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 ABSTRACT 
The winter regime in the Mediterranean Basin for the years 2071-2100, under A2 

scenario, is studied, based on the ECHAM5 climate model simulation. First, the 

synoptic and large-scale features including cyclone detections are simulated by the 

model for a control period, 1961-1990, and compared with the NCEP-NCAR and 

ERA40 data bases. The model was found capable of reproducing the climatic features of 

the winter over the Mediterranean Basin and southern Europe. A comparison between 

the ECHAM5 results for the control period and the future revealed, as expected, a 

pronounced  temperature rise at the lower-levels, ~3°C, with a maximum of >4°C. No 

significant change is noted in the low level pressure system over the eastern 

Mediterranean while a pronounced high pressure system is expected over the western 

Mediterranean and an eastward shift of the upper-level trough with an increase in polar 

intrusions especially in the eastern Mediterranean.  Nevertheless, the number of 

cyclones in the western Mediterranean will drop by only ~10%, but the cyclones in the 

track between Sahara and the central Mediterranean will reduce to half. The intensity of 

the cyclones and anticyclones will not change significantly. No change is seen in the 

intensity of the subtropical jet stream but a slightly shift, ~1°, southward. Precipitation 

is expected to slightly decrease over the majority of the MB, mainly at the southern half 

of its western part together with the shift of the main cyclonic activity to the eastern part 

of the Mediterranean.  



RESULTS 

1. Introduction 

All of the global climatic models applied for the 21st century predict general warming. 

In addition, they predict changes in the structure and intensity of the dominating 

circulations and in the rainfall distribution. One region that is expected to suffer from 

the reduction of rainfall is the Mediterranean Basin (MB), as is shown in IPCC (2007). 

This reduction is expected mainly in the winter, which is the rainiest season over that 

region (Ref). In the recent 60 years a rainfall decreasing trend can be identified over the 

majority of the Mediterranean (Alpert et al. 2002), suggesting that this is a part of the 

global change. But, in contrast with the predictions, no significant trend has been found 

over the south-eastern end of the Mediterranean (Alpert et al. 2002). 

The vulnerability of the MB to rain shortage and the complexity of the terrain in this 

region necessitates that the future rainfall regime will be further studied by a model 

having a finer resolution that the global ones have. For that end we use here the 

simulations of a higher resolution model - the ECHAM5. The simulations are done for 

the mid-winter season (DJF) of the period 2071-2100, based on A2 scenario, which 

offers the most extreme potential changes. 

The future climate is scrutinized, focusing on the characteristics of the Mediterranean 

cyclones, the mechanisms with which they are associated and their related rainfall. The 

simulations for the future conditions (A2 run) are compared with that for the 1961-1990 

period (control run) so that to address the following topics: 

• The potential for cyclones' formation 

• Frequency and intensity of the Mediterranean cyclones  

• Tendency of blocking events   

• Partition of cyclonic activity between the eastern and the western parts of the 

Mediterranean 

 

2. Methodology 

The study region covers the MB, covering the domain 25°-55°N, -10°-45°E (Fig. 1) for 

the mid-winter season (DJF). We compared the 1960/61-1989/90 period (the control, 



defined as 1961-90 hereafter) with the period 2070/71-2099/2100 (the future, based on 

the A2 scenario, defined as 2071-2100 hereafter).   
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Fig. 1: The study region and the regions of interest 

 

The model is evaluated by comparing its derived atmospheric fields (control run) with 

the observed fields extracted from the NCAR-NCEP initialized data base (Kalnay et al. 

1996, Kistler et al. 2000), with T62 spectral resolution, interpolated to 2.5°×2.5° spatial 

resolution. The evaluation is done for variables which are linked with the weather 

conditions (e.g. 850-hPa temperature, geopotential height on 1000 and 500 hPa) and 

variables which reflect atmospheric processes (number and intensity of cyclones). For 

part of the evaluation we also used the ERA40 data base, having a spectral resolution of 

T159, interpolated to 1.125°×1.125° so as to fit the model resolution.  

The A2 run is analyzed by comparing representative variables and fields, as well as 

derivable fields with that for the control run. .  

First, the results of the ECHAM5 model for the control period were evaluated by 

comparing to the NCEP/NCAR and the ERA40 results. Then, the future simulations, for 

2071-2100, were compared with the control runs. 

 

 

 



3. Model evaluation for the control period (1961-1990) 

In this section the data taken from the NCEP-NCAR will be referred to as 'observation' 

and that taken from the ECHAM5 simulation – as 'simulation'. The consistent difference 

found between the two data sources is the STD, being higher in the simulation by ~10% 

than in the observation. This may be explained by the finer spatial resolution of the 

ECHAM5 simulation.  

 

a. Comparison of selected variables at regions of interest 

Table 1 specifies the location of the regions selected as 'regions of interest' (as seen in 

Fig. 1) and specified the implications of the variable tested, together with their mean 

and standard deviation (STD).  

 

Region Domain Variable Implication Average (STD) 
Observation            Simulation 

West Europe 
(WE) 

45°-55°N 
5°-15°E 

Max gph 
(500hPa) 

Blocking 
situations 

5559 (129)m 5601 (136)m 

Min gph 
(500hPa) 

Polar upper-
trough 

5538 (120)m 5553 (135)m 

Min gph 
(1000hPa) 

Genoa Lows 123 (77)m 134 (84)m 

 
 

West Med. 
(WM) 

 
 

37.5°-42.5°N 
0°-10°E 

Min temp. 
(850hPa) 

Cold 
intrusions 

-0.1 (3.7)°C -0.7 (4.1)°C 

Min gph 
(500hPa) 

Polar upper-
troughs 

5586 (86)m 5592 (106)m 

Min gph 
(1000hPa) 

Cyprus Low 133 (45)m 129 (52)m 

 
 

East Med. (EM) 

 
 

30°-35°N 
30°-35°E 

Min temp. 
(850hPa) 

Cold 
intrusions 

+2.3 (3.5)°C +2.4 (3.8)°C 

Table 1: Location of the selected regions and the implications of the variable tested 

 
b. Inter-annual variations and extreme values  

Time series of the maximum 500-hPa geopotential height (gph) over West Europe (WE) 

of the simulation compared with the observation revealed that the two distributions are 

more or less similar, except for a slightly higher average and larger STD in the 

simulation (being higher by 41m and 7m, respectively). These differences may be 

attributed to the higher resolution of the simulation. In spite of these differences, both 

the observation and the simulation show that there is a high inter-annual variation in the 

occurrence of extreme events and that there are winters in which no exceedences were 

recorded. In part of the winters the exceedences occurred in several successive days, 



suggesting that they reflect blocking events. This may imply that the model captures 

well their existence as well as their high inter-annual variations.    

The upper-level polar outbreaks were studied through the temporal distribution of the 

lower 3% quantile of the minimum 500-hPa gph. For the EM, both the simulation and 

the observation show high inter-annual variations and that they do not occur every year. 

Actually, they both show that they did not occur in 6 out of the 30 years. Similar 

behaviour was found in the analysis of the lower-level minimum temperatures, studied 

for the 850-hPa temperature.  

The inter-annual variation in the synoptic-scale was inspected through the seasonal 500-

hPa gph anomaly maps for each of the 30 years, for the observation and the simulation. 

The extrema found over the study region were in the same order of magnitude (up to 

~100 m). As one may expect, no correspondence was found between the patterns in the 

individual seasons. However, it is worth noting that for two winters a considerable 

degree of similarity was noted. One is 1982/83, in which both the observation and the 

simulation show a positive pronounced anomaly over the west MB. The second is 

1989/90, in which the majority of Europe and the Mediterranean were covered by an 

extreme positive anomaly with a maximum of >110m in the observation and >80m in 

the simulation. Both two years were characterized by external forcing (with respect to 

the study region). The former was dominated by a strong El-Nino and the latter by a 

pronounced La-Nina. The simulation could capture these events through the SST, which 

were taken from the real data. These two examples indicate that the model is capable to 

reproduce global tele-connections.  

 

c. Regional tele-connections 

The model ability to reconstruct regional tele-connections is evaluated by the 

correlation between seasonal averages of representative variables in the tele-connecting 

regions, as obtained by the observation and the simulation. One such tele-connection 

was found to exist between the Eastern Mediterranean (EM) and the western 

Mediterranean (WE). The tele-connection is expressed by a seesaw relation, implying a 

negative correlation. Generally, positive anomalies in the gph over WE enhance 

northerly flow over Eastern Europe and transport cold air toward the EM, whereas the 

reverse holds for negative anomalies over WE. The correlation between the 850-hPa 



minimum temperature over the EM and the maximum 500-hPa gph over the WE was 

found negative, -0.77 for the observation and -0.66 for the simulation.   

The relationship existing between upper-level trough and surface cyclogenesis was 

examined through the correlation between the minimum height at 500-hPa over WE and 

at 1000 hPa over WM. Both observation and simulation showed a correlation of 0.95. 

Another tele-connection found in both observation and simulation is a positive 

correlation between the minimum 1000-hPa gph at both ends of the Mediterranean, 

being +0.71 for the observations and +0.44 for the simulation. 

It may be concluded that the simulation reproduces quite realistically the synoptic- to 

large-scale relations over the study area.    

 

d. Cyclones' detection 

The skill of the simulation in reproducing cyclonic activity was evaluated by counting 

the number of cyclones, cyclone occurrences (number of cyclone days) and their 

intensity for the western and eastern MB separately. Table 2 compares the results for the 

two regions. 

 

Data source\box West Med. (WM) 
(30°-47.5°N, 0°-20°E) 

East Med. (EM) 
(30°-40°N, 20°-37.5°E) 

Ratio  
(WM/EM) 

ECHAM5 16.7 13.8 1.2 
NCEP-NCAR 7.2 4.9 1.5 
ERA40 16.7 11.4 1.5 

Tab. 2: Seasonally (DJF) average number of cyclones in the WM and EM  

 

Over twice number of cyclones was detected by the simulation with respect to NCEP-

NCAR. Since the resolution of the ECHAM5 model is more than twice finer than that 

of the NCEP-NCAR data, we recalculated the cyclone characteristics, based on the 

ERA40 data base, having a resolution comparable with that of the ECHAM5. For 

Era40, the number of cyclones and cyclones' occurrence were in agreement with the 

simulation. However, it should be noted that the ratio between the number of cyclones 

in the two parts of the Mediterranean, as detected by the three data sources were in 

agreement, i.e., 1.2, 1.5 and 1.5 for the  ECHAM5, NCEP-NCAR and ERA40, 

respectively.  



f. The subtropics 

We compared the subtropical jet (STJ) according to NCEP and ECHAM5, respectively, 

as reflected by the u-wind component. The structure of the STJ was found essentially 

similar except for two differences. One is the intensity, being larger by ~10% in the 

NCEP data and the second is a small northward shift, by ~1° in the ECHAM5 output. In 

order to further asses this difference we compiled the same field, for ERA40 data base, 

and found that it fits the NCEP, in both location and intensity of the STJ.  

Another feature examined is the occurrence of Tropical Plumes (TPs). TP is a strip of 

cloudiness, of at least 2000 km long, that extends from the tropics poleward and cross a 

minimum of 15° latitudes. McGuirk (**), Kniperts (**) and Rubin et al. 2007 showed 

that over North Africa TPs extend often down to 30°N latitude and develop along the 

STJ ahead of a pronounced upper-trough that penetrates the subtropics from the mid-

latitudes.  

Over the studied region the TPs are assumed to be represented by intensifications of the 

500-hPa wind to >40 ms-1 (about twice the average) while the wind direction veers by 

>30° from its normal zonal direction. The analysis was done for the 10°W – 40°E, 20° - 

27.5°N domain.  

For the NCEP data, the number of events detected for the 1961-1990 period was 157, 

i.e. 5.2 days per season on the average with an STD of 3.6 days. The inter-annual 

variation is very pronounced, from two seasons without any case to one with 18 events. 

Even in the intra-seasonal time-scale the events tend to group, so that they tend to be 

concentrated in one of the three month.  

The TP events in the ECHAM5 runs was found 360, over twice those found in the 

NCEP data. The average seasonal number is 12.0, with an STD of 4.2. In addition to its 

relative high inter-annual variation (0.35, with respect to 0.69 for NCEP), ECHAM5 did 

not indicate for any season without one case. It seems that ECHAM5 overestimates the 

occurrence of TPs. This tendency is consistent with the STD of the 500-hPa v-wind 

component for the same domain, being 2-3 ms-1 in the NCEP data but 5-7 ms-1 in 

ECHAM5.  

 

 

 



4. Future conditions compared with the control period  

The A2 run shows a general warming for DJF in the order of 3-4°C with respect to the 

control run. In the lower levels (900-hPa, Fig. 2a) the temperature rise varies between 

2.1°C and 4.5°C. The spatial distribution of the temperature change shows several 

extrema: a pronounced maximum over the Atlas Mountains (4.5°C), two minima, over 

the black sea and over the EM (both of +2.7°C) and a pronounced minimum (+2.1°C) 

over Egypt. Another feature is a south to north decrease over WE. At the mid-levels 

(500-hPa, Fig. 2b) the temperature rise varies in the range of 3.4 – 5.2°C. Here also the 

maximum is located over the Atlas Mountains and a south to north decrease is found 

over WE. As for the eastern part of the domain, a 'tongue' of low values extends from 

Ukraine toward the Red-Sea. The increase in the south to north gradient over WE, 

predicted by the A2 run, suggests an increase in the baroclinicity there.  

 

Fig 2: Temperature difference between A2 and the control runs for 900-hPa (a) and 500-hPa (b)  

 

a. Large-scale analysis of  regional cyclogenesis 

The baroclinic potential for cyclogenesis is estimated for the control and the A2 runs by 

the Eady maximum growth rate. The results for the control run in the lower-levels (900-

hPa) and in the mid-levels (500-hPa) are shown in Figs. 3a,b, respectively. The 

respective results for the A2 run are shown in Figs. 4a,b, respectively. The general 

spatial distribution is predicted to remain almost the same. The difference between the 

two runs confirms that no significant change is expected to take place over the MB and 

south Europe in the lower-levels, but a significant decrease is expected over North 

Africa.  



 

Fig. 3: Eady baroclinic maximum growth rate, based on the control run, for a. 900-hPa and b. 
500-hPa 

 

Fig. 4: As for Fig. 3, but for the A2 run 

 

Fig. 5: As for Fig.  3, but for the difference between the control and A2 runs 

This may suggest that the cyclone track extending from the Sahara toward the 

Mediterranean (HMSO, 1962, Romem et al, 2007) will become less effective. Since the 

meridional temperature gradient is not expected to change significantly, the general 



decrease may be attributed to the increase that is expected in the static stability by ~10% 

(Fig. 6). 

 

Fig. 6: Change in static stability (in terms of ∂θ/∂p) 

 

b. Average fields of the geopotential height  

For the 1000-hPa average geopotential height (gph) the control run (Fig. 7a) shows 

quite realistically the signature of the Mediterranean cyclones along the entire Basin. In 

contrast, the A2 run (Fig. 7b) shows their signature only over the eastern part, whereas 

the WM is covered by a widespread high pressure. An increase in the gph is noted all 

over the MB, with a maximum of >100m over the Alps. The above suggests a 

substantial decrease in cyclone activity, at least over the WM, but later on we shall 

show that this is not exactly the case.  

 

Fig. 7: Average 1000-hPa gph for a. The control run and b. The A2 run 

 



The respective change of the mid-levels gph (Fig.8) shows an increase, with a 

maximum of >105 m, in agreement with the lower-level temperature rise.  

 

Fig 8: Gph difference at 500-hPa between A2 and the control runs 

 

The 500-hPa gph maps for the control and for the A2 runs (Fig. 9) show a pronounced 

change in the location and orientation of the Mediterranean mid-level trough. While in 

the control run it is located over the WM and oriented northeast-southwest, in the next 

century it is expected to shift to the eastern coast of the Mediterranean and change its 

orientation to north-south one.    

 

Fig. 9: Average 500-hPa gph for the control run (left) and 2071-2100 (right). The main trough is 

denoted by dashed thick line 

 

The subtropical jet stream (STJ) for the A2 run shows no significant change in its 

intensity, but a shift of ~1° southward is noted (not shown).  

 



c. temporal variations and extreme events 

A major concern in future climate prediction is extreme events. 

   

Region Variable Average (STD) 
Control                 A2            Diff (A2-Ctl) 

West Europe (WE) Max gph (500hPa) 5601 (136)m 5698 (131) 97 (-4)m 

Min gph (500hPa) 5553 (135)m 5661 (137)m +108 (+2)m 

Min gph (1000hPa) 134 (84)m 159 (81)m +25 (-3)m 

 
West Med. (WM) 

Min temp. (850hPa) -0.7 (4.1)°C 2.6 (4.6) °C +3.4 (+0.5) °C 

Min gph (500hPa) 5592 (106)m 5665 (117)m +74 (+11)m 

Min gph (1000hPa) 129 (52)m 133 (53)m +4 (+1)m 

 
East Med. (EM) 

Min temp. (850hPa) +2.4 (3.8)°C 5.2 (4.2) °C +2.9 (+0.4) °C 

Table 3: As in Table 1, for the control and the A2 runs 

 

Table 3 compares the average and STD values for the indicative variables for the 

regions of interest (presented above). The STD does not show significant or consistent 

changes in the WM, but a small consistent (though insignificant) increase for the EM.  

In order to further elaborate changes in the extremety the A2-control difference for the 

lower and upper 10th percentile for each of the above variables are compared (Tab. 4). 

For the maximum gph over WE the increase in both upper and lower 10th is essentially 

similar to that of the full sample, in agreement with the similarity in the STD (Tab. 3). 

For the WM, the 500-hPa minimum gph does not show a significant trend and for the 

1000-hPa minimum gph the lower (upper) 10th larger (smaller) with respect to the 

average, suggesting a decrease in extremety of cyclones' intensity. As for the 

temperature, the increase of the upper 10th
 is 1.5 larger than the lower, implying 

extreming in the winter temperature variations (in agreement with the increase in STD).  

As for the EM, except for the 1000-hPa minimum gph, which does not show any clear 

signal, the 500-hPa minimum gph and the 850-hPa minimum temperatures show an 

extremety increase, especially for the low extremes. This is expressed by an increase of 

the lower 10th that is smaller than that of the full sample and that of the highest 10th, 

which is larger than for the full sample, while the difference between the increase of the 

lower 10th and the full sample is the largest (see Tab. 4). 

  

 



Region Variable Average (STD) 
Lower 10th    all samples       Upper 10th

West Europe (WE) Max gph (500hPa) +104m +97m +95m 
Min gph (500hPa) +99m +109m +103m 
Min gph (1000hPa) +30m +25m +18m 

 
West Med. (WM) 

Min temp. (850hPa) +3.0°C +3.4°C +4.5°C 
Min gph (500hPa) +49m +74m +81m 
Min gph (1000hPa) +1 +4 +3 

 
East Med. (EM) 

Min temp. (850hPa) +2.2°C +2.9°C +3.4°C 

Table 4: Difference (A2 – control) runs in selected variables  

  

As for the extreme temperatures, the absolute minimum for the EM is -11.8°C for the 

control and -8.9°C for the and for the A2 run and for the WM it is -16.0°C and   -

12.7°C, respectively indicating the change in extreme temperatures.  

  
d. Cyclones' frequency and intensity 

Table 5 specifies the Mediterranean cyclones' characteristics for the control and the A2 

run. The comparison is done for the number of cyclones that span each part of the MB, 

the number of occurrences (in terms of days), and the median and upper 10% quantile. 

The intensity is estimated here by the gph gradient within the inner 1000 km radius 

around the cyclone centre, normalized by the local Coriolis parameter (Raible 2007, 

Raible et al. 2007). The WM shows a decrease in all parameters. The number of 

cyclones, and their occurrences, as well as their median intensity is expected to decrease 

by 10% while their upper 10% intensity – by 5%.  

As for the EM cyclones, no significant change is expected in their number or daily 

occurrence, but a 4% decrease is expected in their intensity (both criteria).  

 

West Med East Med  
Control A2 Control A2 

Number. of Cyclones 16.7 15.0 13.8 14.2 
Cyclone occurrences (days) 61.2 55.4 51.8 51.5 
Median gradient intensity (m/1000 km) 84 76 91 87 
Upper 10th gradient intensity (m/1000 km) 169 164 174 166 

 

Table 5: The characteristics of the Mediterranean cyclones in the control and A2 runs 



 

Figure 10a,b,c shows the spatial distribution of the cyclones' occurrences over the study 

area for the control (a) and A2 (b) runs and the difference between them (c), 

respectively. It is difficult to identify any significant difference for the EM, but the 

dominance of the blue colour in Fig. *c indicates the decreasing trend over the west 

Mediterranean.  

 

Fig. 10: Number of cyclone occurrences for the control (a) and A2 (b) runs and the difference 
between them (c), smoothed to grid of 2°×2°   

 

e. precipitation 

Figure 11a,b show the seasonal average rainfall; its large scale (a) and convective (b) 

contributions, respectively, over the study area as reflected by the control run. The MB 

differs substantially from Europe in that the convective contribution is comparable to 

that of the large scale, unlike Europe, where the convection is negligible in the winter.  



 

Fig 11: Present rainfall over the study area, based on the control run, due to large-scale 
processes (a) and convection (b) 

 
Figure 12a,b,c shows the difference between the A2 and the control runs in the total, the 

convective and the large-scale contributions, respectively. A decrease can be noted over 

the majority of the MB in both contributions, except for the south-eastern 

Mediterranean, where no change is noted. The degree of drying, expressed here by the 

percentage of rainfall decrease, is most pronounced along the North African coasts of 

the central and western Mediterranean, in contrast with the trend that was noted in the 

second half of the 20th century. The decrease in large-scale precipitation may be 

attributed to the decrease in the expected number of cyclones over the MB. The 

decrease in the convective precipitation can be related to both the decrease in number of 

cyclones (that supply the background for convection) and to the expected increase in the 

stability.  



 

  Fig 12: Relative change (%)in the total precipitation in the A2 with respect to the control run 
(a) large-scale induced precipitation (b) and that produced by precipitation (c) 

 

5. Summary 

The winter regime in the MB for future conditions, under A2 scenario, is studied for the 

years 2071-2100 based on the ECHAM5 climate model simulation. As a first step the 

synoptic and large-scale features simulated for a control period, 1960 – 1990 by the 

model, including cyclone detections were compared with NCEP-NCAR and ERA40 

data bases. The model was found capable of reproducing the features for the MB and 

Europe. The model simulation for the study period, compared to that for the control run, 

reveals for th fur\ture climate the following results: 

• An average lower-level temperature rise of ~3°C, with a maximum over the Atlas 

Mountains (>4°C).  

•  The average lower-level gph distribution shows that the low pressure system 

covering the MB in the present will shrink and remain only in its eastern part while 

its western part will be covered by a high pressure system.  



• The upper-level trough, extending from East Europe to the central Mediterranean, 

near south Italy, with a northeast-southwest orientation will shift to its eastern coast 

will rotate to a north-south orientation.  

• The North African part of the STJ will keep the present intensity, but will shift 

slightly, by ~1° southward.  

• The stratospheric polar night jet will intensify by ~25%, with no change in its 

structure.  

• In spite of the dramatic change in the mean sea-level pressure in the WM, the 

number of cyclones influencing that region will drop by only ~10%.  

• The population of the cyclones in the track that connects the Sahara with the central 

Mediterranean will reduce to its half.  

• The intensity of the surface cyclones and anticyclones will not change significantly, 

except for two features, specified below.  

• The temperature variability will increase in both parts of the MB. In the WM the 

main increase will be expressed in enhancement of warm events and in the EM - in 

the cold events. However, the most extreme cold events in the EM will be warmer 

by ~2°C. 

• The polar intrusions, expressed by extreme negative anomalies in the 500-hPa gph, 

will become more intense over the entire MB, in particular over its eastern part. 

• The precipitation is expected to decrease over the majority of the MB, mainly at the 

southern half of its western part.     

It can be summarized that under A2 conditions the MB winter regime is expected to 

retain its main features as in the present, except for general warming, slight drying and a 

shift of the main cyclonic activity to its eastern part. The region which is expected to 

suffer from the most severe drying is the southern part of the WM and the western part 

of the North African coasts.   
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