
Supplementary Figure 1. Individual climate change projections under RCP8.5.

Changes projected in the mean values of RSDS (1st column, in Wm-2), PVpot (2nd column, in %), TAS (3rd column, in 
ºC) and  VWS (4th column, in %) under the RCP8.5 to the end of  this century (2070-2099  vs.  1970-1999) by each 
ensemble member. Non-significant signals (p>0.05) are depicted in white. (Continued on next page)
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Supplementary Figure 1. (Continuation)
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Supplementary Figure 2. Climate change projections under RCP4.5.

As Fig. 1 for the RCP4.5. Changes projected in the mean values of (a) RSDS, (b) PVpot, (c) TAS and (e) VWS under the 
RCP8.5 to the end of this century (2070-2099  vs. 1970-1999) obtained from the  EMean,  EMax and  EMin over land. 
EMax and  EMin values are colored only if they are significant (p<0.05) within their corresponding ensemble member, 
otherwise they are depicted in white. EMean values are colored only if they are robust, in white if they are negligible and 
in gray if they are uncertain. (d) and (f) show the EMean, EMax and EMin changes in PVpot that would be induced by the 
changes in either TAS alone or VWS alone. See Methods for details.
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Supplementary Figure 3. Comparison of GCM and RCM projections for RSDS.

GCM (first and fourth columns) vs. GCM RCM-downscaled (two next columns to the right, showing different resolutions of the grid used for the downscaling, 0.44º and 0.11º) RSDS 
projections (2070-2099 minus 1970-1999) under the RCP8.5. Note that the showed EC-EARTH ensemble member, due to availability problems at the date in which this work was 
performed, is not exactly the same run downscaled by the RCMs.



Supplementary Figure 4. Seasonal climate change projections under RCP8.5.

Seasonally, ensemble mean changes projected for the mean values of (a) RSDS and (b) PVpot under the RCP8.5 to the 
end of this century (2070-2099 vs. 1970-1999) represented following the same approach as in Fig. 1. (c) and (d) show 
the ensemble mean projected changes in  PVpot  that would be induced by the changes in either  TAS alone or  VWS 
alone by seasons (again, as in Fig. 1). Winter involves December to February, Spring March to May, Summer June to  
August and Autumn September to November.
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Supplementary Figure 5. Seasonal projections for the mean and the time variability of the PV power production series to the end of this century.

Seasonally, changes projected to the end of this century (2070-2099 vs. 1970-1999) in the mean values (1st row) and the annual (2nd row), monthly (3rd row) and daily (4th row)  
variability of the PV power production series of each region under both the RCP4.5 (blue) and the RCP8.5 (orange). Individual and ensemble mean signals are represented following 
the same approach as in Fig. 4. Winter involves December to February, Spring March to May, Summer June to August and Autumn September to November.



Supplementary  Figure  6. Analysis  of  the  signal-to-noise  ratio  in  the  projections  for  PV  power 
production.

Referred to the left y axes: ensemble mean (solid line) and spread (dashed line) of the 30-year running mean time-series 
of the estimated PV power production anomalies (expressed in % and in absolute value,  i.e. what is depicted is the 
magnitude of the change regardless of its sign) under both the RCP4.5 (blue) and the RCP8.5 (orange) in each region. 
Referred to the right y axes: the corresponding signal-to-noise ratio (see Methods).
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Supplementary Figure 7. Projected changes in time variability.

Ensemble mean changes projected for the annual (1st column), monthly (2nd column) and daily (3rd column) variability 
of the PVpot (1st row), RSDS (2nd row), TAS (3rd row) and VWS (4th row) time-series under the RCP8.5 to the end of 
this century (2070-2099 vs. 1970-1999) represented following the same approach as in Fig. 1. Units are % but for TAS 
that is ºC. See Methods for details on the time variability analysis.
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Supplementary Figure 8. Projections for the mean and the time variability of the PV power production 
series by mid-century.

As Fig. 4 but considering the mid-century future period 2040-2069. Changes projected to the mid-century (2040-2069 vs. 
1970-1999) in (a) the mean, (b) the annual variability, (c) the monthly variability and (d) the daily variability of the PV 
power production series of each region under both the RCP4.5 (blue) and the RCP8.5 (orange). The individual signals 
corresponding  to  each ensemble  member are depicted  by circles:  filled if  they are significant,  empty if  not.  Boxes 
represent ensemble mean signals: colored, white or gray if robust, negligible or uncertain, respectively. See Methods for 
details.
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Supplementary Figure 9. Evaluation of the simulated RSDS in the historical period.

Observed  (symbols)  and  ensemble  mean  (EMean)  simulated  climatologies  in  the  period  1970-1999  (shadows;  left 
column),  Emean bias (central  column) and Taylor  diagrams [36]  comparing  observed and simulated  patterns (right 
column)  of  the mean (1st  row),  the annual  variability  (2nd column),  the monthly  variability  (3rd row) and the daily 
variability (4th column) of the RSDS time series. See Methods for details on the time variability analysis. Observations 
were retrieved from the GEBA dataset  [37,38]  at  the monthly  time-scale for  the period 2000-2005 (represented by 
diamonds in panels a,b) and from the WRDC dataset [39] at the daily time-scale for the period 1970-1999 (represented 
by circles). Bias patterns and Taylor diagrams are based on the simulated values during the respective periods.
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Supplementary Figure 10. Simulated climatologies of PVpot, TAS and VWS in the historical period.

Ensemble mean climatologies in the historical period (1970-1999) of the mean values and the time variability (annual,  
monthly and daily) of PVpot, TAS and VWS. See Methods for details on the time variability analysis.
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Supplementary Figure 11. Estimations of mean PV power production and its time variability assuming 
the 2050 PV fleet under the current climatology. 

Ensemble mean estimated (a) mean, (b) annual variability, (c) monthly variability and (d) daily variability values of the PV 
power  production  series  of  each  region  assuming  the  spatial  distribution  of  PV units  presented  in  Fig.  2  and the 
simulated climatologies for the historical period (1970-1999). 
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Supplementary Table 1. Overview of the analyzed EURO-CORDEX experiments.

Exp. ID Forcing GCM run RCM Institution (abbreviation)
Land-surface 

scheme
Planetary boundary 

layer scheme
Convection 

scheme
Microphysics 

scheme
Radiation 
scheme

No. of 
vertical 
levels

1 ICHEC-EC-EARTH-r3i1p1 HIRHAM 5 Danish Meteorological Institute (DMI) [1] [8] [13] [20]
[28]
[29]

31

2 MOHC-HadGEM2-ES-01 CCLM 4.8.17 CLM Community (CLMCOM)
TERRA-ML

[2]
[8] [13]

[2]
[21]

[30] 40

3 IPSL-CM5A-MR-r1i1p1 WRF 3.3.1
Institute Pierre Simon Laplace / Institut 
National de l'Environment Industriel et des 
Risques (IPSL-INERIS)

NOAH
[3]

YSU
[9]

[14] [22]
RRTMG

[31]
32

4 ICHEC-EC-EARTH-r1i1p1 RACMO 2.2
Royal Netherlands Meteorological Institute 
(KNMI)

[4]
[5]

[10]
[11]

[13]
[15]
[16]

[23]
[24]
[25]
[26]

[32]
[33]

40

5 MPI-ESM-LR-r1i1p1 REMO 2009 Climate Service Center (CSC)
[1]
[6]

[8]
[13]
[15]
[17]

[20]
[28]
[29]

27

6 CNRM-CM5-r1i1p1 RCA 4
Swedish Meteorological and Hydrological 
Institute (SMHI)

[7] [12]
[18]
[19]

[27]
[34]
[35]

40

7 ICHEC-EC-EARTH-r12i1p1 RCA 4
Swedish Meteorological and Hydrological 
Institute (SMHI)

[7] [12]
[18]
[19]

[27]
[34]
[35]

40

8 IPSL-CM5A-MR-r1i1p1 RCA 4
Swedish Meteorological and Hydrological 
Institute (SMHI)

[7] [12]
[18]
[19]

[27]
[34]
[35]

40

9 MOHC-HadGEM2-ES-01 RCA 4
Swedish Meteorological and Hydrological 
Institute (SMHI)

[7] [12]
[18]
[19]

[27]
[34]
[35]

40

10 MPI-ESM-LR-r1i1p1 RCA 4
Swedish Meteorological and Hydrological 
Institute (SMHI)

[7] [12]
[18]
[19]

[27]
[34]
[35]

40

From left to right: experiment  identifier (ID), GCM driving run, RCM, provider institution and RCM experimental setup details. Each experiment comprises one historical and two 
scenario (RCP4.5 and RCP8.5) runs, spanning the periods 1970-2005 and 2006-2099 respectively. The horizontal resolution of all simulations is 0.11º in both latitude and longitude.
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