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Abstract. UrbanKlima2050 is up to the date the most ambitious initiative led by the Basque Country to en-
sure the resilience of the territory through a multi-level governance and climate action on the ground. Within
the UrbanKlima2050 project, and in order to assess the evolution of climate-related variables, future projections
for wind, relative humidity and solar radiation were performed for the Basque Country. Starting from the sce-
nario projections (RCP4.5 and RCP8.5) developed by the EURO-CORDEX community, bias adjusted data are
obtained. Results show a downward trend for the wind under the RCP8.5 scenario and in the late future (2071–
2100) a decrease of about 4 % is projected with respect to the historical period (1980–2009). In the RCP4.5
scenario, in general, a smoother decrease appears but is still significant. The relative humidity shows a decrease
overall, with the largest values in the south, but for the late future an increase is detected in the coast, espe-
cially for the RCP4.5 scenario. The solar radiation displays a generalized increase for future projections, with
an increase close to 4 % for the RCP8.5 scenario, yet under the RCP4.5 scenario the tendency does not show a
significant signal. These results are of interest to perform the full implementation of the Basque Climate Change
Strategy 2050.

1 Introduction

Climate change has already caused, and will continue to do
so, several global effects; however, consequences differ be-
tween regions and thus, climate information at a regional
scale is of great importance to properly assess climate change
impacts and its risks (Doblas-Reyes et al., 2021). The Basque
Country is a highly populated (more than two million citi-
zens) small region in the northern part of the Iberian Penin-
sula, located to the west of the Pyrenees and limited by
the sea to the north, with an area of more than 7000 km2

(Fig. 1). The territory presents a mountainous orography,
with mountains higher than 1500 m no more than 30 km afar
from the sea. In this context, the UrbanKlima2050 LIFE
(L’instrument Financier pour l’Environnement) project (Ur-
ban Klima 2050) aims to contribute to develop a low-carbon
and climate change resilient region by 2050, and therefore to
fully implement the Basque Climate Change Strategy 2050.
This large-scale Life Integrated Project was launched at the

end of 2019 by a partnership of 20 organizations (Gaztelu-
mendi et al., 2022).

To assess climate change impacts and future climate con-
ditions in a small region such as the Basque Country, re-
gional climate projections are needed. In this framework,
the European CORDEX (EURO-CORDEX) initiative (Ja-
cob et al., 2014, 2020), by downscaling global climate mod-
els (GCMs) from the 5th Coupled Model Intercomparison
Project (CMIP5, Taylor et al., 2012), offers a set of his-
torical and scenario projections, RCP 4.5 and RCP 8.5,
with a high resolution, at 0.11° grid spacing (∼ 12.5 km).
Based on EURO-CORDEX outputs, and within a former
project named as Klimatek 2016, regional projections of up
to ∼ 1 km resolution were developed for the Basque Coun-
try (Climate scenarios in Euskadi and data series (https:
//www.ihobe.eus, last access: 4 December 2024)), kilometre-
scale simulations have shown to be more accurate reproduc-
ing the precipitation and are useful at regional scales (Ban et
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Figure 1. Basque Country. (a) The EURO-CORDEX grid points used for the study. (b) Location of the Basque Country.

al., 2021). Historical and projected scenarios at such a high
resolution were performed for temperature and precipitation,
and their associated climate indices. Hence, on a first ap-
proach, only these two basic climate variables were consid-
ered. In a following phase, within the framework of the Life
UrbanKlima2050 project, which includes an extension of the
climate risk analysis in the Basque Country focusing on an
expansion and improvement of the high-resolution regional
climate scenarios, solar radiation, near-surface wind speed
and relative humidity have been included. In this manuscript
the results for the EURO-CORDEX grid (0.11°) are shown
and future works will show the results and techniques used
to reproduce these results on a ∼ 1 km grid.

Understanding the variability of near-surface wind, the
relative humidity and the solar radiation are key to sev-
eral socio-economic sectors, for instance, near-surface wind
and humidity are essential to crop growth (Cleugh et al.,
1998; Zhang et al., 2017), as well as evaporation processes
(McVicar et al., 2012). Relative humidity, alongside with ex-
treme heat, is also a determinant factor on health risks (Mora
et al., 2017; Brouillet and Joussaume, 2019). Furthermore,
wind and solar radiation have a direct impact on renewable
energy generation (Van Der Wiel et al., 2019) and in the
past years there is growing evidence of climate change im-
pact on both energy industries (Sailor et al., 2008; Pryor and
Barthelmie, 2010; Tobin et al., 2018; Bartók et al., 2019;
Pryor et al., 2020). Since 1980, most European regions have
shown a decrease in wind speed (Rojas-Labanda et al., 2023).
Likewise, future projections of wind energy potential dis-
play a reduction in wind energy resource for southern Eu-
rope (Hueging et al., 2013; Carvalho et al., 2017). With re-

spect to the solar radiation, projections of surface solar radia-
tion show significant differences between global and regional
climate models, and regional models present some difficul-
ties to reproduce past trends (Bartók et al., 2017); for the fu-
ture, RCP8.5 scenarios reveal a significant decrease in pho-
tovoltaic energy production around the globe, while a posi-
tive trend is identified in large parts of Europe (Wild et al.,
2015). On the contrary, other studies show a reduction on
the projected solar photovoltaics generation in Europe, with
very small changes for the southern European countries (To-
bin et al., 2018). In contrast, relative humidity has remained
approximately constant despite global warming (Willett et
al., 2007), yet for future scenarios, the greater the projected
warming by climate models, the larger the decrease in rela-
tive humidity (Fischer and Knutti, 2013).

This paper explores the future projections of near-surface
wind, relative humidity, and solar radiation for the Basque
Country. The paper is organized as follows, Sect. 2 summa-
rize data and methods, Sect. 3 analyses the differences be-
tween models’ historical projections and observations for the
wind, relative humidity and solar radiation, Sect. 4 describes
future projections results and validations, and Sects. 5 and 6
correspond to the conclusions and appendices, respectively.

2 Data and methods

Observed daily high-resolution gridded data for mean wind
speed, relative humidity and radiation comes from E-OBS
version 26.0e dataset (Cornes et al., 2018; de Baar et al.,
2023a, b), with 0.1° × 0.1° latitude-longitude resolution over
the Basque Country (42–44° N, 3.5–1.5° W, Fig. 1). The
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mean wind series starts in 1980 and the relative humidity
and radiation series in 1950. In the case of model simula-
tions, CORDEX regional climate models (RCMs) for the
European domain (EURO-CORDEX climate projections, Ja-
cob et al., 2014, 2020) are used over the Basque Country,
with 0.11° × 0.11° horizontal resolution. These simulations
are driven by different global climate models (GCMs, Taylor
et al., 2012) within climate model intercomparison project
phase 5 (CMIP5). Model simulations cover the period up
to 2100, including various IPCC-AR5 scenarios starting in
2006. In this study, RCP8.5 and RCP4.5 are used (Appendix
Table A1).

First, a comparison is made between the historical peri-
ods of the models and the observational data in order to
analyse whether biases are detected. The selected period is
1980–2009, because the mean wind data starts in 1980. The
last 4 years (2006–2009) include anthropogenic forcing, but
it is sufficiently small and similar in all the scenarios that
it can be neglected. For each point of the EURO-CORDEX
grid over the Basque Country, the mean of all model simula-
tions is calculated. Then, the differences between this mean
and the observational data for each day in the historical pe-
riod are computed. Finally, these differences are shown for
each grid point by calculating the temporal mean for the 30-
year period, and for each year by calculating the spatial mean
of all grid points, in order to obtain a temporal comparison
through a representative value for the whole territory. Sec-
ondly, to correct the existing differences between the histor-
ical periods of the models with respect to the observations,
a bias adjustment is applied. To carry out this process, the
Quantile Delta Mapping method is applied (Panofsky et al.,
1958; Ballarin et al., 2023). This technique consists of mak-
ing comparisons and applying corrections to the series taking
into account the differences in the corresponding percentiles.
In this study 101 quantiles are used to categorize the series.
It is applied to each of the projections (Costoya et al., 2020),
and then the mean of all of them is calculated. In this way,
the individual bias of each model is minimized (Jacob et al.,
2014). We considered the observed period of 1980–2009 to
correct the future projections: 2011–2040 near future, 2041–
2070 middle future and 2071–2100 late future.

Through the whole study, to evaluate the statistical sig-
nificance of differences between models’ historical period
and observational data, and between models’ historical pe-
riod and future projections, a Student’s t test at 99 % confi-
dence level is computed. To calculate the statistical signifi-
cance trends in future projections we use a Fisher’s F -test.

3 Historical period

In this section the biases between historical periods of the
models and the observations are presented for each of the
analysed variables. It should be noted that these differences
are calculated with the multi-model average in the historical

period, as an intended consequence, relevant behaviours of
each independent model as well as extreme or outliers could
be hidden.

3.1 Mean wind

In order to make a better interpretation of the comparison
between the observations and the mean of the climate pro-
jections, the differences for each grid point are computed
(Fig. 2, left). This map shows how the model overestimates
the observations throughout the Basque Country. The areas
where the statistically significant differences are greater cor-
respond to the north-coast and in the central region, where the
values reach 2.6 m s−1. Likewise, the time series of the obser-
vations and the mean of the climate projections for the mean
of all the grid points over the Basque Country are also rep-
resented (Fig. 2, right). Again, it can be seen how the model
mean systematically overestimates the observations.

3.2 Relative humidity

Parallel to the comparison for the mean wind speed, the dif-
ferences between the climate projections and the observa-
tions are calculated for relative humidity. The values of the
climate projections in most regions overestimate the obser-
vations (Fig. 3, left). The highest statistically significant dif-
ferences appear in the easternmost part of the Basque Coun-
try, where they are close to 8 %. However, in certain regions
of south and the north-coast, the model underestimates the
value of the observations, although at some grid points they
are not statistically significant. This could be due to the lower
spatial resolution of the model grid with respect to observa-
tional data, which makes the model worse at representing the
geographic features, such as the sea in the north and the Ebro
river in the south. In the case of temporal evolution of the
mean over the Basque Country (Fig. 3, right), the annual val-
ues are always higher in the model.

3.3 Radiation

Figure 4 shows the differences between the observations and
the model in the chosen historical period (1980–2009) for
radiation. In the spatial analysis (Fig. 4, left), it is presented
how the model overestimates the observational values at all
grid points, reaching the maximum value of 20 W m−2 in the
south and the north-coast. The smallest differences appear in
the east, where they are practically null, it can therefore be
concluded that the climate projections adequately reproduce
the average radiation in those areas. However, in the analysis
of the temporal evolution (Fig. 4, right), overall, the model
mean overestimates the value of observational radiation.
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Figure 2. Mean wind. Differences between the model and the observations in 1980–2009, for each grid point over the Basque Country (a)
and for the spatial mean (b). The dotted grid points indicate statistically significant areas, according to a t test at the 99 % level of confidence.

Figure 3. Relative humidity. The same as Fig. 2.

4 Future projections

As shown in the previous section, climate projections of
wind, relative humidity and radiation overestimate the ob-
servations in the Basque Country in most of the cases. In or-
der to correct these differences, a bias adjustment is applied,
using the Quantile Delta Mapping method (Panofsky et al.,
1958; Ballarin et al., 2023). Available data from the climate
models and for the three variables analysed, are described
in Table A1. This table includes the GCM, RCM and RCP
information for each simulation. In total, 36(17) RCMs are
used for mean wind analysis in RCP8.5(RCP4.5) scenario,
33(12) RCMs for relative humidity and 12(4) RCMs for ra-
diation.

4.1 Mean wind

After applying the bias adjustment to each of the simulations
(28 for RCP8.5 and 15 for RCP4.5), the average of all of
them in each 30-year period of the future (2011–2040, 2041–
2070 and 2071–2100) is calculated. Then, the differences of
future projections in each grid point over the Basque country
with respect to the historical period (1980–2009) are com-
puted (Fig. 5).

For the RCP8.5 scenario (Fig. 5, top), the results show, in
general, a decrease in mean wind intensity in the future, in
agreement with previous studies (Hueging et al., 2013; Car-
valho et al., 2017). This decrease presents a statistically sig-
nificant maximum of 0.10 m s−1, which implies a reduction
of 3 %–4 % with respect to the values of the historical period.
It should be noted, the slight increase shown in the south-
east of the Basque Country in the near future (2011–2040)
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Figure 4. Radiation. The same as Fig. 2.

and mainly in the middle future (2041–2070). In any case,
the maximum value in the near future is less than 0.01 m s−1,
and in the middle future, it is around 0.02 m s−1 (less than
0.5 % and 1 % respectively), and these differences are not
statistically significant with respect to the historical period.
Moreover, in this area, in the late future, the behaviour is
the opposite (in general, also not significant), and the mean
wind intensity decreases in the last decades of the 21st cen-
tury. In the RCP4.5 scenarios (Fig. 5, bottom), the increase
in the mean wind intensity in the south-easternmost region of
the Basque Country is more intense and propagates into the
late future (2071–2100). This increase reaches 0.01 m s−1 in
the near and late future and is maximum in the middle fu-
ture with 0.02 m s−1, being in any case less than 1 %, and not
significant with respect to the historical period. The decrease
in mean wind intensity shown for the north of the Basque
Country is less than that calculated for RCP8.5 scenario and
reaches 0.05 m s−1 in the late future (1.5 %–2.5 %) but is still
significant.

To show an average result for the analysed area (Basque
Country) the spatial mean is calculated for all the grid points
considered over the region, and annual evolution is plotted
(Fig. 6). In this case, a slight decrease appears in both sce-
narios. For RCP4.5, this decrease is smoother but significant
and reaches 0.044 m s−1 at the 2100. The RCP8.5 scenario
shows a significant decrease of 0.059 m s−1 by the end of the
XXI century.

4.2 Relative humidity

As aforementioned, for the relative humidity bias adjustment
analysis we use 26 models for RCP8.5 scenario and 11 for
the RCP4.5. The average is computed in the 3 30-year peri-
ods in the future (2011–2040, 2041–2070 and 2071–2100).
For each grid point over the Basque Country and the differ-

ences with respect to historical period (1980–2009) are plot-
ted (Fig. 7).

Relative humidity, in general, tends to decrease in future
projections in most of the Basque Country (Fig. 7). The max-
imum decrease appears for the south in the last decades of
the 21st century and slightly exceeds 2 % in the RCP8.5 sce-
nario, being smaller (0.5 %) in the RCP4.5 scenario, but still
statistically significant. Nevertheless, an exception appears
in the north coast, where the relative humidity tends to in-
crease. This increase is smoother and does not reach 1 % in
the late future for RCP8.5 scenario, but it is significant with
respect to the historical period. However, it should be noted
that in RCP4.5 scenario, this significant increase extends to
the whole points in the north-east coast in the last decades,
while in the RCP8.5 scenario some areas are not significant.

For the spatial average of all the grid points over the
Basque Country, an annual significative decrease is found for
RCP8.5 (Fig. 8). This decrease reaches 1.4 % by the end of
the 21st century. Nevertheless, in the RCP4.5 scenario the hu-
midity evolution does not present a significative signal, prob-
ably because the opposite behaviour detected in the north and
south of the region offset the global signal. In any case, this
result agrees with other studies that show that the simulations
with a greater warming present larger decrease in the relative
humidity in the future (Fischer and Knutti, 2013).

4.3 Radiation

In the case of radiation, the number of model simulations is
smaller than for the mean wind and relative humidity. After
eliminating the simulations with gaps and/or error, we use a
total of 7 projections for RCP8.5 scenario and 4 for RCP4.5
scenario.

Following the same methodology as in the other variables,
we compute the average for each grid point in the Basque
Country, in the 30-year periods in the future (2011–2040,
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Figure 5. Mean wind. Differences between model projections and the historical period (1980–2009). (a–c) RCP8.5 for (a) near future,
(b) middle future and (c) late future. The dotted grid points indicate statistically significant areas, according to a t test at the 99 % level of
confidence. (d–f) The same as (a)–(c) but for RCP4.5.

Figure 6. Mean wind. (a) Differences between model projections and the historical period (1980–2009) in RCP8.5 (blue) scenario, and dif-
ferences between observations (black) in the period (2011–2020) and the historical period, for spatial mean over the Basque Country. Shaded
area indicates the standard deviation of the model projections. Dashed line for linear regression of the model, which shows a significant trend
at the 99 % confidence level. (b) The same as (a) but for RCP4.5 (green) scenario.

2041–2070 and 2071–2100) and then we show the differ-
ences with respect to the historical period (1980–2009). The
results of future projections (Fig. 9) show a general increase
in radiation in the coming decades, intensifying especially in
the late future. In the last 30 years of this century, the sta-
tistically significant increases are close to 6 W m−2 (3.5 %–

4 %) for the RCP8.5 scenario, being more moderate (and not
significant) for RCP4.5 scenario (less than 1 %). Neverthe-
less, it is worth mentioning that the different behaviour can
be observed in the middle future (2041–2070, Fig. 9, bottom-
middle). In this case, it is in the west and in the east where
radiation tends to decrease. In any case, this reduction is quite
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Figure 7. Relative humidity. The same as Fig. 5.

Figure 8. Relative humidity. The same as Fig. 6. In the case of RCP4.5, the linear regression is absent because does not show a significant
trend.

slight, not significant and reaches a maximum of 0.27 W m−2

(less than 0.2 %).
Analysing the annual signal for the average of all the

grid points in the Basque Country (Fig. 10) the evolution
shows an upward and significant behaviour which reaches
5.4 W m−2 by the end of the 21st century in the RCP8.5 sce-
nario, in agreement with previous studies for Europe (Wild et
al., 2015). However, in the RCP4.5 scenario, the model sim-
ulations do not show a significant signal for radiation in the
present century.

In Figs. 6, 8 and 10 the observational data for mean wind,
relative humidity and radiation between 2011 and 2020 com-
pared to the model mean projection and deviation are shown.
It should be noted that the 2020 observational data for the
radiation is absent. It is because in this year significant gaps
appear between the months of May and September, which
means that, being the months with the highest radiation, the
annual mean has an unusually low value, which is unreliable.
Over this 10-year period, the average of the mean wind ap-
pears to follow the model trend, with higher variability as ex-
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Figure 9. Radiation. The same as Fig. 5.

Figure 10. Radiation. The same as Fig. 6. In the case of RCP4.5, the linear regression is absent because does not show a significant trend.

pected. However, in the case of relative humidity, the model
mean seems to underestimate the observational data, while
in the case of radiation, the model mean seems to overesti-
mate the observations. Nevertheless, this 10-year period is
not very long and any variability could be related to natu-
ral climate variability and should not be interpreted as a real
trend that is sustained over time (Deser et al., 2012).

5 Conclusions

This study analyses future projections for the less-explored
variables of mean wind speed, relative humidity and radi-
ation in the Basque Country, a region in the north of the
Iberian Peninsula (Fig. 1). First, the EURO-CORDEX simu-
lations for future scenarios and the historical period (1980–
2011) are analysed and possible differences with respect to
the observations are calculated. Second, a bias adjustment
is applied, following the Quantile Delta Mapping method-
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ology. Finally, the bias adjusted projections for the Basque
Country are evaluated and several conclusions on the future
trend of mean wind speed, relative humidity and radiation are
obtained.

The mean wind speed presents a decrease in the coming
decades in the RCP8.5 scenario, in which in the late future
(2071–2100) the decrease reaches the 4 %. In the RCP4.5
scenario, in general, a smoother decrease appears but is
still significant. This conclusion agrees with previous stud-
ies (Hueging et al., 2013; Carvalho et al., 2017). Analysing
the evolution in different decades, in middle future (2041–
2070) an increase appears in the south of the Basque Country
in both analysed scenarios. This increase of the mean wind
speed is also shown for the last decades of the century in the
RCP4.5 scenario, but in any case it is not statistically signif-
icant with respect to the historical period.

For the relative humidity, the outcomes show a general
decrease in the future projections for the large part of the
Basque Country. This decrease is statistically significant in
the RCP8.5 scenario, in agreement with previous studies
for Iberian Peninsula and southern Europe (Ruosteenoja and
Räisänen, 2013; Scoccimarro et al., 2017). The maximum in-
crease appears in the south were exceeds the 2 % in the late
future (2071–2100). Nevertheless, in the north coast of the
studied area, the signal is the opposite and significant in the
middle and late future (2041–2070 and 2071–2100). Espe-
cially in the RCP4.5 scenario, the region with a significant
increase in relative humidity extends to the whole north-east
coast. Therefore, in the north coast of the Basque Country
the relative humidity could rise from mid-century onwards.

For the radiation analysis, the model projections show a
general increase in the coming decades, intensifying espe-
cially in the late future (2071–2100). In the last 30 years of
this century, the increase is around 3.5 %–4 % in the RCP8.5
scenario (Wild et al., 2015). However, in the RCP4.5 scenario
the model simulations do not show a clear signal for radiation
in the present century. Focusing on the spatial differences, it
is worth noting the behaviour showed in the middle future
(2041–2070) in the RCP4.5 scenario. In this period, the ra-
diation presents a slight decrease in several areas in the east
and in the west of the Basque Country, but this decrease is not
statistically significant with respect to the historical period.

Finally, in the comparison between model mean projection
and observational data in 2011–2020 (Figs. 6, 8 and 10), the
average of the mean wind appears to follow the model trend,
but in the case of relative humidity, the model mean seems to
underestimate the observational data, and in the case of ra-
diation, the model mean seems to overestimate the observa-
tions. Nevertheless, this 10-year period is not very long and
any variability could be related to natural climate variability
and should not be interpreted as a real trend that is sustained
over time (Deser et al., 2012).

The importance of this study lies in mean wind speed, rel-
ative humidity and solar radiation impact into several socio-
economic sectors. Apart from crop growth, evaporation pro-
cesses and health risks, wind and solar radiation have a di-
rect impact on renewable energy generation (Van Der Wiel
et al., 2019). In the framework of the Life UrbanKlima2050
project, regional projections of up to ∼ 1 km resolution are
been developed for mean wind speed, relative humidity and
radiation, and will be included in the climate data explorer,
where temperature and precipitation are already available
(Climate scenarios in Euskadi and data series (https://www.
ihobe.eus, last access: 4 December 2024)). Future analysis
could focus on analysing whether higher-resolution projec-
tions reproduce more accurately these variables at regional
scales, as previous studies have found for precipitation (Ban
et al., 2021).
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Appendix A

Table A1. Regional projections obtained with different GCM and RCM couplings. RH means relative humidity.

Projection GCM RCM Institution Wind RH Radiation

1 CNRM-
CERFACS-
CNRM-
CM5_r1i1p1

CCLM4-8-17_v1 Climate Limited-area Modelling Community
(CLMcom)

RCP4.5, RCP8.5 RCP4.5,
RCP8.5

2 ALADIN53_v1 Centre National de Recherches Météorologiques
(CNRM)

RCP4.5, RCP8.5

3 ALADIN63_v2 RCP4.5, RCP8.5 RCP4.5, RCP8.5 RCP4.5,
RCP8.5

4 HIRHAM5_v2 Danish Meteorological Institute (DMI) RCP8.5 RCP8.5

5 WRF381P_v2 Institut Pierre-Simon Laplace (IPSL) RCP8.5 RCP8.5 RCP8.5

6 RACMO22E_v2 Koninklijk nederlands Meteorologisch Instituut
(KNMI)

RCP4.5, RCP8.5 RCP4.5, RCP8.5

7 RCA4_v1 Swedish Meteorological and Hydrological Insti-
tute (SMHI)

RCP4.5, RCP8.5 RCP4.5, RCP8.5

8 ICHEC-EC-
EARTH_r1i1p1

HIRHAM5_v2 Danish Meteorological Institute (DMI) RCP8.5 RCP8.5

9 RACMO22E_v2 Koninklijk nederlands Meteorologisch Instituut
(KNMI)

RCP4.5, RCP8.5 RCP4.5, RCP8.5

10 RCA4_v1 Swedish Meteorological and Hydrological Insti-
tute (SMHI)

RCP8.5 RCP8.5

11 ICHEC-EC-
EARTH_r3i1p1

HIRHAM5_v2 Danish Meteorological Institute (DMI) RCP4.5 RCP4.5, RCP8.5

12 RACMO22E_v2 Koninklijk nederlands Meteorologisch Instituut
(KNMI)

RCP8.5 RCP8.5

13 RCA4_v1 Swedish Meteorological and Hydrological Insti-
tute (SMHI)

RCP8.5 RCP8.5

14 ICHEC-EC-
EARTH_r12i1p1

CCLM4-8-17_v1 Climate Limited-area Modelling Community
(CLMcom)

RCP4.5, RCP8.5 RCP4.5,
RCP8.5

15 HIRHAM5_v2 Danish Meteorological Institute (DMI) RCP8.5 RCP8.5

16 RACMO22E_v2 Koninklijk nederlands Meteorologisch Instituut
(KNMI)

RCP4.5, RCP8.5 RCP4.5, RCP8.5

17 HadREM3-GA7-
05_v1

Met Office Hadley Centre (MOHC) RCP8.5 RCP8.5 RCP8.5

18 RCA4_v1 Swedish Meteorological and Hydrological Insti-
tute (SMHI)

RCP4.5, RCP8.5 RCP4.5, RCP8.5

19 IPSL-IPSL-
CM5A-
MR_r1i1p1

WRF381P_v2 Institut Pierre-Simon Laplace (IPSL) RCP4.5, RCP8.5 RCP4.5, RCP8.5 RCP4.5

20 RACMO22E_v2 Koninklijk nederlands Meteorologisch Instituut
(KNMI)

RCP8.5

21 RCA4_v1 Swedish Meteorological and Hydrological Insti-
tute (SMHI)

RCP4.5, RCP8.5 RCP4.5, RCP8.5

22 MOHC-
HadGEM2-
ES_r1i1p1

CCLM4-8-17_v1 Climate Limited-area Modelling Community
(CLMcom)

RCP4.5, RCP8.5

23 ALADIN63_v2 Centre National de Recherches Météorologiques
(CNRM)

RCP8.5 RCP8.5 RCP8.5

24 HIRHAM5_v2 Danish Meteorological Institute (DMI) RCP4.5, RCP8.5 RCP4.5, RCP8.5

25 RegCM4-6_v1 The Abdus Salam International Centre for The-
oretical Physics (ICTP)

RCP8.5 RCP8.5 RCP8.5

26 WRF381P_v2 Institut Pierre-Simon Laplace (IPSL) RCP8.5 RCP8.5

27 HadREM3-GA7-
05_v1

Met Office Hadley Centre (MOHC) RCP8.5 RCP8.5 RCP8.5
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Table A1. Continued.

Projection GCM RCM Institution Wind RH Radiation

28 MPI-M-
MPI-ESM-
LR_r1i1p1

CCLM4-8-17_v1 Climate Limited-area Modelling Community
(CLMcom)

RCP4.5, RCP8.5

29 COSMO-crCLIM-
v1-1_v1

Climate Limited-area Modelling Community –
ETH Zurich (CLMcom-ETH)

RCP8.5 RCP8.5 RCP8.5

30 ALADIN63_v2 Centre National de Recherches Météorologiques
(CNRM)

RCP8.5 RCP8.5 RCP8.5

31 REMO2009_v1 Max Planck Insitute – IT Center for Science
(MPI-CSC)

RCP4.5, RCP8.5

32 RegCM4-6_v1 The Abdus Salam International Centre for The-
oretical Physics (ICTP)

RCP8.5

33 MPI-M-
MPI-ESM-
LR_r2i1p1

COSMO-crCLIM-
v1-1_v1

Climate Limited-area Modelling Community –
ETH Zurich (CLMcom-ETH)

RCP8.5 RCP8.5 RCP8.5

34 REMO2009_v1 Max Planck Insitute – IT Center for Science
(MPI-CSC)

RCP4.5, RCP8.5

35 REMO2015_v1 Climate Service Center Germany (GERICS) RCP8.5 RCP8.5

36 NCC-
NorESM1-
M_r1i1p1

COSMO-crCLIM-
v1-1_v1

Climate Limited-area Modelling Community –
ETH Zurich (CLMcom-ETH)

RCP8.5 RCP8.5 RCP8.5

37 HIRHAM5_v3 Danish Meteorological Institute (DMI) RCP4.5, RCP8.5 RCP4.5, RCP8.5

38 REMO2015_v1 Climate Service Center Germany (GERICS) RCP8.5 RCP8.5

39 WRF381P_v2 Institut Pierre-Simon Laplace (IPSL) RCP8.5 RCP8.5

Summary (total number of projections) RCP4.5 17 12 4

RCP8.5 36 33 12
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