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Final Recommendations on Governance and Management Design for Climate Change 
Adaptation and Resilience in Mountain Basins 
 
1. Comprehensive, Sustainable, Transformational Adaptation  
ACQWA has developed climate information for a set of mountain regions downscaled to 
temporal and spatial scales that are intended to be more useful to the challenges 
decision makers face (Beniston et al., 2011). Climate change impacts in a number of 
basins dominated by snow and ice show that water managers and users will need to 
adapt to change in the quantity and timing of water resources. This is not only relevant 
to local to regional scales, but also to communities and economic sectors downstream 
who are reliant on a range of goods from mountain regions and their resources (e.g. 
electricity, water, water storage in the form of ice and snow).  
 
A certain level of uncertainty has always existed in water resources planning due to 
climate variability. Climate change represents an increase in uncertainty and the speed 
and magnitude of change. Water policy and management frameworks therefore must 
manage and cope with both existing and increasing levels of uncertainty from climate 
variability and climate change impacts. While principles in the management, 
conservation and adaptation of water resources and ecosystems abound, there remains 
a lack of clear policy guidance on practical governance mechanisms and actionable 
measures, especially in the context of mountain areas.  
 
Synergies or conflicts across different sectoral policies are particularly relevant in 
mountain areas, where fragile ecosystems provide valuable economic services such as 
energy for hydropower, water towers and natural storage systems of water, tourism 
uses, etc. Existing tensions across sectors, governance scales and actor groups are likely 
to be further heightened by impacts from climate change, underlining the need for not 
only integrative but also adaptive water resources governance and management (Hill 
and Engle, 2013). In the highly sensitive and complex environments of mountain areas, 
known as ‘sentinel sites’ in their early responses to climate change, adaptation options 
tend to be limited in comparison to lowland areas.  
 

ACQWA policy work therefore focused on: 1) identifying underlying water governance 
challenges in the mountain case regions; 2) assessing adaptive capacity of these regions, 
and ; 3) identifying practicable governance mechanisms and actionable measures for the 
operationalisation of adaptive and integrative water resources management and 
governance principles, specifically for the alpine context.  
 
Climate change in the mountain regions studied are leading to modifications in quantity 
and timing of water resources that have potentially significant ramifications for water 
governance and management. Water managers will need to adapt to potential increases 
in runoff in late winter and autumn and potential decreases in spring and late summer. 
Snow melt is likely to take place earlier, with increased melt in spring, but less change 
will be noticed at lower than higher elevations. One of the strongest effects is the 
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significant reduction in glacier melt contribution expected by the middle of the century, 
and a constriction of the period where glacier melt is significant that will have 
repercussions for the management of hydropower reservoirs. At present, glaciers and 
snow pack provide a valuable buffer of additional water during dry summers. While 
increased glacial runoff from melting glaciers will at first lead to surface runoff 
surpluses, continued reductions in glacier volume will eventually result in a decrease of 
summer runoff. In some of the ACQWA case areas, this phenomenon is already 
occurring.   
 
2. Enabling framework for adaptability to climate change in alpine context 
Adaptation policy needs to be sensitive to the challenges of spatial (local-national) and 
temporal scales (short – long term; climate variability – climate change). This is 
particularly important in mountain regions where highland ecosystems provide goods 
and services to lowland areas, economic imbalances persist across highland-lowland 
scales, multiple sectors compete for water resources at different seasonal points, and 
the impacts of climate change are likely to be acute. Water governance and 
management will therefore need to minimise trade-offs across different sectoral 
requirements and not degrade resilience at other scales, avoiding lock-ins (rights, 
infrastructure, land-use planning, economic, water requirements, energy mixes) with 
expensive reversal costs.  
 

• Water governance (systems and rules in place that affect the use, protection, 
delivery and development of water resources) be both adaptive and flexible in 
developing and setting rules that regulate hydro-power, water rights allocations, 
urban growth and spatial planning for both current climate variability and 
climate change.  

• Water managers need to be able to make decisions under uncertainty, in their 
application of rules and the operationalisation of policy for the practical aspects 
of water allocation and protection, as well as protection from and during 
extremes. 

• An adaptable water management and governance regime must not only need to 
manage current baseline uncertainty levels of climate variability (e.g. 
stochasticity of precipitation) but also the more unpredictable forms of 
uncertainty arising from climate change impacts (e.g. shifts in seasonality as 
glacier melt contribution diminishes). 

• In order to enhance the ability to prepare for and respond to these changes  
iterative, collaborative and connective, and flexible approaches are 
recommended in both governance and management frameworks to both 
increase adaptive capacity and support the sustainability of water systems 
(Huitema et al., 2009; Nelson, 2010; Pahl-Wostl et al., 2009).  

• Actionable measures that operationalise these principles are required in order to 
alleviate underlying tensions that are likely to be exacerbated by climate change 
impacts.  
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• Technical adaptation should prioritise no-regret, reversible, flexible and iterative 
actions, that take a long term and ecosystem based approach (rather than purely 
grey infrastructure based) and integrate both adaptation and mitigation 
requirements (Clarke, 2009; Hill et al., 2013; Hill and Engle, 2013; Wilby et al., 
2010).  

• Infrastructure will need to be robust to flows of a larger range than prior climate 
conditions, but which in itself will be highly uncertain. Infrastructure design 
should therefore account for natural climate variability and change through 
stochastic approaches that examine multiple possible trajectories is stressed 
(Fatichi et al., 2013a; Fatichi et al., 2013b).  

• Multi-goal infrastructure should also be developed for redundancy, dynamism, 
uncertainty or enhanced benefit across the social and ecological system.  

 
3. Identifying and Alleviating Exacerbation points 
 
3.1 Governance and management challenges: common lessons drawn across the 
ACQWA basins 
A number of comment challenges were identified across the different ACQWA case 
areas, relating to the following issues (Hill, 2013; Mosello, 2013; Sorg et al., 2013):   

• Fit 
o Scale at which water is managed (user/management) can block longer 

term catchment scale planning and smoothing over shifts in seasonality 
creating critical local situations.  

• Sectoral focus 
o Lack of integrative water and adaptation planning at catchment or basin 

levels; Policy goals may be integrative, but divisive in 
implementation/management. 

• Lock-in 
o Legacy of technical and grey infrastructure and spatial planning 

(concreting of river reaches, removal of river bed, building zones in 
floodplains, commitment to single economic sectors, focus on specific 
species conservation, etc.) leads to a decrease in resilience as baseline 
conditions change; Fixed and long term of concessions or rights that do 
not account for impacts on hydropower production and timings. 

• Rules and incentives 
o Lack of formal rules on certain uses; New, un-regulated uses (e.g. 

increasing use of snowmaking; Lack of demand management integrated 
into spatial planning; Lack of formal mechanisms to manage competition 
across catchment areas. 

 
3.2 Developing adaptive capacity to respond to challenges of uncertainty and climate 
change impacts  
Water governance will need to not only overcome the challenges laid out above, but do 
so in a way that better manages climate variability and prepares for climate change, by 
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balancing the requirements for structure and predictability at higher governance scales 
with the flexibility at lower scales to react at lower governance scales (Hill and Engle, 
2013). Figure 1 demonstrates how adaptive actions taken across the different case study 
plot against the different temporal and spatial scales in question (Hill, 2013; Mosello, 
2013; Sorg et al., 2013).  
 
Figure 1: Plotting adaptive capacity according to temporal and spatial scales. 

 
4. From Adaptive Principles to Governance Mechanisms in Policy and Legislation 
The table below gives specific and actionable governance mechanisms and management 
actions to operationalise a common set of adaptive governance principles that seek to 
balance flexibility of adaptive approaches with requisite predictability of legal structure 
(Cumming, 2013; Heikkila et al., 2013; Hill et al., 2013). 
 
Table 1: Principles for adaptive governance and management and their translation into 
governance mechanisms and management actions.  
 

Principle Governance Mechanism Management Action 
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Iterativity 
Generation, processing and 
application of knowledge. 
 
Capacity to learn. 
 
 

Time-bound review periods with potential 
reallocations, subject to social and ecological 
obligations; Variable use rights. 
Establish periods of review for provisions concerning 
existing concession provisions or calculation bases 
for residual flows as discharge patterns are modified. 
Policy Appraisal as baseline conditions change:  
assess goals in light of integration of new 
information; monitoring and evaluation of 
adaptation processes and project. 

Continual review and integration of emerging hazards, 
review of reservoir management for adaptation to 
changing flow rates and regimes.  
Water supply projections and scenarios are routinely 
included in planning. 
Adaptation of reservoir management and hydroelectric 
power generation to changing flow rates and regimes as 
snow and ice patterns change. 
Experience from extreme events is incorporated into 
planning and implementation activities.  
Early stage engagement and education, knowledge 
sharing to remove barriers to adaptation options. 

Flexibility 
Willingness and capacity to 
adjust to changing conditions and 
new information.  
 
Flexibility, responsiveness and 
diversity to meet service 
requirements (protection, 
provision) under a range of 
climate conditions 
 
Redundancy, Modularity, and 
Safe Failure. 

Time limited licensing to vary use rights in advance 
of expected changes. 
Risk diversification: Use entitlements as share of 
overall resource. 
Emergency provisions for drought and flood events. 
Rules and procedures at cantonal level for water 
distribution during bottleneck periods/periods of 
water shortage (local and periodic restrictions, 
compensation schemes). 

Develop multi-purpose use of reservoirs and lake 
regulation; diversification and optimisation of water 
reserves, reservoirs and lakes. 
Restoration of riparian habitats: recreation of riparian 
buffer zones, wetlands and active floodplains (e.g. 
demonstration sites). 
Diversify tourism adaptation so it is less dependent on 
snow-making post 2050. 
Reduced surface and groundwater abstractions; local 
and periodic restrictions, compensation schemes, water 
recycling. 
Distribution network interlinked, so local failure will not 
interrupt service; spare capacity to accommodate peaks, 
unexpected service demand or extreme events. 

Connectivity 
Networks and connections across 
sectors and scales for 
mobilisation, cooperation and 
collaboration. 
 
Spatial distribution and 
connection.  
 
Capacity to mobilise resources 
(financial and agents) for action 
through collaboration.  
 
 

Monitoring standards for available and accessible 
data (publicly available & data exchange).  
Coordination between sectoral management 
authorities. 
Regional adaptation planning that takes into 
account conflicts and synergies between strategies 
and sectors (agricultural development, energy 
security and habitat conservation). 
Integrated water use licensing & tiered water use 
licensing. Implementation of use rights frameworks 
at lowest appropriate level. 
Incentivise adaptation: requirements in subsidies; 
insurance incentives to invest in risk reduction 
(premium discounts to encourage investments in 
climate proofing infrastructure). 

Integrated catchment management (land and water 
mangers) supported by common principles (energy, 
tourism, agriculture, domestic, ecological requirements) 
for management of water bodies and resources.  
Improve inter-linkages of local water supply network and 
wastewater utilities.  
Integrated network of monitoring sites with common 
protocols for alpine ecosystems; extend application of 
data and integrate of climate projections.  
Formal and informal networks to collect, analyse, and 
share requisite information.  
Integrated assessment: evaluate conflicts & synergies of 
development & adaptation integrated into management 
protocols.  
Hazard mapping and zone planning integrated with 
agricultural development or management.  

Subsidiarity  
Implementation of policies and 
provisions at lowest or most 
suitable level.  
 
Accountability, availability & 
affordability.  
 

Locally appropriate & basin specific standards: 
secondary legislation, administrative requirements, 
water delivery norms (quantity, quality, reliability, 
and affordability); common principles across energy, 
tourism, WSS and ecosystems. 
Consultation Process: stakeholder review 
mechanisms and coordination between sectoral 
management authorities. 
Implementation of use rights frameworks at lowest 
appropriate level. 
Formal or informal systems are in place to mediate 
water related disputes (expedient, accessible, 
affordable). 

Enhanced demand management (reduce surface and 
groundwater abstractions, water recycling linked with 
carbon mitigation) 
Preparation of civil protection forces for increased 
flooding, forest fires, amongst others. Development or 
formalisation of disaster funds.  
Promote best agricultural practice for land and water 
management (increasing water retention and storage 
capacities of soils, selecting suitable plant breeds and 
optimising irrigation systems). 

 

4.1 Focus on the temporal scale 
Policy makers and managers must not only better manage previous levels of hydro-
climatic variability (as shown by the left side of the graph in Figure 2) but also a wider 
envelope of variability and uncertainty associated with climate change impacts (as 
depicted by the right side of the graph). The figure and table below presents a means of 
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framing the adequacy of different available governance mechanisms to cope with these 
different scales of uncertainty (Hill et al., 2013).  
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Figure 2: Applicability of different governance mechanisms to different scales of 
uncertainty (climate change variability and climate change impacts). 
 

 
Review Periods Assessment of outcomes. Inclusion of climate data. Incorporate climate 

scenarios. 
Varied rights  Equitably match demand to 

supply. 

Vary use rights in advance 

of expected changes. 

Manage larger shifts in 

timing or volume of 

availability. 

Time limited 

licencing/permits 

Variability more important in 

short term.  

Must be subject to 

variability. 

Maximum duration of the 

permit will influence the 

usefulness. 

Entitlements as 

share of overall 

resource 

Annual allocation based on 

expected resource availability 

Integrate climate projections 

for review and revision of 

long term planning 

framework. 

Reduce the proportion of 

the resource that is 

available for use. 

Water rights 

trading  

Distributing rights in areas or 

times of limited availability.  

Challenges of speculation 

and prioritisation of different 

uses.   

Less effective at 

addressing variability.  

Administrative 

requirements  

For basin management, 

appropriate user involvement, 

use cadastres.  

Use cadastres at multiple 

scales, reinforce compliance 

and integrate emerging 

science. 

Stronger requirements for 

integration of emerging 

science and impact 

scenarios.  

Qualitative and 

quantitative 

standards  

Guide short-term permit 

variability requirements and 

abstraction controls.  

Variability critical, but in 

context of combined 

approach. 

Reactive variability and 

integration of new 

conditions required.  

Locally 

appropriate 

standards 

Appropriate for guiding short-

term use right variability. 

Secondary basin/local 

specific legislation useful, 

not imperative.  

Primary legislation may be 

more relevant for larger 

variability.  

Monitoring 

standards  

Vital to ensure network 

functioning, availability and 

Fundamental to the 

integration of climate data. 

Fundamental to the 

integration of climate 
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exchange. scenarios and data. 

Sector 

Coordination  

Address management concerns 

in demand management.  

Inter-sectoral planning under 

shifting water availability 

patterns. 

Inter-sectoral coordination 

crucial to effective 

adaptation under regime 

shifts.  

Consultation 

process  

Promote and implement 

equitably-applied variation. 

Establishes trust to smooth 

implementation of 

adaptation measures.  

Consultation and trust 

essential for preparing for 

future scenarios that may 

not be perceived to be 

imminent. 

 

4.2 Focus on the spatial scale 
Many challenges in developing adaptive capacity relate to challenges of vertical and 
horizontal integration (van der Voorn et al., 2012), where flows of knowledge and data, 
rules and plans, formal and informal institutions, policy goals and local or regional laws, 
plans and priorities are not aligned across governance scales or natural boundaries to 
either fulfil management goals or prepare for emerging challenges (Cumming et al., 
2006). This is particularly important in mountain regions, where multiple sectors 
(hydropower, tourism, agriculture, domestic supply, mining or other industries) operate 
across a catchment, but geographical and political boundaries are often not aligned. 
Policies may be vertically integrated through frameworks such as strategic or 
environmental impact assessment, or horizontally integrated by formal and informal 
institutions (e.g. river basin management organisations, user groups).  
 
Figure 3 provides some examples of how specific actions and policies would optimise 
multiple benefits across conservation – adaptation – mitigation policy spheres.  
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Figure 3: Addressing trade-offs and maximising synergies across policy sectors for 
enhanced climate change resilience.  
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