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Water-related problématiques: five archetypical contexts of water
governance
Shahana Bilalova 1,2  , Sergio Villamayor-Tomas 3   and Jens Newig 1 

ABSTRACT. It is necessary to consider the contextual factors surrounding water governance systems to understand their performance.
We conducted a review of 165 empirical studies and 223 cases from the water governance literature to investigate water-related contexts.
Our analysis is based on an archetype analysis of three dimensions of water-related contexts across 160 cases: water resources, related
water uses, and sustainability issues. Our results show that there are five distinct water-related problématiques: “groundwater exploitation
in agriculture,” “land and water systems sustainability,” “surface water pollution,” “industrial and household water security,” and
“hydropower vs. water ecology.” These problématiques often exhibit geographical patterns and regional associations. Noteworthy
insights from the analysis of problématiques include the prominence of the groundwater exploitation in agriculture problématique,
contrary to arguments that groundwater is understudied, and the limited coverage of hydropower governance compared to other
problématiques. Overall, our results enhance the understanding of contextual factors in water governance and suggest potential avenues
for developing middle-range theories and advancing water governance diagnostics.
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INTRODUCTION
Over the past decades, idealized approaches have been
implemented in water governance, with success in some places
and failure in others (Young et al. 2018). Scholars have criticized
these idealized approaches, or “panaceas” (Meinzen-Dick 2007,
Ingram 2011, Pahl-Wostl et al. 2012), and called for more
systematic attention to contextual nuances (Ostrom 2007). In
particular, decision-makers need to consider the respective
problem context, what we call here “problématique,” when
designing or implementing water governance (Mayne et al. 2020).
The fact that context matters (Armitage 2008, Ingram 2011,
Gupta et al. 2013) becomes especially important when governance
approaches are transferred across jurisdictions. Bressers and de
Boer (2013) suggest considering both the sender’s and receiver’s
governance contexts to avoid the unsuccessful transfers of
blueprint approaches. To be successful, governance needs to be
sensitive and adapted to (local) contexts (Aggarwal and Anderies
2023).  

Some frameworks focusing on water governance do integrate
contextual factors, including the management and transition
framework (Pahl-Wostl et al. 2010), contextual interaction theory
(Bressers and de Boer 2013), and the social-ecological systems
(SESs) framework (Meinzen-Dick 2007). Similarly, several
empirical studies have attempted to disentangle contextual
influences in a comparative manner (e.g., Garrick et al. 2009,
Pahl-Wostl and Knieper 2014, Knieper and Pahl-Wostl 2016, Yu
2016). However, while these often small to medium-sized studies
have generally concluded that context is a significant factor,
theorizing about how it matters remains challenging.  

Human-water systems are widely acknowledged as involving
complex interactions between human and natural components
(Liu et al. 2007, Sivapalan et al. 2012, Di Baldassarre et al. 2013).
Water-related problem contexts emerging from these complex

interactions within coupled human-water systems are highly
diverse. They encompass numerous variables, making it
challenging to untangle and comprehensively grasp the effects of
each variable. Different studies have focused on different sets of
variables, hindering the accumulation of knowledge and
comparability of governance solutions.  

Archetype analysis is a promising approach that allows for
cumulative learning from a multitude of cases (Oberlack et al.
2019). There have been several efforts to develop archetypes in
the field of water governance at different scales (Srinivasan et al.
2012, Oberlack and Eisenack 2018, Aggarwal and Anderies 2023).
With specific reference to water governance, Villamayor-Tomas
et al. (2020) studied drought adaptation of 37 irrigation
associations in northern Spain. They identified four water user
association archetypes, consolidated into American and Asian
archetypes, and noted a lack of alignment between these
archetypes and two types of adaptation institutions (i.e., specific
and generic adaptation institutions; Villamayor-Tomas et al.
2020). Kirschke et al. (2019) identified four clusters of water
governance problems based on their levels of complexity,
uncertainty, and wickedness in the realm of implementing the
European Water Framework Directive in Germany, reporting
clear associations between problem complexity and policy
delivery. However, neither of these attempts to develop archetypes
address the problem context of water governance on a broader
scale.  

Here, we employ archetype analysis to examine problem contexts,
which are characterized by the relationships between (1) water
resources, (2) their uses, and (3) the associated issues representing
the (un)sustainability of these resources with which the water
governance systems engage. Specifically, we study explore the
following research question: What are the prominent water-
related problem contexts with which water governance systems
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engage? We specifically focus on water governance studies that
provide information on water-related sustainability performance
of governance systems. This research goes beyond existing efforts
at clustering water governance problems in two respects: First, we
take an explicitly global approach, including water governance
settings from all continents. Thus, our identification of
problématiques shows wider scope and applicability than earlier
studies. Second, we explicitly recognize the problématique aspects
of water governance contexts, as we will elaborate further.  

The three contextual aspects are central to our analysis because
they enable us to identify water-related problem contexts
embedded in coupled human-water systems while capturing the
diversity of these contexts by providing a broad framing. Having
a broad lens is important, especially considering how diverse
water problems are. As posed by the SES framework, social-
ecological outcomes emerge from the interactions among
resource systems, the resource units produced by these systems,
actor groups, and governance systems, which influence and are
indirectly affected by these interactions (Ostrom 2007). We
deliberately formulate our problem contexts by examining the
interaction between resource systems and their users, specifically
focusing on the use of resource units from these systems and the
outcomes of this interaction in relation to the (un)sustainability
of these resource systems. Analytically disentangling the problem
context from the governance system creates an opportunity to
take a closer look at the interactions between them, as well as to
identify the configurations of governance characteristics that
effectively address or aggravate different water-related
problématiques. This approach does not imply an ontological
position regarding the independent nature of governance and
SESs. While we view governance as an inherent part of the broader
SES, with continuous interaction between governance and its
problem context (see, e.g., McGinnis and Ostrom 2014, Aggarwal
and Anderies 2023), understanding and evaluating the effects of
governance as a designed intervention within an SES (e.g., Olsson
et al. 2004, Gunderson and Light 2006) requires analytical
disentanglement of governance from the problem context.  

We introduce five distinct archetypes, which we term “water-
related problématiques,” in line with the overall terminology of
the NEWAVE project (https://nextwatergovernance.net/about-
newave), a European Union Horizon 2020-funded initiative
aimed at advancing water governance research, in which this
research is embedded. The concept of water-related
problématiques is rooted in the idea of “problematique”
introduced by Hasan Ozbekhan, referring to the cluster of long-
term and global-scale problems that the Club of Rome aimed to
address in the late 1960s and which became central to The Limits
to Growth report (Ison et al. 2015). We define water-related
problématiques as recurring clusters or ensembles of water-
related issues (or problems) in relation to water resources and the
(un)sustainability of these resources connected to their use. While
akin to concepts such as “tame” or “wicked” problems (Rittel and
Webber 1973) and “syndromes” (Srinivasan et al. 2012), water-
related problématiques encompass a broader range of issues, not
restricted by their complexity level, and refrains from placing
emphasis solely on outcomes related to human well-being. We
identified the problématiques through a cluster analysis of 160
water governance cases identified through a systematic literature
review. These problématiques provide a guiding framework for

comparative empirical studies and lay the foundation for further
theorization regarding the role of context. This work contributes to
a broad understanding of contextual factors in water governance
research.

METHODS

Data collection
We relied on data collected through a systematic review of the
empirical water governance literature reporting on water-related
sustainability. The review was conducted following PRISMA
guidelines (Fig. 1; Moher et al. 2009).

 Fig. 1. PRISMA flow diagram for the systematic literature review.
 

We limited our search to English-language review and journal
articles listed in Scopus. Scopus provides the broadest coverage of
environmental and social sciences journal publications (Frohlich et
al. 2018). The search string was formulated after reviewing relevant
test papers and considering the opinions of scholars within the
NEWAVE network. The keywords used in the search string reflect
the four aspects of the review question, including water-related
terms, water governance terms, water-related sustainability terms,
and outcome terms (Table 1). Water-related terms were carefully
selected to encompass both natural and managed states of
freshwater systems, and water-related sustainability terms were
chosen specifically to address the environmental health of water
systems. Water governance and outcome-related terms were
designed to target studies on water governance that potentially link
water-related problems to governance. We restricted water
governance and water-related terms to titles. Using the same search
string without this limitation would have produced > 67,000 results,
whereas our approach yielded 7909 results. We did not make any
restrictions on the publication date or study region. The review
focused on two subject areas: Environmental Sciences and Social
Sciences, relevant to the primary research question and its
components. The last search was conducted on 1 January 2020,
yielding 8761 results.
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 Table 1. Search string stratified by the four aspects of the review
question, which were connected with the “AND” operator.
 
Water-related
terms

Water governance
terms

Water-related
sustainability
terms

Outcome terms

TITLE
(freshwater* OR
groundwater*
OR water* OR
river* OR basin*
OR watershed*
OR catchment*
OR irrigation*
OR wastewater*
OR wetland* OR
lake* OR
hydropower* OR
dam* OR
reservoir* OR
infrastructure*)

TITLE (govern*
OR policy* OR
politi* OR
policies* OR
institution* OR
privat* OR
market* OR
“Water User
Association*” OR
participat* OR
collaborat* OR
iwrm* OR “Water
Resource*
Management” OR
“River Basin
Management” OR
“Catchment
Management” OR
“Watershed
Management” OR
planning* OR
law* OR decree*
OR agreement*
OR treaty OR
treaties OR “River
Basin Organi?
ation*”)

TITLE-ABS
(sustainab* OR
quality* OR
quantity* OR
security* OR
stress* OR
ecolog* OR
ecosystem* OR
environ* OR
standard* OR
drought* OR
scarcity* OR
overuse* OR
overdraw*)

TITLE-ABS
(outcome* OR
perform* OR
success* OR fail*
OR challeng* OR
effect* OR impact*
OR implement*
OR assess* OR
evaluat* OR
evidence* OR
empirical* OR
study* OR studies*
OR case* OR
analys* OR result*
OR finding* OR
output* OR
enforce* OR
efficienc*)

We included only papers that provided information on water
governance performance in terms of water-related sustainability
outcomes. We therefore excluded papers that lacked information
on sustainability outcomes. For example, we excluded studies that
merely proposed governance frameworks or analyzed them
theoretically without providing information on their
performance. Hypothetical or purely theoretical case scenarios
were not considered because we were interested in real-world cases
of water governance and their sustainability performance.
However, we included cases in which the assessment of water
governance performance was based on the authors’
interpretations rather than on concrete empirical evidence.  

After screening the results, we selected 165 publications covering
the period from 1985 to 2020 for coding and analysis. Our coding
scheme, based on existing water governance literature, aimed at
collecting data on three categories for this paper: bibliographic
information, case-related information, and characteristics of
water-related context (Appendix 1). Our study mainly draws on
data concerning water-related context attributes such as case
country, water resources, water uses, and environmental
sustainability issues (hereafter referred to as sustainability issues).
The term “water resources” refers to the origin of water, whether
from natural sources such as surface water or groundwater, or
from engineered sources such as reclaimed wastewater,
desalinated seawater, brackish water, harvested rainfall-runoff
water, or other nonconventional resources. Our focus is
specifically on freshwater resources. “Water uses” describe the
ways in which people use water such as for the living environment,

domestic consumption, agriculture, industrial production,
hydropower generation, discharge of pollutants, recreational
activities, commercial purposes, or land development. Lastly,
“sustainability issues” pertain to issues characterizing the (un)
sustainability of the resources addressed or studied here in
connection with the water resources and their respective uses.
These issues primarily concern the environmental health of
freshwater systems, including water quality problems resulting
from pollutant discharge into surface water bodies; water quantity
challenges related to inefficient water use and allocation; threats
to aquatic biodiversity, including declines in fish biomass and
macroinvertebrate populations; degradation of basin conditions
through land-cover changes and channel modifications; and
impacts to water-related ecosystem services crucial for supporting
human and ecological needs. Additionally, sustainability issues
encompass broader concerns such as the protection and
conservation of freshwater resources, adaptation to changing
environmental conditions, resilience of freshwater ecosystems,
and the overall ecological integrity and environmental
sustainability of water systems. While coding for sustainability
issues, we had an “other” category, but it did not result in finding
a frequent occurrence of any other water-related sustainability
issue (e.g., flooding) that would warrant a separate category.  

The units of analysis in the review were empirical case studies.
We considered individual (geographical) case studies and distinct
governance changes within a geographically confined area as
separate cases. Moreover, our coding was limited to a maximum
of six empirical cases per paper. The final data set contained 223
cases across 165 studies, wherein 23 studies documented multiple
cases. One study examined more than six cases. Here, we only
selected the cases with complete information.  

All authors participated in intensive test screening and coding to
minimize reviewer biases and possible errors. These trial steps also
helped to build a shared understanding regarding the exclusion
criteria and coding scheme. Subsequently, the first author
performed the final screening and coding.  

As common with systematic reviews, our study evaluates the state
of knowledge within the field rather than the actual state of
affairs. Nevertheless, we believe that our results are still relevant
and informative for researchers and practitioners in water
governance. Primarily, our emphasis on empirical studies suggests
that the current state of the field might already partially reflect
on-the-ground realities. Moreover, the existing state of knowledge
within the field, revealed through systematic review, serves as a
reflection of the general understanding and provides a foundation
upon which we can develop further insights.

Analysis
Archetype analysis has gained popularity in sustainability
research as a novel approach to understanding and comparing
recurring global patterns that shape the (un)sustainability of SESs
(Eisenack et al. 2021). We examined water-related problématiques
from the perspective of water governance by using archetypes as
our analytical framework. Archetypes have been used in various
ways across sustainability research, e.g. serving as building blocks
of cases, models, patterns, diagnostics, and scenarios (Oberlack
et al. 2019). We used archetypes as types of cases (Oberlack et al.
2019), following studies that have taken a similar approach
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(Václavík et al. 2013, Sietz et al. 2017, Levers et al. 2018,
Villamayor-Tomas et al. 2020). With this approach, we strove to
identify distinct problem contexts that would further help us
understand why and how certain water governance approaches
work for certain water-related problématiques but not for others.
From an empirical point of view, our objective was to minimize
similarities within archetypes while maximizing differences across
them (Oberlack et al. 2019, Villamayor-Tomas et al. 2020). Sets
of archetypes as a “typology of cases” imply that each case is
classified as belonging to a specific archetype depending on its
characteristics and those of other cases (Oberlack et al. 2019,
Villamayor-Tomas et al. 2020). This approach differs from the
building blocks approach in which archetypes serve as the
components of cases (with cases potentially accommodating
multiple archetypes that recur across cases) and the validity of
archetypes is assessed by their presence across cases (Eisenack et
al. 2019). In that regard, the main difference lies in the level at
which similarities are identified, whether it is the processes or
causal mechanisms that explain the issue of interest (building
blocks) or entire cases of that phenomenon (case typology;
Oberlack et al. 2019).  

To identify problématiques based on water-related contexts (i.e.,
water resources, water uses, and sustainability issues), we
conducted agglomerative hierarchical clustering using Euclidean
distance and Ward’s method. Clusters were chosen based on the
highest relative loss of within-group inertia, indicating
homogeneity within clusters (Appendix 4; Husson et al. 2010).
We focused solely on cases with complete data for this analysis,
which comprised 160 of 223 cases. Prior to conducting the cluster
analysis, we performed multiple correspondence analysis (MCA)
to reduce the dimensionality of categorical variables in the water-
related context, namely water resources, water uses, and
sustainability issues. MCA can be understood as a variant of
principal component analysis that is designed specifically for
categorical data (van der Heijden and de Leeuw 1989). Principal
component analysis is a technique that reduces the dimensionality
of a large data set while retaining as much variation as possible
(Jolliffe and Cadima 2016). Following MCA, we identified
clusters and examined “typical” cases, i.e., those situated near the
center of a cluster but distant from others. For MCA and
statistical clustering analyses, we used the FactoMineR package
(Lê et al. 2008) in R (R Core Team 2021). We evaluated cluster
quality through an assessment of case sets within each cluster.  

The derived archetypes satisfy some of the quality criteria for
archetype analysis proposed by Piemontese et al. (2022). Our
analysis meets the conceptual validity criterion because our
research is guided by appropriate scientifically sound research
framing and a research problem that is relevant to society
(Piemontese et al. 2022), namely the sustainability of water
resources. The selection of variables used in the analysis is
informed by the interaction between the SES’s components, which
aligns with the construct validity criterion. In terms of ensuring
the internal validity of our analysis, we report on the data process,
cases that are included in our analysis, as well as the analysis steps,
which ensures transparency and replicability. We have also
measured within-archetype variation (Appendix 4) and evaluated
cluster quality through an assessment of case sets within each
cluster.  

After deriving archetypes, we also examined the relationship
between water-related problématiques and geographic regions. For
this analysis, we conducted Fisher’s exact test because the
contingency table had multiple expected frequencies of < 5, which
is a common requirement for this test (Kim 2017). We also calculated
Cramer’s V effect size to assess the strength of the relationship
between the two variables. Cramer’s V is a chi-squared measure used
to assess the association between two nominal variables, where 0
denotes no relationship, and 1 refers to a perfect association (Mair
et al. 2012).

RESULTS
We begin by outlining our findings concerning water resources, water
uses, and sustainability issues across all 223 reviewed cases. We then
present the results of our cluster analysis of 160 cases, which led to
the identification of five distinct water-related problématiques.

Water resources, uses, and sustainability issues
The majority of cases (70%; N = 155) focus on a single resource. Of
the remaining cases, 19% (N = 43) address two resources, and only
three cases simultaneously examine three resources. Surface and
groundwater are the resources that appear together most frequently
(N = 42). Surface water is a dominant resource (73%; N = 162),
followed by groundwater (35%, N = 78). Both of these resource types
display a broad geographical distribution. Besides these two primary
water resources, some studies address reclaimed water (wastewater;
N = 9) and harvested rainfall-runoff water (N = 1). Approximately
10% of cases (N = 22) do not focus on any specific water resource.  

Most cases report on water uses (77%, N = 171), with 46% (N = 79)
addressing only one use. Among the cases mentioning multiple uses,
only 33 cases focus on two uses, while 59 cases address three or more
uses. In 64% of the cases reporting on water uses (N = 109),
agricultural (N = 86) and domestic water uses (N = 54) are observed,
and these two uses also frequently appear together (N = 31). Other
human water uses, i.e., water as an infrastructure (i.e., cultural,
recreational, medical, commercial, and land uses; N = 100), water
for energy and industry (N = 35), and water as a medium for the
discharge of pollutants (N = 50), are identified in 65% of the cases
reporting on water uses (N = 112). In contrast, water for the living
environment, which concerns both provisioning (i.e., freshwater)
and supporting (i.e., habitat for species) ecosystem services, appears
in 23% of the cases reporting on water uses (N = 40), with just two
cases referring exclusively to water use for the living environment.  

Across all uses, surface water predominates in most cases, except for
agricultural water use, which mainly relies on groundwater (N = 53)
alongside surface water (N = 51). Concerning (reclaimed)
wastewater, more cases address its domestic use (N = 7), followed
by agricultural use (N = 6). Lastly, harvested rainfall-runoff water
is mainly used for the living environment (N = 1) and domestic
purposes (N = 1).  

Regarding sustainability issues, we observe that these issues often
appear together rather than being addressed in isolation. Water
quality (N = 130) and quantity (N = 115) are most frequently
addressed (84% of cases) and have a diverse geographic distribution
(Fig. 2). Other sustainability issues covered include aquatic
biodiversity (N = 60), basin condition (N = 50), and water-related
ecosystem services (N = 17), identified in 39% of the cases (N = 87).
Finally, 22% of the cases (N = 48) have general coverage of
sustainability issues.
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 Fig. 2. Studied sustainability issues by case study region, as
defined under the Standard Country or Area Codes for
Statistical Use (known as M49) of the United Nations Statistics
Division.
 

Cross-tabulation of sustainability issues and water uses (Fig. 3)
indicates that water quality issues frequently link to the use of
water as a medium for pollutant discharge (37%; N = 48), as well
as agricultural (27%; N = 35), domestic (28%; N = 36), and land
(23%; N = 30) purposes. Water quantity is primarily tied to
agricultural (68%; N = 78) and domestic (38%; N = 44) uses. The
primary uses associated with aquatic biodiversity are water for
commercial activities (42%; N = 25) and the living environment
(42%; N = 25). The main use associated with basin condition is
water for land uses (62%; N = 31). Finally, water-related ecosystem
service issues mainly appear together with water use for the living
environment (53%; N = 9), commercial purposes (47%; N = 8),
and land (35%; N = 6).

 Fig. 3. Water uses by sustainability issues in the studied cases.
 

Water-related problématiques
Cluster analysis yielded five distinct water-related problématiques,
which we labeled as: (1) “groundwater exploitation in agriculture,”
(2) “land and water systems sustainability,” (3) “surface water
pollution,” (4) “industrial and household water security,” and (5)
“hydropower vs. water ecology” (Table A4.2 in Appendix 4).
When we refer to “exploitation” in one cluster and
“sustainability” in another, we do not imply better water
governance or better status of waters in the latter; rather, we point
to the respective issues at stake. We next describe the individual
water-related problématiques in more detail.

Problématique 1: groundwater exploitation in agriculture
Groundwater exploitation in agriculture is the largest cluster,
constituting 56 (35%) cases. Cases predominantly address the
water quantity aspects of agricultural groundwater
withdrawal. A typical case is presented in Ratna Reddy et al.’s
(2014) study, which analyzes the functioning and efficacy of
groundwater management institutions in Andhra Pradesh state
in South India. Here, groundwater resources, which are scarce
in the state, significantly support agriculture, and the authors
discuss how a farmer-managed groundwater system
contributed to a reduction in groundwater pumping through
water-saving techniques (Ratna Reddy et al. 2014). Another
case studied by Hu et al. (2014) explores farmers’ perceptions
of integrated water resources management and the factors
underpinning the ineffectiveness of water users’ associations
in the Minqin Oasis. This oasis, situated in northwestern China,
relies heavily on groundwater as a primary irrigation source
and is confronted with environmental degradation due to the
excessive exploitation of groundwater resources (Hu et al.
2014).  

Some cases within this problématique do not exactly align with
the ideal cluster profile but still exhibit similarities. For
example, some cases focus on the quantity of surface water
resources (N = 12), predominantly in relation to agricultural
water use (N = 11). Others address surface (N = 3) or
groundwater (N = 2) resources quantity, linked to commercial
(N = 1) or domestic water uses (N = 1) as well as water use for
the living environment (N = 3). Finally, we encountered a few
cases addressing general water-related sustainability issues (N 
= 4), water quality (N = 1), and the state of water-related
ecosystems (N = 1), particularly in the context of groundwater
resources.

Problématique 2: land and water systems sustainability
Land and water systems sustainability is the second largest
cluster, representing 24% of cases (N = 38). This cluster mainly
encompasses cases dealing with landscape development and
cases addressing ecosystem conservation, closely connected to
sustainable management of land and water systems. For
instance, in the Lynnhaven watershed, USA, Morris et al.
(2014) explore how local grassroots environmental
organizations enhance water quality in a densely populated
and urbanized region experiencing non-point source pollution
from residential run-off. In two other typical cases in this
problématique, Chang et al. (2014) examine the relationship
between governance and water quality in Burnt Bridge Creek
in Vancouver, USA and Johnson Creek in Portland, USA.
Despite facing rapid population growth and development
pressure, both watersheds sustain ambient stream temperature
due to the implementation of land-use management policies
that focus on protection and restoration of riparian areas in
both cities (Chang et al. 2014).  

The land and water systems sustainability problématique
encompasses a wider scope of sustainability issues and water
uses compared to other problématiques. Sustainability issues
within this problématique span from basin condition and
aquatic biodiversity to water quantity. The range of water uses
includes water as infrastructure for land, tourism, leisure,
recreation, sports, medical, and commercial purposes, as well
as water for the living environment and agriculture.
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Problématique 3: surface water pollution
Surface water pollution, accounting for 19% of cases (N = 30),
primarily consists of cases addressing water quality concerns
related to pollutant discharge into surface water resources. One
example is the case study by Namara et al. (2018), which explores
water quality governance in the Cisadane watershed in
Tangerang, Indonesia. This watershed, a major source of the
community’s drinking water supply, experiences relatively high
pollution, largely stemming from domestic wastewater and waste
dumping into rivers (Namara et al. 2018). As another example of
the cases in this problématique, McNeill (2016) compares regional
and national regulatory agencies and collaborative initiatives in
the Manawatu River catchment in New Zealand in terms of their
stakeholder diversity and policy effectiveness. The catchment is
mainly characterized by its poor water quality due to the discharge
of insufficiently treated effluent from four riparian municipalities
(McNeill 2016).  

The issue of surface water quality, distinct from the land and water
systems problématique, primarily stems from point-source
pollution with direct discharge of pollutants into freshwater
bodies. Conversely, for land and water systems, the primary cause
of water quality problems is associated with landscape
development and urbanization, mainly in a diffuse manner.  

Some cases in this problématique also delve into water quality
issues stemming from domestic (N = 3), agricultural (N = 2), and
commercial (N = 1) water uses, along with water as a medium for
pollutant discharge. A subset of cases in this cluster also touches
on water quantity alongside water quality, representing 17% of
all cases within this problématique (N = 5).

Problématique 4: industrial and household water security
The industrial and household water security problématique,
consisting of 23 cases, is the most diverse of all problématiques.
These cases revolve around groundwater and unconventional
water resources (such as harvested rainfall-runoff water and
[reclaimed] wastewater). The central focus lies on water quantity
and quality issues linked to domestic and industrial uses, in
contrast to the groundwater exploitation in the agriculture
problématique, which focuses solely on the quantity of
groundwater resources in relation to agricultural water use. For
instance, Mestre (1997) discusses river basin councils in the
Lerma-Chapala basin in Mexico. The basin experienced water
scarcity and pollution exacerbated by population and industrial
growth (Mestre 1997), which improved after the implementation
of river basin councils. In another typical case within this
problématique, Morris and Cabrera (2003) studied private sector
involvement in water servicing and household water needs of the
urban poor in the city of Aguascalientes, Mexico, which
experienced a lowering of groundwater supply due to escalating
water uses for industrial, agricultural, and residential purposes.

Problématique 5: hydropower vs. water ecology
The hydropower vs. water ecology problématique encompasses
only 8% of all cases (N = 13) and focuses on places such as the
Mekong basin, rivers in China, and the Em River basin in
southeastern Sweden. These cases examine the ramifications of
hydropower production on sustainability, with particular focus
on water quantity, aquatic biodiversity, and basin condition. All
cases in this problématique relate to issues of water quantity and

aquatic biodiversity. More than half  of these cases also address the
issue of basin condition. Unlike the land and water systems
sustainability problématique, the main driver behind the state of
aquatic biodiversity in surface water bodies is river developments.
This problématique also incorporates cases addressing the issue of
water-related ecosystem services, the fourth significant water-related
sustainability issue category within this problématique. As a typical
case, Yang et al. (2016) analyze the river management system in
China in light of river developments connected to hydropower
generation and acquiring freshwater and other resources, and the
ecological impacts associated with such developments. Another case
discusses the practice of stakeholder participation in the Em River
basin, southeastern Sweden, in addressing conflicts related to
different uses of the river, including negotiations with hydropower
companies to ensure minimum water discharge and fish bypasses
(Jönsson 2004).

Water-related problématiques across geographies
We also analyzed the association between the five water-related
problématiques and global regions to unveil potential spatial
patterns (Fig. 4). Certain problématiques have been more
prominently studied in some regions than in others. For instance,
cases within hydropower production vs. water ecology are frequently
observed in southeastern Asia. In the surface water pollution
problématique, cases from Europe and eastern Asia slightly
dominate compared to other regions. Regarding the land and water
systems sustainability problématique, North America holds a
relatively higher number of cases, which is similarly observed in the
case of groundwater exploitation in agriculture, along with southern
Asia and Europe. Finally, we identified a significant association
between water-related problématiques and geographical regions
with a moderate effect size (Cramer’s V = 0.3599, P < 0.001).

DISCUSSION AND CONCLUSION
Archetype analysis of 160 empirical cases has unveiled five distinct
water-related problématiques that are frequently the target of
governance solutions: (1) groundwater exploitation in agriculture,
(2) land and water systems sustainability, (3) surface water pollution,
(4) industrial and household water security, and (5) hydropower vs.
water ecology. Each of these problématiques highlights distinctive
challenges. Groundwater exploitation in agriculture problems are
usually attributed to the difficulty of monitoring and managing
highly invisible and movable resources such as groundwater
(Villamayor-Tomas et al. 2014), leading users to prioritize rent-
seeking (i.e., overharvesting to reinvest gains in alternative income-
generating activities) over sustainability (Clark 1973, Acheson
2006). Surface water pollution and industrial and household water
security problématiques can be understood in light of the costs and
benefits of water pollution. The minimal cost of polluting when
compared to the gains for polluters (e.g., industries), or the ability
to completely avoid pollution costs (e.g., upstream polluters),
hampers cooperative efforts (Fleischman et al. 2014). The
heterogeneity of interests and zero-sum situations can explain the
hydropower vs. water ecology problématique to the extent that
hydropower developments negatively affect river health (Villamayor-
Tomas et al. 2016). In both industrial and household water security
and land and water systems sustainability, urbanization emerges as
a contributing factor to water-related issues. As argued by Anderson
(1976, as cited in Clement 2010), the desire for profit expansion drives
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 Fig. 4. Distribution of cases within each water-related problématique across geographical regions. The geographical regions are
defined under the Standard Country or Area Codes for Statistical Use (known as M49) of the United Nations Statistics Division.
 

growth in society and environmental problems, and urbanization
is a paradigmatic symptom of it (Clement 2010). In the case of
land and water systems sustainability, it may also be explained by
the speed and visibility of feedback between land use and water
systems. At the landscape scale, the feedback is not very obvious
and can be particularly slow, which may explain inaction or slow
responses in changing land-use practices to address emerging
water problems (Scheffer et al. 2003).  

The water-related problématiques identified here exhibit parallels
with three syndromes of water use presented by Srinivasan et al.
(2012): “groundwater depletion,” “ecological destruction,” and
“water reallocation to nature.” Our study shows that each
syndrome shares common attributes with more than one
problématique, offering a nuanced unpacking of the syndromes.
For instance, ecological destruction aligns with four of our
problématiques: groundwater exploitation in agriculture,
industrial and household water security, surface water pollution,
and hydropower vs. water ecology, which also encompasses cases
dealing with the state of water-related ecosystems linked to
growing human water use, pollution, and hydropower generation.
Examining these problématiques, rather than focusing on a
broader syndrome, would enable a more comprehensive
understanding of the problems, facilitating the design of targeted
interventions. Furthermore, the syndromes identified by
Srinivasan et al. (2012) do not fully capture the full spectrum of
challenges arising from interactions between land and water
systems, a gap tackled by the land and water systems
problématique.  

Our study also informs us about paradoxical situations regarding
the state of the art around certain problématiques. While the
Organisation for Economic Co-operation and Development’s

assessment Drying Wells, Rising Stakes: Towards Sustainable
Agricultural Groundwater Use (2015) suggests that groundwater
is generally understudied and requires more in-depth analysis
(Molle and Closas 2020), our research indicates that the use of
groundwater in agriculture is, in fact, one of the most extensively
studied problématiques, at least among governance studies (see
also Molle and Closas 2020, Petit et al. 2021). Still, the general
lack of effective governance solutions to such an endemic problem
suggests the need to direct even greater attention to this vital
resource and its sustainability (Molle and Closas 2020). Also, our
study shows that hydropower vs. water ecology encompasses only
13 cases, revealing a significant gap in the literature concerning
the impact of hydropower production on water resources and its
governance. This is telling, despite the growing trend of dam
construction worldwide for hydropower generation and its
impacts on local communities (García et al. 2021, Castro-Diaz et
al. 2023). The rapid increase in dam building, particularly in
developing economies (Zarfl et al. 2015, Moran et al. 2018),
emphasizes the need for a comprehensive understanding of water
governance within the context of hydropower development.  

Our study contributes to advancing the study of context in water
governance systems and provides guidance for future research in
several ways. The problématiques and exploration of their
underlying causes contribute to knowledge gain within the realm
of water governance research. Given the scarcity of shared
governance frameworks, variables from isolated empirical studies
and theories are unlikely to cumulate (Ostrom 2009). By
synthesizing an array of contextual variables from 160 empirical
studies, our results offer a stepping stone for accumulating
knowledge about water-related problems. Future research may
cross-check the results of our archetype analysis by extending our
pool of cases.  
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Water-related problématiques can also contribute to the
development of middle-range theories (Merton 1968, Stank et al.
2017, Oberlack et al. 2019). Middle-range theories offer
contextual generalizations depicting the mechanisms that explain
a relatively well-bounded set of phenomena, as well as the
conditions that enable, trigger, or prevent those mechanisms
(Meyfroidt 2016). Further research may develop such theories
through comparative governance studies of cases addressing
specific problématiques and integrating in that effort other socio-
political, economic, and ecological contextual components.
Finally, building on the identified problématiques, future research
can examine how the problem contexts and governance systems
interact. Exploring the dynamic interactions between these two
components allows for a nuanced understanding of how
governance systems either facilitate or hinder problem-solving
efforts, and how problem contexts, in turn, shape governance.  

Regarding policy implications, water-related problématiques can
guide the development of a diagnostic approach to identify the
underlying causes of each problem and explore potential policy
responses to address them. Diagnostic approaches allow for the
decomposition of environmental issues by identifying key
elements in each problem and determining governance responses
that are best suited to address those elements (Young 2002). This
process involves posing system-related questions, wherein each
subsequent question builds on the answers to previous ones and
becomes more system-specific in nature (Frey and Cox 2015). The
questions could then be asked to tease out the characteristics of
each problématique as a way to understand their proximate causes
and to analyze policy responses that would work in that specific
context. Similarly to the development of middle-range theories,
problématiques can also be used to assess the performance of
policy interventions in specific contexts. The expectation is that
successful policy solutions and lessons are particularly
informative for cases that share a common problématique. Such
insights can inform evidence-based policymaking, and the results
can be discussed with stakeholders.
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Appendix 1. Coding scheme  
 

Criteria Type of 
information 

Categories  Reference 
(where 

applicable) 

1. Bibliometric information  

1.1 Title of the publication Text field    

1.2 Author(s) Text field   

1.3 Publication year  Numbered field 
(four digits) 

  

2. Case, location, and scale (i.e., case-specific information – data will be coded for each case, which reports on the outcome, within a study separately) 

2.1 Name of the case  Text field   

2.2 Name(s) of country/countries, the case locates in  Dropdown 1. A dropdown list of countries (specifying 
particular sets of countries, e.g., OECD, EU, 
ASEAN, NAFTA, OPEC, ..., as a separate 
option) 

2. Not (clearly) defined 

 

3. Characteristics of a water-related context (i.e., case-specific information – data will be coded for each case within a study, separately) 

3.1 Water resources associated with the environmental/water-related 
sustainability issues 

Checkboxes 
(check all that 
apply) 

1. Surface water (e.g., rivers, lakes, ponds, 
wetlands, transitional water, etc.) 

2. Groundwater  
3. (Reclaimed) wastewater 
4. Desalinized seawater and brackish water 
5. Harvested rainfall-runoff water 
6. Other non-conventional water sources  
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7. No clear water source targeted 

3.2 Water uses  1. Water for the living environment (sustaining 
flora and fauna) 

2. Water for domestic use 
3. Water for agricultural use (e.g., irrigation, 

drainage, livestock, etc.) 
4. Water for industrial use, which means water 

used directly or indirectly for the production 
of economic goods and services (for 
instance, cooling as an indirect use or 
production of mineral water as a direct use) 

5. Water for hydropower production (as a 
particular form of economic production) 

6. Water resource as a medium for discharge 
of pollutants 

7. Water as an infrastructure for tourism, 
leisure, recreation, sports, or medical use 
(e.g., bathing, swimming, skating, leisure 
navigation, sports fishing, windsurfing) 

8. Water as an infrastructure for commercial 
navigation, fishing, gravel extraction, 
mining, or other commercial uses 

9. Water as an infrastructure for land use 
(especially use of flood plains and basins for 

(Bressers 
and Kuks 
2004) 



 3 

water storage, landscape development, 
urban development, settlement, etc.) 

10. No clear water use indicated  

3.3 Environmental/water-related sustainability issues 
studied/addressed in the paper (i.e., concerning the environmental 
health of freshwater systems) 

Checkboxes 
(check all that 
apply)  

1. Water quality (e.g., pollution level, 
sedimentation, eutrophication, treatment)  

2. Water quantity (e.g., water use efficiency, 
water allocation, water stress, water flow, 
recycling and reusing, treatment) 

3. Aquatic biodiversity (e.g., fish biomass, 
macroinvertebrates, status of freshwater 
biodiversity)  

4. Basin condition (e.g., land cover, channel 
modification)  

5. Water-related ecosystem services (i.e., the 
ability of water resources provisioning 
ecosystem services)  

6. General (e.g., protection, conservation, 
adaptation, resilience, ecological integrity, 
environmental status, environmental 
sustainability) 

7. Other (please specify)  
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Appendix 4. Cluster analysis 

  

The data used in the analysis were collected through the coding scheme presented in Appendix 

1. As we could select multiple categories for all three variables, we transformed the raw data 

into binary categorical data using one-hot encoding to prepare it for the cluster analysis. Table 

A4.1 presents descriptive statistics of the data, used in the cluster analysis, on frequency and 

proportion. 

 

Table A4.1 Description of the data used in the cluster analysis. 

  Presence Absence 

Water resource 

Surface water 30 (18.8%) 130 (81.2%) 

Groundwater 64 (40%) 96 (60%) 

Reclaimed (wastewater) 9 (5.6%) 151 (94.4%) 

Water use 

Water for agricultural use 82 (51.2%) 78 (48.8%) 

Water resource as a medium for discharge of pollutants 48 (30%) 112 (70%) 

Water for consumption and drinking water supply  47 (29.4%) 113 (70.6%) 

Water resource as an infrastructure for land use  44 (27.5%) 116 (72.5%) 

Water for the living environment 40 (25%) 120 (75%) 

Water resource as an infrastructure for commercial uses 33 (20.6%) 127 (79.4%) 

Water for industrial use 21 (13.1%) 139 (86.9%) 

Water resource as infrastructure for tourism, leisure, 

recreation, sports or medical use 

23 (14.4%) 137 (85.6%) 

Water for hydropower production 14 (8.8%) 146 (91.2%) 

Water-related environmental sustainability issue 

Water quality 92 (57.5%) 68 (42.5%) 

Water quantity 97 (60.6%) 63 (39.4%) 

Aquatic biodiversity 56 (35%) 104 (65%) 

Basin condition 46 (28.7%) 114 (71.2%) 

Water-related ecosystem services 17 (10.6%) 143 (89.4%) 

General 30 (18.8%) 130 (81.2%) 

 

Before conducting the cluster analysis, we performed multiple correspondence analysis 

(MCA). MCA can be considered a specialized form of Principal Component Analysis (PCA) 

tailored for handling categorical data, as mentioned by van der Heijden and de Leeuw (1989). 

MCA is a technique designed to handle categorical data, transforming it into a set of continuous 

variables known as principal components (Husson et al. 2010), enabling the use of the Ward 

clustering algorithm with the Euclidean metric. Following MCA, we conducted agglomerative 

hierarchical clustering using Euclidean distance and Ward's method on the components derived 

from MCA. We selected the first four dimensions from the Multiple Correspondence Analysis 

(MCA) results, as they collectively explain 53% of the variance (Figure A4.1). This choice was 

informed by the scree plot analysis, which indicates these dimensions capture significant 

variability in the dataset and are therefore suitable for clustering purposes. 

 



 2 

 
Figure A4. 1 Multiple correspondence analysis (MCA) screeplot 

 

The number of clusters are chosen based on on the highest relative loss of within-cluster inertia. 

The within-cluster inertia serves as a measure of the homogeneity within a cluster (Charrad et 

al. 2014) and, a significant drop in this value suggests a natural division in the data. Figure 

A4.2 represents hierarchical clustering dendrogram. The y-axis of the dendrogram in Figure 

A4.2 represents the gain in within-cluster inertia at each level of the hierarchical clustering 

process. The higher values on the y-axis indicates greater dissimilarity between the merged 

clusters, while a smaller values suggest more natural groupings. The barplot on the upper right 

corner represents the within-cluster inertia gain at each level of hierarchical clustering process.  
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Figure A4.2 Hierarchical clustering (Ward's agglomerative criterion) indexed by the gain of 

within-cluster inertia. 

 
The results of the cluster analysis are presented in Table A4.2. In Table A4.2, Cla/Mod 

represents the across-cluster membership, the share of cases across all problématiques that 

belong to a specific problématique for a given category, whereas Mod/Cla refers to the within-

cluster membership, the share of cases within a specific problématique that have a particular 

category (Husson et al. 2010). The v.test values presented in the table indicate whether the 

mean of a category is significantly different from the overall mean (Husson et al. 2010). To 

this end, a v.test value greater than 1.96 indicates that the mean of the category is significantly 

greater than the overall mean. Conversely, if the v.test is less than -1.96, it signifies that the 

mean of the category is significantly lower than the overall mean.  

 
Both MCA and cluster analyses were conducted using the FactoMineR package (Lê et al. 

2008) in R  (R Core Team 2021). 
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Table A4.2 Overview of the description of water-related problématiques by categories based on the results from the hierarchical clustering on the dimensions 

acquired from Multiple Correspondence Analysis.  
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