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Fig. 1 Model domain, topography height and four representative areas: AREA1 over the 
Eastern Europe is characterized by the continental climate, AREA2 is located over the 
warm and dry desert region, AREA3 encompasses Mediterranean region and is under 
strong sea influence and AREA4 is located over the mountainous parts of the Middle East.

Fig. 2 Time series of mean winter 2m air temperature (T2m) over four selected areas (a-d) 
shown in Fig. 1. Simulations with the Holtslag scheme are in black (for the RCP4.5 
scenario) and red (for the RCP8.5 scenario); simulations with the UW scheme are in 
green (the RCP4.5 scenario) and blue (the RCP8.5 scenario). The 11-years running 
means are shown with the same colour coding by thick curves. Area means are only for 
land points. Units are °C.

1. Experimental setup

Fig. 3 Same as Fig. 2 but for the summer. Units are °C.

2. Time series of the mean seasonal 2m air temperature

3. Time series of the mean summer surface variables over 
the Mediterranean region

4. Discussion and conclusions
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Fig. 4 Time series of the mean summer surface variables over the Mediterranean region 
(AREA3): a) downward surface longwave radiation flux LWD (W m-2), b) net surface 
longwave radiation flux LWR (W m-2), c) sensible heat flux SHF (W m-2), d) net surface 
shortwave radiation flux SWR (W m-2), e) evapotranspiration EVP (mm/day) and f) total 
cloud cover CLD (0-1). Colour coding as for the Fig 2.

Fig. 5 Same as Fig 4. but for a) total precipitation amount PRECIP (mm/day) and b) soil 
moisture in the first land-surface layer SM (kg m-2).

The simulation with the Holtslag scheme (HOLT) is generally 1°C warmer than the simulation 
with the UW scheme (UW) (Fig. 2&3). This is consistent with the previous findings using the 
ERA-Interim reanalysis as forcing data (Güttler et al. 2013). Only over eastern Europe during 
winter the two simulations differ less than 1°C (Fig. 2a). As expected, higher radiative forcing 
RCP scenario (RCP8.5) leads to a larger T2m increase by the end of the 21st century. However, 
T2m differences between the HOLT and UW in the scenario runs are almost unaffected. This is 
also largely true for other variables in the rest of the analysis.

When focusing over the Mediterranean region during summer in both historical and scenario 
simulations, the following picture emerges. Downward longwave radiation flux LWD is clearly 
governed by the use of a specific scenario (Fig. 4a). However, due to the T2m increase and the 
associated increase in the surface longwave radiation emission, the net longwave radiation flux 
LWR is mostly constant during the simulated period (Fig. 4b). The net shortwave radiation flux 
SWR is also mostly constant during the simulated period (Fig. 4d). The SWR differences between 
the HOLT and UW simulations can be partially explained by the differences in the total cloud 
cover CLD (i.e. higher CLD is linked with less SWR; Kothe et al. 2011) (Fig. 4f). The excessive 
heating due to the LWD increase during the 21st century propagates also to more energy being 
lost from the surface via sensible heat flux SHF (Fig. 4c). Additionally, simulated surface warming 
over the Mediterranean region in the 21st century simulations is consistent with the surface drying 
i.e. the reduction of evapotranspiration EVP (Fig. 4e), total precipitation amount PRECIP (Fig. 5a) 
and the amount of water in the first land-surface layer SM (Fig. 5b) in both scenarios and 
regardless to the PBL scheme being used. The interannual variability of all analysed variables is 
also largely unaffected by the use of different PBL schemes.
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The two planetary boundary layer (PBL) parameterisations are implemented in the 
regional climate model RegCM4.3 (Giorgi et al. 2012): diagnostic Holtslag scheme 
(Holtslag et al. 1990) and prognostic UW scheme (Grenier and Bretherton 2001). In two 
sets of experiments with different PBL schemes, the model at a 50-km horizontal 
resolution over the European and Mediterranean region (Fig. 1) was forced by the 
HadGEM2-ES historical simulation from 1971 to November 2005 and from December 
2005 to November 2099 was forced by the HadGEM2-ES scenario runs (RCP4.5 and 
RCP8.5).
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