
Hydrol. Earth Syst. Sci., 13, 905–912, 2009
www.hydrol-earth-syst-sci.net/13/905/2009/
© Author(s) 2009. This work is distributed under
the Creative Commons Attribution 3.0 License.

Hydrology and
Earth System

Sciences

HESS Opinions
“Urgent water challenges are not sufficiently researched”

P. van der Zaag1,2, J. Gupta1,3, and L. P. Darvis1

1UNESCO-IHE Institute for Water Education, Delft, The Netherlands
2Water Resources Section, Delft University of Technology, Delft, The Netherlands
3Institute for Environmental Studies, Vrije Universiteit, Amsterdam, The Netherlands

Received: 10 February 2009 – Published in Hydrol. Earth Syst. Sci. Discuss.: 2 March 2009
Revised: 5 June 2009 – Accepted: 5 June 2009 – Published: 23 June 2009

Abstract. In this opinion paper we submit that water ex-
perts conduct comparatively little research on the more ur-
gent challenges facing the global community. Five specific
biases are identified. First, research in the field of water and
sanitation is heavily biased against sanitation. Second, re-
search on food security is biased in favour of conventional
irrigation and fails to address the problems and opportuni-
ties of rainfed agriculture. Third, insufficient water research
is dedicated to developmental compared to environmental is-
sues. Fourth, too little research is conducted on adaptation
to climate change by developing countries. And finally, re-
search on water governance has a fascination for conflict but
too little eye for cooperation and meeting basic needs. This
paper illustrates these biases with bibliometric indicators ex-
tracted from the ISI Web of Science. There is a stark mis-
match between the global demand for knowledge and the
supply of it. This mismatch is identified here as a problem
that we water scientists must confront and resolve. We still
lack a full understanding why this divergence between de-
mand and supply occurs and persists; an understanding that
is required to guide us towards aligning our research prior-
ities to societal demands. The paper, however, makes some
inferences. On the one hand, we should promote the global
South to create its own research biases and allow it to develop
alternative solutions. Simultaneously we would benefit from
critical examination of our own research practice. Although
this paper addresses a critical challenge it does not aim to be
exhaustive or definitive. We merely identify the persistence
of intransigent water problems as a valid research object in
itself.

Correspondence to:P. van der Zaag
(p.vanderzaag@unesco-ihe.org)

1 Introduction

What are the urgent water challenges that the world faces?
There is certainly no lack of authoritative global assessments
that articulate pertinent water challenges. Among these as-
sessments are the UN Development Reports (UNDP, 2006;
UNDP, 2007), reports related to the Millennium Develop-
ment Goals (e.g. UN, 2005; UN Millennium Project, 2005),
the Biennial Report on Freshwater Resources (Gleick, 2008),
and the tri-annual World Water Development Reports (UN-
ESCO, 2006). Other important documents are regularly pro-
duced by the FAO on food and food insecurity (FAO, 2008a,
b), by the Intergovernmental Panel on Climate Change on,
inter alia, climate change and water (Bates et al., 2008), and
by the World Resources Institute (WRI, 2008). The Millen-
nium Ecosystem Assessment (2005) and the Comprehensive
Assessment of Water Management for Agriculture (Molden,
2007) also discussed key water issues.

These reports continuously formulate and re-formulate
challenges that are all variations and specifications of a lim-
ited set of problems, many of which having a significant wa-
ter dimension. The most important of these water problems
may be summarised as follows:

1. Sanitation:Whereas access to potable water for all re-
mains a formidable challenge, an even greater challenge
is to ensure adequate sanitation for all. Forty percent
of humanity remains without access to adequate sanita-
tion services, and this percentage is proving difficult to
bring down. Sanitation directly influences human health
and productivity, especially in densely populated areas.
Moreover, lack of proper sanitation is frequently asso-
ciated with environmental degradation.

2. Food security:Many households remain food insecure.
Crop yields have to increase, also in order to feed an
ever-growing population. Many smallholder farmers,
especially in Sub-Saharan Africa, do not manage to
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achieve grain yields above 1.5 tons per hectare. Due
to variability of rainfall, harvests regularly fail directly
affecting livelihoods. Soil nutrients and water are limit-
ing factors that can, however, be overcome (Falkenmark
and Rockstr̈om, 2004).

3. Freshwater ecosystem integrity:Economic develop-
ment is accompanied by environmental externalities.
Resource use leads to over-abstraction of water from
rivers and aquifers, to pollution of air, water and
soil, and has completely modified hydrological regimes.
This negatively affects the integrity of ecosystems,
which is not only detrimental to plant and animal life,
but also to human beings, as humans rely on ecosystem
services for their livelihoods and recreation.

4. Adaptation to climate change:There is an urgent need
to enhance the capacity of water systems to respond
to the potential impacts of climate change, such as in-
creased variability of rainfall, increased intensity and
frequency of extreme events, and, in many parts, a de-
crease in the utilisable amounts of surface- and ground-
water.

5. Governance: Where there are problems of water
scarcity, sanitation, food security, water pollution or ex-
treme events, tensions arise between rival water users
(and rival water uses) and between rival uses of scarce
government resources. These problems occur at dif-
ferent levels of governance, in rural and urban ar-
eas, involving individual actors, communities, and na-
tion states. Developing legitimate institutions that ad-
equately deal with such dilemmas and potentially con-
flictive situations is a major scientific and political chal-
lenge. Given the global trends of change, such situa-
tions are likely to occur more frequently and in more
intense forms in future requiring more responsive gov-
ernance systems.

Are water scientists contributing sufficiently to resolving
the above challenges? The answer is straightforward: they
don’t. Our experience as water researchers and teachers
has led us to hypothesise that there are serious mismatches
between water problems and the water research devoted to
these problems. We decided to test this intuitive and ex-
periential hypothesis through a quick assessment of biblio-
metric data on the research output in the field of water. Our
analysis is based on data from ISI Web of Knowledge (http:
//isiwebofknowledge.com) and the methodology followed is
described in the Appendix. This analysis confirmed our hy-
pothesis.

Table 1. Scientific papers on water supply and drinking water ver-
sus sanitation, 1998–2007.

search term in title, keywords and abstract Papers

water AND drinking NOT sanitation 20 371
water AND sanitation NOT drinking 792
water AND drinking AND sanitation 178

21 341

Source:http://isiwebofknowledge.com

2 Research in the field of water is heavily biased against
sanitation

Research in the field of water is heavily biased against sani-
tation and this may explain why so little progress is made on
this issue (Table 1). This is of great concern given the current
sanitation crisis. The sanitation crisis is a three dimensional
problem: it severely compromises human health; it creates
severe pollution loads and thus impacts the environment neg-
atively; and it represents a waste of rapidly depleting nutri-
ents that could be a resource for food and/or energy produc-
tion. Of the small research output on sanitation, most is pro-
duced in the developed countries, and few research subjects
are initiated, carried out and/or published by knowledge in-
stitutions in the global South (Table 2). This is hardly surpris-
ing: in countries where sanitation needs are the largest, the
number of research and development experts is lowest, and
hence the capacity to develop homegrown solutions is con-
strained (Gupta and Van der Zaag, 2009). This is a relevant
observation since sanitation practices are influenced by lo-
cally specific biogeochemical, socio-economic, cultural and
institutional aspects. Yet, compared to bibliometric statistics
on some other water topics (see next sections), the contri-
bution on sanitation research by developing countries is not
negligible (above 10%). Some may argue that the lack of
articles on sanitation may reveal that this is seen as a social
and political challenge rather than a scientific challenge. We
beg to differ. The social, economic and political aspects of
this issue should be seen as a social science challenge, with a
concomitant academic output in the form of research papers
in social science journals.

3 Research on food security is biased in favour of con-
ventional irrigation, and fails to address the problems
and opportunities of rainfed agriculture

Furthermore, there are five times more research papers on ir-
rigation that do not take rainfed agriculture into account than
there are papers that address both issues or that only address
rainfed agriculture (Table 3). This is remarkable considering
that so many more people depend on rainfed agriculture for
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Table 2. Location of the institution of authors of scientific papers on sanitation, 1998–2007.

water AND sanitation NOT drinking water AND sanitation AND drinking

developed countries 77.5 % developed countries 69.3 %
countries in transition 13.1 % countries in transition 13.4 %
developing countries 9.4 % developing countries 17.3 %

Source:http://isiwebofknowledge.com

Table 3. Scientific papers on rainfed and irrigated agriculture, 1998–2007.

search term in title, keywords and abstract papers citations citation average

water AND “irrigated agriculture” NOT “rainfed agriculture” 333 1858 5.6
water AND “rainfed agriculture” NOT “irrigated agriculture” 62 426 6.9
water AND “irrigated agriculture” AND “rainfed agriculture” 8 35 4.4

403 2319 5.8

Source:http://isiwebofknowledge.com

Table 4. Location of the institution of authors of scientific papers on rainfed and irrigated agriculture, 1998–2007.

water AND “irrigated agriculture” NOT “rainfed agriculture” water AND “rainfed agriculture” NOT “irrigated agriculture”

developed countries 73.3% developed countries 55.3%
countries in transition 16.8% countries in transition 27.6%
developing countries 9.9% developing countries 17.1%

Source:http://isiwebofknowledge.com

their livelihood than on irrigation, and despite the social, eco-
nomic and health problems associated with low crop yields
of rainfed agriculture in many semi-arid tropical and sub-
tropical regions. It is interesting to note that the share of
developing countries and countries in transition contributing
papers on rainfed agriculture is large (44.7%, see Table 4).

4 Insufficient water research is dedicated to develop-
mental compared to environmental issues.

Poor sanitation and food insecurity are both associated with
poverty, but there are no simple cause – effect relations: Are
people poor because they lack access to adequate sanitary
services or is it the other way around? Low crop yields cer-
tainly contribute to the vulnerability of rural livelihoods, but
are higher and more secure crop yields a sufficient condi-
tion for rural people to extricate themselves out of poverty?
In order to answer these questions, the complex dynamics
that exist between poverty, livelihoods, infrastructure, insti-
tutions, and access to natural resources and essential services
must be considered. Socio-economic development is both a
result ofand a prerequisite for resolving the sanitation and

agricultural challenges. Eradicating poverty is therefore the
central Millennium Development Goal. Without broad-based
economic development most of the other development goals,
as well as the water, sanitation, maternal health and food se-
curity targets, are not achievable.

There will be environmental consequences, both posi-
tive and negative, associated with such broad-based socio-
economic development. These ecological concerns obvi-
ously merit attention, but given the urgency of the water
problems identified, it is expected that the research output on
developmental (economic) issues in a water context would
be of the same order, or larger, than that on environmental
(ecological) issues.

To verify this hypothesis we compared the number of
research papers on water and economic development with
those on water and the environment. According to the ISI
Web of Knowledge database, three times more papers deal
with the latter and these are cited much more frequently (Ta-
ble 5). Remarkably, less than 1% of all papers mention both
issues. Scientists from developing countries contribute a neg-
ligible number of papers concerning water and environmen-
tal issues but author significantly more research papers deal-
ing with water and economic development (Table 6).
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Table 5. Scientific papers on ecology and environment and on development and economy, 1998–2007.

search term in topic title, keywords and abstract papers citations citation average

water AND ecology AND environment NOT (development AND economy) 869 11 395 13.1
water AND development AND economy NOT (ecology AND environment) 288 2048 7.1
water AND development AND economy AND (ecology AND environment) 8 52 6.5

1165 13 495 11.6

Source:http://isiwebofknowledge.com

Table 6. Location of the institution of authors of scientific papers on ecology and environment,
and on development and economy, 1998–2007.

water AND ecology AND environment NOT water AND development AND economy NOT
(development AND economy) (ecology AND environment)

developed countries 83.2% developed countries 66.2%
countries in transition 15.3% countries in transition 26.7%
developing countries 1.5% developing countries 7.1%

Source:http://isiwebofknowledge.com

Table 7. Scientific papers on climate change, adaptation and mitigation, 1998–2007.

Search terms in title, keywords and abstract papers citations citation average

climate change AND adaptation NOT mitigation 837 10 666 12.7
climate change AND mitigation NOT adaptation 565 5694 10.1
climate change AND mitigation AND adaptation 118 1192 10.1

1520 17 552 11.5

Source:http://isiwebofknowledge.com

Table 8. Location of the institution of authors of scientific papers on climate change, adaptation and mitigation, 1998–2007.

climate change AND adaptation NOT mitigationclimate change AND mitigation NOT adaptation

developed countries 90.0% developed countries 85.3%
countries in transition 8.6% countries in transition 13.0%
developing countries 1.4% developing countries 1.6%

Source:http://isiwebofknowledge.com

5 Too little research is conducted on adaptation to cli-
mate change by developing countries

It is widely acknowledged that climate change will hit de-
veloping countries hardest. The impacts on the sub-tropical
and tropical areas are expected to be more severe than in the
temperate zones. These impacts come over and above the
existing challenges that these countries already face in the
form of huge variabilities, shocks and uncertainties in hy-
drology (naturally occurring floods and droughts), economy
(fluctuations in world market prices, for example) and in po-
litical terms, compromising their capacity to meet the basic

needs of their populations. These countries and their citizens
are constantly busy with adapting to changing circumstances,
be these natural or man-made. They cannot afford to spend
scarce resources to systematically investigate the origin and
future trends in these variabilities. This is reflected in the
bibliometric data: developing countries contribute a negli-
gible amount of papers on adaptation to and mitigation of
climate change. The countries that are primarily responsible
for climate change themselves dominate the scientific out-
put, both on mitigation and adaptation strategies for climate
change (Tables 7 and 8).
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Table 9. Location of the institution of authors of scientific papers
on water and biofuel, 1998–2007 (n=165).

water AND biofuel

developed countries 86.6%
countries in transition 13.4%
developing countries 0.0%

Source:http://isiwebofknowledge.com

The climate change challenge that developing countries
face is exacerbated by the recent and sudden increase in bio-
fuel demand as a result of the EU and USA seeking to mit-
igate their greenhouse gas emissions and to reduce their de-
pendency on oil exporting countries. As biofuel production
competes with existing uses of land and water resources, the
North partly externalises its biofuel demands to the South.
But also in the South, biofuel production competes with ex-
isting land and water uses. This leads to policy dilemmas in
many developing countries: between export-led development
versus livelihood security scenarios. Yet these countries have
limited research capacity to critically analyse these dilemmas
and propose appropriate policies. This is illustrated by Ta-
ble 9: During 1998–2007 only 165 scientific papers dealt
with “water” and “biofuel”, none of which was authored
by institutions located in developing countries. The huge
land and water concessions that European and American in-
vestors, fuelled by lucrative subsidy schemes, are currently
acquiring in countries such as Ethiopia, Mozambique, Peru
and Tanzania for establishing large biofuel plantations pin-
point at weakly developed and/or weakly respected resource
rights of local communities, especially concerning access to
land (Keyzer et al., 2008) and water (our own observations).
The water dimension, however, receives too little attention
(Uhlenbrook, 2007).

6 Research on water governance has a fascination for
conflict but too little eye for cooperation

Tensions arise where problems of water scarcity, sanitation,
food security, water pollution or extreme events occur. What
type of research is required to prepare ourselves to deal with
increasingly fierce competition over water between rival wa-
ter users that seems inevitable in the near future? Table 10
shows that there is a clear fascination in the literature for wa-
ter conflict, as there are many more research papers that men-
tion water conflict in their title than there are papers on water
cooperation. Table 11 shows that this skewedness is even
more extreme in the research output of developing countries.
Conflict rightfully attracts attention and requires to be un-
derstood before it can be resolved. But the fact that there is
more talk and thought about water conflict than about water
cooperation may have a self-fulfilling effect. Is this focus

on conflict sufficient to better understand how to share wa-
ter peacefully? It is in our view urgent to better understand
why water is often a factor of collaboration between com-
munities, nations and people. This insight can help us build
stronger and robust water sharing arrangements between user
groups that all have legitimate claims to scarce water. Mer-
rey (2009) demonstrates that there is a paucity of knowledge
on African models of cooperation, and there is even less re-
search on the possibilities of upscaling local level collabora-
tive arrangements, for example to improve the effectiveness
of river basin organisations.

7 Bibliometric analysis is one indicator of research im-
balances

While the above bibliometric analysis confirmed our intu-
itive hypotheses – the analysis is clearly limited. We iden-
tify five limitations. First, our bibliometric analysis is small
in scope. It excludes scientific publications outside the pub-
lished international peer-reviewed English language journals.
It excludes English language scientific journals that are not
included in the ISI Web of Knowledge and it omits the ex-
tensive body of grey literature.

Second, there are obvious weaknesses with respect to the
search terms used in some of the queries. However the trends
in most of the queries are so clear that the emerging picture
is undeniable. More in-depth research is clearly needed, but
is beyond the scope of this opinion article.

Third, a vexing question related to using citation indices
is whether this is a measure that is sound for the purpose
of measuring societal (rather than scientific) impact. It most
probably is not. The number of citations in international peer
reviewed journals does not measure how often that research
has been applied in practice and has made a (local) impact
in the real world. To measure that impact we need indicators
that supplement the citation scores. A slightly better indi-
cator than the number of citations might be the number of
people that have read a paper. With electronic (web-based)
subscriptions it is possible to count the number of downloads
which may be an easy (but admittedly rough) proxy for the
number of times a paper has been read.

Fourth, it may be argued that some of the research that
needs to be done urgently in the water area would not be suf-
ficiently innovative to be acceptable for certain high-ranking
scientific journals. This might mean that less research re-
sources are available for the purpose of such kinds of re-
search. National Science Foundations may find research into
the social challenges of sanitation less innovative than de-
velopments in bio technology, for example. Furthermore,
high quality researchers may also be drawn more to inno-
vative niche areas rather than common day-to-day problems.
Furthermore, researchers may find it difficult to develop con-
ceptually and/or empirically sound scientific papers in these
issue areas. This calls for redesigning funding systems,
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Table 10.Scientific papers on water conflict and water cooperation, 1998–2007.

term in title papers citations citation average

water AND conflict NOT cooperation 91 317 3.5
water AND cooperation NOT conflict 30 96 3.2
water AND cooperation AND conflict 11 28 2.5

132 441 3.3

Source:http://isiwebofknowledge.com

Table 11.Location of the institution of authors of scientific papers on climate change, adaptation and mitigation, 1998–2007.

water AND conflict NOT cooperation water AND cooperation NOT conflict

developed countries 85% developed countries 76%
countries in transition 8% countries in transition 24%
developing countries 7% developing countries 0%

Source:http://isiwebofknowledge.com

research and publication criteria to ensure that relevant re-
search is also encouraged upstream by funding agencies as
well as downstream by journals.

Finally, there is the problem of lack of sufficiently long
time series of biophysical data in many tropical areas, that
may result in research papers being rejected by journals. This
dilemma has been well identified by Buytaert (2009), who
noted that “New techniques are difficult to apply and evaluate
in data scarce areas.” Let us accept the lack of water data as
a reality, and explore what this implies for the research prac-
tice. What does this mean for the methodologies we adopt?
What can we learn from research programmes such as PUB
(prediction in ungauged basins)? How can professionals and
decision-makers benefit from some of the new observation
technologies? What does uncertainty imply for the scientific
method? Winsemius (2009) starts to give some interesting
answers.

8 Conclusions

This opinion paper has argued, first, that research in the field
of water and sanitation is heavily biased against sanitation.
Second, that research on food security is biased in favour of
conventional irrigation, and fails to address the problems and
opportunities of rainfed agriculture. Third, insufficient wa-
ter research is dedicated to developmental compared to envi-
ronmental issues. Fourth, too little research is conducted on
adaptation to climate change by developing countries. And
finally, research on water governance has a fascination for
conflict but too little eye for cooperation and meeting basic
needs.

The pertinent global water related problems thus remain
under-researched. The lack of knowledge on these problems
is clearly sub-optimal and very costly in human, social, eco-
nomic and political terms.

Furthermore, the innovation potential of inter-disciplinary
research remains underutilized. Overcoming the disciplinary
biases that we all have (if there is a water problem water
engineers tend to prescribe pipes, water lawyers rights, and
water economists correct prices) may open up new possibili-
ties. Progress is likely when disciplines are crossed and com-
bined. Interdisciplinary and integrated approaches are, how-
ever, not obvious, especially since many epistemic and insti-
tutional obstacles need to be overcome. One clear example
is that at this moment there are no leading academic jour-
nals that can rightfully claim to adequately cover the (admit-
tedly ill-defined) inter-disciplinary field of integrated water
resources management.1

The imbalance in research confirms that science mirrors
the socio-economic global divide (Annan, 2003; UNESCO,
2005) and reflects the geographical imbalance of research

1The impact factor ofWater Resources Managementis relatively
low (IF= 0.79). Water Policyhas only recently been admitted as
an ISI journal, and no impact factor is available. TheInternational
Journal of Water Resources Developmentrecently lost its ISI recog-
nition. The new journalWater Alternativeshas just been inaugu-
rated and therefore does not yet have ISI recognition. TheJour-
nal of River Basin Managementis a relatively new journal seeking
ISI recognition.Water Internationalhas an IF of only 0.37. There
are two journals with a considerable academic reputation on wa-
ter management, namelyJournal of Water Resources Planning and
Management-ASCE(IF=1.03) andJournal of the American Water
Resources Association(IF=1.436), but both journals do not claim
to represent the full breath of the IWRM field.
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capacity and research funding. Karlsson et al. (2007) con-
firmed the existence of the global knowledge divide when
they found that the developed countries, representing 20%
of the world population, publish nearly 95% of all papers in
the nine top environmental science journals. The problem is
exacerbated because there is a systematic difference in cli-
matic conditions, and thus in water related issues, between
developed and developing countries. It is therefore no sur-
prise that whereas the temperate zone accounts for 25% of
the world land mass, 83% of the scientific papers in the jour-
nals sampled by Karlsson et al. (2007, p. 678) were based
on work done there. This thus creates a wealth of knowl-
edge on relevant processes in temperate zones, and a dearth
of knowledge on processes that are relevant elsewhere.

If this is true, then one obvious way to contribute to a more
balanced research agenda is to prioritise the strengthening of
research capacity in the global South. There are encourag-
ing signs that the share in scientific output of Latin Amer-
ican countries as well as the newly industrialised countries
in Asia is rapidly increasing. But research output in other
regions remains stagnant, notably Sub-Saharan Africa, the
Arab States, Central and Eastern Europe and parts of Asia
(UNESCO, 2005). It is precisely in these regions where ma-
jor water challenges remain unresolved. It is here where
research partnerships with other water scientists from the
South (South-South cooperation) and with colleagues from
the global North (South-North cooperation) could make a
difference.

There are several regional examples of successful South-
South-North academic partnerships that are starting to make
significant contributions to pertinent water issues. Among
these areConcertacíon in the Andean countries in Latin
America (Rap, 2008),Crossing Boundariesin South Asia
(Gunawardena, 2008), andWaterNet in Southern Africa
(Nyabeze, 2007). Scientific evidence of such successes is,
however, not sufficiently documented (but see Van der Zaag,
2007).

Elsewhere we have argued that the South should be al-
lowed and enabled to create its own research biases (Gupta
and Van der Zaag, 2009). This would enhance the diversity
in research experiments and hence the chances of develop-
ing innovative and alternative solutions. One practical way
of promoting research capacity is through establishing “re-
gional water research funds”. Such regional research funds
are well placed to promote research capacity and create insti-
tutional spaces where regional research agendas are defined,
implemented, reviewed and refined (Van der Zaag, 2009).

To begin to address the observed weaknesses in our sci-
entific practice, water scientists must start to acknowledge
the biases in our own research work, and try to understand
the mechanisms that influence it. We need to realise, first,
that the pressure to achieve academic success will influence
the choice of research topics: domestic water supply and
irrigation may then be chosen at the expense of sanitation
and rainfed agriculture, for example. Paradigms do influ-

ence what are considered good and challenging research top-
ics that more easily lead to academic success. Second, the
agendas of research funds to which we researchers respond
are often not set by the envisaged users of the research find-
ings, but rather by peer researchers. Here the agenda setting
may lack sufficient signals from the real world. Third, as
we researchers are often rewarded on the basis of achieving
high bibliometric impact (citations of my research work) this
may divert our attention for societal impact (has my research
work improved the professional practice, e.g. through mak-
ing an effort to publish also in local non-ISI journals, in non-
English language journals, and in professional magazines).

The necessity of raising the awareness regarding our re-
search ethos is not only imperative but will also be bene-
ficial to us researchers as well as the users of our research
findings. We are convinced that a bit more self-examination
would contribute to a more balanced research agenda that
genuinely addresses the great water challenges, including
improved sanitation, increasing crop yields in rainfed agri-
culture, restored ecosystem health and the creation of more
robust and adequately governed water systems. We further
argue that the persistence of intransigent water problems, and
how it can be resolved, is a valid research object in itself.

Appendix A

A methodological note

The dataset used in this paper originates from the Thom-
son Reuters Web of Sciencehttp://scientific.thomson.com/
products/wos/which provides access to multidisciplinary in-
formation from over 8700 journals worldwide. The queries
were performed in all the three available databases of the ISI
Web of Science, i.e. Science Expanded, Social Science, and
Arts & Humanities. The method of inquiry used to extract
the data was established by using specific syntax which was
considered relevant in the context of this discussion paper
and covered the time span 1998–2007. As a consequence,
the ISI data presented in this discussion paper is dependent
on the keywords utilized in the queries. In Tables 1 through
9 the queries were performed by searching in title, keywords
and abstract. The query in Tables 10 and 11 was conducted
in the title field only.

The classification of countries as developed is based on
the OECD list for developed countries. The criterion of GDP
per capita per year expressed in “purchasing power parity”
(PPP, as published in the 2006 UNDP Human Development
report; UNDP, 2006) was used to differentiate developing
countries from countries in transition. Countries with an an-
nual per capita income lower than US$ (PPP) 7500 were
considered developing countries. All other countries were
considered countries in transition (including countries such
as Argentina, Brazil, China, Egypt, India, Israel, Malaysia,
Saudi Arabia, Slovenia, South Africa and Taiwan).
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