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HELIX Deliverable 3.2

Documentation of regional climate change over Europe at specific SNLs arising
from downscaled selected OMIP5 projections analysed in task 3.3

Erik Kjellstrém, Grigory Nikulin, Gustav Strandberg and Klaus Wyser

This report focus on summarizing findings from analyses of regional climate modeltisinsidd

European climate change for time periods when the global mean temperature has increased by
respectively 2°C and 4°C compared to preindustrial conditions as simulated by global climate
models. We use an ensemble of EURO-CORDEX high-resolution regional climate mod@rsmulati
undertaken at a computational grid of 12.5 km horizontal resolution covering all op&ufrde

results indicate considerable climate change signals already at 2°C warming. Changisgai@rge-
circulation, increasing temperatures, changing precipitation patterns and changing wind speeds are
discussed in the report. Focus is both on seasonal mean changes and on changes im extrem
conditions here represented by 20-year return periods based on daily data. Stronger warming than
on a global mean scale is found for Europe, most notably in winter in the north anchinesun the

south. Precipitation changes are less certain especially at the 2°C warming level. At stronger
warming increasing precipitation is seen all year round in the north while decreases are seen in the
south most notably in summer. Wind speed changes are highly uncertain. Indications of decreasing
wind speed over large oceanic areas are seen in many simulations but there are exceptioss to

and a large spread in the ensemble that to a large degree can be explained by changes in large-scale
circulation features. Locally, increasing wind speed in areas where strong warming over the ocean is
seen is a robust feature. We speculate that this is related to decreases in sea ice extent. Changes in
extremes are seen both in temperatures, precipitation and wind speed. Most robust are changes in
temperature extremes that change more than the seasonal mean temperatures. Warm extremes get
more pronounced while cold extremes get less pronounced. For precipitation there ang str

indication of more intense precipitation in the future, even in areas where seasonal mean
precipitation is projected to decrease, while we do not find any robust changes in extramde wi

speed. Finally, the results of the regional climate models assessed are put into a wiget bgn
comparing them with results from the larger global climate model ensemble from the 6fipl&d

Model Intercomparison Project (CMIP5). Here it is clear that the relatively limited dts@iRCMs
simulations only partly covers the spread of the CMIP5 ensemble and a conclusierefisréhthat

the results should be interpreted with care. Further we note that even if the climate in the RCMs to

a strong degree is governed by the boundary conditions from the underlying GCM it is clear that
RCMs do modify the regional and local climate change signal.
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Climate negotiations lead to the formation of the Paris Agreement in 2015. The agreementwhas no
been ratified by a large number of countries making it enter into force in November 2016. dlhe go
of the agreement is to keep global warming well below 2°C or, even more ambitious, 1.5°C
compared to preindustrial conditions. At the same time global warming continues ghghce and

the most recent years continues the long-term warming trend of the last decades (WMO, 2016)
Regional and local impacts of global warming are already seen and there is a strong concern that
these impacts will become worse in concert with stronger future climate change (IPCC, 2014).
However, exactly how strong these impacts will be at different warming levels is uncertain. Some
studies have been undertaken looking at impacts at 2°C global warming (e.g. Vautard et al., 2014)
but there is only limited information about impacts at higher warming levels, when strangpacts

are expected. In the HELIX project such impacts are investigated at different specific warming levels.

Global climate models (GCM) provide regional information about climate ctfangdl regions in

the world. The most comprehensive set of GCM data existing today is the CKMIpt3age of the
Coupled Model Intercomparison Project, e.g. Taylor et al., 2012) congiétitaga from more than

30 different GCMs. A limitation with these models, however, is the fact that they are operated at
relatively coarse resolution (most often at 100-200 km horizontal resolutiom.ifiplies that

important features of the climate system are handled in a rudimentary way (i.e. land-sea contrasts,
orographic features such as mountains, mid-latitude cyclones etc.). Dynamical downscaling with
regional climate models (RCMs) is one way of providing high-resolution regiamatkcinformation

that better account for these features on a regional scale and thereby add value compared to the
GCM (e.g. Rummukainen, 2010). In recent years RCMs have been operated in the framework of
CORDEX (Coordinated Regional climate Downscaling EXperiment, e.g. Jones et al., 2011)eFor Europ
in particular this means that an unprecedented data set of RCM scenarios at 50 and 12.5 km
horizontal resolution is available from the EURO-CORDEX project (Jacob et al.,r20ibd)s Rork

has shown to give added value of the high-resolution 12.5 km simulations cedmathe 50 km
simulations in particular in terms of representing extremes like heavy-precipitation exaegts (
Kotlarski et al., 2014; Prein et al., 2015).

In this work we address climate change in Europe at two different specific warming BVéls),
namely +2°C and +4°C (in the following referred to as SWL2 and SWL4) based on results from a
number of RCMs run within EURO-CORDEX. Further, we put these results in a wider context by
assessing climate change at the same SWLs in the CMIP5 data base. Specifically, we address the
guestions:

i) What will the regional climate look like in Europe at different SWLs?
i) Will the warming exceed that of the global mean?
iii) Will the resulting climate change signal based on a subset of CMIP5 GCMs be

similar to that of the larger ensemble of all CMIP5 GCMs or will the subset be a
misrepresentation?

In this report we restrict the analysis to the climate change signal in the RCMs andrtpartmn to

that in the underlying GCMs. We do not work on explicitly evaluating the EURO-CORDEX RCMs in the
recent past climate. Instead we refer to already published papers on model performance with these
RCMs in particular and on a more general level also with other RCM-GCM combinations.



/A
héelis

We use RCM data from seven different EURO-CORDEX simulations as listed in Table 1. All data are
taken from simulations with RCP8.5 (Representative Concentration Pathway leading to &5 W/m
radiative forcing at the end of the century, see Moss et al., 2010) as forcing scenario as this is the
only one of the scenarios used in EURO-CORDEX for which most of the GCMs reach a global warming
of 4°C during this century (23 out of 32, see Table 2). The chosen simulations allows us to address
the impact of different driving GCM (in total three different GCMs have been used) on the resulting
climate change signal. In addition, the impact of different RCMs can be investigated bota for th
three-member ensemble downscaling MPI-ESM-LR (No. 3, 5 and 6 in Table 1) and the tway-memb
ensemble downscaling EC-EARTH_r1 (No. 1 and 4). The third simulation with RACMO downscaling
ECEARTH has used a different ensemble member (rl) than in the two other ones (r12) which will
have a fundamental role on the results as will be discussed below. The particular set of RCM-GCM
combinations analysed here is the same as that used by Alfieri et al. (2015) in WPTXofTHEL

particular choice was made based on availability of RCM results at the time when that study was
initiated and on ranking of CMIP5 GCMs based on their performance in the North Atlantic region
(Perez et al., 2014).

Table 1.Regional climate models assessed in this report. GCMs are listed in more detail 1 Table

No | Institute RCM GCM RCM reference

1 | SMHI RCA4 ECEARTH_rlz Strandberg et al., 2014; Kjellstrom et al., 20
2 | SMHI RCA4 HadGEMZES Strandberg et al., 2014; Kjellstrom et al., 20
3 | SMHI RCA4 MPI-ESM-R Strandberg et al., 2014; Kjellstrom et al., 20
4 | BTU Cottbus CCLM4-87 ECEARTH rl1z Keuler et al., 2016

5 BTU Cottbus CCLM4-87 MPI-ESM:=R Keuler et al., 2016

6 | HZG-GERICS REM0O2009 MPI-ESM-R Jacob et al. 2012

7 KNMI RACMO2.2 ECEARTH_rl1 Meijgard et al. 2012

In this study we assess simulated climate change at SWL2 and SWL4. For the analysis we extract data
from the RCMs for the time period when a 20-yr moving average of the global mepertature

first reachesa certain SWL in the GCMEhe time period is taken as ti2®-yr period centered over

the year given in Table 2. Future climate change is then calculated as the difference between this 20-
yr period and the reference period that is taken as 1981-2000.

To present statistics of rare events we use extreme value analysis and express the estimated
probabilities of extreme events in terms of T-year return vallié® T-year return value can be
interpreted as the threshold that is exceeded once every T years and in the following we denote it by
the term return period. For this statistic we use daily data of minimum and maximum temperatures,
as well as daily maximum precipitation rates and maximum wind speed. A more detailed description
of how we apply the method is given in Nikulin et al. (2011).

We choose to illustrate model agreement and spread in the multimodel RCM-ensemble. Whese t
can be considered measures of what is often referred to as varied® Se }( $Z ZZuv &S JvsSC_
climate scenarios. Here, we follow Kjellstrom et al. (2016) by presenting the spread calcalatesl a
standard deviation from the ensemble mean based on the seven members in the RCM-ensemble
members. The model agreement criterion is simply calculated by adding the number of simsilatio
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indicating an increase in the index in question. This means that the model agreement measure can
take any number between zero and seven where seven indicates that all members (e.g. Table 1)
show an increase and zero indicates that none of them show an increase. Both seven and zero
therefore indicates unanimous agreement between the models chosen here, and may therefore
provide some indication of potential robustness of projected changes. However, it shohtut e

in mind that other models not used here may still not agree, and moreover, understatitin
mechanisms behind the projected changes is crucial for projected changes to be properly considered
Z E} .|Nugnbers like three or four on the other hand, indicates that only half of the engembl
members show an increase, and are consequently associated with less model agreement.

In order to put the RCM results discussed in detail here in a larger context we utilize a subsget of t
RCP8.5 simulations in the CMIP5 multimodel GCM ensemble (Table 2). Here, one mezabler of
GCM is assessed for seasonal mean changes in precipitation and temperature. These changes are
plotted against each other in scatterplots that also include the RCMs in Table 1. In this way we
investigate to what degree the smaller RCM ensemble mimic that of the larger CMIP5 GCM
ensemble as a way to assess how representative the RCM ensembile is in terms of representing
future climate change in Europe. The comparisons are done for a number of regions in Europe that
has been used in a large number of studies to represent different parts of Europe all with different
climates (e.g. Rockel and Woth, 2007), see Figure 1.

0 50 100 200 500 750 1000 1500 2000 2500

Figure 1.Map showing the eight subdomains (Bhe British Isles, IPthe Iberian Peninsula, AR
France, ME Mid Europe, S€Scandinavia, MD the Mediterranean region, At.the Alps, EA
Eastern Europe) and the larger European domain for which average climate change sgneal
been calculated.

Table 2.CMIP5 GCMs assessed in this report. Columns SWL2 and SWL4 show the central@ear in a 2
year period that the GCMs reach the 2°C and 4°C warming levels (NA implies that this warming level
is not reached for a particular GCM). GCMs are listed in order of when they reach SWL2. RCMs listed
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in Table 1 have downscaled no. 7, 10, 13 and 14 that are marked in color here. For mwratimrfior
see Taylor et al (2012) aiétp://cmip-pcmdi.linl.gov/cmip5/

No | Institute GCM name SWL2| SwL4
1 Beijing Normal University BNU-ESM 2026 | 2068
2 Canadian Centre for Climate Modelling and Analysis CanESM2 2028 | 2070
3 Institut Pierre-Simon Laplace IPSL-CM5AR 2030 | 2068
4 National Center for Atmospheric Research CCsmM4 2031 | 2079
5 Institut Pierre-Simon Laplace IPSL-CM5MR 2034 | 2069
6 National Center for Atmospheric Research CESM1-BGC 2035 | 2083
7 ECEARTH consortium ECEARTH (r12) | 2035 | 2083
8 Atmosphere and Ocean Research Institute (The University of | MIROC-ESM-

Tokyo), National Institute for Environmental Studies, and Japan| CHEM 2035 | 2071
9 Agency for Marine-Earth Science and Technology MIROC-ESM 2036 | 2075
10 | ECGEARTH consortium ECEARTH (rl1) 2036 | 2083
11 | NASA/GISS (Goddard Institute for Space Studies) GISE2H 2038 | 2102
12 GISE2H-LCC 2039 | NA
13 | Met Office Hadley Centre HadGEMZES 2039 | 2074
14 | Max Planck Institute for Meteorology MPFESMER 2040 | 2083
15 | Met Office Hadley Centre HadGEMZ=C 2041 | 2073
16 | National Center for Atmospheric Research CESM1-CAM5 2041 | 2080
17 | Max Planck Institute for Meteorology MPLFESMMR 2042 | 2085
18 | Geophysical Fluid Dynamics Laboratory GFDL-CM3 2042 | 2077
19 | The First Institute of Oceanography, SOA FIO-ESM 2044 | 2086
20 | Institut Pierre-Simon Laplace IPSL-CM5BR 2045 NA
21 | Centre National de Recherches Météorologiques / Centre Eurofjf CNRM-CM5

de Recherche et Formation Avancée en Calcul Scientifique 2046 | 2088
22 | Commonwealth Scientific and Industrial Research CSIRO-Mk3-6-0

Organization/Queensland Climate Change Centre of Excellence 2047 | 2085
23 | Norwegian Climate Centre NorESMIME 2049 | NA
24 | Met Office Hadley Centre HadGEM2AO 2050 | 2085
25 | NASA/GISS (Goddard Institute for Space Studies) GISE2RCC 2050 NA
26 | Norwegian Climate Centre NorESM1-M 2052 | NA
27 | Atmosphere and Ocean Research Institute (The University of | MIROC5

Tokyo), National Institute for Environmental Studies, and Japan

Agency for Marine-Earth Science and Technology 2052 NA
28 | NASA/GISS (Goddard Institute for Space Studies) GISE2R 2055 | 2130
29 | NOAA Geophysical Fluid Dynamics Laboratory GFDL-ESM2M 2055 | 2113
30 | Meteorological Research Institute MRI-CGCM3 2055 | NA
31 | Geophysical Fluid Dynamics Laboratory GFDL-ESM2G 2056 | NA
32 | Russian Academy of Sciences, inmcm4

Institute of Numerical Mathematics 2058 NA

Here we present results for seasonal means and for extremes defined by 20-year return levels for
SWL2 and SWL4 for mean sea level pressure, near-surface temperature (2m-level), precipitation and
near-surface wind speed (10m-level).
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We start by showing how mean sea level pressure (MSLP) changes in the individual simulations for
the winter and summer season for both SWL2 and SWL4 as these changes will be shown to have a
strong impact on changes in near-surface temperatures, precipitation and wind speed discussed in

the following. For all cases shown (i.e. SWL2 and SWL4, winter (DJF) and summer (JJA)) it is clear that
there are considerable differences between the different simulations and that these differences are
closely connected to the choice of GCMs (Figure 2 and 3). This result is expected as RCMs tend to
follow the underlying GCM in terms of how they represent the large-scale circulation (e sragell

et al, 2011). However, we also note that there are some differences also due to the choice of RCM.
This can be scrutinized by taking a closer look at the four panels showing the RCA4 and CCLM
simulations. As an example RCA4 gives a stronger increase in MSLP in summer in the EC-Earth driven
simulation (Figure 3) while CCLM gives a stronger increase in winter in the MPI-ESM driven one
(Figure 2).

Generally, winter time changes differ considerably between the GCMs. Notably, the strong north-
south pressure gradient over the North Atlantic is modified differently in the different simulations
(Figure 2). At SWL2 it is decreased in the southern half of the domain in the MPI-ESM driven
simulations while at the same time intensified in the north in the same simulations. Tiuates a
northward shift in the storm track in that simulation. A similar pattern is seen in the EC-Earth
member downscaled by RACMO. Contrastingly, the other EC-Earth member shows a completely
different pattern of change with a strengthening of the north-south pressure gradient, albeit with no
major relocation of it, indicating a strengthening of the westerlies over the North Atlamtic. T
HadGEMZ2-ES shows an opposite behavior with decreasing north-south pressure gradient indicating
weaker westerlies in the region. For SWL4 the HadGEM2-ESM and EC-Earth-r12 indicate weakening
westerlies while the MPI-ESM is indicative of a stronger pressure gradient in the south and a weake
in the north. The other EC-Earth member indicates a northward shift of the storm trackhever
Atlantic.

For summer the change patterns are much more uniform and all simulations indicate a northward
displacement of the subtropical high and at the same time lowering of the pressure in the
northernmost part of the region. This pattern is indicative of a horthward shift of the storm track in
summer. It is also clear that the strengthening of the subtropical high is reinforced withimgaas

the MSLP anomalies are larger at SWL4 than at SWL2.
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Figure 2.Winter (DJF) mean sea level pressure in the control period (uppermost left) andggs chan
in the seven RCM simulations in Table 1 (individual runs in upper riglt pad and lower rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4
warming level (SWL2/SWL4).
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Figure 3.Summer (JJA) mean sea level pressure in the control period (uppermost left) and &s chang
in the seven RCM simulations in Table 1 (individual runs in upper rigglt pad and lower rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4
warming level (SWL2/SWL4).
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3.2. Near-surface temperature
The warming is manifested in all seasons as exemplified for winter and summer in Figure 4 and 5. A
number of regional features stand clear from the figures. Apart from the evident fact that regional
warming is stronger at SWL4 than at SWL2, this includes a stronger warmimgeintihan in
summer in large parts of northern and northeastern Europe and a stronger warming in the south in
summer. Similar patterns have been reported upon in a range of earlier studies and have been
attributed to regional feedback processes that amplify the overall global warming sigmal (e
Kjellstrom et al., 2011). In winter this relates to the snow-albedo feedback mainly in noghdrn

3 EV UE}% ~AZ E 3Z E ]+ £S5 ve]A v}A }A & Jof A]Jvd E ]v §}
feedback processes involving snow are also likely the cause behind the larger warmimgiirovwer
mountainous areas in southern Europe, including the Alps and the Pyrenees, compared to
surrounding regions seen especially at SWL4. In summer higher temperatures (and more
evaporation) and decreased precipitation (see below) lead to dryer soils, that in turn act to further
amplify the warming.

7 runs | 2m Temperature (tas)
CTL: 1981-2000 | SCN: 2° and 4°C HELIX | DJF | rcp85

SCN-CTL ) SPREAD (StDev) INCREASE

0 1 2345 6 7
Number of models

Figure 4. Winter (DJFR2m-temperature in the control period (left), its mean change and spread

around that mean over the seven RCM simulations in Table 1 (second and third pan#éie fieft)

and the number of RCM simulations that indicate an increase (rightmost panel). The upper row show
the +2°C warming level (SWL2) and the lower row the +4°C warmin¢Sat).

Changes are generally smaller over the oceans than over land areas with the exception of some parts
of the northern seas that show very strong warming mainly in winter but also to some extent in
summer. This strong warming over the northern seas can to a large degree be attributed to

reduction in sea ice in the warmer climate. The stronger warming in summer over the Baltic Sea than
over its surroundings in cannot be directly related to changes in sea-ice asish@ne in the Baltic

Sea in summer. We have not investigated the reason for the Baltic Sea warming in detail here but we
note that it is larger in some GCM-driven experiments than others so it is likely thab timel&ry

forcing from the GCMs is the cause. Previous studies based on stand-alone atmospheric RCMs (i.e.
that takes sea surface temperatures directly from the global model) have also shown anomalies in
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the Baltic Sea region. Likely, unrealistic treatment of this relatively small ocean area in coarse global
climate models may be the reason (e.g. Kjellstrom and Ruosteenoja, 2007).

7 runs | 2m Temperature (tas)
CTL: 1981-2000 | SCN: 2° and 4°C HELIX | JJA | rcp85

CTL SCN-CTL SPREAD (StDev) INCREASE
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¢ &
& 2 d

2 0 1 2345 6 7
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Figure 5.Summer (JJ@m-temperature in the control period (left), its mean change and spread
around that mean over the seven RCM simulations in Table 1 (second and third panels fedty the
and the number of RCM simulations that indicate an increase (rightmost panel). The uppeowow sh
the +2°C warming level (SWL2) and the lower row the +4°C warming level (SWL4).

Figures 4 and 5 reveal that temperature increase is a highly robust feature of the RCM-GCM
combinations assessed here as basically all seven simulations indicate increasing temperatures in
both seasons already at SWL2 (rightmost panels). At the same time the maps showing spread
indicates large differences between individual simulations in some areas. This is most nothble i

far north over ocean areas in winter where changes are largest. Over the continent we note larger
spread in southeastern Europe in winter at SWL2 than at SWL4. The individual simulations show that
the three MPI-ESM-driven simulations all give very modest warming, or evercémiilg, for the

SWL2 time period (Figure 6). At the same time the two simulations forced with the same EC-Earth
member (No 1 and 4 in Table 1) indicate stronger warming in southern and southeastern Europe
while the other EC-Earth driven simulation (No 7 in Table 1) lies in between. Getting back to the
changes in MSLP (Figure 2) give us a hint as to why the modest warming is se&raimdN\do 4 as

the climatological north-south pressure gradient is simulated to get weaker thereby implying weaker
southwesterlies over Europe with less mild conditions. The MSLP changes also show that the north-
south pressure gradient over the North Atlantic is moved northwards in the MPI-ESM indicating a
more northward storm track with less cyclones over southern and central Europe and more in the
far north. Apart from these GCM-driven differences we also note differences arising from choice of
RCMs. The four-member ensemble consisting of RCA4 and CLM downscaling EC-Earth and MPI-ESM
(no. 1, 3-5in Table 1) indicates that RCA4 generally shows stronger warming than CLM in many
continental areas which is seen also at SWL4 and to some extent also in summer (Figure 7). These
differences between the RCMs indicate some systematic difference between them and how they
respond changes in the large-scale forcing.
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Figure 6.Winter (DJF2m-temperature in the control period (uppermost left) and its change in the
seven RCM simulations in Table 1 (individual runs in upper right panel, drimigr rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4
warming level (SWL2/SWL4).
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Figure 7.Summer (JJARm-temperature in the control period (uppermost left) and its change in the
seven RCM simulations in Table 1 (individual runs in upper right panel, arlmigr rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4
warming level (SWL2/SWL4).
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Changes in daily minimum and maximum temperatures closely follow those imuly

temperatures on a seasonal mean scale in all seasons (not shown). This applies both for geographical
patterns and for amplitude of change. Some smaller deviations are noted such as slightly larger
(smaller) increase in daily minimum (maximum) temperature compared to daily mean temperature

in many continental areas in winter. At the same time there is a slightly stronger increaagyin d
maximum temperature in summer compared to daily mean temperatures in some regions.

Turning the attention to the extremes we note that changes in 20-year return periods of daily
minimum temperatures in winter are more pronounced than those in the seasonal mean

temperature in many areas (compare Figure 8 and Figure 4). Contrastingly, changes in 20-year return
periods of daily maximum temperatures are smaller (not shown). This feature, indicating smaller
differences between the warmest and the coldest days in winter, is a significant signature of
wintertime climate change that is connected to the withdrawal of snow cover and less potential for
creating cold air masses in winter.

7 runs | 20-yr ret. values of of Daily Minimum Temperature (tasmin)
DJF | CTL: 1981-2000 | SCN: 2° and 4°C HELIX | rcp85

CTL SCN-CTL SPREAD (StDev) INCREASE
i~ | s '—:;\ o

01 2345 6 7
Number of models

Figure 8.Winter (DJF) 29ear return value of minimur@m-temperature in the control period (left),

its mean change and spread around that mean over the seven RCM simulations in Table 1 (second
and third panels from the left), and the number of RCM simulations that indicate an increase
(rightmost panel). The upper row show the +2°C warming level (SWL2) and the lower row the +4°C
warming level (SWL4).

For summer changes in 20-year return periods of daily maximum temperatures are more
pronounced than those in the daily mean temperature in some continental areas in particular at
SWL4 (compare Figure 9 and Figure 5). The differences are most pronounced in an aregincludin
parts of Western Europe. We also note that changes in 20-year return periods of daily minimu
temperatures in these areas are smaller (not shown). For summer we note that there are increasing
differences between warm and cold days, in contrast to what we found for winter. However, we also
note that changes in minimum summertime temperatures are relatively high in parts of northern
Europe, in particular in the Scandinavian mountains. This may again be related to changes in snow
conditions as days with snow cover will become much rarer also in the mountain areas.
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7 runs | 20-yr ret. values of of Daily Maximum Temperature (tasmax)
JJA | CTL: 1981-2000 | SCN: 2° and 4°C HELIX | rcp85

CTL SCN-CTL SPREAD (StDev) INCREASE

01 2345 6 7
Number of models

Figure 9.Summer (JJA) 20-year return value of maxirBomtemperature in the control period (left),

its mean change and spread around that mean over the seven RCM simulations in Table 1 (second
and third panels from the left), and the number of RCM simulations that indicate an increase
(rightmost panel). The upper row show the +2°C warming level (SWL2) and the lower row the +4°C
warming level (SWL4).

3.2. Predpitation
Precipitation changes in the analysed simulations follow the well-known pattern for Euiitipe w
increasing precipitation in the north and decreases in the south on an annual mean basis (not
shown). The borderline between increasing and decreasing precipitation migrates from a southerly
position in winter (Figure 10) to a northerly position in summer (Figure 11).

Changes increase over time and it is only in some areas that there are robust changes already at

SWL2 while changes at SWL4 are more pronounced with regional changes of mor@%haml&rge

areas. Compared to the findings for temperature, precipitation changes are less robust as seen in the
E]PZ3u}*8 % Vv o }( &]PUE « 6 v 6X E}3 oCUSZ E & €& o §]A oC
where it is uncertain as to whether there will be an increase or a decrease in precipitation. We also

note that in other areas, where there is model consensus (or partial consensus of 5-6 models) there

is still uncertainty although we may have reason to have more confidence in the resultar Simil

features, with less model agreement in the simulated climate change signal for precipitation than for
temperature has been frequently seen in other ensembles of regional climate change for Europe

(e.g. Kjellstrom et al., 2013)

In some more detail it is clear that some of these differences are strongly related to changes in the
large-scale circulation. As an example, a comparison of Figure 12 and Figure 2 reveals that
decreasing precipitation in parts of Norway in the HadGE&8riven RCA4-simulation is seen in
northern areas where there is a weaker north-south pressure gradient which indicates that there is
less efficient transport of moisture from the Atlantic towards Scandinavia. Contrastingly, the
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stronger N-S pressure gradient in the north in the MPI-ESM as discussed above lead to increasing
precipitation in the same area. Similar differences between two GCMs and its impact on RCM
projections were discussed by Raisénen et al. (2004).

7 runs | Precipitation (pr)
CTL: 1981-2000 | SCN: 2° and 4°C HELIX | DJF | rcp85

CTL SCN-CTL SPREAD (StDev) INCREASE

-80 -60 -40 20 0 20 40 60 80 O 5 10 15 20 01 2345 6 7
% mm/mon Number of models

Figure 10 Winter (DJF) precipitation in the control period (left), its mean change and spread around
that mean over the seven RCM simulations in Table 1 (second and third panels from the left), and the
number of RCM simulations that indicate an increase (rightmost panel). The upper row show the
+2°C warming level (SWL2) and the lower row the +4°C warming level (SWL4).

7 runs | Precipitation (pr)
CTL: 1981-2000 | SCN: 2° and 4°C HELIX | JJA | rcp85

SCN-CTL SPREAD (StDev) INCREASE

mm/mon

:
-80 -60 -40 20 0 20 40 60 80 0 5 10 15 20 0 1 2345 6 7
% mm/mon Number of models

Figure 11.Summer (JJA) precipitation in the control period (left), its mean change and spread arou
that mean over the seven RCM simulations in Table 1 (second and third panels from the left), and the
number of RCM simulations that indicate an increase (rightmost panel). The upper row show the
+2°C warming level (SWL2) and the lower row the +4°C warming level (SWL4).
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Figure 12 Winter (DJF) precipitation in the control period (uppermost left) and its change in the
seven RCM simulations in Table 1 (individual runs in upper right panel, drimigr rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4

warming level (SWL2/SWL4).
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Figure 13.Summer (JJA) precipitation in the control period (uppermost left) and its change in the
seven RCM simulations in Table 1 (individual runs in upper right panel, drimigr rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4

warming level (SWL2/SWL4).



The northward shift in the storm track in summer (cf. Figure 3) is reflected by strong increases in
precipitation in parts of Scandinavia (Figure 13). It is clear that the stronger the change in the
pressure gradient the stronger the change in precipitation as seen from looking at the three EC-Earth
driven simulations with RCA4 having the strongest change in both MSLP gradient and pigecipita

the area. In southern and central Europe there is a reduction in precipitation in connection with the
northward displacement of the subtropical high and increasing MSLP over Europe.

Increasing levels of daily extreme precipitation are seen for all seasons in most of the region. As an
example Figure 14 shows changes on an annual basis. While the signal is relativelysstidly it i

clear that there is a strong overweight for stronger extremes. It is also evident that the signal
increases and get more robust with stronger warming.

Figure 1420-year return value of maximum daily precipitation in the control period (left), its mean
change and spread around that mean over the seven RCM simulations in Table 1 (second and third
panels from the left), and the number of RCM simulations that indicate an increase (rightmet pa
The upper row show the +2°C warming level (SWL2) and the lower row the +4°C warming level
(SWL4).

Changes in daily extremes on a seasonal basis are noisier than that for annual mean conditions
(Figure 15). Predominantly, increases in the extremes are seen both for winter and summer. For
summer we also note that increases are seen in many areas where seasonal mean precipitation is
projected to decrease (cf. Fig 13), a result that is in line with earlier findings (e.g. Christensen and
Christensen, 2003). These figures also show that while the overall tendency indicates more intense
extreme events there are also areas where there may be decreases. This is especially the case for
North Africa in winter and for parts of the Mediterranean in summer. A closer look at individual RCM
simulations reveals that the signal is even noisier.



Figure 1520-year return value of maximum daily precipitatiamthe control period (uppermost left)
and its change in the seven RCM simulations in Table 1 (individual runs in upgpeanmehmid and
lower rows and ensemble mean in mid upper panel). The upper/lower panels show winter (DJF) /
summer (JJA) conditions. Results corresponds to fitavedming level (SWL4).



Taken as an ensemble mean wind speed decreases on average in relatively large parts of the North
Atlantic region investigated (Figure 16). There are, however, exceptions to this general decrease
most notably in ocean areas in the north. A closer look at the individual simulations (Figure 17 and
Figure 18) reveals that there are strong connections to the changes in the large-scale cir¢akation
indicated by changes in the MSLP pattern). Notably, the decreases in the N-S pressure gradient in
the Had-GEM-driven simulation are reflected in a considerable decrease in wind speed in large parts
of the area (cf. Figure 2). Apart from these changes that are driven by changes in the large-scale
circulation, there are also other wind speed changes. Figure 17 reveals strong local increases ov
parts of the northern oceans. A comparison shows that there are also strong increases in near-
surface temperature in these areas in the models (Figure 6). This strong relation between near-
surface temperature and winds indicates that changing surface conditions are important here.

Likely, the reduction of sea-ice and the associated higher temperatures lead to a less stably stratified
planetary boundary layer that thereby becomes more favorable for downward mixing of momentum
leading to higher wind speed close to the surface. In summer the northward displacement of the
subtropical high over the Atlantic is seen in wind speed that decreases in an area centered west of
the British Isles and increases west of the Iberian Peninsula (Figure 18). As is the case for
temperature and precipitation also changes in wind speed are different in different RCMs. Such
differences may be related to local processes acting to reinforce or dampen the climate change
signal in an area. Again, changes in sea-ice and associated changes in sea surface temperatures may
contribute to such differences. However, we also note similar differences also in summer, for
instance over the Baltic Sea, indicating that it is not only differences in sea ice that pleyharm

Figure 16 Annual mean wind speed in the control period (left), its mean change and spread around
that mean over the seven RCM simulations in Table 1 (second and third panels from the left), and the
number of RCM simulations that indicate an increase (rightmost panel). The upper row show the
+2°C warming level (SWL2) and the lower row the +4°C warming level (SWL4).



Figure 17 Winter (DJF) near surface wind speed in the control period (uppermost left) and its change
in the seven RCM simulations in Table 1 (individual runs in upper riglt pad and lower rows and
ensemble mean in mid upper panel). The upper (lower) panels show conditions at the %2°C (+4

warming level (SWL2/SWL4).



Figure 18.Summer (JJA) near surface wind speed in the control period (uppermost left) and its
change in the seven RCM simulations in Table 1 (individual runs in upper rightpdrand lower

rows and ensemble mean in mid upper panel). The upper (lower) panels show conditions at the +2°C
(+#Q warming level (SWL2/SWL4).



Seasonal means of daily maximum wind speed changes in a very similar way as the daily mean wind
speed (not shown). For extreme conditions the signal is highly noisy and the conichae given

by the seven RCM simulations does not reveal any significant changes in extreme windrenditi
agreed upon by all models (Figure 19). The only exception is an indication of decreasimg extre

wind speed over the southern parts of the Mediterranean seen in most RCMs for SWL4.

Figure 1920-year return value of maximum near-surface wind speed in the control period (left), its
mean change and spread around that mean over the seven RCM simulations in Table 1 (second and
third panels from the left), and the number of RCM simulations that indicate an increase (rightmost
panel). The upper row show the +2°C warming level (SWL2) and the lower row the +4°C warming
level (SWL4).

In this section we show how the above-mentioned RCM-based results relate to the underlying GCMs
and to the larger CMIP5-ensemble by showing scatter plots for changes in temperature and
precipitation. We present scatter plots for Scandinavia and the Iberian Peninsula as these are areas
with strong changes in temperature both in winter (Scandinavia) and summer (Iberian Peninsula)

and in precipitation that increases in Scandinavia and decreases in the Iberian Peninsula. Comparing
and contrasting these areas give a good picture of changes in the contrasting climate regimes of
Europe. In Tables 3 and 4 we present summary statistics for SWL2 and SWL4 in the subregions
defined in Figure 1.

Changes in Scandinavia are shown in Figure 20 that clearly illustrates that changes are larger in
winter than in summer in this part of Europe. The figure also shows that the simulated future
climate gets warmer already at SWL2 and even more pronounced at SWL4. For precipitation the
simulations indicate that it will become wetter in winter which is seen in many simulaticredslin
SWL2 and more clearly in SWL4. For summer it is unclear which direction the changes in
precipitation will take. It is, however, clear that the spread becomes larger at SWL4 compared to
SWL2 both in temperature and precipitation.



Figure20. Scatter plot illustrating temperature and precipitation changes over Scandinavia (SC,

Figure 1) for winter mean conditions. In addition to the HELIX RCMs and the underlyingeGaldas

show the full CMIP5 ensemble of GCMs. The left plot shows the +2°C warming level (SWL2) and the
right the +4°C warming level (SWL4). The error bars plotted inside the axis in the diagptaaneiti

the average and plus-minus one standard deviation from respectively: i) the CMIP5 ensemble, ii) the
four-member GCM-ensemble that has been downscaled (purple represents MPI-EEE, pin

Earth_r12, blue EC-Earth_r1 and orange HadGEM-ES?2) and iii) the seven-member RCM-ensemble
(Table 1). The two green set of simulations represents two additional RCA4-experiments not assessed
here (downscaling of GCMs 5 and 21 in Table 2).

The figure also shows that the RCM-simulated changes in temperature and precipitation for
Scandinavia mostly lies within the range of those as simulated by the underlying GCMstlaad by
larger CMIP5 ensemble. However, it is also clear that the range spanned by the RCM ermemble (
that spanned by the underlying GCMs) is much more limited compared to the CMIP5 ensemble.
Comparing individual simulations reveals that the RCMs do change the climate chang&aignal

the underlying GCM. It is, however, large differences in how large these changes are. For instance,
the RACMO RCM only changes the climate change signal from the EC-Earth model marginally in all



four cases while RCA4 tends to change the HadGEM2-ES results significantly in summer. In the latter
case it is even the question of changing sign in the precipitation signal; from a decreasksiBMR-

ES to an increase in RCA4. A similar discrepancy between HadGEM2-ES and RCA4 was found also in a
RCA4 simulation at 50 km horizontal resolution by Kjellstrom et al. (2016)alBosfpund wetter

conditions in RCA4 compared to a range of other GCMs it has been used to downscale indicating

that the hydrological cycle in it is more sensitive to the increasing temperatures. It is also clear that
HadGEMZ2-ES seems to have a very strong increase in sea surface temperatures (SSTs) over the Baltic
Sea (as indicated by the local maxima in near-surface warming in Figure 7). Large SST changes in this
region have previously been shown to have a very strong impact on regional climagtlingpd

results (e.g. Kjellstrom and Ruosteenoja, 2007). As coarse-scale GCMs have a fairly poor
representation of the Baltic Sea care should be taken when analyzing results from these models and
preferably a coupled regional climate model system should be used (Kjellstrom et a)., K005

common picture seems to be that many of the RCM simulations assessed here show larger
precipitation increases (or smaller decreases) compared to the underlying GCMs.

Figure 16 As Figure 15 but for the Iberian Peninsula.



For the Iberian Peninsula Figure 21 shows that simulated changes in temperature are larger in
summer than in winter at both SWLs. For precipitation the simulations reveal large uncertainty for

the sign of change in winter while summertime changes lie on the dry side with less premipitati

the future, especially in SWL4. As for Scandinavia it is also here clear that the spread becomes larger
at SWL4 compared to SWL2.

Similar to Scandinavia the RCM-simulated changes in temperature and precipitation for the Iberian
Peninsula mostly lies within the range of those as simulated by the underlying GCMs and by the
larger CMIP5 ensemble. However, there are some differences and it is clear that the temperature
changes in summer at SWL4 are smaller in the RCM ensemble compared to that in the GCMs and
that the spread in the RCMs is significantly lower than that of the GCMs. These differences between
the RCMs and the underlying GCMs and between the subset of GCMs and the wider CMIP5
ensemble illustrate that uncertainties are only partly covered by the chosen subset of simulations
here. Again, comparing individual simulations reveals that the RCMs do change the climage chan
signal from the underlying GCM, sometimes in a highly significant way.

Table 3.Summary statistics showing temperature and precipitation changes at the +2°C warming
level (SWL2) for the eight regions in Figure 1. For each region there are three sets of data for each
season and variable representing: the full CMIP5 ensemble (top), the four-member GCM-ensemble
downscaled by the RCMs (middle) and the seven-member RCM ensemble (lower). The numbers
represents minimum (left), maximum (right) and mean plus/minus one standard deviation (middle).

Area Near surface temperature (°C) Precipitation (%)
DJF JJA DJF JIA
IP 0.8/1.4+0.4/2.1 1.0/2.2+0.7/4.2 -24/-3.3+12/38 -31/-12+11/14
0.8/1.3+0.5/2.0 1.3/1.7+£0.5/2.4 -14/-1.4£9.0/10 -26/-14+14/8.3
0.8/1.1+0.4/1.8 1.1/1.44£0.3/1.9 -5.1/1.0£4.5/7.2 -27/-11+11/-0.5
MD 0.5/1.6+0.5/2.4 1.1/2.3+0.7/3.9 -20/-2.9+9.3/26 -29/-12+9.8/8.6
0.5/1.3+0.6/2.1 1.4/2.0+0.4/2.5 -7.3/0.5£9.1/11 -29/-18+12/-1.2
0.5/1.3+0.5/2.0 1.5/1.8+0.3/2.3 -7.1/2.2+9.4/16 -21/-11+13/7.4
FR 0.6/1.4+0.5/2.6 0.7/2.0£0.8/4.3 -9.7/4.6£5.7/12 -39/-9.2+14/19
0.6/1.1+0.5/1.7 1.1/1.5+0.6/2.6 -9.7/4.5+8.3/- -22/-9.3+16/16
0.7/1.2+0.4/1.5 0.8/1.1+0.2/1.5 1.4/8.6£6.0/15 -15/-2.9+11/9.3
AL 0.5/1.9+0.8/3.4 1.1/2.4+0.9/5.2 -8.0/6.0+£8.7/27 -30/-4.4+9.2/15
0.5/1.5+0.8/2.5 1.7/2.3+0.6/3.2 -6.2/6.6+10/19 -12/-4.2+6.7/6.2
0.8/1.8+0.7/2.3 1.4/1.7+0.3/2.1 -0.2/10+£7.5/18 -11/0.8+10/12
EA -0.1/2.3+1.0/4.3 0.9/2.6+1.0/5.4 -6.7/7.9+6.7/27 -37/-3.4+£12/15
0.6/1.8+0.9/2.9 1.7/2.6+0.9/4.0 -6.7/8.1+8.9/17 -20/-8.2+10/7.1
0.7/2.0+£0.8/2.9 1.1/1.5+0.4/2.1 4.9/13+4.9/17 -2.0/2.7+3.8/7.3
BI 0.3/1.2+0.5/3.3 0.2/1.5+£0.7/3.0 -4.7/6.3£5.8/21 -20/-3.2+8.9/17
0.4/0.9+£0.3/1.2 0.6/1.0+0.6/2.0 -1.5/5.2+6.1/13 -8.7/-2.6£7.7/10
0.5/1.0+0.3/1.2 0.3/0.9+£0.4/2.0 -1.4/6.2+7.9/16 -6.1/-0.6+£3.9/3.5
ME 0.3/1.8+0.8/3.9 0.6/2.1+0.8/4.2 -9.4/8.5+7.2/24 -25/-1.6+£13/26
0.6/1.4+0.7/2.2 1.4/1.9+0.7/3.0 -9.4/6.5£9.2/14.4 -13/0.9+14/22
0.8/1.5+0.5/2.1 0.8/1.1+0.3/1.6 -2.5/10+8.0/17 -3.8/4.2+7.1/15
SC 0.2/2.5+1.1/6.3 0.1/2.1+£0.8/3.7 -2.0/7.5+£7.2/28 -9.4/3.7+7.5/22
1.7/2.3+0.6/3.3 1.1/1.9+0.7/2.9 -0.5/9.4+3.8/4.1 -3.3/8.1+9.8/22
1.8/2.3+0.4/2.8 1.3/1.6+0.4/2.3 -0.5/7.3£6.3/15 8.7/12+2.8/15




The summary statistics of Tables 3 and 4 shows that minimum, maximum and mean values differ
between the three ensembles. We note that in all cases, except for summertime temperature at
SWL4 in Eastern Europe (EA), the ranges given by the ensemble means plus/minus one standard
deviation always overlap each other. Further, most maximum and minimum numbers in the RCM
ensemble are smaller than those defined by the larger CMIP5 ensemble. There are some exceptions
to this, in particular at SWL4 when the RCMs tend to give somewhat lower minimum increase in four
out of eight areas (IP, EA, Bl and ME) in summer. Despite the latter our results indicate that: i)
neither the subsample of GCMs that has been downscaled nor the RCMs do represent the full
variability of the CMIP5 ensembile, ii) the RCMs changes the climate changesigpated to the

GCNMs they have been downscaling, iii) the RCM ensemble is mostly within the range of the wider
CMIP5 ensemble.

Table 4.As Table 3 but for +4°C warming level (SWL4).

Area Near surface temperature Precipitation
DJF JIA DJF JIA
IP 2.3/3.1+0.5/4.1 3.9/5.0+1.0/7.9 -41/-10+£12/11 -58/-32+15/-4.0
2.3/2.9+0.5/3.6 3.9/4.4+0.4/5.0 -18/-8.1+8.1+1.4 -49/-30+22/-4.0
2.3/2.7£0.3/3.1 3.5/3.8+0.2/3.9 -12/-4.6+8.2/8.9 -47/-32411/19
MD 2.7/13.5+0.5/4.5 3.4/5.1+1.0/7.7 -38/-10+11/6.1 -51/-28+16/-3.2
2.8/3.2+0.4/3.9 3.9/4.6+0.6/5.3 -16/-7.1+9.5/6.1 -51/-26+20/-5.0
3.0/3.3+0.3/3.6 4.0/4.4+0.4/4.9 -11/-2.6+9.6/12 -38/-26+15/-2.3
FR 2.1/3.1+0.6/4.2 3.2/4.9+1.2/8.0 -7.9/11+7.4/23 -53/-30+18/7.2
2.1/2.8+0.5/3.4 3.2/4.1+0.7/5.1 4.4/11+6.3/19 -43/-33+18/-0.4
2.2/2.8+0.5/3.6 3.2/3.7£0.5/4.5 4.8/15+6.0/19 -41/-24+15/-6.6
AL 2.5/4.0+0.9/5.7 3.9/6.0+1.6/9.9 -4.9/11+11/30 -53/-20+18/22
2.8/3.7+0.8/4.6 4.9/5.6+1.0/7.3 -1.8/12+12/30 -34/-22+16/5.6
3.4/4.2+0.6/5.1 3.9/4.8+0.6/5.4 6.0/14+5.9/14 -25/-9.1+16/14
EA 2.3/4.8+1.2/7.6 3.6/5.8+1.4/9.3 -4.6/15+9.8/38 -62/-18+18/9.8
3.1/4.3£1.2/5.9 4.5/5.4+1.1/7.4 2.3/12+9.2/27 -30/-20+£12/-4.3
3.8/4.6+0.9/6.1 3.56/3.9+0.3/4.4 18/25+5.5/33 -12/0.7+£10/10
BI 1.7/2.5+£0.5/3.5 2.0/3.2+0.8/5.2 7.5/18+8.4/39 -29/-11+13/14
1.7/2.842.3/0.5 2.1/2.7+0.7/3.7 9.2/12+2.8/16 -24/-10+15/13
1.9/2.3+0.5/3.0 1.9/2.5+0.5/2.9 5.0/12+6.7/23 -17/-6.2+9.2/6.2
ME 2.1/3.8+0.9/5.5 3.2/4.8+1.2/7.7 0.9/19+10/35 -55/-15+23/33
2.6/3.4£0.9/4.8 3.5/4.2+0.9/4.2 0.9/15+11/25 -31/-12+23/28
2.9/3.5+0.7/4.7 2.8/3.3+0.5/4.0 8.7/22+11/34 -23/-3.2+17/16
SC 3.2/5.4+1.3/7.8 2.6/4.4+£1.0/6.0 8.1/21+9.8/45 -19/4.6+13/32
4.4/4.9+0.7/6.2 2.6/3.9+1.1/5.6 12/14+1.7/16 -10/11+16/32
4.1/5.0+0.7/5.8 2.7/3.5+£0.6/5.5 15/20+6.2/28 11/20+6.8/27




The present report shows results from an analysis of seven RCM EURO-CORDEX simulations of
climate change over Europe at the time when these reach the specific warming levels +2°C and +4°C
above preindustrial conditions (SWL2 and SWL4). In addition, the RCM results are cormpaeed t
corresponding driving GCMs and to the larger CMIP5 ensemble of GCMs.

The results show that simulated changes in temperatures indicate that Europe will warm in all
seasons in the future and that these increases in temperature are highly significant and robust over
the ensemble despite considerable natural variability in the climate. Consequently, already at the
SWL2, we note increasing temperature in all European areas in a majority of the simulations. The
simulated temperature changes in Europe are mostly larger than the global mean warming. This is
most pronounced in northern and northeastern Europe in winter and in southernmatt an
northernmost Europe in summer where warming is strongest. In these areas temperature changes
w.r.t. 1981-2000 are larger than respectively +2°C and +4°C at SWL2 and SWL4. In connection to
increasing future mean temperatures we also find that minimum and maximum temperatures are
simulated to change. These changes are coherent with changes in seasonal means albeit with some
differences in details including stronger than average changes in minimum temperaturegen wi

and stronger than average changes in maximum temperatures in summer in the regions with the
strongest warming. Extreme temperatures represented by 20-year return values calculated from
daily temperature statistics show that extremes are changing more than the corresponding daily
mean conditions.

The results indicate that precipitation will increase on an annual mean basis although with larger
uncertainty than in temperatures. The current findings support earlier findings of moreopnoed
increases in all of Europe in winter and increases only in the north in summer when southgee Euro
is simulated to get less precipitation. At SWL2 changes are still relatively small with a spread
between simulations that encompass zero change. At SWL4 larger more significant and robust
changes are seen an in the north and in the south seasonal mean changes of more than 20% are
seen for large areas. However, the results also show that it is uncertain which sign the change will
take in between these areas even at the stronger warming level SWLA4. Further, the results indicate
that extreme precipitation, here calculated as 20-year return values based on daily statistics will
increase in an ensemble mean sense and that this increase is robust over the ensemble. Such
increases in precipitation extremes are seen not only where seasonal mean precipitation increases
but also in areas where seasonal mean precipitation decreases and the climate is projected to
become drier on average like in large parts of southern Europe in summer.

Robust patterns of changing wind speed are only found over parts of the Atlanto nebere wind

speed tend to decrease. Here we note that there is only little (if any) coherence between different
simulations and it stands clear that future changes in wind speed are highly uncertain. Extreme
levels of high wind speed show no coherent future change between different simulations. Naturall
there is a strong impact of changes in the MSLP (i.e. large-scale circulation) on regidnal wi

changes. We also find strong regional/local changes in some other areas most notably oceanic areas
in the north including the Arctic Ocean and parts of the Baltic Sea. We speculate that the wind speed
increases in these areas are related to decreases in sea ice extent with consequent changes in
stability conditions in the planetary boundary layer.



Changes in MSLP not only influences wind speed but also modifies the climate clgaagasi
temperature and precipitation. Examples of this include: i) changes in precipitation across the
Scandinavian mountains with increases along the western side in connection to a stronger north
south MSLP gradient over the Atlantic in the northern part of the model domain and vice versa and
i) modifications of the warming signal with lower than average warming in southern Eurape in
simulation when the storm tracks take a more northerly track.

We note that the RCMs can alter the results of the GCMs leading either to amplification or
attenuation of the climate change signal in the underlying GCMs. It also stands cleartlsptéiad
in the chosen subset of GCMs is significantly smaller compared to that of the largefeb
ensemble. A given conclusion of this is that the use of a limited ensemble will underestitaat
uncertainty of future climate change.
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