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Abstract Climate variability and change are directly

challenging the viability and sustainability of social–eco-

logical systems. This is particularly true for water resour-

ces. Effective water governance is at the heart of

alleviating water challenges and is thus considered crucial

for building adaptive capacity to cope with future uncer-

tainty and impacts from climate change. Despite advances

in the conceptualisation of adaptive capacity, there are few

empirical examples that look systematically across cases to

identify how to implement measures and actions that build

and mobilise adaptive capacity. This paper contributes to

the understanding of adaptive capacity to climate stress by

analysing the bridges and barriers to adaptation across

water governance and management regimes in the case of

the Canton Valais, Switzerland and the state of Georgia,

USA. We find that while there is no single way to build and

mobilise adaptive capacity across different scales of gov-

ernance, the analysis points to a set of common bridges and

barriers for building adaptive capacity to a variety of cli-

matic events. Common bridges include trust and actor

relationships, regional collaboration, leadership, and

regulatory and legislative aspects. Common barriers

include political, regulatory and legislative, and perception

and cognitive aspects.

Keywords Climate change � Adaptive capacity �
Water governance � USA � Switzerland

Introduction

Water resources are crucial to every facet of ecological,

economic and social systems. Water governance [(the

encompassing institutions, broader laws, regulations, poli-

cies, actions and actor networks with which water resour-

ces are managed) (UNDP 1997)] and management are

critical to ensuring that these systems equitably achieve

multi-sector water requirements, as well as acceptable

water quality standards and availability in the face of hy-

droclimatic events and climate change impacts (Folke et al.

2005). Moreover, governance and the associated institu-

tions and management approaches are key in facilitating

and mobilising effective adaptations, thereby increasing or

decreasing adaptive capacity (Adger et al. 2005).

Despite this basic understanding of the importance of

governance for effective adaptation decision-making, there

remains relatively little empirical examination into the

forms of governance approaches that most positively

influence adaptive capacity (Medema et al. 2008). In this

paper, we present empirical evidence from studies into the

adaptive capacity of water governance and management in

the canton (i.e. state) of Valais (Switzerland) and the state

of Georgia (USA). The cases investigate different gover-

nance-related bridges and barriers affecting adaptations

with respect to recent extreme climatic events. The cases

therefore offer an empirical analysis of the governance
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factors that can help or hinder the development and

mobilisation of adaptive capacity.

While the cases are diverse in the type of climate stress

experienced and population affected, they both represent

federal governance systems (where each level of govern-

ment has sovereignty in some areas and shares powers in

other areas) with similar challenges of scale. Analysis

uncovers a number of common bridges and barriers upon

which decision-makers might focus on building and mo-

bilising adaptive capacity across scales of water

governance.

Background

Adaptation to climate change in water governance

and management

Researchers have criticised traditional water governance

and management approaches as being dominated by a

command and control paradigm and fragmented regulatory

and institutional landscapes that do not take the complex

inter-linkages of the social–ecological systems (SESs) into

account, instead seeking to eliminate uncertainty rather

than attempt to manage and live with it (Pahl-Wostl et al.

2009). For example, ministries, agencies and regulation are

often siloed along sectoral lines, while rule-making on

water resources may not take into account the needs,

challenges and reality at the local level. Furthermore, tra-

ditional management approaches have favoured the control

of the hydrological cycle (i.e. dam construction, dyke

enforcement) in order to reduce natural threats and produce

more predictable outcomes (Jewitt 2002).

Governance is recognised as being critical for building

and mobilising adaptive capacity (Brooks and Adger 2005;

Engle and Lemos 2010). It relates to the different processes

of making and setting rules and institutions and takes into

account the different actors and networks that negotiate

positions in balancing trade-offs in policy and its instru-

ments (Pahl-Wostl 2009). To manage normal ranges of

uncertainty (e.g. inter-annual variability of climate leading

to sequences of wet and dry years, stochastic or internal

climate variability), a water governance system might have

prioritisation rules that kick in when indicators suggest a

dry year is underway. More specifically, water manage-

ment is concerned with the application of these rules and

operationalisation of the policy visions with the practical

aspects of water allocation, protection and prevention of

harm from extremes (Folke et al. 2005; Pahl-Wostl 2009).

Many current water supply management adaptation tech-

niques thus relate to reservoir storage to tie over water

provision during dry years, while often flood management

strategies relate to techniques such as dykes and early

warning systems that protect against high precipitation

events (Smit and Wandel 2006).

However, climate change embodies a more unpredict-

able form of uncertainty or ‘non-stationarity’ (reduced

runoff contribution from glacier and snow melt, shifts in

seasonality, increasingly consecutive dry years) that may

lie beyond the coping ranges of past and present water

management and governance regimes (Matthews et al.

2011; Milly et al. 2008). To meet these challenges, climate

change and water governance and management research

communities have in recent years focussed more heavily on

better understanding adaptive processes (Pahl-Wostl et al.

2007).

Understanding and fostering adaptive capacity

Adaptive capacity is the ability of actors, individuals and

groups to prepare for, respond to, create and shape vari-

ability and change in a system (Chapin et al. 2009b). It can

be characterised by preconditions necessary to enable

adaptation, including social and physical elements, and the

ability to mobilise these elements (Nelson et al. 2007).

Across the broad determinants of adaptive capacity, there

has been wide recognition of the critical role of institutions

and governance mechanisms in setting effective rules and

incentives for adaptive and sustainable water use and

protection at local, regional and national levels (Adger

et al. 2005; Nelson et al. 2007).

There are numerous ways that researchers have assessed

adaptive capacity (Engle 2011), but, to date, many studies

begin with the assumption that certain governance

arrangements (i.e. frameworks or settings) or principles are

desirable or key to increasing adaptive capacity (e.g.

integrated water resources management and adaptive

management) (Brooks et al. 2005; Pahl-Wostl et al. 2007;

Tompkins et al. 2008) and in turn, evaluate the presence or

absence of these arrangements and principles as indicators

of adaptive capacity. In the past decade, numerous studies

have developed a deeper understanding of relevant insti-

tutional and governance indicators of adaptive capacity in

different social–ecological systems (Engle and Lemos

2010; Folke et al. 2005; Gupta et al. 2010). Specifically,

these different studies have highlighted the importance of

governance indicators such as information and knowledge,

experience and expertise, networks, transparency, trust,

commitment, leadership, legitimacy, accountability, con-

nectivity and collaboration, iterativity, flexibility and

leadership.

Likewise, the associated literatures on resilience (the

ability to absorb disturbance while retaining the same

fundamental system structure, function and identity)

(Chapin et al. 2009a) and disaster risk resilience/reduction

(DRR) also stress the importance of iterative (e.g.
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integrating best available climate science), flexible

approaches (Garmestani et al. 2009; Huntjens et al. 2011)

in both governance and management as well as in inte-

grative (Gaillard and Mercer 2013), multi-level institu-

tional arrangements (Seng 2013) and community-based

adaptations (Adhikari and Taylor 2012). Namely, multi-

level and sector approaches should ensure that short-term

adaptation or preparatory actions to certain hazards or risks

do not undermine the ability of that system to respond to

other stressors (Adger et al. 2011). Adaptive capacity

should therefore contribute to enhancing resilience, rather

than leading to adaptations that degrade resilience.

However, less research has investigated deeper empiri-

cal examples of adaptive actions and measured the role of

governance arrangements in climate-stress periods (Folke

et al. 2005; Pahl-Wostl 2007). This study uses recent past

extreme events as a proxy for future climate change con-

ditions to empirically evaluate the governance arrange-

ments in each case area (Adger et al. 2007; Folke et al.

2005). This enables us to identify actual manifestations of

adaptive capacity (i.e. adaptive actions) in order to better

understand the role that different governance approaches

play in building adaptive capacity.

Bridges and barriers to adaptation

Barriers to adaptation are recognised as persisting at local,

regional and national scales and represent impediments that

can delay or momentarily block the adaptation process

(Ekstrom et al. 2011). Recent studies have highlighted a

number of common barriers to adaptation processes,

including challenges in uncertainty and fragmentation of

decision-making and information on climate change, lack

of resources and leadership, fragmented decision-making

and institutional challenges as well as contrasting risk

perceptions and values (Bierbaum et al. 2012; Ekstrom

et al. 2011; Moser and Eckstrom 2010).

While indicators of adaptive capacity may be framed as

bridges in some studies, negative fulfilment of these indi-

cators may be seen as barriers, thereby identifying what

can hinder actors at different temporal stages of the adap-

tation process (Moser and Eckstrom 2010) or at different

spatial scales of adaptation (local, regional and national)

(Crabbé and Robin 2006). A difference in framing specific

issues such as ‘bridges’ or ‘barriers’ rather than ‘indicators’

is that it allows a more nuanced identification of specific

lever points that water managers and policy makers could

capitalise on to implement targeted interventions that

develop more adaptive responses to hydroclimatic stresses.

Therefore, the investigation of bridges and barriers in

relation to a set of governance-related adaptive capacity

indicators enables the researcher to identify key water

governance mechanisms and factors that are most

commonly influencing adaptive capacity in practice across

the individual cases.

Case areas and methodology

The evidence that this article presents and explores comes

from two independent studies conducted in Switzerland

(2010–2011) and the USA (2009–2010). Each case study

(see Table 1) represents an assessment of adaptive capacity

in water governance arrangements to climate variability

and change impacts.

The studies use a similar body of governance-related

indicators to explore adaptive capacity in relation to past

extreme hydrological events (Engle 2011; Hill 2011). To

ensure compatibility and comparability across the different

case areas, a process of comparing and consolidating pro-

ject frameworks, methodological and analytical develop-

ments was initiated in the development phases of the

independent studies. This first collaborative step ensures

consistency across the definitions of the indicators and

criteria and thus enables a comparison of the key findings

in order to develop common conclusions across the inde-

pendent studies. The motivation for pursuing similar

methodologies between the two studies is that it represents

an important contribution to generating research on adap-

tive capacity to overcome the challenges of scaling up

adaptation research. Thus, despite the different contexts,

generating common lessons from contrasting systems is

vital for scaling up local lessons so that they can be applied

across different contexts (Smit and Wandel 2006).

The governance indicators utilised in the studies are

drawn from the adaptive governance, adaptive manage-

ment and integrated water resources management literature

(Folke et al. 2005; Nelson et al. 2007; Pahl-Wostl 2007) as

discussed in ‘Understanding and Fostering Adaptive

Capacity’ section. The indicators are grouped into the

following categories: networks, flexibility, knowledge and

integration (see Table 2). The studies employ past climatic

events as the primary context through which to explore

adaptive behaviour in relation to the indicators. Figure 1

shows the conceptual framework applied in this paper.

In-depth semi-structured interviews with stakeholders

and experts (water managers, water users, government

representatives, NGOs, scientists and academic experts)

across local, regional and national governance scales

(N = 45) provide qualitative data on planning and prepa-

ration for hydrological extremes, coping mechanisms and

adaptation actions before, during and after the events. In

addition to the interviews, the studies also analyse archival

data on the relevant policy, planning, legislative and reg-

ulatory framework. The data are then analysed and coded

to identify which structures, relationships, processes and
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other variables allowed for (i.e. bridges) or blocked (i.e.

barriers) the facilitation of adaptations (i.e. adaptive

capacity) (Adger et al. 2009; Moser 2008) (see

supplementary material for coding categories and logic).

Similar themes are then identified as bridges as well as

barriers between the case studies. It should be noted that

for both studies, the identification of bridges and barriers is

one element of a multi-pronged approach to investigate

adaptation and adaptive capacity (Engle 2010; Hill 2013).

Results

Before discussing the most prominent bridges and barriers,

it is important to highlight the major governance mecha-

nisms that emerge (or are muted) in preparation for and

response to the climate events analysed in this study.

Table 3 presents the focussing events and the main gov-

ernance mechanisms, which are then discussed for each

case study area.

Adaptive mechanisms in Valais, Switzerland

To date, Valais has been more seriously impacted by

extreme precipitation events and flooding than by situa-

tions of drought and water scarcity. Drought impacts were

Table 1 Background to the case areas

Case study Climate System stressors Governance context Focussing events

Canton

Valais,

Switzerland

Mediterranean

climate, Nivo-

Pluvial regime (high

run-off in summer

and low run-off in

winter)

Large concentration of

hydropower production leading

to inter-sector management

challenges. Ski and tourism

area generating seasonal peaks

Decentralised country, with

federal and cantonal laws on

water use, protection and water

course management.

Communes (municipalities) are

the functional entities for water

management. Mixture of

public, private and common

property rights for water

resources. In Canton (state)

Valais, the communes are the

main water rights holders for

the tributaries to the Rhône,

while the Canton is the owner

of water rights of the Rhône

itself

Flooding events (1993 & 2000)

and seasonal peaks and

scarcity; rain shadow causes

highly variable precipitation

at different elevations.

Recession of glaciers,

changes in seasonality,

melting of permafrost, and

changes in vegetation and

precipitation. Periods of low

precipitation have, however,

so far been offset with

increased glacier meltwater

Georgia,

USA

Humid/subtropical

climate

Rapid population growth over

the past several decades, and a

similar local deference to

economic growth as in the

Arizona case

Uses a ‘regulated riparian’

approach, meaning that those

having land ownership adjacent

to a stream have water rights,

but must receive a permit from

the state before withdrawing

the watera. CWS is also

important in Georgia for

maintaining lifestyles and

livelihoods, and meeting basic

human needs, while also

playing a critical role in the

vitality of SES

Recent multi-year droughts

(weakly attributable to La

Niña) have occurred in this

region, most prominently

from 2006 to 2008.

Historically abundant rainfall

levels (well above the amount

needed to sustain human and

ecosystem needs) challenge

water supplies during the

droughts, with water

availability and drought

issues often interacting with

flooding and growth issues

a Those using water above an average of 100,000 gallons/day each month are required to have a permit (Wright 1998)

Table 2 Overview of Governance Indicators of Adaptive Capacity

Indicator

category

Criteria

Networks Connectivity between groups and stakeholders that

allow common and integrated solutions to be

negotiated; willingness to cooperate during

extreme climate stress

Flexibility Accessible, expedient and effective conflict

resolution mechanisms; emergency mechanisms,

provisions and equitable prioritizations

Knowledge Available, accessible and current information for

informing adaptation decision-making; effective

monitoring and observation; usability of data for

accurate decision-making; multiple timescales at

which climate change and adaptation is

considered; iterative learning processes

Integration Collaboration across sectors and stakeholders into

a coherent legislative, policy and decision-

making frameworks; incorporation of

uncertainty into decision-making
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viewed by stakeholders as being relatively minor while

extreme weather associated with high precipitation is seen

as a much more significant issue. This has meant that

stakeholders have generally been preparing for increased

periods of flooding, and little effort has gone into assessing

relevant measures for water stress.

Climate change is explicitly addressed by the federal

administrative and national bodies for environmental and

water issues in both developing framework for a climate

policy (FOEN 2012) and mainstreaming climate issues into

flood and hazard management policy (FOEN 2011). This

fosters cross-sector collaboration and learning, which helps

to build integrated solutions to future challenges in

hydropower, watershed management and water infrastruc-

ture management at federal and regional scales. However,

changes in water availability from climate change (as snow

lines elevate and glacier contribution diminishes) tend to be

perceived as a problem for the next generation rather than

an urgent issue to be dealt with now. Many adaptation

actions concerning water demand (e.g. ad hoc directives

and use transfers for snow making) are quite reactive (i.e.

responses during or after event to minimise short- and

long-term damage from specific events). Furthermore, the

decentralised governance and sovereignty of water at the

local level has limited the canton’s ability to implement a

more basin-wide plan.

Following a series of extreme flooding events, an

increasing number of collaborative and iterative science-

driven projects were initiated in the hydropower sector as

well as in flood management. MINERVE is a public–pri-

vate partnership between Canton Valais, a federal univer-

sity, Météosuisse, and hydropower companies to improve

the modelling of and response network for extreme events,

leading to enhanced reactive capacity. The canton and

federal governments are developing the Third Rhone

Correction (TRC) to proactively (i.e. mechanisms that

represent longer-term processes to potential hydroclimatic

stresses and events) increase the resilience of the social–

ecological system in the face of higher flooding uncer-

tainties under climate change. It integrates climate change

projections and introduces the concept of ‘residual risk’

(i.e. climate-change-based uncertainty) into the iterative

implementation plan in order to incorporate the risk of a 1

in 100 years flood occurrence.

Adaptive mechanisms in Georgia, USA

In Georgia, community water systems (CWSs) are impor-

tant for delivering water and maintaining lifestyles and

livelihoods. The ‘regulated riparian’ governance approach

helps coordination and consistency between upstream and

downstream users, and the state oversight role can provide

flexibility in times of water stress. National drought man-

agement coordination is sparse in the USA, leaving

responsibility with states and local governments. Until

recently, Georgia had prioritised responding to rather than

preparing for severe droughts. The reactive approach has

led to reduced self-reliance, fewer incentives for pre-

paredness, a lack of coordination across institutions and

sectors, and a crisis management mentality. Georgia has

made some progress over the past decade to more proac-

tively pursue cross-scale ‘drought preparedness’ efforts

(e.g. the development and implementation of the 2003

State Drought Management Plan) (Georgia 2003). How-

ever, the 2007–2009 drought highlights the dominant role

that the state plays in managing droughts. In 2007, the

Fig. 1 Conceptual framework

showing causal mechanism and

methods
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governor declared a drought emergency, during which

localities were required to follow broad-stroke conserva-

tion measures that did not take local conditions and needs

into consideration. Moreover, legislation that was passed in

2008 actually restricted CWS managers from implement-

ing locally specific drought response plans that were more

stringent than the state’s broad-stroke measures.

Climate change work in the legislative and executive

branches is minimal in Georgia, due mainly to scepticism,

but some state officials are gradually beginning to under-

stand the impacts of climate change on water and drought

planning. Moreover, CWS managers point to an increase in

climate information use during the extreme drought period,

although this information use decreased when the drought

subsided. The Southeast, including Georgia, has a federally

supported Regional Integrated Sciences and Assessments

(RISA) programme that produces climate change infor-

mation and knowledge for various stakeholders. However,

during the 2007–2009 drought event, the RISA had not yet

developed an emphasis on climate information specifically

for the water sector.

Information exchange and knowledge networks are

supported through a combination of professional society

activities and state-mandated efforts, such as the Metro-

politan North Georgia Water Planning District

(MNGWPD) and the Georgia Comprehensive State-wide

Water Management Plan (SWP). Together, these state-led

efforts are integrating resources, information and planning

on a regional or intergovernmental basis and will guide

future water development, conservation and permitting

decisions within the state. This effort, if sustained, could

prove essential for building proactive adaptive capacity.

Table 3 Main Adaptive Mechanisms

Case study Focussing events Adaptive mechanisms

Canton Valais,

Switzerland

Flooding events (1993 and 2000) and periodic

scarcity (e.g. 2003). Recession of glaciers, changes

in seasonality, melting of permafrost, and changes

in vegetation and precipitation. Periods of low

precipitation and heat waves have so far been

offset with increased glacier meltwater

MINERVE is a public–private partnership to improve the

modelling and response network to enhance its speed and

efficacy to extreme precipitation events

Ad hoc local actions and user groups managed through private

contracts and agreements to periodically transfer water to

other stakeholders/uses (e.g. for artificial snow making).

Commune directives are also issued to reduce water use in

periods of drought

Third Rhone Correction (TRC) is supported by federal and

cantonal laws on management of water courses; it is a major

project to reinforce flood security in the Rhone valley, with a

number of subobjectives to enhance social, ecological and

economic security and well-being

Inter-commune contracts and agreements consolidate more

communes into shared water utility service provision to

better manage periods of high demand or scarcity by

spreading water reserves across hydrologically diverse

communes

Georgia, USA Historically abundant rainfall levels, with recent

multi-year droughts (weakly attributable to La

Niña), have occurred in this region, most

prominently from 1998 to 2002 and then again in

2007–2009 (the period of focus for the study).

Much of the south part of the state (highly

agricultural) is once again in an extreme drought

(i.e. 2012–2013)

State-declared drought emergency leads to one-size-fits-all

conservation and curtailment in local communities

HB 1281 (2008) disallows local water systems from exceeding

state levels of water restrictions and predrought strategies,

limiting local drought management leadership and

responsibilities

2003 Georgia Drought Management Plan (GDMP), innovative

at the time, it was created in response to the early 1998–2002

drought. However, it is not regularly updated, has not been

codified and is not necessarily followed during droughts

Metropolitan North Georgia Water Planning District

(MNGWPD) creates water policies and plans on a regional/

intergovernmental basis (15 counties and 90 ? cities)

2008 Comprehensive Statewide Water Management Plan

(SWP) process guides future water development,

conservation and permitting decisions within the state and 11

regions (MNGWPD plus 10 others) along county lines with

an attempt to follow watershed/groundwater basin boundaries

(the process was since completed in 2011)
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Common bridges for building adaptive capacity

across the case studies

Despite the cases being highly varied from both a physical

and institutional perspective, similar underlying challenges

in developing (proactive adaptive capacity) and mobilising

(reactive adaptive capacity) responses played out in these

different contexts. The following section presents an

overview of the core types of bridges and barriers to

building and mobilising adaptive capacity that emerge and

a description of how they manifest across the case areas.

Trust and actor relationships

In Georgia, staff dynamics and key relationships between

those involved in the allocation of water supply and man-

agement of water resources help facilitate and improve the

success rate of local inter-agency committees and collab-

oration. This is very important for developing networks and

keeping the lines of communication and information

flowing during times of crisis. In Valais, strong ties

between individuals and close working relationships

between local and cantonal levels provide a base for

valuable support networks across subcanton and commune

levels, particularly for the communication of hydrological

information, training and maintenance of both institutional

and built infrastructure.

Regional collaboration and partnerships

Formal regional organisations and initiatives are important

bridges in Georgia. For example, the Georgia Association

of Water Professionals (GAWP) and Association of

Metropolitan Water Agencies provide avenues for local

cross-community coordination, and the MNGWPD has

increased evaluation and planning efforts considerably

amongst CWS in the region. Stakeholders in the Valais

case cite the importance of information networks in

developing their understanding of the challenges and

solutions to climate change impacts. Cross-level partner-

ships between federal, cantonal and local agencies collab-

orate with federal universities and research institutes to

develop predictive modelling to inform adaptation evalu-

ation and planning decisions. This has been vital to coor-

dinate information and interpret data concerning extreme

events for monitoring across emergency crisis groups at the

canton and commune levels.

Leadership

Leadership is an extremely important bridge for Georgia.

For example, in 2007, political officials indicated that

reservoirs may be the future to solve Georgia’s water

problems (even though the physical ability to site addi-

tional reservoirs is limited, and such measures are likely

short- to medium-term solutions for the state). Local CWS

managers recalled hearing the same message during water

scarce years in the 1980s. During that period, some local

leaders had then had the foresight to pursue and build

reservoirs, which subsequently helped secure water

resources during the recent drought. In Switzerland in

general, non-state actors have a high level of agency, due to

the legal provision for the right of appeal for interested

civil society and environmental organisations to challenge

decisions in court (Art. 55, Federal Law on the Protection

of the Environment 1983). This enables environmental

groups to play a crucial leadership role in developing the

federal water legislative and policy framework. This has in

turn led to increased integration of longer-term ecological

and climate-related issues.

Regulatory and legislative

Most Georgia CWSs acknowledge that the MNGWPD and

recent SWP processes have improved adaptive capacity by

requiring regional evaluation and planning and improving

water conservation efforts through communication and

information. Interviews also show that this bridge is par-

ticularly helpful in building adaptive capacity when CWS

anticipates that regulations are forthcoming, and managers

work proactively with the community to collaborate and

solve potential problems that might arise. In Valais, federal

and cantonal provisions on the duty for ecological inte-

gration in spatial planning and integrated flood manage-

ment are driving forces behind most adaptive elements of

the TRC.

Common barriers for building adaptive capacity

across the case studies

Political

Political barriers prevail in Georgia, as many CWSs refer

to the over 20-year interstate water conflict with Alabama

and Florida as hindering their ability to implement certain

approaches, such as increasing supply infrastructure.

Another political barrier includes lobbying efforts by cer-

tain industries to loosen water restrictions placed upon

them during the droughts. Many Georgia CWSs interpret

such lobbying as undermining hard-earned gains from

recent long-term planning and evaluation approaches,

which ultimately undercuts overall adaptive capacity. In

Valais, the limited authority of the federal government

combined with resistance and aversion to federal inter-

vention at lower levels weakens the enforcement of federal

legal provisions and policy guidelines for longer-term
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policies and plans that integrate climate and broader eco-

logical concerns.

Regulatory and legislative

This category represents a double-edged sword for building

adaptive capacity in Georgia, because it manifests as both a

bridge and a barrier. While the state plays a significant

regulatory role in facilitating adaptations through required

participation in regional planning processes, some local

water systems interpret certain state actions as significant

constraints for adaptive capacity building. For instance,

legislation passed in 2008 precludes CWS from imple-

menting water-use restrictions that are stricter than those

determined by the state. Other required measures are not

encouraged or enforced by the state in practice (e.g. local

drought contingency planning), leaving many local CWS

confused as to how to proceed in preparing for and

responding to droughts. In Valais, where run-off is rela-

tively abundant, there is currently no legislative or policy

guidance on managing water resources at the watershed

level, and rules or ordinances for managing conflicts and

scarcity are only rudimentary. This is seen to lead to a lack

of planning for coping potential changes in water avail-

ability from climate change impacts on snow and ice.

Perception and cognitive

In Georgia, CWS perceives that it is the state’s responsibility

to plan for future water, negating their own need and

responsibility to implement certain management approa-

ches, such as the use of climate information. Furthermore,

perception and cognitive barriers cause many CWSs in

Georgia to question why longer-term planning and evalua-

tion is useful, since they have only experienced abundant

amounts of rainfall in their lifetimes, with droughts typically

lasting a maximum of 3 years. Similarly, in Valais, despite

high climate change awareness, the perception of Valais as a

water tower of Europe is linked with a sense of apathy

towards longer-term planning for climate change impacts.

Discussion

As noted earlier, identification of the major bridges and

barriers to adaptation allows us to provide more empiri-

cally informed connections between governance indicators

and adaptive capacity. This section draws on the case

evidence to provide a more nuanced understanding of the

governance indicators listed in Table 1. It presents exam-

ples of case evidence that supports their role in enhancing

adaptive capacity and highlights some of the challenges

associated.

Networks between stakeholders (personal, formal and

informal), which include conflict resolution mechanisms,

encourage cooperation, learning and involvement, are

important. Such networks help to bolster not only the

adaptive capacity of specific locales, but also that of

broader regional scales. For example, in Valais, regional,

sectoral and scientific networks play an important role in

generating knowledge and creating different fora for actors

to exchange experiences on common issues and solutions.

This helps to bridge the gap created by the level of de-

centralisation and strong local autonomy.

Flexibility is clearly an important component of adap-

tive capacity, but our findings more precisely indicate the

importance of instilling flexibility in the plans and

approaches for managing hydroclimatic events as well as in

the triggers that define the start and end of a particular

event (and that are iteratively updated to reflect the best

available science). During the recent drought events in

Georgia, local flexibility that could have facilitated adap-

tive capacity was sacrificed by broad-stroke state-deter-

mined responses. Not only did drought responses therefore

not benefit from local expertise, but the top-down approach

disallowed local responses from being more stringent than

those declared by the state.

Knowledge provision with stakeholders helps build

understanding and awareness of changing conditions into

clear implications for various interests. Evaluation and

planning, itself reliant on monitoring networks and data

(including monitoring of social, infrastructural and ecolog-

ical components of a system before, during and after an

event), is also seen to foster and enable preparedness, which

is critical for navigating bridges and barriers. It is most

effective when it begins at local levels, with local autonomy

balanced by a mix of regulation, subsidies and incentivisa-

tion tools from higher levels. For example, in Valais, and in

Switzerland in general, data provision between national

monitoring networks, canton authorities and private hydro-

power companies is crucial to the safe management of

flooding episodes and connects expertise from local to fed-

eral levels. Furthermore, local autonomy drives the need for

both cantonal and federal authorities to explain the rational

behind water management decisions and projects. Despite

requiring significant investments in time and money, this

means that a process of consensus building fosters gradual

acceptance and agreement on water management strategies.

Integration, especially of multiple informational sour-

ces, links managers at regional and local levels and across

different sectors through monitoring and assessment

efforts, informal study groups and other initiatives per-

ceived to foster consensus and collaboration to tackle cli-

mate-related challenges. For example, in Georgia there are

relatively strong ties and information exchange through

professional organisations and the MNGWPD and SWP.
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Still, there is ample opportunity to improve the integration

of monitoring and assessment through the RISA by

focussing it more intently on the water sector and water

resources stakeholders.

The investigation of bridges and barriers in relation to the

different adaptive capacity governance indicators provides

some ground for deciphering the relative importance of

these governance assumptions in different cases. Networks

and integration, particularly trust across different actors and

networks, emerged as a dominant theme. These factors play

an important role in balancing interests at different gover-

nance levels in order to build cooperation for more complex

challenges in relation to climatic uncertainty and extremes.

Furthermore, while some of the principles, such as net-

works and integration, can be seen as self-reinforcing in

reducing barriers and bolstering bridges, others might be

counteractive in certain cases. For instance, flexibility and

evaluation and planning at different levels of decision-making

can ultimately be in conflict with one another. Sometimes

rigidity is needed from higher scales to help guide the pro-

cesses that build adaptive capacity (e.g. state requirements for

drought preparedness planning at the local level) (Hill and

Engle 2013). On the other hand, resources (financial, techni-

cal, human), policies for and commitments to enhance net-

works through better communication and information transfer

would enable more integrated evaluation and planning, and

thus adaptive capacity. These are only a handful of the issues

that more empirical analyses in relation to actual extreme

events can offer to better understand the governance factors

assumed to increase adaptive capacity.

These lessons are also applicable to DRR challenges

specific to the increase in the frequency or intensity of

climate-related hazards (e.g. floods, storms, droughts and

landslides) (ECB 2013). In particular, improving integra-

tion between short- and long-term planning and enhancing

trust building across different governance scales and sec-

tors is crucial to aligning adaptation and risk resilience

priorities. For example, both flood and water resources

management could focus on multiple benefits from inte-

grated reservoir management (integrating requirements

across hydropower, conservation and water supply sectors)

to minimise the impacts of drought and flooding events.

Integrated flood management policy could prioritise flexi-

bility through riparian buffer zones (trade-offs across

conservation, agriculture and adaptation requirements) to

restore vital freshwater ecosystems and provide future

protection against more extreme flood events.

Conclusion

This paper has highlighted a number of common lessons on

the challenges and possibilities of building adaptive

capacity elicited from a set of contrasting case studies,

which both fall within a federal governance system. Evi-

dence from the state of Georgia reveals challenges relating

to a lack of leadership and planning for climate change

impacts in the legislative and executive branches (related to

climate scepticism). Alternatively, in Canton Valais there

is more proactive preparation for flooding events (though

not for water management issues relating to water stress

periods and changing availability) in part due to the more

explicit focus on climate change within federal policy

frameworks. A key differentiator between the two cases is

the level of state oversight. In Georgia, water managers are

seen to constrict locally appropriate responses, while in

Valais, although there is more autonomy to implement

locally specific water management actions, challenges

persist in forming and implementing more integrated water

management planning across the canton. In both cases,

challenges arise from a lack of coordination between

institutions and sectors, while information and knowledge

exchange networks at regional and sector levels are vital

for developing regional collaboration and partnerships to

address water-related challenges.

The paper therefore presents an empirical approach to

understanding the bridges and barriers to adaptation in the

context of a set of governance arrangements and principles

that previous research has assumed to increase adaptive

capacity. The bridge and barrier analysis can be combined

with other means of assessing adaptive capacity within

governance systems (e.g. indicator assessments), in order

to converge on more robust understanding of criteria that

lead to more resilient outcomes. This analysis shows that

there is no one governance arrangement that is most con-

ducive to building adaptive capacity. However, despite the

difference in governance contexts and variety of climatic

events across case studies, the bridge and barrier analysis

does uncover a number of common themes and more

nuanced insights.

From an operational perspective, recognition of the

bridge and barrier themes that emerge from this cross-case

water governance comparison (i.e. trust and actor rela-

tionship, regional collaboration and partnerships, leader-

ship, and regulatory and legislative bridges, and political,

regulatory and legislative, perception and cognitive barri-

ers) could help decision-makers to implement actions to

ensure adaptive responses at one scale (local/regional,

climate variability/climate change, across sectors) do not

degrade the ability to respond to challenges or risks at

another scale.

From a theoretical perspective, analysis of bridges and

barriers across these governance principles supports evi-

dence from other studies of potential conflicts between the

premise of adaptive and integrative water governance and

management techniques and their practical relevance
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(Bierbaum et al. 2012; Medema et al. 2008). While these

findings would certainly be bolstered by further case evi-

dence, the commonality in bridge and barrier themes across

these two cases (in terms of climate stress, demographics

and socio-economic context) suggests that focussing on

these themes is a good place to start.
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