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Abstract
In the last decade, increasing evidence of climate change fostered the development of multiple initiatives for adaptation.
However, there are few examples in which adaptation has been successfully implemented, evidencing the need for improving
understanding about the socio-institutional context of adaptation processes and the underlying causes of barriers to adaptation. In
this research, we developed a stakeholder-based assessment of barriers to the adoption of climate adaptation options for irrigation
in the Guadiana basin, one of Spain’s most climate-vulnerable basins. Based on social network mapping, we elicited potential
barriers to adaptation in the water sector. Using stakeholder questionnaires, we assessed the impact of the identified barriers on
the implementation of selected adaptation measures. Results highlight the low acceptance of planned adaptation by stakeholders,
and the lack of awareness and of a common understanding among the different actors as preeminent barriers to adaptation,
potentially caused by insufficient interactions between water users, the scientific community and environmental groups. The role
of the government as a catalyst of those interactions can be crucial for overcoming those barriers. Acknowledged water man-
agement instruments, such as water tariffs and quotas, may face the greatest barriers, while widely accepted adaptation measures,
such as irrigation modernisation, can contribute to overcoming the obstacles for the implementation of more controversial
measures. Overall, the results of this research contribute to climate change adaptation providing a better understanding of the
social dimension of adaptation processes, potential barriers to overcome and the feasibility of specific measures.
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Introduction

Despite the observed effects of climate change in many parts
of the world (EEA 2012; IPCC 2013), and the efforts of gov-
ernments in developing adaptation strategies, there are few
cases in which climate change adaptation processes have been
effectively accomplished (Moser and Ekstrom 2010; Eisenack
et al. 2014). The relatively recent development of knowledge
on climate change impacts and vulnerability at the local level,
coupled with its associated high uncertainty, has limited the
scope for action on adaptation. However, beyond this, there
also exist an array of barriers that have constrained the imple-
mentation of adaptation actions, as widely discussed in the
literature (e.g. Moser and Ekstrom 2010; Eisenack and
Stecker 2012; Biesbroek et al. 2013). There is an increasingly
rich body of literature that identifies and lists barriers to
adaptation. Jones and Boyd (2011) categorised barriers as nat-
ural, human and informational, and social. These account for
different aspects that may constrain adaptation such as natural
and physical conditions, knowledge, technology and finance,
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and also norms and institutions. However, even if identifying
barriers is a crucial step for achieving adaptation, there is still a
need to better understand the underlying causes behind those
adaptation barriers and ways to overcome them (Eisenack et
al. 2014).

Adaptation to climate change is a dynamic process that
occurs at multiple temporal, spatial and decision-making
scales (Smit and Wandel 2006; Agrawal 2010; Downing
2012). Adaptation processes often involve short-term actions,
as well as long-term processes that imply economic, social,
and institutional changes. These processes take place at the
local level, with implications at the regional and national
levels (and vice-versa), whilst simultaneously involving the
actions of individuals, communities and decision-makers that
frequently are interconnected.

Agriculture, as an economic sector highly affected by cli-
mate events, is one of the sectors where adaptation will be
most crucial. In the case of irrigated agriculture, adaptation
must deal not only with the effects of climate change on crop
growth, but also with the pernicious effects on water resources
availability. There are a wide range of adaptation measures
available for agricultural water management, as reflected in
the literature (e.g. Iglesias and Garrote 2015). Examples in-
clude improved irrigation technologies, adaptation of crop va-
rieties, new water infrastructures and policies that promote
irrigation efficiency through economic incentives.
Implementation of these measures requires varied types of
capital and interactions between different actors at diverse
scales. For example, implementation of new technologies at
the farm level firstly requires farmers’ willingness to adopt
such technologies, but may also require governmental finan-
cial support, or technical support from agricultural extension
services. The high dependence of adaptation actions on differ-
ent resources and actors, along with social and institutional
arrangements, suggests that the outcome of adaptation pro-
cesses is determined by multiple and overlapping social pro-
cesses (Jones and Boyd 2011) in which a number of obstacles
can arise. Frequently acknowledged barriers to farmers’ adap-
tation include the lack of financial resources (especially access
to credit), lack of technical options or knowledge of technical
options, low awareness, inadequate climate information and
information of adaptation options (e.g. Deressa et al. 2009;
Esham and Garforth 2013; Dang et al. 2014). Literature in
the field of water resources management not only highlights
physical, technical and financial barriers but also emphasises
the relevance of governance and the importance of formulat-
ing an enabling institutional and social environment that can
facilitate adaptation (Huntjens et al. 2012; Barnett et al. 2015).
Institutional constructs that promote stakeholder involvement
and cooperation, interagency coordination or cross-scale inte-
gration may contribute to the planning and implementation of
adaptation actions (Bates et al. 2008; Krysanova et al. 2010;
Jiménez Cisneros et al. 2014).

Social networks and their link to climate change
adaptation

Constraints to climate change adaptation frequently arise from
a lack of access to appropriate resources including financial,
natural, human and also social capital. As a source of resil-
ience, social capital is crucial for building adaptive capacity of
social-ecological systems (Folke et al. 2005). It may be essen-
tial for the implementation of adaptation processes, especially
in the context of natural resource management and climate
change (Adger 2003). Several scholars have addressed the
relation between social capital and adaptation to climate
change (e.g. Adger 2003; Pelling and High 2005), paying
attention to those elements of social relations that are key to
the construction of social capital such as networks, rules and
trust (Putnam 1995). The differential structures and nature of
relation in social networks may deliver either positive or neg-
ative outcomes (Adger 2003; Paul et al. 2016). For example,
Wolf et al. (2010) and Paul et al. (2016) found that bonding
relations (within a social group)may increase the vulnerability
of certain individuals or groups because of reduced private
adaptive behaviour. Adger (2003) explained that society-
state networking relations (between different groups) may
provide important contributions to adaptation, by taking ad-
vantage of significant synergies. They give rise to new insti-
tutional arrangements and co-management structures, provide
access for individuals and communities to knowledge and
resources, take advantage of governmental capacity to man-
age resources and infrastructures and promote the evolution of
governmental institutions to deliver policy and social learning
(Adger 2003; Paul et al. 2016).

A social network is the set of actors (individuals, organisa-
tions, institutions...) and the relationships established between
them (Marin and Wellman 2011) through different socially
relevant links such as information exchange, power relations,
and other mechanisms. Analysis of social networks has pro-
vided insights into natural resource governance and climate
change adaptation (Bodin and Crona 2009; Stein et al. 2011;
Bharwani et al. 2013; Lienert et al. 2013). Several authors
have demonstrated that formal and informal social networks
can determine resilience and adaptive capacity (Pelling et al.
2008; Scheffran et al. 2012), whilst emphasising the impor-
tance of informal networks and information flows in enhanc-
ing learning and innovation, and supporting adaptive action
(Pelling et al. 2008). Berkes (2009) stresses the role of infor-
mation in managing social-ecological systems and explains
how social networks facilitate the flow of information across
organisations at different scales. In the context of adaptive co-
management, Folke et al. (2005) also elaborate on the role of
multi-level social networks in fostering collaboration that de-
liver increased trust and enhanced information and contribute
to the development of common understanding regarding pol-
icy issues. Certain types of social network structures increase
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response capacity and flexibility and create opportunities for
adaptation to long-term climate change risks (Berkes 2009;
Pahl-Wostl and Knieper 2014). Actor centrality in a network
can determine its influence and leadership, whereas density
and cohesion have been argued to contribute to collective
action, common understanding and shared values in a system
(Bodin and Crona 2009; Fischer and Jasny 2017). These are
cross-cutting elements without which barriers may arise at
every stage in the adaptation process (Moser and Ekstrom
2010). Therefore, looking at the socio-institutional contexts
and understanding social networks involved in adaptation
can substantially contribute in enhancing the understanding
of the underlying causes of climate change adaptation barriers,
whilst also contributing to the identification of potential ave-
nues for overcoming such barriers.

Objective of the research

In this context, the objective of this research is to assess po-
tential barriers to climate change adaptation, by improving the
understanding of the socio-institutional context for adaptation,
and reflect on the relevance of those barriers by looking at
their impact on specific adaptation measures. The paper de-
velops a case study in a Spanish river basin, where previous
studies (Esteve et al. 2015; Varela-Ortega et al. 2016) analysed
potential adaptation measures for the irrigation sector. These
studies considered the contribution of adaptation measures in
reducing the effects of water shortages, and their socio-
economic impact. However, they did not consider the barriers
that implementation of suchmeasures may face. In this regard,
this research tries to advance the understanding of adaptation
processes and the feasibility of specific adaptation measures
looking at the social networks of the basin to identify potential
climate change adaptation barriers. Then, based on stakehold-
er opinions, we will evaluate how they may affect the imple-
mentation of specific adaptation measures.

Case study

The Guadiana River Basin is one of Spain’s most vulnerable
basins to the effects of climate change (CEDEX 2011).
Agriculture is the most prominent economic sector within
the basin, in terms of water consumption (≈ 90%) and socio-
economic importance (CHG 2013). Therefore, climate change
impacts on water resources and agriculture within the basin
may have severe socio-economic implications.

The Middle Guadiana (Fig. 1), located in south-western
Spain, covers an area of around 34,000 km2 and includes an
irrigation extension of 140,000 ha. With an average annual
precipitation of 590 mm, and an annual water inflow of
4270 Mm3 (CHG 2013), this area is heavily supported by a
large water storage capacity (8000 Mm3) that ensures water

volumes for irrigation activities. However, this large water
storage together with a water pricing system not based on
actual water use has resulted in extensive water consumption
on local farms, low water use efficiency, low incentives for
irrigation modernisation and water saving, and limited consid-
eration of environmental concerns.

In this context, climate change emerges as an important
threat to the irrigation sector and the aquatic ecosystems of
the Middle Guadiana. Recent studies by Esteve et al. (2015)
estimate a 15% decrease in river runoff during the period
2011–2040, and a 35% reduction in the period 2041–2070
under an A2 climate change scenario. At the same time, in-
creased temperatures and reduced precipitation may result in
increased agricultural, industrial and urban demands, with
more frequent droughts expected to produce large gaps be-
tween water demand and supply (Esteve et al. 2015; Varela-
Ortega et al. 2016). Therefore, adaptation of water users to
climate change seems crucial in the basin, with the water,
agricultural and environmental administrations in the process
of facilitating this adaptation.

Climate change adaptation policy is primarily the respon-
sibility of the regional environmental administration, which in
2013 enacted the Regional Adaptation Plan for the Water
Sector (Junta de Extremadura 2013). However, there is an
intertwined set of actors determining adaptive capacity and
developing adaptation activities, including water users and
different administrations as well as other actors. It is within
this intertwined context that understanding existing adaptation
barriers and their underlying causes requires a detailed con-
sideration of the different actors, and social network interac-
tions taking place within the basin.

Methods

To attain the proposed research objectives, we developed the
methodological framework summarised in Fig. 2. It includes
three phases: (1) an analysis of social networks, (2) the elici-
tation of adaptation barriers and (3) an analysis of the impact
of these barriers on the implementation of specific adaptation
measures. Each stage is based upon the involvement of stake-
holders and experts through workshops, interviews or
questionnaires.

The first phase of this research focused upon the anal-
ysis of social networks in the Middle Guadiana water sec-
tor. Different methods for analysing social networks, both
quantitative and qualitative, have been developed to suit
varied research contexts and constraints. Conventional
Social Network Analysis (SNA) techniques map and mea-
sure the relationships between actors making use of visual
images (social network maps or sociograms) and mathe-
matical and/or computational models (Freeman 2004).
Quantitative SNA techniques are based on extensive social
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Fig. 2 Methodological framework for the assessment of barriers to adaptation

Fig. 1 The Middle Guadiana
Basin
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network data usually obtained through questionnaires or
interviews. However, this data gathering can be very
time-consuming and may limit learning outcomes for par-
ticipants (Schiffer and Hauk 2010).

Alternatively to traditional data-intensive SNA, qualitative
social network analysis or social network mapping (SNM)
does not explicitly quantify actors’ relations, but studies their
influence in a qualitative manner drawing conclusions about a
system’s functioning based on network topologies (Bharwani
et al. 2013). This kind of qualitative approach is usually based
on stakeholder participation (e.g. interviews, focus groups).
SNM also has similar limitations to that of SNA but it can
be suitable for rapid assessments in the context of stakeholder
workshops encouraging participation, dialogue between
stakeholder groups, and learning (Schiffer and Hauk 2010;
Bharwani et al. 2013).

In this research, we applied SNM within the context of the
EU Project MEDIATION (Methodology for Effective
Decision-Making on Impacts and Adaptation, European
Commission, Project No. 244012). Following stakeholder
mapping and the review of key public documents, the analysis
of social networks started with a participatory SNM exercise
developed in a workshop. This exercise followed the NetMap
approach (Schiffer and Hauk 2010), a participatory SNM
method that maps complex networks incorporating additional
qualitative information such as an actor’s role, influence, goals
and the main strengths and weaknesses in the adaptation are-
na. Participants worked in three different groups: water ad-
ministration, farmers and environment-related groups (admin-
istration and NGOs). Each group produced a SNM
representing the key institutions and actors, whilst also
highlighting the links between these groups in terms of flows
of financing, information and implementation capacity. At the
end of the workshop, the three SNMs were presented and
discussed in a plenary session (see Bharwani et al. (2013)
and Varela-Ortega et al. (2016) for a detailed description of
the SNM exercise). After the workshop, we systematically
integrated the three independent maps to produce an aggregat-
ed SNM for the Middle Guadiana basin, which was subse-
quently discussed, completed and validated with key selected
stakeholders and experts.

The second phase consisted in the elicitation of a list of
climate change adaptation barriers based upon the analysis
of the SNM. Network properties, such as its structure, central-
ity of actors and connections between them, their roles and
influence in the network, were analysed and later discussed
with stakeholders and experts through semi-structured inter-
views. These interviews permitted the identification of ele-
ments determined by network characteristics (e.g. institutional
coordination) that may hinder adaptation processes. Based on
these, a final list of potential climate change adaptation bar-
riers in theMiddleGuadiana basin water sector was developed
with stakeholders.

The final stage of the process consisted in the assessment of
the effect of the identified barriers on the implementation of
specific adaptation measures. For this, a list of relevant adap-
tation measures for the irrigation sector was developed using
the Regional Adaptation Plan for Water Resources (Junta de
Extremadura 2013) and previous studies (Esteve et al. 2015;
Varela-Ortega et al. 2016). Using individual questionnaires,
20 stakeholders and experts rated from 0 to 5 the relevance
of each barrier with respect to the implementation of the mea-
sures considered. 0 was utilised to designate barriers that are
not relevant to a specific measure, and 5, those issues that may
strongly affect the implementation of a measure.

The stakeholder groups and experts involved in the process
included representatives from the Guadiana River Basin
Authority, the Spanish Office for Climate Change, the
Regional Department of Agriculture and Environment (both
from the Irrigation Service and from the Environmental
Protection Service), irrigation communities, three different en-
vironmental NGOs and scientists from the fields of water,
agriculture and climate change. In total, 18 stakeholders and
experts participated in the workshop and 20 in the subsequent
interviews and questionnaires. Table 1 in Online Resource 1
summarises the main questions addressed at every phase of
the process.

Finally, it is important to refer here to the limitations of
these methods. With the aim of presenting a consensual and
synthetic view of social networks in the Middle Guadiana for
discussion with stakeholders, the aggregation of the three
maps produced in the workshop made it necessary to make
decisions about actors and the ties to be included or removed
from the final social network map. To overcome this issue, the
aggregated map was discussed, completed and validated with
stakeholders. Additional limitations of the methodology are
those common to most participatory processes, such as the
potential bias of results due to the subjectivity of participants
and the balance of the stakeholder group.

Results and discussion

This section presents and discusses the results of this study,
structured according to the three phases of the research
outlined above. First, we introduce the results of the SNM,
describing the structure of the integrated network, the role and
relevance of actors, and the most important links between
them. Second, we present and discuss the insights gained from
the analysis and discussion with stakeholders of the SNM
results to identify a set of potential barriers to climate change
adaptation. Finally, we evaluate the effect that these barriers
may have upon the implementation of selected adaptation
measures, and we elaborate on their implications for climate
change adaptation within the irrigation sector of the Middle
Guadiana basin.
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Analysis of social networks

Figure 3 depicts the aggregated SNM, in which circles repre-
sent the different actors of the Middle Guadiana, and arrows
depict the relationships among them in terms of flows of fi-
nancing (blue), information (yellow) and implementation ca-
pacity (red). Bold arrows symbolise formal and strong flows,
which represent relations based on official governmental ini-
tiatives, which are perceived as strong and stable along time.
Dashed arrows represent informal flows or flows perceived as
‘weak’ or unstable, in which the initiative and role of the
government and formal institutions is less prominent or is
dependent on governmental initiatives perceived as less stable
and weak. The colour and size of the circles demonstrate the
number of ties for each actor, suggesting the most influential
within the system. Larger and darker circles represent actors of
greater influence.

Looking at the network cohesion, the structure of the net-
work shows different subgroups easily identifiable. Firstly,
there is a notable vertical axis, which is central to the network
and corresponds to the different governmental levels, includ-
ing the European Union (EU), the Ministry of Agriculture and

Environment (national level), the River Basin Authority
(RBA) (sub-national, basin revel), the Regional Department
of Agriculture and Environment (sub-national, regional level)
and the local authorities (municipalities). The scientific com-
munity and the environmental groups are on the right side of
the network, connected to the administration and also to each
other. The different users, on the left side of the network, are
not tied to each other. The network shows domestic and in-
dustrial users as peripheral actors, linked to the administration
at different levels. Finally, irrigation farmers form a subgroup
with the irrigation communities and producer organisations,
with links between themselves, with the governmental bodies
at different levels and with the EU. The fact that industrial and
domestic users are marginal actors is consistent with the fact
that, in terms of water consumption, agriculture is the key
actor. With 90% of total water withdrawals, the need for ad-
aptation to future water scarcity is critical for the agricultural
sector.

The network demonstrates the clear centrality of govern-
mental bodies, within which the Regional Department of
Agriculture and Environment and the Ministry of
Agriculture and Environment are the most influential actors

Fig. 3 Social network map of the
water sector adaptation system
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according to the high number of links with other actors. With
slightly less relevance, the River Basin Authority (RBA) plays
also an important role. The governmental administrations at
different levels are the key actors transferring information,
financing and capacity to water users. They act as a bridge
between water users, the scientific community and environ-
mental groups. These last two groups are important sources of
information, but have little interaction with water users. The
most relevant actors among the water users are farmers, which
are primary receivers of flows of financing, information and
capacity from different governmental bodies. Also, they re-
ceive information and capacities from the irrigation commu-
nities and agricultural producer organisations. The irrigation
communities, which integrate farmers from the same irrigation
district, are linked with administrative bodies at higher levels
including both the Ministry of Agriculture and Environment
and the EU which provide information, funding and different
capacities. Irrigation communities also act as bridges between
farmers and governments, providing support and offering a
voice to small farmers whose views would otherwise rarely
be considered in management and policy-making processes.

Looking at specific flows, financing flows considered here
are those that fund any specific action that may facilitate ad-
aptation, including funds from agricultural and water policies.
Formal flows of financing correspond to stable funds from the
budgets of certain policies specifically devoted to climate
change adaptation (e.g. funds from rural development
programmes) as well as other non-climate-specific funds such
as those devoted to water supply systemmaintenance and fees
paid by farmers to the irrigation communities for common
investments, etc. Informal financing flows are those not stable
in the medium- to long-term and are perceived as less reliable
(the amounts fluctuate and can be removed under economic
stress or as policy priorities change). The map shows numer-
ous informal financing flows coming from the EU and the
national and regional administrations directed towards agri-
cultural water users (farmers and irrigation communities).

Information flows include knowledge and information that
may support adaptation, mainly related to climate change im-
pacts, available adaptation options, technical and agronomic
recommendations, etc. Most of the formal information flows
correspond to those that exist between the administrations and
the water users. At the same time, there are a considerable
number of informal/weak information flows, especially those
linking scientists and environmental groups with other actors.

Implementation capacity flows refer to different actions,
policies and institutional rules that provide all actors with ca-
pacity to adapt. In the Middle Guadiana network, formal ca-
pacity flows emanate firstly from the EU and are subsequently
directed towards the National government, the RBA and the
Regional government, and finally to users. The National
Government provides capacity to all other governmental bod-
ies, mostly through the adoption of plans and strategies and

other institutional arrangements. The RBA and the Regional
Government, through the elaboration of water management
and adaptation plans, also provide farmers and other water
users with the capacity to adapt, as these plans determine the
rules for water use and create incentives for actions on
adaptation.

Elicitation of barriers to adaptation

Based on the results of the SNM shown in the previous sec-
tion, we analyse and discuss the network characteristics and
their links to potential climate change adaption barriers in the
Middle Guadiana. The properties of the network can have
according to stakeholders and the literature (Berkes 2009;
Bodin and Crona 2009; Stein et al. 2011; Bharwani et al.
2013; Lienert et al. 2013) relevant implications for elements
such as policy coordination and consistency, level of knowl-
edge and awareness, and policy acceptance (among others).
These elements, identified by several authors (e.g. Moser and
Ekstrom 2010; Measham et al. 2011) as potentially creating
adaptation barriers, are discussed in the following sections.

Policy coordination, consistency and control

Among the most evident elements of the network is the cen-
trality of the governmental bodies at different levels, and es-
pecially the Regional Department for Agriculture and
Environment as the responsible body for adaptation policy.
The network shows multiple formal links between the differ-
ent administrations, indicating a well-established hierarchy.
There is a clear top-down structure, but the relevance of lower
administrative levels, such as the Regional Department of
Agriculture and Environment, shows a level of decentralisa-
tion that may offer increased flexibility and response capacity
resulting in improved implementation of adaptation processes
(Pahl-Wostl and Knieper 2014).

However, this structure may entail as well coordination
issues. The consulted stakeholders highlighted, in line with
literature (Ivey et al. 2004; Engle 2011), how coordination
and integration at different organisational and institutional
levels are crucial to build adaptive capacity. For example,
the network shows the RBA is a central actor with respect to
information and implementation capacity, but not in terms of
financing. This suggests the need for good coordination be-
tween the RBA and the Regional Government, so that the
RBA’s capacity is effectively translated into actions that re-
quire public financing and the Regional Government’s actions
are in line with the RBA’s water management priorities. A
consistent policy framework and effective coordination be-
tween different administrative levels are crucial elements
without which adaptation processes may be hindered (Moser
and Ekstrom 2010; Measham et al. 2011; Mukheibir et al.
2013). Also, multi-level coordination is reported among the
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most relevant challenges for integrated water management
(UNEP 2012).

Additional coordination issues where suggested by stake-
holders that explained that regional policy on agriculture, en-
vironment and climate change are competence of the Regional
Department of Agriculture and Environment but under differ-
ent agencies. Participants explained that the development of
adaptation plans for water and agriculture, undertaken by the
Environment Agency, was not fully coordinated with the
Agricultural Agency which can result in an inadequate plan-
ning and implementation, and lack of control of compliance
with policy measures.

Knowledge, awareness, common understanding
and stakeholder acceptance

A second important aspect emphasised by the participants is
the lack of links between water users and the environmental
groups and scientific community, which are both perceived as
relevant information providers. This may indicate low levels
of climate change awareness. According to stakeholders, de-
velopment of further connections between water users and
environmental groups may be prevented by their apparent
antagonistic goals, which, together with the low awareness,
may hinder the development of a common understanding
among the different actors, reducing the likelihood of joint
actions in the basin (Adger et al. 2009; Bodin and Crona
2009; Moser and Ekstrom 2010). In line with other studies
(Albizua and Zografos 2014), experts and stakeholders
interviewed stressed that scientists apparently do not have
conflicting objectives with other actors in the system and
could contribute to improved knowledge transfer, common
understanding and raising awareness among users. However,
the limited links between the scientific community and water
users in the current system may minimise the impact of sci-
ence on the whole system. In line with this, the EU
Commission Report on the status of implementation of the
WFD (EC 2012) highlights the need for improved communi-
cation from the scientific community to promote effective
policy development and to increase legitimacy and stakehold-
er acceptance.

Instead, current information streams in the network are
highly dependent on the different governmental bodies, which
act, as mentioned above, as bridges between actors in the
network. In this sense, stakeholders highlighted the impor-
tance of public participation in water management policy-
making as a tool for both strengthening and formalising infor-
mation flows. However, despite many policy-making process-
es demanding stakeholder involvement and public
participation, some participants argued that such information
and consultations do not always reach stakeholders
effectively. At the same time, there are some informal flows
of information, especially those linking scientists and

environmental groups, with other actors. In this respect,
consideration should be made of the discussion of Pelling et
al. (2008) who argued that these informal interactions, or
shadow systems, could be important contributors to social
learning and enhance adaptive capacity. However, according
to stakeholder opinions, many of these informal flows may be
weak or ineffective due to low stability or continuity.

Financial and technological resources, and additional
considerations

The Middle Guadiana SNM shows that there are a consider-
able number of financial flows reaching agricultural water
users. However, farmers interviewed argued that the lack of
financial resources may limit the access to new technologies
in the farms, being both the access to financing and to tech-
nology adaptation barriers frequently mentioned in the litera-
ture (Moser and Ekstrom 2010). Also, some of the experts
interviewed stressed that a high dependency on financial sup-
port from the administration may make farmers less proactive
and may reduce their incentives to adapt, therefore making
them more vulnerable. This may suggest an additional con-
straint to adaptation, if financial flows are discontinued due to
economic recession or if there are changes to the policies that
provide such funds.

Finally, stakeholders mentioned the difficulties in the iden-
tification of appropriate thresholds as a barrier for the imple-
mentation of certain measures. The already-explained effect of
limited connections between the scientific community and
water users on knowledge transfer and common understand-
ing may in turn trigger difficulties in the identification of ap-
propriate thresholds for the implementation of certain mea-
sures. Specifically, farmers explained that some policy mea-
sures, such as the use of water tariffs for cost recovery and the
maintenance of environmental flows in rivers, are difficult to
apply. Identifying the appropriate price of water or the appro-
priate minimum river flow (thresholds) requires not only very
specific knowledge but also a common understanding of the
costs of water that should be recovered, and the minimum
standards for aquatic ecosystems that should be maintained.

Summary of barriers

To summarise, analysis of the network permitted the identifi-
cation of a set of potential barriers that may affect implemen-
tation of selected adaptation measures within the basin. They
are summarised as follows:

– Lack of coordination
– Lack of appropriate policy framework or conflicting pol-

icy framework
– Lack of appropriate control of policy implementation
– Lack of sufficient knowledge
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– Low awareness
– Lack of a common understanding
– Lack of acceptance
– Lack of financial resources
– Lack of access to appropriate technology
– Difficulty for threshold identification

Analysis of the impact of barriers on climate change
adaptation measures

This section elaborates the impact of the identified barriers on
the implementation of specific adaptation measures, based on
stakeholder rating of the barriers’ strength across measures.
Then, based on the analysis above, we reflect on potential
avenues to support the implementation of these measures
through a more enabling socio-institutional context.

The adaptation measures considered, intended to reduce
the vulnerability of irrigation farmers and of aquatic ecosys-
tems, were selected from the basin’s climate adaptation policy
(Regional Climate Change Adaptation Plan for Water
Resources) and have been underlined by different authors
(Esteve et al. 2015; Varela-Ortega et al. 2016) as promising
options for adaptation in the basin. They include (i) water
pricing for cost recovery, as a measure that incentivises water
use efficiency; (ii) limiting irrigated water consumption,
through exhaustive controls of compliance with water allot-
ments and eventual reductions; (iii) modernisation of water
conveyance and irrigation systems (substitution of traditional
gravity-based irrigation methods by pressurised systems, es-
pecially drip irrigation); (iv) establishment of environmental
flows to protect aquatic ecosystems; and (v) adaptation of
cropping patterns towards better adapted crops or varieties.

Figure 4, divided in six panels, summarises the results.
Panel Ba^ shows the ranking of barriers to adaptation accord-
ing to their average impact on the implementation of adapta-
tion measures (average value across measures). The impact of
each barrier is expressed from 0 to 5, representing the range
between the lowest and the highest impact that each barrier
could have on the implementation of each selected adaptation
measure. The remaining panels (b to f) show the rating of the
barriers for eachmeasure considering the opinions of all stake-
holder groups involved in this research. Results of the rating
of barriers for each measure and by stakeholder group are
shown in Online Resource 2.

The results demonstrate that stakeholders’ lack of accep-
tance for certain measures and the lack of a common under-
standing among the actors of the basin are perceived as the
strongest barriers to implementation of climate change adap-
tation measures in the Middle Guadiana (both above 3). The
low awareness of stakeholders about climate change adapta-
tion needs emerges also as a moderate-to-strong barrier (2.75).
In the moderate range (between 2.5 and 1.5), we find lack of

financial resources, lack of institutional coordination, lack of
an adequate regulatory framework, difficulty for establishing
appropriate thresholds for the different measures and lack of
control of policy implementation. All of these moderate and
strong barriers were similarly considered as barriers to adap-
tation in the Middle Guadiana by Krysanova et al. (2010),
except for the difficulty for threshold identification. The fact
that lack of coordination is ranked in the fifth position as a
moderate barrier may be surprising, considering the promi-
nence of this issue in the water governance field (Krysanova
et al. 2010; UNEP 2012), and for stakeholders during inter-
views. This may be explained by the fact that stakeholders
were asked to evaluate the impact of each barrier on the im-
plementation of specific measures. However, the coordination
between administrations may more specifically contribute to
the creation of an enabling environment for the implementa-
tion of adaptation processes, rather than it being an element
directly necessary for the implementation of the adaptation
measures considered.

Finally, stakeholders and experts perceived the lack of both
adequate technologies and knowledge for implementing ad-
aptation measures in the Middle Guadiana as not very rele-
vant, with these elements found at the bottom of the rank
(below 1.5).

Looking at the impact of the barriers on specific adaptation
measures, Fig. 4 shows that the relevance of the barriers varies
widely depending on the adaptation measure considered (see
Fig. 4b–f). According to stakeholders and experts, the mea-
sures that on average may face the greatest obstacles in their
implementation are the use of water pricing for cost recovery
(b), maintaining environmental flows (e) and limiting irrigated
water consumption (c). The most relevant barriers for the im-
plementation of those measures are a lack of a common un-
derstanding, low awareness and lack of acceptance by the
affected stakeholders. Lack of control from the authorities is
particularly relevant for limiting irrigated water consumption
(c) and also for water pricing (b) as it relies on the measure-
ment of water use. The fact that these measures face the stron-
gest barriers may constitute an important concern for water
managers, as these are measures consistently promoted by
water management regulations. Previous studies (Esteve et
al. 2015; Varela-Ortega et al. 2016) emphasised the potential
of these instruments in reducing the gap between water supply
and demand under climate change, through the promotion of
more efficient management of water by farmers. However, the
present research highlights potential opposition from stake-
holders, in line with other studies (e.g. Albiac et al. 2008;
Blanco-Gutiérrez et al. 2011) and emphasises the relevance
of actors’ cooperation, acceptance and policy control for the
success of these measures. Moreover, according to the analy-
sis in the previous section, promoting and enhancing relations
between water users, the scientific community and environ-
mental groups could contribute to partially overcome the
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obstacles in the implementation of such measures. Scientists
can provide knowledge and information that improve aware-
ness, and given their perceived neutrality they can contribute
to create a shared understanding that facilitates the implemen-
tation of the mentioned adaptation measures.

Adaptation of cropping patterns (Fig. 4f) and modernisa-
tion of water conveyance and irrigation systems (Fig. 4d)
would not however be so severely affected by the barriers
considered as the previous three. This is consistent with the
results of Varela-Ortega et al. (2016), which highlighted these
twomeasures as highly adequate options that besides reducing
the vulnerability of farmers and ecosystems show a high
financial and political feasibility. Iglesias and Garrote (2015)
showed that changing crops and cropping patterns would
present a good benefit-to-effort ratio as an adaptation practice
for agricultural water management in Europe. Our results sug-
gest that changing cropping patterns would be an easily
implementable adaptation measure. This measure could suffer
from farmers’ lack of awareness about adaptation needs, sug-
gesting that more information and knowledge obtained
through interactions with administrations at different levels
and from scientists coupled with appropriate incentives could
be needed. However, it should also be noted that according to
stakeholders, in some areas, there are few alternative options
available due to soil quality constraints (e.g. land devoted to
rice cultivation).

The case of irrigation modernisation may have particular
implications. It has been argued that modernisation could re-
sult in unwanted increase of water consumption or energy use
(López-Gunn et al. 2012). However, several authors (Scott et

al. 2014; Berbel et al. 2017) explain that some of these unin-
tended consequences could be avoided by controlling and
limiting water use and establishing adequate water pricing.
At the same time, Berbel et al. (2007) and Esteve et al.
(2015) explain that irrigation modernisation can cushion the
negative economic impacts of water pricing and of reduced
water allotments through increased water-saving potential,
which evidences clear synergies of the joint implementation
of these measures. According to our analysis, these synergies
are further aided by the fact that irrigation modernisation does
not face significant barriers and by reducing the negative im-
pact of measures that constrain the use of water, it could con-
tribute to farmers’ acceptance, reducing the obstacles for im-
plementation of such economically unfavourable measures.
However, the lack of financial resources could be an obstacle
in making the necessary investments for modernisation (Fig.
4d).

Summary and conclusions

Recent experience in climate change adaptation across the
world has demonstrated the presence of barriers that hinder
the implementation of adaptationmeasures. Developing effec-
tive climate change adaptation strategies requires going be-
yond the recognition of barriers, towards an improved under-
standing of their roots in the socio-institutional context. In line
with this, this paper has presented an analysis of climate
change adaptation barriers in Spain’s Middle Guadiana basin

Fig. 4 Impact of barriers on the implementation of selected climate change adaptation measures. a Average impact of barriers. b Water pricing/cost
recovery. c Limitation of irrigation water consumption. d Modernisation. e Environmental flows. f Adaptation of cropping patterns
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that contribute to the adaptation debate by identifying poten-
tial barriers and their causes, through the analysis of the socio-
institutional aspects that determine adaptation within the ba-
sin. This analysis of adaptation barriers is then used to evalu-
ate the feasibility of adaptation measures included in the re-
gion’s adaptation plan.

Themethodology applied, based on participatory SNMand
stakeholder questionnaires, proved to be useful for visualising
the many actors playing a role in the adaptation arena. Despite
limitations inherent to participatory methods (e.g. bias) and to
the analysis of social networks (e.g. the difficulty to set the
boundaries of a system), the methods applied also offered a
means for improving the understanding of the complex inter-
actions between actors that may create barriers at every stage
of the adaptation process.

The results highlighted the key role of regional admin-
istrations in transferring knowledge, financing and capaci-
ties required for adaptation, and also the importance of
coordination of these regional administrations with other
governmental bodies and actors. Low levels of acceptance
by stakeholders, low climate change awareness and a lack
of a common understanding among the different actors are
preeminent barriers to adaptation that can be caused by
insufficient interactions between water users, the scientific
community and environmental groups. However, public
institutions and governmental bodies at different scales
can greatly contribute in promoting multi-actor interac-
tions, improving knowledge transfer, and building com-
mon views and goals in the basin, contributing to lessen
the impact of those barriers.

The consideration of the impacts of barriers on specific
adaptation measures revealed that certain adaptation measures
central to water management, such as water tariffs and quotas,
may face significant barriers in their implementation. More
importantly, our analysis evidenced that there are accepted
and easily implementable measures, such as irrigation mod-
ernisation, that can contribute to overcoming the obstacles for
the implementation of those controversial measures. Thus, the
combination of different adaptationmeasures can also contrib-
ute to reduce some of the barriers, taking advantage of existing
synergies between measures.

Overall, this research has demonstrated that it is critical to
look at the social and institutional contexts in which adapta-
tion processes take place. The measures included in water
management and climate change adaptation plans, also sup-
ported by bio-physical and economic model-based assess-
ments, may face important barriers in their implementation
driven by the socio-institutional context. Identifying climate
change adaptation barriers and their causes can support
decision-makers in planning adaptation processes as it pro-
vides a more realistic picture of the effectiveness and feasibil-
ity of adaptation strategies and allows for the development of
actions to overcome obstacles to adaptation.
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