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Preliminary remark  

Concerning the CEDR DoRN 2012 Call "Road owners adapting to Climate Change" the 

Project CliPDaR ("Design guideline for a transnational database of downscaled climate 

projection data for road impact models" (long title)) refers exclusively to the objective "A.1 - 

Review, analysis and assessment of existing (regional) Climate Change projections regarding 

transnational highway networks (TEN-T) needs". Regarding the questions of this objective the 

project CliPDaR is engaged in 

 Assessment of statistical/dynamical downscaling: to facilitate a proper procedure that 

deals with the uncertainties of the future climate with respect to the needs of future 

budgets and maintenance issues 

 Assessment of ensemble simulations and climate projections as well as the definition of a 

pragmatic data provision for decision making 

 Assessment of future cold winters and hot summers in Europe. 

Because of the given short time line and the very limited budget a provision of data is not 

foreseen within the frame of this project and emphasis is given to the results from already 

ongoing projects, in particular VALUE (http://www.value-cost.eu/) and KLIWAS (www.kliwas.de), 

to contribute to a paper of recommendations for the involved national road agencies. 

The mission of CliPDaR is to identify and describe risk related areas of European transport 

corridors in the context of climate change. 

Dissemination Strategy  

CliPDaR was presented at a number of international/national conferences: 

 Klimatag 2013 ï Vienna (Austria) in April, 2013 

 EGU 2013 ï Vienna (Austria) in April, 2013 

 FEHRL FIRM 2013 ï Brussels (Belgium) in June, 2013 

 DACH 2014 ï Innsbruck (Austria) in October, 2013 

 EMS&ECAM (short intro) ï Reading (UK) in October, 2013 

 MeteorologInnenTag 2013 ï Feldkirch (Austria) in November, 2013 

 Klimatag 2014 ï  Innsbruck (Austria) in April, 2014 

 TRA 2014 ï Paris (France) in April, 2014 

 EGU 2014 ï Vienna (Austria) in May, 2014 

 Six deliverables and one guideline to the CEDR 

 Scientific, peer-reviewed paper "Design guideline for a Climate Projection Data base and 

specific climate indices for Roads: CliPDaR, C. Matulla [et al.] 

(sciencesconf.org:tra2014:17592)". ï two reviews: 9.4/10 and 8.5/10). 
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Q1.  What can be said about the robustness of downscaling 

techniques used to generate regional to local scale 

climate change scenarios in the context of the entire 

uncertainty coming with climate cha nge modelling?  

Background: Regional scale climate change scenarios (henceforth called ñoriginsò) are 

the proper basis for decision making on future requirements for construction and design, 

reinforcement measures and maintenance work of European transport corridors in the context 

of climate change. The creation of origins involves a handful of analysis steps each inherently 

associated with uncertainties. Figure 1 depicts the production process starting with scenarios of 

how mankind may evolve, which are translated into emission scenarios (first column) forcing 

global climate models (GCMs, second column) mimicking the response of the climate system to 

this forcing. These projections of possible future physical states of the climate system are 

consistent on the so called skillful scale, which is about 8 times 8 the grid distance (Joannesson 

et al. 1995), but not below. As such a further analysis step called ñDownscalingò (von Storch et 

al. 1993) is needed to retrieve information on the scale representative for the European 

transport system. There are four Downscaling techniques available - weather classification 

schemes, regression methods, weather generators and dynamical downscaling (Wilby and 

Wigley 1997). 

Figure 1: Starting from a 

particular emission 

scenario the uncertainty 

grows with every step that 

is necessary to derive 

different adaptation 

measures to deal with the 

impact of climate change 

(schematic diagram). 

Please note the two 

approaches ñMultivariate 

patternò and ñKLIWASò 

used here to address the 

ñextreme cold winter and 

hot summer season issueò, 

which will be used to 

answer CEDR questions in 

this guideline later. Source: 

after Viner 2002, adapted. 
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Answer: The performance of the Downscaling techniques depends on the local scale 

target variable (e.g. temperature, precipitation), the future period (e.g. 2021ī2050, 2071ī2100), 

the geographical area (e.g. Central Europe) and the time step (e.g. months, seasons, days). 

Any Downscaling technique needs to be evaluated in a so called ñvalidation processò describing 

its capability to reproduce observations. This is important information understanding the fraction 

of uncertainty, which is contributed by the Downscaling step to the entire approach connecting 

socio-economic scenarios (leftmost column of Figure 1) with adaption measures (rightmost in 

Figure 1). Let us suppose, for instance, the temperature span introduced by different 

Downscaling techniques is 1.0 °C. This may be judged as large when considering e.g. the 

spawning conditions of graylings. If, however, another step contributes a larger fraction, letôs say 

the span coming from different GCMs is twice as large. Then the Downscaling step does not 

appear to be the ñproblemò. This trivial example just highlights the importance of putting the 

involved steps into perspective, relative to each other as well as relative to the entire process. 

Figure 2 lists the target figures of CliPDaR the transport assets and the damage risk causing 

processes, the so called Climate Indices (CIs). Damages may be pecuniary losses, insured or 

not-insured damages to property, injuries to health or losses of lives. 

 

Figure 2: Some infrastructure elements and climatological indices (CIs) causing financial and other loss. This is part 

of the Cause-Effect-Tensor (see e.g. CliPdaR_D2.1 or Matulla et al. 2014). 

 

 

 

 

 

 

 

 Global Climate Models (GCMs) calculate the Earthôs reaction to human forcings 
(socio-economic scenarios) on large scale grids; Results called óprojectionsô are 
valid at continental scales;  

 Empirical (óEDSô) and Dynamical Downscaling (óDDSô) are used to derive regional 
scale climate change projections from GCM projections; DDS does that by highly 
resolved physical models (RCMs) for regions driven by GCMs output at the 
edges; EDS derives statistical functions between the GCM scale and the regional 
scale and generates scenarios by applying them to GCM projections;  

 Downscaling uncertainty is small compared to that of socio-economic scenarios; 

 The Cause-Effect-Tensor is the central object of the impact analysis of transport 
systems comprising functional contexts between assets and Climate Indices. CIs 
describe the potentially harmful physical mechanisms. 
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Q2. What kind of downscaling should be applied to 

dynamically produced Climate projections in case a further 

refinement is required?  

Background: This question refers to a situation where RCMs produced regional scale 

climate change projections with a resolution still too coarse for the desired application (e.g. 

damage potential of highways running through complex, deep structured terrain).  

Answer: Two ways are generally possible. The first is to re-apply the RCM one more time 

to its own output to produce results on finer scales (called ñdouble nestingò). Using RCMs to 

derive regional scale climate change data is called ñDynamical Downscalingò. The other way is 

to apply Empirical Downscaling techniques. Empirical downscaling requires independent local 

scale information as, for instance, measurements at stations. Given the stations are located 

next to a transport corridor close enough to each other, all is fine. We have the required 

information along the transport route in high resolution, ready to be entered into impact models. 

Unfortunately this is not the case in general and we have to apply GIS methods to interpolate 

between the sparsely distributed sites in space (as it very likely may be) to obtain information 

(e.g. temperature) along the transport routes. A process generating areal information from point 

data is in this context sometimes called ñupscalingò.  

 

 

 

 

 A dynamical generated regional scale projection can be refined by: 

 applying DDS another time using the results of the first nesting (of an RCM 
into a GCM) to drive an RCM running on still smaller grid distances 
(GCM RCM); 

 using EDS which transfers information from the RCM grid to stations located 
within the area of interest. In case the stations are not all located in the area 
of interest they have to be interpolated there using e.g. GIS methods. 
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Q3. WHICH DATA SHOULD BE USED BY THE EUROPEAN ROAD 

AUTHORITIES AS A BASI S FOR DECISION MAKIN G REGARDING THE DESI GN , 

REINFORCEMENT AND OP ERATION OF THE ROAD NETWORKS IN THE 

CONTEXT OF CLIMATE C HANGE ? 

Background: Safety on roads depends on current 

weather at the transport level (e.g. heat on the roads), on the 

situation in the immediate vicinity of the corridors (e.g. 

soaked hillsides, infiltration and deformation procedures prior 

landslides), but also on conditions that have lead to 

accumulation away from the roads throughout preceding 

periods of time (e.g. snowpack) in combination with current 

conditions as strong winds, frost-thaw-cycles and rising 

temperatures (e.g. snow drifts, avalanches and flooding of 

roads). All such conditions may cause accidents, downtimes 

and massive maintenance works. 

Answer: The database should be made up by daily 

observations covering as many decades of the past as 

possible; at least a half-century with records of many climatological elements (temperature, 

precipitation, air pressure, sunshine duration, cloudiness, etc.). This period of time should 

contain all sorts of weather conditions.  Such data are a proper basis for Empirical Downscaling 

methods. Monthly data which extend far back in time can be very useful as well, for they contain 

aside from average conditions information on extreme events too (pers. comm. Reinhard 

Böhm). Extremes are more critical for roads safety than averages. Empirical and Dynamical 

Downscaling techniques need daily/monthly reanalysis data.  

For the projection period (in the future) GCM projections driven by various socio-economic 

scenarios are required. The temporal resolution (daily, monthly, seasonal) depends on the 

problem under investigation. In any case it is important to have on hand ensembles consisting 

of many large scale GCM projections. The use of such ensembles allow for probability 

statements, which are necessary to generate a meaningful picture of the future climate. This 

may be understood by the example of Galton's board (Figure 3). The position on the bottom of 

the board of just one ball, tossed in on top of it doesn't tell us much about its probability. Many 

balls need to be thrown into the board on top to assign a probability to each position on the 

bottom.  

 

 

 

 

Figure 3: A Galton board plus the 
distribution of a lot of balls tossed 
into it on its top, separated in 
several pins on its bottom. 
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 Empirical and Dynamical Downscaling are in need of reanalysis date reaching far 
back in time. Long time series are needed to assess the performance of the 
method. This is indispensable to assess the uncertainty introduced by this step 
into the modelling chain from socio-economic scenarios to adaption measures; 

 Empirical Downscaling needs further: a proper dataset to answer transport 
network questions regarding future road assetsô safety is a regional scale, 
homogeneous daily/monthly dataset covering many decades of different climate 
elements throughout the past; 

 For the derivation of future local scale climate it is crucial to make use of many 
member ensembles of projections; from a methodological point of view it is 
sensible to use ensembles from both Downscaling approaches. 
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Q4.  Which regional scale climate cha nge projections may 

be used for the assessment of climate change across 

Europe?  

Answer: One important requirement such projections have to meet is the coverage of the 

whole region of interest by each of the projections within the ensemble. Here this would be the 

total of Europe. There shouldnôt be gaps in the data along borders which is presently often the 

case since many countries make use of different datasets to assess the impact of climate 

change within their specific region. This yields to the unsatisfactory situation that climate change 

is largest across the borders of different European states. There are three main reasons for that. 

The first refers to the measurement procedures in the broadest sense. Often datasets over 

different European regions referring to the very same climatological element are not of the same 

kind, just because different measurement instructions, different gauges, different times at which 

the measurements are taken and different mathematical formulas used to calculate e.g. daily 

means or totals, are applied. Sometimes the measurements at one and the same place change 

considerably over time since the surroundings of the station changes (e.g. houses are built, 

trees grow).The farther back in time the larger the discontinuities get in general. HISTALP for 

instance (www.zamg.ac.at/histalp) is a successful example for the creation of a homogeneous 

dataset across political borders for the Greater Alpine Region in Europe. The creation of future 

datasets is easier manageable. They all have to refer to the same region including Europe and 

fulfill certain quality criteria (see e.g. www.euro-cordex.net). 

 

 

 

 Homogeneity of the data is most important together with the compliance of 
quality definitions; 

 The entire of Europe should be covered by all used datasets with no gaps along 
political borders; 

 That applies to all datasets used ī to the observations in a broad sense (station 
records and reanalysis data) just as well as to the ensembles of projection data. 

http://www.zamg.ac.at/histalp
http://www.euro-cordex.net/
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Q5.  Is one single climate change projection a sufficient 

basis for decision making or should an ensemble be used?  

Background: An ensemble consists of a multitude of climate change projections, in some 

cases driven by the same socio-economic scenario. 

Answer: An ensemble has to be used. Even if we would know the initial conditions of all 

the matter in the atmosphere, the ocean and all components of the climate system, which is not 

the case, it would be impossible to calculate the behavior of the climate system exactly ahead 

(Laplaceôs demon). Even weather forecasts, which do not account for the dynamics of the 

ocean for instance and which are far less complex than climate projections, are based on 

ensembles of numerical simulations. So ensembles are all the more necessary for climate 

projections that have to include the simulation of a range of important processes of the climate 

system. As such, decision making regarding complex problems involving the climate decades 

ahead ought to be based on a comprehensive ensemble. Such ensembles should include 

dynamical and empirical techniques in the production of origins. 

 

 
 Decision making regarding important issues such as transport networks and 
traffic safety in the future, decades ahead, must be based on ensembles of 
regional scale climate change projections. In case there is a limitation (money, 
time restriction, etc.) to a small number of projections they have to be rather 
different in order to warrant the diversity of the climate variability and 
uncertainty.  
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Figure 4: Time series of summer temperature anomalies at 850 hPa (of the period 1948ī2011) averaged over (i) 

the North Atlantic and Europe (purple) as well as (ii) Iberian Peninsula (turquoise). Horizontal lines indicate the 

percentiles below/above which summers are called very warm/cold. Asterisks/circles mark these very warm/cold 

summer seasons. The dates are retrieved from the NCEP/NCAR reanalysis archives. 

Q6. How have summers over the Iberian Peninsula 

developed across  the past half century  

Background: Figure 4 shows the evolution of summer (JJA1) temperature In Europe and 

over the Iberian Peninsula. Overall, the European temperatures and temperatures over the 

Iberian Peninsula are strongly related. As expected, the average temperature development over 

the Iberian Peninsula exhibits larger variance than the corresponding evolution over Europe and 

the North Atlantic. This is as averages over large areas tend to even out small scale very high or 

low temperature values. So, both time series (the European/North Atlantic's and the Iberian 

Peninsula's) are smaller then the corresponding averages during roughly the first half of the 

total period and larger than the averages during the second half. The transition takes place in 

the late 1970s and early 1980s.  

 

Almost all very cool summers over the Iberian Peninsula lies in the first half and all the 

significant warm summers are located in the second half.  The coolest summer was that of 1977 

and the hottest that of 2003, when tents of thousands Europeans died during the extreme heat 

wave that lasted for weeks and hit the entire continent (see Figure 4). Another fact is rather 

                                                           
1
 JJA June-July-August 
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striking ï since 1998 every summer with just a few exceptions exceeded the 75th percentile 

referring to the whole period. This makes the fifteen most recent summers to the hottest period 

on record. So, albeit the most recent summers are hot in comparison to almost all summers of 

the shown record they are not comparable to the summer of 2003.  

This means that already by now the risk of rutting is substantially higher than during some 

decades ago. Given that summer temperatures remain on that high level or increase even 

further road owners have to adapt road surfaces to that new situation. Building regulations that 

are derived from observations just a few decades ago are not sufficient making road surfaces 

withstand current or even hotter summer temperatures. This applies to all European regions that 

have experienced a related temperature evolution than the Iberian Peninsula. This concerns in 

particular transport infrastructure in the Mediterranean region. Furthermore, another important 

rutting factor is about to change or has already changed ī  the weight of the Lorries. Europe has 

in parts already allowed so called 60-tonne super lorries, LHVs (longer, heavier vehicles). They 

may be greener as reducing the emitted CO2 by carried ton, but they are also causing 

challenges to the transport infrastructures and one of these challenges is rutting.  

High temperatures give way to other safety issues aside from rutting too. ñBlow upsò of 

concrete road surfaces are a severe risk that may be even a threat to life. Last summer 

motorcyclists were fatally insured by blow ups north of Munich on highways (A9). They were 

hurled out of their course off the highway. Blow ups are the cause of a long list of different 

accidents. The joints of bridges in particular of prestressed concrete bridges are also affected by 

long lasting warm spells. They are worn down quickly, damaged and in risk of failing.    

Answer: Almost all summers since 1998 exceeded the 75th percentile of the total 

distribution. So, yes the last fifteen most recent summers is made up by the hottest summers on 

record. In 2003 a record heat wave brought destruction all over Europe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In the first half of the time series the Iberian Peninsula experienced cooler 
summers than on average, with the coldest one in 1977. Since 1982 the summers 
are mostly above average with the hottest one in 2003 (the record heat wave 
affecting most parts of Europe leading to the death of several tens of thousands 
of people). The past fifteen summers are among the hottest on record, so this 

period is extraordinary hot. 
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Q7. Have recent winters in Fennoscandia been comparably 

cold  to what has been experienced in  the decades before ? 

Background: Again, as for the Iberian Peninsula, the positive link between temperatures 

over Fennoscandia and Europe plus the North Atlantic is visible from the NCEP2/NCAR 

reanalysis data. However, the connection is weaker and the correlation is lower than in the case 

of the Iberian Peninsula's summer temperatures. There are regularly periods of time within 

which the European/North Atlantic average temperature is close to its average or even 

somewhat above it and Fennoscandia temperatures are low (see Figure 5).  

s 

This shows that regional scale atmospheric anomalies are generally evened out when the 

averaging is extended to larger regions as for instance the vast area of Europe and the North 

Atlantic. However, both temperature curves show below average temperatures in the first 

decades of the displayed period (see Figure 5), whereas temperatures in the second half tend 

to be warmer than the appendant averages. In the late 1970s temperature anomalies stopped 

increasing and turned back to negative values before they start to rise again. This change of 

temperatures can be found in the well-known curve of the global evolution. Most of the very 

                                                           
2
 National Centre for Atmospheric Research, Boulder, Colorado, USA. 

Figure 5: Time series of winter temperature anomalies (to the period 1948ī2012/13) averaged over (i) the North 

Atlantic and Europe (purple) as well as (ii) Fennoscandia (turquoise) and (iii) globally averaged. Horizontal lines 

indicate the percentiles below/above which winters are called very cold/warm. Asterisks/circles mark these very 

cold/warm winter seasons. The data are retrieved from the NCEP/NCAR reanalysis data. 
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warm winters are to be found from the 1980s onwards. During the last twenty years or so, 

Fennoscandia experienced mild winters, with temperatures exceeding the 75th percentile. This 

explains why most recent winters (2009/10, 2010/11 and 2011/12) with temperatures falling 

below the 25th percentile, are perceived as particularly fierce. Maintenance works (the frequent 

employment of snow clearing fleets) were certainly very different and costly compared to the 

decades before. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Recent winters in Fennoscandia have been cold compared to the decades before. 
However, they haven't been cold on the European nor the global scale. 




































