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Introduction 
Climate services often combine user needs with climate information to provide customized 
climate information, tools and analysis to facilitate mitigation and adaptation decision making 
by individuals and organizations. The European Research and Innovation Roadmap for 
Climate Services (Street et al. 2013) has stimulated the development of many pan-European 
climate services addressing climate impacts in different sectors, including water resources. 

However, uptake of climate services for adaptation is still considered insufficient (Klein/Juhola 
2014, Brasseur/Gallardo 2016). This is partly due to the fact that data and information in 
present climate services reflect high uncertainties and low resolution, which is difficult to use 
in practical climate adaptation work (e.g. Olsson et al. 2016). Furthermore, many climate 
services were developed in a top-down fashion, i.e. without significant user involvement. 
Hence the datasets offered and the way they are provided do not sufficiently cater to the needs 
of potential users of such climate services. 

The overall goal of the AQUACLEW project is therefore to both improve data quality and better 
tailor climate data and adaptation knowledge to prospective users. Through co-development 
with users in both research and information production the project aims to advance the quality 
and usability of climate services in water management. Among others AQUACLEW will 
develop and apply new methods based on the most recent research to tailor choices of climate 
model ensemble, bias-correction methods and the hydrological model ensemble used to make 
predictions. As a result, AQUACLEW will decrease the influence of improbable models in 
impact results thus narrowing the spread of projected outcomes and, moreover, permit user 
interaction along the climate data production line. 

 
Besides developing methods for better climate data AQUACLEW also aims to apply and test 
these methods in real-world applications. This is done by conducting seven case studies, 
namely on pluvial flash floods in pre-Alpine regions (Austria), hydropower production (France), 
fluvial and coastal interactions under Mediterranean climate conditions (Spain), agricultural 
production in Central Denmark, drought and water resource allocation for the tourism, 
agriculture and energy sectors (Spain), urban flash floods (Germany) and biodiversity decline 
(Sweden). 
 
This Milestone documents the status quo of the seven AQUACLEW case studies. The 
document is regularly updated to keep track of ongoing progress in the case studies. 
 

Status quo update 1 (November 2018) 
 

The first status update took place at the AQUACLEW Project Meeting that took place in 
November 2018 in Copenhagen, Denmark. The status quo each of the seven AQUACLEW 
case studies was presented in the meeting. Summaries of the status quo reports are 
documented in Annex 1. As these are the foundation for all subsequent reports, each case 
study was described in more detail, in particular the planned decision support to the client 
organization, the client’s previous experience with climate services, data needed for the 
case study, how the data are planned to be processed, preliminary results up to November 
2018 and remaining work for the coming months.  
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Status quo update 2 (March 2019) 
In the four months since the November 2018 meeting in Copenhagen AQUACLEW partners 
have been progressing with their case study work. An online conference call was held on 
March 20th 2019 to report on each case study’s progress and discuss important issues. It 
became clear that all case studies are advancing in a different way, owing to the different 
thematic foci and methodological approaches employed in the case studies. This also 
translated into different interaction patterns with the client organisations. Within the coming 
months preliminary results of the case studies’ quantitative work will gradually be generated 
and discussed with the clients. In the conference call it was emphasised that all case study 
partners need to finalise their quantitative work by November/December 2019 at the latest 
and present and discuss the results with their clients at the very latest in January 2019. 

The following sections summarise the progress from November 2018 to March 2019 in each 
case study. This is followed by an overview table that gives an overview of the climate and 
hydrological models planned to be used in each case study.  

 
Hydropower production (France, IRSTEA) 
  
Ongoing quantitative work: We have carried out work on the projected evolutions of river 
flows in catchments of hydropower interest in France. The study was based on GCM/RCM 
(RCP 4.5 & 8.5) climate model projections for two future periods: near future (2021-2050) and 
far future (2061-2090). Both were considered comparatively to a reference period (1976-2005). 
After a first qualitatively review of existing climate services (ex., type of data available, spatial 
and temporal resolutions) and consultation with users, we downloaded climate data from three 
portals: SWICCA Service for Water Indicator in Climate Change Adaptation, Clim4Energy and 
Drias French Portal. Our first results have shown that differences in monthly percentage 
anomalies between the different pairs of GCM/RCM are more important during the winter 
season than in summer in the studied catchments. For the two future periods, there is an 
increase in the dispersion between the different GCM/RCM pairs, even though they have the 
same greenhouse gas emission scenario. The results highlight the importance of considering 
multiple climate services when evaluating future conditions for the management and planning 
of hydropower production. They also illustrate the importance and the challenge of designing 
new indicators that do not rely solely on future flow projections from one model or portal.  
 
Ongoing activities/latest interactions with the local/regional case study partners: Since 
the general assembly in Copenhagen in November, we had the opportunity to discuss results 
and next steps with users and experts during a meeting that was held on 25 January 2019. 
During this meeting, we presented how the projected river flows could be used to evaluate the 
operating guide curves for reservoir management. These curves translate the rules to achieve 
management goals for reservoir levels throughout a year. In our study, we considered multi-
purpose reservoirs, with the rule curves representing the compromise between a target 
objective of minimum reservoir level during the summer season and a minimum daily release 
flow, with remaining water available for the optimization of hydropower production. Interactions 
suggest that differences between current and future operating rules of hydroelectric 
installations, in the context of climate change adaptation, can be evaluated from the 
trajectories of the rule curves. We are currently developing the curves and indicators that will 
allow us to highlight the conditions under which water volumes are available (or not) to 
optimize hydropower production. Finally, we are also exploring the possibility of applying our 
methodology to different areas of hydroelectric interest in Europe, based on SWICCA river flow 
data.  
 
Any unforeseen challenges and possible adjustments: We did not encounter any particular 
problems in the past period. We have found some mismatches between data downloaded from 
the Climate Data Store website and the SWICCA portal for the same catchment, and some 
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issues concerning the map projections from the Drias Portal. The first problem was reported to 
SMHI and the second problem was solved after an extensive data and code verification. 

 

Pluvial flash floods in pre-Alpine regions (Austria, UIBK/BOKU) 

Ongoing work on the case-study: Both Austrian partners (UIBK, BOKU) have conducted 
work on the case-study on pluvial flash floods in pre-Alpine regions in the past months. Current 
activities focus on the “next-steps” section as outlined in the November 2018 progress report. 

UIBK has, amongst others, been working on these topics: 
• Systematic Comparison of IDF-curves offered by the selected national CS (ehyd.gv.at) and 

pan-European CS (swicca.eu). 
• Pre-Processing of datasets for coupled hydrological and hydrodynamic simulations for 

selected study sites. Set-up of hydrologic/hydrodynamic models for the study sites. 
• Currently UIBK is comparing different hydrodynamic software packages for modeling of 

pluvial flash floods in pre-Alpine settings.  
• Preliminary results of the model comparison will be presented at EGU 2019. 

 
BOKU has been working on the following topics: 
• Analysis of precipitation intensity – temperature relationship by application of generalized 

pareto distribution (GPD), and investigation of minimum sample size for reliable parameter 
estimation. 

• This work will be presented at EGU 2019 and a publication is planned. 
• The investigation of stability indices (e.g. Showalter Index (SWI), Available Potential 

Energy (CAPE)) for their potential to serve as proxies for the occurrence of convective 
storm events are in an early stage. 
 

Ongoing activities/latest interactions with the case study partners: Since the last 
interaction with the case study partners in Fall 2018 (contact related to the conducted WP3 
status-quo interviews) there have not been any AQUACLEW case-study related interactions 
with the case-study partners. Selected partners have been contacted with respect to their 
possible involvement in the WP1 focus group meetings. 

Unforseen challenges and possible adjustments: As of now, no unforeseen challenges 
have surfaced for the case-study on pluvial flash flooding in pre-Alpine regions. 

 

Urban flash floods in Hagen (Germany, TUDO) 

Ongoing quantitative work: A key activity in this reporting period consisted of identifying and 
getting hold of suitable data on precipitation and temperature indicators. We were able to 
obtain datasets from 12 local weather stations in Hagen, 2 regional government weather 
stations in Hagen, 3 weather stations in the vicinity of Hagen run by the German 
meteorological authority (DWD). These data were processed and evaluated with colleagues 
from UIBK/BOKU in regard to a methodology for estimating climate change effects on future 
extreme precipitation events. Furthermore, digital elevation model data were obtained and 
processed, as well as land-use data and data on relevant infrastructures and public facilities, 
which will be use for the flood modelling.  

 
Ongoing activities/latest interactions with the case study partners: In 2019 there have 
been several interactions with the municipal authority responsible for waste water facilities in 
Hagen in regard to local precipitation data from their own weather stations. The urban planning 
department and the civil protection department have been informed of further progress and it 
was jointly discussed how our work could benefit them most in their ongoing planning 
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activities. It was decided to focus on particular urban flash flood ‘hotspots’ within the (fairly 
large) territory of the city of Hagen and conduct detailed flood modelling for these areas. The 
resulting maps and data can then be used for the ongoing development of the integrated urban 
development strategy and the planning of new emergency routes in case of a flash flood 
events.   

Unforeseen challenges and possible adjustments: No unexpected challenges are apparent 
at this point. 

 

Fluvial and coastal interactions under Mediterranean climate conditions (Spain, 
UGR) 

Ongoing quantitative work: We have initiated collaboration with researchers from the 
University of Genova, Italy for the maritime climate simulations under different climate change 
scenarios and global models for the Mediterranean Basin using WavewatchIII. They have run 
the historical period and RCP8.5 under seven different CORDEX models obtaining different 
maritime climate offshore variables. We have started analyzing the outputs, currently doing 
bias-adjustments and our next step is the statistical characterization of the data. We have 
plans to start simulations for the RCP4.6 scenario once our access to the University of 
Granada server has been approved. 
We have also starting setting up the Delft3D model for wave propagation to shallow waters for 
our case studies. This needs calibration with historical data which we are currently undertaking 
before the application to RCP8.5 data. 

Ongoing activities with the case study partners: We haven’t had any new interactions with 
the local partners. When we first contacted them, we had problems setting up meetings, due to 
their busy schedule, and we agreed to have a meeting once we had more results. We have 
initiated contact with the regional government to present to them the methodology and the 
different climate services we are using. They have showed interest in the results of the case 
study and the methods. 

c) Any unforeseen challenges and possible adjustments: Our main challenge is the time 
the different analyses are taking and will take. The simulations of offshore wave data are 
taking longer than expected and we haven’t finished setting up the wave propagation models 
so we do not know for certain how long those will take. We are trying hard, however, to 
finishing the case study by the end of 2019. 

 
 

Drought and Water resource allocation for tourism, agriculture, energy sectors 
(Spain, UCO) 

 
Ongoing quantitative work: The effort during these months have been focused on two steps 
of the designed workflow: Step 3 Downscaling to a high spatial resolution and Step 4 
Uncertainty quantification. On the one hand, the transfer functions between climate service 
data and local model results have been defined for the studied variables (precipitation, 
temperature, snow water equivalent and river discharge). On the other, the uncertainty was 
quantified through the definition of error functions that will be used to stochastically 
generate/propagate it. 
Moreover, we are involved in the different experiments developed in WP2: Hydro-DSST, BIAS-
DSST and Expert Elicitation. Here, we are setting up four different hydrological models and 
two bias adjustment techniques. The results of those will be used and transfered to our clients. 

Ongoing activities with the case study partners:  A meeting was held with one of our 
clients, ENDESA Hydropower. In that meeting we explained to them the ongoing work and 
where are we in the designed workflow, showing some of the preliminary results. We also 
introduced the fact that we were working in some experiments to summarise which model and 
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bias corrected techniques could bring less uncertain results. We are planning further meetings 
with all the client during the spring.  

Any unforeseen challenges and possible adjustments: At this stage no new adjustments 
are proposed. However, depending on the results of the WP2 experiment, some of them could 
be introduced as new steps in the work flow. Therefore, we need to wait until the experiments 
are concluded to decide about that possible issue. 
 
 

Biodiversity decline (Sweden, SMHI) 

Ongoing quantitative work: Work is progressing but not in a linear fashion, Step 2 (Conduct 
bias adjustment) has begun and Step 4 (Post-process results to calculate the desired 
indicators) as well, despite Step 1 (Collect high-resolution Euro-CORDEX data) being not yet 
completed. 

Ongoing activities/latest interactions with the local/regional case study partners: We 
have met/contacted our contact person twice since the meeting in November to ask about 
climate regimes and to discuss indicator priorities and calculations. 

Any unforeseen challenges and possible adjustments: The Swedish case study was taken 
out of one of the WP2 experiments. We do not anticipate any challenges at this stage, but this 
may change as the project further develops. 

 

Agricultural production in Central Denmark (GEUS) 

Ongoing quantitative work: Focus is on the possibilities to illustrate future soil wetness and 
dryness using agricultural indices. Additionally, the options to quantify and reduce the 
uncertainty of these indices will be explored. Here, feedback from the stakeholders is crucial. 

Ongoing activities with case study partners: The content of the first of more meetings with 
the stakeholders has been decided on. The meeting is scheduled to early June 2019. 

Unforeseen challenges: None so far.  



 

 

 

 

Table 1: Overview of climate and hydrological models used in the case studies 

 
Case study Number of climate models 

used 
Number of hydrological 
models used 

Bias adjustment methods 

Drought and water resource 
allocation for tourism, 
agriculture and energy sectors 
(Spain, UCO) 

8 models: 
HadGEM2-ES, RCA4: RCPs 
4.5 and 8.5;   EC-EARTH, 
RCA4: RCPs 4.5 and 8.5;   
EC-EARTH, RACMO22E: 
RCPs 4.5 and 8.5;     
MPI-ESM-LR, REMO2009: 
RCPs 4.5 and 8.5  
Time period will be 2020-2100 
for all model' combinations. 

4 models:    
WiMMed (Watershed 
Integrated Model in 
Mediterranean Environment);   
E-HYPE (from SWICCA 
platform);   TETIS 9.0.1;  
SWAT (Soil and Water 
Assessment Tool)  
  
    

yes 

Hydropower production 
(France, IRSTEA) 

7 models:   
MPI-ESM-LR, REMO2009 & 
RCA4, RCPs 4.5 and 8.5, 
2016-2045 and 2036-2065;   
IPSL-CM5A-MR, WRF331F & 
RCA4, RCPs 4.5 and 8.5, 
2016-2045 and 2036-2065;   
EC-EARTH, RACMO22E & 
RCA4, RCPs 4.5 and 8.5, 
2016-2045 and 2036-2065  

2 models:    
GR6J with CemaNeige;  
  
E-HYPE (from SWICCA 
platform)    
    

Rank Resampling for 
Distributions and 
Dependences (R2D2)  
   
Cumulative Distribution 
Function-transform (CDF-t)  
    
     

Agricultural production in 
Central Denmark (GEUS) 

10 models:   
We expect to force the 
hydrological models by 10 
different climate model 
projections (all from CORDEX 
0.11 degree runs forced by 
RCP8.5. We have not decided 
yet which time slice to focus 
on – probably 2071-2100.  

5 models yes 

Urban flash floods (Germany, 
TUDO) 

3 models (corresponding with 
the Austrian flash flood case 
study) 

1 model  

  



 

 

 
 
 
 
 
 

Case study Number of climate models 
used 

Number of hydrological 
models used 

Bias adjustment methods 

Decline in biodiversity 
(Sweden, SMHI) 

CNRM-CM5-ALADIN53 
CNRM-CM5-ALARO-0 
EC-EARTH-HIRHAM5 
HadGEM2-ES-RACMO22E 
EC-EARTH-RACMO22E 
EC-EARTH-RCA4 
HadGEM2-ES-RCA4 
MPI-ESM-LR-RCA4 
MPI-ESM-LR-REMO2009 
MPI-ESM-LR-REMO2009 (diff 
realizations) 
RCP: 2.6,4.5,8.5   

2 models: 
E-HYPE, S-HYPE 

Yes.  
Distribution-Based Scaling 
DBS 

Pluvial flash floods in pre-
Alpine regions (Austria, UIBK / 
BOKU) 

3 models 1 model  

Fluvial and coastal interactions 
under Mediterranean climate 
conditions (Spain, UGR) 

7 models:    
CanESM2, CCLM4-8-17  
MPI-ESM-LR, RCA4   
HadGEM2-ES, RCA4  
CNRM-CM5, RCA4   
MIROC5, CCLM4-8-17 
  
NorESM1-M, RCA4   
IPSL-CM5A-MR, RCA4 
    
  
For all cases: RCP 8.5 (4.5-
probable), time period 2020-
2100     

Wave propagation and Hydro-
Morphodynamics models:  
Wavewatch III    
Delft3D    
    

None. 
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Agricultural production in Region of 
Central Denmark 

 
Torben O. Sonnenborg, GEUS 
Ernesto Pasten Zapata, GEUS 
Hans Jørgen Henriksen, GEUS 
Jens Christian Refsgaard, GEUS 
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Issue to be addressed 

 

 

 Agricultural production 
 Flood and inundation during winter time 
 Soil wetness 
 Groundwater level 

 Drought during growing season 
 Soil dryness 
 Groundwater level 
 Irrigation needs and impact on stream discharge – low flow 

 
 
 
 
 



Issue to be addressed 
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 Uncertainty 
 Emission scenario/Climate model 
 RCP/GCM-RCM/Bias correction 

 Hydrological model (conceptual models and calibration) 
 How to constrain the uncertainty? 
 Expert elicitation? 
 Weighting of models? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DLR 

 

 

moisture deficit index) 
 
 
 
 
 
 
 
 
 

Karlson et al. (2015) 
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Decision Support to client 
 Risk of flooding (or water logging) 
 Risk of drought 
 Uncertainty – lower than previously (expert elicitation?) 
 Index (soil 
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Clients previous experience with Climate 
Services 
 www.klimatilpasning.dk 
 Mostly general, qualitative information 

http://www.klimatilpasning.dk/
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Data needed for case study 
 Climate observations from historical period 
 Daily values of P, T and ETref for present period (~30 years) 

 Down-scaled climate projections 
 Daily values of P, T and ETref for future period (30 years) 

 Projections from several emission scenarios/climate models 
 Hydrological observations 
 Water content in root zone (evapotranspiration) 
 Hydraulic head 
 Stream discharge 
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Workflow 
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 Set up of agro-hydrological models 
 Skjern Å 
 Storå 
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Arrangement of the SWC in 
the agriculture site 

Distribution of the SWC observations 
for each depth 
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Mean monthly SWC for each depth 
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 Proposed framework for the calibration and validation of local hydrological 
models and bias correction methods in a climate change context 

 
 

 Proposed methodology for the expert elicitation 
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 External funding for bias-correction of CORDEX results 
 Cooperation with DMI 
 Using 11 degree models and 10 km observation data set 

 Hydrological models set up for both catchments 
 MIKE SHE models – integrated, transient models 
 Alternative conceptual models needed 
 Alternative calibration methods 
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What do these preliminary results mean 
for the clients climate issue? 

 These represent the basis for the assessment of the reliability of the climate 
projections from hydrological models and bias-correction methods 

 
 

 The climate outputs that result from these approaches are expected to be more 
reliable for the end users 
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What is the importance and relevance of 
adaptation in this case study? 
 Land use (agriculture vs nature) 
 Choice of crops 
 Other management issues (irrigation, catch crops, etc.) 
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What connections to different policies 
does this case study have? 
 Outline which policies or legislation that are relevant to the case study and why 
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Which aspects for improvement in the 
climate service can be identified so far? 
 Please think of this from the clients perspective – do they have feedback for any 

part of the chain below? What might this feedback be? 
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What work is remaining? 

 

 

 Climate model projections for the study case following the proposed protocol: 
 Hydrological model calibration and validation 
 Bias correction calibration and validation 
 Use of the selected metrics based on the end user needs 
 Share the outcomes with the end users 
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What work is remaining? 

 

 

 Expert elicitation 
 Development of the steps defined during the GA 
 Selection of experts 
 Development of training notes 
 Development of questions 
 Expert elicitation application 
 Analysis of the results 
 Comparison of the results with a mathematical approach 
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What scientific publications are likely? 
 Expert elicitation used to define an ensemble of climate and hydrological models 

for case studies 
 Protocol for the assessment of non-stationaries in the analysis chain of climate 

change impacts on hydrology 
 Assessment of the hydrological impacts of climate change affecting Danish 

agriculture focusing on end user needs 
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Final Conclusions and Case study status 
 Next steps 
 Bias correction of CC projections 
 Definition of alternative hydrological models 
 Calibration/validation 
 Hydrological projections 
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Biodiversity Decline - Sweden 

 
Lorna Little (SMHI) 
Måns Lindell (Länsstyrelsen i Jönköpings län) 
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Issue to be addressed 

 

 

 Jönköping county administration works as a policy maker of environmental 
protection who has the responsibility to detect changes in ecosystems, and to 
document them. 

 As Jönköping county administration decides and implements environmental 
regulations in a changing climate, there is a need for information on different 
climate indicators. 



Issue to be addressed 
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 Biodiversity in an area can be impacted by climate change, leading to changes in 
species diversity and availability. This can affect ecosystem resilience, which can 
in turn lead to changes in available resources (e.g. drinking water) and 
recreational activities. 

 Jönköping county has been divided into areas, for which different climate 
indicators are needed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project AQUACLEW is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by FORMAS (SE), 
DLR (DE), BMWFW (AT), IFD (DK), MINECO (ES), ANR (FR) with co-funding by the European Union (Grant 690462). 

 

 

 

Decision Support to client 
 The results will also be used in the environmental monitoring program at the 

County and is saved in databases together with other local data. 
 The environmental monitoring program is shared within municipalities in the 

County. 
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Previous experience with Climate Services 

 Jönköping Länsstyrelsen has experience with: 
 Working with knowledge purveyor (SMHI) to use Pan-European climate 

impact indicators for water temperature. This was used as input to find 
information on lake stratification. 

 Getting data from national service (SMHI) to use in regional analyses 
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Data needed for case study 
 Categories of Indicators of interest (32 indicators in total): 
 Air temperature 
 Water temperature 
 Precipitation 
 Water discharge 
 Snow cover 
 Ground water level 
 Growing degree days 

 
 

 Input data: 
 Euro-CORDEX (from C3S Global Impacts Service) 
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Workflow 
 

Step 1: Collect high-resolution Euro-CORDEX data (11km) for early, mid, late century climate 

projections. 

Step 2: Conduct bias adjustment (exact procedure to be decided). 

Step 3: Run S-HYPE model using Euro-CORDEX data as input. 

Step 4: Post-process results to calculate the desired indicators. 

Step 5: Communicate results with client, so changes between historical data and climate 

projections are understood. 



Workflow preliminary results 

 

 

 Work is to begin in October on running the impact model 
 Climate report from 2015, produced by Jönköping Länsstyrelsen shows that 

changes are occurring historically: 
 Temperature is increasing during 1961 - 2015 
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Workflow preliminary results 

 

 

 Precipitation is increasing in several municipal areas of Jönköping from 1961 
- 2015 
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Workflow preliminary results 
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 Water discharge shows some increases in some parts of the county from 
1961 - 2015 

 
 
 
 
 
 



Workflow preliminary results 
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 Snow cover shows decrease in number of days in some areas from 1961 – 
2015 

 
 
 
 
 



Workflow preliminary results 
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 Growing degree days show some change when compared to historical data 
but the direction is not clear 
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What do these preliminary results mean 
for the clients climate issue? 

 The results from historical data give a current state of affairs. 
 

 Important to find out how the patterns change from here! 
 In 20 years 
 In 50 years 
 In 80 years 
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What is the importance and relevance of 
adaptation in this case study? 

 Jönköping county have to include climate change in future planning, state 
supervision, permission and environmental monitoring. 

 
 In this case study focus is on giving Jönköping county more information of the 

magnitude of impact of different variables in the future. The results will help the 
client prioritize questions regarding biodiversity and environmental management. 

 
 Adaptation to preserve and conserve biodiversity in different municipal regions is 

important because it is a pillar of healthy ecosystems which many people rely 
upon. 
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What connections to different policies 
does this case study have? 
 All policy makers at regional level have the responsibility to plan for a sustainable 

future in a changing climate. The method used in this study can hopefully be 
used by other counties or surveyors of the environment. 

 
 Since 8th March, 2018, there is a climate change strategy implemented based on 

the Paris Agreement and Agenda 2030 goals: 
 

 Nationally – ’Develop a long-term sustainable and robust society that 
actively meets climate change by reducing vulnerabilities and taking 
advantage of opportunities.’ 

 
 Regionally – ’A guide for the county's actors to actively respond to 

climate change and create a long-term, robust society and sustainable 
development.’ 

 
https://www.lansstyrelsen.se/jonkoping/stat-och-kommun/samhallsbyggnad/plan- 
och-bygg---pbl/klimatanpassning.html 

https://www.lansstyrelsen.se/jonkoping/stat-och-kommun/samhallsbyggnad/plan-och-bygg---pbl/klimatanpassning.html
https://www.lansstyrelsen.se/jonkoping/stat-och-kommun/samhallsbyggnad/plan-och-bygg---pbl/klimatanpassning.html
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Which aspects for improvement in the 
climate service can be identified so far? 
 More indicators can be added to interface 
 Historical data can be added 
 Further feedback to come as workflow progresses 



What work is remaining? 
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Step 1: Collect high-resolution Euro-CORDEX data (11km) for early, mid, late century climate 

projections. 

Step 2: Conduct bias adjustment (exact procedure to be decided). 

Step 3: Run S-HYPE model using Euro-CORDEX data as input. 

Step 4: Post-process results to calculate the desired indicators. 

Step 5: Communicate results with client, so changes between historical data and climate 

projections are understood. 



What work is remaining? 
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Step 1: Collect high-resolution Euro-CORDEX data (11km) for early, mid, late century climate 

projections. 

Step 2: Conduct bias adjustment (exact procedure to be decided). 

Step 3: Run S-HYPE model using Euro-CORDEX data as input. 

Step 4: Post-process results to calculate the desired indicators. 

Step 5: Communicate results with client, so changes between historical data and climate 

projections are understood. 
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What scientific publications are likely? 

 

 

 Unsure 
 Climate impacts on biodiversity in a swedish county? 
 Contribution to a paper on case studies – How pan-European data was used 

at local level to support decision making? 
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Final Conclusions and Case study status 

 

 

 In summary: 
 One online meeting held, followed by email correspondence 
 Much work to be done, but it is clearly described and reasonably straight 

forward. 
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Water resource allocation for tourism, 
agriculture, energy sectors 

 
María José Pérez-Palazón, Rafael Pimentel, María José Polo 
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The Guadalfeo River Basin is a 1345 km2 
Mediterranean mountainous coastal 
watershed in the Sierra Nevada National Park 
(Southeastern Spain). Its highly variable 
precipitation and snow regime determines 
water availability at the seasonal and annual 
scales. Urban supply, tourism and 
agriculture, together with hydropower 
generation at the headwaters compete for 
water during the warm season. The future 
climatic context poses a risk for the current 
supply system and water resource 
availability on a long term basis. Climate 
services provide an open framework to assess 
the seasonality expected shifts associated to 
changes in the snow regime, and to estimate 
their impact on the decision making process. 
Also, they allow developing operational 
strategies both in the medium and long term. 

Guadalfeo River Basin 
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Clients, needs and decision to be taken 
 
 
 
 
 
 
 
 
 

Client Sector Decision 
1.ENDESA Hydropower Energy Energy production: 

new building, 
restoring and 
maintenance of the 
small hydropowers 

2. Water Planning Office 
(Andalusian Department of 
Environment) 

Agriculture Water resources 
management plan 

3. Tropical Coast Municipalities 
Community 

Tourism Water supply plan 
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Decision Support to client 
 

Results will assess the: 
- prevision of water allocation success on an annual and decadal 

basis in the new planning hydrological cycle, and they will provide a 
deeper insight on the potential future seasonal regime . 

- In addition, limiting the uncertainty associated with the projections 
will help to improve the quality of the results and the client's 
understanding of them. 
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Clients previous experience with Climate 
Services 

The three involved clients in this case study have previous experience in climate 
services by their participation in SWICCA 

The most relevant lessons learnt were: 

- The scale issues associated with topography and the snow presence 
(temporal and spatial). The existence and accessibility to hydrological tools 
already validated on a local basis has been crucial to downscale and achieve the 
current results and prove their usefulness. 

- A better representation of uncertainty to quantify its effect in the adaptation 
measurements taken. 
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Data needed for case study 
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Workflow 
 

1 Extracting Climate projections and impacts 

2 Snow evolution and river flow simulations 

3 Downscaling to a high spatial resolution 

4 Uncertainty quantification 

5 Assessment of changes 

6 Integrated river basin management 

7 Adaptation strategies 
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Workflow preliminary results 

 

 

0. Antecedents (River Flow) 

Local model (WiMMed) 
vs 

European model (Climate Service) 
 

TRANSFER FUNCTIONS 
 
 

RECONSTRUCTION 



Project AQUACLEW is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by FORMAS (SE), 
DLR (DE), BMWFW (AT), IFD (DK), MINECO (ES), ANR (FR) with co-funding by the European Union (Grant 690462). 

Workflow preliminary results 

 

 

1 Extracting Climate projections and impacts 
2 Snow evolution and river flow simulations 

Local simulation of Soil Water Content (SWC) 

Local simulation of Snow Water Equivalent (SWE) 
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Workflow preliminary results 

 

 

3 Downscaling to a high spatial resolution: 
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Workflow preliminary results 
4 Uncertainty quantification 
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Workflow preliminary results 
4 Uncertainty quantification 

 

 

 

 



Project AQUACLEW is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by FORMAS (SE), 
DLR (DE), BMWFW (AT), IFD (DK), MINECO (ES), ANR (FR) with co-funding by the European Union (Grant 690462). 

 

 

What do these preliminary results mean 
for the clients climate issue? 

The results are in a very preliminary stage, however: 
 

• The new chosen indicators chosen and the links established 
between them bring new possibilities in the posible development 
of adaptation measures. 

 
• The users value the fact of include some uncertainty in the 

information given to them. Although they want a clear and easy 
interpretation from their side. 
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What is the importance and relevance of 
adaptation in this case study? 

 
- The regional and economic development of this area is highly dependent 

on the water allocation (snow dependent). 
 

- Knowledge about the changes in this seasonal regime allows the 
provision of adaptation strategies further than adapting water planning 
rules. 

 
- The inclusion of three clients as reference users provide a sound basis to 

design an integrated river basin management tool, which will further 
facilitate the development of adaptation strategies. 
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What connections to different policies 
does this case study have? 

 
• River Basin Management Plan (revised in 2015) 

• Decision should be taken in the context of this management plan 

• Insure environmental flow levels 

• Water allocation needs 
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Which aspects for improvement in the 
climate service can be identified so far? 
▪ Please think of this from the clients perspective – do they have feedback for any 

part of the chain below? What might this feedback be? 
 
 

 

HYDROPOWER       

WATER MANAGER       

MANCOMUNITY       
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What work is remaining? 

 

 

 
 

 
 
 

1 Climate Change Impact Indicators → COMPLETED 
2 Simulations → COMPLETED 
3 Downscaling → ON-GOING 
4 Uncertainty quantification → ON-GOING 
5 Assessment of changes → NOT STARTED 
6 Integrated river basin management → NOT STARTED 
7 Adaptation strategies → NOT STARTED 
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What work is remaining? 

 

 

 
 

- Downscaling of new variables - Creation of new transfer functions 
- Uncertainty quantification and comparison with the the model ensemble 

uncertainty 
- Assessment for water allocation in future scenarios 
- Link generated indicators to water Integrated river basin management 
- Formulation together with the client of the different adaptation strategies 

regarding specific needs 
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What scientific publications are likely? 

 

 

 
 

Proposed Title: 
Local testing of the future resilience of a multi-objective reservoir operation 
from climate services on a Pan-European scale 

 
Content: 
Using our study case from the point of view of the reservoir management, 
to show how to link global services onto the local needs of a given system. 
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Final Conclusions and Case study status 
• New opportunity to further understand users needs and improve the 

current status of climate services. 
• Three clients in different sectors but in the same wathershed gives a 

good opportunity to design an integrated watershed management tool 
to link pan-European climate services with the local scale. 

• Evaluation of an statistical quantification of the uncertainty against the 
use of the ensemble spread. 
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Climate change impacts in fluvial, coastal and 
transition zones in Mediterranean environments 
altered by human activities: Guadalfeo and Adra 

river mouths 
 

Andrea Lira Loarca - aliraloarca@ugr.es 
Manuel Cobos Budia - mcobosb@ugr.es 
Agustín Millares Valenzuela - mivalag@ugr.es 
Asunción Baquerizo Azofra - abaqueri@ugr.es 
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Issue to be addressed 

 

 

 

Deltaic systems Human intervention Problems 

 

High 
environmental 

value 

Fluvial 
 Tourism 

Agricultural 
and 

industrial 
activities 

Marine 
dynamics 

Erosion 
 

 



Project AQUACLEW is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by FORMAS (SE), 
DLR (DE), BMWFW (AT), IFD (DK), MINECO (ES), ANR (FR) with co-funding by the European Union (Grant 690462). 

Issue to be addressed 

 

 

 
Deltaic systems Human intervention Problems 

 
 

Mediterranean deltas: 
• Guadalfeo river mouth 

(Granada, Spain) 
• Adra river mouth 

(Adra, Spain) 

• Changes in physical 
processes (sea waves, 
fluvial discharges, sediment 
transport) 

• Climate change scenarios 

High 
environmental 

value 

Fluvial 
 Tourism 

Agricultural 
and 

industrial 
activities 

Marine 
dynamics 

Erosion 
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Decision Support to clients 

 

 

 

End-users: 
 Andalusian Regional Government 
 Provincial Coastal Service of Granada 
 Management Service of the Rules-Béznar reservoirs’ system 
 Hydrological Service of the Andalusian Mediterranean Basin 
 Port Authority of Motril, Granada. 

 

 
 
 

Framework for the use of climate 
services at fluvial, coastal and 

transition zones. 

• planning of nourishment 
projects 

• design of infrastructures 
such as dykes for river and 
beach protection 

• operational planning of 
reservoirs to prevent 
floods. 
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Clients previous experience with Climate Services 

 

 

 
 
 

  
 
 

Climate services 
and climate 

change scenarios 

 
Traditional 

analysis 



Data needed for case study 

 

 

 
 
 

 
 

Historical 
data 

 
Climate 
change 
scenarios 

Maritime climate variables 
• Sea pressure and mean sea level 
• Sea waves (significant wave height, wave period, mean 

direction) 
• Wind (wind velocity, wind Direction) 

 
 
 

Terrain 
• Bathymetry 
• Topography 

 
 
 
 

Atmospheric variables 
• Precipitation 
• Temperature 
• River discharge 
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Workflow 
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Assessment of needs and applications 
 
 
 
 

Analysis of coastal and river mouth dynamics 
 
 
 
 

Maritime climate projections and impacts 
 
 
 
 

Development of end-user tools and feedback 
 
 
 
 

Recommentations and adaptation 
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Workflow preliminary results 

 

 

 
Assessment of needs and applications 

 
 
 
 
 
 

 Interviews with end-users: 
• Concerns regarding severe erosion problems 
• User-friendly climate services 
• Climate change scenarios 
• Changes in frequency and intensity of storms 

 ERA4CS Summer School on Climate Services from the user’s perspective on 
September 10-14th, 2018 in Pisa, Italy 



Workflow preliminary results 

 

 

 
Assessment of needs and applications 

 
 
 
 
 
 

 Methodology for the analysis of storm events 
• Lira-Loarca, A., Cobos M., Baquerizo, A., Losada, M.A., 2018. Multivariate 

forecasting of extreme wave climate and storm evolution, in Proceedings 
of the International Conference on Time Series and Forecasting ITISE. 
Granada, Spain. 19-21st September, 2018. 
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Analysis of coastal and river mouth dynamics 

 
 
 
 
 
 

 Analysis of current state of coastal dynamics in the Guadalfeo and Adra river 
mouths 

 Downscaling and statistical techniques and stochastic analysis and simulation, 
among others 
• Lira-Loarca, A., Cobos M., Baquerizo, A., Losada, M.A., 2018. A 

multivariate statistical model to simulate storm evolution, in Proceedings 
of the 36th International Conference on Coastal Engineering ICCE. 
Baltimore, USA. July 30th – August 3rd, 2018. 

• Lira-Loarca, A., Cobos M., Magaña, P., Millares, A., Baquerizo, A., 2018. An 
Integrated Statistical Modeling Framework of Maritime Data in a Climate 
Change Context: Application to MSc. Teaching, in Proceedings of the 10th 
International Conference on Education and New Learning Technologies 
EDULEARN18. Palma de Mallorca, Spain. 2-4th July, 2018. 
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Analysis of coastal and river mouth dynamics 

 
 
 
 
 
 

 Study of the erosion and sediment dynamics of the river basin of the 
Guadalfeo and Adra rivers 
• Arjona, S., Millares, A., Baquerizo, A., 2018. Reservoir sedimentation 

impact downstream in a semi-arid basin with greenhouses cultivation, in 
Proceedings of the 9th International Conference on Fluvial Hydraulics 
RIVER FLOW. Lyon- Villeurbanne, France. 5-8th September, 2018. 

• Millares, A., Moñino, A., Arjona, S., Baquerizo, A., 2018. Suspended 
sediment dynamics by event typology and its siltation effects in a semi- 
arid snowmelt- driven basin, in Proceedings of the 9th International 
Conference on Fluvial Hydraulics RIVER FLOW. Lyon-Villeurbanne, France. 
5-8th September, 2018. 
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 Research different RCM within EURO-CORDEX for the Mediterranean Region. 
 Sea level rise modelling: 

CLIVAR-FIO Summer School on Past, Present and Future Sea Level Changes 
UNESCO/IOC- ODC Training Course on Ocean Forecast Systems in Qingdao, 
China from June 25th until July 7th, 2018. 

 
Maritime climate projections and impacts 
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What do these preliminary results mean for the clients 
climate issue? 

 
 

 
 

Efficient 
simulation of 
storm events 
and evolution 
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events 

 
Planning of 
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measures 
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dynamics of 
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works 
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Uncertainty of CC scenario 

 
 
 
 

 

What is the importance and relevance of adaptation in 
this case study? 

 

Coastal, fluvial & 
transition zones Adjacent waters and 
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• Productive ecosystems 
• Unique landscapes 
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problems 

• Irrational land ocupation -> 
Costs 

• Use of resources -> conflicts 
• Deviates from EU Framework 

directives 2000/60 & 2014/89 
 
 

Maritime and atmospheric 
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Random agents 
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Land 

 
 

 

Areas specially vulnerable to climate change 
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What connections to different policies does this case 
study have? 

 
 Water Framework Directive 2000/60 
 Directive 2014/89 establishing a framework for maritime spatial planning 
 Spanish law (2/2013) for the protection and the sustainable use of the coastal zones 
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Which aspects for improvement in the climate service 
can be identified so far? 
 Please think of this from the clients perspective – do they have feedback for any part of 

the chain below? What might this feedback be? 
 

 

 Uncertainty 
 Maritime data 

availability and 
complexity of its use 

 Atmospheric variables to 
maritime variables 
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What work is remaining? 

 

 

Maritime climate 
projections and 

impacts 

Use of different RCM 
and ensemble mean 
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simulation of 

maritime variables 
on climate change 
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Development of end- 
user tools and 

feedback 
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Recommentations 
and adaptation 
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What work is remaining? 
 Methodology for long-term simulation of maritime variables using atmospheric variables 

from RCMs in climate change scenarios. 
 Model nesting: 
 WaveWatch3 
 Delft3D 
 Morphology changes 
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What scientific publications are likely? 

 2019. Storm characterization and simulation in the Mediterranean coast of 
Spain. – In preparation for its submission to Coastal Engineering. 

 2019. Coastal flooding induced by extreme events including sea-level rise 
scenarios and their uncertainty. – Journal Paper 

 2020. Long-term coastal adaptation to climate change in the Mediterranean 
Coast of Spain. – Journal Paper 

 2020. Adaptation to flooding events in a climate change scenario in the 
Mediterranean Coast of Spain – International Conference presentation 
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Final Conclusions and Case study status 
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Climate services in hydropower sector 

 
Anthony LEMOINE, Maria-Helena RAMOS & Vazken ANDRÉASSIAN 
Irstea, HYCAR research unit 
Catchment hydrology group 

 
 

 

AQUACLEW, Generale Assembly, GEUS, Copenhagen, 16 october 2018 
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Issue to be addressed 

 The hydropower sector is sensitive to climate variables, as these directly affect 
energy generation and consumption. 

 
 Climate services provide key information to : 

 
 optimize reservoir operations for hydropower production. 

 
 manage water storage to meet the needs of other users (e.g. tourism, 

agriculture, environmental flows). 
 
 



 

 

 
 

 
 
 

Issue to be addressed 

 Climate services provide guidelines : 
 

 for climate change adaptation. 
 

 to build strategies that incorporate climate resilience into existing 
hydropower facilities and the development of new projects. 

 
 
 
 

 With many climate services flourishing across Europe, 
 

 the challenge today is to develop energy  
indicators based on these climate services to 
facilitate decision-making at the regional and local 
levels. 
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Decision Support to client 

 AQUACLEW final results will be useful to better evaluate the effects of climate 
variables and their expected changes on : 

 
 hydropower production 

 
 management strategies of hydropower systems 

 
 storage planning 

 
 production yield (actual production / potential production) 
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Clients’ previous experience with Climate 
Services 
 Électricité de France (EDF) has its own department 

for climate studies : 
 

 to carry out downscaling of climate projections to 
insure the safety of nuclear power plants. 

 
 to conduct analyses for the exploration of new 

power generation facilities abroad. 
 
 

 EDF researchers are also involved in the 
development of European climate services such as 
European Climatic Energy Mixes (ECEM). 
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Data needed for case study 
 Climate projections of temperatures, precipitations and flows. 

 
 Time series of observed river flows. 

 
 Technical characteristics of the reservoirs. 

 
 Constraint on water uses at the reservoir- or catchment-scale. 

 
 Downscaling tools for climate projections. 
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Workflow 
 

 

1 Overview and context of the case study 
 
 

2 Data overview and database construction 
 

3 Review of climate services for hydropower 
 

4 Climate and river flow projection and impacts 
 
 

5 Development of local indicator 
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Workflow preliminary results 
 1. Overview and context of the case study 

 
 

 EDF is the main electricity producer 
in France and in Europe. 

 
 Manages 433 hydroelectric power 

plants. 
 

 Hydropower is the 2nd largest power 
source after nuclear energy. 

 
 4 regions cover 82% of hydroelectric 

production. 
 
 

Source: edf.com 
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Workflow preliminary results 
 2. Data overview and database construction 

 

Data Source: RTE, https://opendata.reseaux-energies.fr/ 
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Workflow preliminary results 
 3. Review of climate services for hydropower 

6 portals providing hydropower-relevant info 
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Workflow preliminary results 
 4. Climate and river flow projection and impacts 

SWICCA near future (2016-2045) SWICCA mid century (2036-2045) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Clim4Energy near future (2016-2045) Clim4Energy mid century (2036-2065) 
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Workflow preliminary results 
 5. Development of a local indicator 

 
 It seemed appropriate to be able to provide an indicator to characterize the 

flexibility of hydropower structures in the future. 
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What do these preliminary results mean 

 
 

 
 
 

for the clients’ climate issue? 

 Projection results may differ depending on the GCM/RCM set used. 
 

 The differences observed can have a direct impact on the decision-making 
process. 

 
 It is necessary to take into account the projections of several climate services. 

 
 The share of hydropower in the energy mix should be taken into account. 

 
 Uncertainties in the data and models used must be quantified. 
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What is the importance and relevance of 
adaptation in this case study? 

 EDF uses actively climate services and indicators to : 
 

 understand the consequences of climate change on electrical systems. 
 

 anticipate developments and adapt its means of production to climate 
change and its impacts. 

 
 identify the best operational and strategic decisions in response to climate 

change 
 

 AQUACLEW offers the opportunity to co-design services and indicators 
specifically for hydropower production, based on state-of-the-art services and 
tailored choices for maximum utility. 
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What connections to different policies 
does this case study have? 

 Consideration of the water-energy-food nexus. 
 

 Policy for the development of small hydropower in France. 
 

 Establishment of a future European electricity system based mainly on: 
 wind, 
 solar 
 and hydropower production. 

 
 They are called ‘Climate-Related Energies’. 
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Which aspects for improvement in the 
climate service can be identified so far? 

 The degree of data reliability present in climate services. 
 

 Provide information at the regional or local level. 
 

 Users may be interested in looking at the scale of a river valley. 
 

 The question of hydrological extremes (floods and low water levels). 
 

 Potential tension between uses (energy, agriculture, water resources). 
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What work is remaining? 

 Develop a new energy indicator based on the construction of storage volume 
trajectories curves. 

 
 Apply different greenhouse gas emission scenarios. 

 
 Quantify the variations between future periods and a reference period to 

characterize the flexibility of hydropower. 
 

 Test different management rules and multi-use constraints in the context of 
climate change adaptation. 
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What work is remaining? 

 How to include the notion of water-energy-food nexus in the development of the 
indicator. 

 
 Take into consideration hydrometeorological risks (floods and low flows) 

 
 Question on the evolution of management rules in the future. 

 
 What is the future of hydroelectric power plants with climate change and their 

evolution as part of the energy mix? 
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What scientific publications are likely? 

 Lemoine, A., Ramos, M.-H. (2018) Towards improving the performance of water- 
energy systems by integrating large-scale climate services indicators. 
Communication accepted to SHF Conference HydroES 2019 (Hydro Energy & 
Sustainability 2019: What future for hydropower in France and in Europe), 
Grenoble, 29-30 January 2019, 6 pages. 

 
 Future publication : 

Guideline curves for hydropower management in climate change. 
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Final Conclusions and Case study status 

 The management of the dam inflows may be more complex to assess under 
future climate conditions. 

 
 It is important to  consider  several climate services when  evaluating future 

conditions for the management and planning of hydropower production. 
 

 It seemed appropriate to be able to provide an indicator to characterize the 
flexibility of hydropower structures in the future. 

 
 EDF is interested in the studies conducted in this case study. 

 
 Difficulties in placing only the hydroelectric sector in a single category of climate 

services (water and energy). 
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Pluvial flash floods in pre-alpine regions 
 

University of Innsbruck (UIBK) – Stefan Achleitner, Andreas Huber, Simon Lumassegger 
University of Life Sciences Vienna (BOKU) – Herbert Formayer, David Leidinger 
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Pluvial Flash Floods 

 

 

 

 Pluvial flash floods present a threat to properties and 
lives in pre-alpine regions in central Europe. Also 
rural areas can be affected. 
 Pluvial flash floods typically occur as a consequence 

of short duration / heavy intensity precipitation 
events. 
 Short lead times and rapid onset of flooding can 

be expected. 
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Pluvial Flash Floods 
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Pre-alpine regions ...  
 
 
 
 

AquaClew case studies 
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Intensity/Duration of precipitation events 
Rain events causing fire brigade operations in Summer 2016 

 

The marker-size corresponds to the 
number of fire brigade operations for a 
given event. 

 
 
 
 
 
 
 
 
 
 
 
 
 

typical durations < 3h 
 
 
 
 
 

1h 3h 
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Issue to be addressed 
 Status Quo: 
 How reliable can we assess areas susceptible to pluvial flash floods? 
 Choice of hazard assessment method/modelling approach 
 Regional “hot-spot” analysis vs. detailed local hazard assessment 

 Which data sources are available/suitable for: 
 reconstruction of past-events 
 flood hazard mapping/design of mitigation structures 

 
 CC Scenarios (event precipitation, pre-event conditions): 
 Which methods/data can we use to assess potential impacts of future 

climate scenarios on pluvial flash floods? 
 Available datasets and their potential and limitations 

 Alternative approaches to assess potential CC impacts on pluvial flash 
flooding in pre-alpine regions 
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Data needed for case study 
 Climate Service Data 
 CCCA-Portal, ÖKS15 
 EHYD (Austrian Climate Service Portal)  IDF curves 
 SWICCA-Portal  IDF curves, CC projections 
 other sources? 

 
 Additional precipitation data 
 Met-Station Data (ZAMG, Hydrographic Services) 
 Radar based precipitation products (INCA – ZAMG) 
 Private weather stations (not quality controlled) 

 
 Non-meteorological data 
 Digital elevation models 
 Landuse/landcover data 
 Data on soil types/soil properties 
 Information on hydraulically relevant structures, etc. 
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Workflow 
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Assessment of available Climate Services 
 Requirements “historical data”: 
 sub-daily temporal resolution for historical precipitation data needed 
 “reliable” peak precipitation intensities 
 good areal coverage (dense station network, radar based products) 

 
 Requirements “design data”/ IDF-curves: 
 Estimates for short durations (<3h) required 
 chance for AquaClew to identify areas of improvement for available data! 

 
 Identified Climate Services: 
 EHYD – ehyd.gv.at (IDF-curves for Austria, design precipitation) 
 SWICCA/AQUACLEW – Portal (IDF-curves, CC Projections) 
 CCCA – datacentre (national) 
 Other comparable Climate Service Datasets? 
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Austrian design rainfall vs. SWICCA IDFs 
duration = 60min; return period = 100 yr 

   
design precip AUT (EHYD) IPSL-IPSL-CM5A-MR MOHC-HadGEM2-ES 

 

CNRM-CERFACS-CNRM-CM5 MPI-M-MPI-ESM-LR ICHEC-EC-EARTH 
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Possibilities to incorporate CC for pluvial 
flooding case studies 

 
 

 Existing Climate Service Datasets: 
 Use projected relative changes from pan-European Climate Service 

and apply to current design precipitation values for Austria. 
 
 Alternative approaches: 
 Use temperature Projections and Clausius Clapeyron Scaling to 

derive potential changes for future precipitation events. 
 Use alternative approaches to assess potential future changes for 

short-duration/heavy intensity precipitation events. (BOKU) 



Project AQUACLEW is part of ERA4CS, an ERA-NET initiated by JPI Climate, and funded by FORMAS (SE), 
DLR (DE), BMWFW (AT), IFD (DK), MINECO (ES), ANR (FR) with co-funding by the European Union (Grant 690462). 

 

 

 

Case study reference data 
 Used for: 
 Validation/Calibration of hydrologic/hydrodynamic modelling for current 

conditions. 
 Investigation of intensity/damage relationships for pluvial flash floods 

based on documented monetary damages and event reconstructions. 
 

55 cm! 
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Which aspects for improvement in the 
climate service can be identified so far? 

 National (EHYD) and pan-european (SWICCA) Climate Service Portals: 
 Usability of the service: 
 Data Download in common GIS formats (.shp) for IDF-curves could 

enhance user-friendlyness for non-trained users. 
 Built-in batch-download function would enhance usability of national 

EHYD-Portal. 
 

With respect to pluvial flash flooding: 
 Pan-european CS Portal (SWICCA) 
 review of provided IDF curves for short durations (are values systematically 

lower, or just Austria?) 
 Comparison with existing national climate service datasets 
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Increase of Heavy Precipitation Events with 
increasing Temperature and Lability 

 

Temperature 
increasing 

Lability 
more frequent Both 

 
 

   
 

? 
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Precipitation Intensity scaling with 
Temperature Increase 

 
Based on hourly 
precipitation data 
Vienna, Hohe Warte 
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Showalterindex (SWI) 

SWI = T500hPa – T850hPa,lifted 

 
SWI < -2 
means potential 
heavy thunderstorms 
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What scientific publications are likely? 

 2 Master’s theses currently ongoing @ UIBK 
 

 Dissertation Andreas Huber @ UIBK 
 Conception of thesis and planning of publications currently ongoing 

 
 Dissertation David Leidinger currently ongoing @ BOKU 

 
 other publications tba. 
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Next steps 
 

not started yet started mostly finished 
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Issue to be addressed 

Sources: Fire Emergency Service Stadt Hagen; Regionalverband Ruhr 

 

 

 
 

  
 



Issue to be addressed 

Sources: Fire Emergency Service Stadt Hagen; Regionalverband Ruhr 

 

 

 



Issue to be addressed 

Sources: Fire Emergency Service Stadt Hagen; Regionalverband Ruhr 

 

 

 
 

  



Decision support to client 

 

 

 

A. Urban development (city-wide level) 
In which urban areas should the development of new 
settlement areas (residential, commercial, industrial, sensitive 
uses) or infrastructural facilities (electricity supply, transport 
infrastructure) be avoided or only be developed in a climate- 
adapted manner? 

 
B. Civil Protection (local level) 
Which local areas (e.g. road intersections, individual 
buildings, infrastructure) are expected to be affected in the 
event of a disaster? 
Which roads are flooded at what depth? 
Are there risks to life and health due to the depth of flooding 
and flow velocities? 



 

 

 
 
 
 
 

Clients previous experience 
with climate services 

 The Municipality of Hagen so far does not use online 
climate services 

 For planning purposes it uses its own observation data 
(from 12 weather stations across their jurisdiction) .. 

 … and adds a flat 10% ‘climate change addition’ 



 

 

 

Data needed for case study 

 Digital elevation model 
 Land-use data 
 Population and age distribution projections 

 
 Heavy rainfall observation data 
 Heavy rainfall projections for 20 and 100 return event 

with high resolution 



 

 

Workflow A: Urban development planning 



 

 

Workflow B: Emergency response planning 
 

 



Preliminary results 

 

 

 

 Collected, processed and adjusted relevant local topographical, 
infrastructural and climatological data 

 
 Conducted preliminary analyses on the basis of the currently 

used climate data 
which will serve as ‘baseline maps’ in order to later show 
added value of AQUACLEW based results 



Preliminary results 

 

 

 

 Heavy rain hazard maps for tn 100a 



Preliminary results 

 

 

 

 Identification of critical facilities & emergency hot spots 
 



What do these preliminary results mean 

 

 

for the client’s climate issue? 

 The preliminary results already 
 

 Heightened the client’s awareness of flash flood risks in 
the city 
 Made the client highly interested in incorporating 

AQUACLEW based analyses in their ongoing planning 
processes 
 Already highlighted areas that are at particular risk, 

which also matched the client’s experiences 
 Client is aware that these problems will most likely be 

exacerbated in the future and looks forward to full 
results based on AQUACLEW precipitation data 



What is the importance and relevance of 

 

 

adaptation in this case study? 

 The urban planning department has so far not been using 
flash flood – not to mention projected flash flood risks (on the 
basis of climate change projections) for their long-term plans of 
future urban development. 
The new inputs provided by AQUACLEW will be highly 
appreciated in order to integrate the issues of future flash floods 
into the new Integrated Urban Development Concept. 

 
 The same is true for the civil protection department, which is 

currently in the process of developing emergency response 
plans for flash flood events. 

 
Results of AQUACLEW will support these efforts and provide the 
basis for more accurate and detailed emergency plans and 
management. 



What connections to different policies 

 

 

 
does this case study have? 

The ongoing deliberations for a new 
urban development policy of Hagen 

 
 
 
 
 
 
 
 
 

 The new state guidelines (draft) 
for municipal flood management planning 



 

 

Which aspects for improvement in the 
climate service can be identified so far? 

 
 

 Too early to say which aspects could be improved in 
AQUACLEW’s climate service, not least because the end 
client (Municipality of Hagen) does not use the CS directly. 



 

 

What work is remaining? 

 Using climate change based projections for heavy 
precipitation in Hagen 

 Running the hydrological simulations on this basis 
 Calculating & producing flood extent, depth and velocity maps 
 Calculating and producing flood vulnerability and risk maps 

 
 Producing tailor-made maps and recommendations 

that feed into 
a) the ongoing urban development concept process and 
b) the ongoing emergency response planning 



 

 

 

Final conclusions and case study status 
 Several in-depth interviews with key users and planners 

inside the municipal administration have been conducted 
to understand current data use and data needs 

 Client’s incorporation of climate change based 
precipitation data is so far very basic 

 Two very relevant planning processes ongoing at 
municipal level 

 Therefore high interest and willingness to use results from 
AQUACLEW 

 Baseline simulations have been conducted by us 
 We are ready to receive and use climate change 

projections for heavy precipitation and conduct 
subsequent analyses for city of Hagen 
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