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ABSTRACT

In recent years, the conceptualization and application of the WEF and later WEFE nexus
in science, policy and practice has progressed significantly. Despite the transboundary
nature of sustainability and WEFE nexus issues, research on WEFE nexus governance in
a transboundary context is less developed. WEFE nexus governance refers to societal
decision-making to address challenges related to goals, actors and actor networks,
scales, institutions and resources. In this paper, we explore the governance
challenges encountered when implementing WEFE nexus governance in a
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transboundary setting. To identify these challenges in practice, we conducted a
WEFE nexus governance and policy coherence assessment in two transboundary
case studies: the Lielupe river basin and Mesta-Nestos river basin. Our analysis shows
that in both cases the governance arrangements are restrictive towards WEFE nexus
governance. Based on the factors contributing to the degree of restrictiveness, we
identify four key conditions to overcome the transboundary governance challenges:
(1) awareness of WEFE nexus interlinkages at all governmental levels; (2) local cross-
border and sectoral communication and trust; (3) addressing issues at the
appropriate level; and (4) adequate resources and natural resource monitoring
across sectors. These conditions lead to recommendations to proceed towards more
integrated approaches to transboundary WEFE nexus governance.

1. Introduction

Water-Energy-Food (WEF) nexus thinking gained attention in recent years as a response to increasing
depletion of natural resources due to excessive demand (Allouche et al, 2015; Benson et al., 2015;
White et al., 2017). Simultaneously, evidence shows that interlinkages between WEF nexus domains (i.e.
connections through which the nexus domains influence each other) are strong and activities in one
domain can create negative spillover effects in another domain (De Strasser et al., 2016; Mooren et al.,
Under review). More recently, authors have added the Ecosystem domain, resulting in the WEFE nexus
(e.g. De Strasser et al. (2016), Bidoglio et al. (2019), and Malagd et al. (2021)). Within this framework,
cross-domain knowledge co-production and governance are based on the assumption that all nexus
domains are equal and interdependent. It aims to manage natural resources in a coherent and sustainable
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manner by leveraging synergies and managing trade-offs between domains on a regional scale (Avellan
et al., 2017; Benson et al., 2015; Chenoweth & Al-Masri, 2021; Hoff, 2011; van den Heuvel et al., 2020).
The scientific debate on WEFE nexus governance has progressed significantly in the past decade (e.g. Gon-
zéalez-Rosell et al., 2023; Kurian et al., 2018; Lebel et al., 2020), with the development of several methods to
analyze and implement the nexus approach in policy practice (Daher & Mohtar, 2015; Halbe et al., 2015;
Harwood, 2018; Hoff et al., 2019; Pereira Ramos et al., 2022).

However, the role and integration of the ecosystem in the nexus remains debated and requires further
attention (Susnik & Staddon, 2021). Lucca et al. (under review) highlight the discussion on the role of the eco-
system in the conceptualization of the WEFE nexus and the different terminology used such as nature, bio-
diversity, natural environment, and natural resources. Moreover, adding the ecosystem component adds
challenges to nexus governance. Many sustainability and WEFE issues are transboundary by nature as the bio-
physical properties of the ecosystem and the WEFE nexus interlinkages that derive from it do not always fol-
low administrative boundaries. A well-known example is that of rivers, which cross multiple countries
(Armitage et al., 2015). As a result, water pollution is not contained in the upstream country, but affects
the down-stream country as well. Upstream placed irrigation dams directly affecting down steam water quan-
tity for irrigation purposes are another example.

The transboundary aspect of the nexus amplifies the complexity of nexus governance. Transboundary
governance itself is complicated by an increased number of stakeholders, power imbalances, cultural differ-
ences, conflicting perspectives and values, socio-economic differences between countries, and the need to
integrate different types of knowledge (Armitage et al., 2015; Dore et al., 2012; Finger et al., 2006; Gerlak,
2015; Mylopoulos et al., 2008). Additional complication stems from the complex set of biophysical inter-
linkages leading to cross-sectoral trade-offs whose management requires coherent WEFE policies (Hoff,
2011). Several authors have reflected on governance aspects of importance to the nexus (de Andrade
Guerra et al., 2021; Jones & White, 2021; Pahl-Wostl et al., 2021; Roidt & Avelldn, 2019; Scott et al.,
2018). In particular, Mooren et al. (under review) identified five types of governance challenges (see section
2) for the WEFE nexus, highlighting its complexity: goal-related, actor-related, scale-related, institutional-
related, and resource-related governance challenges. Based on these challenges, Mooren et al. (under
review) observe that striving for policy coherence, which can be defined as having aligned policy goals
and instruments between policy domains fostering synergies between those domains and reducing
trade-offs (Giest & Mukherjee, 2022; Nilsson et al., 2012), is a difficult endeavor. However, it is also an
indicator for successful WEFE nexus governance, requiring negotiated policy goals based on shared per-
spectives, consistent coordination between WEFE institutions and actors, a match between the biophysical
scale of the problems and the governance structures addressing them, and consistent allocation of sufficient
human and financial resources to ensure sustainable management of WEFE resources. Therefore, it is
important to assess governance systems current orientation, and their capacity to support or restrict
the transition towards transboundary WEFE nexus governance. This could help to identify entry points
for change.

Despite these challenges, insights about transboundary WEFE nexus governance approaches are limited in
the literature. While there is a growing body of literature on the nexus in a transboundary context, most
approaches are technical, focusing on bio-physical modeling (Chenoweth & Al-Masri, 2021). When studies
focus on nexus governance issues, they often exclude the ecosystem with the exception of De Strasser et al.
(2016) and Dondeynaz et al. (2018). Nevertheless, Dondeynaz et al. (2018) maintain a rather technical
focus in its attempt to define a nexus governance framework and De Strasser et al. (2016) lack clear nexus
governance instruments. Moreover, the systematic literature review of Urbinatti et al. (2020) shows that
research on the nexus should include different knowledge types across different stakeholders. This is especially
important in a transboundary context as local scale problems and related impacts are often neglected when
addressing nexus issues (Scott et al., 2011). Local stakeholder engagement is usually limited due to centralized
national governmental processes for transboundary issues (Jager et al., 2016; Nielsen et al., 2013).

This paper therefore aims to contribute to the transboundary WEFE nexus governance literature by pro-
viding insights into conditions enabling WEFE nexus governance in transboundary river basins by analyzing
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two cases, the Lielupe (Latvia-Lithuania) and the Mesta-Nestos (Bulgaria-Greece) transboundary river basins.
More specifically, this research sets out to answers three research questions:

e To what extent are the current governance arrangements in the two case studies supportive or restrictive
towards WEFE nexus governance?

¢ What factors contribute to the restrictiveness or supportiveness?

» Based on lessons learned across the two cases, what recommendations can be formulated for transboundary
WEFE nexus governance?

To answer these research questions, the paper starts with presenting the research approach and analytical
framework (section 2), followed by the methodology (section 3). After illustrating the case studies’ WEFE
nexus issues (section 4.1), section 4.2 presents the governance and policy coherence assessment results. Section
4.3 illustrates the factors explaining the assessment results in a comparative fashion. The paper ends with a
discussion, recommendations (section 5) and a conclusion (section 6).

This research is conducted within the European funded research project NEXOGENESIS.

2. Research approach and analytical framework

Our research approach consists of three steps (Figure 1). First (step 1), a WEFE nexus governance assessment is
conducted using the Nexus Governance Assessment Tool (NXGAT) (La Jeunesse et al., 2023; La Jeunesse et al.,
forthcoming) integrated with a policy coherence assessment as suggested by Mooren et al. (under review). The
overall assessment identifies elements contributing to restrictiveness and supportiveness of the governance
arrangements towards WEFE nexus governance. These elements, analyzed in light of the nexus governance chal-
lenges suggested by Mooren et al. (under review) and related explanatory factors (step 2), permit to identify suitable
governance arrangements and related enabling conditions for transboundary WEFE nexus governance (step 3).

2.1. Governance and policy coherence assessment

The analytical framework underpinning the WEFE nexus governance and policy assessment is reported in
details in La Jeunesse et al. (forthcoming), Mooren et al. (Under review), and Hiiesker et al. (2022). Here
we briefly summarize it.
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Figure 1. Research approach.
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The NXGAT (ibid) assesses the degree of restrictiveness or supportiveness of governance arrangements
towards WEFE nexus governance by providing an understanding of how governance arrangements perform
in relation to key nexus governance challenges, and consequently, which barriers, opportunities and entry
points for change exist. Supportiveness is defined as the degree to which a governance system enables
WEFE nexus governance. Restrictiveness is defined as the degree to which the governance arrangement hin-
ders WEFE nexus governance (La Jeunesse et al., Forthcoming). To identify key factors contributing to the
degree of supportiveness or restrictiveness, the NXGAT assesses five governance dimensions (levels and scales,
actors and networks, problem perspectives and goal ambitions, strategies and instruments, and resources and
responsibilities) against five governance quality criteria (comprehensiveness, coherence, flexibility, intensity of
action, and fit). Both the governance dimensions and criteria are developed based on key nexus governance
characteristics and challenges identified by an extensive literature review (Mooren et al. under review). The
quality criteria in the NXGAT are scored on a four-point scale (very low — low - high - very high) per govern-
ance dimension. The overall evaluation of the governance orientation towards WEFE nexus governance of a
specific case study (CS) is based on the overall scores of the quality criteria. If three out of five is very low/low,
the governance arrangement is restrictive. If three out of five is high/very high, the governance arrangement is
supportive towards WEFE nexus governance. The assessment is based on interviews with relevant stake-
holders across the WEFE domains and literature review. The evaluation questions and qualitative scoring sys-
tem per each pair of criteria/quality dimension can be found in the supplementary material - Annex 2.

Furthermore, for the NXGAT governance dimension ‘strategies and instruments’ an in-depth investigation
of the quality criteria ‘Coherence’ is conducted using a dedicated policy coherence assessment method. This
additional investigation gains specific insights on how WEFE policies account for nexus trade-offs and syner-
gies. Because policy coherence is a key aspect and an indicator of successful nexus governance (Mooren et al.,
under review), such analysis validates the quality criteria coherence of the NXGAT and strengthens the overall
nexus governance assessment evaluation. The coherence investigation consists of assessing the presence and
stringency within WEFE policy documents of measures to reduce trade-offs and exploit synergies that exist
across WEFE policy domains. The presence and stringency of prescriptions is assessed through a four-
point scoring system: not applicable, no-coherence, weak coherence, strong coherence (see Hiiesker et al.
(2022) for more details on the method and supplementary material-Annex 2). The assessment is based on
an in-depth analysis of policy documents through expert judgement and a validation with a group of key sta-
keholder representing the WEFE nexus policy domains.

2.2. Explanatory framework for successful transboundary WEFE nexus governance and policy

To explain the level of restrictiveness or supportiveness of governance arrangements towards transboundary
WEEFE nexus governance found in the case studies, we operationalized the nexus governance challenges ident-
ified by Mooren et al. (under review) into a number of explanatory factors (Table 1). A high degree/level of
each factor is indication of support for transboundary WEFE nexus governance, whereas a low degree/level is
indication of the factor being restrictive.

3. Methodology

This study uses a comparative case study design to find similarities and differences in the elements supporting
or restricting transboundary WEFE nexus governance in two cases: the Mesta-Nestos river basin and Lielupe
river basin (Verschuren et al., 2010). This helps to interpret factors contributing to either supporting or
restricting transboundary WEFE nexus governance and to formulate recommendations accordingly.

The two cases were selected among the case studies of the NEXOGENESIS project based on three criteria.
The case studies should:

- Have a comparable legislative system. Both cases are European Union (EU) Member States and therefore
have to comply with EU regulations.
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Table 1. Key explanatory factors for the level of restrictiveness or supportiveness towards transboundary WEFE nexus governance.

Type of governance challenge

Explanatory factor for the level of restrictiveness or
supportiveness towards transboundary WEFE nexus
governance

References

Goal and problems -
Conflicting policy goals between the WEFE nexus
domains and complexity associated to ensuring a
certain degree of policy integration across the WEFE
policy domains

Actor and networks-
Conflicting perspectives and values and power
imbalances between the actors of the different WEFE
domains

Scale - A lack of fit between nexus issues and the
administrative scale dealing with these issues

Institutional-
The mismatch between sectoral regulatory models, the
jurisdictional overlap between policy domains creating
unclear responsibilities, and the impact of the
interaction between institutions addressing WEFE
issues on their effectiveness, a phenomenon known as
institutional interplay (Cash et al., 2006; Pahl-Wostl
et al., 2021, Young et al., 1999)

1. Degree to which efforts are taken towards
integration and coherence of different WEFE nexus
policy domains in policy and legislative documents
and in practice

2. Degree of willingness to collaborate and compromise
between different WEFE domains and nations
3. Degree of willingness to incorporate local views
and perspectives in transboundary actions
4. Level of agreement and trust between countries

5. The degree to which administrative levels of the
governance arrangement that deal with the WEFE
domains match the bio-geophysical scale at which
the domains operate

6. The degree of willingness of national institutions to
intervene at different scales (related to scalar
strategies challenge)
7. The level of sectoral and transboundary
institutional collaboration (related to institutional
interplay)
8. The extent to which legislation is unambiguous
and comprehensive

1. Scott et al. (2018); De
Grenade et al. (2016)

2. Salmoral et al. (2019)
3. Purwanto et al.
(2019)

4, Link et al. (2016)

5. Mooren et al. (under
review); Pahl-Wostl
et al. (2021)

6. Pahl-Wostl et al. (2021).
7. Pahl-Wostl et al.
(2021)

8. Olawuyi (2020)

9. Carlisle and Gruby
(2019)

10. Scott et al. (2018);
Olawuyi (2020)

9. The degree of coordination between domains and
countries
10. The extent to which a match between sectoral
and national regulatory models is present

11. The extent to which knowledge, human and
financial capital for addressing transboundary nexus
issues are available
12. The extent to which resources are clearly assigned
for intersectoral transboundary resource
management

11. (Salmoral et al., 2020);
Scott et al. (2018)
12. Olawuyi (2020)

Resource - A lack of nexus specific knowledge, nexus-
dedicated human and financial resources, and political
will to address problems with a WEFE cross-domain
perspective.

- Have similarities in the types of river basins; both river basins are transboundary equally shared by two
countries.
— Share similar types of problems; in both river basins, WEFE nexus issues are present.

The WEFE nexus governance and policy assessment were conducted using a mix of qualitative methods.
The nexus governance assessment was carried out via in-depth semi-structured interviews with relevant
WEEFE stakeholders to assess the governance arrangement as a whole using the NXGAT. Each interview lasted
1.5-2 hours and was conducted by a multidisciplinary research team including the first and fifth author of this
paper during 1-2 weeks field visits. 37 stakeholders were interviewed for the Lielupe case study and 27 for the
Mesta-Nestos case study. Respondents were selected based on purpose- and snowball sampling (Bernard,
2017). Respondents included WEFE resource managers, resource users, NGOs and public authorities across
different administrative levels and scales. Most interviews were conducted in English, when impossible, a
translator was present on site. All interviews were recorded, and the research team kept a record of notes.
Additional notes were gathered through transboundary stakeholder workshops to which the first and fifth
author participated. Two transboundary workshops were held in the Lielupe river basin, one in September
2022 with local and regional stakeholders and one in June 2023 with local, regional and national stakeholders.
The transboundary workshop in the Mesta-Nestos river basin was held in March 2023 with local and regional
stakeholders. The workshops were organized as part of the NEXOGENESIS project activities. These workshop
discussions allowed to gather additional insights on the stakeholders perceptions of problems and solutions
and their understanding of WEFE nexus and WEFE nexus governance in their region.
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The research team coded the data answering the NXGAT questions to score the quality criteria for each
governance dimension, and came to the final overall evaluation of the level of supportiveness or restrictive-
ness of the governance arrangements via in-depth discussions among the research team members that
lasted up to eight hours per case study. The quality criteria were scored following the NXGAT methodo-
logical table (supplementary material — annex 2). The scores and final evaluation were validated with the
local case study partners and discussed with the interviewees and additional stakeholders during a post-
assessment workshop.

This exercise was complemented by the policy coherence assessment that started with a document analysis
of the coherence of relevant policies in the case studies. The analysis was conducted per country of each river
basin and included transboundary policies when existing. First, local NEXOGENESIS case study partners
made an initial selection of the policies based on the WEFE nexus problems present in the case studies.
The local partners stored these policies in an Excel database indicating the name of the policy, its policy
domain, its goals, targets and policy instruments. As second step, the local partners conducted an in-depth
reading of the policy documents and scored the coherence of each policy document with the other WEFE
domains, including a justification. Subsequently, the first author of this paper reviewed the scores based on
the evidence listed by the local partner. The local partners and first author discussed the scores for which
there was disagreement until they reached consensus. To complete the triangulation of the results, the policy
coherence scores were discussed and validated with local stakeholders during an online focus group. One sta-
keholder from each WEFE policy domain familiar with implementation of identified policies was invited.
Although representatives from most nexus domains were present in the focus groups, the energy sector
was not represented in Lithuania and in Greece. However, all WEFE nexus domains were represented in a
workshop where we discussed the policy coherence results.

4. Results
4.1. Case study description

The Mesta-Nestos river basin is a transboundary river basin located in upstream Bulgaria (Mesta) and down-
stream Greece (Nestos) (Figure 2) (Boskidis et al., 2018; Kamidis & Sylaios, 2017; Proutsos et al., 2022). Water
quantity and quality are the main transboundary challenges in the river basin. The ecological water quality is
deteriorating due to the use of agricultural fertilizers both up — and downstream and solid waste pollution
upstream affects downstream water quality. As for water quantity, an often insufficient minimum ecological
flow leads to habitat degradation downstream as a result of water abstractions for agricultural purposes
upstream, and the presence of three hydropower dams, i.e. the Dospat (Bulgaria), the Thissavros and the Pla-
tanovryssi (Greece) and one irrigation dam, the Toxotes (Greece) putting pressure on the riparian ecosystem
in both countries. Moreover, these dams block fish migration routes, harming not only natural fish popu-
lations, but also impacting the fishery industry in Greece. At the same time, there are tensions between the
agricultural and energy sector in Greece over land-use for the installation of solar power plants on agricultural
land. Lastly, a large part of the river basin is located within a European Natura 2000 protected area in both
countries, creating tensions between the ecosystem preservation organizations and the other WEFE nexus
domains, nationally and cross-border.

The Lielupe river basin (Figure 3) is located in upstream Lithuania and downstream Latvia (Koltsova &
Belakova, 2009). The main transboundary issues are related to water quality. Agricultural and transit pol-
lution have increased eutrophication, which resulted in deterioration of the ecological water quality stem-
ming (Cesoniené et al., 2021; Jekabsone et al., 2022). While affecting in the entire river basin, water
pollution is a major issue downstream, in Latvia. Moreover, hydro-morphological alterations of the river
due to channeling for agricultural land drainage and small hydropower plants are increasingly problematic
for the ecological quality of the river in Latvia. The energy sector is searching for alternative energy
resources in both countries, therefore looking to the other domains to, for example, use agricultural
land or the sea for wind parks. This creates tensions with the ecosystem preservation organizations and
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Figure 2. Mesta-Nestos River basin.

the agricultural sectors. At the same time, water quantity issues (excessive water) are a problem in Latvia
where floods during spring time damage agricultural crops, thus exacerbating ecosystem-agriculture ten-
sions (Merkuryeva et al., 2015). A more detailed illustration of the key characteristics of the river basins
can be found in the supplementary material-Annex 1.

4.2. WEFE nexus governance in the two river basins

This chapter answers the first research question: to what extent are the governance arrangements in the case
studies restrictive or supportive towards WEFE nexus governance?

4.2.1. Mesta-Nestos

The governance of the Mesta-Nestos river basin is restrictive towards transboundary WEFE nexus govern-
ance. Insights from the interviews and process observations show that the strict top-down governance
arrangements combined with a strong hierarchical institutional structure, lack of trust between the adminis-
trative levels, and high level of bureaucracy makes it difficult to involve the regional and local levels in trans-
boundary cross-sectoral governance discussions. All transboundary contacts take place at the national level.
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Moreover, the national level did not engage in the research interviews, focus groups, or workshops, indicating
little interest in including more local perspectives in transboundary discussions. Specifically, the strong sec-
toral vision of the national governments is a restrictive element for WEFE nexus-oriented measures at the
river basin level. There is no local transboundary contact between the border municipalities resulting in a
lack of trust between the two countries at the local level. Local transboundary collaboration is further compli-
cated by a language barrier and high levels of bureaucracy, specifically concerning water quality and quantity
data sharing. Moreover, there is a lack of trust between the actors of the different WEFE domains in both
countries. More specifically, there are tensions within the Greek agriculture sector between two agricultural
districts making use of the same water source for irrigation, the Nestos. While both countries share similar
views on most issues in the river basin, they have different perspectives on the causes of these issues due to
limited understanding of the hydraulic system’s complexity. For example, according to the Bulgarian stake-
holders, the Dospat dam, a hydropower dam in a tributary of the Mesta river (Dospat river), does not influence
Mesta’s water levels as it is not located in the Mesta (See Figure 2). However, this tributary flows into the Nes-
tos and therefore influences the water levels of the Nestos river. While a bilateral river basin agreement has
been in place since 1995, stating that 29% of the water originating from Bulgaria should flow to Greece (Kar-
asani et al., 2022), Bulgarian stakeholders indicate that there is a need to renegotiate this agreement in light of
climate change. According to stakeholders, there have not yet been negotiations, while the meteorological con-
ditions have changed since 1995, indicating that this agreement is rather inflexible. The agreement was
intended to ensure sufficient water quantity for both countries, and as such having a positive effect on the
WEFE nexus by ensuring sufficient water for all uses. However, due to different climatic conditions, currently
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the agreement may have a negative impact on water uses across WEFE domains on both sides of the basins,
which may exacerbate in the future. Lastly, limited funds and human resources make it difficult to undertake
cross-sectoral initiatives for which often no budget is allocated.

There are a few positive signs for more transboundary WEFE nexus governance. Recently, the responsibil-
ity for the design of the river basin management plan (RBMP) has been shifted from the national to the
regional level in both countries, thus increasing the fit between the scale of the problem and the policy sol-
utions. Moreover, several stakeholders in both countries indicated that indeed a regional river basin authority
could foster local transboundary WEFE nexus governance. Furthermore, both the Mesta and Nestos are
within Natura 2000 protected areas. In addition, EU projects, such as the NEXOGENESIS project, proved
a useful platform for local and regional stakeholders from the different WEFE nexus domains to meet and
discuss transboundary WEFE nexus issues and potential solutions. Lastly, the current energy crisis pushes
the energy sector to look for alternative energy resources such as solar power. This requires cross-sectoral col-
laboration. For instance, the energy sector needs to collaborate with the food sector to install solar power
panels on agricultural plots. The last positive element is the opportunity for increased recognition of cross-
sectoral interdependences offered by reframing sectoral problems in the broader WEFE nexus picture.
These elements are merely preliminary steps and examples. They do not offer structural solutions yet to over-
come the restrictive elements.

4.2.2. Lielupe

The governance of the Lielupe river basin is restrictive towards transboundary WEFE nexus governance. The
strict top-down governance arrangements lead to a lack of involvement of local/regional actors in transbound-
ary governance, while some issues, such as riverbed clean-ups are more efficiently addressed at the local level.
The countries agree on water quality and flood risk problems in the river basin, but have different nitrogen
pollution thresholds, with Lithuania (upstream) using higher thresholds than Latvia (downstream). If the
two governments cannot agree on the problem, involving different domains in the two countries in a discus-
sion becomes more difficult. Moreover, the lack of human capital, environmental expertise and funding hin-
ders the implementation of, and compliance with cross-sectoral measures such as the enforcement of buffer
strips in the river bed. These are strips of land next to the river where agriculture is forbidden to prevent runoff
of fertilizers and pesticides into the river. A lack of human and financial capital makes it difficult to monitor
compliance, and therefore these strips are often still cultivated. The last restrictive element towards trans-
boundary WEFE nexus governance is the sectoral vision at the national level, resulting in sectoral-oriented
policies and strategies to address transboundary river basin issues.

We found few elements that could support the transition towards transboundary WEFE nexus governance.
Both countries started an inter-ministerial board and working groups aiming to foster more policy coherence
within the respective countries. This is a result of pressure from the European level for more policy coherence
and transboundary river management and the energy crisis, which urges both countries to search for alterna-
tive energy resources, requiring more cross-sectoral collaboration. Most stakeholders across levels and scales,
while not always agreeing on the solutions, tend to agree on the most important issues. Despite the top-down
governance arrangement, the national-level interviewees expressed interest and willingness to include the local
and regional levels more in transboundary governance. Not only were catchment officers proposed by the sta-
keholders as a solution to link the different countries, sectors and levels of governance, but the national level
was also actively contributing to the interviews, focus groups and workshops organized for this research.
Moreover, local transboundary communication occurs. Such communication is facilitated by the existence
of common language, Russian, as results of their shared history. Despite the current geopolitical tensions
with Russia, Russian was used during the stakeholder workshops. The Stakeholders took on a pragmatic
approach to enable high level discussions. However, communication, collaboration and ideas are not sustained
with consistent funding. Local transboundary collaboration mostly takes places in the context of European
funded projects, which have a short time frame to build and support long lasting collaborations. From
1993 to 1997 a transboundary agreement on environmental management of the Lielupe river basin was in
place. It contained several proposed actions such as monitoring and a joint commission (World Bank,
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1995). To our knowledge and based on stakeholder interviews no further action is partaken to follow-up on
this agreement. Instead, the Lithuanian-Latvian Intergovernmental Commission (IGC) for cross-border
cooperation exists. While during the most recent meeting (April 2024) Lielupe river basin management
and eutrophication reduction was discussed, there is no evidence that transboundary river basin management
is a regular topic at the IGC meetings. While there are some supportive elements present, they are in prelimi-
nary stages and not yet structurally implemented to overcome the restrictive elements.

4.3. Understanding WEFE nexus governance in light of WEFE nexus governance challenges

We use the factors in Table 1 to explain the restrictiveness of the governance arrangements in the case studies
and to identify the opportunities for change through the supportive elements. In so doing, we answer the
second research question: what factors contribute to the restrictiveness or supportiveness? Figures 4 and 5
show the degree to which the explanatory factors are present in case studies, thus explaining the restrictiveness
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of their governance arrangements. The intensity of the color and the position in the line reflect the degree to
which the factors are present in the case studies (see legenda in figures).

4.3.1 Goal and problem-related factors

The first category of factors is concerned with the degree to which efforts are taken towards integration and
coherence of different WEFE nexus policy domains in policy and legislative documents and in practice (table
1, #1). We conclude that this has taken place to a very low to low degree. In both cases, the WEFE nexus
domains and national governments have a strong sectoral vision. This makes discussion and agreement on
cross-sectoral issues difficult, despite the existence of inter-ministerial committees and working groups.
Intra-sectoral conflicts, like disagreement over water usage in the agricultural sector in the Greek part of
the basin, further challenge achieving cross-sectoral consensus, given the difficulty of agreeing on a common
view even within a single sector. In the Lielupe, efforts for transboundary cross-sectoral collaboration are com-
plicated by the use of different thresholds for nitrogen concentration in the water in the two countries, an indi-
cation of disagreement on the water quality problem.

Notwithstanding, there are opportunities to enhance this factor. The energy crisis provides momentum for
fostering cross-sectoral collaboration, particularly in the context of renewable energies. However, in the
Mesta-Nestos case, the fact that solar panels cannot be installed next to irrigated land shows the importance
of good cross-sectoral coordination to safely exploit the cross-sectoral synergies offered by the energy tran-
sition. Another opportunity for more cross-sectoral transboundary collaboration is framing sectoral issues
in an integrated perspective. For example, in the Greek part of the Mesta-Nestos river basin, the fisheries gov-
ernor reframed the issue of obstruction of fish movement in the river caused hydropower dams. This refram-
ing positioned the problem as a shared concern of both the food and the ecosystem domains, resulting in
fishermen and ecosystem representatives lobbying together for fish passages in hydropower and irrigation



12 (&) C.E.MOOREN ETAL.

dams. Lastly having the same perspective on transboundary issues, as in the Lielupe case, is an important start-
ing point to design coherent solutions to address these issues.

4.3.2 Actor and network-related factors

The degree of willingness to collaborate and compromise between different WEFE domains and nations (Table
1, #2) is higher in the Lielupe case than in the Mesta-Nestos case. In the latter case, we found a lack of inter-
action and distrust between transboundary municipalities and across the nexus domains. The local stake-
holders consistently mentioned a lack of communication between the Greek and Bulgarian municipalities
in the river basin due to a language barrier. In contrast, in Lielupe, while there are sometimes different pro-
blem perspectives, local actors across the border of the two countries communicate on occasion, facilitated by
the fact that they speak a common language, and this interaction has facilitated trust building. Moreover, in
Latvia the regional level is highly motivated to facilitate integration between levels and domains, which could
support the willingness of the domains and administrative levels to collaborate.

Similarly, in the Lielupe case, there was more willingness to incorporate local views and perspectives In trans-
boundary actions (Table 1, #3). In the former case, representatives from the national level participated in the
interviews and workshops and expressed interest in increasing local participation in transboundary manage-
ment of the river basin. In the Mesta-Nestos case it proved difficult to engage with the national level in both the
interviews and workshops. This difference might be explained by the different types of interaction between the
administrative levels in the case studies. The interaction between the different levels in the Lielupe case is con-
sistent and based on trust, while the relationship between the different administrative levels in Mesta-Nestos is
characterized by distrust (Table 1, #4). One reason for this difference might be the different size of the
countries. In the Lielupe case, stakeholders often mentioned that both countries are small and actors from
different administrative levels know each other and interact on a regular basis. Greece and Bulgaria are
both bigger countries and the river basin is located far away from the capital, creating more distance between
the administrative levels. Less opportunities for in person exchange makes it difficult to build relationships and
trust and therefore less attention for including local perspectives in transboundary decision-making. Despite
there being more willingness to collaborate, including different perspectives and a higher level of transbound-
ary trust in Lielupe than in Mesta-Nestos, both case studies are restrictive towards WEFE nexus governance.
The willingness to collaborate and include different perspectives is hindered by a lack of resources and a lack of
capacity to act on this willingness.

4.3.3 Scale-related factors
In both cases, administrative levels of the governance arrangement that deal with the WEFE domains match
the bio-physical scale of river basin issues to a low degree (Table 1, #5). Both cases have a strict-top-down gov-
ernance arrangement where most policies are designed at the national level, often leading to incongruence
with local and regional realities. A result of this top-down governance system is the absence of transboundary
river basin organizations. The RBMP in Lielupe, for example, is designed at the national level, which consti-
tutes a restrictive factor for local transboundary WEFE nexus governance. All these aspects contribute to a low
match between the bio geographical scale and the administrative scale at which the problem is addressed.
However, in both cases the local and regional levels expressed interest in more local and regional trans-
boundary governance in the form of catchment officers or river basin authorities, potentially leading to better
management at the river basin scale. In the Mesta-Nestos case, the RBMP is designed by the regional level on
both sides of the border. Regionally designed and managed RBMPs combined with the recent creation of local
offices of the national NECCA in Greece offer opportunities to integrate local and ecosystem considerations in
transboundary governance. This could contribute to a higher match between the biogeographical scale and the
administrative scale at which the problem is addressed.

4.3.4 Institutional related factors
The degree of willingness (or ability) of national institutions to intervene at different scales (Table 1, #6) is very
low in Mesta-Nestos and higher in Lielupe. However, despite this indicated willingness in the Lielupe case, the
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top-down governance style in both cases makes intervention at different scales difficult in practice. For
example, municipalities in Greece are not allowed to intervene in the riverbed unless mandated by the national
level or during emergencies. On top of that, in the Mesta-Nestos, the level of sectoral and transboundary insti-
tutional collaboration (Table 1, #7) is very low. Unclear, at times overlapping, responsibilities and bureaucracy
along with poor cross-sectoral and cross-country communication hinder the presence of good coordination
between sectors and countries. Poor communication between administrative levels contributes to low trust
and poor awareness of local and regional issues at the national level. Trust in the capacity of the lower admin-
istrative levels and awareness of local issues is needed before the national level would consider decentralizing
power. Moreover, there is a very low degree of coordination between domains and countries (Table 1, #8) in
Mesta. The high level of bureaucracy further complicates activities dealing with different sectoral
regulatory models. For example, certain activities such as acquiring irrigation permits require permits from
multiple institutions, but because their timelines do not align, the permit processes often end in standstills.
This affects trust and collaboration among different institutes, who may blame each other for the slow
processes.

The results of the policy coherence assessment show a low match between sectoral regulatory models (Table
1, #10) in both the Lielupe and Mesta-Nestos river basin. The different nitrogen thresholds in Lielupe illustrate
this on a transboundary scale. On the Bulgarian side of the Mesta-Nestos river basin there are high levels of
policy coherence reported due to their relatively recent (and incomplete harmonization process with EU law).
This leads to ambiguity and non-comprehensive legislation resulting in legislative gaps (Table 1, #8). The leg-
islative gap is used by organizations representing the ecosystem domain as an opportunity to block develop-
ments in the energy sector (wind/hydropower energy). While this is positive for ecological conservation, it
hinders collaboration between WEFE domains.

However, the relatively high level of policy coherence of Bulgaria has the potential to foster alignment
between different sectoral regulatory models (Table 1, #10). The lower levels of governance have to align
their local policies with national polices, which show a relatively high level of policy coherence that
could trickle down to the regional and local policies. Moreover, the minor decentralization of the
RBMP design in Mesta-Nestos could lead to include interventions from local administrative levels. Lastly,
in Lielupe, there is a growing trend towards more intersectoral coordination (Table 1, #9) at the national
level, as evidenced by the creation of inter-ministerial committees and working groups that aim to foster
more policy coherence in general. By regularly interacting within these groups and committees, sectoral
actors would be able to exchange, learn about sectoral needs, perspectives and interdependences and slowly
build trust, which in turn could support cross-sectoral collaboration and coordination of cross-sectoral
initiatives.

4.3.5 Resource-related factors

In both case studies, knowledge, and financial and human resources for environmental management (Table 1,
#11) are only available for a low to very low extent. This makes it difficult to establish environmental moni-
toring and to enforce adequate penalties in the river basins, with consequent increase of water pollution
especially in the downstream countries. For example, infrequent monitoring in combination with low fines
for violations of the rules on buffer zones along the riverbanks make environmental friendly agricultural pol-
icies ineffective. Furthermore, the limited available funds are often assigned to domain-specific activities,
resulting in insufficient and discontinued budget for cross-sectoral and local transboundary activities (Table
1, #12). Many local transboundary projects depend on EU (typically Interreg) funds, which are time bounded,
contributing to the financial discontinuity. Finally, in both cases, institutional capacity to attract personnel
with the right expertise to work in public organizations is limited, due to non-competitive salaries compared
to the private sector.

On the positive side, in both cases, the countries have many policy instruments at their disposal that could
be used to foster transboundary WEFE nexus governance. Specifically, the European Natura 2000 regulation
on nature and biodiversity conservation via protected areas seems promising. This regulation requires any
WEEF sectoral development within these areas to take the ecosystem into account, thus supporting a dialogue



14 (&) C.E.MOORENETAL.

among stakeholders from the different domains. This could help increase the environmental awareness of sta-
keholders. Interviewees found the European Union (EU) funded projects useful platforms to engage in local/
regional transboundary governance. Stakeholders also appreciated the NEXOGENESIS project for bringing
stakeholders from different WEFE nexus domains and countries together to jointly reflect on the nexus issues
in the river basin. These projects not only provide temporary funding for transboundary resource manage-
ment, but also improve institutional capacity through knowledge exchange and stakeholder awareness of
the WEFE nexus interdependencies. The main challenge with these projects is to create the conditions for con-
tinuity beyond the project.

5. Discussion: lessons learned and recommendations for transboundary WEFE nexus
governance

Based on the insights in chapter 4 we answer the second research question in this section; What recommen-
dations can be formulated based on the lessons learned across the two case studies for transboundary WEFE
nexus governance?

In section 4.3 under the goal and problem related factors, we saw that stakeholders’ silo approach to inter-
related issues in the river basins affects the efforts taken towards policy integration. In both case studies, the
national government is a powerful actor controlling sectoral policies. Our analysis shows a limited degree
of policy coherence across sectoral policies. Moreover, the cases highlighted that stakeholders across all levels
of governance and sectors have limited awareness of the WEFE nexus interlinkages, making it difficult to over-
come sectoral-oriented policy-making. Hence, there is a need to increase knowledge on the WEFE interdepen-
dencies. This is in line with existing literature as Armitage et al. (2015) see science used for policy-making as
one of the key conditions for effective transboundary governance. Science for policy-making requires effective
science communication targeted towards the relevant policy makers (Armitage et al., 2015). While scientific
knowledge is important, local non-scientific knowledge should also be considered. Hence, different knowledge
types should be integrated and platforms to bring different stakeholders together are important to this purpose
(Fulgenzi et al., 2020). This relates to the actor-related factors, such as willingness to incorporate local views.
Our research showed that the majority of the stakeholders were unaware of the WEFE nexus interlinkages
characterizing the problems existing in the river basin. Consequently, collaborating across WEFE sectors is
not perceived as very important, coinciding with actor and network related factors. The interview questions
of the governance assessment helped stakeholders reflect on the interconnected nature of the issues in the
river basin as the researchers contextualized the problems in the bigger picture. This understanding supported
the discussion among stakeholders across WEFE nexus domains and governance levels in the NEXOGENESIS
workshops. Moreover, stakeholders indicated that the project workshops allowed to meet representatives from
other countries and WEFE nexus sectors for the first time. The process also paved the way to discuss potential
actions to be taken at the local/regional level to initiate transboundary WEFE nexus activities relevant for the
local level. This initial discussion led to identify some small-scale, local transboundary activities that, if
implemented, could lead to small wins encouraging more of these actions. Therefore, our first recommen-
dation is to increase awareness through more nexus research projects employing strategies taking the pro-
blems as understood by the stakeholders as a foundation and contextualize them in the broader nexus
context as shown by the Mesta-Nestos case.

Under the actors and networks related factors in section 4.3 we noticed that a lack of local cross border and
cross-sectoral communication and trust restricts the ability and willingness to collaborate and coordinate. The
language barrier was mentioned as the main cause of distrust. Therefore, we recommend civil servants work-
ing at border municipalities to speak a common language between neighboring countries.

Both the scale and institutional related factors in section 4.3 provided insights that could further explain the
lack of local cross border and sectoral communication and interaction in the case studies. Because of the strict
top-down governance arrangement and the transboundary status of the river basin, the responsibility of the
river basin falls under the national level. Transboundary governance almost always takes place at the national
level as a result of centralized national governmental processes (Jager et al., 2016; Nielsen et al., 2013). Our
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results show, in line with other authors, that including local perspectives in transboundary governance is
necessary for legitimacy and local acceptance of solutions (Armitage et al., 2015; Green et al., 2013). Moreover,
the low coherence and lack of trust between the different administrative levels limits the willingness to inter-
vene at different and often more appropriate scales. One possible explanation could be the distance between
the administrative levels, especially in the Mesta-Nestos case study. Proximity fosters knowledge exchange
between actors (Biggiero & Sammarra, 2010). The cases show that some issues are very local and require sol-
utions based on local knowledge, and are often more adequately tackled from the local/regional level than
from the national level. To address issues at the appropriate level we recommend that allocating a bigger
role for the regional level could reduce the distance between the national and local level leading to more inte-
gration and coordination. More specifically, catchment officers could bridge the different administrative
levels, countries, and WEFE nexus sectors. They could act as boundary organizations or workers. Boundary
organizations and boundary workers are mentioned in the literature as one of the key conditions for trans-
boundary governance (Armitage et al., 2015). Boundary organizations are formal institutions at the intersec-
tion between governmental and non-governmental organizations aiming to bring social actors and their views
together. Catchment officers, can be seen as boundary workers. Such agents have successfully been used in
Denmark to foster communication and trust building between different types of stakeholders (e.g. public
administrations, scientist, private actors), while at the same time supporting the implementation of nutrient
mitigation measures (Hoffmann et al., 2020). Another successful example is the Dutch Delta program, a
national program responsible for advising the Dutch government on flood protection and fresh water supply
(Restemeyer et al., 2017). To be effective, impartial and avoid institutional crowdedness, these organizations
should have the clear aim and mandate to mediate between different WEFE domains and governmental scales,
rather than adding their own agenda to existing ones (Biesbroek et al., 2011; Smith & Porter, 2010). These
organizations or individuals should function as true boundary organizations/workers, responsible for facilitat-
ing inclusive communication, creating common ground and mutual understanding between the stakeholders,
making space for all perspectives to be heard, and laying down the rules for decision-making (Van Enst et al.,
2017). This could enable different national and sectoral institutions to collaborate and coordinate. Hoffmann
et al. (2022) reflect on the roles and expertise that individuals bridging multiple disciplines and, science and
practice should have. They often take on roles such as bridge builders, translating different perspectives, fos-
tering synergies between different perspectives, mediating between different groups, but also facilitating and
evaluating the process. These roles require specific skills and expertise which the catchment officers should
have. They should be creative, patient, and reflexive. Moreover, these individuals should be integrative thin-
kers, have interactional and referred expertise (Hoffmann et al., 2022). The former refers to the ability to
understand and communicate with disciplines other than your own discipline, and the latter the ability to
use expertise from one discipline in another (Collins, 2004; Collins & Sanders, 2007; Hoffmann et al,,
2022) Catchment officers should either be selected based on this expertise or supported to develop it.

Our findings regarding the resource related factors show that both case lack knowledge, human and
financial resources hindering monitoring of natural resource. A lack of monitoring of water quality and
quantity, in turn, complicates transboundary negotiations over natural resource allocation or pollution.
Our findings confirm existing literature identifying lack of monitoring, non-transparent data and having
different indicators and/or targets as a challenge to transboundary governance (Green et al.,, 2013; Voss
et al., 2013). For instance, disagreement on hydraulic models or pollutants thresholds complicates the pro-
cess to reach an agreement on transboundary resource quality and use (Krengel et al., 2018; Voss et al,
2013). Green et al. (2013) suggest that joint monitoring of natural resources can be a first step in trans-
boundary collaboration and data sharing because reliable, credible data can foster collaboration (Namany
et al., 2023). Monitoring is not only important as a precondition for collaboration, but also to evaluate the
effectiveness of measures taken, and so their enforcement (Jiménez et al., 2020). Unfortunately, as seen in
the cases, insufficient funding in the public sector or insufficient fines do not stimulate behavioral change.
The literature points to potential solutions. Benefit-sharing schemes, for instance, are a way to foster self-
enforcement and serve as an incentive for transboundary cooperation (Green et al., 2013; Namany et al.,
2023). Other options would be to set up cost-sharing schemes between transboundary countries by
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broadening the valuation of ecosystem services beyond only conservation or making use of public-private-
partnerships (PPP) (Mirumachi & Hurlbert, 2022). However, mitigating the risks of PPPs and making it
successful requires well-functioning laws, regulations, and adequate resources (Mirumachi & Hurlbert,
2022). Based on experiences in our research, we noticed that EU-projects are often used to instigate
local transboundary actions. Therefore, we recommend using EU-projects as temporary funds to
finance projects and meetings and are therefore not a permanent solution. However, they are useful plat-
forms to initiate local transboundary dialogue between different administrative organizations, and between
representatives from different WEFE nexus domains. This could be combined with well-coordinated pri-
vate investments in cross-sectoral initiatives as a long-term solution.

The recommendations above are formulated based on the interview results and our observations and
experiences in the NEXOGENISIS project. The project is transdisciplinary and researchers from various dis-
ciplines frequently interact with stakeholders to produce results. These interactions might contribute to high
stakeholder interest and cross-sectoral learning, despite some stakeholder fatigue. It should be noted that the
stakeholders explicitly mentioned the usefulness of these transdisciplinary projects and activities.

6. Conclusion

This paper set out to fill a knowledge gap on practical transboundary WEFE nexus governance approaches and
tools by means of two transboundary cases, the Lielupe and the Mesta-Nestos river basins. We addressed three
research questions: (1) to what extent are the current governance arrangements in the Lielupe and Mesta-Nes-
tos river basin supportive or restrictive towards WEFE nexus governance? (2) what factors contribute to sup-
portiveness and restrictiveness? (3) what recommendations can be formulated based on the lessons learned
across the two case studies for transboundary WEFE nexus governance?

Our analysis shows that the governance arrangements in both cases are restrictive towards transbound-
ary WEFE nexus governance. It also revealed a number of elements contributing to the level of restrictive-
ness, which interpreted in light of 5 types of governance challenges and related explanatory factors,
allowed to formulate four recommendations to organize transboundary WEFE nexus governance in a
more optimal way.

This research compared two transboundary river basins in Europe. The WEFE nexus governance assess-
ment methodology proved useful to provide case-relevant insights and recommendations. However, the
findings are difficult to generalize since the methodology has been applied only to two transboundary
cases so far. Further testing and application in other transboundary contexts and also across different
nexus issues is necessary to consolidate it. Moreover, the practical feasibility of the recommendations
should be further investigated. A final suggestion is to have the national level reflect on these results,
especially on the current relevance of the formal transboundary agreements and the need to revise or to
establish new ones.
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