a hypothesized mechanism by which it
influences the level of water and sanitation service delivery, or has
been associated with levels of service delivery in previous stud-
ies. Previously cited influences on access to water and sanitation
service and the quality of that service provided include: invest-
ment, aid, governance, education, human capital, inequality and
water availability (Fry, 2008). Table 1 presents the indicators we
chose for the cluster analysis and the rationale for their inclusion.
Seven of the indicators were chosen for their influence on the Wat-
San sector’s capacity and arrangements and two  indicators were
chosen to represent levels of WatSan service delivery.

There are many other indicators for which data is available and
also may  have influence on national water and sanitation service
delivery. Such indicators were excluded either because of missing
data for many countries and a relatively large proportion of the
global population, or to avoid co-linearity which would distort the
results of the cluster algorithm. Examples of indicators excluded
due to data availability are domestic water and sanitation infra-
structure investment and bacteriological water quality. National
figures for domestic public and private investment in water and
sanitation infrastructure are available from a limited number of
national government expenditure reports, as well as from 26 public
expenditure reviews conducted by the World Bank (Manghee and
van der Berg, 2012). Nationally representative drinking water qual-
ity data is only available for the five countries covered by the Rapid
Assessment of Drinking Water Quality project of WHO  and UNICEF
(Onda et al., 2012). We  avoided constructed indices such as the
human development index (HDI) and water poverty index (WPI) in
order to focus on the underlying data and to avoid unnecessary co-
linearity among these indices and chosen indicators, many of which
are constituents of such indices (Anand and Sen, 1994; Sullivan,
2002). We  did not include the health indicator under-five diar-
rheal incidence because the available figures were produced using
a regression that included WHO  region and per capita national
income as covariates (Walker et al., 2012). We  included years of
education completed over other education indicators because we
deemed it to be relevant for a range of WatSan arrangements and
outcomes.

Clustering method

A cluster analysis was  conducted to classify countries into
groups based on similarity across the nine selected WatSan indi-
cators. We  used a hierarchical clustering method to allow for the
natural number of relevant clusters to emerge, since optimization-
or model-based approaches involve pre-determining the number
or shape of clusters. All computations were performed with R ver-
sion 2.15.1 (R Core Team, 2012).

We elected to use the squared Euclidean distance as the dis-
tance metric, which is the square of the simple geometric distance
in multidimensional space (Kaufman and Rousseeuw, 1990). This
requires that all indicator variables be on the same scale in order
for each variable to be given equal weighting in the overall distance
calculation.

We elected to use the raw variables rather than to use a data
reduction technique such as principal components analysis because
the use of such synthetic variables in cluster analysis is generally
considered poor practice (Kettenring, 2006). Highly right-skewed
variables were transformed by taking the natural logarithm. Highly
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