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Summary 
  

BACKGROUND: During the last years there is an increasing interest related to the climate 

change over Mediterranean. Mediterranean area is one of the most vulnerable regions 

of the globe given that large climate shifts have been observed in the past. As a result, 

Mediterranean has been identified as one of the most prominent “Hot-Spots” in future 

climate change projections. It is located in a transition zone between the arid climate of 

northern Africa and the wet climate of central Europe and even a minor change in large 

scale climatic factors might impose large impacts on the climatic conditions of 

different Mediterranean areas. Furthermore, the complex topography and the vast 

coastlines suggest a fine scale spatial variability of the climatic conditions. 

Tree crops cultivation is affected by parameters related to climatic conditions. 

Therefore, future climate will affect tree crops cultivation conditions in S. Europe, 

suggesting changes in the carbon balance of tree-ecosystem for the future years. The 

objective of this Action is to estimate the changes in the climatic conditions affecting 

tree crops cultivation. For this reason, the NASA GISS GCM ModelE2 is used to 

simulate current and future climate under two different Representative Concentration 

Pathways: the RCP8.5 and the RCP4.5. However, the outputs from the GCM are 

relatively coarse (i.e., 1˚ × 1.25˚) for applications to regional and local scales. The need 

for regional climate projections in a finer grid size (i.e., 9 Km x 9 Km) is assessed, 

here, using the Weather Research and Forecasting (WRF) model to dynamically 

downscale GCM simulations. The goal is to generate more locally relevant projections 

of long-term weather patterns over S. Europe. 

 

RESULTS: General Circulation Model: Global average temperature for historical years 

(i.e., 1981-2010) is estimated at 14.2 °C, while an increase of 1.3 °C and 1 °C for 

RCP8.5 and RCP4.5 is assessed, respectively, confirming the increasing trend in future 

temperature (i.e., 2031–2060). This trend is also noticed in the domain of our interest. 

Global average precipitation rate for the historic period is estimated at 3 mm/day while 

under RCP8.5 and RCP4.5 an increase of 0.1 mm/day is noted suggesting an almost 

stable precipitation rate on average over globe. However, precipitation is very location 

dependent suggesting regions with increasing or decreasing trends in the precipitation 

rates. As such, the need for regional climate projections in a finer grid size is 

necessary, as mentioned above. Global average relative humidity (RH) for the historic 
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period is estimated at 74%. RH is not zonally uniform, presenting centers of various 

intensities at all latitudes. Under RCP8.5 and RCP4.5 an increase of 0.2% is noted 

suggesting an almost stable RH on average over globe. Although on average RH 

presents a modest increase, GISS-E2-R simulates a land–ocean contrast in response to 

the larger warming seen over land than over ocean. Compared to the historic data, RH 

tends to slightly increase over oceans but decrease over significant part of the land. The 

annual average solar  radiation  incident  at  the  Earth’s  surface or downward solar 

radiation is 192 W/m2 for the historical years. As expected higher values are seen in 

the region between mid-latitudes. The simulation for the future indicate that the 

downward solar radiation remains stable, presenting though local variations that range 

between -21.4 W/m2 and 17.5 W/m2 under RCP8.5 and between -21.6 W/m2 and 13.8 

W/m2 under RCP4.5. 

Regional Climate Model – Downscaling: Temperature changes between current 

(i.e., 2008 – 2012) and future years (i.e., 2048-2052) for RCP8.5 over Greece, Italy and 

Spain is estimated in the range of 0.0 - 0.5 degrees, 0.25 - 1.25 degrees and 0.5 - 1.5 

degrees, respectively. The maximum increase up to 1.5 degrees is estimated over north 

– northeastern Spain while the minimum increase up to 0.25 degrees is estimated over 

eastern Greece. Temperature increase has been found over Greece, Italy and Spain for 

all seasons with an exception for Greece during spring where a small reduction (i.e., up 

to 0.5 degrees) is found. The maximum increase for Greece is estimated up to 1 

degrees during winter, autumn and summer while the maximum increase for Italy and 

Spain is estimated 2 degrees during winter and 2.5 degrees during summer, 

respectively. Precipitation change is very location and seasonal dependent presenting a 

mixed trend. Annual precipitation is estimated to be lower all over Spain (up to 60%, 

locally). Annual precipitation change over Italy is estimated in the range of ±40% 

where decreases are found to the north and increases to the south. Annual precipitation 

change over Greece is estimated in the range of ±20%. During winter the general trend 

presents a decrease in the precipitations rates over the continental regions. During 

spring reduction in precipitation rates over Spain and Italy is dominant. Over Greece 

precipitation is estimated to decrease only over the northern part. During summer 

precipitation rates over Spain are estimated to decrease mainly at the south of the 

country, while there are regions mainly at the north where precipitation is found to 

increase. This is not the case for the other two countries where reduction is dominant 
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over Italy and increase is dominant over Greece. During autumn reduction in the 

precipitation rates over Spain is dominant. Over Italy precipitation is estimated to 

increase at the south and to decrease at the north. Over Greece higher precipitation 

rates are estimated for most of the country.   

Temperature change between current (i.e., 2008 – 2012) and future years (i.e., 

2048-2052) for RCP4.5 is estimated to be higher over Spain and northern Italy and 

lower over southern Italy and Greece. Over Spain annual temperature is found higher 

in the range 0.0 - 1.0 degrees. Over Italy an increase in the range of 0.0 - 0.5 degrees is 

estimated at the north and a decrease up to 0.25 degrees is estimated at the south. Over 

Greece annual temperature is estimated lower in the range 0.0 - 0.5 degrees. The 

maximum increase for Spain is estimated up to 1.25 degrees during autumn while the 

maximum increase for Italy is estimated up to 1.75 degrees during winter. The 

maximum increase for Greece is estimated up to 0.25 degrees during autumn while the 

maximum decrease is estimated up to 1 degree during spring. Precipitation change is 

very location and seasonal dependent. Annual precipitation is estimated to be lower 

over Spain (up to 40%) except the coastal regions where increases are found (up to 

60% south and up to 20% north). Annual precipitation over Italy is estimated to be 

higher up to 40% except the north region and west Sicily where a decrease up to 20% 

is found. Annual precipitation change over Greece is estimated in the range of ±20% 

for most of the country, where decreases are found over the Aegean Sea, the north-

eastern continental land and Attica region. During winter precipitation rates are 

estimated to be lower for the major part of Spain. Over Italy a decrease in precipitation 

rates is found at the central part of the country. For the rest parts of Italy an increase is 

found. The general trend over Greece is a decrease in the precipitation rates. During 

spring reduction in precipitation rates is dominant over Spain. Over Italy an increase is 

found in the precipitation rates except the northern regions. Over Greece increases in 

precipitation rates are found for most of the country with an exception at the south 

Aegean Sea. During summer precipitation rates over Spain are estimated to increase at 

the south coastal zone, the east border and at the central of the country. Over Italy 

increases at the precipitation rates are found over north Italy and decreases are found at 

the south. Over Greece decreases in the precipitation rates are found for most of the 

country with an exception of the western Greece, Peloponnesus and south Crete. 

During autumn decreases in precipitation rates are dominant over Spain and Italy. Over 
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Greece increases at the precipitation rates are found over west and north regions of the 

country as well as at the central Aegean Sea. 

 

CONCLUSION: Climatic and meteorological parameters affecting tree crops are assessed 

in S. Europe for future years under two different RCPs in order the related 

uncertainties to be assessed. Moreover simulations produced by the GISS-WRF 

provide high-resolution results. Comparison between the RCP8.5 and RCP4.5 outputs 

suggests an increase in the annual temperature all over the domain according to 

RCP8.5 while the RCP4.5 estimates an increase only in the western part. Both RCPs 

suggest an increase in the annual temperature over Spain, where RCP8.5 suggest more 

than 0.5 degrees higher increases compare to RCP4.5. Over Italy RCP8.5 estimates an 

increase all over the country while RCP4.5 estimates a small decrease at the central 

and south parts. In general, annual temperature over Italy under RCP8.5 is 1.0 degree 

higher compared to RCP4.5. Over Greece RCP8.5 estimates an increase in the annual 

temperature while RCP4.5 estimates a decrease. In general, annual temperature over 

Greece under RCP8.5 is 0.75 degrees higher compared to RCP4.5. Annual 

precipitation over Spain is estimated to decrease up to 40% for both of RCPs with an 

exception of the coastal zone where RCP4.5 suggests an increase up to 80% for the 

south coast. Over Italy both RCPs agree to the annual precipitation reduction up to 20-

40% over the northern part of the country while it is estimated to increase up to 20-

40% at the south. For the central part of the country RCP8.5 suggests a decrease in 

precipitation up to 40% while RCP4.5 suggests an increase up to 40%.  Over Greece 

precipitation for both RCPs is estimated to change ±20%. The general trend for both 

RCPs is a precipitation increase over the land and a decrease over the sea. However, 

deviations from this trend is found, locally.   
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1. Introduction 
                 

 Climate change is a major environmental problem having effects both globally 

and locally. Extreme weather events, heat weaves, floods, sea level rise, heat stress, 

water and soil salinization, ecosystem and economic disruption, vector-borne disease, 

food and waterborne diseases and the mass population movement are among the 

impacts caused by climate (Patz et al. 2000; Frumkin et al. 2008; IPCC 2013). The 

globally-averaged combined land and ocean surface temperature data show a warming 

of 0.85 [0.65 to 1.06] °C, over the period 1880 to 2012 (IPCC 2013). General 

Circulation Models (GCMs) are the most advanced tools currently available for 

simulating the response of the global climate system to increasing greenhouse gas 

concentrations. GCMs estimate that the global mean surface temperature change for 

the mid-21st century (i.e., for the period 2046-2065 relative to 1986-2005) will likely 

be in the range of 0.4°C to 2.6°C while globally-averaged precipitation increases with 

global mean surface temperature at about 1 to 3% °C-1 are projected. However, the 

minimum and the maximum estimated changes cover a wide range of values for all 

geographical regions (IPCC 2013). For example, under the RCP4.5 (Representative 

Concentration Pathways) scenario (van Vuuren et al. 2011), annual temperatures for 

northern, central, and southern Europe are estimated to be modified in the range of -

0.5°C to 3.8°C, 0.4°C to 3.2°C and 0.7°C to 3.1°C, respectively, while annual 

precipitation rates are estimated to be modified in the range of -5% to 17%, -6% to 9%, 

and -14% to 3%, respectively for the period 2046-2065 relative to 1986-2005 (IPCC 

2013). Although the outputs from the GCM are very useful, they are relatively coarse 

for applications to regional scales. To increase their spatial resolution the coarse 

resolution data of the GCM are used as initial and boundary conditions by a regional 

climate model (RCM) (dynamical downscaling). The purpose of doing this is to add-up 

more detail from local topography, coastline and land use/land cover to obtain high 

resolution data in the area of interest. 

 Addressing the importance of climate change for Europe, there are studies 

assessing the climatic changes either over the entire continent or focusing on specific 

European regions (e.g., Kyselý and Beranová 2009; Pavlik et al. 2012; van Vliet et al. 

2012; Gonçalves et al. 2014, Jacob et al. 2014). PESETA (Christensen et al. 2012) and 

ENSEMBLES (van der Linden and Mitchell 2009) are among the recent projects that 

examine the impact of climate change in Europe at high spatial resolution. In the 
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PESETA project two future periods (i.e., 2011-2040 and 2071-2100) are assessed at a 

spatial resolution of 50 km by 50 km using two global and three regional climate 

models under the IPCC A2 and B2 emissions scenarios. Spatial distribution plots 

suggest warming in all European regions during both winter and summer months. 

However, the choice of regional model plays a more significant role mainly for 

summer. Precipitation is a more variable parameter than temperature and the choice of 

the regional model is much more important for the summer period than for the winter 

one, to an even greater extent than what is seen for temperature. There is a transition 

between increase at the north and decrease at the south, with the position of the 

boundary to depend on the season (Christensen et al. 2012). In the ENSEMBLE project 

future climate over Europe in 2021-2050 relative to 1961-1990 is assessed, using 

fifteen different Regional Climate Models at 25 km spatial resolution with boundary 

conditions from seven different GCMs, under the IPCC A1B emissions scenario. The 

climate-change signal for the annual near-surface temperature suggests a warming all 

over Europe up to 2 °C. For precipitation, Europe can be divided into two regimes with 

increased precipitation at the north and decreased precipitation at the south. However, 

while all of the models agree on an increasing precipitation signal for the north part of 

Europe, up to one fourth of the models disagree with the decrease predicted for the 

south part (van der Linden and Mitchell 2009). 

 During the last years there is an increasing interest related to the climate change 

over Mediterranean (e.g., Gaertner et al. 2007; Goubanova et al. 2007; Giorgi and 

Lionello 2008; Boberg and Christensen 2012; Hertig and Jacobeit 2008; Somot et al. 

2008; Senatore et al. 2011; Krichak et al. 2010; Kysely et al. 2012; Lelieveld et al. 

2012; Lionello et al. 2014; Seubert et al. 2014). Mediterranean area is one of the most 

vulnerable regions of the globe given that large climate shifts have been observed in 

the past (Luterbacher et al. 2006). As a result, Mediterranean has been identified as one 

of the most prominent “Hot-Spots” in future climate change projections (Giorgi 2006). 

It is located in a transition zone between the arid climate of northern Africa and the wet 

climate of central Europe and even a minor change in large scale climatic factors might 

impose large impacts on the climatic conditions of different Mediterranean areas. 

Furthermore, the complex topography and the vast coastlines suggest a fine scale 

spatial variability of the climatic conditions (Gao and Giorgi 2008). 

 Tree crops cultivation is affected by parameters related to climatic conditions. 

Therefore, future climate will affect tree crops cultivation conditions in S. Europe, 
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suggesting changes in the carbon balance of tree-ecosystem for the future years. The 

objective of this work is to estimate the changes in the climatic conditions affecting 

tree crops cultivation. 

 

2. Methods 

2.1. General Circulation Model 

The NASA GISS GCM ModelE2 (Schmidt et al., 2014) is used to simulate 

current and future climate. ModelE2, the latest generation of the NASA Goddard 

Institute for Space Sciences (GISS) coupled general circulation model (CGCM), is a 

state-of- the-art and widely used global climate model. We have used the GISS-E2-R 

configuration of ModelE2 with physics_version=1, where aerosols and ozone are read 

in via pre-computed transient aerosol and ozone fields and the aerosol indirect effect is 

parameterized, to simulate global climate. The version of ModelE2 that is used has 

horizontal resolution 1° × 1.25° latitude by longitude and 40 vertical layers (from 

surface to 0.1 hPa). The surface is split into four types: open water (including lakes and 

oceans), ice-covered water (again including lake ice and sea ice areas), ground 

(including bare soil and vegetated regions), and glaciers. Within each type there are 

further subdivisions (fraction of burned area, fraction of plant functional types, 

fractional snow cover, melt pond fraction over sea ice, etc.). The model accounts for 

both the seasonal and diurnal solar cycles in its temperature calculations. It simulates 

the emissions, transport, chemical transformation and deposition of several chemical 

tracers. Sea surface temperatures (SST) are calculated online using the dynamic 

Russell Ocean model that is coupled to the GCM. Large-scale and convective cloud 

covers are predicted, and precipitation is generated whenever supersaturated conditions 

occur. Vegetation is divided into 10 different vegetation types with different spectral 

and masking depth properties, and an explicit dependence of vegetation spectral 

albedos on leaf area index and solar zenith angle dependence. More than one 

vegetation type can be assigned to each grid box. The model involves parameterization 

to account for the relative contribution of transpiration and soil evaporation for 

vegetated areas.  

In the present study the uncertainties due to uncertainties in climate projection 

is assessed using the Representative Concentration Pathways 4.5 (RCP4.5) and 8.5 
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(RCP8.5) from the CMIP5 set to cover lower to median range of emissions expected 

according to IPCC AR5 (IPCC, 2013). The simulations cover the period from 1880 to 

2060. The beginning of the simulations is chosen prior to significant anthropogenic 

forcing and climate change. The main perturbation to climate over the historic period 

(up to 2008) is the change in atmospheric composition: primarily the increasing 

concentration of greenhouse gases and aerosols. Greenhouse gas concentrations up to 

2008 are prescribed using ice-core measurements (Schmidt et al. 2011). For the period 

2009-2060 the GHG levels are supplied from the two RCPs (i.e., RCP4.5 and RCP8.5). 

All the technical parameters of the model are consistent with those originally proposed, 

allowing the repeatability of the simulations. 

 

2.2. Regional Climate Model - Downscaling 

The outputs from the GCM are relatively coarse (i.e., 1˚ × 1.25˚) for 

applications to regional and local scales. The need for regional climate projections in a 

finer grid size will be assessed, here, using the Weather Research and Forecasting 

(WRF) (http://www.wrf-model.org/index.php) model to dynamically downscale GCM 

simulations. The goal is to generate more locally relevant projections of long-term 

weather patterns over Mediterranean. WRF is a state-of-the-art atmospheric modeling 

system that is applicable for both meteorological research and numerical weather 

prediction (http://www.wrf-model.org/index.php). For the set of physics options we 

used the following modules: the WRF Single-Moment 3-class scheme for 

microphysics, the Rapid radiative transfer model (RRTM) for long-wave radiation, the 

Dudhia scheme for short-wave radiation, the Monin-Obukhov with Carslon-Boland 

viscous sub-layer for surface layer options, the 5-layer thermal diffusion for land 

surface options, the Yonsei University scheme for the planetary boundary layer and the 

Kain-Fritsch scheme for the cumulus cloud option. WRF is applied here using a multi - 

nested grid approach. The initial and time-evolving lateral boundary conditions at six-

hourly instantaneous intervals for the physical parameters necessary to drive WRF 

(i.e., temperature, relative humidity, wind components, soil temperature and moisture 

at different soil depths, sea surface temperature, surface pressure, ice fraction and snow 

water equivalent) is  obtained from the corresponding simulations carried out with the 

NASA GISS GCM ModelE2. The innermost domain has 9 Km horizontal grid spacing 

(Figure 1). Meteorological conditions in the finer grid size is simulated for five current 
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years around 2010 (i.e., 2008-2012) and five future years around 2050 (i.e., 2048-

2052). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Modeling domains used in WRF simulations (the innermost domain has 9 

Km horizontal grid spacing). 

 

 

 

3.   Results 
 

3.1. General Circulation Model 

Annual average surface air temperature from the GISS-E2-R outputs is 

presented in Figure 2 for the historical simulation (i.e., 1981-2010) and the differences 

for 2031–2060 minus the corresponding historical simulation for RCP4.5 and RCP8.5 

are presented in Figures 3a and 3b respectively. Global average temperature for 

historical years is estimated at 14.2 °C (Figure 1), while an increase of 1.3 °C and 1 °C 

for RCP8.5 and RCP4.5 is assessed, respectively, confirming the increasing trend in 

future temperature. This trend is also noticed in the domain of our interest.  
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Figure 2: Annual average surface air temperature for the 1981-2010 historical 
simulations 

(a)  

(b)  
Figure 3: Surface annual average air temperature differences (°C) for 2031–2060 
minus 1981–2010 of the corresponding historical simulation for (a) RCP8.5; (b) 

RCP4.5 

Seasonal global average surface air temperature for the historical simulations 

and the related changes for the two RCP scenarios are presented in Annexes 1 and 2. 

The seasonal results are in agreement with the increasing trend simulated for the whole 

year.   
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While mean surface air temperature is generally used as an indicator for climate 

change, as a metric alone is not enough to reflect the complicated variations of climate. 

In fact, trends in  mean surface temperature are often due to changes in daily maximum 

and minimum temperatures [Sun et al., 2006]. As a result, the diurnal temperature 

range (DTR) is also an important indicator for climate change studies [Braganza et al., 

2004] and its  implications for agriculture. DTR ranges between 4 and 18 °C over land, 

with a global average of 4°C (Figure 4) for the historical simulation (i.e., 1981-2010). 

DTR remains steady on average under RCP8.5 and RCP4.5. However, as can be seen 

by the spatial distribution plots (Figures 5a and 5b) there is a mixed trend, with some 

regions facing up to 0.9 °C increase (e.g., Mexico, Georgia, China, etc.) in the DTR 

and other regions facing a decrease up to 0.7 °C (e.g., Norway, Sweden, Poland, etc.) 

under RCP8.5. The same spatial variation but of smaller magnitude is also profound 

under RCP4.5. The DTR increases up to 0.7  °C and decreases up to 0.4 °C.  

 

 

Figure 4: Annual average diurnal surface air temperature range (°C) for the 1981-
2010 historical simulations 
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(a)  

(b)  
Figure 5: Diurnal surface air temperature range differences (°C) for 2031–2060 
minus 1981–2010 of the corresponding historical simulation for (a) RCP8.5; (b) 

RCP4.5 

 

Annual average precipitation is presented in Figure 6 for the historical 

simulation (i.e., 1981-2010) and the differences for 2031–2060 minus the 

corresponding historical simulation for RCP4.5 and RCP8.5 are presented in Figures 

7a and 7b respectively. Global average precipitation rate for the historic period is 

estimated at 3 mm/day while under RCP8.5 and RCP4.5 an increase of 0.1 mm/day is 

noted suggesting an almost stable precipitation rate on average over globe. However, 

precipitation is very location dependent suggesting regions with increasing or 

decreasing trends in the precipitation rates (Figures 7a and 7b). As such, the need for 

regional climate projections in a finer grid size is necessary, as mentioned above.  
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Figure 6: Annual average precipitation (mm/day) for the 1981-2010 historical 
simulations 

(a)  

(b)  
Figure 7: Precipitation differences (mm/day) for 2031–2060 minus 1981–2010 of the 

corresponding historical simulation for (a) RCP8.5; (b) RCP4.5 

 

Another parameter of interest is relative humidity (RH). Annual average RH is 

presented in Figure 8 for the historical simulation (i.e., 1981-2010) and the differences 
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for 2031–2060 minus the corresponding historical simulation for RCP4.5 and RCP8.5 

are presented in Figures 8a and 8b respectively. 

 

Figure 8: Annual average relative humidity (%) for the 1981-2010 historical 
simulations 

(a)  

(b)  
Figure 9: Relative humidity differences (%) for 2031–2060 minus 1981–2010 of 

the corresponding historical simulation for (a) RCP8.5; (b) RCP4.5 
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Global average RH for the historic period is estimated at 74%. RH is not zonally 

uniform, presenting centers of various intensities at all latitudes as can be seen in the 

spatial distribution plot. The global map shows maxima in the equatorial zone and 

minima in the dry subtropical regions around 30°N and 30°S over land. Under RCP8.5 

and RCP4.5 an increase of 0.2% is noted suggesting an almost stable RH on average 

over globe. Although on average RH presents a modest increase, GISS-E2-R simulates 

a land–ocean contrast (Figures 9a and 9b) in response to the larger warming seen over 

land than over ocean (Figure 2). Compared to the historic data, RH tends to slightly 

increase over oceans but decrease over significant part of the land (Figures 9a and 9b).  

Finally, the annual average solar  radiation  incident  at  the  Earth’s  surface or 

downward solar radiation is presented in Figure 10. The historical (i.e., 1981-2010) 

mean is 192 W/m2. As expected higher values are seen in the region between mid-

latitudes. The simulation for the future indicate that the downward solar radiation 

remains stable, presenting though local variations that range between -21.4 W/m2 and 

17.5 W/m2 under RCP8.5 and between -21.6 W/m2 and 13.8 W/m2 under RCP45 

(Figures 11a and 11b). 
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Figure 10: Annual average incident solar radiation at the surface (W/m2) for the 
1981-2010 historical simulations 

(a)  

(b)  
Figure 11: Incident solar radiation differences (W/m2) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for (a) RCP8.5; (b) RCP4.5 
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3.2. Regional Climate Model - Downscaling 

Monthly average changes for temperature and precipitation in S. Europe 

between current (i.e., 2008 – 2012) and future years (i.e., 2048-2052) for RCP8.5 and 

RCP4.5 are presented in the Annexes 3-6. These plots illustrate the database for the 

meteorological parameters affecting tree cultivations in the domain of our interest. 

Below is discuss the annual and seasonal trend for temperature and precipitation for 

both RCPs as well as a comprehensive analysis of the two RCPs results. 

 

Representative Concentration Pathways 8.5 (RCP8.5) 

Annual temperature is estimated to be higher in the future all over the domain 

(Figure 12).  Temperature changes over Greece, Italy and Spain is estimated in the 

range of 0.0 - 0.5 degrees, 0.25 - 1.25 degrees and 0.5 - 1.5 degrees, respectively. The 

maximum increase up to 1.5 degrees is estimated over north – northeastern Spain while 

the minimum increase up to 0.25 degrees is estimated over eastern Greece. 

During winter temperature changes over Greece, Italy and Spain are estimated 

in the range of 0.25 - 1.0 degrees, 0.75 - 2.0 degrees and 0.5 - 1.25 degrees, 

respectively. The maximum change over Greece is found to the west region of the 

country, over Italy is found to the north and over Spain to the south.  

During spring higher temperatures are estimated over Italy and Spain while a 

reduction is found over Greece. Temperatures changes over Greece, Italy and Spain are 

estimated in the range of -0.25 - -0.5 degrees, 0.0 - 1.25 degrees and 0.75 - 1.5 degrees, 

respectively. The maximum change over Greece is found over the Aegean Sea, while 

over Italy and Spain is found at the north. 

During summer temperature changes over Greece, Italy and Spain are estimated 

in the range of 0.0 - 1.0 degrees, 0.25 - 1.25 degrees and 1.0 - 2.5 degrees, respectively. 

The maximum change over Greece is found to the south-west region of the country 

while over Italy and Spain is found to the north, north-east and east regions. 

During autumn higher temperatures are estimated over Greece and Italy while a 

reduction is found over the south Spain. Temperature changes over Greece, Italy and 

Spain are estimated in the range of  0.25 - 1.0 degrees, 0.0 - 1.0 degrees and -0.25 - 1.0 
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degrees, respectively. The maximum change over Greece is found at the west region of 

the country over Italy is found at the south and over Spain at the north. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Precipitation change is very location dependent presenting a mixed trend 

(Figure 13). Annual precipitation is estimated to be lower all over Spain (up to 60%, 

locally). Annual precipitation change over Italy is estimated in the range of ±40% 

where decreases are found to the north and increases to the south. Annual precipitation 

change over Greece is estimated in the range of ±20%. Decreases are found mainly 

Figure 12: Annual and seasonal temperature change between future and current 
years (RCP8.5) 
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over the islands in the Aegean Sea with an exception of the central part, north-eastern, 

central-eastern and parts of the south-western continental Greece. 

     During winter the general trend presents a decrease in the precipitations rates 

over the continental regions. Over Spain the decrease is simulated up to 60%, locally. 

However, an increase up to 100% is found over the south-eastern part of the country. A 

decrease up to 40% is simulated for the major part of Italy, with an exceptions the 

north-western region and few regions to the south where an increase up to 40% is 

found. Over Greece precipitation is estimated to decrease up to 60% almost 

everywhere with an exception of the north-central continental area and eastern 

Peloponnesus where an increase up to 20% is found.     

During spring a reduction up to 60% in precipitation rates over Spain and Italy 

is dominant. However, there is a region to the south-eastern Spain where an increase 

up to 100% is found as well as over southern Italy, where an increase up to 20% is 

found. Over Greece precipitation is estimated to decrease up to 40% only over the 

northern part. For the rest of the country precipitation is found to increase where the 

highest rate increases (up to 100%) over the Aegean Sea and the south-western part of 

the continental land.   

During summer precipitation rates over Spain are estimated in the range 

±100%. Results are very location dependent. This is not the case for the other two 

countries where reduction up to 100% is dominant over Italy and increase up to 100% 

is dominant over Greece.  

During autumn precipitation rates over Spain are estimated to decrease up 60% 

with an exception to the north-eastern part where an increase up to 100% is found. 

Over Italy precipitation is estimated to increase up to 80% mainly at the south. 

However a decrease up to 40% is found at the north. Over Greece higher precipitation 

rates are estimated for most of the country. The highest rates (up to 100%) are found 

over the north-central, west and south-west continental parts of the country as well as 

nor-east Aegean Sea. However a decrease up to 20% is found over south Aegean Sea 

and parts of the central continental area. 
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Figure 13: Annual and seasonal precipitation change between future and current years 
(RCP8.5) 

 

Representative Concentration Pathways 4.5 (RCP4.5) 

Annual temperature presents a gradually increase from the east to the west of 

the domain (Figure 14). It is estimated the annual temperature to be higher over Spain 

and northern Italy and lower over southern Italy and Greece. Over Spain annual 

temperature is found higher in the range 0.0 - 1.0 degrees. The west region of the Spain 

will have the highest increase while the south-east part of the country will have the 

minimum increase. Over Italy an increase in the range of 0.0 - 0.5 degrees is estimated 

at the north and a decrease up to 0.25 degrees is estimated at the south. However, a mix 
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trend is found over Sicily (i.e., ± 0.25 degrees). Over Greece annual temperature is 

estimated lower in the range 0.0 - 0.5 degrees. The lowest change is found over the 

west and north-east part of the country.       

During winter a temperature increase up to 0.75 degrees is estimated over 

Spain. The highest increase is found over the south-west of the country. Over Italy an 

increase up to 1.75 degrees is found at the north part of the country while an increase 

up to 0.25 degrees is found at the south. Over Greece temperature is found lower up to 

0.25 degrees for most of the country. However, a decrease up to 0.5 degrees and an 

increase up to 0.25 degrees is found at the central and northern part of the country, 

respectively. 

During spring a reduction is estimated in the temperature for Greece, Italy and 

eastern Spain. Over Spain an increase up to 0.75 is found at the south-west and a 

decrease up to 0.5 degrees is found at the south-east. Over Italy a decrease up to 0.75 

degrees is found for the major part of the domain. However, there are regions where a 

decrease up to 1.0 degree as well as an increase up to 0.25 degrees is found. Over 

Greece a decrease in the range 0.75 - 1.0 degrees is found for the major part of the 

country. However, a smaller decrease (0.25 - 0.75 degrease) is found at the south-west. 

During summer the dominant trend suggests a reduction in the temperature, 

except the western Spain.  Over Spain it is estimated an increase up to 1.0 degree over 

the west region of the country and a decrease up to 0.75 degrees at the south part. Over 

Italy a decrease in temperature is found in the range 0.75 - 1.0 degrees for the major 

part of the country. However, a smaller decrease is found at the south and north 

regions. Over Greece a reduction in the range 0 - 0.25 degrees is found for the major 

part of the country. However, a largest decrease (up to 0.5 degrees is found over a large 

continental part of the country. Small increases (up to 0.25 degrees) is found mainly at 

the south-eastern part. 

During autumn temperature increase is estimated over Spain in the range 1.0 - 

1.25 degrees for the major part of the country. However, smaller and higher increases 

are found locally. Over Italy the increase is dominant (0.0 - 0.5 degrees) with an 

exception at the north-eastern part of the country where a reduction up to 0.25 degrees 

is found. Over Greece, there is a mixing trend where an increase up to 0.25 degrees is 
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found over the central and western continental land. For the rest of the country a 

reduction is found up to 0.75 degrees at the south-eastern Aegean Sea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Precipitation change is very location dependent (Figure 15). Annual 

precipitation is estimated to be lower over Spain (up to 40%) except the coastal regions 

where increases are found (up to 60% south and up to 20% north). Annual precipitation 

over Italy is estimated to be higher up to 40% except the north region and west Sicily 

where a decrease up to 20% is found. Annual precipitation change over Greece is 

estimated in the range of ±20% for most of the country, where decreases are found 

over the Aegean Sea, the north-eastern continental land and Attica region. Decreases 

up to 40% are found at the north-eastern and south-eastern Aegean Sea. For the rest of 

Figure 14: Annual and seasonal temperature change between future and current 
years (RCP4.5) 
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country (central, west, north-west, and Peloponnesus) an increase up to 20% is found, 

while locally it is up to 40%. 

     During winter precipitation rates are estimated to be lower up to 40% for the 

major part of Spain, except the south and south-eastern where an increase up to 100% 

is found, locally. Over Italy a decrease in precipitation rates up to 20% is found at the 

central part of the country. For the rest parts of Italy an increase up to 60% is found. 

The general trend for precipitation rates over Greece is a decrease almost everywhere 

with an exceptions for Crete and east Peloponnesus where an increase up to 40% is 

found locally. The highest decreases are found at the north-eastern Aegean Sea (up to 

60%). 

During spring reduction in precipitation rates are dominant over Spain (up to 

60%, locally). However, increases are found at the coastal regions (up to 80% at the 

south and up to 20% at the north). Over Italy an increase is found in the precipitation 

rates except the northern regions where a decrease up to 60% is found. The highest 

increases (up to 100%) are found over the central part of the country. Over Greece 

increases in precipitation rates up to 100% are found for most of the country. However, 

a decrease up to 40% is found at the south Aegean Sea. 

During summer precipitation rates over Spain will change in the range of 

±100%. The highest increases are found at the south coastal zone, the east border and 

at the central of the country. The highest decreases are found near the west border and 

south-west coastal zone. Over Italy increases at the precipitation rates up to 100% are 

found over north Italy and decreases up to 80% are found at the south. A mixed trend 

is found over central Italy and Sicily. Over Greece decreases in the precipitation rates 

are found for most of the country with an exception of the western Greece and, 

Peloponnesus and south Crete, where an increase up to 100% is found. The highest 

decreases up to 100% are found over northern Aegean Sea. 

During autumn precipitation rates are estimated to decrease over Spain up to 

80%. However, an increase up to 80% is found over the coast. Over Italy the decrease 

in precipitation rates is dominant. The highest decrease is found at the north (up to 

80%, locally). However, an increase up to 40% is found on a region at the central of 

the country. Over Greece increases at the precipitation rates are found over west and 

north regions of the country (up to 100%) as well as at the central Aegean Sea (up to 
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80%). For the rest of the country decreases are found (up to 80 % at the south Aegean 

Sea).     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison between the RCP8.5 and RCP4.5 outputs 

Temperature 

Annual temperature is estimated to increase in the future all over the domain 

according to RCP8.5 while the RCP4.5 estimates an increase only in the western part. 

Both RCPs suggest an increase in the annual temperature over Spain, where RCP8.5 

Figure 15: Annual and seasonal precipitation change between future and current years 
(RCP4.5) 
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suggest more than 0.5 degrees higher increases compare to RCP4.5. Over Italy RCP8.5 

estimates an increase all over the country while RCP4.5 estimates a decrease small at 

the central and south parts. In general, annual temperature over Italy under RCP8.5 is 

1.0 degree higher compared to RCP4.5. Over Greece RCP8.5 estimates an increase in 

the annual temperature while RCP4.5 estimates a decrease. In general, annual 

temperature over Greece under RCP8.5 is 0.75 degrees higher compared to RCP4.5. 

During winter temperature changes over Spain are estimated 0.5 - 1.25 degrees 

according to RCP8.5 while RCP4.5 estimates an increase up to 0.75 degrees. Spatially, 

the highest increases are found at the south according to RCP8.5 and at the south-east 

according to RCP4.5. Over Italy it is estimated an increase 0.5 - 2.00 degrees 

according to RCP8.5 while RCP4.5 estimates an increase 0.0 - 1.75 degrees. Spatially, 

the highest increases are found at the north for both RCPs.  

During spring temperature changes over Spain are estimated 0.75 - 1.5 degrees 

according to RCP8.5 while RCP4.5 estimates a change -0.5 - 0.75 degrees. Spatially, 

the eastern  part of the country is the most uncertain region since the increases found in 

RCP8.5 turn to decreases in RCP4.5. Over Italy the increases estimated in RCP8.5 (0.0 

- 1.25 degrees) turn to decreases in RCP4.5 (up to 1.0 degree), except a small region at 

the south-east where a small increase is found. Over Greece the general trend of both 

RCPs suggest a reduction in the temperature where RCP8.5 estimates more than 0.5 

degree more reduction compared to RCP4.5, locally.  

During summer temperature changes over Spain are estimated 0.5 - 2.5 degrees 

according to RCP8.5, suggesting an increase all over the country. However, 

simulations using the RCP4.5 estimates an increase only at the west part of the country 

(up to 1.0 degree at the south-west) while at the east part of the country a decrease is 

estimated (up to 0.75 at the south-east). Over Italy the increase estimated in RCP8.5 

(0.25 - 1.25 degrees) turn to decrease in RCP4.5 where in most of the country a 

temperature reduction -0.75 - -1.0 is found. A similar behavior with Italy is found for 

Greece, as well, where the increase 0.0 - 0.5 degrees estimated for most of the country 

in RCP8.5 turn to decrease in RCP4.5 up to -0.5 degrees.  

 During autumn RCP8.5 estimates a smaller temperature increase compared to 

RCP4.5 over Spain. Regions at the south of Spain where temperature increase is 

estimated up to 0.25 degrees in RCP8.5, is founded to have an increase up to 1.25 

degrees according to RCP4.5. Over Italy, although the central part of the country is 
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estimated to have a similar increase for both of RCPs (i.e., an increase 0.25 - 0.5 

degrees) for the northern and southern parts RCP8.5 estimates 0.25 and 0.5 degrees 

higher increases compared to RCP4.5. In addition, a small reduction in temperature is 

estimated at the north - east of the country according to RCP4.5. Over Greece both 

RCPs estimate a temperature increase over the west continental country where RCP8.5 

estimates an increase up to 0.75 compared to RCP4.5. However, for the rest of the 

country differences are found between the two RCPs. RCP8.5 estimates an increase up 

to 1.0 degree while RCP4.5 estimates a decrease up to -0.75 degrees. 

  

Precipitation       

  Annual precipitation over Spain is estimated to decrease up to 40% for both of 

RCPs with an exception of the coastal zone where RCP4.5 suggests an increase up to 

80% for the south coast. Over Italy both RCPs agree to the annual precipitation 

reduction up to 20-40% over the northern part of the country while it is estimated to 

increase up to 20-40% at the south. For the central part of the country RCP8.5 suggests 

a decrease in precipitation up to 40% while RCP4.5 suggests an increase up to 40%.  

Over Greece precipitation for both RCPs is estimated to change ±20%. The general 

trend for both RCPs is a precipitation increase over the land and a decrease over the 

sea. However, deviations from this trend is found, locally.   

 During winter both RCPs estimate a reduction in precipitation over most of the 

Spain with an exception of the south-east part. The reduction is estimated up to 60% 

for the RCP8.5 and 40% for the RCP4.5 while the increase is estimated up to 100%. 

Over Italy both RCPs estimate a decrease for the central part of the country (40% in 

RCP8.5 and 20% in RCP4.5). However, for the rest of the country RCP8.5 estimates 

both reduction and increase in the range of ±20% while RCP4.5 estimates an increase 

up to 60%, locally. Over Greece the general trend suggests a reduction in precipitation 

for both RCPs (40% in RCP8.5 and 60% in RCP4.5). However, an increase mainly up 

to 20% is found locally for both RCPs. 

 During spring both RCPs estimate that reduction in precipitation is dominant 

over Spain (up to 60%), while increases are found over the coastal zone. Over Italy 

both RCPs estimate reduction in precipitation at the north (up to 60%) and increases at 

the south with the RCP8.5 to suggest up to 20% increase and the RCP4.5 to suggest up 
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to 60% increase.  Differences are found for the central part of the country with the 

RCP8.5 to suggest reduction up to 40% and the RCP4.5 to suggest increase up to 

100%. Over Greece RCP8.5 estimates precipitation reduction up to 40% only at the 

north-east region and increase up to 100% for the rest of the country, while RCP4.5 

estimates reduction up to 60% only at the south Aegean Sea and increase up to 100% 

for the rest of the country. 

 During summer both RCPs estimate that precipitation rates will change in the 

range ±100%. Results are very location dependent presenting different trend for the 

two RCPs. RCP8.5 estimates a reduction at the south and an increase at the north of the 

country, while RCP4.5 estimates an increase at the south and a reduction at the north. 

Over central and north Italy RCP8.5 estimates a reduction in precipitation up to 100% 

while RCP4.5 estimates and increase up to 100%. For the south part of the country 

RCP8.5 estimates a mixed trend while RCP4.5 estimates reduction. Both RCPs 

estimate a mixed trend over Sicily. Over Greece both RCPs estimate an increase up to 

100% over the west part of the country. However, RCP8.5 estimates increases for the 

rest of the country up to 100% while RCP4.5 estimates decreases up to 100%. 

During autumn both RCPs estimate reduction in precipitation over the major 

part of the country (up to 60% for RCP8.5 and up to 80% for RCP4.5). However, 

RCP8.5 estimates increases at the north-eastern part up to 100% while RCP4.5 

estimates increases over the coast up to 80%. Over Italy both RCPs estimate decrease 

in precipitation over north Italy (up to 40% for RCP8.5 and up to 80% for RCP4.5). 

For the rest of the country RCP8.5 estimates increases up to 80% while RCP4.5 

decreases up to 40%. Over Greece both RCPs estimate precipitation increases at the 

west and north of the country as well as eastern Aegean Sea (up to 100%, locally) and 

decreases at the south Aegean Sea (up to 40% for RCP8.5 and up to 80% for RCP4.5). 

For the rest of the country RCP8.5 estimates increases up to 40% while RCP4.5 

estimates decreases up to 40%. 

 

4. Conclusion 
                 

 Comparison between the RCP8.5 and RCP4.5 outputs suggest an increase in 

the annual temperature all over the domain according to RCP8.5 while the RCP4.5 
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estimates an increase only in the western part. Both RCPs suggest an increase in the 

annual temperature over Spain, where RCP8.5 suggest more than 0.5 degrees higher 

increases compare to RCP4.5. Over Italy RCP8.5 estimates an increase all over the 

country while RCP4.5 estimates a small decrease at the central and south parts. In 

general, annual temperature over Italy under RCP8.5 is 1.0 degree higher compared to 

RCP4.5. Over Greece RCP8.5 estimates an increase in the annual temperature while 

RCP4.5 estimates a decrease. In general, annual temperature over Greece under 

RCP8.5 is 0.75 degrees higher compared to RCP4.5. Annual precipitation over Spain is 

estimated to decrease up to 40% for both of RCPs with an exception of the coastal 

zone where RCP4.5 suggests an increase up to 80% for the south coast. Over Italy both 

RCPs agree to the annual precipitation reduction up to 20-40% over the northern part 

of the country while it is estimated to increase up to 20-40% at the south. For the 

central part of the country RCP8.5 suggests a decrease in precipitation up to 40% while 

RCP4.5 suggests an increase up to 40%.  Over Greece precipitation for both RCPs is 

estimated to change ±20%. The general trend for both RCPs is a precipitation increase 

over the land and a decrease over the sea. However, deviations from this trend is 

found, locally.   
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Annex 1: Seasonal global average GCM parameters and their change for RCP8.5 
 

 
a 

 

 

b  

(a). Winter (JFD) average surface air temperature for the 1981-2010 historical 

simulations, (b). JFD average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP8.5 
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a 

 

 

b  

(a). Spring (MAM) average surface air temperature for the 1981-2010 historical 

simulations, (b). MAM average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP8.5 
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a 

 

 

b  

(a). Summer (JJA) average surface air temperature for the 1981-2010 historical 

simulations, (b). JJA average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP8.5 
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a 

 

 

b  

(a). Autumn (SON) average surface air temperature for the 1981-2010 historical 

simulations, (b). SON average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP8.5 

 

 



 

 

39 

 
a 

 

 

b  

(a). Winter (JFD) average diurnal surface air temperature range (°C) for the 1981-2010 

historical simulations, (b). JFD diurnal surface air temperature range differences (°C) 

for 2031–2060 minus 1981–2010 of the corresponding historical simulation for 

RCP8.5 

 

 



 

 

40 

 
a 

 

 

b  

(a). Spring (MAM) average diurnal surface air temperature range (°C) for the 1981-

2010 historical simulations, (b). MAM diurnal surface air temperature range 

differences (°C) for 2031–2060 minus 1981–2010 of the corresponding historical 

simulation for RCP8.5 

 

 



 

 

41 

 
a 

 

 

b  

(a). Summer (JJA) average diurnal surface air temperature range (°C) for the 1981-

2010 historical simulations, (b). JJA diurnal surface air temperature range differences 

(°C) for 2031–2060 minus 1981–2010 of the corresponding historical simulation for 

RCP8.5 

 

 



 

 

42 

 
a 

 

 

b  

(a). Autumn (SON) average diurnal surface air temperature range (°C) for the 1981-

2010 historical simulations, (b). SON diurnal surface air temperature range differences 

(°C) for 2031–2060 minus 1981–2010 of the corresponding historical simulation for 

RCP8.5 

 



 

 

43 

 
a 

 
b 

(a). Winter (JFD) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). JFD precipitation differences (mm/day) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 



 

 

44 

 
a 

 
b 

(a). Spring (MAM) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). MAM precipitation differences (mm/day) for 2031–2060 minus 

1981–2010 of the corresponding historical simulation for RCP8.5 

 

 

 



 

 

45 

 
a 

 
b 

(a). Summer (JJA) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). JJA precipitation differences (mm/day) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 

 



 

 

46 

 
a 

 
b 

(a). Autumn (SON) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). SON precipitation differences (mm/day) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 

 



 

 

47 

 
a 

 

 

b  

(a). Winter (JFD) average relative humidity (%) for the 1981-2010 historical 

simulations (b). JFD relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

48 

 
a 

 

 

b  

(a). Spring (MAM) average relative humidity (%) for the 1981-2010 historical 

simulations (b). MAM relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

49 

 
a 

 

 

b  

(a). Summer (JJA) average relative humidity (%) for the 1981-2010 historical 

simulations (b). JJA relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

50 

 
a 

 
 

 

b  

(a). Autumn (SON) average relative humidity (%) for the 1981-2010 historical 

simulations (b). SON relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP8.5 

 

 

 



 

 

51 

 
a 

 

 

b  

(a). Winter (JFD) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). JFD incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

52 

 
a 

 

 

b  

(a). Spring (MAM) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). MAM incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

53 

 
a 

 

 

b  

(a). Summer (JJA) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). JJA incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

54 

 
a 

 

 

b  

(a). Autumn (SON) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). SON incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP8.5 

 

 

 

 



 

 

55 

Annex 2: Seasonal global average GCM parameters and their change for RCP4.5 
 

 
a 

 

 

b  

(a). Winter (JFD) average surface air temperature for the 1981-2010 historical 

simulations, (b). JFD average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 



 

 

56 

 

 
a 

 

 

b  

(a). Spring (MAM) average surface air temperature for the 1981-2010 historical 

simulations, (b). MAM average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 



 

 

57 

 
a 

 

 

b  

(a). Summer (JJA) average surface air temperature for the 1981-2010 historical 

simulations, (b). JJA average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 



 

 

58 

 
a 

 

 

b  

(a). Autumn (SON) average surface air temperature for the 1981-2010 historical 

simulations, (b). SON average surface air temperature differences (°C) for 2031–2060 

minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 



 

 

59 

 
a 

 

 

b  

(a). Winter (JFD) average diurnal surface air temperature range (°C) for the 1981-2010 

historical simulations, (b). JFD diurnal surface air temperature range differences (°C) 

for 2031–2060 minus 1981–2010 of the corresponding historical simulation for 

RCP4.5 

 

 



 

 

60 

 
a 

 

 

b  

(a). Spring (MAM) average diurnal surface air temperature range (°C) for the 1981-

2010 historical simulations, (b). MAM diurnal surface air temperature range 

differences (°C) for 2031–2060 minus 1981–2010 of the corresponding historical 

simulation for RCP4.5 

 

 



 

 

61 

 
a 

 

 

b  

(a). Summer (JJA) average diurnal surface air temperature range (°C) for the 1981-

2010 historical simulations, (b). JJA diurnal surface air temperature range differences 

(°C) for 2031–2060 minus 1981–2010 of the corresponding historical simulation for 

RCP4.5 

 

 



 

 

62 

 
a 

 

 

b  

(a). Autumn (SON) average diurnal surface air temperature range (°C) for the 1981-

2010 historical simulations, (b). SON diurnal surface air temperature range differences 

(°C) for 2031–2060 minus 1981–2010 of the corresponding historical simulation for 

RCP4.5 

 



 

 

63 

 
a 

 
b 

(a). Winter (JFD) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). JFD precipitation differences (mm/day) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 



 

 

64 

 
a 

 
b 

(a). Spring (MAM) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). MAM precipitation differences (mm/day) for 2031–2060 minus 

1981–2010 of the corresponding historical simulation for RCP4.5 

 

 

 



 

 

65 

 
a 

 
b 

(a). Summer (JJA) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). JJA precipitation differences (mm/day) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 

 



 

 

66 

 
a 

 
b 

(a). Autumn (SON) average precipitation (mm/day) for the 1981-2010 historical 

simulations, (b). SON precipitation differences (mm/day) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 

 



 

 

67 

 
a 

 

 

b  

(a). Winter (JFD) average relative humidity (%) for the 1981-2010 historical 

simulations (b). JFD relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

68 

 
a 

 

 

b  

(a). Spring (MAM) average relative humidity (%) for the 1981-2010 historical 

simulations (b). MAM relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

69 

 
a 

 

 

b  

(a). Summer (JJA) average relative humidity (%) for the 1981-2010 historical 

simulations (b). JJA relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

70 

 
a 

 

 

b  

(a). Autumn (SON) average relative humidity (%) for the 1981-2010 historical 

simulations (b). SON relative humidity differences (%) for 2031–2060 minus 1981–

2010 of the corresponding historical simulation for RCP4.5 

 

 

 



 

 

71 

 
a 

 

 

b  

(a). Winter (JFD) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). JFD incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

72 

 
a 

 

 

b  

(a). Spring (MAM) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). MAM incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

73 

 
a 

 

 

b  

(a). Summer (JJA) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). JJA incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

74 

 
a 

 

 

b  

(a). Autumn (SON) average incident solar radiation at the surface (W/m2) for the 1981-

2010 historical simulations (b). SON incident solar radiation differences (W/m2) for 

2031–2060 minus 1981–2010 of the corresponding historical simulation for RCP4.5 

 

 

 

 



 

 

75 

Annex 3: Monthly average temperature change for RCP8.5 
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Annex 4: Monthly average precipitation change for RCP8.5 
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Annex 5: Monthly average temperature change for RCP4.5 
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Annex 6: Monthly average precipitation change for RCP4.5 
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