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1. INTRODUCTION 

Water is a crucial element for all life on this planet. Water resources1 are linked 
to society in countless ways through economic, cultural, educational, 
recreational and even religious forms. As a sector it is closely connected to 
agriculture, energy, forestry, health, infrastructure, and several others (Varis et 
al., 2014a). Through the water cycle, water is an integral part of the surrounding 
environment from mountains to the oceans. Consequently, successful 
management2 of this precious resource is essential to support all societal 
functions and to safeguard environmental services.  

Water’s role in the rapidly changing, developing and globalising world is 
increasingly complex, especially if one considers the numerous drivers of 
change creating additional pressures and transformations to the water systems 
(Grayman et al., 2012; Vorosmarty et al., 2010). Climate change, population 
growth, increased economic activity, land cover change, changing diets and 
improved standards of living all lead to increased competition for and 
potentially conflicts over the limited freshwater resource. Furthermore, a 
combination of social inequity, economic marginalization and poverty can cause 
people to overexploit soil and forestry resources, which often results in negative 
impacts on water resources (GWP, 2000).  

Water management thus cannot be isolated simply as a technical issue but 
rather needs to be approached through a more interdisciplinary perspective. As 
Biswas (2004b) describes, water problems have become “multi-dimensional, 
multi-sectoral, and multi-regional and filled with multi-interests, multi-
agendas, and multi-causes, and which can be resolved only through a proper 
multi-institutional and multi-stakeholder coordination”. Such complex 
interactions between the society and the environment require broad, 
multidisciplinary knowledge, as well as extension of the water resources 
discussion beyond the conventional water-sector-centred discourse (Biswas and 
Tortajada, 2010; Loucks and Gladwell, 1999).  

                                                 
1 Water resources include rivers, lakes, wetlands, reservoirs, groundwater, glaziers, snow, marine water 
and atmospheric w ater. The w ater resources are globally distributed by the hydrological cycle w hich is 
driven by the energy from the sun, causing w ater to precipitate from the atmosphere onto land, w here it 
may be stored in liquid or solid form, and can move and change phase by evaporation, transpiration, 
condensation, freezing and thaw ing (UNESCO-WWAP, 2003). 
2 Water management covers a variety of activities such as planning, assessment, development, regulation, 
distribution, allocation and policy-making for the optimum use of w ater resources across a w ide spectrum 
of socio-economic interests and with an aim to balance betw een diverse uses, users, functions and values 
of w ater (e.g. GWP, 2000; UNESCO-WWAP, 2003; UNESCO-WWAP, 2012). 
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This dissertation focuses on a geographical region that can be considered one of 
the world’s hotspots in terms of water and its management: the large South and 
Southeast Asian river basins. The rivers cover 12 countries and provide food and 
livelihoods for over a billion people. The region is also one of the most dynamic 
in the world with its fast growing population, rapid urbanisation and accelerated 
economic growth. Meanwhile, water has a central role in society as an enabler 
but also as a limiting factor for socio-economic development. Transboundary 
water management is one of the pivotal issues in political relations in South and 
Southeast Asia, as extensive water infrastructure development creates 
geopolitical tensions (Grumbine and Xu, 2011; Kirby et al., 2010; McNally et al., 
2009; Rahaman, 2012).  

To respond to these global and local challenges, integrated3 approaches have 
been at the centre of attention for governance and sustainable development in 
contexts such as the Millennium Development Goals, the World Summit on 
Sustainable Development, the Millennium Ecosystem Assessment, the 
Convention on Biological Diversity and the United Nations Framework 
Convention on Climate Change (UNEP, 2009; Varis et al., 2014a). In the water 
sector, Integrated Water Resources Management (IWRM) has been the most 
broadly promoted process to integrate and coordinate planning, development, 
management and policy making related to water and to support the 
understanding of complex interdependent connections between ecosystems and 
society. It has been recommended at key international policy agendas over 
several decades, starting from the United Nations Water Conference in Mar Del 
Plata in 1977, and continuing in the International Conference on Environment 
and Development in Rio de Janeiro in 1992 (Earth Summit) and World Summit 
on Sustainable Development in Johannesburg in 2002 (Rahaman and Varis, 
2005). In the last five years also the Water-Energy-Food nexus (WEF) concept 
has emerged as a complementary approach to the IWRM. The former promotes 
a balanced development of water resources for poverty reduction, social equity, 
economic growth and environmental sustainability. The latter highlights the 
interdependence of water, energy and food security and calls for integration of 
management and governance across sectors and scales to address trade-offs and 
support efficient use of resources. 

Despite the considerable efforts of the above mentioned integrated approaches 
to address the global and local challenge of water management, they have not 
been fully successful in addressing the utter complexity of the issue. The 

                                                 
3 In this thesis, terms including comprehensive, holistic and integrated, are all used to describe an approach 
of a w ide scope, which combines and coordinates separate elements as to provide an inclusive, harmonious, 
interrelated w hole, and which is concerned with complete systems rather than individual parts. While these 
terms have many similarities, they are not synonyms. The differences between the terms are elaborated in 
Keskinen (2010) and Willamo (2005), w ith the main dissimilarities being the follow ing: comprehensive means 
“an understanding of the broad context, emphasizing the need for coordinated management practices and 
the consideration of all the different dimensions w ithin a management system”, w hereas integrated means 
“items and issues combined together to form a w hole, w ith an aim to holistic or systemic view ” (Keskinen, 
2010). Keskinen (2010) further highlights the main difference between integrated and comprehensive being 
that w hile integrated approaches aim at a comprehensive view, they have to focus on selected key issues. 
Comprehensive thus provides the w idest possible perspective, whereas integrated is already more focused 
(Mitchell, 1990). Finally, holistic means that systems should be view ed merged or linked together as a w hole, 
rather than as a collection of its parts (Willamo, 2005). 



11 

 

approaches have faced challenges deriving from shortcomings from the 
frameworks themselves or the local institutional and governance context 
(Allouche et al., 2015; Biswas, 2004b; Rahaman and Varis, 2005; Stucki, 2011). 
According to Brown et al. (2010), the human need for food, energy and water 
have been solved through solutions that have in some cases proven too narrow 
and have then created further problems without providing sustainable long-
term solutions. Kolko (2012) argues that while constrained or tame problems 
are relatively simple to define and solve, socio-environmental problems such as 
these planetary dilemmas are difficult (or impossible) to solve for the following 
reasons:  

 The problems are ill-defined;  
 Knowledge is incomplete or contradictory;  
 There is a large number of people and opinions involved;  
 The problem creates a heavy economic burden; and  
 These problems are closely interconnected with other ones.  

Furthermore, Balint et al. (2011) mentions further factors that contribute to the 
complexity of said problems:  

 High level of risk;  
 Scientific uncertainty;  
 Biological and social complexity;  
 Vast scope and scale of issues involved; and  
 The absence of public consensus on values, the nature of the problem, 

or acceptable solutions.  

Meanwhile, the more complex the problems the more both stakeholder and 
expert deliberation are required (Balint et al., 2011). This class of problems are 
identified as wicked problems (Rittel and Webber, 1973) and require specific 
considerations that differ from those of solving more simple, constrained 
problems. These issues are also characteristic to the study context and are 
potentially partial reasons to why the integrated approaches have faced so many 
challenges in their implementation. Thus a dilemma exists, where there is a 
pressing need to deal with wicked problems, while no exhaustive solutions are 
achievable. 

The thesis interlinks the key themes  – integrated approaches, transboundary 
basins as well as socio-economic, political and environmental pressures – 
related to water management in four macro level studies presented in the 
appended articles (Articles I-IV). These studies identify important 
characteristics in transboundary water management and describe the ongoing 
dynamic changes (political, climatic, environmental and economic) and the 
resulting challenges. Through the diversity of case studies presented in this 
dissertation, the complexity of water management and the dynamism of the 
region are described with a focus on macro-level analysis. Consequently, the 
thesis rules out specific micro-scale water management and practise such as 
irrigation, drainage, regulation, sanitation, and water treatment. While the 
results therefore may not be directly applicable or relevant in micro level 
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contexts, it is argued that the macro-level water-related phenomena presented 
in the papers also create cross-scale implications ranging from global to local 
issues. 

1.1 Research questions 

The overall objective of this dissertation is to present new perspectives for 
addressing water-related development challenges in a transboundary context 
and to produce recommendations for contextualizing and addressing these 
water-related challenges. This synthesis first views the key features and future 
pressures of transboundary water management identified based on the 
appended articles and then discusses them from two angles: 

(1) Integrated approaches, and  

(2) The concept of wicked problems.  

The overall objective is approached through the following more detailed 
research questions (1-3): 

Research Question 1:  

What kind of specific considerations arise from the development 
pressures and the transboundary contexts of the study basins? 

The transboundary basins are a key analysis unit in each article. This allows a 
cross-basin analysis which brings forth the common features that are central for 
the transboundary water management context of the study region. With this 
background, the second question arises: 

Research Question 2:  

How do the integrated approaches (namely IWRM and WEF 
nexus) address the specific features of transboundary water 
management in the study region? 

The integrated approaches are analysed from the viewpoint of how they 
translate to the specific transboundary contexts of the study basins. Based on 
the findings of these two research questions, a third question explores a novel 
perspective for formulating and analysing the transboundary water-related 
management problems. It also presents some recommendations for a way 
forward through the lens of wicked problems: 

Research Question 3:  

How would the conceptualising of water management as a wicked 
problem help in understanding the interconnected challenges and 
addressing the future pressures? 

While the four case studies provide their own context-specific findings, they also 
supply partial solutions to these more general research questions (Figure 1). The 
first two research questions are explored in each article, while the findings for 
the third research question presented in this synthesis are based on the 
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knowledge gained through answering the two first research questions as well as 
a fresh analysis of the study context through the concept of wicked problems. 

In addition to the findings related to the three research questions, there are also 
a number of case-specific findings found in the appended articles:  

Article I  presents an overall view of the water sector and the hydropower 
development plans in Myanmar and discusses the regional dimensions of 
this development.  

Article II  identifies challenges related to water, energy and food in 
Myanmar, induced by the political and economic reform, including new 
actors, governance changes and trade-offs.  

Article III provides an in-depth spatio-temporal assessment on the 
influence of climate variability on rice production in globally one of the 
most important rice growing areas, the Ganges-Brahmaputra-Meghna 
(GBM) basins.  

Article IV summarises the water-related economic, societal and 
environmental characteristics of the six large Asian transboundary basins 
by investigating the water-related vulnerabilities of the six transboundary 
river basins.  

 

Figure 1: The research questions and the contribution of each article.  

This synthesis consists of seven sections. This introduction section sets the 
scene and presents the objectives of this dissertation. A description of the 
thematic context follows (Chapter 2), after which the methodology (Chapter 3) 
is presented. Chapter 4 then provides an overview of the case studies. Chapter 5 
presents the findings and reflections and Chapter 6 discusses the way forward. 
Finally, Chapter 7 closes this synthesis with concluding remarks.  
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2. THEMATIC CONTEXT 

This dissertation builds on four thematic components presented in this section: 
water-related pressures, transboundary water management, Integrated 
Water Resources Management (IWRM) and Water-Energy-Food nexus (WEF) 
(Table 1). The appended articles assess water management from the perspective 
of change by reviewing water-related pressures in each case study, with water-
related pressures forming the first thematic component. In addition, the 
conducted research is framed through the context of transboundary water 
management, this spatial and political boundary having an important role in 
each appended article. Finally, the underlying perspective for water 
management throughout this dissertation is integrated approaches, most 
importantly IWRM and the WEF nexus. These integrated approaches are 
critically reviewed in the context of the case studies in Section 5.2 and a 
complementary perspective, wicked problems, to water management 
challenges is proposed in Section 5.3.  

Table 1: Summary of the thematic components as they appear in the appended articles. Small 
and large x’s describe the prevalence of the thematic component in each  article, with large X 
indicating a major prevalence. 

Themes Article I Article II Article III Article IV 

Pressures X X X X 

Transboundary X X x X 

IWRM X x 
 

X 

WEF X X 
 

x 

2.1 Water-related pressures  

Water resources are stressed by numerous global and local driving forces 
stemming from human activities, including e.g. population growth, 
urbanisation, globalisation, economic growth and industrialisation. These 
changes result in increasing demand on water, energy and food, creating novel 
pressures and challenges to water and its management as well as causing stress 
on the state of the environment through environmental degradation and 
biodiversity loss.  
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These causal chains and their conceptualisation in this dissertation builds 
loosely on the DPSIR framework (Driving Forces-Pressures-State-Impacts-
Responses), which is a systemic approach developed by European Environment 
Agency (EEA) in the 1990s (Willamo, 2005). Especially the methodology in 
Article IV (described in Section 3.3.2) was motivated by the DPSIR framework, 
first established in Varis and Kummu (2012). The DPSIR framework is used to 
assess and manage environmental problems through addressing the causal 
chain from pressures to responses, exercising the following logic (EEA, 2003) 
(Figure 2):  

 Driving forces are the socio-economic and socio-cultural forces 
driving human activities, which increase or mitigate pressures on the 
environment;  

 Pressures are the stresses that human activities place on the 
environment;  

 The state of the environment refers to the condition of the 
environment;  

 Impacts are the effects of environmental degradation, and;  
 Responses refer to the responses by society (e.g. policies and 

regulations) to the environmental situation.  

These causal links from driving forces to responses commonly materialise also 
within the transboundary basin context (described in Section 2.2). Responses to 
the driving forces, pressures, state and impacts can be provided by integrated 
approaches, such as the IWRM and the WEF nexus, reviewed in Sections 2.3 
and 2.4. 

 

 

Figure 2: DPSIR framework, modified from Willamo (2005) and EEA (2003) with a specific focus 
on water resources. 
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2.2 Transboundary water management 

The natural hydrological unit, the river basin, is a commonly promoted 
management and analysis scale for various purposes such as hydrological and 
climate assessments, assessing the implications of dams, or optimising water 
allocations, to name a few. The basin becomes a transboundary basin when it 
crosses one or more administrative boundaries, bringing a stronger political 
dimension along with the biophysical and socioeconomic system. International 
river basins account for 60% of all the water that flows in world’s rivers (UN-
Water, 2008b). A total of 148 nations share their waters with their neighbours, 
while 40% of world’s population live within a transboundary basin (UN-Water, 
2008b; UNESCO-WWAP, 2012). Thus, cooperation on the shared water 
resources is one key aspect of water management, with various global initiatives 
highlighting the risks of conflict and opportunities for cooperation (Mirumachi 
and Chan, 2014). 

At the river-basin level, the use of the transboundary water system by one state 
usually impacts on other states sharing the same system, through changes in 
water quality, alteration of river flow or change of water availability over time 
(Leb, 2015). These changes affect existing and future uses downstream, and 
these impacts may cause harm, or they may be beneficial. For instance, dams or 
diversions on international transboundary rivers in the absence of socio-
political agreements have created settings conducive to conflict (Wolf et al., 
2003). Conflicts are more likely to occur if the rate of change within the basin 
exceeds the institutional capacity to absorb that change (Wolf et al., 2003). 
Rapid change outpaces institutional capacity in basins where there are: 
unilateral development projects, unanticipated droughts or floods, the absence 
of cooperative regimes, or when relations are especially tenuous over other 
issues (McNally et al., 2009).  

To incorporate all of the physical, political, and economic characteristics for a 
river basin, a process for cooperative watershed management is vital (Rahaman 
and Varis, 2005). Only 24 % of watersheds in the world have river basin 
organisations (Dombrowsky, 2007), and instead transboundary cooperation is 
largely driven by bilateral agreements and negotiations, or sometimes unilateral 
projects. Even basins with existing river basin commissions can face difficulties 
enforcing basin plan provisions both with other sectors or with riparian 
governments due to lack of effective local participation, the absence of formal 
agreements on international water allocations and the limits on pollution, and 
the economic and military power imbalance between upstream and downstream 
countries (Rahaman and Varis, 2005).  Furthermore, cooperation through an 
institutional arrangement or negotiated agreements does not necessarily lead to 
‘good’ results, as asymmetrical water allocation may happen even through ‘soft’ 
power, i.e. subtle influences of convincing and persuading resulting in consent 
(Zeitoun et al., 2011). Zeitoun and Mirumachi (2008) thus recommend 
assessing transboundary water interaction more broadly rather than focusing 
merely on specific incidents of conflict or cooperation as these two are likely to 
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co-exist. Labelling a particular basin conflictive or cooperative is too static and 
hides the actors and the power dynamics between them (Mirumachi and Chan, 
2014). Furthermore, the quantitative study by Munia et al. (2016) demonstrated 
that events of water conflicts do not automatically result from physical water 
stress, but also from geopolitical factors, national politics and economic drivers 
of water demand. 

There are many global guidelines and protocols that support balanced and 
equitable decision making in transboundary water management. International 
law is a vehicle for incremental cooperation in the field of water management, 
with considerable contribution of the UN (Leb, 2015). The 1992 UN Economic 
Commission for Europe (UNECE) Convention on the Protection and Use of 
Transboundary Watercourses and International Lakes and the 1997 UN 
Convention on the Law of the Non Navigational Uses of International 
Watercourses (in short UN Watercourses Convention i.e. UNWC), are the two 
global instruments for transboundary water management4. Furthermore, the 
World Commission on Dams (2000) provide their own guidelines specifically 
focusing on dam development in transboundary watersheds. 

The UNWC calls for equitable and reasonable utilisation and participation of 
transboundary water resources as well as the due-diligence obligation of no 
harm (for more, see Water International 38(2), e.g. Rieu-Clarke et al. (2013)). 
Additional guiding principles that serve as a framework for integrated 
transboundary water resources development and management are: principle of 
cooperation and information exchange; principle of notification, consultation 
and negotiation; and principle of peaceful settlement of disputes (Rahaman, 
2009a; Rahaman, 2009b). Another rule set forth by the UNWC is the duty to 
protect and preserve ecosystems (Chen et al., 2013). 

Riparian nations would thus be entitled and obliged to use their transboundary 
waters in a way that is equitable and reasonable, taking into account the needs 
across the basin (Wouters and Chen, 2015). While these guiding principles 
would provide a useful framework for good practices for transboundary water 
management, they do not have a legal mandate. Sometimes riparian countries 
practise their sovereign rights for their own resources, potentially preventing 
them from assuming moral concerns and responsibilities to the interests of 
those who live outside their territory (Barnett and Adger, 2007), and thus 
disregarding the duty to cooperate, one of the fundamental principles of 
international law (Wouters and Chen, 2015). Even countries in the upstream 
having a hydro-geographic advantage face a dilemma of meeting domestic 
imperatives (especially economic, social and environmental concerns) and 
simultaneously taking into account other riparian nations’ needs (Wouters and 
Chen, 2015). Thus, according to Leb (2015), cooperative behaviour and 
loosening the chains of sovereignty to achieve mutual benefits in international 
watersheds thus rests on two key building blocks: reciprocity and good faith. 

                                                 
4 The UNWC entered into force on 17 August 2014, w hile the amendments of UNECE Water Convention –
accepted in February 2013– opened it to all UN Member States, including countries outside the ECE region.  
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2.3 Integrated Water Resources Management 

Integrated Water Resources Management (IWRM) is a widely used approach 
for addressing key water-related development challenges in order to balance 
economic efficiency, social equity and environmental sustainability, and hence 
to promote sustainable development (Lenton and Muller, 2012; Varis et al., 
2008). The concept of IWRM developed gradually as holistic processes have 
been employed in water management throughout history – as well as in many 
other sectors and disciplines from forestry to wetlands (e.g. Keskinen, 2010; 
Stucki and Smith, 2011; Varis et al., 2008). It has been universally promoted 
through numerous global events starting from the United Nations Conference 
on Water in 1977 in Mar Del Plata (Biswas, 2004a; Rahaman and Varis, 2005) 
and since then endorsed by key international organizations such as the United 
Nations (UNESCO-WWAP, 2006; United Nations, 1992).  

The concept itself took a more defined form in the 1990s, aiming to integrate 
natural resources to society within a basin-wide context (Lahtela, 2003; Varis 
and Lahtela, 2002). The formulation of the IWRM framework was supported by 
the Dublin Principles established during the International Conference on Water 
and the Environment in Dublin, 1992 (GWP, 2000), which were:  

(1) Fresh water is a finite and vulnerable resource;  

(2) Water development and management should be based on a 
participatory approach;  

(3) Women play a central part in the provision, management and 
safeguarding of water;  

(4) Water should be recognized as an economic good.  

Thus, according to the IWRM, water should be managed in a basin wide context, 
with stakeholder participation and under the prevalence of good governance5 
(Varis et al., 2014a). The IWRM has three perquisites for a successful process, 
illustrated in Figure 3 (GWP, 2000): 

(1) Enabling environment;  

(2) Institutions;  

(3) Management instruments.  

 

                                                 
5 Water governance encompasses the political, economic and social processes and institutions by w hich 
governments, civil society, and the private sector make decisions about how best to use, develop and manage 
w ater resources. (United Nations Development Programme, 2004). Key elements of good governance are: 
Accountability, transparency, equity, power symmetry, efficiency, empowerment, involvement, participation, 
comprehension of  externalities and political w ill (Varis et al., 2014a). 
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Figure 3: IWRM and its relations to sub-sectors, modified from GWP (2000).

According to GWP (2000), IWRM is a cross-sectoral policy approach  based on 
the understanding that water resources are an integral component of the 
ecosystem, a natural resource, and a social and economic good. The most 
commonly used definition of IWRM is the following (GWP, 2000):  

“Integrated Water Resources Management (IWRM) is a process which 
promotes the coordinated development and management of water, land and 
related resources in order to maximise economic and social welfare in an 
equitable manner without compromising the sustainability of vital 
ecosystems.” 

While being the most widely recognised and influential concepts for managing 
water, the definition of IWRM leaves a high degree of freedom in terms of 
interpreting and implementing the concept, which has led to it being used in 
numerous ways in terms of dimensions, needs of management, purpose and 
scale (Biswas, 2004b; Keskinen, 2010; Varis, 2005). While there may be as 
many interpretations as there are interpreters, Mitchell (2007) identified 10 
commonly shared characteristics of the IWRM: moving beyond traditional 
approaches; analytical; dynamic and continuous; interdisciplinary and holistic; 
balancing between ecosystems and economic needs; stakeholder involvement 
for equitability; evolutionary and iterative; conflict resolution; awareness of 
sustainable development; and capacity building.  

As Keskinen (2010) states, the “I” in the IWRM concept refers both to 
integration and to interaction, bringing along key questions such as what to 
integrate and how to interact. In addition to people seeking to work together, 
integration can address numerous other aspects as well: bridging natural 
systems with the human systems; coordinating different sectors; and managing 
across scales and levels of decision-making (Lenton and Muller, 2012). Further, 
integration also does not mean managing everything in a single unit while 
abandoning sectoral decision-making, it rather aims at coordinating effectively 
between specialised activities (Lenton and Muller, 2012). Keskinen (2010) 
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highlights that besides integrating sectors, disciplines, stakeholders, scales, 
institutions, types of information etc., the main issues to be integrated in an 
IWRM process are the social, environmental and economic dimensions related 
to water in order to achieve the ultimate goal: sustainability. 

2.4 Water, energy and food nexus 

In addition to the IWRM, there are also other integrated approaches that have 
emerged to the global development discourse. One of the most prominent ones 
has recently been the Water-Energy-Food (WEF) nexus approach which seeks 
to enhance integration of management and governance across sectors and scales 
to address trade-offs and to find synergies (Hoff, 2011). The WEF nexus was 
motivated by the global energy and food crises (Allouche et al., 2015).  The sense 
of urgency and the critical role of the three nexus sectors have been also 
recognised by the World Economic Forum’s Global Risks reports. The Forum’s 
Global Risks 2011 report named explicitly the water-food-energy nexus as one 
of the three key clusters of risks for that year’s analysis6, while the Global Risks 
2015 report identified the energy price shocks, water crisis, food crisis and 
climate change amongst the key global risks (World Economic Forum, 2011; 
World Economic Forum, 2015).  

The nexus approach aims to address the global development dilemma of water, 
energy and food by highlighting the interdependence of water, energy and food 
security (Figure 4) and the natural resources that underpin that security — 
water, soil and land (Hoff, 2011). The understanding of the linkages between 
water, energy and food is aimed to be enhanced both on the level of resource use 
as well as in the institutional, legal and policy dimensions (Granit et al., 2012; 
Scott et al., 2011). Treating the WEF nexus holistically would – in an ideal 
situation – lead to a more optimal allocation of resources, improved economic 
efficiency, lower environmental and health impacts and better economic 
development conditions (Bazilian et al., 2011). It further seeks to identify 
possibilities for increasing resource productivity, greater policy coherence and 
integrated natural resource management.  

Because of the close interdependencies between water, energy and food, these 
sectors have been looked at in connection with each other by scientists and 
practitioners for decades, though not under the specific term ‘nexus’ (Keskinen 
et al., 2016). The emerging WEF nexus concept has been interpreted in 
numerous ways with different framings of the nexus ranging across different 
organisations (Middleton et al., 2015). It has been treated as an analytical 
approach, a governance framework or an emerging discourse, depending on the 
interpretations or expectations (Keskinen et al., 2016). Merely the number of 
sectors included in the analysis varies depending on which sectors have been 
considered relevant (Keskinen et al., 2016), sometimes focusing on the coupled 
water and energy (Hardy et al., 2012; Hu et al., 2013; Hussey and Pittock, 2012; 

                                                 
6 The other tw o w ere the macroeconomic imbalances nexus and the illegal economy nexus. 
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Kouangpalath and Meijer, 2015; Malik, 2002; Scott et al., 2011; Siddiqi and 
Anadon, 2011; Stucki and Sojamo, 2012), or adding other sectors to the 
framework, such as climate (Beck and Villarroel Walker, 2013; Howells et al., 
2013; King and Jaafar, 2015), environment (Karlberg et al., 2015), ecosystems 
(de Strasser et al., 2016), livelihoods (Biggs et al., 2015) or land (Dale et al., 2011; 
Ringler et al., 2013). Additionally, there are sub-nexi that interact within the 
WEF nexus, such as the water-food-trade  nexus and the energy-climate change 
nexus connected through the global supply chains (Allan et al., 2015). 

The most apparent interdependencies between water, energy and food are 
related to food production being the biggest consumer of water on the planet, 
water production relying on energy, and energy production being largely 
dependent on water and sometimes competing for the same resources with food 
production. These are the more quantifiable resource dependencies, which link 
to resource availability and resource scarcity, and can be addressed by seeking 
technical actions to reduce inter-sectoral tensions and trade-offs. In addition, 
there are also more hidden aspects of the nexus that are linked to poverty, 
resource inequality and access, which are politically driven and would have to 
be addressed through inclusiveness by reflecting local realities and human 
needs (Allouche et al., 2015).  

The IWRM and WEF nexus approaches are very closely related. The ultimate 
objectives of both are to promote better resource use to allow societies to 
develop in ways which are sustainable (environmentally, socially and 
economically) (Benson et al., 2015). The main difference is that the IWRM 
focuses on water more specifically, with other sectors acting mainly as 
externalities creating pressure on water. Meanwhile the WEF nexus gives equal 
footing to the three sectors and highlights their interconnectedness with water 
and each other, while water resources hold the central role as an enabler to the 
security of the three sectors. Both approaches bring along a mixture of 
geographical, institutional and political scales: the WEF nexus encompasses the 
interplay of the sectors (Keskinen et al., 2016); and the IWRM, though 
promoting the river-basin level (UNESCO, 2009), should also be juxtaposed 
with jurisdictions, economic zones and corridors, and the activities of other 
related sectors (Varis et al., 2014a). 
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Figure 4: The WEF nexus, modified from Hoff (2011). 
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3. METHODOLOGY 

This chapter presents the scientific methods used in the thesis. Table 2 
summarises the methods, including literature review as well as conducted 
qualitative and quantitative analysis, as they appear in the appended articles. 
The combination of methods applied in each article was motivated by the broad, 
cross-cutting frameworks provided by the thematic context, which are 
summarised in Section 2: integrated approaches; water-related pressures; and 
the transboundary basins. The rationale of interdisciplinary nature of the 
problem setting guided the choice of methodology. Data and even academic, 
peer-reviewed literature were scarce especially regarding Articles I and II, while 
the lack of reliable, good quality data created challenges for the setup of each 
appended article.  

The first two articles compiled literature to provide a baseline description of the 
changes and resultant pressures in the water-related sectors during the first 
steps of an economic and political reform in Myanmar. Article III presents a 
more confined research problem of the relationship between climate variability 
and rice production, and the statistical method for assessing this relationship 
was chosen based on a balance of simplicity and the information it brings. 
Article IV then uses an approach developed by Varis et al. (2012) for assessing 
the water-related economic, societal and environmental vulnerability by river 
basin and by administrative unit. In the next sections the three methodological 
components are summarised. A more detailed description of the methods and 
the related strengths and weaknesses can be found in the appended articles. 

Table 2: Methodology utilised in each appended article. Small and large x’s  describe the role of 
each methodological component in the article. 

Methodology Article I Article II Article III Article IV 

Literature 
rev iew 

X X x x 

Qualitative 
analysis 

x X 
 

x 

Quantitative 
analysis 

  X X 
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3.1 Literature review 

This component relies predominantly on information drawn from secondary 
sources, including books, reports, and journal articles. Literature review was the 
primary method of research for Articles I and II but was also conducted in 
Articles III and IV to provide background and context to the subsequent 
analysis. Due to a lack of peer-reviewed publications, a dominant part of the 
literature used for Articles I and II was “grey literature”7  with sources such as 
news agencies, non-governmental organizations (NGO) and consultation 
reports for the most up-to-date information.  

For Articles I and II literature on current status and future development in the 
water-related sectors was reviewed through compiling material on hydropower 
plans and on agricultural intensification and factors driving this development; 
on key actors such as governmental institutions, cooperation initiatives, 
investors and civil society and their activities, and; on environmental, social and 
economic implications from these activities. These were used for drawing a 
broad picture of the changes and resultant pressures on water resources in the 
study region.  

A literature review was also conducted for Article III to introduce the topic of 
drought research and previous knowledge on climate impacts on agriculture. 
More specifically, studies on drought methodology and the use of various 
drought indices as well as on regional climate history and cropping patterns 
were briefed to both provide the scientific and the geographic context and to 
identify the research gap.  

For Article IV, literature on key drivers of change was reviewed to identify 
pressures targeted on the state of water resources and to support the assessment 
of the water-related vulnerabilities of the basins. Furthermore, the status of 
transboundary cooperation based on existing literature was briefly summarized 
to further explore the transboundary dynamics in relation to the vulnerability 
profiles of the basins. 

3.2 Qualitative analysis 

The methodology for Articles I, II and partially for Article IV can be defined as 
qualitative case study research. The defining features of qualitative case study 
research are described in Merriam (2009) and Creswell (2013). Following the 
method a contemporary phenomenon in real-life within a bounded system is 
studied and the object of study is delimited to a case. The unit of analysis, not 
the topic of investigation, thus characterises a case study. The research is 
conducted with the researcher as the primary instrument for data collection and 

                                                 
7  Grey literature is defined as literature that is produced on all levels of government, academics, business and 
industry in print and electronic formats, but w hich is not controlled by commercial publishers. (Schöpfel and 
Farance, 2010) 
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analysis and the end product of qualitative case study research is richly 
descriptive.  

Articles I and II focused on Myanmar as a case and Article IV on China’s 
southbound transboundary river basins. The contemporary phenomena studied 
were:  

Article I: Hydropower development and its local and regional dimensions;  

Article II: Impacts of rapid economic and political reform on water, energy and 
food; 

Article IV: Water-related vulnerabilities in relation with development pressures 
and transboundary dynamics. 

The literature material for Articles I and II was used in two ways:  

(1) To review the status of water management through investigating the current 
institutional and legal setup and assessing the future water-related plans and 
policies, and;  

(2) To contrast the current practices to the processes promoted by the concepts 
of the IWRM and the WEF nexus.  

Furthermore, the principles of transboundary water management were used to 
evaluate the conduct in transboundary water management in the basins (the 
Indus, GBM, Irrawaddy, Salween, Mekong and Red River) in Articles I, II and 
IV. The thematic contexts of integrated approaches and transboundary water 
management were thus understood as baseline reference points to which the 
prevailing water management practices were compared.  

The IWRM and WEF nexus both promote balanced governance and policy 
making built on integration and stakeholder participation aiming towards 
economic wellbeing, social equity and sustainability. Coordination, cooperation 
and coherence were used as background attributes in the analysis of Articles I 
and II when reviewing institutions, policies and practices across the spectrum 
of actors from international, national to local level. Balance, equity and 
sustainability were attributes that were emphasised when identifying the 
development challenges and related trade-offs. Transboundary principles were 
also loosely reflected in Articles I, II and IV, in particular the guidelines  by 
UNWC listed in Rahaman (2009b) and by the World Commission on Dams 
(2000) which are specifically related to dam development.  

3.3 Quantitative analysis 

The quantitative analysis of Articles III and IV was conducted using publically 
available datasets for drought analysis (Article III) and vulnerability analysis 
(Article IV).  

3.3.1 Clim ate - rice y ield relationship (Article III) 

For Article III, two datasets were used:  
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 District-level rice yield data retrieved from the International Rice 
Research Institute (IRRI) for Nepal, Bangladesh and India (IRRI, 
2013), and;  

 Spatially explicit VasClimo 50-year precipitation data retrieved from 
the Global Precipitation Climatology Center (GPCC) (Beck and 
Grieser, 2005).  

The latter is a globally gridded monthly precipitation data set on a resolution of 
0.5  × 0.5  calculated from global observed station data. Data preparation 
included aggregating the precipitation data for each administrative unit. The 
yield data was prepared by identifying the trend in the yield and removing it and 
then normalising the yield data series. These data preparations are described in 
more detail in Article III.  

To describe the effects of precipitation variability on rice yields, a widely used 
drought index, the Standardized Precipitation Index (SPI) developed by McKee 
et al. (1993), was used to first identify drought occurrences. The relationship 
between rice yield and climate variability was detected by the SPI at various 
timescales was investigated by creating regression models for each 
administrative unit, where the normalized and trend-adjusted rice yield data 
performed as the dependent variable and the computed SPI values were used as 
the predictor variable. The drought index value was calculated for different 
months (January-December) and for different durations (1, 3, 6 and 12 months) 
to obtain a comprehensive assessment of the impact of short and long-term 
droughts on rice yields. Additionally, a second analysis was done by selecting 8 
years with the best rice yield and 8 years with the worst yield for the analysis 
based on the assumption that during those years the yield was affected primarily 
by moisture stress. Thirdly, the relationship between the precipitation and the 
yield data was reanalysed during the years of strong and moderate El Niño 
events and strong and moderate La Niña events. A more detailed description of 
the regression analysis can be found in Article III and a step-by-step description 
of the calculation process of the SPI can be found in Guttman (1999) and Lloyd-
Hughes and Saunders (2002). 

3.3.2 Vulnerability  analy sis (Article IV) 

Article IV used data on environment (such as climate, anthropogenic impacts 
on environment, and water stress), demography, and political stability, as well 
as social and economic development. Two types of data were used in this study: 
spatially gridded data describing vulnerability from environmental sources and 
administrative-scale data describing vulnerability from political, economic and 
social sources. Six datasets were utilised:  

 Political Instability Index was chosen to describe governance;  
 Gross National Income to describe the economy;  
 Multidimensional Poverty Index to describe social aspects;  
 Human Footprint to describe environmental pressures;  
 Multihazards-index to describe climate-related vulnerability, and;  
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 Water stress to indicate direct water-related vulnerability.  

These are already published composite indicators, thoroughly investigated 
globally and easily available for most locations, allowing comparison. For details 
on the data and their sources, see Article IV.  

The river-basin vulnerability (RBV) analysis approach established in Varis et al. 
(2012) was used to assess basin-level socio-economic and environmental 
vulnerability. This method was specifically designed to be applicable to 
analysing and comparing river basins as highly complex societal-environmental 
systems. Each indicator value was weighted by population. They were then 
scaled between 0 and 1 based on the global distribution of each vulnerability 
component, and the data was transformed by 90% winsorizing, i.e. limiting the 
lower and upper 5% of data to 0 and 1, to reduce the effect of outliers. The six 
components were combined to give the River-Basin Vulnerability Index as the 
average value over the components. More details on the method can be found 
in Varis et al. (2012) and in Article IV. 
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4. STUDY CONTEXT 

The case studies of this dissertation are from the six transboundary river 
systems in South and Southeast Asia that drain south from China: the Red River, 
Mekong, Salween, Irrawaddy, Ganges-Brahmaputra-Meghna (GBM) and Indus 
(Figure 5). These basins cover 12 riparian countries: China, Vietnam, Laos, 
Myanmar, Cambodia, Thailand, Bangladesh, Bhutan, India, Nepal, Pakistan 
and Afghanistan. Articles I and II focus on Myanmar and, for the most part, two 
of its main rivers, the Irrawaddy and the Salween. Article III focuses on the 
Ganges-Brahmaputra-Meghna river system. Article IV covers all six 
transboundary basins. The scope, spatial scale and objectives of each article is 
presented in Table 3. Sections 4.1 and 4.2 present a description of the key 
environmental and socio-economic settings of the basins and the development 
pressures they are facing. 

 

Figure 5: Map of the study area from Article IV consisting of 12 countries and 6 basins. 
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Table 3: Scope, spatial scale and objectives of each appended article. 

 A rt icle I A rt icle II A rt icle III A rt icle IV  

Scope Pr ov ides an ov erall 
v iew of the water 
sector and the 
hy dropower 
dev elopment plans 
in  My anmar. 

Rev iews the 
current status and 
fu ture 
dev elopment of 
th e three sectors 
a long the WEF 
n exus in 
My anmar. 

A ssesses the 
im pact of climate 
v ariability on rice 
pr oduction in the 
GBM ba sins. 

A ssesses the water-
r elated 
v ulnerabilities 
fr om economic, 
societal and 
env ironmental 
sou rces in the six 
la rge Asian 
transboundary 
ba sins. 

Spa tial 
sca le 

My anmar’s river 
ba sins, specifically 
th e Irrawaddy and 
th e Salween 

Reg ional 

My anmar’s river 
ba sins, specifically 
th e Irrawaddy and 
th e Salween 

Ganges-
Br ahmaputra-
Meg hna (GBM) 

In dus, GBM, 
Ir rawaddy, 
Sa lween, Mekong 
a n d Red River 

Objectives 1 . Assess the 
hy dropower 
a mbitions of the 
n eighbouring 
countries in 
My anmar. 

2 .  Analyse the 
possibility of 
My anmar 
pa rticipating in 
r egional 
hy droelectricity 
trade. 

3 .  Present the 
con cerns on the 
potential social and 
env ironmental 
costs of the 
pr ojects. 

1 . Identify the 
r eform-induced 
challenges the 
WEF sectors are 
fa cing, including 
n ew actors, 
g ov ernance 
changes and 
trade-offs 
r esulting from 
in tense sectoral 
dev elopment. 

2 .  Discuss the 
possibilities of 
en hancing policy 
coh erence and 
in stitutional 
ca pacity through 
th e WEF nexus 
a pproach to 
a chieve 
su stainable 
dev elopment. 

1 . Ev aluate the 
potential of 
dr ought indices in 
a ssessing climate 
im pacts on rice 
y ield variation by 
con ducting a 
spa tially explicit 
a nalysis for the 
GBM r egion 
through a threefold 
a nalysis:  

a .  Assess the 
im pacts of both 
lon g- and short-
term droughts. 

b.  Identify 16 years 
w ith the best and 
w orst rice yields 
for  each 
administrative unit 
to determine 
w hether the 
r elationship 
between climate 
a n d r ice yield is 
em phasized during 
th ose years.  

c.  Analyse the 
im pact of El Nino 
on  y ield 
flu ctuations by 
incorporating years 
w ith strong and 
m oderate El Nino 
ev ents as well as 
y ears with strong 
a n d moderate La 
Nina events. 

1 . Assess the 
multifaceted water-
r elated challenges 
by  investigating the 
w ater-related 
v ulnerabilities of 
th e six 
transboundary 
r iv er basins using 
pu blicly available 
g lobal spatial data-
sets including data 
on  nature and 
env ironment (such 
a s climate, 
a nthropogenic 
im pacts on 
env ironment, and 
w ater stress), 
demography, and 
political stability, 
a s well as social 
a n d economic 
dev elopment. 

2 .  Discuss how 
such vulnerabilities 
link with the 
dev elopment 
pr essures as well as 
transboundary 
dy namics in these 
r iv er basins. 

4.1 Environmental and socio-economic settings 

All the six case study rivers are amongst the largest in the world. They are of 
great importance in terms of environmental, economic and social aspects as 
together they provide water, food and livelihoods for over one billion people. 
The six river basins also have global significance, as a notable amount of the 
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world’s food is produced there (FAOSTAT, 2015). The basins do not only have 
an outstanding diversity in terms of culture, ethnicity and governance, but also 
in terms of ecology, biodiversity and environment (e.g. Brown et al., 2008; 
Grumbine and Pandit, 2013; Grumbine and Xu, 2011; Pandit and Grumbine, 
2012; Varis et al., 2012; Zhai et al., 2010; Ziv et al., 2012). At the same time, the 
six river basins thus have their unique characteristics, combined with differing 
sets of challenges deriving from development and environmental change. 

The climate of the study region is dominated by the monsoon season, which 
brings most of the region’s precipitation and is a critical climatic factor in 
provision of water for agriculture and other uses (e.g. Biemans et al., 2013; 
Chinvanno et al., 2013; Gadgil et al., 2007; Kummu et al., 2014; Osborne and 
Wheeler, 2013; Qu et al., 2016; Sivakumar et al., 2005; Subash and Ram Mohan, 
2011). Meanwhile, climate change is projected to create new pressures with 
increasing occurrence of climate extremes, such as floods and droughts, as well 
as stressing the river deltas with sea level rise (IPCC, 2007; IPCC, 2012). The 
region has already faced the highest number of natural disasters in the world, 
with a rising trend between 1981 and 2010 (World Bank, 2013). 

Simultaneously, the region is facing various socioeconomic changes, which also 
impact the water resources. The large and rapidly growing populations and the 
massive pace of urbanization (United Nations, 2014; World Bank, 2014), 
particularly in South Asia (Sharma et al., 2010) and China (Shaofeng et al., 
2010), are fundamental reasons contributing to the growing pressure on water 
resources (Varis, 2005; Varis et al., 2012). Further, in South and South-East 
Asia over 90% of the population either live in poverty (less than $2.50 a day) or 
are vulnerable to it (less than $10 a day) (World Bank, 2013), while the South 
and Southeast Asia account for over half of the global occurrences of 
malnutrition (FAO et al., 2012). There is thus a combined effect of high 
concentration of people alongside a high level of poverty, malnutrition and 
uncontrolled urbanization (FAO, 2013). 

In the GBM and the Indus basins, water scarcity is a major concern (e.g. Cook 
et al., 2011; Rodell et al., 2009; Sharma et al., 2010). The GBM and the Indus 
are amongst the most densely populated areas in the world with populations of 
647 and 240 million, respectively (Varis et al., 2014b). This creates intense 
pressures on the water resources, such as intensive agricultural water use 
leading to falling water tables in both basins. The energy demanding irrigation 
occurring through pumping groundwater impacts overall water and energy 
security, as the GBM is largely water and energy deficient. Meanwhile, strive to 
improve productivity combined with expanding demands from non-agricultural 
sectors create simultaneous and competing pressures (Cook et al., 2011). 
Furthermore, Bangladesh, being susceptible to both floods and water shortage 
as the downstream riparian is immensely vulnerable to the upstream water use, 
while having no control of upstream water flows (Rahaman, 2012).  

The Salween and the Irrawaddy are facing a different set of challenges from the 
neighbouring GBM river system with their current populations of 



 

 

34 

 

approximately eight million and 37 million (Varis et al., 2014b). The central 
plains and the vast delta of the Irrawaddy river, where the most important 
croplands are located, experience the most anthropogenic pressures 
(Salmivaara et al., 2013). The Salween has more difficult conditions and less 
suitable land for agriculture, however agriculture is the primary livelihood also 
in this basin (Brown et al., 2008). Myanmar’s water sector is facing numerous 
changes, as the ongoing economic and political reforms have created an 
accelerated rate of investments targeting hydropower and agriculture, creating 
a major challenge to safeguarding its biodiversity and ensuring sustainability 
(Schmidt, 2012; Wang et al., 2013a; Webb et al., 2012). This development has 
raised concerns that the competitive uses of water and other ecosystem services 
will threaten the traditional livelihoods especially of the ethnic populations 
within the Irrawaddy and the Salween basins (McNally et al., 2009; Simpson, 
2007; Simpson, 2013; Urban et al., 2013b; Woods, 2011).  

The Mekong basin has large heterogeneity in terms of socio-economic 
development: While China, Thailand and Vietnam have experienced fast 
increase in economic wealth, accompanied by a growing demand for electricity, 
Cambodia and Lao PDR have remained among the poorest in Asia (Cook et al., 
2011; Kirby et al., 2010; Kuenzer et al., 2013). Similarly to the other basins, the 
Mekong is facing multiple anthropogenic pressures varying from hydropower 
development to land use changes, which further threaten the ecosystems and 
livelihoods of the basin. The basin has a population of about 70 million, most of 
whom are rural poor with livelihoods – fishing, farming and grazing – relying 
heavily on the river and its environmental services (Grumbine and Xu, 2011; 
Kirby et al., 2010). With the river’s exceptionally rich aquatic biodiversity, fish 
plays a central role in the region’s food security.  

4.2 Development pressures 

The six basins are targeted with some of the most extensive water infrastructure 
development in the world (described in Articles I, II and IV), led by plans for a 
massive number of large-scale hydropower dams, rapid urban development and 
irrigation expansion. Hydropower development is in a pivotal role in this 
development, but also water-related activities such as land use changes, 
industrialisation, deforestation and agricultural intensification raise 
transboundary questions in the basins. The competitive use of transboundary 
freshwater resources is thus one of the key issues in political relationships 
within the basins. 

Large-scale hydropower projects are planned or are underway in all the study 
basins, including the Lancang-Mekong (Grumbine and Xu, 2011; Keskinen et 
al., 2012; Räsänen et al., 2012; Tilt et al., 2009; Wild and Loucks, 2014), the 
Brahmaputra and the Ganges (Dharmadikhary, 2008; Grumbine and Pandit, 
2013; Rahaman, 2012; Rahaman and Varis, 2009), and the upstream of the 
Irrawaddy and the Salween rivers (Grumbine and Xu, 2009; Magee, 2006; 
Magee and Kelley, 2009; McDonald et al., 2009; Urban et al., 2013a; Urban et 
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al., 2013b). The current plans in the Mekong basin, for instance, aim at a 10-fold 
increase in the active storage capacity of the reservoirs (Kummu et al., 2010), 
while all the proposed Indian dams together would create the highest density of 
dams in the world in the targeted area of the Indian Himalaya (Grumbine and 
Pandit, 2013). These plans have raised concerns about their multifaceted social 
and environmental impacts, ranging from direct impacts e.g. on sedimentation, 
fish and hydrology, to indirect ones such as effects on rural livelihoods and food 
security, described in e.g. Arias et al. (2014); Grumbine and Pandit (2013); 
Grumbine and Xu (2011); Kummu et al. (2010); Kummu and Sarkkula (2008); 
Lauri et al. (2012); Räsänen et al. (2012); Simpson (2007); Simpson (2013); Tilt 
et al. (2009); Tullos et al. (2009); Urban et al. (2013b); Wang et al. (2013b); Ziv 
et al. (2012).  

Considering the above mentioned multiple transboundary pressures on water 
resources, cooperation and coordination of these water-related activities would 
be essential. However, appropriate institutional set-up for river-basin-level 
cooperation is lacking in the majority of the transboundary basins.  Currently 
the Mekong River Commission (MRC) is the only actively operating river basin 
commission in the study basins, and even it has only the four Lower Mekong 
countries of Laos, Thailand, Cambodia and Vietnam as its members (Chen et al., 
2013; Grumbine and Xu, 2011). In the other five river basins, transboundary 
cooperation is less institutionalized and driven largely by bilateral agreements 
and negotiations (Chen et al., 2013; McNally et al., 2009; Rahaman, 2009c; 
Rahaman and Varis, 2009). Rahaman (2012) points out that the absence of 
multilateral agreements, planning and policies for the integrated water 
resources management of the GBM region constitutes a threat to future 
development plans. Cooperation on shared water resources of the six study 
basins is commonly hindered by political obstacles, such as:  

 Lack of appropriate, basin-wide institutional and legislative support;  
 Lack of meaningful participation of key stakeholders;  
 Conflicting interests and securitization aims of riparian countries;  
 Unilateral or bilateral water development plans excluding key riparian 

partners;  
 Lack of political will or incentives to address the sustainability issues;  
 Lack of data and information sharing; and  
 Unequal sharing of risks and benefits. 

China plays a unique role as the upstream country in each of the study basins 
(Figure 5), while making a dominant contribution to many of the ongoing 
changes and development pressures (Grumbine and Xu, 2009; Liu et al., 2013; 
McDonald et al., 2009; McNally et al., 2009; Moore et al., 2010; Urban et al., 
2013a; Urban et al., 2013b). According to Bawa et al. (2010), China has plans 
for 750 projects in Tibet alone. Meanwhile, China has demonstrated a lack of 
salience of international river basins in their decision-making which has led to 
a fairly inactive participation in transboundary cooperation, despite the 40 
major transboundary watercourses they share with their neighbours (Chen et 
al., 2013; Nickum, 2008). Having voted against the adoption of the UNWC, 
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China prefers signing their own, independent treaties with the neighbouring 
countries, of which most are bilateral instead of applying a basin-wide approach 
(Chen et al., 2013). However, China has shown increasing commitment in 
cooperation, demonstrated for example by their foreign policy strategy based 
upon being the ‘good neighbour’, and thus their hydro-geographic advantage as 
an upstream country does not dictate all water-related cooperation with the 
downstream riparians (Lee, 2015; Wouters and Chen, 2015). Incremental steps 
in transboundary cooperation have been the agreements on data-sharing signed 
recently between China and India as well as China and the Mekong River 
Commission, which could first expand to further technical cooperation and then 
to cover further areas as a step-by-step approach (Wouters and Chen, 2015; Yu, 
2014). China’s role as the upstream state in its numerous transboundary basins 
is explored in several articles of the special issue in Water International of which 
Article IV was also part of (see Water International 40(1), e.g. Wouters and 
Chen, 2015). 

While the pace of development and magnitude of the planned water 
infrastructure is considered to be alarming, water infrastructure is without 
doubt essential for providing food, energy and water security and supporting 
economic development. According to Muller et al. (2015), only carefully judged 
infrastructure investments can provide water security for, for instance, the 50 
million people in Bangladesh vulnerable to the calamitous coincidence of river 
flooding and storm surges. Infrastructure thus has a key role in ensuring water, 
energy and food security for the riparians if ecological integrity and shared 
interests and benefits are incorporated in the plans. 
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5. FINDINGS AND REFLECTIONS 

The findings presented in this section are based on the appended articles and 
describe the joint message the articles together portray. They are based on the 
three research questions set in Section 1.1: Firstly, the specific considerations 
that arose from the transboundary basins and related development pressures of 
the case studies are described; secondly, the suitability of the integrated 
approaches for the study context is discussed; and finally, the conceptualisation 
of water issues through the concept of wicked problems is explored. In addition 
to the collective findings presented in sections 5.1-5.3, each article has their own 
case-specific findings summarised in Table 4. 

Table 4: Key findings from each appended article. 

 A rt icle I A rt icle II A rt icle III A rt icle IV  

Scope Pr ov ides an ov erall 
v iew of the water 
sector and the 
hy dropower 
dev elopment plans 
in  My anmar. 

Rev iews the current 
status and future 
dev elopment of the 
three sectors along 
th e WEF nexus in 
My anmar. 

A ssesses the impact 
of climate 
v ariability on rice 
pr oduction in the 
GBM ba sins. 

A ssesses the water-
r elated 
v ulnerabilities from 
economic, societal 
a n d environmental 
sou rces in the six 
la rge Asian 
transboundary 
ba sins. 

Findings Reg ional energy 
demand growth is a 
key  driver for the 
a mbitious 
hy dropower 
dev elopment in 
My anmar.  

My anmar’s role as 
a n  energy partner 
a n d as an 
in terlinking 
connection between 
Sou th and 
Sou theast Asia and 
Ch ina is increasing, 
a n d hydropower is 
playing a major role 
in  this 
dev elopment. 

Th ere are various 
con cerns related to 
th e ambitious 
hy dropower 
dev elopment plans 
in cluding an 
u nequal 
distribution social, 
economic and 

Th e ongoing 
economic liberation 
h a s created 
r enewed economic 
opportunity and led 
to a  surge of 
inv estments into 
My anmar’s energy 
a n d agricultural 
sectors. 

Th e current 
in stitutional and 
leg islative setting is 
n ot  strong enough 
to r educe trade-offs, 
to a ddress local 
n eeds and to help 
a v oid sectoral 
con flicts. 

Th e existing 
liv elihoods and 
ecosy stems face 
in creasing 
competition for the 
sh ared resources, 
w hile lacking 
secured access to 
th em. 

In  a  large part of 
th e study region a 
str ong relationship 
between climate 
a n d rice yields 
ex ists, especially in 
th e mid-plains of 
th e Ganges.  

Th e climate-rice 
y ield relationship or 
th e suitability of the 
ch osen 
m ethodology varied 
la rgely across the 
GBM r egion. 

Th e stronger 
dependence of yield 
on  precipitation 
v ariability could be 
detected in 
administrative units 
w ith lower average 
pr ecipitation and 
w ith lower average 
r ice yield. 

Wh ere the 
per formance of the 
r egression models 

Notable spatial 
h eterogeneity is 
fou nd in terms of 
th e socio-economic 
a n d environmental 
v ulnerability, 
pa rticularly in 
r elation to the 
env ironmental 
a spects (water 
str ess, hazards and 
h uman footprint). 

Th e GBM and Indus 
in  particular 
sh owed very high 
lev els of 
v ulnerability, due to 
th eir extreme 
population 
den sities, 
con sequent high 
h uman footprint, 
a n d limited societal 
ca pacity to address 
th e development- 
a n d environment-
r elated pressures. 
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env ironmental 
im pacts as well as 
ethnic 
v ulnerabilities. 

In formation on the 
hy dropower 
dev elopment plans 
a r e difficult to 
obtain as they are 
kept confidential, 
h indering the 
possibility of 
con ducting 
a ppropriate impact 
a ssessments. 

There are numerous 
n ew private actors 
in  the WEF sectors, 
causing issues of 
a ccountability and 
transparency, while 
br inging new 
r esources.  

Th e energy and 
a gricultural sectors 
a r e diverse and 
complex due to the 
v arious actors, 
in terests and 
g ov ernance levels 
a n d therefore it 
m ay be difficult to 
bind them within 
on e WEF nexus 
a pproach on an 
operational or 
policy level. 

w as weaker, it is 
likely that yield 
v ariation depends 
on  other factors 
su ch as 
m anagement 
pr actices or on 
oth er climate 
fa ctors such as 
temperature. 

Since the SPI seems 
to detect some of 
th e rice yield 
flu ctuations, it 
cou ld be used in the 
fu ture for 
a ddressing the 
im pacts of droughts 
in  the study region. 

Timely climate and 
hy drological 
in formation and 
dr ought research 
u sing relevant 
indicators should be 
pu rsued for 
im proved drought 
pr eparedness and 
a doption of 
a djustment 
m easures. 

In  each basin, the 
downstream is 
m ore vulnerable 
than the upstream, 
a n d are thus highly 
sen sitive to 
u pstream pressures. 

Wh ile China’s role 
is v ery influential as 
th e upstream 
country in all the 
ba sins, its own 
v ulnerability in 
th ose basins is 
g enerally much 
low er than in its 
downstream 
n eighbours.  

Th e various 
operations and 
policies are likely to 
h ave pronounced 
downstream effects 
a n d thus create 
n ov el sensitivities 
su ch as governance 
a n d geopolitical 
challenges and 
in creasing 
pr oneness to 
n atural hazards in 
th e much more 
v ulnerable 
downstream 
countries. 

5.1 Specific considerations of the study basins 

Four key aspects in the context of transboundary water management arose 
collectively from the four case studies presented in the four articles: the 
numerous pressures the basins are facing, the dynamic nature of the basins, the 
multiple actors and levels of governance involved and the various asymmetries 
regarding the management of the shared water resources. 

(1) Firstly, there are numerous pressures currently targeted to water 
resources in the study basins.  

Article I demonstrates through available literature the highly ambitious 
hydropower projects that are driven by increasing energy demands, drive 
towards resource securitization and development interests of the hydropower 
sector. The hydropower development is occurring on the side of other 
interlinking development plans such as grids, highways and natural gas 
pipelines, which all support the increasing integration of the region. The 
connecting role of Myanmar between South and Southeast Asia both creates 
economic opportunities and poses pressures on the environment also in the 
ethnic border regions. 

Article II builds on the previous paper and presents the multi-sectoral pressures 
that are impacting the water resources of Myanmar through a review of the 
current governmental and private actors as well as the water-related policies. 
The pressures from water-related activities are not directly in connection with 
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water management (and water quality issues were not considered) but rather 
indirectly through agricultural intensification, land use and energy production. 
The pressures are created through the intensification of natural resource use in 
all the sectors. Though the rate of natural resource use may not appear alarming 
when the vastness of the available land and water resources are considered, it 
should be noted that this increases the competition for the shared water 
resources and creates vulnerability in the absence of safeguarding legislation. 
Water security as well as closely related food security are thus less linked to the 
availability of resources in the Salween and Irrawaddy, but more linked to the 
lack of ethnic rights and lack of secured access to land and water resources for 
maintaining existing livelihoods and ecosystems dependent on them.  

Article III highlights that among the various factors causing vulnerabilities to 
agricultural production and creating food insecurity in the GBM basins, climate 
variability is playing a major role. The temporal and spatial variation of water 
resources generates major challenges to water management and creates a sense 
of insecurity that causes transboundary pressures. The paper concludes that 
with potentially increasing climate variability due to climate change, the 
relationship between occurrence of climate extremes and agricultural 
production need to be better understood and related resilience improved.  

Article IV takes a broader perspective for the study context and assesses the 
spatial patterns of pressures resulting from high population density, fast 
urbanization, poverty, malnutrition and rapid economic development, 
described with a river basin vulnerability index. Such an approach thus allows a 
comparison between six river basins included in this dissertation. The sources 
of vulnerability, such as societal, environmental, economic, and climatic, all 
pose pressures to the water resources in the six transboundary basins. The Indus 
and the GBM stand out as highly vulnerable largely due to their high population 
density. The other basins, namely Irrawaddy, Salween and Mekong get 
approximately half of their vulnerability score from societal sources. With such 
high level of dependence on and vulnerability of these basins, the ambitious 
hydropower development plans create new and increasingly complex 
challenges.  

(2) Secondly, the basins are extremely dynamic and rapidly changing, and the 
water-related information becomes inevitably quickly outdated.  

While the Articles I, II, III and IV describe water management each from a 
specific perspective, the papers capture only snapshots of a constantly changing 
setting. The Articles I and II describe how water and other natural resources are 
facing changes through political reforms which alter the institutional and legal 
setting in Myanmar as well as create new water-related activities in both the 
energy and the agricultural sectors. This highlights how numerous decisions are 
being made related to land and water resources simultaneously, while data and 
information on the activities are difficult to obtain, as they can be sensitive in 
nature, they may be kept confidential and the region is under-researched. This 
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makes assessing the current and the future water management and 
development situation extremely challenging.  

Articles III and IV demonstrate that the multiple changes that are happening 
due to population growth, urbanisation, environmental degradation, climate, 
economic growth, among others, create constantly changing variables to 
consider related to the management of the shared water resources. This means 
that the macro-level water resource management needs to be adaptive and 
promote resilience as well as needs to comprehensively assess the different 
trajectories of development incorporating broad, interdisciplinary knowledge.  

(3) Thirdly, each appended article shows how water management within the 
framing of the study cases covers multiple actors, sectors and governance 
levels.  

Article I takes a regional perspective; it shows the interests of the neighbouring 
countries in the development of the hydropower resources in Myanmar and 
reviews the private and state companies that are involved in the schemes. The 
article discusses that the role of Myanmar as a connecting link between South 
and Southeast Asia is becoming more important as the region is becoming more 
integrated. On the other hand it then views the impacts of that the locals face 
with the water-related development and demonstrates that there is great 
imbalance in addressing the local, the national and the regional energy needs. 
Thus, the article highlights how decisions on higher scales (regional, national) 
translate into actual impacts on lower scales. 

Article II reviews the national level institutional setting for water management 
across the water, energy and agricultural sectors. It highlights the multitude of 
actors involved and the overlapping and contradicting roles and activities of 
some of the governmental and private actors. Even different ministries and their 
agencies can have responsibilities and mandates that have opposing objectives. 
The paper also highlights the increasingly important role of the private sector in 
seeking sustainability in managing water resources. As the current institutional 
capacity cannot absorb the rapid changes, the private sector has a high level of 
responsibility in terms of finding solutions that do not stress the socio-economic 
and environmental systems. Though some private companies have adopted 
their own environmental and social responsibility standards, commonly 
accepted good practices are still called for. Furthermore, the article discusses 
the emphasised role of the civil society and Non-Governmental Organisations 
(NGOs) in Myanmar, where environmental matters have been in close 
connection with human rights and where ethnic minorities have been extremely 
vulnerable to the impacts of some policies while lacking economic or political 
clout. Based on literature it is found that the negative impacts of large energy 
and agricultural projects are increasingly opposed as the networks provided by 
NGOs have enabled a greater social and political space to channel the concerns 
of ethnic minorities as well as to spread expertise to communicate the impacts 
of those large-scale development projects. The Articles I and II together 
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highlight the various interests involved in the large-scale developments in the 
agricultural and energy sectors. 

Article III assesses the impacts of drought on food production, an issue that can 
be addressed on multiple levels: Academics producing data and knowledge; 
Different institutional levels from global climate policy-makers to more national 
and local level administration that formulate and implement water, energy and 
agricultural policies; Water management practitioners; Agencies collecting and 
disseminating data; and finally the farmers that apply farming practices and 
take measures to improve resilience to climate extremes. 

Article IV then discusses the importance of transboundary cooperation and the 
need for the involvement of all the riparian countries in transboundary 
cooperation. It demonstrates how China is in a particular position with its high 
geopolitical strength combined with its substantial downstream influence. 
Further, the paper calls for a high level of responsibility from upstream riparian 
countries since formalized institutional arrangements are lacking in majority of 
the transboundary basins. The critical question is thus how to ensure that those 
with high level of influence and low exposure to impacts could also find an 
incentive to participate in transboundary water management.  

(4) Fourth, the appended articles demonstrate strong asymmetries regarding 
water resources and related security in terms of the level of vulnerability and of 
participation.  

Articles I and II illustrate the notable asymmetry in the sharing of benefits and 
risks regarding large-scale water-related development projects across local, 
domestic and regional scales. Inequality and access to water and other natural 
resources have a more pivotal role in water insecurity in Myanmar than for 
example resource scarcity. Furthermore, specifically Article I highlights the 
regional inequality in terms of differences in electrification rates and energy 
consumption and demand across South and Southeast Asia, which creates a 
setting where poorer economies supply energy to wealthier nations, while 
bearing the cost of the environmental impacts. 

Article III then assesses the vulnerability of rice production to climate variability 
and shows how this relationship varies largely across the GBM basins. The areas 
with the lowest average annual precipitation had the largest correlating inter-
annual rice yield fluctuations, showing that precipitation is a key limiting factor 
for rice production in those areas. These areas are highly dependent on 
irrigation, which often pumped from groundwater. High water demand and 
water scarcity are thus closely linked to energy and food security and have a 
potential to create inter-state and international conflicts when water allocations 
are negotiated. 

Article IV highlights notable asymmetries in a transboundary context. It found 
large heterogeneity in water-related vulnerability profiles of the major 
transboundary basins in South and Southeast Asia, particularly in relation to 
the environmental aspects (water stress, hazards and human footprint). The 
Indus and the GBM rivers stood out as extremely vulnerable, with increasing 
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vulnerability levels towards the downstream parts of the rivers. The higher level 
of vulnerability in the downstream parts of the rivers makes them highly 
sensitive to upstream pressures. Such strong asymmetries in the state and 
vulnerability of the riparian countries affect the transboundary dynamics: it 
translates to the interest of the riparian countries in seeking cooperative efforts 
in water management and finally affects the effectiveness of cooperation on 
shared water resources. The remarkable downstream vulnerabilities will require 
careful planning and cumulative impact assessment at the regional (i.e. 
transboundary) level. 

5.2 Integrated approaches in the study basins 

The interconnected nature of water resources management in the study basins 
call for integrated approaches for: understanding the broader connections of 
water to other sectors; assessing the causal connections of water-related 
development; examining potential policy and management options, and; 
establishing and following good practices in governance.  

In focus were the two integrated approaches, the IWRM and the WEF nexus, 
which were used as background thematic frames in the case studies. Both of 
these approaches seem extremely relevant in the contexts of the case studies, 
considering the management challenges they are facing. These approaches have 
historically played a key role in taking water management towards a holistic and 
strategic conduct by bringing focus on the process, highlighting the 
interdependencies between key sectors and generally promoting sustainable 
development. Some prime examples of these successes include the Mekong 
River Commission’s IWRM-based basin development plan (MRC, 2011) as well 
as the shared information and knowledge base facilitating the planned IWRM 
approach in the Mekong basin context (Lenton and Muller, 2012). Also the 
tangible outcomes from plans adopting the IWRM approach realised especially 
on community or provincial levels described by UN-Water (2008a) as well as 
the global progress initiated by the Agenda 21 of the Earth Summit of 1992, 
specifically in terms of changes to the enabling environment in terms of water 
policy, water law and the development of water resources management plans 
(UN-Water, 2012), are some positive signs of progress made. Lenton and Muller 
(2012) further highlight through various local, basin, national and regional level 
water management successes, that improvement may also initiate not only 
through a goal to apply the IWRM concept, but rather practical pressures and 
needs may result in effective approaches akin to the principles of the IWRM. 
The WEF nexus has brought a different angle to the discourse, as a 
complementary approach that provides an initial step for engaging other sectors 
outside of the area of water management (Keskinen et al., 2016). 

Despite these positive steps and outcomes, the integrated approaches have not 
yet fully succeeded in providing solutions for transboundary water challenges in 
these geographic contexts, resulting largely from the wicked nature of these 
water problems, explored in Section 5.3. This has motivated the fairly critical 
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findings presented below, while the numerous advantages of these approaches 
are also recognised. Based on the four case studies (Article I -IV) some distinct 
features of the approaches can be identified that do not fully comply with the 
reality of water management in the context of the case studies: 

(1) The integrated approaches fail to reach and fully engage other sectors apart 
from water, the solution potentially remaining limited and too water-centric.  

The IWRM and the WEF nexus approaches differ in this regard, as the IWRM 
brings the sectors into the water approach (Figure 3), while the WEF aims to 
look at water on a par with the energy and food sectors (Figure 4). Yet, even the 
WEF nexus, which gave the other two sectors an equal footing in the nexus 
triangle, has water availability presented in the centre of the triangle. As both 
the IWRM and the WEF nexus have originated from the water sector, and placed 
water in the centre, the approaches have not been fully successful in engaging 
with the other relevant sectors in their processes. All of the appended articles 
illustrate how the water-related decisions are commonly made in other sectors 
than water and consequently there is a great mismatch between the water-
centric approaches and the reality of the policy, management and operational 
settings. For instance, as Article IV points out, particular bottlenecks to political 
collaboration in both the Indus and the GBM are the ongoing border disputes 
between China and India, and therefore it is also the issues not related to water 
that hinder cooperation on it. Water-related cooperation in these 
transboundary basins is not a separate dimension from other political 
processes, and it would be artificial to claim so. Decisions are being made that 
affect water resources management not officially part of transboundary water 
management nor through any basin institutional arrangements.  

Further, the integrated approaches do not capture the hidden role of water, 
where water is largely invisible for other sectors as long as it is not a limiting 
factor. For example, electricity prices can be a more important factor limiting 
groundwater pumping than the actual falling groundwater tables. Water issues 
can create a large economic burden if scarcity or issues with access are not 
addressed. Yet, as these impacts are often first experienced by the environment 
or groups of people lacking a strong voice in decision-making, the externalities 
of unsustainable use may not be addressed in time. 

(2) The integrated approaches seek to provide a harmonic, well-structured 
conduct to policies and operations in water management, while the reality is 
extremely imbalanced, asymmetrical and dynamic.  

The IWRM promotes the management of water resources through a 
participatory approach, involving users, planners and policy makers at all levels. 
While promoting the need of participation, the IWRM concept does not take 
properly into account the reality of equity and access to decision making, as well 
as the willingness of different parties to participate, may it be riparian countries, 
private companies or ethnic groups. Articles I and II explore the imbalance 
between the local ethnic groups facing the impacts of dam building and 
agricultural investments and the governmental and private actors involved in 
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the development. Article IV discusses the lack of incentives to cooperate in a 
transboundary water management context for those less dependent on the 
shared water resources, affecting the upstream-downstream dynamics.  

The WEF nexus approach on the other hand aims for synergy for water, energy 
and food as well as efficient and sustainable use of resources to optimize the use 
of resources for ensuring green growth. The case studies presented a number of 
interconnected challenges, such as: hydropower development - environment - 
water-dependent livelihoods (Articles I, II and IV); water scarcity - climate - 
food production (Article III); and land tenure - food security - livelihoods 
(Articles I, II). Articles I and II argue that in Myanmar the institutional 
disconnections and overlaps, weak governance, the number of actors involved, 
and energy having a stronger voice than water, all lead to an imbalanced 
management approach. This results in trade-offs such as environmental 
degradation, resource insecurity, competition over resources and increasing 
poverty, inequality and instability. Similarly, Article IV highlighted that there 
are a number of vulnerabilities related to water resources from societal and 
environmental sources, and the occurrence of these are extremely relevant for 
the status of water resources in the study basins, though such a complex setting 
does not fit fully within the WEF framework.  

Such challenges clearly require institutional and policy effectiveness, coherence 
and coordination to address the trade-offs and externalities from development, 
but a question rises how such coordinated planning can be enabled in reality, 
when the problem and actor setting is so messy. The sectors, instead of 
optimizing the shared resources, are in competition with each other. Secondly, 
the sectors are not neatly in silos as the WEF nexus framing presents, but have 
traditionally been closely connected or overlapping each other, linked both 
through synergy and through competition. The solution base is thus extremely 
crowded, with conflicting views and with many decisions being made at the 
same time with varying goals.  

In addition to sectoral objectives, also the transboundary context presents a 
number of stakeholder interests on all governance levels and throughout the 
civil society, which hinders reaching a policy framework that formulates the 
problem and the solution base comprehensively and inclusively. Further, the 
actors are not on one hierarchical decision-making level where coordination 
could occur, but management decisions are made by actors of all shapes and 
sizes. Lower-level actions are dependent on higher-level support, and vice versa, 
and thus decisions on the shared water resources should not be made 
independently from each other, though in reality they commonly are. 

These observations regarding the integrated approaches are quite in line with 
some previous findings by other researchers and practitioners. The critique 
outlined in literature has stemmed primarily from three perspectives (see e.g. 
Allouche et al., 2015; Biswas, 2004b; Keskinen, 2010; Lahtela, 2003; Middleton 
et al., 2015; Rahaman and Varis, 2005; Stucki, 2011; Varis et al., 2014a). Firstly, 
shortcomings have been identified in terms of the approaches themselves, for 
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example related to their framing or the gap between the theoretical and the 
practical levels. Secondly, in some cases the implementation of the approaches 
has been considered too challenging due to a weak institutional and governance 
setting. Finally, the depth of understanding, the accuracy of the interpretation 
and the level of discussion regarding the approaches have occasionally been 
considered too superficial or misleading resulting in a potentially meaningless 
or merely cosmetic use of the frameworks. 

5.3 Water as a wicked problem 

The water issues presented in the case studies are complex and interconnected. 
Additionally, they are difficult to define exhaustively, as they are linked to 
human and natural systems that are dynamic, multi-actor and multi-scalar. 
Walters et al. (2000) further describe the level of complexity of a problem with 
the following attributes:  

 The degree of conflict or risk over the issue; 
 The level of confidence in the information on the issue;  
 The number of alternatives; and  
 The knowledge and probability of outcomes.  

These issue attributes determine when and to what degree the public should be 
involved in the decision-making process; the more complex the nature of the 
issue is, the more the public involvement is needed to encourage consensus and 
to legitimize the process (Walters et al., 2000). These are also characteristics to 
the type of problems that were first identified as wicked by Rittel and Webber 
(1973). 

In this section the third research question on the conceptualisation of water 
management as a wicked problem is explored to help in understanding the 
interconnected challenges. The features of wicked problems are assessed in the 
context of transboundary water management in the study region to see how they 
comply with the study context.  

In order to consistently evaluate the definition of wicked problems and the list 
of characteristics specifically within the case study context, the definitions by 
Rittel and Webber (1973), presented in the attached text box, were modified and 
regrouped to the following (partially overlapping) four components: Problem 
space; Solution space; Actor space; and Temporal and spatial scales. The case-
specific features of these four components are presented in Table 5. Each of 
these wicked features of transboundary water management stem from and apply 
to the case studies presented in the appended articles. The four components are 
the following: 
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Characteristics of wicked problems (Rittel and Webber, 1973):  

1. There is no complete definition of a wicked problem. Whereas 
tame problems are dealt by defining the problem and solving it, wicked 
problems are dealt with by suggesting a solution, and this solution 
defines the problem. 

2. Wicked problems have no stopping rule. Wicked problems don’t 
have a clear ending; the end is defined by resource limitations rather 
than finding a clear solution. 

3. Solutions to wicked problems are not true-or-false, but the best 
that can be done. The evaluator’s personal interests and opinions 
affect their judgement and thus the evaluation of the success is 
subjective. 

4. Wicked problems have no final solution. There is no ultimate test of 
a solution, as every implemented solution is consequential for an 
unbounded period of time.  

5. Every solution to a wicked problem is a one-shot operation 
without the possibility of trial and error. With wicked problems, 
every implemented solution is consequential, leaving traces that 
cannot be undone. 

6. There is no enumerable (or an exhaustively describable) set of 
potential solutions. It is impossible to know if all possible solutions to 
a wicked problem have been considered, nor that the solutions 
considered will be correct. 

7. Every wicked problem is essentially unique. Thus, there is no single 
method to solve wicked problems. 

8. Every wicked problem can be considered to be a symptom of 
another problem. The higher the level of a problem's formulation, the 
broader and more general it becomes: and the more difficult it becomes 
to do something about it. On the other hand, one should not try to cure 
symptoms: and therefore one should try to settle the problem on as 
high a level as possible. 

9. There is always more than one explanation for a wicked problem. 
The appropriateness of the explanation depending greatly on the 
individual perspective. The choice of explanation determines the 
nature of the problem's resolution. 

10. Planners are liable for the consequences of the actions they 
generate. The effects can matter a great deal to those people that are 
touched by the actions. 

Characteristics of super wicked problems (Levin et al., 2012):  

1. Time is running out.  
2. Those who cause the problem also seek to provide a solution.  
3. The central authority needed to address it is weak or non-existent.  
4. Policy responses discount the future irrationally. 
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(1) Problem space 

As the characteristics of wicked problems suggest, the formulation of the 
problem is the first and pivotal challenge of a wicked problem. This is because 
defining a wicked problem exhaustively is impossible, the definition and 
explanation of the problem depends on the viewpoint, and the problem is always 
essentially unique. 

Within the context of the case studies, the problem can also be defined and 
formulated in numerous ways. This stems from characteristics that define 
transboundary water management. Firstly, there are numerous direct and 
indirect drivers and pressures, as identified in Section 5.1, which impact the 
state of the biophysical and socioeconomic system. These causal links are 
difficult to identify and therefore any strict problem boundaries are impossible 
to establish. Secondly, the problems and solutions cross sectoral and 
disciplinary boundaries, requiring high-level understanding of the system 
complexities. Thirdly, there exists scientific uncertainty as well as profound 
differences in perceptions, attitudes, and values amongst key stakeholders, 
which add on the challenge of framing the problem. 

(2) Solution space  

Thereupon, finding a solution that is final for a wicked problem is also 
impossible, as the process of solving the problem is identical and simultaneous 
to the process of understanding its nature. Wicked problems also extend to the 
future as they create waves of consequences and can be considered a symptom 
of another problem. Solutions to wicked problems are not true-or-false and 
there is no enumerable set of potential solutions.  

Closely related to the previous points on framing the problem in transboundary 
water management, finding solutions is equally challenging. Specific challenges 
of finding a solution can be pinned to the two following characteristics: Firstly, 
water management is a continuous effort, since the conditions change in time 
and new development creates novel pressures. As the conditions in each water 
management context change, new tailored solutions need to be found. 
Consequently, there can be no blue print solutions or management templates. 
Secondly, the multiple actors and management arrangements and levels result 
in solutions being found constantly in different scales and by different actors 
through multiple overlapping and contradicting processes, making a 
coordinated effort impossible or at least very demanding. Thus balancing the 
competing needs require a considerable effort of understanding the complex 
variety of dependencies and impacts.  

(3) Actor space 

The actors within the framing of wicked problems can be divided into two 
(ideally) overlapping groups: Problem owners and solution owners. The 
problem owners are those affected by the issues to be solved and that would 
benefit from a potential solution. The solution owners, such as policy makers, 
planners, scientists, private sector actors and other stakeholders, are those with 
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power to affect the problem and solution definition. The latter group face a 
demanding task as when facing a wicked problem as they have to face uncertain 
future and need to find solutions that may have unknown consequences.  

The myriad of actors and stakeholders involved in the study context face issues 
of conflicting views, asymmetrical power relations, lack of access or incentives 
to participate and lack of responsibility or accountability. Meanwhile, there is a 
need to aim for a profound change in practices to make a required change. 

(4) Temporal and spatial scale 

This component overlaps with the first three components. However, identifying 
the temporal and spatial scale is essential for setting the problem and solution 
boundaries, and therefore this deserves its own focus. As wicked problems are 
consequential, there are no clear spatial or temporal boundaries, as the 
problems create waves of short- and long-term impacts across both dimensions. 
As pointed out by Levin et al. (2012), time is running out for finding solutions 
for wicked problems such as climate change, adding to the pressure of managing 
such problems. Similarly to climate change, water scarcity (UNDP, 2006) as 
well as water security are acute issues, as nearly 80% of the world’s population 
is exposed to high levels of threat to water security (Vorosmarty et al., 2010). 

With the case studies of this dissertation, the wicked nature of the problems is 
also related to the temporal and spatial scale. Firstly, a broader spatial and 
temporal scale makes problems increasingly wicked and thus more challenging 
to manage, while macro-level analysis is essential for a holistic understanding 
of the problem setting. Thus, finding a balance between these two is a choice of 
specificity and comprehensiveness. Secondly, the multiple sectors and 
disciplines involved add to the challenge of the multi-scalar nature of the issue, 
as there are mismatches and overlaps with the mixture of geographical, 
institutional and political scales. Thirdly, there are also mismatches and 
conflicts with the temporal scales relating to the numerous co-occurring 
processes of environmental change and management, institutional and political 
mechanisms. 
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Table 5: Summary of the characteristics of the wicked problem of transboundary water 
management. 

Problem space 

 Numerous direct and indirect drivers and pressures, with unclear 
causal links 

 Problems and solutions crossing sectoral and disciplinary 
boundaries 

 Scientific uncertainty combined with profound differences in 
perceptions, attitudes, and values 

Solution space 

 Water management is a continuous effort with no ending 
 No blue print solutions or management templates 
 Solutions are found constantly in different scales and by different 

actors, making a coordinated effort an impossibility 
 Competing needs have to be balanced 

Actor space 

 Conflicting values, perspectives and interests between different 
stakeholders as well as between short- and long-term objectives 

 Possibility of vulnerability and conflict 
 Asymmetrical power relations 
 Lack of incentives to participate or of access to decision making 
 Problem owners are disconnected from the solution owners 
 Lack of responsibility or accountability 
 A strong need for profound change in practices combined with a lack 

of clear institutional arrangements with strong mandate 

Temporal and spatial scale 

 A broader spatial and temporal scale makes problems increasingly 
wicked 

 Mismatches and overlaps due the mixture of geographical, 
institutional and political scales 

 Mismatches and conflicts with the temporal scales relating to the 
numerous co-occurring natural, economic and political processes 

 

To conceptualise the question of wickedness, the problem setting is illustrated 
using the following categorisations: system elements (natural system; human 
(political and economic) system; stakeholders; sectors and disciplines); system 
attributes (risk, vulnerability and conflict; scientific knowledge; temporal scale; 
and spatial scale); and system interactions. The system elements and attributes 
defining the ‘wickedness’ of water problems are illustrated in Figure 6. These 
categorisations are loosely modified from those of systems thinking, and can be 
found in Meadows and Wright (2008). The system attributes as listed above are 
motivated by those presented in Walters et al. (2000).  As Head (2008) defines, 
the levels of complexity (of elements, subsystems and interdependencies), 
uncertainty (in relation to risks, consequences and changing patterns) and 
divergence (in viewpoints, values and strategic intentions) determine whether 
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the problem is tame, complex or wicked. This criterion is also relevant in the 
study context and is present in the conceptualisation in Figure 6.  

The problem space is described by circles, though these could easily be any other 
shape, depending on which problem elements or attributes present the most 
complexity within the system in question. The lines between the different 
problem spaces are not specific, but are there to illustrate the low, moderate and 
high complexity of the problem. The outward going lines describe the following 
(motivated by the criterion presented by Head (2008)):  

 Complexity of the human system and the natural system;  
 Complexity of the spatial and temporal scales;  
 Complexity and divergence of the stakeholders;  
 Complexity and divergence of sectors and disciplines;  
 Uncertainty of risk, vulnerability and conflict; 
 Uncertainty of scientific knowledge and of outcomes; and 
 Complexity of interdependences.  

In addition to these criteria, the complexity and strength of interdependences 
within the system contributes to the wickedness of the problem. 

Ideally, the solution space, i.e. the solution and its impact area, should coincide 
with the problem space and address all the problem elements and attributes that 
the problem space covers. With wicked problems however, there are no clear 
boundaries for the problem space, and thus the solution space cannot fully cover 
the problem space, offering only a partial solution.  

This conceptual framework may assist in identifying and diagnosing the level of 
complexity or wickedness of a problem and further help to gain wider 
understanding of how to address or cope with such a problem. The next chapter 
discusses how to manage with wicked problems. It also explores how integrated 
approaches may provide solutions for wicked problems and what new 
perspectives this conceptualisation may bring to the area of integrated water 
management. 
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Figure 6: A conceptualisation of a problem and solution space and the system elements (natural 
system, human system, stakeholders, sectors and disciplines) and the system attributes (risk, 
vulnerability and conflict; scientific knowledge; temporal scale; and spatial scale).  System 
interactions occur between the elements and the attributes.  
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6. WAY FORWARD 

The findings of the appended articles were presented in the previous chapter, 
describing the key characteristics of the studied transboundary river basins; the 
specific challenges regarding the framing of the integrated approaches; and 
finally reviewing the problem setting from the viewpoint of wicked problems. In 
this section these three components are discussed together aiming at exploring 
how these approaches could be supported and/or complemented by each other 
in order to provide new perspectives to transboundary water management. But 
first I discuss ways of managing with wicked problems in the transboundary 
water management context. 

6.1 How to address wicked water problems in a transboundary 
basin context? 

Ison et al. (2007) identified that the specific features of watersheds that create 
a setting of a wicked problem include complexity, uncertainty, value divergence, 
connectedness and multiplicity of stakeholders. These features are also shared 
by the transboundary water management cases in South and Southeast Asia 
studied in this dissertation. To consistently evaluate the wickedness of 
transboundary water management in the study context, the characteristics of 
wicked problems were assessed through the following conceptualisation of four 
components: Problem space; Solution space; Actor space; and Temporal and 
spatial scale. The wickedness of an issue was pinned down to the seven 
dimensions listed at the end of Chapter 5.3.  

While the conceptualisations (Figure 6; Table 5) help in identifying the wicked 
character of a problem, a key consideration arises: How to deal with this 
wickedness which leads to the problem and its solution being unattainable, 
when there is simultaneously a pressing need to understand the problem and to 
find solutions? Since it is not sufficient to only diagnose problems or recognise 
their existence but also to find concrete solutions, one has to be able to manage 
with wicked problems. The following key points arise that may help in managing 
with said wickedness in the study context and possibly beyond: 

(1) It is important to diagnose the wicked nature of the problem, in this 
case transboundary water management, and thus identify the challenges it 
brings for the formulation of the problem and the solution boundaries. Specific 
attention should be paid on recognising what aspects are included and excluded 
in the problem and solution formulation and then articulating these. It is also 
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necessary to identify what personal values and perceptions drive the 
formulation of the problem and critically evaluate the objectives.  

As Meadows and Wright (2008) also describe, a key part of understanding a 
nature of a problem is to identify its boundaries, and specifically what to include 
and to exclude. The right boundary for thinking about a problem rarely 
coincides with the boundary of an academic discipline, or with a political 
boundary (Meadows and Wright, 2008), which is also characteristic of many 
water problems. As Mitchell (1990) states, “most major management problems 
and the greatest complexities are found at the boundaries of different sectors, 
disciplines, institutions and scales”, and this is the domain where the problem 
centres lie and where the solutions are found.  

In the context of transboundary water management, one key aspect is to 
recognise that the problem and its solution are indeed dependent on the 
perspective. Middleton et al. (2015) also recognise that “any system is subject 
to multiple forms of interpretation by a range of actors dependent upon how 
scale, boundaries, key elements, dynamics, and outcomes are labelled and 
categorised, and how assumptions are made based on varying degrees of 
subjective/value judgements.” Further, Middleton et al. (2015) highlights that 
“there are many different ways of explaining a socio-technical-environment 
system with equally rational ways of understanding.” 

Thus meaningful participation and interaction is called for, where the problem 
owners and solution owners are in close connection and overlap (Section 5.3), 
and which crosses sectors, scales and disciplines. This would legitimise the 
process of transboundary cooperation. Despite the inherently negative term 
‘wicked’, one can also see that it is a positive aspect that the problem can be 
explained in many ways, because it allows weighing different alternatives and 
incorporating different kinds of knowledge. In the transboundary water 
management context this means in discussing alternatives and hearing the 
voices from various angles such as water-related livelihoods, hydropower, 
agriculture, environment, industry, amongst others. 

(2) In case of wicked problems, no full and exhaustive solutions can be found. 
It is thus inevitable that only satisfactory or sufficient (called satisficing in 
Balint et al. (2011)) solutions are achievable and thus the solution is never fully 
optimal. This always leads to merely identifying part problems and resolutions 
that aim to take the management of the shared water resources towards a more 
preferable goal, while no exhaustive solutions exist. Thus the following 
questions arise: Is solving a part of a problem or the symptom of a problem 
sufficient and meaningful, and can marginal improvement lead to overall 
improvement? 

What comes to questions of water management, and more broadly sustainable 
development, one has to also settle for acceptable and implementable solutions, 
since no optimal ones are commonly available. Allouche et al. (2015), when 
discussing the WEF nexus and its problematics, call for “plural pathways and 
clumsy solutions”. According to them, a diversity of responses – 'many ten 
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percent solutions' – can create pathways to sustainability more effectively and 
securely.  

However, in case of transboundary water management, numerous policies and 
operations co-occur and are not necessarily leading to overall improvement and 
can instead be in conflict with each other. Thus the plural, simultaneous and 
overlapping approaches and operations need to be continuously evaluated so 
that there is an understanding whether they together improve the situation 
towards a more sustainable state.    

(3) Increasing scale increases interdependences and complexities, and wicked 
problems and their framing is always a question of finding a balance 
between specificity and comprehensiveness, which is a very relevant 
consideration also in the context of water management.  

As Rittel and Webber (1973) describe, the higher the level of a problem’s 
formulation, the broader and more general it becomes, and the more difficult it 
becomes to do something about it. They continue by saying that one should 
however not try to cure symptoms and therefore one should try to settle the 
problem on as high a level as possible. 

In transboundary water management, the question of scaling is relevant in three 
dimensions: Thematic (sectoral, disciplinary), spatial and temporal scales. 
Commonly challenges of cooperation on transboundary water management lie 
outside the direct area of influence of the water sector and therefore the 
transboundary water management solutions need to comprehensively address 
or at least be aware of the wider problem space.  

Regarding spatial scale, Vörösmarty et al. (2015) state that “Local water 
problems are influenced by global mechanisms, primarily climate (water 
availability) and the world economy (patterns of water use). These define the 
spatial and temporal character of water scarcity”. And then conversely, “Local 
misuse provokes regional water crises that could easily spill into the global 
domain”. These reflections are of course also applicable to temporal and 
thematic scales, since effects of policies and operations can spill to the future or 
to other sectors.  

Obviously, you cannot address local issues or understand local challenges in 
detail through macro level assessment. However, it is evident that local level 
conditions are affected by macro-level (such as transboundary) activity, as 
described by Vörösmarty et al. (2015) above. Meanwhile, Biswas and Tortajada 
(2009) state that a global solution to water management is unachievable as 
water problems are bound to space and time in the highly heterogeneous and 
rapidly changing world.  

While this is true, it is still necessary to understand the global, regional and 
national processes that influence the local or present conditions and on the 
other hand to understand how the local or current activities consequently 
impact the conditions in the broader domain of space and time. At local 
(referring to spatial, temporal or thematic locality) scale solutions are often 
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easier to see, but one has to consider whether this scale is meaningful for finding 
the solution to the problem in question and what the broader implications of 
this solution are. A concrete example of this is the Tonle Sap Lake, where on 
local level, the fishermen oppose to the Mekong hydropower development 
because of the impacts their livelihood is facing (Lamberts, 2008), but the 
solution space is on a more macro-scale, where energy and food security, 
regional cooperation and development weigh more in the scale (Yu, 2003; Ziv 
et al., 2012).  

Finally, when combining natural, economic, political and ethical processes, the 
time span of these processes varies and this needs to be recognised when 
discussing the temporal scale of the problem and solution formulation. 

(4) The processes of finding solutions for wicked problems need to be long-
term, adaptive, responsive and flexible, due to the dynamic nature of 
wicked problems.  

In line with this point, Allouche et al. (2015), by citing Leach et al. (2010), calls 
for “decentralised and democratised decision-making” for the WEF nexus 
approach, where the “limits to control are acknowledged” and “adaptive 
solutions” are employed that incorporate “dynamic plural solutions” to 
accommodate complexity. Further, Leach et al. (2010) suggest “broadening out 
inputs" (with participatory engagement; extended scope to include multiple 
criteria and scales; an acceptance of a diversity of knowledges; the need to 
acknowledge uncertainty; and the importance of addressing issues of rights, 
equity and power) and "opening up the outputs" (giving serious consideration 
to a range of options and possible alternatives; and a move towards more 
adaptive, deliberative and reflexive forms of governance and political 
engagement).  

Such recommendations are also relevant in the context of transboundary water 
management of the study basins. Through the lens of wicked problems, it is 
increasingly apparent that the process itself is the key. The importance of the 
process rather than the end result is also emphasised in the IWRM approach 
(e.g. Keskinen, 2010), and though clearly in-built into the integrated 
approaches, this is often forgotten. The perspective of wicked problems further 
highlights this point, as an optimal goal is innately unachievable and 
undefinable. 

(5) Strongly related to all the previous points, comes this final question: Who 
decides on what the desirable outcome is and how it is reached? Since consensus 
is rarely reachable, at the end of the day it comes to the question of power and 
agency. As defined by Lukes (2005), power consists of a position and capacity 
of an agent, and of an exercise of that position and capacity. Agency then is the 
power of an actor to change a course of events or outcome of processes with 
authority (Sojamo, 2016). These concepts in relation to water security, 
management and governance have been explored at length by Sojamo (2016). 



57 

 

The transboundary river basins that were studied were found to have strong 
power asymmetries, including the imbalance between those receiving the 
impacts of hydropower development lacking a voice in decision-making and 
those investing in hydropower, or livelihood and food security being overruled 
by energy security. These questions of who decides and what are not embedded 
in the frameworks of integrated approaches but come up inevitably when 
discussing wicked problems. 

6.2 Wicked water problems and integrated approaches 

Based on the observations above, the next question arises: what is the potential 
of integrated approaches in addressing wicked problems, and vice versa, what 
new perspectives does the concept of wicked problems bring to integrated 
approaches?  

Firstly, the integrated approaches, the IWRM and the WEF nexus, bring 
structure, organisation and focus on selected key issues through a systemic view. 
This, in turn, helps in contextualising the wicked problem and solution domain. 
While sometimes the established and emerging integrated approaches are 
criticised for merely re-inventing the wheel, it is important to discuss these 
concepts and keep re-iterating them. This continuous debate on concepts and 
approaches, while it may seem like there is more talk than action, makes 
different opinions and views better heard, brings attention to the process of 
environmental management, and makes sense of the complexity of the problem 
setting. It is quite natural that they cannot provide a final solution to the wicked 
problems, but rather push forward a broader process of development and 
sustainability and provide part solutions. 

Conversely, the perspective of wicked problems brings five considerations to 
integrated approaches. Firstly, it provides a ‘reality check’ to the management 
problems and highlights that they are messier than the approaches may bring 
forth. Secondly, it stresses the importance of understanding the framing and 
scaling of problems and related solutions. Thirdly, it brings attention to the 
limits of control of the processes and comprehension of the problem and 
solution domain. Fourth, it emphasises that the problem and solution depend 
on the underlying perspectives, values and interests, and thus the more complex 
the nature of the issue is, the more public involvement is needed. And finally, it 
accentuates the role of power and politics in water-related planning and 
decision-making processes.  
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7. CONLUSIONS 

This dissertation has focused on water management in the context of large Asian 
river basins though a three-fold approach: First it identified the key 
considerations of the transboundary river basins that arose from the four case 
studies presented in the appended articles. Secondly, it critically reviewed the 
integrated approaches and how they translated into the specific contexts of the 
transboundary basins in question. Finally, transboundary water management 
was explored in the context of wicked problems and a conceptual framework 
was drawn to help identify and illustrate this said wickedness. The findings of 
this dissertation contribute to discussion concerning the increasing complexity 
– or in some cases wickedness – of water management dilemmas.  

The case studies covered different perspectives of water management from 
hydropower development and inter-sectoral interlinkages to water-related 
vulnerabilities in different geographic contexts of the transboundary basins of 
South and Southeast Asia. The case-studies jointly presented some key 
considerations from the transboundary context, thus providing an answer to the 
first Research Question. All in all, the case study basins are facing numerous 
pressures; they are dynamic; they are multi-actor, with multiple levels of 
decision-making and management; and experience many asymmetries and 
imbalances in terms of power and vulnerability. The four case studies 
approached the transboundary context through different perspectives, and this 
allowed a comparative analysis which highlighted the above mentioned 
common considerations.  

These key features of the transboundary river basin context then resulted in 
both opportunities and challenges in terms of implementing the integrated 
approaches, in this case the IWRM and the WEF nexus. In order to respond to 
the second Research Question, it was first of all noted that these approaches 
have successfully taken water management towards a holistic and strategic 
conduct by bringing focus on the process, highlighted the interdependencies 
between key sectors and generally promoted sustainable development. At the 
same time, however, the dissertation recognised some features that did not 
comply with the study basin context:  

(1) The approaches originate from the water sector and have failed to 
engage with the other sectors closely linked to water resources. 
Meanwhile, water-related decisions are constantly made in other sectors 
and contexts, without the involvement of the water sector. Further, water-
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related transboundary cooperation is often hindered by other political 
processes that cannot be addressed merely through water-related 
cooperation. Water is a ‘hidden’ and a common resource, and it only 
becomes an issue or gains attention when it starts being a limiting factor 
or a security issue.  

(2) The approaches seek to provide a harmonic, well-structured conduct 
to policies and operations in water management, while the reality  is 
extremely imbalanced, asymmetrical and dynamic in terms of 
participation of stakeholders and involvement of different sectors outside 
the water sector. 

Due to these challenges, the transboundary water management dilemmas of the 
study contexts were identified as wicked problems. This was done by assessing 
the characteristics of wicked problems and how they correspond to the study 
context. To evaluate the characteristics of wicked problems consistently, their 
definitions described by Rittel and Webber (1973) and Levin et al. (2012) were 
reassessed and divided into four categories: Problem space; Solution space; 
Actor space; and Temporal and spatial scales.  

To conceptualise the problem setting, the following categorisations were used 
to illustrate transboundary water management as a wicked problem: system 
elements (natural system, human system, stakeholders, sectors and 
disciplines); system attributes (risk, vulnerability and conflict; scientific 
knowledge; temporal scale; and spatial scale); and system interactions. The 
wickedness of transboundary water management was pinned down to the 
following seven dimensions: Complexity of the human system and the natural 
system; Complexity of the spatial and temporal scales; Complexity and 
divergence of the stakeholders; Complexity of sectors and disciplines; 
Uncertainty of risk, vulnerability and conflict; Uncertainty of scientific 
knowledge and of outcomes; and Complexity of interdependencies. 

Since a wicked problem cannot be solved exhaustively, ways to manage with this 
wickedness were discussed through literature. While the wicked problem as a 
concept does not bring specific answers to the spectrum of transboundary 
challenges presented in the case studies, it highlights a few key messages that 
should be recognized when seeking solutions or defining best practices in the 
management of the shared water resources. This dissertation recommends that 
when pursuing to address a specific transboundary water management issue, 
the following points would be addressed with the support of the conceptual 
framework presented in Section 5.3 helping to identify and illustrate the wicked 
nature of these water problems:   

1. Diagnose the wicked nature of the problem and thus identify the 
challenges it brings for the formulation of the problem and the solution 
boundaries;  

2. Determine if satisfactory or partial solutions are sufficient or meaningful 
and if they lead to overall improvement;  
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3. Find a balance between specificity and comprehensiveness in terms of 
temporal, spatial and thematic scales;  

4. Seek long-term, adaptive, responsive and flexible processes, since water 
management is a continuous effort with no end state; and  

5. Recognise the question of who has the power and agency of deciding on 
what the desirable outcome is and how it is reached. 

To answer to the third Research Question, it can be said that by 
conceptualising transboundary water management as a wicked problem, the 
following five new perspectives arise on understanding the interconnected 
challenges and future pressures: First, it provides a ‘reality check’ to the 
management problems and highlights their complexity in contrast to the more 
harmonic approaches. Second, it stresses the importance of understanding the 
framing and scaling of problems and the related solutions. Third, it brings 
attention to the limits of control of the processes and comprehension of the 
problem and solution domain. Fourth, it emphasises that the problem and 
solution depend on the underlying perspectives, values and interests, and thus 
the more complex the nature of the issue is, the more public involvement is 
needed. And finally, it accentuates the role of power and politics in water-related 
planning and decision-making processes. 

There is, however, a risk that identifying water problems as wicked may lead the 
problem being assessed too broadly, which in turn may complicate and 
postpone finding a solution. Therefore, finding ‘just’ a satisfying solution or a 
partial solution to move towards a more desirable goal may have to suffice in 
most situations. Research has a key role to play in this. The term ‘wicked’ sounds 
inherently pessimistic, which obviously is meant to wake-up scientists, 
practitioners and policy-makers so they don’t make the mistake of treating them 
as ‘tame’. However, the pursuit of solutions, even partial ones, requires a lot of 
optimism and confidence that the global, regional and local as well as the 
current and future wicked water problems can be addressed to move towards an 
ultimate goal of sustainability. 
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