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Abstract. Regional climate models can provide estimates for quantities that are difficult to study

in empirical studies, such as cloud cover, wind, sea-ice or dependencies between variables. In this

study, the regional climate model COSMO-CLM was used to simulate local climate conditions over

the Barents region and provide projections for the three emission scenarios RCP2.6, RCP4.5 and

RCP8.5. The results indicate that the most pronounced local warming can be expected in winter in5

the high Arctic near the present sea-ice border. The changes reach up to 20K, resulting in future

temperatures close to melting. Similar spatial patterns are seen for changes in precipitation and wind

in all scenarios, but with different amplitudes. Precipitation sensitivities, however, show the highest

values along the west coast of Norway and in the Arctic during summer. For clouds, the projections

show a decrease in winter mean cloud cover over sea and an increase over land, dominated by10

changes in low layer clouds. Over the Barents sea, convective cloud fraction is projected to increase,

together with an increases in convective and total precipitation. In contrast to the COSMO-CLM

and two other regional climate models taken into account, the ensemble mean of the driving global

models shows an increasing trend in total cloud cover over the Barents sea. An analysis of the

opposing trends reveals that there is an added value in the regional climate model projections for the15

Barents region.

1 Introduction

One by-product from use of fossil fuels is the increase in the atmospheric concentration of carbon

dioxide (CO2) and an associated global warming (IPCC, 2013). Over the Arctic, the warming has

been more pronounced than for the rest of the globe due to the “polar amplification” (Manabe and20

Stouffer, 1980; Screen and Simmonds, 2010) which is expected to continue in a warmer future

climate (IPCC, 2013). Furthermore, a climate change is expected to affect the weather statistics in
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the polar region as well, including various processes and phenomena such as precipitation, minimum

and maximum temperatures and storms (Hassol, 2005; Vikhamar-Schuler et al., in press; Benestad

et al., 2016).25

While there is increasing amounts of information about some variables, such as temperature and

precipitation (Hassol, 2005; Dicks et al., 2013; Benestad et al., 2016), there are others for which

little is known, for instance changes to the cloud climatology, type of precipitation and wind speeds.

It is interesting to study how these various aspects are related, both because such dependencies will

provide information about the aggregated effect of physical processes and because they may be used30

to estimate an unobserved quantity if there is a dependency with an observed variable.

Regional climate models (RCMs) are appropriate tools for studying such dependencies between

different quantities, especially when non-linear processes are present which are difficult to model

empirically, for instance interactions between temperature and precipitation. RCMs are also able to

provide more data than empirical-statistical downscaling methods, both in terms of different physical35

quantities as well as in terms of the spatio-temporal extent. Furthermore, despite some limitations in

simulating the current climate (e.g., Kotlarski et al., 2014), RCMs are believed to provide plausible

projections for the future, particularly when simulating changes relative to a reference climate, and

thus to provide valuable information about future climate changes (Rummukainen, 2010).

However, even with a perfect model and setup, it is not possible to account for the complete40

possible range of future outcomes due to natural and internal variability (Deser et al., 2012). Already

a proper estimate of the possible range needs a large ensemble of simulations, which would result

in a very high computational demand using RCMs only. In this aspect, empirical-statistical methods

are much better suited. Benestad et al. (2016) carried out empirical-statistical downscaling of a large

ensemble of global models for the Barents region. Their study includes information on possible45

ranges in future temperature, precipitation and storms, and provides the possibility to locate our

results within this range and to compare them to an alternative downscaling approach.

While there is a substantial number of RCM projections available over Europe from the EN-

SEMBLES project (Hewitt, 2004) and the Coordinated Regional Climate Downscaling Experiment

(CORDEX, Giorgi et al., 2009; Jones et al., 2011), the Barents region lies outside those simulation50

domains. Thus, only a few runs driven by current CMIP5 scenarios are available covering the area

(Koenigk et al., 2015). This study is therefore also a contribution to increasing the ensemble of sim-

ulations for the Barents region based on different RCMs and driving global models, and thus provide

additional confidence and insights in the projected changes for the region.

Furthermore, Koenigk et al. (2015) showed that a projected decrease in total cloud cover over the55

arctic in RCM simulations is inconsistent with an increase in the driving global earth system models

(ESMs). Thus, an interesting question is whether this finding is specific to the particular RCM used

in Koenigk et al. (2015) or if it is typical for dynamically downscaled results. We provide additional
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information based on more RCM results, and hence make a contribution to the comparison between

cloud cover simulated by ESMs and RCMs.60

The remainder of this paper includes section 2, which describes the COSMO-CLM model and

its setup used in the present study. Section 3 shows results from the evaluation carried out for the

historical RCM simulations, focusing on sea-ice, temperature and precipitation. In section 4 we will

present and discuss projected changes in temperature, sea-ice, precipitation (including precipitation

sensitivities), wind and the projected changes related to cloud climatologies. Finally, section 5 will65

provide a summary and conclusions of our new projections and relate them to earlier findings.

2 Model and model setup

We’ve carried out four scenario runs with the regional climate model (RCM) COSMO-CLM (Rockel

et al., 2008) at a grid-resolution of 0.22° (≈ 25km) covering large parts of Scandinavia, the Barents

region and Svalbard. The runs cover the three representative concentration pathways (RCPs, Moss70

et al., 2010; van Vuuren et al., 2011) RCP2.6, RCP4.5 and RCP8.5 and have been driven by two

different global earth system models (ESMs), the MPI-ESM-LR model (Giorgetta et al., 2013) for

RCP2.6, RCP4.5 and RCP8.5 and the EC-EARTH model (Hazeleger et al., 2012) for RCP4.5.

The COSMO-CLM is a non-hydrostatic RCM based on the COSMO (Consortium for Small-scale

Modeling) numerical weather prediction (NWP) model (http://www.cosmo-model.org). For our cli-75

mate projections, we have applied the COSMO-CLM (version 131108_5.00_clm6) for the two time

slices 1968–2000 and 2068–2100 in a North European domain covering large parts of Scandinavia,

the Barents sea and parts of the Arctic Ocean. To account for spin-up, the first 3 years of the simula-

tions are neglected and the analysis is limited to the time periods 1971–2000 and 2071–2100. Details

on the COSMO-CLM model can be found on the CLM web page http://www.clm-community.eu/.80

The main differences between the NWP and RCM version are explained in Böhm et al. (2006). Ver-

tically, the model domain consists of 40 atmospheric layers (using height-based hybrid Gal-Chen

coordinate) reaching up to 22700m (≈ 40hPa) and 9 soil layers down to 11.5m using a multilayer

soil model (Schrodin and Heise, 2002).

Our model configuration follows the setup used for simulations covering Europe (Jacob et al.,85

2013; Kotlarski et al., 2014). This configuration includes a radiation scheme following (Ritter and

Geleyn, 1992), the Tiedtke (Tiedtke, 1989) convection scheme and a Kessler-type (Kessler, 1995)

micro-physics scheme with ice-phase processes for cloud water, rain and snow. Numerical integra-

tion was done by a third order Runge-Kutta scheme with a time step of 120s.

Note that in the COSMO-CLM runs, the sea surface temperature and concentration of sea-ice is90

specified by the driving global model. Although the global models include an ocean model with a

higher spatial resolution than the atmospheric part, the resolution is still coarser than in the RCM.

This is taken into account by interpolating the global data to the RCM grid and land-sea mask.
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3 Evaluation

In the following subsections an evaluation of the COSMO-CLM performance in simulation current95

climate conditions for sea-ice, precipitation and temperature is shown. Sea-ice in the Barents region

has been shown to have a major influence on temperature and precipitation (e.g., Benestad et al.,

2002; Day et al., 2012). Thus, an accurate simulation of the present day sea-ice conditions is es-

sential to reproduce the observed climate. For a direct comparison, all fields have been remapped to

0.44°using a nearest neighbor interpolation method. For precipitation and temperature, this roughly100

corresponds to the observational data set (CRU, version 3.23, Harris et al., 2014), while the reso-

lution of the sea-ice observations (HadISST, Rayner et al., 2003) is about 1°. As the sea-ice in the

COSMO-CLM is derived from the global model, the actual resolution is of similar size.

The following evaluation includes only the runs carried out with boundary conditions from the

MPI-ESM-LR and EC-EARTH model and no reanalysis driven run. However, a short (5.5 year)105

ERA-Interim (Dee et al., 2011) driven run with the same setup has shown results very similar to

the MPI-ESM-LR driven run (not shown). Furthermore, the results are in good agreement with the

ERA-Interim driven COMSO-CLM simulations shown in Kotlarski et al. (2014) over the common

parts of the domain.

Figure 1 shows the seasonal sea-ice cover for the observations and the COSMO-CLM driven by110

MPI-ESM-LR and EC-EARTH. The EC-EARTH run shows too much sea-ice in the Barents sea for

all seasons. The MPI-ESM-LR run produces a sea-ice cover that resembles the observations, both in

its extent and the annual variability. However, it simulates a too large sea-ice cover north of Svalbard

and west of Novaya Zemlya. Koldunov et al. (2010) have found similar results for the ECHAM5-

MPIOM (Roeckner et al., 2003) global model, which is the predecessor of the MPI-ESM-LR. For115

summer, both runs show a too low number of years covered by sea-ice for the Arctic and especially

the EC-EARTH driven run shows a too large annual variability. For monthly means, the MPI-ESM-

LR driven run shows results with similar deviations as for the seasonal means (not shown).

The temperature biases of the two historical COSMO-CLM runs compared to the CRU observa-

tions are shown in Fig. 2. The EC-EARTH driven run shows a tendency towards simulating a too120

cold climate, especially over Svalbard and Iceland. For the north tip of Novaya Zemlya and the coast

of Finnmark, a small warm bias in winter can be seen. The run driven by the MPI-ESM-LR shows

warm biases in the Russian parts of the domain (e.g., Novaya Zemlya) and the coast of Finnmark,

with an exception of summer temperatures.

Precipitation biases are similar for both historical runs, with an underestimation in some coastal125

regions and a general overestimation otherwise (Fig. 3). In terms of relative biases, the largest over-

estimation can be found over Novaya Zemlya and the highest parts of the Scandinavian Mountains,

showing more than 90% of overestimation (not shown).

Note that major biases occur in regions where station density is low, such as on Novaya Zemlya

and in the highest parts of the Scandinavian Mountains (Lindsay et al., 2014). Some of these biases130
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are contradicting, for instance too icy conditions in the MPI-ESM-LR run on Novaya Zemlya in

connection with a too wet and warm climate. This indicates that in those regions the CRU data,

due to the low station density, may not be well suited for an evaluation. As additional evaluation

data, reanalysis products can be used. Lindsay et al. (2014) compared seven reanalysis products in

the Arctic, and the MERRA (Rienecker et al., 2011) reanalysis has shown good results, both for135

precipitation and temperature. Furthermore, the MERRA reanalysis is available at a resolution close

to the CRU observations (0.625°x 0.5°).

Comparing the MERRA reanalysis (years 1980–2000) to the CRU observations (Fig. 2 and 3)

reveals differences similar to the COSMO-CLM MPI-ESM-LR run, namely generally higher tem-

peratures than CRU in winter over the northern parts of the domain, lower temperatures in summer140

and enhanced precipitation in the Scandinavian Mountains and on Iceland. Compared with the EC-

EARTH driven run, the MERRA reanalysis shows generally higher temperatures, especially over

Svalbard, and more precipitation in summer. The MPI-ESM-LR driven run gave larger ice extent

west of Novaya Zemlya than the MERRA reanalysis and is consistent with colder and dryer con-

ditions, i.e., a more continental climate. This is also in agreement with findings of Koldunov et al.145

(2010) who showed too cold conditions in the ECHAM5-MPIOM for too icy regions when compared

to reanalysis data.

The differences in biases show that it is difficult to evaluate historical model simulations in remote

areas such as the Arctic and uncertainties in evaluation data sets should be taken into account.

4 Results and discussion150

4.1 Temperature and sea-ice

Figure 4 shows the seasonal temperature changes projected through the four RCM runs, and the

largest changes in all runs can be seen in the northern part of the domain in winter, followed by

autumn and spring. The summer temperature changes are smallest. The general changing pattern is

very similar between the runs and differs mainly in the amplitude of changes. For the three MPI-155

ESM-LR driven runs, the climate change signal is strongest in the RCP8.5 scenario, followed by

RCP4.5 and RCP2.6. The RCP4.5 run driven by EC-EARTH shows changes of the same magnitude

as the RCP8.5 run driven by MPI-ESM-LR.

The maximum increases in temperature occur in the sea area between Novaya Zemlya and Sval-

bard, where a regularly ice-free sea (i.e., on more than 20% of the years) is established in the future160

period (2071–2100). For the EC-EARTH RC4.5 driven and the MPI-ESM-LR RCP8.5 driven run,

the change is about 20K, with winter mean values for the future period of about 268K and 273K,

respectively (not shown). There is a prominent gradient in the temperature change over Svalbard

from south-west to north-east, in agreement with other studies (Førland et al., 2009; Koenigk et al.,

2015).165
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The daily minimum and maximum temperature changes show almost identical patterns as the

mean temperature increases, with about 0.2K higher changes in the minimum temperature and about

0.2K lower changes in the maximum temperature (not shown). Thus, the daily temperature range is

projected to decrease by about 0.4K.

Looking at future sea-ice cover (Fig. 4), all sea areas included in our domain are projected to170

be regularly ice-free during summer in all scenarios (including RCP2.6) and during autumn in the

EC-EARTH and MPI-ESM-LR RCP8.5 run. The complete Barents sea is projected to be regularly

ice-free throughout the whole year in the EC-EARTH and MPI-ESM-LR RCP8.5 run, and only a

small part is remaining in the MPI-ESM-LR RCP4.5 and RCP2.6 run.

4.2 Precipitation175

In the four RCM projections, the patterns of changes in precipitation is similar to the temperature

changes, and the order of the runs is the same. The largest relative precipitation changes again occur

in the northern part of the domain in winter (accompanied by the sea-ice retreat) and the smallest

changes occur in summer (Fig. 5).

Note that due to already high amounts of precipitation in the current climate along the Norwegian180

west coast, the relative changes (Fig. 5) are moderate but changes in absolute values are high (Fig.

S1).

For precipitation sensitivity (i.e., the ratio of precipitation change and temperature change), the

largest increases in the RCP8.5 run can be seen along the Norwegian west coast and in the Arctic

in summer, both for absolute and relative changes (Figs. 6 and 7). For the other scenario runs, the185

patterns are similar, but with a reversed order: The highest sensitivities occur in the RCP2.6 run, the

lowest in the EC-EARTH driven run (Fig. S2). Averaged over the domain, the sensitivity in RCP8.5

is about 4%/K (2.4mm/month/K) in winter and about 3.3%/K (1.9mm/month/K) in summer.

In contrast, Koenigk et al. (2015) found higher summer than winter precipitation sensitivities using

the RCM RCA (Jones et al., 2004; Samuelsson et al., 2011) in its newest version (RCA4). However,190

their focus was on the Arctic, and the parts of the Arctic included in our simulations show higher

summer than winter sensitivities as well.

4.3 Wind

The biggest changes in maximum daily 10m wind speeds are projected in winter and show a strong

relationship to the sea-ice retreat (Fig. 8). There is a pronounced increase of the maximum daily195

winds, where the sea-ice disappears and a decrease in the already sea-ice free parts of the Barents

sea. All scenarios show similar patters (not shown). For Svalbard, this results in an increase on the

north-eastern coast, a decrease on the south-western coast and the mainland being in a transition

zone with only small changes. The RCP8.5 run shows increases of up to 3.5m/s in the Kara Sea

(Fig. 8) where the historical simulations show values of about 10m/s (not shown).200
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4.4 Clouds

For total cloud cover there is generally a projected increase over land and a decrease over sea,

especially in autumn and winter (Fig. 9). Koenigk et al. (2015) reported the largest reduction of total

cloud cover in the Arctic over the Barents Sea area, related to the early disappearance of sea-ice

and temperature inversion in this region. For the COSMO-CLM RCP8.5 run, the projected decrease205

in total winter cloud cover over this area is 2% (see Fig. 9 for the selection of the area). This is a

decrease similar to the changes projected by the RCA4 runs analyzed in Koenigk et al. (2015) and in

a HIRHAM RCP8.5 projection (Christensen et al., 2006) carried out for the Arctic CORDEX (Fig.

10 and Table 1).

While for the high level clouds there is an increase of about 15% in the RCA4 and HIRLAM5210

projections, the middle cloud clover shows no clear signal and the low level clouds show a decrease,

especially in the RCA4 runs (Table 1). In the simulations, the low (high) level clouds show amounts

of about 90% (50%) of the total cloud cover in the Barents area during winter. Thus, the total cloud

cover changes are dominated by a decrease in low level clouds. Note that in the COSMO-CLM,

cloud fractions are not available for the standard low, medium and high pressure levels. However,215

the total changes over the Barents Sea are dominated by changes in the lowest cloud cover (up to

800hPa) as well (not shown).

Koenigk et al. (2015) showed that reduced sea-ice and inversion in the Arctic result in opposing

total cloud cover trends in the RCA4 ensemble and the driving ESM ensemble. While the RCA4

ensemble shows a decrease, the ESM ensemble projects an increase. To investigate the trends over220

the Barents sea, and see if the opposing trends are specific to the RCA4 model, we analyzed a

set of RCM and ESM data (Table 2). Similar to the Arctic, the ESM ensemble mean (of the four

driving ESMs) shows a relative change in total cloud cover of +3% from 1971–2000 to 2071–2100

(Table 1). However, the increase in the ensemble is dominated by a relative change of +29% (+16%

in absolute changes) in the NorESM1-M model, while the EC-EARTH and MPI-ESM-LR model225

show a decrease similar to the RCM runs (Fig. 9 and Table 1). Uncertainties in winter cloud clover

observations are large in the Arctic (Koenigk et al., 2015), but the NorESM1-M model is known

to underestimate total cloud cover (Bentsen et al., 2012). The low amounts shown in Fig. 9 for

NorESM1-M are a further sign of this limitation, and the projected trend should be considered with

some caution. Neglecting the NorESM1-M data in the ESM ensemble, the resulting relative change230

is -2% over the Barents sea.

Although the total cloud cover change in the RCMs might not be completely independent of

the driving model (Koenigk et al., 2015), all RCM runs analyzed show similar values. This gives

credibility to the RCM simulations in total cloud cover, considering the diversity of the physical

schemes used in the three RCMs (e.g., for radiation, convection or microphysics, see Jacob et al.,235

2013), the different RCM grid resolutions involved (0.44°and 0.22°) and the spread in the ESMs.
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Convection occurs frequently in winter over the Barents sea, as cold air outbreaks from the north

reach a relatively warm, ice-free sea, resulting in destabilization of air. Schweiger et al. (2008) related

below normal sea-ice concentrations to smaller stability (due to an absent temperature inversion) re-

sulting in a higher convective cloud cover. Thus, in the climate projections, an increase in convective240

cloud cover over the Barents sea should occur in connection with the sea-ice retreat. As expected,

the COMSO-CLM simulations show an increase in convective clouds in winter (Fig. 11) over the

area. The increase is apparent in all layers and accompanied by a lifting of the cloud height. Note

that the increase in convective clouds goes along with a decrease in total and low layer cloud cover.

With the increase of convective clouds, convective precipitation in the COSMO-CLM increases245

as well (Fig. 12). While in the current climate total precipitation is mostly dominated by large scale

precipitation, a substantial part comes from convective activity in the future projections. This is

also valid for the other RCP8.5 runs carried out for the Arctic CORDEX (Fig. 12). Contrary to the

total cloud cover, the driving ESMs (including NorESM1-M) do not give opposing trends in total

or convective precipitation but show an increase as well (not shown). This shows that the increasing250

convective activity over the Barents sea in winter is a robust signal in all RCP8.5 runs, both from

regional and global models considered in this study (2).

5 Summary and Conclusions

The regional climate model (RCM) COSMO-CLM has been used to simulate local climate condi-

tions over northern Scandinavia, the Barents region and Svalbard and to study potential response to255

a continued global warming. For this purpose, four simulations from two global earth system mod-

els (MPI-ESM-LR and EC-EARTH) have been downscaled with the COSMO-CLM to 25km grid

resolution.

Our evaluation of the historical COSMO-CLM simulations has revealed biases in temperature,

precipitation and sea-ice extent, but overall the model realistically represents the current climate260

conditions when driven by the MPI-ESM-LR. Driven by EC-EARTH, the COSMO-CLM shows

more pronounced biases over parts of the region due to too large sea-ice extents inherited from

the global model. However, the EC-EARTH driven run still gives interesting insights on how the

COSMO-CLM performs and how the projected changes are influenced by the driving model.

For the future, the climate projections show the strongest warming in winter in the area between265

the present day (1971–2000) and future (2071–2100) sea-ice border. For RCP8.5, the projected in-

creases reach up to 20K, resulting in winter mean temperatures close to melting temperatures.

Similar spatial pattern as in the temperature changes are seen for changes in daily minimum and

maximum temperatures, precipitation and wind, and in all scenario runs. Daily minimum temper-

atures show the strongest increase, daily maximum temperature the lowest, resulting in an average270

decrease of the daily temperature range by about 0.4K in the RCP8.5 scenario. Estimates of precipi-
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tation sensitivities suggest that the strongest local precipitation response to local temperature change

takes place in summer along the west coast of Norway and in the Arctic.

These results are in agreement with other studies covering the same area (Benestad et al., 2016;

Koenigk et al., 2015; Førland et al., 2009; Vikhamar-Schuler et al., in press), including both sta-275

tistical and dynamical downscaling approaches. Compared with the big ensemble of statistically

downscaled models shown in Benestad et al. (2016) our projections cover a large part of the pro-

jected uncertainties. This can be attributed to the use of an ESM and scenario combination in this

study, which covers weak (MPI-ESM-LR RCP2.6), moderate (MPI-ESM-LR RCP4.5) and strong

(MPI-ESM-LR RCP8.5 and EC-EARTH RCP4.5) climate change signals over the target region.280

For winter mean cloud cover, the COSMO-CLM projections show a general decrease over sea

and an increase over land, dominated by changes in low layer clouds. Over the Barents sea, RCP8.5

projections from two other RCMs (RCA4 and HIRLAM5) show similar amounts and trends as the

COSMO-CLM. In contrast, the ensemble mean of the driving ESMs shows much lower amounts

and an increasing trend. This was already discussed in Koenigk et al. (2015) for the Arctic, but285

the reasons remained unknown. Our analyses showed that the ensemble mean is dominated by the

NorESM1-M model, which gives very low total cloud cover amounts for the current climate and a

strong increase for the future period. Removing the NorESM1-M projections from the ESM ensem-

ble results in a decreasing trend in agreement with the RCM projections. Considering the differences

in the RCMs, their setups and the driving ESMs, the agreement of the RCM projections for total290

cloud cover in the area shows that there is an added value in the RCM projections.

While a decrease is projected in the total and low layer cloud cover, the convective cloud fraction

over the Barents sea increases in all vertical layers in a warmer world, together with a lifting of

the cloud height and an increases in total and convective precipitation. The increase of total and

convective precipitation over the Barents sea in winter is a robust signal in all RCP8.5 runs taken295

into account in this study (see Table 2), including both regional and global models.

Our results also support earlier findings of a strong gradient over Svalbard from south-west

to north-east (Førland et al., 2009). With an increased spatial resolution a more detailed analysis

for Svalbard could be carried out. Therefore, the MPI-ESM-LR driven COSMO-CLM run for the

RCP8.5 scenario will be further downscaled to a convection resolving scale (0.022° ≈ 2.5km) over300

Svalbard for the time periods 1989–2000 and 2089–2100. The results of the current study show, that

the COSMO-CLM is a suitable tool to provide the boundary conditions for the high resolution run,

which will be analyzed in another study.
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Figure 1. Number of years covered by sea-ice in the time period 1971-2000 derived from observations (top),

the COSMO-CLM driven by MPI-ESM-LR (middle) and driven by EC-EARTH (bottom). The dashed lines

correspond to the mean sea-ice extent (sea-ice cover on 15 years in the period 1971-2000).
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Figure 2. Temperature bias compared with CRU observations [K] for the COSMO-CLM driven by MPI-ESM-

LR (top), COSMO-CLM driven by EC-EARTH (middle) and the MERRA reanalysis.
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Figure 3. As for Fig. 2, but for precipitation [mm/month].
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Figure 4. Projected seasonal 2m temperature changes [K] for the time period 2071-2100 relative to 1971-2000.

The four rows show the COSMO-CLM results driven by MPI-ESM-LR RCP2.6, RCP4.5 and RCP8.5 and EC-

EARTH RCP4.5 (from top to bottom). The dark and light blue lines indicate the northern extent of an ice-free

sea on at least 20% of the year in the future and historical period respectively. The numbers at the bottom left

give the mean climate change signal over the domain shown.
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Figure 5. As Fig. 4, but for the relative precipitation change [%].
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Figure 6. Seasonal relative precipitation sensitivities [%/K] for the RCP8.5 scenario.

Figure 7. As Fig. 6 but for the absolute precipitation sensitivities [mm/month/K].

Figure 8. As Fig. 4 but for the daily maximum 10m wind speed change [m/s] and the RCP8.5 scenario only.
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Figure 9. As Fig. 8, but for relative changes in total cloud cover [%]. The rectangle indicates the area selected

as Barents sea region.

Figure 10. Time series of total cloud cover over the Barents sea region in winter [%] for different RCM and

ESM RCP8.5 runs. The COSMO-CLM was driven by MPI-ESM-LR, RCA4 by four ESMs and HIRHAM5 by

EC-EARTH.
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Figure 11. Convective cloud fraction over the Barents sea region in winter [%] for the COSMO-CLM RCP8.5

run.

Figure 12. As Fig. 10, but for convective and total precipitation [mm/month] and RCMs only.
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Table 1. Relative cloud cover changes from 1971–2000 to 2071–2100 for different RCM and ESM RCP8.5

runs.

RCM RCA4 RCA4 RCA4 RCA4 HIRHAM5 COSMO-CLM

driving ESM CanESM2 EC-EARTH MPI-ESM-LR NorESM1-M EC-EARTH MPI-ESM-LR

Total cloud cover -7 % -7 % -5 % -4 % -0.6 % -2 %

High (<440 hPa) +17 % +17 % +14 % +14 % +13 %

Middle (440–680 hPa) +2 % -0.6 % +2 % +3 % -0.9 %

Low (> 680 hPa) -14 % -16 % -11 % -9 % -1 %

ESM CanESM2 EC-EARTH MPI-ESM-LR NorESM1-M 4-ESM mean

Total cloud cover +7 % -12 % -2 % +29 % +3 %

Table 2. Overview of the RCMs (top) and ESMs (bottom) providing data to this study.

Model Modelling institute Data source

COSMO-CLM Norwegian Meteorological Institute own

HIRHAM5 Danish Meteorological Institute CORDEX

RCA4 Swedish Meteorological and Hydrological Institute CORDEX

CanESM2 Canadian Centre for Climate Modelling and Analysis CMIP5

EC-EARTH EC-EARTH consortium CMIP5

MPI-ESM-LR Max Planck Institute for Meteorology CMIP5

NorESM1-M Norwegian Climate Centre CMIP5

so.
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