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In this work three climatologies of the Saharan cyclones are created by 

applying the Melbourne tracking scheme on NCEP/NCAR (NCEP1), 

NCEP/DOE (NCEP2), and ECMWF (ERA40) for the period 1980-2001. We 

performed a comparison of the seasonal mean climatologies of the track 

characteristics of the Saharan cyclones.  Generally, the track numbers in 

NCEP1 is greater than both NCEP2 and ERA40. NCEP2 tracks are more 

than ERA40 in all seasons except in winter.   

The cyclogenesis patterns in NCEP2 and ERA40 show that the number of 

cyclones initiated over Egypt and Libya is less than in NCEP1 climatology in 

both winter and spring. Cyclone track climatologies show that in spring, the 

number of tracks decreases significantly over most of the Sahara in both 

ERA40 and NCEP2 compared with NCEP1. In autumn, the NCEP2 the 

Sahara tracks are shifted towards western Mediterranean.  
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INTRODUCTION 
Saharan cyclones have a strong impact on local weather of the saharan and mediterranean countries. 

saharan cyclones bring dust to the saharan and mediterranean countries (e.g. tullet 1984; prezerakos 1985; 

alpert and ziv 1989; barkan et al. 2005; amiridis et al. 2005; birmili et al. 2008; vanderstraeten et al. 2008; 

schepanski et al.  2009; boukaram et al. 2010; prezerakos et al. 2010; barkan and alpert 2010). the sand 

transported with the saharan cyclone tracks also affects the global radiation budget. thus, changes in the 

dominant cyclone tracks, in their frequencies, or their characteristics may significantly affect the climate 

and particularly the sand storm activities.   

Saharan cyclones were either ignored or studied in the context of mediterranean cyclones and so their 

unique characteristics were underestimated. only few works shed light on the nature and characteristics of 

the saharan cyclones; alpert et al. (1990), trigo et al. (1999), flocas et al. (2010). the only works that were 

dedicated totally to studying saharan cyclogenesis are hannachi et al. (2011) and ammar et al. (2014).  

Cyclones climatologies are created by applying automatic tracking schemes which use different variables 

for the detection of cyclones; mean sea level pressure or geopotential height (Blender et al. 1997; Gulev et 

al. 2001; Wernli and Schwierz 2006), vorticity field (Sinclair, 1994), or a combination of both mean 
sea level pressure (or geopotential height) and vorticity (Murray and Simmonds, 1991). 
Comparison between climatologies created from reanalysis datasets was mainly performed for the purpose of 

validating climate models with respect to cyclonic activities (Bengtsson et al., 2006; Bengtsson et al., 2009 and 
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Hodges et al., 2011). Examples of these studies are: HODGES ET AL. (2003, 2011), Hanson et al. (2004), Wang et al. 

(2006), Trigo (2006), Raible et al. (2007), Uotila, et al. (2009), and Allen et al., (2010). 

 

The main aim of this study is to construct and compare three objective cyclone climatologies for the Saharan 

cyclones using NCEP/NCAR, NCEP/DOE, and ECMWF (ERA40). The goal of this study is to increase 

understanding of Saharan cyclones which have an important effect on the climate of the Saharan, the Mediterranean, 

and the whole globe.  

This study will test the ability of the reanalysis datasets to represent the characteristics of the Saharan cyclones. 

Though the Saharan cyclones have smaller lifetimes and shorter extents than the Atlantic storms, there are a 

multitude of factors that contribute to their cyclogenesis and their development. This comparison should serve as a 

good test of the parameterizations of reanalysis datasets especially the dust accompanying their movement. This 

study will also test the success of the data assimilation schemes of the models producing the datasets involved in this 

study on the station-sparse Sahara.   

Our cyclone climatologies were created with the aid of an automated semi-Lagrangian method; Melbourne 

University tracking scheme (Murray and Simmonds 1991; and Neu et al. 2013). This scheme has been used in 

studying cyclogenesis in the Mediterranean region (e.g., Nissen et al. 2010; Flocas et al. 2010; Kouroutzoglou et al. 

2011) and in particular to Saharan cyclones (Ammar et al., 2014).  

The comparison of the three datasets will involve the seasonal spatial distributions of track characteristics 

cyclogenesis, cyclolysis, and track density.  

The paper is outlined as follows: After introducing the reanalysis datasets and the cyclone detection and tracking 

methods in section 2, we present the comparison of the reanalysis in Sec. 3. Sect. 4 summarizes the results of this 

study. 

 

2. Data and methodology 
2.1 Data  

NCEP/NCAR reanalysis 1 (Kalnay et al., 1996, Kistler et al., 2001) is a publicly available set of gridded 

meteorological variables archived at 6-hours intervals starting in 1948 and continuing until present. The 

NCEP/NCAE reanalysis is denoted as NCEP1 in this study. 

NCEP-DOE reanalysis 2 is an improved version of the NCEP re-analysis 1 model that fixed errors and updated 

parameterization of physical processes (Kanamitsu et al., 2002). It has a temporal coverage from January 1979 until 

present. The NCEP-DOE reanalysis-2 is denoted as NCEP2 in this study. 

The third reanalysis is obtained from the European Centre for Median-Range Weather Forecasts; the (ERA-40) is 

available for the period 1957–2002 (Uppala et al. 2005).  

All three reanalyzes have a spatial resolution of 2.5◦ degrees and a 6-hourly temporal resolution. Our 

analysis covers the period 1980-2001, which is the common period between the three reanalyzes. 

In this study we are using three reanalyzes at a relatively low resolution. While SINCLAIR (1997) ARGUES 

THAT relatively coarse spatial resolution (2.50) could cause problems in the detection of cyclonic systems, 

Blender and Schubert (2000) have shown that a reduction in the spatial resolution can cause a reduction in 

the efficiency of the tracking by 15%. Pinto et al. (2005) and Bengtsson et al. (2009) found the datasets 

with resolutions of T42–T63 are capable of providing reasonable distributions. Hoskins and Hodges 

(2002) used a resolution of 2.80 and found it suitable for identifying synoptic scale features. Hodges et al. (2003) 

also suggested that, even very high resolution data (T255 spectral resolution) inadequately resolve extratropical 

cyclones. 

Worthy to note that both Hannachi et al., (2011) and Ammar et al. (2014) used NCEP/NCAR dataset and 

found it suitable for detecting and tracking Saharan cyclones.  The study area covered the region;  200W–

500E AND 200N–500N. 
2.2 Methodology  

The cyclone identification and tracking was performed with the algorithm developed at Melbourne University, 

according to the Lagrangian perspective (the MS algorithm; Murray and Simmonds 1991; and Neu et al. 2013).  

MS is a three-phase program that detects cyclones, tracks them from birth to decay, and then analyzes various 

statistics pertaining to these tracks. MS is a sophisticated method, which has proved to be a powerful tool in the 

study of cyclogenesis in different parts of the world. MS algorithm to study the regional climate variability and 

hazardous weather of the Mediterranean (e.g., Nissen et al. 2010; Flocas et al. 2010; Kouroutzoglou et al. 2011). 



ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 4, 1072-1084 

1074 

 

The initial step of the feature identification is a transformation of the gridded sea level pressure fields to a finer grid 

by a polar stereographic projection via bicubic spline interpolation. Pressure interpolation is necessary in order to 

allows cyclones to be located between the original data grid points (Pinto et al. 2005). 

The scheme searches the interpolated P field iteratively for centers of closed an open cells by first locating the grid 

points at which the pressure Laplacian (proportional to relative geostrophic vorticity) values are local maxima. 

These grid points are used as starting points to search for closed and open cell within a reasonable search radius 

from the local maxima. The point at which the pressure is a minimum among eight surrounding points is the center 

of a closed cell. If a closed cell is not found the scheme searches for a minimum of the pressure gradient as the 

center of an open cell.  

In the tracking stage, the algorithm predicts a subsequent position and core pressure for each cyclone. The scheme 

uses a weighted combination of the cyclone’s previous motion and a scaled steering velocity to predict the 

subsequent positions of the cyclones. The steering velocities are obtained geostrophically from the pressure data. 

Previous pressure tendency is used to predict the core pressure of the predicted cyclone. The probabilities of 

association between identified cyclones in the following time step, which are located in the vicinity of the predicted 

position, are examined and the most likely candidate is chosen as the next track element. This probability is a 

function of the distance between the centers of the predicted and the realized cyclones divided by some critical 

radius.  

The particular nature of the Saharan cyclone forced us to change some of the instruction parameters of the tracking 

scheme: 

Distance between cyclones:  3 degrees of latitude (deg. lat.).  

Smoothing of the pressure field: 2 degrees.  

Topography smoothing: no topography smoothing 

Strength thresholds: 0.2 and 0.3 hPa/ (deg. lat.)
2
 for closed and open cyclones respectively.  

Spurious cyclones: cyclones with central pressures larger than 1015 hPa are removed.   

Track length: at least 1000 km.  

Lifetime: at least 24 hours 

Further details about the applicability of the Melbourne tracking scheme to finding and tracking Saharan cyclones 

can be found in Ammar et al. (2014). 

 

3. Results  
The comparison is done in this section by investigating the changes in the seasonal distributions of the track 

characteristics. The track characteristics include cyclogenesis, cyclolysis and track density.  

Fig. 1 shows the number of tracks in every season for each dataset. Generally, the track numbers in NCEP1 is 

greater than either NCEP2 or ERA40. NCEP2 tracks are more than ERA40 in all seasons except in winter.   

In Figs. 2-4, we will show the seasonal distribution of the track characteristic of the reference dataset NCEP1 along 

with the difference between the seasonal distribution for the same variable of the other two sets and the references 

datasets for the four seasons; winter (December-February), spring (March-May), summer (June-August) and autumn 

(September-November).    

3.1 Cyclogenesis 

Two main cyclogenesis centers are identified by Trigo et al. (1999), Alpert et al. (1991), Hannachi et al. (2011), and 

Ammar et al. (2014); the first over Algeria and the second over Eastern Libya and Western Egypt (Fig. 2a). In 

winter, NCEP2 climatology of the Saharan cyclogenesis shows a significant decrease over east Egypt, Libya and 

Chad with respect to the reference climatology of NCEP1 (Fig. 2b). A similar pattern is observed in ERA40 

distribution. We believe that the change is mainly due to the weakening of the second cyclogenesis center over 

Libya and Egypt (Fig. 2c).  

In spring, the NCEP1 cyclogenesis is stronger over Algeria (Fig. 2d).  Little significant decrease in cyclogenesis is 

observed over Algeria and Egypt in both NCEP2 and ERA40 with respect to NCEP1 (Fig. 2e, f). This decrease is 

bigger over Egypt in the case of NCEP2. 

In summer, the cyclogenesis center over Egypt weakens in NCEP1 and another center appears over South Western 

Sahara (Fig. 2g). In NCEP2 little insignificant increase is found over Libya and Egypt while the cyclogenesis 

decrease over Eastern Algeria and Western Sahara (Fig. 2h). Cyclogenesis decreases insignificantly over Libya and 

significantly over Morocco in ERA40 (Fig. 2i). 

In autumn, the climatology of NCEP1 is similar pattern to spring but much weaker (Fig. 2j). Very similar and small 

differences are found in NCEP2 and ERA40. The decrease is significant only over Algeria in both NCEP2 and 

ERA40 (Fig. 2k, l).  

3.2 Cyclolysis  
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The stronger cyclolysis centers are different from one season to another. In winter four centers are observed; Eastern 

Mediterranean, Central Mediterranean north of the Black sea and Egypt (Fig. 3a). In NCEP2 climatology of 

cyclolysis, the Eastern Mediterranean sink decreases significantly while in ERA40 the decrease is significant over 

the Black sea, Western Mediterranean and the Red Sea (Fig. 3b, c).  

In spring, the cyclolysis centers are more intense over the Sahara and Eastern Mediterranean since the majority of 

cyclones develop tracks over the Sahara itself in NCEP1 (Fig. 3d). A Significant decrease in the cyclolysis is found 

over Egypt and Algeria in both NCEP2 and ERA40 climatologies (Fig. 3e, f). 

In summer, a much weaker cyclolysis center is observed over south Western Sahara which results from the smaller 

number of cyclones over south Western Sahara. A much stronger center is found over Libya and Central 

Mediterranean (Fig. 3g). Very little change is found in both ERA40 and NCEP2 (Fig. 3h, i). A little significant 

increase shows over Central and South Western Sahara and another smaller decrease over Central Mediterranean are 

seen in ERA40.  

In autumn, most of the Saharan cyclones decay over the Mediterranean Basin in NCEP1 (Fig. 3j). Little significant 

change is found in both datasets NCEP2 and ERA40 over Egypt and Libya (Fig. 3k, l).  

3.3 Track density  

In winter, the Saharan cyclones are mainly moving over the Sahara and Eastern Mediterranean in the reference 

climatology of NCEP1 (Fig. 4a). The Saharan tracks are decreasing significantly over small regions of the Sahara in 

both ERA40 and NCEP2 (Fig. 4b, c). In ERA40 a significant decrease is found over North West Black Sea and 

another significant increase is found further to the north.  

In NCEP1, 60 % of the Saharan cyclones are found in spring with the majority over the Sahara (Fig. 4d). In both 

ERA40 and NCEP2 (Fig. 4f, e) the number of tracks decreases significantly over the Sahara while in NCEP2 (Fig. 

4e) a significant positive increase is found over Morocco.  

Summer Saharan tracks are generally shorter in NCEP1 (Fig. 4g) and they decrease significantly over Libya in 

ERA40 (Fig. 4i) and over Libya and Egypt in NCEP2 (Fig. 4h). 

In autumn, the NCEP2 (Fig. 4k) climatology is marked with a shift in the tracks to west Mediterranean which 

explains the decrease over north Algeria and the increase over Western Mediterranean. Only a significant decrease is 

observed over North Algeria is found in ERA40 (Fig. 4l). Bothe data sets show a significant increase of the track 

density over Arabia. 

3.4 Lifetimes  

The percentages of the saharan tracks as function of lifetimes in days are displayed in the four seasons for the three 

reanalyzes are shown (Fig. 5).  

In winter, the majority of Saharan detected lows (88% of NCEP1, 91% of NCEP2, and 86% of ERA40 cyclones) 

exist for four days or less. The average lifetimes are 2.7 days in NCEP1, 2.9 days in NCEP2, and 3.0 days in 

ERA40.  Some of the ERA40 cyclones have 8 days lifetimes.   

In spring, the lifetimes statistics are similar to winter.  The majority of the tarcks in this season (91% of NCEP1, 

87% of NCEP2, and 83% of ERA40) exist for four days or less. The average lifetimes are: 2.8 for NCEP1, 3.1 for 

NCEP2, and 3.2 for ERA40. 

In summer, the percentage of cyclones in NCEP1, and NCEP2 which don’t survive more than 4 days increases to 

96% of NCEP1, 94% of NCEP2, and 85% of ERA40. In ERA40 cyclones have an average lifetime in creases to 3.4 

days. The increase in the majority percentages mentioned above in NCEP1 and NCEP2 is natural because the tarcks 

in this season are short but the lower percentage in the case of ERA40 indicates a remarkable change in the tarcks’ 

characteristics.    

In autumn, the ERA40 tracks have considerably longer lifetimes with only 73% cyclones live for four days or less. 

The average lifetime is 3.3 days.   

3.5 Deepening  

The percentage of Saharan tracks in categories of maximum deepening per 6 hours of the renalysis datasets 

(NCEP1, NCEP2, ERA40 ) for the four seasons are shown in Fig. 6.  

In winter, maximum deepening of the cyclones of 3 hPa/6 hours or less happens in 73% of the caes in NCEP1, 77% 

of NCEP2, and 97% of ERA40. The average maximum deepening rate is 2.9 in NCEP1, 3.2 in NCEP2 and 2.7 in 

ERA40. Deepening rates of 5 hPa/6 hours happen only in 8 % of NCEP1, 23% of NCEP2 aand only 3% ERA40 

tracks.  

Spring deepening rates are generally higher than in winter, where in 87% of the cases has deepening rates less than 

or equal 4 hpa/6 hours in  NCEP1, 78% in NCEP2 and 90% in ERA40. Deepening rates at or above 6 hPa/6 hours 

happen in 5% of NCEP1 tarcks, 4% of NCEP2, and 1% of ERA40 tracks. The average maximum deepening rate is 

3.0 in NCEP1, 3.5 in NCEP2 and 3.0 in ERA40. 
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In summer, 87% of NCEP1 tracks has deepening rates less than or equal 4, while NCEP2 86 and ERA40 92. The 

average maximum deepenin rate is 3.0 in NCEP1, 3.2 in NCEP2 and 3.3 in ERA40. 

In autumn,  ~96% of the NCEP1 tracks donot wintness any deepeneing along their tracks by more than 4 hPa/6 

hours. This percentage drops to 94% in NCEP2 and 92% in the case of ERA40.  

Inspecting the lifetime distributions shows that, the pressure tendency show that NCEP1 and ERA40 are similar in 

winter, spring and autumn while NCEP1 and NCEP2 are similar in autumn.  

Symmetrical distribtion of the pressure tendency around  2 hPa/6 hours  in winter with a tail towards 7 hPa/6 hours. 

A more symmetric distribution is found in spring and summer around 3 hPa/6 hours. The peak of the distribution is 

flat with 2 and 3 hPa in autumn. Maximum deepening of 8 hPa/6hours is found in winter NCEP2.  

Fig. 7 show the seasonal distribution of the positions at which the Saharan cyclones reach their minimal central 

pressures along the tracks.  

In winter, cyclones raech their mimim central pressures over the Mediterranean and Black sea regions with the three 

datsets showing similar patterns. The pressure values are lower in NCEP1 (Fig. 7a) than in NCEP2 (Fig. 7b) or 

ERA40 (Fig. 7c). Deepening around Genoa is clearer in ERA40 than in both NCEP1 and NCEP2 datsets. Higher 

presure values are found in ERA40 and NCEP2 than NCEP1. 

In spring, mimimm pressure are generally higher over the Sahara in NCEP1 (Fig. 7d). The Mediterraean pressures 

are lower in NCEP2 (Fig. 7e) than the other two datasets. The patterns are shifted to the west and south over the 

mediterraean in NCEP2 and ERA40 (Fig. 7f) compared with NCEP1.  

In summer, the number of Saharan cyclones are generally lower than in winter or spring and most of their tarcks are 

confined to the Sahara itself. Minimum pressures are higher in NCEP1 (Fig. 7g) than NCEP2 (Fig. 7h) or ERA40 

(Fig. 7i). The shift in the tarcks to Western mediterraean is clear in both NCEP2 and ERA40. The samll fractions of 

cyclones raeching Arabia and the Black Sea region is more in NCEP2 and ERA40.    

In autumn, the Saharan cyclones raeching Western and Central mediterreanean deepen more in NCEP2 (Fig. 7k) and 

ERA40 (Fig. 7l) than in NCEP1 (Fig. 7j). The Genoa center is almost absent in ERA40 and deeper in NCEP2.  

 

 
Fig. 1: The number of seasonal Saharan tracks for the three datasets for the period between 1980 and 2001.   
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a) b) c) 

   
d) e) f) 

   
g) h) i) 

 
  

j) k) l) 

   

  
Fig. 2: NCEP1 seasonal distribution of the cyclogenesis for: a) winter, d) spring, g) summer, and j) autumn. The 

differences in cyclogenesis between NCEP2 and NCEP1 for the same seasons are in b, e, h, and k. The differences 

in cyclogenesis between ERA40 and NCEP1 in c, f, i, and l. The units are number of cyclones/ (deg.lat)
 2 

. The 

contour denotes statistical significance at 95% level. 
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a) b) c) 

   
d) e) f) 

   
g) h) i) 

   
j) k) l) 

   

  
Fig. 3: as in Fig. 2 but for cyclolysis. The same units as in cyclogenesis (Fig. 2) 
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j) k) l) 

  
 

  
Fig. 4: as in Fig. 2 but for track density. The units are number of tracks/ (deg.lat)

 2
 

 

 

a) b) 

  
d) e) 

 

 

Fig. 5: the percentage of tracks in life time categories(days) of NCEP1, NCEP2, ERA40 for a) winter, b)spring), c) 

summer, and d)autumn.  
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a) b) 

  
d) e) 

 

 

Fig. 6: the percentage of tracks in categories of maximum deepening per 6 hours of NCEP1, NCEP2, ERA40 for a) 

winter, b)spring), c) summer, and d)autumn.  
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j) k) l) 

  
 

 
Fig. 7: the seasonal distribution of the deepest points along the tracks in winter (top row), spring (second row), c) 

summer (third row) and d) autumn (bottom row) for NCEP1 (left column), NCEP2 (center column) and ERA40 

(right column). The units are in hPa.  

 

Table1: Linear trends of the track clusters per decade for the period 1980-2001 for the three datasets: NCEP1, 

NCEP2, and ERA40. The underlined values are 90% significant according to the t-test. 

Track cluster NCEP1 NCEP2 ERA40 

AT-EM -0.012 -0.008 0.000 

AT-WM -0.002 -0.004 -0.005 

AT-AT -0.005 -0.004 0.004 

AT-LE -0.006 0.000 -0.008 

LE-EM 0.001 -0.004 -0.001 

LE-LE -0.014 -0.003 -0.002 

LE-AR -0.002 -0.004 -0.001 

 

 

Table 2: Correlations between corresponding times series of the track clusters in reanalysis datasets.  Correlations 

values marked with a “*” are 90% significant, “**” 95% significant, and “***” 98% significant.   

Track cluster NCEP1-NCEP2 NCEP2-ERA40 NCEP1-ERA40 

AT-EM 0.73***          0.27 0.49*** 

AT-WM          0.17          0.29 0.49*** 

AT-AT          0.39*          0.20           0.32 

AT-LE 0.58***          0.21           0.40* 

LE-EM          0.45**          0.48** 0.61*** 

LE-LE          0.32 0.43**            0.30 

LE-AR          0.38*   0.50***            0.27 
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4. Summary and Conclusions   
In this work three climatologies of the Saharan cyclones are created by applying the Melbourne tracking scheme on 

NCEP1, NCEP2, and ERA40 for the common period 1980-2001. Our analysis is based on the comparison between 

the seasonal means of the track characteristics of the Saharan cyclones. The track characteristics include 

cyclogenesis, cyclolysis and track density.  

Generally, the track numbers in NCEP1 is greater than either NCEP2 or ERA40. NCEP2 tracks are more than 

ERA40 in all seasons except in winter.   

It was found that the cyclogenesis patterns in NCEP2 and ERA40 show that the center over Libya and Egypt is 

weaker compared with NCEP1 datasets in both winter and spring. In summer, cyclogenesis decreases in both 

datasets (NCEP2, ERA40) over Algeria. In winter, NCEP2 climatology shows that Eastern Mediterranean sink 

decreases significantly while in ERA40 the decrease is significant over the Black sea, Western Mediterranean and 

the Red Sea. In spring,   a significant decrease in the cyclolysis is found over Egypt and Algeria in both NCEP2 and 

ERA40 climatologies. Cyclone track climatologies show that in spring, the number of tracks decreases significantly 

over most of the Sahara in both ERA40 and NCEP2 compared with NCEP1. In autumn, the NCEP2 track 

climatology is marked with a shift in the tracks to western Mediterranean.  

Similar lifetimes statistics are found for winter and spring. The majority of Saharan detected cyclones in these two 

seasons (~ 90% of NCEP1, ~90% of NCEP2, and ~85% of ERA40 cyclones) exist for four days or less. The average 

lifetimes ranges from  2.7 days in NCEP1 to 3.0 days in ERA40.  In summer, only 73% of ERA40 tracks exist for 4 

days or less, the remaining percentage is remarkably high since the tracks in this season are short. In autumn, the 

ERA40 tracks have considerably longer lifetimes than NCEP1, and NCEP2.    

In winter, deepening is stronger in Both NCEP1, NCEP2, than in ERA40. Spring deepening rates are generally 

higher than in winter with an average maximum deepening rate is 3.0 in NCEP1, 3.5 in NCEP2 and 3.0 in ERA40. 

In summer, maximum deepening rates are similar in all three datsets. The average maximum deepenin rate is 3.0 in 

NCEP1, 3.2 in NCEP2 and 3.3 in ERA40. In autumn, around 95% of the tracks in all three datsets don not deepen 

by more than 4 hPa/6 hours. Inspecting the pressure tendency show that NCEP1 and ERA40 are similar in winter, 

spring and autumn while NCEP1 and NCEP2 are similar in autumn.    

The seasonal distribution of the positions of the mimimu pressure along the tarcks shows that in winter cyclones 

reach their mimim central pressures over the Mediterranean and Black sea regions with the three datsets showing 

similar patterns. In spring, mimimm pressures are generally higher over the Sahara in NCEP1. The Mediterraean 

pressures are lower in NCEP2 than the other two datasets. The patterns are shifted to the west and south over the 

mediterraean in NCEP2 and ERA40 compared with NCEP1 due to the shift in the tracks.  In summer, minimum 

pressures are higher in NCEP1 than NCEP2 and ERA40. In autumn, the Saharan cyclones reaching western and 

central mediterreanean deepen more in NCEP2 and ERA40 than in NCEP1. The Genoa center is almost absent in 

ERA40 and deeper in NCEP2.  
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