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Operationalizing water-energy-food nexus research for sustainable
development in social-ecological systems: an interdisciplinary learning case
in Central Asia
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ABSTRACT. In social-ecological systems, natural resource management can be characterized by trade-offs across sectors and
sustainability targets. The water-energy-food (WEF) nexus concept makes explicit various trade-offs in order to maximize synergies of
interventions. However, there are few successful examples of its operationalization in research settings. Here, we explore in a learning
setting if  sustainability impact assessment (SIA) protocols can be a useful process to be used to adopt a systemic, interdisciplinary
perspective to operationalize WEF nexus in research for sustainable development. The process and method adopted of SIA protocol,
evaluated for five exemplary WEF nexus cases in Central Asia during a week-long international workshop, adequately addressed the
complexity of WEF interrelationships and associated sustainability issues, and facilitated a comparative case study analysis across
scales. Results within this process highlight that water governance was critical for large-scale transboundary WEF nexus management,
while land and soil management were decisive for minimizing trade-offs at local levels. Issues of interdisciplinarity, complexity,
uncertainty, and reflection on impacts were adequately addressed, but challenges remain in the consideration of ethics and the design
of transparent, multi-actor cooperation. Most importantly, this exercise showed that employment of the process of SIA protocol
supported disciplinary experts to work across disciplines and take a systemic approach for analyzing WEF nexus.
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INTRODUCTION
The perfect storm of competition and trade-offs between water,
energy, and food (WEF) as they interact with the environment
and climate is illustrated by the catastrophic drying of the Aral
Sea basin (Jalilov et al. 2018), once the world’s fourth largest
inland water body (Löw et al. 2018). A lack of systemic
approaches to natural resource management has resulted in
serious environmental degradation and social consequences in
the region (Djumaboev et al. 2020). With six Central Asian
countries making up the Aral Sea basin (Afghanistan,
Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and
Uzbekistan), a complex mix of geopolitical, economic,
environmental, historical, and social-cultural factors determine
water use in the region. The relative importance of irrigated
agriculture, hydropower generation, water diversion for municipal
use, and subsequent environmental consequences varies by
country. However, the conflicting demands on water transcend
transboundary water issues and include trade-offs at local levels
as well (Jalilov et al. 2016). The Aral Sea case makes clear the
need to consider linked dynamic systems between ecology and
society, increasing our understanding of their mutual influences
and feedbacks.  

Examples such as the Aral Sea case call for adopting WEF nexus
concepts (D’Odorico et al. 2019). In simultaneously considering

water, energy, and food, the WEF nexus concept aims to support
the transition toward sustainable solutions for social-ecological
systems by identifying potential synergies and minimizing trade-
offs between the three elements (Hoff 2011, Albrecht et al. 2018).
Simultaneously, the WEF nexus framework allows us to
contextualize and consider both the ecological and societal
dimensions, as they interact. Nevertheless, operationalization of
the WEF nexus concept remains challenging (Hamidov and
Helming 2020). This is explained in part by the lack of
methodologies to address and quantify systemic interlinkages
between elements of the nexus (Endo et al. 2020) together with
limited interdisciplinary communication and coordination
between sectors (Weitz et al. 2017), minimal investments in
resilience-oriented nexus tools (Keulertz and Woertz 2015), and
lack of broader involvement of stakeholders for bringing the
nexus theory into practice (Fabiani et al. 2020). Such
methodological challenges are typical for sustainability
transitions research (Köhler et al. 2019).  

Here, sustainability impact assessment (SIA) is proposed as a
process and a learning tool to improve systemic thinking for the
operationalization of the WEF nexus concept, addressing at least
the first two of the above challenges. SIA is increasingly used to
provide scientific support to policy and management decision
making (Helming et al. 2011). Actors from various disciplines
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jointly articulate the problem to be addressed, formulate
objectives, and propose intervention scenarios. From this initial
shared conception, indicator frameworks are developed to assess
the intended and unintended impacts and identify associated
risks. The evaluation of assessment results transparently
incorporates normative values (Binder et al. 2010) to construct a
shared understanding of the problem and possible solutions
(Bertelsen 2000). In applying SIA protocols to operationalize
WEF nexus concepts, scenarios are analyzed and trade-offs
associated with possible solutions are identified for competing
sectors, the environment, communities, and/or interest groups.
Trade-off  analysis itself  can make use of a combination of
disciplinary and integrated modeling tools (Kling et al. 2017) and
a range of qualitative, participatory approaches (König et al.
2012). As a largely ex-ante analysis, SIAs are able to address many
of the key characteristics of socially responsible research
processes (Daedlow et al. 2016) and sustainability transitions
research (Köhler et al. 2019). As such, SIA integrates elements of
more disciplinary assessments such as environmental impact
assessment (Morgan 2012) or social impact assessment (Esteves
et al. 2012) in achieving an interdisciplinary perspective. However,
to date, SIA has not been applied to the analysis of WEF nexus
problems.  

The objectives of this article were to examine (1) the extent to
which SIA is a suitable learning tool to adopt a systemic,
interdisciplinary approach to WEF nexus problems, (2) the degree
to which SIA can support sustainable development research in
the context of WEF nexus challenges, and (3) whether the
implementation of a common SIA protocol supports synthesis
across WEF nexus cases. We used five exemplary case studies from
Central Asia to address this objective.

METHODS
The research consisted of two consecutive steps. The first step
was implemented as a training exercise. Five case studies in
Central Asia around irrigated agriculture were developed, and an
SIA protocol was applied in analyzing each case study. This was
performed during a week-long international workshop with 36
experts from Central Asia with backgrounds spanning economics,
social sciences, agricultural sciences, and engineering, trained by
experts in sustainability research. The Central Asian experts
brought expertise on the WEF challenges and possible future
development pathways but mostly lacked systems research
experience on how to conceptualize the WEF nexus challenge for
an SIA. Irrigated agriculture was selected as an overarching topic
given it is an illustrative, cross-scale example of WEF nexus
problems (Djumaboev et al. 2019) and its central relevance for
food production and economic well-being in Central Asia
(Hamidov et al. 2016). The geographic extent of the case studies
ranged from international transboundary watersheds to very local
scales, with a diversity of actors and sectorial focal issues. The
experts in sustainability research had backgrounds in SIA,
systems modeling, and social-ecological system research. The
second step was implemented as a reflection exercise. It consisted
of the analysis for each case study of how the SIA protocol
application contributed to improving the capability of the experts
to address systemic nexus issues and design sustainability
research. The appropriateness of the SIA protocol as a research
tool for WEF nexus problems was qualitatively evaluated by
applying a self-reflection tool for socially responsible research
(Daedlow et al. 2016).

Implementation of the sustainability impact assessment protocol
for case studies in Central Asia

Case study elaboration
The study was conducted during a one-week international
summer school that took place in May 2019 in Tashkent,
Uzbekistan. The aim was to share experiences and insights on
cross-scale sustainability problems related to WEF nexus issues
of irrigated agriculture and to improve participants’ capacity in
the multidimensional, multi-perspective conceptualization of
sustainability problems. A key intended outcome was for
participants to operationalize the WEF nexus through SIA
protocol for five case studies from Central Asia.  

The participants were selected in a competitive process using the
following criteria: (1) motivation for interdisciplinary agricultural
research, (2) conduct research in the area, (3) background in fields
related to irrigated agriculture, (4) balanced representation of a
range of disciplines by the participants, (5) geographical balance
of the participants, (6) gender balance, and (7) proficiency in
English. The selected participants came from 10 countries and
had complementary disciplinary backgrounds (agronomy,
economics, ecology, water engineering, hydrology, energy,
ethnography, forestry, information technology, and biology). The
participants were scientists at a PhD and post-doctoral level from
this region, representing the region’s research institutes most
actively working on WEF issues. The lecturers were trained in
sustainability assessment, systems analysis, and WEF nexus
research.  

The 36 regional experts formed five groups that each developed
a case study topic to operationalize the WEF nexus concept
applying an SIA protocol. Although the case studies represent
very close to real world scenarios in the region, given the limited
time available (one week), they served as mock exercises in which
stakeholder interaction was replaced by role play and data
analysis was replaced by expert assumptions. Within their groups,
experts were assigned roles of various individual stakeholders and
negotiated based on that role. Stakeholder roles included
representatives from ministries (e.g., of agriculture, water, and
environment), universities, resource users, donor organizations,
and civil society. At the end of the workshop, all study groups
highlighted and further confirmed that the WEF challenges
discussed in their group were good reflections of real world
problems. The exercise spanned the entire impact assessment
process with the explicit aim to explore whether SIA could
operationalize WEF nexus and contribute to sustainability
outcomes. On the final day of the workshop, participants reflected
on the process of the entire exercise by presenting and discussing
the results of their group work as well as elaborating on what they
learned related to WEF nexus implementation and suitability of
the SIA protocol, challenges related to interdisciplinary thinking,
and the rigorous and data-heavy analysis required to analyze
trade-offs.

Sustainability impact assessment protocol
The SIA protocol consists of an established sequence of six
consecutive steps as defined in the Impact Assessment guidelines
of the European Commission (CEC 2009) and often utilized for
social-ecological systems in research settings (Helming et al.
2013): (1) identification of the problem (including definition of
sustainability targets), (2) formulation of the policy/management
objectives, (3) development of alternative policy/management
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Fig. 1. Five steps of the sustainability impact assessment (SIA) protocol (Helming et al. 2013) and
their link to design-artefact dimensions (Bertelsen 2000).

options scenarios and specification of the key indicators to
quantify in the trade-off  analysis, (4) analysis of impacts related
to the defined sustainability targets, (5) comparison of the
impacts, and (6) implementation of the selected best option. As
the SIA protocol was used here in an educational and research
setting, we disregarded the implementation phase (step 6, Fig. 1).
For each developed scenario (step 3) in each case study, the
participants used expert opinion to assess the likelihood of the
impacts according to the following scale: 0 = no impact; –1 and
+1 = moderate negative and positive impact, respectively; –2 and
+2 = high negative and positive impact, respectively; and –3 and
+3 = extremely high negative and positive impact, respectively
(König et al. 2013). Results of the assessment were summarized
in chart diagrams. To facilitate comparison between the cases and
to provide a clear connection to sustainability issues, the assessed
impact variables were mapped by group participants to relevant
Sustainable Development Goals (SDGs): SDG 2 (food security
and sustainable agriculture), SDG 6 (sustainable management of
water) and SDG 7 (modern energy), as well as SDG 3 (healthy
lives and well-being for all), SDG 8 (sustainable economic
growth), SDG 11 (sustainable cities and communities), and SDG
15 (sustainable use of terrestrial ecosystems).  

The SIA protocol is generic to research for sustainable
development (Pintér et al. 2012) and policy support (Reidsma et
al. 2018). It is also a mandatory element of policy making at the
European Commission (Bäcklund 2009). Applied with
participatory methods, it has proven to be a useful tool for co-
designing research (Mackenzie and Davies 2019). Therefore, we
believe that the protocol can support the design of WEF nexus
research from a sustainability perspective.  

Scientists or stakeholders working with researchers using SIA
protocols influenced the design of the six steps, which in turn
influenced the assessment results through their specific expertise,
norms, and values. To address the degree to which the
implementation of the SIA protocols and steps followed by the
participants had trained their systems perceptions, insights from
design science (Jones and Gregor 2007) were considered,
specifically the design artefact concept (Bertelsen 2000).
Originally focused on the study of IT-based system solutions, the
design artefact can be used in the context of agriculture and WEF
nexus as a method to facilitate user-centered features to key actor
groups through their engagement and the roles they play in
decision support (Miah et al. 2014). The three design dimensions
relevant to this study consist of conception, construction, and
cooperation (Bertelsen 2000; Fig. 1). The conception of the

impact assessment by participating actors is primarily undertaken
in the first two assessment steps where actors identify research
problems and objectives, defining the system’s boundaries. The
construction of the impact assessment occurs largely in steps three
to five, in the creation of scenarios, choice of indicators, and the
comparative valuation of the impact assessment results. Finally,
cooperation is evidenced throughout all impact assessment steps,
influencing conception and construction in a largely iterative
manner.  

The five cases were qualitatively compared on the basis of both
SIA impact assessment results as well as across the three design
artefact dimensions. These two approaches allowed an evaluation
of the interdisciplinary, systems approach of the cases from a
thematic and a conceptual perspective. The comparison was
important to assess the suitability of the protocol, and it allowed
us to synthesize similarities and differences across the cases that
share a common WEF nexus pattern.

Suitability of the sustainability impact assessment protocol to
operationalize WEF nexus related sustainability research
To further assess whether and to what extent use of the SIA
protocol could improve experts’ ability to address sustainability
challenges related to the WEF nexus problems, the integrated
assessment framework for socially responsible research processes
was considered (Daedlow et al. 2016). The framework defines
eight criteria (Table 1) that can be used for self-reflection on a
research process. The framework was applied in a follow-up
workshop with a subgroup of the participants of the first
workshop representing each case study, approximately six months
later. To promote impartiality and avoid anticipatory adaptation
to the criteria during the case study design, the participants did
not know at the first workshop that there would be a follow-up
ex-post evaluation of their impact assessment protocols.  

In implementing the framework, group representatives were asked
to describe and assess in a self-reflection approach to which extent
the criteria played a role in their WEF nexus impact assessment
group work. They assessed each of the eight criteria by assigning
the following numbers (signs): 0 = the criterion were of no
importance, i.e., there was no discussion about the issues
addressed by this criterion during the impact assessment design
process; 1 = the criterion were of minimal importance, i.e., the
issues addressed by this criterion were implicitly discussed, but
not particularly considered in the impact assessment design
process; 2 = the criterion were of moderate importance, i.e., the
issues addressed by this criterion were directly discussed and
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Table 1. Criteria to assess socially responsible research processes for sustainability transformation.
 
Criteria Characterization

Approach to complexity and
uncertainty

Evaluation of emerging risks and societal consequences emerging from dynamic and complex interactions that
increase uncertainty in any form of inference

Ethics Ethical, moral and value related questions affecting the society induced by research results, methodological
designs and the determination of the value of science itself

Integrative approach Consideration of all relevant elements, and interrelations in complex and multifaceted processes of modern
societal development that are addressed by the research questions thereby integrating different dimensions (e.g.,
themes, time, space and knowledge systems)

Interdisciplinarity Integration of mindsets and methods from different scientific disciplines to develop new methodological
approaches and research results

Reflection on impacts Assessment of the benefits and risks of research outcomes and innovations for the society and for sustainable
development (e.g. intended/unintended, positive/negative, ex-ante/post)

Transdisciplinarity Integration of knowledge via engaging non-scientific actors in specific scientific discourses and research
questions, e.g. through participatory methods

Transparency Clear and user-oriented communication about funding, legitimation, research design, methods and their limits
and impacts on research results in all stages of the research process

User orientation Target-group-oriented knowledge sharing through inclusion of all the relevant users of research results to
increase usability and integration in science and society

Source: Daedlow et al. 2016:4

considered to some extent in the impact assessment design
process; 3 = the criterion were of significant importance, i.e., the
issues addressed by this criterion were thoroughly discussed and
had an important influence on the impact assessment design
process. At the end of the process, the case study representatives
and the lecturers discussed the relative merits and shortcomings
of the self-reflection exercise.

WEF NEXUS CASES RELATED TO IRRIGATED
AGRICULTURE IN CENTRAL ASIA
All of the five empirical cases addressed the challenge of water
resource use for food and/or energy production in Central Asia,
although they differed in geographic scope (Fig. 2). The origins
of tensions between water use for food and energy stem to the
Soviet era (1920–1991) when a transboundary water management
system existed for the two main Central Asian rivers of the Aral
Sea basin: Amudarya and Syrdarya. The system included water
storage in the upstream countries (Kyrgyzstan and Tajikistan), in
winter and spring for release in summer, to meet the demand for
irrigation of agricultural fields in the downstream countries
(Kazakhstan, Turkmenistan, Uzbekistan; Kasymov and
Hamidov 2017). Whereas the upstream countries are rich in water,
and as a result in hydropower potential, they lack significant
reserves of fossil fuels. On the other hand, downstream countries
have limited water resources but abundant fossil fuel reserves.
During the Soviet era, downstream countries provided the
upstream countries with energy, particularly in the winter when
energy requirements are highest for heating (Qi et al. 2020) as part
of the centrally managed economic system.  

However, this system of water allocation and use was associated
with severe environmental impacts including large-scale soil
degradation through salinization processes and the devastation
of the Aral Sea as flow volumes were drastically reduced (Yu et
al. 2019). The construction of large-scale irrigation schemes to
cultivate cotton to secure the Soviet Union’s “cotton
independence” was largely responsible for the widespread
environmental degradation in the sea zone (Soroush 2018). With
the collapse of the Soviet Union, the transboundary governance

Fig. 2. Location of the five case study areas in Central Asia
(own graph, generated using ArcGIS).

system of fossil fuel provisioning and water allocation was
abandoned. Upstream countries constructed large-scale dams in
their territories to keep water during summer season for
hydropower generation, resulting in reduced availability for crop
irrigation in downstream countries (Howard and Howard 2016).
In addition, the release of upstream water during winter periods
for hydropower generation caused considerable flooding and
related environmental damage in downstream countries (Micklin
2016). As a result, farmers in the downstream regions faced
significant water shortages and land degradation, and are unable
to adequately irrigate their crops, resulting in decreased
agricultural production across the basin. Meanwhile, downstream

https://www.ecologyandsociety.org/vol27/iss1/art12/


Ecology and Society 27(1): 12
https://www.ecologyandsociety.org/vol27/iss1/art12/

Table 2. Application of the sustainability impact assessment (SIA) protocol to the water-energy-food (WEF) nexus case studies.
 
SIA steps Case 1

(land)
Case 2
(land)

Case 3
(water)

Case 4
(water)

Case 5
(water)

CONCEPTION
Step 1
System
boundary

Rural area → agricultural
community (shirkat) in
Djizzakh province,
Uzbekistan

Rural area → watershed in
Bamyan province
(Yakawlang district),
Afghanistan

Metropolitan area → 
watershed in Tashkent
province, Uzbekistan

Transboundary → 
watershed of Rogun dam in
Tajikistan and Uzbekistan

Transboundary → 
Amudarya watershed in
Afghanistan, Tajikistan,
Turkmenistan, Kyrgyzstan,
and Uzbekistan

~ 780 km² ~ 3,980 km² ~ 14,480 km² ~ 17,400 km² ~ 520,000 km²
Step 1
WEF
constellation

Land management for
sustainable food production.
Use of crops as an
alternative energy to
improve water availability
for food production

Land management for
sustainable water use. Water
use to produce
hydroelectricity

Water allocation for food
and energy production as
well as energy use for food
production

Water allocation for food
and energy production

Water allocation for food
and energy production

Step 1
Identify the
sustainability
problem

Pressure on land
degradation because water is
scarce, use of land for
livestock is the only income
source, and biomass and
manure are the only energy
sources

Soil erosion because of
overgrazing leads to
siltation of the hydropower
dam and limits its
effectiveness. Dam
construction needs to be
accompanied by upstream
soil conservation measures

Water is the limiting factor
for economic development
in the Tashkent province

Uncoordinated hydropower
dam construction in
upstream country affects
water utilization options for
irrigated food production in
downstream country

Water utilization options for
food in downstream
countries depends on water
utilization for energy in
upstream countries

Step 1
Framing the
problem

Rural livelihood: based on
livestock production

Hydropower dam
maintenance: upstream land
management to avoid dam
siltation

Urban and rural livelihood:
local economic development
with dam regime
management

Governance: bi-national
cooperation in water
management

Governance: multi-national
cooperation in water
management

Step 2
Define the
objective

Improve management of the
land to improve resilience of
local population (maintain
livestock production system)

Improve land management
in order to maintain
functioning of the water
regulation in order to
stabilize food and energy
production

Utilize water for economic
development in most
sustainable way

Improve water management
to optimize food production
in Uzbekistan and energy
production in Tajikistan

Optimize water utilization
options for all five riparian
countries in the watershed

CONSTRUCTION
Step 3
Develop
options /
scenarios

Rural development planning
a) Develop public
infrastructure (roads,
buildings, water) to extend
the grazing options to
remote places;
b) Integrated livestock
management;
c) Ecological tourism;

Rural land management
Hydropower constructions
and
a) No land management;
b) Government managed
forests and pastures (mainly
restoration);
c) Community managed
forests and pastures
(restoration plus
management);

Subnational water
governance
a) Business as usual (single
sectoral planning);
b) Water use for energy to
industries;
c) Water use for food
production;

Binational water governance
a) No cooperation ;
b) Partial cooperation;
c) Full cooperation (optimal
water allocation, centrally
managed);

Multinational water
governance
a) Business as usual:
national approaches to water
management;
b) Joint approaches to water
management;

Step 4
Analyze
impacts:
Impact areas
and their links
to SDGs

6 impact areas:
Food production (SDG 2)
Quantity of dung for
heating or fertilization
(SDG 2/7)
Availability of drinking
water (SDG 6)
Alternative energy
production (SDG 7)
Work opportunities (SDG
8)
Carrying capacity of
pasture - land degradation
pressure (SDG 15)

3 impact areas:
Water availability for
irrigation (SDG 6)
Hydropower production
(SDG 7)
Soil erosion (SDG 15)

8 impact areas:
Food processing (SDG 2/11)
Irrigated area (SDG 2/11)
Human health & education
(SDG 3)
Water demand (SDG 6)
Energy production (SDG 7)
Employment/work
opportunities (SDG 8)
Urbanization (SDG 11)
Environmental health (SDG
15)

6 impact areas:
Agricultural production
(SDG 2)
Water quality (SDG 6)
Share of population with
clean water supply and
access to sanitation (SDG 6)
Energy production (SDG 7)
Employment rate (SDG 8)
Ecosystem services (SDG
15)

6 impact areas:
Agricultural land change
(SDG 2)
Vegetation period change
(SDG 2)
Change in population’s
standard of living in each
country (SDG 3)
Change in ecosystem service
provision (SDG 15)
Occurrence of extreme
events (SDG 15)
Biodiversity change (SDG
15)

Step 5 - see Figure 3

countries stopped supplying fossil fuels (e.g., coal and gas) to meet
the energy demand of upstream countries during the winter
period (Saidmamatov et al. 2020). In response to this complex
situation, national water governance systems of the now
independent Central Asian countries have been formulated, but
they are unable to effectively mitigate the rapidly progressing
environmental degradation of the Aral Sea basin.  

The five case studies developed within this context ranged from
pressure on land degradation in a water scarce rural area (780
km²) to multi-national transboundary water governance of the
Amudarya watershed (520,000 km²; Fig. 2). The cases are
characterized in Appendix 1 with key aspects on sustainability
challenges and system boundaries and summarized in Table 2.
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COMPARATIVE ANALYSIS OF THE SUSTAINABILITY
IMPACT ASSESSMENT PROTOCOLS

Conception of WEF nexus cases in Central Asia
Despite the considerable diversity across the five cases, water
scarcity and the causal linkage between the three WEF
dimensions was inherent to them all (Table 2). The spatial scale
ranged from local (subnational) to multinational levels and
spanned two orders of magnitude of spatial extent. From a
societal perspective, all cases operate at the meso level, i.e., at the
interface of larger worldview discourses and individual choices
(Köhler et al. 2019). From the perspective of the WEF
constellation, the five cases fall into two groups. The first group
includes Cases 1 and 2, in which land management for water saving
and water storage purposes was the key component of the WEF
nexus. The system boundaries in these cases were smaller in size
compared to the river basins of cases 3–5. With a total area of
780 km² in Forish district in Uzbekistan, Case 1 assessed the
potential impacts of developing energy production from livestock
manure and increasing water availability for drinking purposes
through groundwater recharge. Maintenance of soil quality and
avoidance of land degradation are seen as main measures for
ensuring water storage capacity in the ecosystem and respective
water availability for the local population. This addressed the
vulnerability of the social-ecological system (Folke 2006), in
which avoidance of land degradation, e.g., soil erosion and
overgrazing, associated with the increased number of livestock in
pasture areas was emphasized. In this most local of the five cases,
placed-based factors determining the local solution for the
management of energy scarcity via the utilization of dung played
the largest role. With the upstream land management scenarios
to the functioning of hydropower plants, Case 2 addressed a
mainly social-technological system (Geels 2004), in which the
governance mechanism (government managed or community
managed) had economic and environmental consequences, such
as population relocation, sediment transport from upstream
catchment area into the reservoir, soil erosion in upstream, soil
salinity in downstream, and potential flooding. In this case
however, the link to food production within the WEF nexus
concept was least explicitly conceptualized.  

Cases 3–5 make up the second group, in which water allocation
for food and/or for energy production, and thereby for economic
development and well-being, were the main WEF nexus
constellations. Governance of the social-technological system
was the approach to the WEF nexus problem framing in these
cases. For instance, the Chirchik river basin in Tashkent province
(Case 3) provides water for food and produces 54% of the total
hydropower energy produced in Uzbekistan (Uzhydro 2019,
unpublished manuscript). The area is considered to be suitable
for irrigated food production because of its fertile soils, low rate
of soil salinity, and availability of water. However, rapid
population growth around the capital city of Tashkent requires
transitions from mainly primary production in the agricultural
sector to value chain related higher levels of economic
development. The food aspect in the WEF nexus would thereby
shift from a direct to an indirect level in that food security would
be assured via water-based energy production for other economic
sectors than irrigated agriculture.  

At the transboundary levels (Cases 4 and 5), the focus was mostly
on the Amudarya river basin, the largest river basin in Central

Asia (∼520,000 km² catchment area) that holds complex political
character because of the competition between water for
hydropower production (mainly in the upstream countries) and
water for irrigated food production (especially in the downstream
countries), which is a typical WEF nexus challenge. Pumping
water resources for agriculture to produce food in downstream
countries consumes energy, which exacerbates the complication
further. Water governance at national and international levels
were understood to be the main lever for sustainable WEF nexus
management in these cases.  

Whereas the conceptualization of the WEF nexus problem
differed across the five cases, they all managed to address key
sustainability issues that were appropriate to the respective case
system boundaries. The WEF nexus is intertwined in irrigated
agriculture systems, and sustainable development requires
effective and coordinated management of the nexus
(Murzakulova et al. 2020). In all five cases, through the lenses of
WEF nexus, we tried to find solutions regarding trade-offs
between agriculture, energy production, and environmental
degradation, balancing interests between sectors and national
interests, reflecting key WEF challenges in this region. However,
irrigated agricultural production itself  implies a WEF issue
related to the economic and environmental implications of energy
use in pumping water for agriculture (de Vito et al. 2017). Indeed,
though pressurized irrigation systems (e.g., drip or sprinkler) offer
substantial water saving potential, they are associated with high
energy costs (Avellan et al. 2018), though there are considerable
opportunities to save water with the predominant surface
irrigated systems (Webber et al. 2006, 2008). Finally, WEF nexus
is also a useful tool to assess the potential of agriculture to boost
energy provision through the cultivation of bioenergy crops
(Mouratiadou et al. 2020). That these elements did not appear in
either the scenario design or evaluation steps of our cases may
reflect both the different context of agriculture and irrigation in
the region as well as a bias given the strong focus on competition
between agriculture and energy sectors.

Construction of WEF nexus cases in Central Asia
The construction of the impact assessments was linked to decision
options around scenario development, the choice of indicators
and impact areas and their link to the SDGs, and the comparison
of the scenario impacts. Four out of the five cases developed three
scenarios; Case 5 developed only two scenarios (Table 2; Fig. 3).
In each case study, the developed scenarios reflected the specific
system boundaries determined by the spatial scales and decision-
making levels at which the WEF nexus issues were addressed. For
instance, at large-scale (bi-national and multi-national) levels in
Central Asia, trade-offs and sustainability problems regarding
unbalanced benefit and cost sharing between upstream and
downstream countries are dominant. Transboundary water
governance is the lever for developing solution options in these
cases (e.g., Cases 4 and 5). At national and subnational watersheds
in economically developing (metropolitan) regions, sustainability
problems arise from trade-offs regarding water utilization for
economic development, including the provision of employment
opportunities, and adverse environmental and social impacts.
Irrigated food production is only one of many possible water
utilizations. In these cases, subnational water governance needs
to consider both economic development and sustainability
impacts to leverage sustainable solutions (Case 3). Finally, two
cases were situated in national and subnational watersheds in
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Fig. 3. Results of participatory scenario assessments of the five cases. The number ranges mean: 0 = no impact; –1 and +1 =
moderate negative and positive impact, respectively; –2 and +2 = high negative and positive impact, respectively; and –3 and +3 =
extremely high negative and positive impact, respectively.
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rural and agriculture dominated areas where natural conditions
are vulnerable to land degradation such as erosion or salinization
(Webber et al. 2009). Here the trade-off  between water use for
energy or agriculture is not direct and immediate but indirect and
longer term. This is typical when land degradation and/or soil
quality deterioration occurs as a consequence of hydropower
construction and management and as a consequence of improper
irrigation management. In the long term, land degradation and
soil quality deterioration threaten irrigated food production.
Rural land governance and conservation land management and
farming practices are levers for developing solutions in these cases
(Case 1 and 2). Here, decision making takes place at farming
system level. Because of the study-like situation of the WEF case
developments, the scenarios mainly focused on a variation of the
direct drivers. External drivers such as climate change, population
dynamics, and demand development were partly implicit in the
large-scale case studies, but were not addressed in the small local-
scale case studies.  

Regarding the impact areas, we associated them into SDGs. The
results indicate that a comprehensive approach to all three sectors
was implemented in three case studies (Cases 1, 3, and 4). Case 2
addressed the SDGs 6 and 7, but the food aspect is indirectly
addressed through soil quality. Finally, the impact areas in Case
5 were linked more to food than water and energy, thereby not
fully addressing the WEF system. Linking WEF nexus with a
number of SDGs has received substantial attention in the
literature. For instance, Boas et al. (2016) critically examined the
SDGs, proposing that the connections between many of the goals
are weak and rarely structural, without recognizing
interconnections among different sectors. In contrast, for the case
of South Asia, Rasul (2016) suggests that the SDGs are critically
important for enabling food, water, and energy security in ways
that do not undermine sustainability for future generations. In
this study, the use of SDGs helped to understand the impact areas
in the five study cases in relation to sustainable resource
management.  

The use of the SIA protocol for sustainability assessment
facilitated the comparative case study analysis across scales. This
is important for knowledge generalization (Magliocca et al. 2018)
and knowledge synthesis so that local phenomena can enrich
global assessments such as from the IPCC, ensuring their policy
relevance (Minx et al. 2017).

Cooperation of WEF nexus cases in Central Asia
Participatory observation was used to better understand the
group composition, dynamics, and communication styles as well
as how the group involve and/or consider relevant actors and
stakeholders. This allowed understanding the bias of the learning
case in relation to real stakeholder situations. Observation is
recognized as a method for collecting data about people, their
behaviors, and local cultures (Wagner et al. 2012). Participant
observation is a typical methodological approach, which Hatch
(2002) defines as a data collection strategy where the researcher
acts as a participant at some level in the settings he or she is
studying. The cases tried to represent various levels of
stakeholders’ interests in their analyses that included perspectives
from researchers, policy makers, international donor agencies,
and local resource users. In order to come up with win-win
situations, some groups even played the role of different country

policy makers (e.g., one participant from Tajikistan in Case 4 took
the role of a representative of Uzbek decision making to better
understand concerns of the other countries and vice versa).
Observations revealed that participants struggled with identifying
relevant actors to represent during the impact assessment exercise.
The SIA protocol proved to be insufficiently instructive for the
design of the cooperation with actors and stakeholders in the
WEF research. Indeed, our aim was not to show that the
stakeholder involvement would work for implementing the WEF
nexus, but instead that the process of an interdisciplinary
approach, the workshop settings, and the SIA application helps
experts work across disciplines to take a systems approach to
WEF. Cooperation is a critical element across all impact
assessment steps (Herrera and Kopainsky 2020), and it requires
a sophisticated method to identify the relevant stakeholders in
accordance with the context of the study, the problem statement,
and the system boundaries (Reed et al. 2014) and vice versa (de
Vente et al. 2016). The process of team selection and composition
is crucial to insure adequate representation of disciplines and
specific expert knowledge, gender, age, norms, and values (Bond
et al. 2015). Here, SIA protocols need further development to
include instructions for stakeholder co-operation, such as
outlined in Morris et al. (2011). This is particularly important as
methodological skills of transdisciplinary research have only
recently begun to emerge in learning, teaching, and research
(König 2015).

CONTRIBUTION OF WEF NEXUS RESEARCH TO
SUSTAINABLE DEVELOPMENT
Being complex, uncertain, and dynamic in nature, this research
resembles sustainability science. We applied the set of eight
criteria for socially responsible and sustainable research processes
(Daedlow et al. 2016) to evaluate systemic sustainability-related
issues in WEF nexus research in a self-reflection approach.  

Results revealed that four of the eight criteria were rated as highly
or very highly relevant to the operationalization of the SIA
protocol (Table 3). These include the approach to complexity and
uncertainty, the integrative approach, the interdisciplinarity, and
the reflection on impacts. These four criteria all address the multi-
dimensionality inherent to sustainability problems (Köhler et al.
2019) as well as the uncertainty of the solution space, which allow
for multiple solution pathways all requiring consideration in
sustainability research (Rosenbloom 2017). With the scenario-
based approach and the indicator-based multi-criteria analysis of
the scenario assumptions, the SIA framework proved capable of
dealing with complex, interdisciplinary, and impact-oriented
characteristics of socially responsible research for sustainable
development. This is a major advantage of the approach, which
explains its increasing use in prominent studies of complex
sustainability issues (Sheate et al. 2008, Stamford and Azapagic
2014). In the study situation, the participants implementing the
SIA protocol were able to address these criteria.  

The other four criteria, namely ethics, transdisciplinarity,
transparency, and user orientation, were valued as less relevant
for most of the case studies. These are the criteria that are most
critical for respecting the social norms and values of actors
involved in and/or affected by the outcomes of the impact
assessment exercise. It is interesting to note that transparency
criteria were considered least relevant for conducting the WEF
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Table 3. Self-reflection of the relevance of the eight criteria for socially responsible research processes to the five case studies.
 
Criteria Case 1

(land)
Case 2
(land)

Case 3
(water)

Case 4
(water)

Case 5
(water)

Approach to complexity and uncertainty ++ +++ +++ ++ +++
Ethics ++ +++ - ++ -
Integrative approach +++ ++ +++ +++ +++
Interdisciplinarity +++ +++ +++ +++ +++
Reflection on impacts +++ +++ +++ +++ ++
Transdisciplinarity +++ + +++ ++ +
Transparency + - - + -
User orientation + +++ ++ + +++

- Not relevant, + relevant, ++ slightly relevant, +++ highly relevant

nexus impact assessment. Transparency requires clear, user-
oriented communication throughout all stages of the research
process, which apparently was not the case in developing the
research design by the groups. Transparency implies or suggests
an adequate reflection of ethical issues (Daedlow et al. 2016), and
thus the group representatives rated ethics relatively low. Ethical
issues were not discussed at all during the impact assessment
design process in Cases 3 and 5. Ethical requirements to
sustainability research is particularly relevant for the approach to
stakeholder involvement and cooperation (Lam et al. 2020). The
comparably little relevance given to these normative aspects of
research for sustainable development is well in line with the
finding that the SIA protocol was unsuccessful in providing
guidance for the design of the cooperation with actors and
stakeholders in the WEF research. Previous research on
sustainable development highlighted the importance of these
normative issues, such as the clarity and transparency of
procedures to achieve robust results (Adler and Hadorn 2014), as
well as the capability for self-reflection under the premise of
responsibility throughout the research process (Stahl 2013). This
is clearly a challenge for future research.

CONCLUSION
The water-energy-food nexus concept was operationalized for five
case studies in Central Asia during a one-week international
summer school in a learning setting. The research question was
to analyze if  and to what extent the application of the SIA
framework and protocol is a suitable tool for enabling systemic
sustainability-oriented research. The relevance of this research
lies in the need for scholarship about systemic methods that
support working across disciplines.  

By providing in-depth case study analysis of the five sustainability
impact assessment steps in the selected study areas, the study also
revealed the importance of systems’ boundary definition in
conducting impact assessment: spatial scales, governance levels,
stakeholders, and different complexity of impact assessment. The
SIA protocol is instructive for the conception and construction
of WEF nexus research, irrespective of spatial scale or decision-
making level. The latter determines how the WEF nexus has to
be conceptualized (causal relations between utilization of water,
energy and food) and how the assessment is constructed regarding
scenario development and selection of sustainability issues
(impact areas) addressed in the assessment. The SIA steps are
generic enough to be applicable in all cases studied. The use of
the protocol thereby facilitates comparative meta-analyses of case

studies for synthesis and upscaling. This is seen as a particular
asset because many studies addressing global challenges such as
climate change or economic development suffer from inadequate
local differentiation.  

The SIA protocol is less instructive for the design of the
cooperation with actors and stakeholders in the WEF research.
Because cooperation is a critical element across all impact
assessment steps, this is considered a severe drawback of the SIA
protocol. It also constraints a justified selection and weighing of
the sustainability issues addressed in the impact assessment.  

Applying the SIA protocol for the design of the WEF nexus
research helped workshop participants to understand the
complexity of the problem and to establish the interdisciplinary
cooperation. It was less instructive in designing the
transdisciplinary cooperation particularly with regards to the
distinction between actors making decisions in a sustainability
context or actors subject to the (positive and negative)
sustainability impacts.  

There is limited reflection in the SIA literature on how assessment
design (integration/choice of scenarios, indicators, and impact
areas and their analysis) and results depend on group composition
and the particular expertise, norms, and values of the participants
from academic and non-academic backgrounds. This is seen as a
critical area for future research.

Responses to this article can be read online at: 
https://www.ecologyandsociety.org/issues/responses.
php/12891
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Appendix: Description of five exemplary WEF nexus cases 

Case 1: Food and energy production in an integrated livestock system in Forish district, Uzbekistan 

System boundaries, WEF problem and objective definition: Forish is a district in Djizzakh province of 

Uzbekistan with about 780 km2 area, where livestock is a main source of income though prolonged 

overgrazing has resulted in land degradation. In addition, a lack of fossil energy sources has driven local 

villagers to start using natural resources (e.g. firewood, shrubs, manure) for cooking and heating purposes. 

Combined, these two elements have further aggravated land degradation as manure is no longer available to 

improve soil fertility due to the decline in livestock and shrubs are no longer available for shading and 

grazing. Land degradation has deteriorated water storage capacity of the soils which in turn result in erosion 

and desertification (Abdurahmanov 2013). The main objective of this case study was to reverse land 

degradation and improve water storage and availability through alternative energy utilization. 

Scenarios: Three scenarios for alternative resource management were considered: (1) develop public 

infrastructure to gain access to remote grazing areas, (2) use integrated livestock management to improve 

grazing conditions and livestock quality (including, potential bioenergy production), and (3) promote 

ecological tourism to develop alternative income sources and reduce pressure on land resources. 

Impact areas: Six indicators were considered for the impact assessment: (a) pasture carrying capacity; (b) 

quantity of dung for heating; (c) alternative energy production options; (d) availability of drinking water; 

(e) work opportunities; (f) food production. Through the six indicators the group addressed WEF relevant 

SDGs 2, 6 and 7. Additionally, impact areas related to decent work and economic development (SDG 8) as 

well as pasture management (SDG 15) were addressed. 

Results: The findings reveal that the integrated livestock management scenario was the best option with 

regards to most indicators (Table 2). However, the scenario provided fewer job opportunities and the 

availability of drinking water was reduced. The ecological tourism scenario only scored well for the 

provision of job opportunities. The scenario of improving public infrastructure was ranked between the two. 

Although each scenario contributed to improving the quality of life, integrated livestock management 

increased energy sources, employment options, industrialization, food availability and pasture restoration, 

and also mitigated grazing land degradation. If no intervention is done in the district, the grazing land is 

expected to further degrade and may cause ecological and social deterioration. 

 

Case 2: Hydropower construction impacts on land and water management in Yakawalang district, 

Afghanistan 

System boundaries, WEF problem and objective definition: Yakawalang is mountainous and one of the 

largest district of Bamyan province in Afghanistan with an area of approximately 3,980 km2. The main 

source of income in this district is livestock production and irrigated agriculture. Water shortage, soil 

salinity, low crop productivity, lack of access to sustainable electricity and soil erosion are significant 

challenges. The government of Afghanistan has recently suggested to construct a hydropower plant with a 

dam reservoir on the Band-e-Amir River in the district to provide electricity, which may have implications 

for water availability for irrigation in terms of quantity, quality, reliability and timing of water delivery 

constituting a typical WEF nexus constellation. As the mountainous area is very vulnerable to soil erosion, 

the dam can be expected to quickly suffer from siltation and loose its capacity if construction was not 

accompanied by soil conservation management practices. The objective of this study was to conduct an ex-

ante SIA of alternative land management scenarios in order to maintain functioning of the water regulation 

for stabilizing food and energy production in the study area. 

2015



Scenarios: The study tested three scenarios that included hydropower construction with: (1) no land 

management, (2) government managed forests and pastures (mainly restoration), and (3) community 

managed forests and pastures (restoration plus management). 

Impact areas: Three impact areas were selected, focusing on water availability for irrigation (SDG 6), 

hydropower production (SDG 7) and soil erosion (SDG 15). Food production was indirectly addressed via 

the soil erosion indicator. Soil erosion prevention measures such as afforestation would reduce available 

area for food production but could increase soil quality and therefore productivity on the remaining land, 

particularly at long term. 

Results: The results indicated that in scenario 1 (no land management governance), dam development would 

not take into account soil erosion issue and reservoir would steadily accumulate the sediments transported 

from upstream. This would reduce the effective capacity of the reservoir, which may lead to either reduced 

hydropower generation or higher operation costs in the long term. Scenario 2 (government managed land) 

provided better benefits in the short to medium term due to reduced soil erosion, and with less sediment 

accumulation in the reservoir. Nevertheless, unclear ownership rights issues over newly forested areas 

would be expected to lead to classic common-pool resource dilemma in which would lead to either a gradual 

decline in the forest density with time or impose additional operation expenses in terms of forest protection 

services. Under scenario 3 (community managed land), the sustainability of forested areas was expected to 

be secured through endowment of the local communities with ownership rights. This scenario offered better 

prospects for hydropower generation and irrigation supply regulation due to relatively greater reductions in 

soil erosion and prevention of sediment accumulation in the reservoir. The total net benefits of this scenario 

were estimated to be larger than the two scenarios, with it addressing the needs of both downstream and 

upstream communities. 

 

Case 3: Water use across food and energy sectors in Tashkent Province, Uzbekistan 

System boundaries, WEF problem and objective definition: Located in the northeastern part of Uzbekistan, 

Tashkent province receives water for irrigation purposes from the Tien Shan Mountains through Chirchik 

River and has an area of about 14,480 km2. This river has 19 hydropower plants which produce about 54% 

of the total hydropower energy in Uzbekistan. Water is the limiting factor for economic development in 

Tashkent province, which hosts about 9% of the 33.8 million inhabitants of Uzbekistan. Considering current 

energy demand, the future industrialization potential even drastically increasing energy demand, and the 

important role of the province in providing food security for Uzbekistan, the aim of the study was to carry 

out a SIA of alternative water utilization scenarios for economic development of the region. 

Scenarios: Three scenarios were developed: (1) business as usual, meaning lack of timely irrigation water 

delivery to farmers and poor environmental quality in the region, (2) water use for food production to allow 

intensification of agriculture, and (3) water use for energy production to strengthen industrial processing. 

Impact areas: Eight impact areas were identified addressing WEF sectors: food production and processing 

and total irrigated area (SDG 2); water demand (SDG 6); energy production (SDG 7); human health and 

education (SDG 3); employment and work opportunities (SDG 8); sustainable urbanization (SDG 11); and 

environmental health (SDG 15). 

Results: Scenario analysis results indicated that the industrial processing and the agricultural intensification 

scenarios were better options for the province. Although it was difficult to prioritize the use of water for 

energy in the industrial processing scenario or to use for food production with the agricultural intensification, 



the study concluded that the current business as usual scenario was least suitable for sustainable 

development. 

 

Case 4: WEF nexus governance cooperation between Tajikistan and Uzbekistan: Case of Amudarya river 

basin 

System boundaries, WEF problem and objective definition: This case study dealt with the collaboration 

between upstream Tajikistan and downstream Uzbekistan in the governance of the WEF nexus of the Rogun 

dam area (ca. 17,400 km2), a sub-basin of the Amudarya river. Uncoordinated construction of the Rogun 

dam for hydropower purposes, originally started in 1982 in Tajikistan (Menga and Mirumachi 2016), affects 

water utilization options for irrigated food production in Uzbekistan. This aim of the SIA was to explore the 

governance of WEF nexus in the Amudarya river basin to seek regional solutions to common challenges. 

Scenarios: Three scenarios, representing different degrees of cooperation between upstream country 

Tajikistan and downstream country Uzbekistan in the WEF nexus governance, were developed: (1) full 

cooperation, (2) partial cooperation, (3) no cooperation. 

Impact areas: The study covered all three WEF-related SDGs of agricultural production (SDG 2), irrigation 

water quality as well as clean water supply and sanitation (SDG 6); energy production (SDG 7); as well as 

employment rate (SDG 8); and the provision of ecosystem services (SDG 15). 

Results: Results showed that both countries would benefit from mitigating tradeoffs and maximizing 

synergies when they fully cooperate. Under full cooperation, the downstream country Uzbekistan would be 

better off in all indicators while the upstream country Tajikistan would face trade-offs regarding water 

quality, energy and agricultural production. It would however also gain in terms of environmental and social 

aspects. Overall, Tajikistan would not be affected much by the degree of collaboration, whereas Uzbekistan 

highly depends on the degree of cooperation. 

 

Case 5: Water management across five countries of the Amudarya river basin 

System boundaries, WEF problem and objective definition: The Amudarya basin is the largest river basin in 

Central Asia with an area of 520,000 km2 (Djumaboev et al. 2020). The basin is characterized by a complex 

political situation due to the transnational competition between water for agriculture and water for 

hydropower. Moreover, using lift irrigation to produce food and cultivate cotton in downstream countries is 

highly energy consuming and exacerbates the challenges. The case developed and analyzed transboundary 

governance scenarios for shared water management in the Amudarya river basin, explicitly considering 

future climate change. 

Scenario: Two scenarios were assessed: (1) business-as-usual and (2) transboundary cooperative water 

management between five countries Afghanistan, Tajikistan, Turkmenistan, Kyrgyzstan, and Uzbekistan. 

Impact areas: Out of the three WEF related SDGs only food production (SDG 2) was explicitly addressed 

with the indicators agricultural land change and vegetation period change. In addition, living standards (SDG 

3) in affected countries and the quality of the terrestrial ecosystem (SDG 15) were addressed, the latter via 

three indicators: ecosystem service provision, occurrence of extreme events, and biodiversity. 

Results: The assessment found that the benefits gained from cooperative, transboundary governance 

surpassed the benefits acquired from individual, national level governance. In particular, the management 

of extreme events, which are expected to become more frequent because of climate change, was found to 

be more effective with transboundary cooperation. Benefit sharing mechanisms during transboundary water 



resource management could result in new profitable options for economic development. The results can be 

used for the demonstration of importance in regional cooperation. 
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