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1. New challenges in uncertain time s 

Margot Hill 

Institute for Environmental Sciences , University of Geneva, Geneva, Switzerland 

The convergence of demographic, socio-economic, and climatic issues affecting water 

resources calls for a change in the how we evaluate the ability of water governance 

arrangements to manage resources efficiently and effectively (Figure 1), while 

simultaneously respecting the ecological constraints and social realities in which they 

operate. While water managers, farmers, dam operators and other water resource 

stakeholders have long dealt with changes and stresses relating to climate variation, the 

projected speed and development of anthropogenic climate change exacerbates underlying 

variation, rendering future situations less manageable and less predictable. Thus, as 

climatological and hydrological patterns shift from one set of parameters to a wider range of 

less predictable uncertainty (Matthews et al., 2011), and more indeterminate risks the 

governance paradigms that inform water management are also shifting. 

 

Figure 1: Shifting focus of water governance solutions 

The left side of the graph in Figure 1 represents temperature ranges from the previous 150 

years, while the right hand side represents future temperature projections according to a 

range of emission scenarios. The black arrows on the left and right depict the range of 

uncertainty associated with the two different ranges of climatic conditions, underlining the 

need for scholars to better understand adaptive processes that seek to embrace, rather than 

control uncertainty in order to enhance the resilience of social-ecological systems (SES).   

Chile and Switzerland both face an interesting set of converging challenges. Both countries 

have OECD status and possess high levels of the classic determinants of adaptive capacity 

(Adger et al., 2007). However, both case areas within the countries face multiple challenges 
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driven by climate, economic, socio-political and ecological factors. Both regions represent 

mountain watershed nivo-glacial regimes, where climate change (as experienced through 

glacier melt and snow pack changes) will correspond with changes in the seasonality of river 

flows. In both areas impacts of climate change have already been observed on glacial melt 

and elevation of the snow line with associated impacts on the timing and amount of run off 

(Häberli and Beniston, 1998; Pellicciotti et al., 2007) projected to increase  (Christensen et 

al., 2007). As mountainous areas, climate change impacts will be keenly felt in both cases, 

mainly through alterations in seasonality (Viviroli et al., 2011). However, shifts in seasonality 

and decreases in glacier melt are particularly troubling in the Andean region where 

dependence on glacier and snow melt run off is high for water availability during the dry 

summer months (Pellicciotti et al., 2007; Souvignet et al., 2008).  

Adaptive Capacity Assessment  

Adaptive Capacity is defined as the capacity to prepare for, respond to and cope with 

shocks, both anticipated and unanticipated (Engle, 2011). For the purposes of this study, it 

was conceptualised through its role in the transformation potential of a system to a more 

sustainable state as a means to absorb future shocks and uncertainty.  To this end a multi-

pronged approach to assessing adaptive capacity was taken in order to not just characterise 

adaptive capacity, but attempt to measure it through the presence or absence of adaptive 

behaviour. Furthermore, adaptive responses to different extreme events were coded 

according to a three different categories  of change that drew on resilience (Walker et al., 

2004; Chapin et al., 2009) and institutional learning (Pahl-Wostl et al., 2007; Huntjens et al., 

2011) discourses. This analytical step was important as it helps to óimprove our 

understanding of the environmental implications of coping and adaptation activitiesô (Miller et 

al., 2010, p14). 

Results 1: Overview of Adaptation Context: Categorisation of Adaptive Actions 

Transformative adaptation represented innovation to sustain and enhance ecosystem 

services, societal development, and human well-being. Responses were coded as 

transformative if they exhibited traits of managing for uncertainty, or if they showed that 

policy and management practices had signs of innovation and development of new strategies 

that also enhanced ecological and social aspects. 

 

 

Figure 2: Coding results: adaptive actions across the cases 
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Persistent adaptation represented the maintenance of fundamental properties of the current 

system through adaptation, mobilising adaptive capacity, and coping. Responses were 

coded as persistent if they exhibited aspects of technical or governance innovation, which 

while they may not be transformative in terms of fostering SES resilience, it still introduced 

new, innovative approaches to decision making or water resource management. Responses 

were coded as passive if they adhered to concepts of steady state resource management, 

impasses in planning and project process with no scope for resolution, or adaptation that 

further degraded either the social or the ecological system, i.e. maladaptation or negative 

coping. 

Results 2: Bridges and Barriers  

Another facet of the multi-pronged approach to understanding and assessing adaptive 

capacity, was the analysis of factors that enabled or hindered the mobilisation of capacity to 

respond and adapt to the hydrological events. Themes that arose in this analysis related to 

the challenges of balancing intra-jurisdictional autonomy and structure, matching information 

and  capacity to levels of agency, and integration and cooperation across vertical and 

horozontal scales. Common bridges across the case areas related to trust and actor 

relationships, regional collaboration, leadership, and regulatory and legislative frameworks. 

Common barriers related to political, regulatory and legislative challenges, issues relating to 

perceptions towards change, and imbalances in trust and actor relationships (Engle and Hill, 

2012).  

Results 3: Indicators Results  

The investigation of adaptive actions across the cases enabled a further development of the 

broad adaptive capacity determinants, to a measurable set of adaptive capacity indicators. 

The indicators are briefly explained below, while the traffic light table below presents the 

performance of the different governance systems across the indicators.  

Å Regime: framework of rules, legislation, property rights, policy that determines how 

actors use and protect water resources; institutional dynamics across political and 

administrative units.  

Å Knowledge:  integration of different forms of knowledge into decision making 

(scientific and local knowledge, uncertainty); timeframe of evaluation and implementation of 

plans (scales at which climate change is considered); availability, accessibility and adequacy 

of hydrological data from monitoring and observation networks; perceptions of change.  

Å Networks: levels of connectivity, collaboration (formal and informal) and cooperation 

between stakeholders for integrated resolution of complex challenges; expediency and 

effectiveness of conflict resolution and integration of information across networks; levels of 

authority and agency across different networks and governance scales. 
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Figure 3: Synthesis results of the assessment of adaptive capacity indicators across the cases 

Despite the different governance models, both cases share common challenges in the 

development and mobilisation of proactive and reactive adaptive capacity, perhaps partly 

since both models ascribe a similar level if not type of autonomy to the local level (in Chile to 

the user rights holders and in Switzerland at the local level). In the Swiss case, a strong level 

of autonomy at the local level challenges transformative policy priorities and federal and 

cantonal legislation at higher levels.  In Chile however, the autonomy at the user level (rather 

than commune level) is coupled with a lack of guidance or regulating force pulling actors in 

the same direction.  

Results in Figure 3 underline the tension between the rigid and inflexible legislative context in 

the Chilean case, with the higher levels of autonomy at the user levels, which frustrates and 

constricts the ability of water managers and the owners of use rights to adapt in a more 

proactive manner to hydrological changes and stresses in the basin. While reactive coping 

techniques can be quickly called upon through the networks and traditions that exist, more 

long term preparations and transformative approaches for meeting the mounting challenges 

are blocked by lack of trust and cooperation, lack of agency at regional operational levels 

and lack of accessible and appropriate information on water resources. In contrast the Swiss 

indictator summary points to highly networked layers of governance that allow knowledge 

and learning to be transferred vertically across different levels of capacity (across federal 

university partnerships to local level support institutions) but has greater challenges with 

horozontal integration across sectors and local communities. While the Swiss case is defined 

by more transformative and persistent adaptive outcomes, Figure 3 highlights the areas of 

rule making and division of responsibility under the regime indicator that remain a challenge 

to building adaptive capacity.  

Policy Implications  

In the long term, policy makers must concertedly aim to remove contradictory policy 

approaches and priorities across ministries that impede a systemic and holistic response to 

climate change adaptation. In the intermediate term, a focus on flexible and adaptive 

elements of the governance system (e.g. networks for information dissemination, improved 

observation and data baselines, trusdt building) should enhance adaptive capacity to 

respond to extreme events and sectoral rivalries. In Switzerland, a balance between local 
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autonomy and regional prorities, as well as traditional approaches with complex multi-scale 

challenges is a constant trade-off for local, regional and federal authorities.  More creative 

strategies to link up with, but not impose top down control, with the communities of practice 

that are being formed across local and regional levels might allow a more cohesive, proactive 

and cooperative approach for preparing for windows of opportunity, so that when periods of 

stress arise in the future the groundwork has already been made to adopt more 

transformational approaches.  

An initial step for water managers and decision makers in the Chilean case would be to 

maximise the institutional assets they have to hand, such as user groups and associations, in 

order to move from the status quo of individual flexibility to cohesive flexibility. One policy 

focus could be to incentivise user groups to formalise their user based organisations to take 

on a more legitimate governance role (to develop practices and ideas for more effective 

monitoring, enforcement, collaboration, conflict resolution) for cooperation across the basin 

(but beyond dam building). From an information perspective, the rights allocation in the basin 

needs to be balanced to the hydrological reality, for which increased resources for 

monitoring, observation and the application of relevant hydrological data. An initial step could 

be for regional hydroȤclimatic experts to begin a dialogue with local user associations where 

the latest monitoring, observation and modelling studies are presented to rights holders to 

build trust and understanding.  

Conclusions 

Findings from the adaptive outcomes and adaptive capacity indicator assessment indicate 

that the Swiss case manifests a higher adaptive capacity, in particular through its ability to 

build knowledge networks and plan for future challenges. However, the challenges of such a 

decentralised, devolved and participative governance system can also challenge the ability 

for actors at one governance level (in this case at the regional level) to take advantage of a 

window of opportunity to transition to more transformative approaches (such as those 

proposed in the major flood project The Third Rhone Correction). In order to enable the 

participative process to enable rather than hinder the transition to a more resilient SES, 

policy makers should pay closer attention to the process, stage and arena in which 

stakeholders are engaged in that process (Hill, 2012). In Chile, adaptation concepts tend to 

be technically and hard path oriented (dams, canal repairs, groundwater wells, irrigation) 

infrastructural projects with little attention being paid to either natural infrastructural assets 

(e.g. groundwater recharge, floodplains, wetlands) for enhancing resilience of the SES 

(Smith and Barchiesi, 2009) or institutional infrastructure to enhance the ability of the 

governance system to agree on and implement efficient, equitable and sustainable solutions 

to mounting challenges. Turning attention to incentivising better connections between 

economic actors in the basin might allow actors to agree on alternative market based 

solutions to restore degraded ecosystems and thus enhance natural infrastructure, as has 

been practised in US basins (Harmon, 2010). 

In both cases governance factors that enabled reactive capacity were also associated with 

blocking more proactive and cohesive adaptation planning for more complex challenges at 

the basin level and to greater magnitudes of change.  A common assumption in the literature 

has been that decentralised governance with management at the lowest level is a key 

indicator for adaptive capacity. However, in both cases autonomy at lowest scales of 

governance was found to limit the ability for more proactive solutions to be built for more 
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complex challenges, reinforcing findings from other recent studies that a more balanced mix 

between top down and bottom up approaches is needed for timely and fitting adaptation 

(Young, 2002; Huntjens et al., 2011). Moreover, a community or system's adaptability to local 

climate conditions may not imply an ability to cope with changes or impacts at different 

speeds or scales, as is evident across both cases. The adaptive actions associated with 

historical variability, drought and scarcity are limited in terms of up scaling to face more 

complex challenges. Furthermore, public perception of climate change and its impacts were 

found to be astute across stakeholders interviewed in both case areas, but despite high 

awareness and acceptance of climate change impacts, a strong sense of apathy was also 

prevalent in actorsô ability to adapt to large scale climate change, which impacted planning 

and preparation for smaller scales of change. 

Next Steps  

The policy work in the following year will build upon both the adaptive governance work 

highlighted above; the governance assessments carried out in Chile and Switzerland, as well 

as the physical science outputs from the case basins. We will be focussing not only on 

consolidating the outcomes of the physical science work packages for policy relevant 

findings across the different ACQWA case areas, but also on the development of adaptation 

relevant governance frameworks and propositions. The main objective of the policy work is to 

translate the core findings emerging from the project (from both a bio-physical and socio-

economic perspective) to be easily meaningful and understandable within the context of 

European, national and regional water and climate policy frameworks. To this end, a set of 

compact policy briefs will frame the core findings in terms of their relevance for both EU level 

policies (e.g. Water Framework Directive), as well as for national (e.g. Swiss, Italian, Chilean) 

and regional (e.g. Alpine region) policy frameworks.  

Furthermore, it is increasingly recognised that the scientific community is at a crossroads for 

its role in interacting with and informing policy and decision making. The understanding and 

recognition that man has the ability to influence biophysical processes at the planetary and 

regional scales implies that the scientific community needs to realign its practices with the 

scale of the challenge society faces. To this end, the policy work package aims to provide 

new findings that may help connections be built between scientific disciplines and practice or 

policy communities that more effectively drive transformation of resource governance and 

management in the context of climate change.  
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2. Large -scale circulation influence on summer temperature in the 
French and Swiss Rhone valleys and heatwaves intensity changes 
over the last 50 years  

E. Xoplaki1,2, A. Toreti1,2, J. Luterbacher1 

1 Department of Geography, Justus-Liebig University of Giessen, Giessen, Germany 

2 Institute of Geography, University of Bern, Bern, Switzerland 

The purpose of this work is, first, to identify the relationship during summer (June to August) 

between the large scale atmospheric circulation at different tropospheric levels and the air 

temperature variations in the French and Swiss Rhone valleys by means of a statistical 

model. In a second step, the summer heatwave intensity changes in the two valleys over the 

past 60 years are studied. 

Data and methods 

The input data for the study of the large scale atmospheric circulation related to air 

temperature variations at the French and Swiss Rhone valleys, are the gridded 20th Century 

Reanalysis data, version 2 (Compo et al. 2011). It is a 2.0° resolution, 24-layer vertical, 6-

hourly global reanalysis dataset that covers the period 1871ï2010 and is regularly updated. 

From this dataset geopotential heights at different levels (300 hPa to 1000 hPa and SLP) 

were extracted and the 700-1000 hPa and 500-850 hPa thickness fields were derived from 

the corresponding geopotential height data. 

The surface climate is often sensitive to minor shifts in large-scale atmospheric patterns. In 

order to isolate the characteristics of atmospheric variability regarding the two study areas, 

the large scale predictor(s) spatial window has been defined by taking into consideration the 

major centres of action influencing the two areas. For the two Rhone valleys, the area 

spanning from 60°W-60°E and 20°N-70°N has been selected for the large scale predictors 

including the whole North Atlantic Ocean and Europe. We restricted our analyses to the 

recent 60 year period (1950-2009). 

For the analyses of warm events in the Swiss and French Rhone valleys the daily E-OBS 

V5.0 gridded temperature data (at 25 km resolution; Haylock et al., 2008, updated) has been 

used for the period 1950-2009. In our analysis we extracted the regions (43.375°N-46.125°N, 

4.125°E-6.125°E) for the French Rhone valley and (46.125°N-46.625°N, 6.875°E-8.375°E) 

for the Swiss Rhone valley (see Figure 1). 
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(a) (b)  

Figure 1: Spatial dimension of (a) the French Rhone valley and (b) the Swiss Rhone valley. The red 

points denote the grid points from E-OBS used for this study (25 km resolution). Source: GoogleMaps 

Unicomponent and multicomponent canonical correlation analyses (CCA) in the empirical 

orthogonal function (EOF) space were applied to study the links between the large-scale 

atmospheric circulation, thermal information from the middle and upper troposphere and 

summer temperature variations at two regions. The validity of the statistical models has been 

evaluated through cross-validation. Results from the multicomponent approach that provides 

the best results in terms of the statistical model performance are presented here. 

A warm spell at each grid point was defined as an event lasting at least 6 days, allowing a 

one day interruption of the event, with maximum temperatures greater than the respective 

90th percentile. The 90th percentile was calculated for each day using a time window of 

seven days and values in the period 1961-1990. The intensity (degrees) was defined as: 

 ( )ä=
-=

n

i

th

ii TTCIntensity
1

90 )0,max(A
, where n denotes the duration of the event. 

Results 

Figures 2 and 3 show the canonical spatial patterns of the first CCA pair between the 

summer 500 hPa, 700 hPa, 700-1000 hPa thickness fields and French Rhone and Swiss 

Rhone valley summer temperatures, respectively, over the period 1950-2009. The statistical 

models with the combined atmospheric and thermic predictors show the best performance 

for the regional summer temperatures (predicted versus raw data). 
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Figure 2: Canonical spatial patterns of the first CCA between the summer large scale predictors and 

French Rhone valley air temperatures over the period 1950-2009. The CCA patterns reflect the typical 

strength of the signal (anomalies in the variables) with (a) 500 hPa, (b) 700 hPa, (c) 700-1000 hPa 

thickness, (d) French Rhone valley summer air temperature anomalies in °C. (e) Normalised CCA1 

time coefficients. 

The first CCA patterns exhibit a correlation between the multicomponent predictor (500 hPa, 

700 hPa geopotential height and 700-1000 hPa thickness fields) and the French / Swiss 

Rhone valleys summer air temperature of 0.82 and 0.84, respectively. CCA1 accounts in 

both valleys for around 90% of the summer temperature variability. The canonical component 

of the 500 hPa and 700 hPa geopotential height fields (Figs. 2ab and 3ab) explain around 

8% of the total mid and lower tropospheric heights variability. The spatial patterns show 

strong positive anomalies over Central Europe (centred around 50°N, 5°E). The French and 

the Swiss Rhone valleys are dominated by the large scale positive pressure anomaly 

patterns with height and show overall positive summer temperature anomalies. A region of 

negative anomalies with its centre over the Northern Atlantic, east of around 35°E, completes 

the large scale atmospheric circulation patterns over the Euro-Atlantic area. The dipole 

patterns show a good correspondence with the blocking and Atlantic Low regimes that have 

been identified by Cassou et al. (2005) with high likelihood for extreme warm days occurring 

in France, especially with the Atlantic Low regime. The 700-1000 hPa thickness patterns 

indicate a similar structure as the 500 hPa and 700 hPa geopotential height fields, with a 

warm troposphere over much of Europe. Over Northern Africa and Eastern Europe as well as 

the central Northern Atlantic there is evidence of a cooler lower troposphere under weaker 

negative anomaly fields at mid-tropospheric level. The patterns account for 8-9% of the total 

large scale summer thickness variability. 
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Figure 3: As Figure 2 but for the Swiss Rhone valley. 

Due to the strong connection between the time series, there is an important contribution from 

the first canonical modes to the long-term regional French and Swiss summer temperature 

behaviour and trends. The very hot summers of 1983, 2003 and 2006 become clearly visible 

in the normalised canonical coefficients series for both regions (Figs. 2e and 3e). Hot 

summers are thus generally connected with a large number of persistent high-pressure 

systems over the continent (or an increased frequency of the blocking and Atlantic Low 

regimes), a stable troposphere that favours dry and clear sky conditions, which is related with 

strong subsidence and/or warm air advection from the southwest and decreased moisture 

flux of Atlantic origin (Xoplaki et al., 2012). Dry soils further support the conversion of the 

surface radiation into heat (at the expense of evapotranspiration), or in other words, the 

reduction in latent heat flux, induced by a lack of moisture availability in the surface, results in 

enhanced sensible heat flux (e.g., Fischer et al., 2007ab, Seneviratne et al., 2010, among 

others). 

Figure 4 shows the intensity of identified summer heat waves from 1950 to 2009 in the 

French Rhone (a) and Swiss Rhone (b) valleys using E-OBS daily temperature data. Grey 

dots are associated with intensity values (°C) calculated for each grid point. Black lines 

represent the median of the values. 

 

  

  

 



Newsletter no6 ς June 2012  FP7 no. 212250 
 

 
www.acqwa.ch  Page | 14 

(a) (b)  

Figure 4 Intensity of identified summer warm events from 1950 to 2009 in the French Rhone (a) and 

Swiss Rhone (b) valleys. Grey dots are associated with values of intensity calculated for each grid 

point. The black solid line represents the median of the values. Please consider the different scales 

(stronger intensity at French Rhone valley) at y-axes. 

Warm events in both valleys are easily identified due to their extreme nature (intensity peak). 

An increase in the intensity and frequency seems to have affected the two areas in the last 

30 years, especially after 1990. Furthermore, the French Rhone valley has experienced a 

generally larger number of events compared to the Swiss Rhone valley between the 1980s 

and the 1990s. An additional feature is the clearly higher intensity of the warm summers in 

the French Rhone valley, especially at the end of the period. The 1983, 2003 and 2006 

events are clearly visible in both valleys. 

Besides the highlighted changes, it is worth to point out the increase of summer mean 

temperature (not shown) in the two regions. Positive trends of 0.2-0.4 degrees/decade 

(greater than 0.4 in the southern part of the French Rhone valley) were estimated. 

Conclusions 

The combined influence of the large-scale atmospheric circulation at different levels and 

thermic predictors (thickness patterns) on gridded summer temperature data is assessed by 

means of optimal objective techniques. The validity of the statistical models has been 

evaluated through cross-validation. 

The first canonical mode is associated with blocking conditions, subsidence and stability for 

warm summers in both the French and Swiss Rhone valleys. These conditions favour dry 

and clear skies, warm air advection from the southwest and decreased moisture flux of 

Atlantic origin. The increased frequency of those patterns that resemble the blocking and 

Atlantic Low regimes as suggested by other authors is associated with extreme warm days 

and heatwaves in the study areas. 

Warm events show a similar temporal variability in both Rhone valleys. A remarkable 

increase is evident in the frequency and intensity especially in the last 20-30 years. In 

addition, a spatially uniform increase in summer mean temperature (ranging from 0.2 

°C/decade to more than 0.4 °C/decade) has been estimated. 






