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1. Foreword by the Project Coordinator and Director  
 

By the end of March 2011, the ACQWA project will have reached the mid-point of its funding. 

In the first 20 months, most of the modeling and data acquisition and storing activities began 

in a smooth and coordinated fashion, with the results delivered in a timely manner. Since 

Month 24 of the project (October 2010), research on the impacts, governance and policy 

aspects of ACQWA has commenced and the momentum of these activities will increase over 

coming months as the expected deliverables ï based on the modeling activities conducted in 

the first half of the project ï begin to come on-line. There is thus ample room for optimism 

that the ACQWA project will be delivering its conclusions, some of which will be ground-

breaking and innovative, to the European Commission, by its scheduled completion date of 

2013. The results will serve, inter alia, for the update of the EU Water Framework Directive, 

planned for 2015, and some of the work published within the ACQWA community is likely to 

be cited in the IPCCôs 5th Assessment Report (AR5, scheduled according the Working Group 

report to be completed late 2013 and into 2014). 

One of the areas of concern, from the scientific communityôs point of view, is the extent to 

which the results of EU-funded projects actually guide or influence policy. There is an 

overwhelming feeling by numerous project scientists and coordinators that there is still a 

large gap between Science and Policy, and that this may be due to problems of 

communicating in an appropriate manner the key research results that would be of use to 

policy-relevant strategies. The awareness of this problem also seems to be rising on the side 

of the EC, and for example the ACQWA project Science Officer is keen on establishing a 

science-policy dialogue on an annual basis (a first such meeting took place in Brussels in 

July, 2010), in which direct exchange between project coordinators and key researchers and 

representatives of the Commission has shown to be an efficient vehicle for information 

transfer. Hopefully this new momentum will increase over time so that when the ACQWA 

project closes in September 2013, its conclusions will be widely incorporated into future 

policies at the local, national, and supra-national levels. 

Martin Beniston, Project Coordinator and Markus Stoffel, Project Director 
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2. Multimodel SuperEnsemble climatic scenarios  

Daniele Cane, Massimo Mielli,  

Regional environmental Protection Agency of Piemonte, Arpa Piemonte,  

daniele.cane@arpa.piemonte.it 

Description of the technique 

The purpose of this work is the statistical downscaling of Regional Climate Models (RCMs) 

scenarios over Piemonte Region to improve the weather parameter projections and to get a 

better description of the orography and of the complex physical processes due to interaction 

between air masses and the Alps. 

The input data are the reanalysis on ECMWF ERA-40 (1961-2000) and A1B scenario runs 

(1961-2100) of a subset of the RCMs (daily data) from the ENSEMBLES project, listed in 

Table 1. Given a limited data storage capability, the RCMs are chosen to maximise the range 

of different RCMs and GCMs and to span the larger uncertainty. 

RCM GCM Originating center 

HIRHAM5 Arpege DMI 

REGCM3 ECHAM5 ICTP 

HadRM3Q0 HadCM3Q0 Hadley Center 

RM4.5 Arpege CNRM 

CLM HadCM3Q0 ETH Zurich 

RACMO2 ECHAM5 KNMI 

REMO ECHAM5 Max Plank Institute 

 

Table 1: list of the RCMs used for the calculation of Multimodel SuperEnsemble scenario 

An Optimal Interpolation (OI)(5) technique is used to assimilate the daily ground station data, 

arbitrarily displaced in the region, on a selected regular three-dimensional grid map based on 

a background field (BF). The background field is obtained on a selected grid (0.125° 

resolution, with careful description of the complex orography of the region) by a linear tri-

dimensional downscaling of ERA-40 archive from 1957 to 2001 and of the ECMWF objective 

analysis from 2002 to 2009 

 the use of ERA-40 on the regional area is suggested by checking that the main 

climatological signals (trends, etc.) were congruent with the signals resulted from a station 

subset working in the period 1950-2000 in Piemonte(3). The method enables to weight the 

contribute to the temperature value on each grid point from the nearest observation data, 

through suitable parameters. A careful modulation of these parameters as a function of the 
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data density and the use of an external background field help to achieve the time 

homogeneity and the spatial coherence of the final dataset. 

As suggested by the name, the Multimodel SuperEnsemble method(6) requires several model 

outputs, which are weighted with an adequate set of weights calculated during the so-called 

training period. We applied this technique to a wide number of weather parameters in 

Piemonte region with a very good reduction of the forecast errors(1) 

We interpolated the model and control files on the OI grid via bilinear interpolation and for 

each grid point we compared the control runs in the period 1961-2000 with the observations 

from our OI. We then obtained the Multimodel SuperEnsemble weights with a Gauss-Jordan 

minimisation. 

The unbiased Multimodel evaluation in the forecast period is then given by the equation 

 

where N is the number of models, ai are the SuperEnsemble weights, Fi is the forecast value, 

Fi is the mean forecast value in the training period and O is the mean observation in the 

training period. 

For precipitation data, we use a different technique previously developed probabilistic 

technique for the quantitative precipitation forecast(2), with careful correction of precipitation 

PDFs. We associate to each modelôs QPF the empirical Probability Density Function (PDF) 

and we calculate the (weighted) mean PDF. Weights are calculated as the inverse of the 

continuous ranked probability score (CRPS), normalized to the sum of inverses of the 

CRPSs of the models.  

For any day of the scenario a given precipitation value is extracted randomly from the PDF. 

Validation 

We tested the technique on the past data, splitting the control period of the models into two 

halves: the first one (1961-1980) used as training period, the second one (1981-2000) as 

forecast period. The trends and seasonal component of the Multimodel SuperEnsemble 

temperatures in the 1981-2000 period (calculated with the Seasonal Decomposition of Time 

Series by Loess(4)) show a very good agreement with the available observations (Fig. 1 

shows the results for maximum temperature, but the same conclusions apply to minimum 

temperature). The Multimodel SuperEnsemble technique slightly reduces the extremes of the 

temperature distribution (not shown). 
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Figure 1. Test application of the Multimodel SuperEnsemble technique on maximum temperature. Data are 

calculated daily, but statistics are performed on a monthly basis. Training period 1961-1980, forecast period 1981-

2000. a) an example of the signal decomposition according to the Seasonal Decomposition of Time Series; b) 

comparison between trends from observations (black lines), control runs (solid lines) and scenario runs (dashed 

lines); c) comparison between seasonal components from observations (black lines), control runs (solid lines) and 

scenario runs (dashed lines). 

The results for precipitation are shown in Fig. 2: the Multimodel SuperEnsemble technique is 

able to reproduce satisfactory the annual cycle of precipitation, reducing the strong winter 

positive bias of the RCMs and ignoring the contribution from very bad RCMs.  

The random choice from the calculated PDF has no effect on the distribution of dry 

consecutive periods (defined as 5 cons. days of prec < 1 mm/day), which are comparable 

with the observations, while reduces the number of wet consecutive periods (not shown). 

Obs MMSUP

DMI ICTP CNRM

 

Figure 2. Walter and Lieth diagrams for three RCMs reanalysis compared to the observations and to the 

Multimodel SuperEnsemble results. The temperature and precipitation data are calculated as the averages over 

the whole Piedmont points of the Optimal Interpolation grid. 
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Conclusions 

Multimodel SuperEnsemble technique can be applied to the RCMs outputs to downscale the 

scenarios over complex terrain regions like Piemonte. A coherent reconstruction of the 

temperature and precipitation climatology (in this work an accurate OI of the weather station 

network) is required to be used in the Multimodel training period.  

The scenario projection obtained with Multimodel SuperEnsemble, thanks to the use of the 

high resolution analysis, allows a better characterization of the temperature variations in the 

alpine area, with differences between mountainous and plain regions. 

Further work will be done with the probabilistic technique to better evaluate the uncertainty of 

the scenarios obtained with the Multimodel SuperEnsemble. 
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3. Climate change and the  biological diversity in alpine running 
water ecosystems.  

Emmanuel Castella1, David M. Hannah2, Kieran Khamis2, Anthony Lehmann1, Alexander M. Milner2, 

Lee Brown3 

1: Institut F.A. Forel, University of Geneva, Switzerland 

2: School of Geography, Earth and Environmental Sciences, University of Birmingham, UK 

3: School of Geography, University of Leeds, UK 

Research context  

For mountain running waters, and most notably in glacierized river basins, climatic change 

will alter the balance between water sources of ice-melt, snowmelt and groundwater. 

Modifications in the amount and duration of snow cover, the magnitude and timing of the 

summer ice-melt peak, together with the headwater extension of streams as they follow 

glacier recession, are expected to modify the hydrology and biology of these ecosystems. 

Species composition of aquatic insect communities (a prominent component of biological 

diversity for alpine running water) is highly dependent on the physicochemical habitat 

heterogeneity of water sources, their timing and spatial distribution (Brown et al., 2009a). In 

addition, mountain regions are areas of high endemism, also for the aquatic fauna (Brown et 

al., 2009b) and glacial streams harbour unique species, especially among the Diptera (Lods-

Crozet et al., 2001a), with adaptations to high stress conditions caused by low temperature, 

unstable riverbed substrate and high suspended sediment concentration. Therefore, alpine 

stream biota can be regarded as highly vulnerable (Brown et al., 2007, 2010). There is a 

pressing research need to understand how alpine running water biodiversity could be 

modified under scenarios of climate change, in a context of cumulative impacts of other 

human pressures, and to provide appropriate management recommendations (Hannah et al., 

2007). Results obtained on the Tschierva glacier (Grisons, Switzerland) by Finn et al. (2010) 

show an evident upward shift of aquatic invertebrate assemblages, but also complex 

interactions modifying short-term and seasonal variability and causing responses to occur 

faster than glacial recession.  

Objectives 

The ongoing work under the ACQWA Work Package 4 (Task 4.1)  led by teams from the 

Universities of Birmingham and Geneva, builds upon the experience and results obtained by 

the two teams 15 years ago under a previous EU project (AASER: Arctic and Alpine Stream 

Ecosystem Research). This research addresses the above research gaps directly; and it has 

two main objectives: 

1. to develop scenarios of biodiversity changes under climate change in alpine running 

water ecosystems.  

2. to model the vulnerability of alpine running water biota and provide recommendations 

for conservation strategies. 

To reach these objectives, two major research tasks started in 2010: data gathering at the 

scale of large catchments (i.e. the Swiss Rhône) for model development and field data 
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collection on small test catchments (including those in the French Pyrénées) to look for 

evidence of changes over a 15-years time interval. 

Model development 

The compilation of species distribution data and of related environmental variables (climate, 

hydrology, catchment occupation etc.) at the scale of the entire Swiss Rhône catchment 

started as part of Anne-Laure Besacier-Monbertrandôs PhD. It incorporates collaboration with 

the Swiss Biological Record Center in Neuchâtel and with Rahman Kazi, whose ACQWA-

funded PhD work deals with hydrological modelling at the University of Geneva. This task will 

lead to the development of predictive models of aquatic insect occurrence that will in turn be 

used to forecast biodiversity changes under modified climatic / environmental conditions. 

Figure 1 provides an example of a map of potential occurrence of a mayfly (Ephemeroptera) 

in Switzerland, as predicted by a Generalized Additive Model using environmental variables 

expressed at the scale of 500m stream segments.  

 

Figure 1 Map of the potential distribution of the mayfly Epeorus alpicola as estimated by environmental predictors 

in a Generalized Additive Model. 

Field data collection 

The uppermost part of the Rhône catchment in Switzerland (Gletschbode / Mutt catchment in 

Valais, Figure 2) and the Taillon-Gabietous catchment (French Pyrénées) are test sites 

where the Geneva and Birmingham teams started collecting data on glacial streams in the 

mid-nineties (Snook & Milner, 2001; Lods-Crozet et al., 2001b). These sites were re-sampled 

in summer 2010 using comparable protocols with the intention of comparing the current 

condition of the invertebrate assemblages and habitat variables, with that described 15 years 
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ago. A further two glacial basins were also sampled in the French Pyrénées to encompass 

the diverse geology of the region (Figure 3).  

 

Figure 2 - The Mutt glacier (ca. 0.5 km
2
) and the upper part of the Mutt catchment, July 2010 (Valais, 

Switzerland). The altitude of the glacier front is 2700m a.s.l. 

All the catchments incorporate streams with rivers sourced from (in varying proportions) 

three conceptual stores: glaciers, snowpacks and groundwaters. Alpine streams can be 

classified according to the proportion each water store contributes to the bulk river flow 

(Brown et al., 2009a) as the runoff from each store has distinct physico-chemical properties, 

which act as a master variables controlling key habitat and faunal characteristics. 

 

Figure 3  The Glacier des Oulettes (0.16 km
2
), Vignemale, France (August 2010). 
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Field data acquisition (Figure 4 and 5) incorporated both the standardised sampling of the 

aquatic fauna living on the surface and in the interstices of the streambed, and the 

characterization of key environmental variables including river discharge, hydraulics, water 

temperature, electrical conductivity, substrate condition and suspended sediment. Water 

sources and the proportion they contribute to river flow were characterised and quantified by 

the collection of water chemistry samples and major ion and silica analyses. Sorting and 

identification of the > 200 stream faunal (macro invertebrate) samples brought back from the 

field is underway at present. 

  

Figure 4  Faunal sampling in a groundwater-fed tributary of the Mutt (above, July 2010) and water sample in the 

uppermost stretch of the Rhône, where no glacier is left to be seen at the top of the cliff (right, September 2010). 

 

Figure 5 A warm reception from the local fauna in the Oulettes basin, September 2010.  


