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Solar radiation data for users 
¡  Energy production and energy efficency 

¡  Agricolture planning 

¡ Urban heat Island 

¡ Hydrology 

¡  Surface Energy Budget 

¡  Climate  
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Institute Model # Lev H. Res Solar Const. Aerosols 

C4I RCA3 31 25km 1365 W/m2 Equivalent CO2 

CHMI Aladin CY28t3 27 50km Constant  Equivalent CO2 

CRNM Aladin 4.5 31 50km Standard Tegen et al. 1977 

CRCM OURANOS 4.2.3 29 50km-25
km 

1365 W/m2 Boucher, M. Pham (2002), JGR 

DMI n.a. n.a. 25km n.a. n.a. 

ETHZ CLM 2.4.6 32 25km 1368 W/m2 J.F. Geleyn, ECMWF, 4.11.1982 

GKSS CLM 2.4.6 32 50km 1368 W/m2 J.F. Geleyn, ECMWF, 4.11.1982 

HC HadRM3.0 19 50km 
25km 

1365 W/m2 SO2 and DMS: Stott et al 2006 
Oxidants: Johns et al 2003 

ICTP RegCM3 19 25km 1365 W/m2 Briegleb 1992 (JGR) 

INM RCA3 31 1365 W/m2 Equivalent CO2 

KNMI RACMO2.1 40 25km 
50km 

1370 W/m2 four types of aerosols according to Tanré (1984) 

MET.NO HIRHAM2 31 25km 1376 W/m2 aerosols from ECHAM4 (constant during 1960-2000) 

SMHI RCA3 24 25km 
50km 

1370 W/m2 Constant 

UCLM PROMES 28 50km 1395.6 W/m2 Not Considered 

ENSEMBLES RCMs details 



Ensembles A1B���
DJF (2021-2050) vs (1961-1990) 
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Ensembles A1B���
JJA (2021-2050) vs (1961-1990) 
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on the basis of 332 surface radiation sites. Overall, the avail-
able literature does not support a continuation of the dimming
over the 1985–1999 period as simulated in the GCMs [Wild,
2009]. The observational estimates, indicating an increasing
surface solar radiation since the mid-1980s, are in line with
evidence for decreasing background aerosol optical depths
inferred from satellite measurements over the oceans during
the 1990s [Mishchenko et al., 2007] and a general decrease in
anthropogenic sulfur and black carbon emissions during this
period [Stern, 2006; Streets et al., 2006]. For the area of
Europe, Ruckstuhl and Norris [2009] find that a multimodel
mean composed of 14 of the IPCC-AR4/CMIP3 models used
here underestimates the decline in the clear sky surface solar
radiation during the dimming period compared to the trends

estimated from observations by Ruckstuhl et al. [2008] and
Norris andWild [2007]. They further note that the magnitude
of the subsequent ‘‘brightening’’ under cloud free atmo-
spheres over Europe is too small in the models compared to
these references.
[18] Overall, compared to the evidence given in the liter-

ature on the evolution of surface solar radiation over the
second part of the twentieth century, the GCMs seem to
underestimate the decadal changes in this quantity. This is
further illustrated in Figure 5. There the longest record with
surface solar radiation observations available in GEBA, the
Stockholm time series with more than 70 years of data back
to 1923, is compared to the surface solar radiation as repro-
duced at the nearest grid point by the 18 IPCC-AR4/CMIP3
models in their 20C3M simulations. Figure 5 indicates that
decadal variations of surface solar radiation simulated at the
Stockholm grid point are much lower than observed. Note
that in the multimodel mean, decadal variations can be
artificially suppressed through the averaging process over
the individual simulations. Yet, also an inspection of the
individual model simulations shows that none of the models
adequately captures the substantial decadal changes seen in
the Stockholm time series. Specifically, the standard devia-
tion of the observed annual mean time series lies, with 8.4 W
m!2, outside the range of variances simulated at the
corresponding grid points by all 18 GCMs, which lie between
3.6 W m!2 to 8.1 W m!2, with a mean value of 5.7 W m!2.
[19] A more extended comparison of surface solar radia-

tion with direct observations is planned for a future study.

4. Discussion and Conclusions

[20] Independent analyses of different temperature indices
and surface solar radiation trends simulated in the ‘‘20th
Century Climate in Coupled Models (20C3M)’’ experiments
indicate that decadal dimming and brightening and related
temperature effects are not reproduced to their full extent in
current climate models. This may also explain why the
simulated mean temperature increase over land surface is
too strong in the ‘‘dimming phase’’ and too weak in the
‘‘brightening phase’’ (Figure 1 and Table 2).

Table 6. Linear Changes in Annual Mean Downwelling Solar
Radiation Over Global Land Surfaces for the ‘‘Dimming’’ Period
1958–1985, the ‘‘Brightening’’ Period 1985–1999, and the Differ-
ence Between the Changes in the Latter and Former Period, as
Simulated by 18 GCMs Participating in the Fourth IPCC Assess-
ment Reporta

Model 1958–1985 1985–1999 Difference

cccma_cgcm3_1 0.04 (0.14) 0.19 (0.51) 0.15
cccma_cgcm3_1_t63 0.12 (0.16) 0.04 (0.32) 0.16
cnrm_cm3 0.34 (0.18) 0.15 (0.56) 0.19
csiro_mk3_0 0.41 (0.19) 0.41 (0.49) 0.00
csiro_mk3_5 0.04 (0.18) 0.24 (0.44) 0.20
gfdl_cm2_0 0.50 (0.18) 0.67 (0.65) 0.17
gfdl_cm2_1 0.56 (0.24) 0.47 (0.49) 0.09
giss_aom 0.29 (0.10) 0.33 (0.21) 0.62
giss_model_e_h 1.43 (0.22) 0.67 (0.69) 0.76
giss_model_e_r 1.11 (0.19) 0.32 (0.86) 0.79
iap_fgoals1_0_g 0.05 (0.13) 0.72 (0.36) 0.67
inmcm3_0 0.13 (0.10) 0.43 (0.34) 0.56
ipsl_cm4 0.30 (0.08) 0.11 (0.28) 0.41
miroc3_2_hires 0.66 (0.17) 0.13 (0.53) 0.79
miroc3_2_medres 0.68 (0.17) 0.51 (0.43) 0.17
miub_echo_g 0.46 (0.18) 0.19 (0.41) 0.27
mpi_echam5 0.42 (0.20) 0.55 (0.39) 0.97
ncar_ccsm3_0 0.38 (0.19) 0.64 (0.49) 0.26

Mean model change 0.43 0.20 0.23
Median model change 0.38 0.19 0.19

aOne-sigma uncertainties are given in parentheses. Also shown are the
multimodel mean and median changes. Units are W m!2/decade.

Figure 5. Annual mean surface solar irradiance anomalies as (right) observed at the long-termmonitoring
station Stockholm and (left) simulated at the respective grid point by 18 GCMs in twentieth-century
experiments performed for the fourth IPCC assessment report. Multimodel mean is given as thick black
line, and individual model realizations are shown as dashed lines. Reference period for anomalies is
1923!1999. Unit is W m!2.
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4 Results

Simulated and observed decadal SSR changes in the dif-

ferent regions are discussed in the following subsections.

The climatological mean SSR fields in these models have
been evaluated in earlier studies for both clear-sky (Wild

et al. 2006) and all-sky conditions (Wild 2008).

4.1 Europe

Various studies presented evidence that SSR over Europe
has undergone significant changes over the past decades,

with a predominant decline measured at many sites

between the 1950s and 1980s, and partial recovery there-
after (e.g., Ohmura and Lang 1989; Stanhill and Cohen

2001; Wild et al. 2005; Norris and Wild 2007; Chiacchio

and Wild 2010).
This tendency can also be seen in the observed com-

posite time series based on annual anomalies at nine sites

selected in this study in Fig. 1 (upper panel). A substantial
decline of surface solar radiation on the order of 10 Wm-2

can be seen until the mid 1980s in the observations, fol-

lowed by an increase after the late 1980s of a few Wm-2.
In addition shown are the model-simulated composite time

series averaged over the same locations, representing all-

sky SSR as in the observations. All composite time series
were constructed as outlined in Sect. 3 and have been

smoothed with a 5-year running mean.
The qualitative tendency with a decrease in the first part

of the record, and some sign of recovery in the latter part,

can be best represented by a second order polynomial
model. This is applied to both model-simulated and

observed time series in Fig. 1. We use the term ‘‘convex’’

in the following to qualitatively describe the evolution of
the time series with a decrease and subsequent increase (or

alternatively stated a positive coefficient in the quadratic

term of the second order polynomial model, with a turning
point at the local minimum). Similarly, the term ‘‘concave’’

is used here to describe the evolution of the time series with

an initial increase and a subsequent decrease (or alterna-
tively stated a negative coefficient in the quadratic term of

the second order polynomial model, and a turning point at

the local maximum). According to this definition, the
observed time series shows a convex evolution (see Fig. 1,

upper panel). It is obvious from Fig. 1 (upper panel) that

the simulated all-sky SSR evolution at these European sites
largely differs between the 23 models. Only about half of

the models reproduce the convex shape of the overall

evolution, indicative of a ‘‘dimming’’ followed by a
‘‘brightening’’, the other half of the models show a concave

shape in their second order polynomial approximation,

indicative of an opposite qualitative evolution compared to
the observed tendencies. Specifically, Table 3 (first

column) shows that the quadratic (‘a’) coefficient of the
observations in Europe is 0.0037 Wm-2a-2, and signifi-

cant at the 66% level (in the following we use the default

term ‘‘significant’’ for a statistical significance at the 66%
level, if not otherwise mentioned). The quadratic coeffi-

cients in the models range from -0.0053 (GFDL-CM2.1)

to 0.0057 Wm-2a-2 (MIROC3.2(hires)), with 11 models
having a negative coefficient and 12 models having a

positive one. Of the 11 models that show a concave

behavior in their time series, 4 are significant, while of the
12 models showing a convex behavior 7 are significant.

For further comparison we separate the time series into

two periods with distinctly different tendencies in the
observations, one representing the ‘‘dimming’’ period

1960–1985, the second one the ‘‘brightening’’ period

1985–2000, and allow for linear approximations during
these periods. The observed decrease of solar radiation

from 1960 to 1985 at the European sites amounts to

Fig. 1 Observed annual SSR anomalies from 1950 to 2000 as
composite of nine sites in Europe (in black), and corresponding
simulations by 23 climate models (in color, dashed). Reference
period is 1950–2000. All-sky fluxes shown in upper panel, clear-sky
fluxes in middle panel, surface cloud effect (defined as difference of
clear- and all-sky fluxes) in lower panel. Observations are only
available for all-sky conditions. Time series shown as 5-year running
means. Also added are second order polynomial fits (solid lines)

M. Wild, E. Schmucki: Assessment of global dimming and brightening

123

Wild et al., 2010: Clim. Dyn. 

• No trends (inhability in 
reproduce global dimming and 
brighetning) 

• No decadal variations 



BSRN stations used for validation 
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Validation for���
Carpentras Station 
(France) 
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RCMs ERA40 simulations vs NASA 
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RCMs ERA40 
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Climate services for energy production: are 
regional climate models reliable for future solar 
power generation scenarios? 

No 
Conclusions 

¡ Aerosols 
¡  Aerosols schemes, dynamics and chemistry 

¡  Aerosols primary and secondary effects 

¡ Clouds 
¡  Convection schemes 

¡ Microphysical parameterization 

¡  Cloud transport from the borders (nesting) 

¡ Looking forward for CORDEX  
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<RCM dependent> 

<GCM dependent> 
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