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Abstract: On 24 January 2009 southern France and northern Spain were affected by a severe windstorm associated 
with extratropical cyclone Klaus. This paper investigates the role played by Azores high in developing of 
extratropical cyclone Klaus. The 6-hour and daily NCEP/NCAR reanalysis data composites for meteorological 
elements (surface pressure, sea surface temperature , surface wind, surface relative humidity,  and geopotential 
height  and wind fields at 500 mb level) over the northern hemisphere for the period of 20-25 January 2009 were 
used in this study.  In addition, satellite images for cyclone Klaus and its damage have been used. The results 
revealed that, the Azores high pressure system extended strongly and rapidly to the east direction towards the North 
Africa and it was accompanied with an eastward extension of a deep low pressure system over the northern Atlantic 
region. The combination of the two opposite pressure systems together over Atlantic Ocean creates a very strong 
pure westerly air current moving toward the eastward direction. This huge westerly winds set aside the air over the 
eastern Atlantic region and western European coasts and forced it to sweep and to circulate westward direction and 
develop cyclonic circulation system which originating in the west of Bay of Biscay, extratropical cyclone Klaus. 
The development theory and the life cycle of Klaus model are uncovered. Uncover of the life cycle model of 
cyclone Klaus conduct to a new theory of cyclones development which so called the cyclonic circulation theory. 
[Journal of American Science 2009;5(5):145-163]. (ISSN: 1545-1003).  
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1. Introduction 

On the early morning of Friday January 23, a 
strong low pressure system, extratropical cyclone 
Klaus was developed over the northern Atlantic 
region with a minimum central pressure of 1000 mb. 
On Friday night, it moved eastward across the Bay of 
Biscay towards southern France bringing damaging 
winds to the southwest of France and to northern 
Spain. Klaus landfall strongly crossing southern 
France and northern Spain and entered the Bordeaux 
region of France early Saturday morning with a 
minimum central pressure of 966 mb and intense 
wind gusts on the order of 150 kph and higher. 
Surface wind speeds were recorded at 180 kph, and 
even at 200 kph on the first inland higher ground. 
These wind speeds correspond to those experienced 
in Hurricanes Category (III) according to the (Safir-
Sampson) scale of hurricane intensity.  The storm 
swept in from the Atlantic Ocean and continued to 
track east causing significant damage across northern 
Spain and waves as high as 21 meters off of the 
Basque coast. However, this storm wreaking havoc 
across the region. Klaus caused the death of 21 
people and left a path of heavy destruction stretching 

from approximately Bordeaux to the Mediterranean 
coast and all along northern Spain. Besides expected 
substantial damages to property, life lines and 
electricity networks have also been hit hard. 
Similarly hard hit have also been forests in south-
western France, with reported losses of up to 70% of 
stock in certain areas. An estimated 60 to 70 percent 
of the pine trees in Lands Forest, one of Europe’s 
largest, had been uprooted. Storm Klaus caused 
widespread destruction: building damage, power 
outages, flooding and travel disruption, and the 
landscape of the Department of Les Lands was 
changed for perhaps the next hundred years. Recent 
assessments by catastrophe modeling firms estimate 
are ranging as high as €5 billion in respect of this 
storm. However, this storm was weakening in the 
afternoon of 24 January 2009. 

There are several scientific  literatures 
challenges the developing  and life cycle  of 
midlatitude cyclones and extratropical marine 
cyclones e.g. (Bjerknes (1919); Bjerknes and Solberg 
(1922);  Bottger, et al., (1975); Hadlock and 
Kreitzberg (1988);  Shapiro and Keyser (1990); 
Davies, et al., (1991); Wakimoto et al., (1992); 
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Neiman and Shapiro (1993); Neiman et al., ( 1993);  
Evans et al., (1994); Schultz et al., (1998) Nielsen 
and Sass (2003)).  These literatures were refereed the 
development and life cycle of cyclones to the models 
of Norwegian frontal- cyclone model (Bjerknes 1921; 
Bjerknes and Solberg 1922) and Shapiro-Keyser life 
cycle model (Shapiro-Keyser 1990) for extratropical 
marine cyclones. Cyclonic development in 
midlatitudes was based on the concept of the polar 
front theory of atmospheric circulation (Bjerknes and 
Solberg 1922).   In one hand, there are valuable 
researches challenge the field of hurricanes formation 
and hazards (e.g. Gray (2001); Zebrowski and Judith 
(2005); Asbury et al., (2006) and Hafez (2008)). In 
other hand, the effect of the geopotential height 
anomalies and blocking systems in the upper 
atmospheric levels upon the European climate studied 
by (Rex (1950a, 1950b, and 1951); Cohen et al., 
(2001); Hafez (2007 and 2008)…etc.).  However, the 
present work aims to uncover the role played by 
Azores high in the developing of extratropical 
cyclone Klaus.  
 
2. Data and Methodology 

The 6-hour and daily NCEP/NCAR reanalysis data 
composites for meteorological elements (surface 
pressure, sea surface temperature, surface wind, surface 
relative humidity , and geopotential height at the 500 mb 
level) over the northern hemisphere for the period 20 to 
25 January 2009 (Kalnay et al., 1996) were used in this 
study.  In addition, satellite images for extratropical 
cyclone Klaus and its damage were used. Satellite 
images were obtained from Dundee Satellite Receiving 
Station and NOAA. In the present work, these datasets 
were analyzed using the anomalies methodology. The 
track of the center of the cyclone, labeled with passing 
dates, UTC times and minimum MSLP's analyzed by 
HIRLAM-AEMET numerical model, has been used. In 
addition to that the 6 hours time step air mass RGB 
composite satellite images through the developing 
stages in the life cycle of the cyclone Klaus has been 
analyzed.  
 
3. Results 
3.1 Analysis of synoptic situation of extratropical 
cyclone Klaus  

The current study presents the synoptic regime 
analysis of the development and life cycle of 
extratropical cyclone Klaus that exited over middle of 
the North Atlantic Ocean, west of Bay of Biscay, on 23 - 
24 January 2009. The available meteorological data sets 
as mentioned above in the section of data and 
methodology had been used in this analysis. 

Extratropical cyclone Klaus developed as a system with 
a clear surface pressure signal approximately started on 
day 23 about 0000 UTC, in the middle of the Atlantic, 
at position shown in Figure (1), with a minimum mean 
sea level pressure (MSLP) value of 1000 mb. Rapidly, 
reaching its explosive development rates as high as 34 
mb in 24 hours, and registered maximum surface wind 
gusts of the order of 200 km/h. This cyclone moved 
eastward and its track was purely zonal and its speed 
was markedly high, reaching values above 100 km/h. A 
minimum surface pressure of about 964 mb at cyclone 
center took place on day 24 at about 0000 UTC. Figure 
(1) shows an approximate 6- hour track of the center of 
the cyclone, labeled with passing dates, UTC times and 
minimum [Source; High Resolution Limited Area 
Model, (HIRLAM-AEMET) Spain Agency of 
Meteorology]. However, the intensity of cyclone Klaus 
reached the intensity of hurricanes of category (3), 
according to Safir - Sampson hurricane scale 
(Zebrowski and Judith (2005)). However, Klaus 
formation may be is the start point that Atlantic 
hurricanes invade Western Europe. 

Analysis of the wind field at the surface and at 500 
mb level illustrates that the flow of air current is 
completely from west to east (purely zonal flow) over 
the northern Atlantic region through the period of 23-24 
January. Analysis of the geopotential height at 500mb 
shows that the flow aloft over the northern Atlantic 
Ocean is completely westerly flow, and the Rossby 
wave was completely disappears on the synoptic charts 
over the northern Atlantic region through the period of 
23-24 January 2009 see Figure (2). However, Rossby 
wave zonal phase propagation is always westward 
relative to the mean zonal flow, furthermore, the 
Rossby wave phase speed depends inversely on the 
square of the horizontal wavenumber. Therefore, 
Rossby waves are dispersive waves whose phase speeds 
increase rapidly with increasing wavelength, Holton 
(2004). Absents of Rossby wave stopped the westward 
motion of the air currents and this leads to increase of 
the phase speed of the air current to be completely the 
mean zonal wind flow. In addition to that, the analysis 
of the mean sea level pressure and geopotential height 
at 500mb illustrates that, the Azores high pressure 
system extended strongly and rapidly to the east 
direction towards the North Africa and it was 
accompanied with an eastward extension of a deep low 
pressure system over the northern Atlantic region 
through the period of 23-24 January 2009 as shown in 
Figure (2). The combination of the two opposite 
pressure systems together over Atlantic Ocean creates a 
very strong pure westerly air current moving toward the 
eastward direction. This huge westerly winds set aside 
the air over the eastern Atlantic region and western 
European coasts to forced to swept and to circulate 
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westward direction and initiate the cyclonic circulation 
system which originating in the west of Bay of Biscay, 
extratropical cyclone Klaus, not only that but also to 
pushing Klaus itself to landfall strongly crossing 
southern France and northern Spain. Analysis of the 6-
day mean anomaly of the geopotential height at 500 mb 
for the northern hemisphere for January 2009 revealed 
that there was an outstanding positive anomaly of more 
than +175 m over Eastern Atlantic region 
simultaneously with negative anomalies of less than -
200 m over North Atlantic Ocean during the six days 
from 20 to 25 of January 2009 as clear from Figure (3a).  
In contradicting to that, the analysis of sea surface 
temperature over the northern Atlantic region shows no 
any significant variation of SST through that period, 
also, there were no positive or negative anomalies in 
SST temperature over this region through that period as 
shown in Figures (5 and 4a). Meanwhile, it is clear that, 
from surface relative humidity analysis that there are 
outstanding positive anomalies in relative humidity over 
the northern Atlantic Ocean through that period. See 
Figures (3b and 6). In addition to that,  there are 
remarkable positive anomalies in the surface wind 
reached (+ 12 m/sec) at the surface, see Figure (4d).The 
advection of the different types of air mass over the 
northern Atlantic Ocean through the period 23-24 
January 2009 can be noticed in the RGB satellite images 
(Figure 7). The composite satellite image is obtained by 
water vapors and infrared channel differences. The 
infrared channel is used in determining the temperature 
of satellite-observed surface. For this reason, the RGB is 
useful for observing the air mass type. Analysis of The 6 
hours time step air mass RGB of the develop and life 
cycle of cyclone Klaus from 0000 UTC on 23 to 1800 
UTC on 24 January 2009 shows clearly the development 
stages, whereas there is a two different air masses, air 
mass (1) and air mass (2), and fast moving nature of the 
cyclonic system, and the nearly zonal path that it 
followed, as it is illustrated in Figure (7). 

 
3.2. The role of Azores high in developing of 
extratropical cyclone Klaus 

The results from the above mentioned  synoptic 
study revealed that, the Azores high pressure system 
aloft becomes stronger than usual and was extended 
rapidly to NE direction towards the north Africa  at 35° 
N and supply  the north Atlantic region by westerly air 
current. This high pressure accompanied with an 
eastward extension of low pressure system over the 
northern east of Atlantic Ocean at higher latitudes 65° N 
through the period of 23-24 January 2009, that supply 
too the north Atlantic region by westerly air current; see 
Figures (2 and 3a). The combination of the two distinct 
pressure systems existed over the middle of Atlantic 
Ocean creates together a very strong purely westerly air 

current which moved toward the eastward direction 
causing of a wind storm. This huge completely westerly 
air current set aside the air over the eastern Atlantic 
region to forced to swept and to circulate westward 
direction and develop the cyclonic circulation system 
which originating in the west of the Bay of Biscay, 
extratropical cyclone Klaus, not only that but also to 
pushing Klaus itself to landfall strongly crossing 
southern France and northern Spain, reaching northern 
Italy and even the Adriatic Sea with intensity of 
hurricanes. It is clear from 500 mb level charts that the 
Rossby wave completely disappears over the northern 
Atlantic Ocean whereas, the not exist  of  Rossby wave 
add eastward wind to the phase air current speed 
through the two days 23 and 24 January 2009. In 
addition to that, analysis of the 6-day mean anomaly of 
the geopotential height at 500 mb for the northern 
hemisphere for January 2009 shows that there was an 
outstanding positive anomaly of more than +175 m over 
eastern Atlantic region near 30° N simultaneously with 
negative anomalies of less than -200 m over North 
Atlantic Ocean at higher latitudes near 65° N during the 
six days from 20 to 25 of January 2009, see Figures (2 
and 3a). However, the strong of Azores high and its 
rapidly movement toward the north eastward direction 
creates a circulation between mild and humid air mass 
(1)  in the northern Atlantic to the south and the other 
(mild to cold) and humid air mass (2) in the middle 
Atlantic region to the north.  This circulation of the two 
different air masses (1and 2) formed the cyclonic 
circulation of extratropical cyclone Klaus. Figures (12 
and 13) show constructs of the six phases of Klaus 
development of 6 hour intervals. Throughout six phases 
starting from phase (I) at 0000 UTC on 23 January 
2009 ended by phase (VI) at 0600 UTC on 24 January 
2009, the life cycle of cyclone Klaus has been occurred. 
Phase (I) is the initiation stage of Klaus, whereas, there 
were two different air masses (1 and 2) in the north 
Atlantic region, air mass (1) in the north meanwhile 
second air mass was in  the south of it. See Figure (7a). 
Phase (II) is considered as the first circulation stage 
between the two air masses. At this stage, the air mass 
(2) jumped to the north and second air mass circulated 
to the west. See Figure (7b). Phase (III) represented 
second circulation stage; through it the air mass (2) 
moved to the westward direction and circulated toward 
air mass (1). Meanwhile the first air mass (I) was 
continued to circulate southward direction. See Figure 
(7c). Phase (IV) is the phase of developing of the 
cyclone, whereas, the two air masses touch each other 
and started to circulate together. See Figures (7d and 
9a). Phase (V) is the cyclonic phase, through this stage 
the air mass (2) moved faster to the North West 
direction and going into the air mass (I). 
Simultaneously air mass (1) moved to the south east 
direction and all of them becomes a one moving system 
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and create a cyclonic circulation. Figure (7e) shows the 
cyclonic circulation of the two air masses. The last 
phase is the other explosive phase at which the two air 
masses become circulated faster inside each with a 
cyclonic circulation. Through this stage, the eye of 
cyclone Klaus formed. See Figures (7f and 9b). 
However, the source of the developing of this cyclone 
was the huge westerly zonal air current aloft over the 
North Atlantic Ocean which mainly due to the strong 
and rapidly north east extension of the Azores high. See 
Figures (4c and 8). 

Certainty, the life cycle model of cyclone Klaus is 
investigated thorough the present work. This Model is 
innovated as a result of the analysis of the air mass RGB 
satellite maps, wind field distribution and a satellite 
perspective of cyclone Klaus evaluation over the 
northern Atlantic region respectively, through the period 
of 0000 UTC on 23 to 1800 UTC on 24 January 2009; 
see Figures (7, 8, 9, 12 and 13). Whereas, the results 

revealed that the  developing and life cycle model of 
Klaus, is a unique model which completely differ than 
both of Norwegian frontal- cyclone model (Bjerknes 
1921; Bjerknes and Solberg 1922) and Shapiro-Keyser 
life cycle  model (Shapiro-Keyser 1990) for 
extratropical marine cyclones. These two models for 
midlatitude cyclones development and life cycle had a 
principle concept of their development on the polar 
front theory of atmospheric circulation by (Bjerknes 
and Solberg 1922), see Figures (10 and 11) respectively.  
Meanwhile, Figures (12 and 13) illustrates the six 
phases of Klaus development theory from incipient 
phase, phase (I), to its explosive phase, Phase (VI) 
which called as; the cyclonic circulation theory. 
According to this theory, the cyclone developed as a 
result of the circulation between two different air 
masses (not from the conversions of the two different 
air masses in a front like the polar front theory by 
Bjerknes and Solberg (1922).  

 
 
Figure 1: An approximate 6 hour track of the center of extratropical cyclone   Klaus, labeled with passing dates, 
UTC times and minimum MSLP's analyzed by HIRLAM-AEMET numerical model. [Source; High Resolution 
Limited Area Model, (HIRLAM-AEMET) Spain Agency of Meteorology]. 
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Figure 2: The daily mean of geopotential height (m) at level 500 mb for 1200 UTC over the northern hemisphere 
through the six days from 20 to 25 January 2009, (a, b, c, d, e, and f, respectively). 
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Figure 3: The six days mean composite anomaly over the northern hemisphere through the days from 20 to 25 
January 2009. (a) for 500 mb geopotential height (m), and (b) for surface relative humidity. 
 
 
 
 
 
 



Marsland Press   Journal of American Science 2009;5(5):145-163 
 

http://www.americanscience.org                                            editor@americanscience.org 151 

    
   
        (a)                                            (c) 
 
      (b)                                                                        
 
 
 
                
   
 
 
 
 
 
 
 
        
        (b)                                            (d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: The six days mean composite over the northern hemisphere through the days from 20 to 25 January 2009. 
(a) for surface air temperature anomaly, (b) for surface air temperature, (c) for surface wind anomaly, and (d) for 
surface wind. 
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Figure 5: The 6 hour mean surface air temperature (°C) composite mean over the north Atlantic region through the 
period 23-24 January 2009.  
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Figure 6: The 6 hour surface relative humidity (%) composite mean over the north Atlantic region through the 
period 23-24 January 2009. 
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Figure 7: The 6 hours time step air mass RGB composites satellite images show clearly the developing stages in the 
life cycle, type of  two air masses of the system, and the nearly zonal path of extratropical cyclone Klaus.  
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Figure 8: The 6 hour surface wind (m/s) composite mean over the north Atlantic region through the period 23-24 
January 2009.  
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Figure 9: (a) Extratropical cyclone Klaus at 1800 UTC on 23 January 2009 as represented in satellite imagery 
(Source: Dundee Satellite Receiving Station and NOAA), and (b) Satellite image showing the location of  Klaus 
over France and northern Spain at 0932 UTC 24 January 2009. (Source: MetOp-A AVHRR 1 Km, NOAA). 
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Figure 10: The Norwegian frontal-cyclone model (Bjerknes 1921; Bjerknes and Solberg 1922) describing the 
amplification of a frontal wave from   initiation (I), through cyclogenses, (II, III), to frontal occlusion (IV). (Neiman 
and Shapiro, 1993) 
 
 
 

 
 
Figure 11: An alternative model of frontal-cyclone evaluation (Shapiro, and Keyser, 1990): incipient broad-
baroclinic phase (I), frontal fracture (II), bent-back front and frontal T-bone (III), and warm-core frontal seclusion 
(IV). Sea level pressure, fronts and cloud signature. (Neiman and Shapiro, 1993). 
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PHASE (IV): At 1800UTC 23 January 2009 
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PHASE (V): At 0000UTC 24 January 2009 
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PHASE (VI): At 0600UTC 24 January 2009 
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Figure 12:  The six development phases and the life cycle model of extratropical cyclone Klaus (the development 
building upon the air masses). [The cyclonic circulation theory] 
 
 



The Role Played By Azores High   Hafez 

 160 

 
 
      

 
 
 
 

PHASE (I): At 0000UTC 23 January 2009 
                  
                             Air mass (1) 
 
 
                                                                              
                                  
                                                     Air mass (2) 
                          
 
                       

PHASE (II): At 0600UTC 23 January 2009 
 
                                 Air mass (1) 
 
NORTH 
                                                                                  
  
                                            Air mass (2) 
                         
 
 
 
 

PHASE (III): At 1200UTC 23 January 2009 
 
                                
 
                          Air mass (1) 
 
                                                                    Air mass (2) 
                  
 
 
 
 
                                                              



Marsland Press   Journal of American Science 2009;5(5):145-163 
 

http://www.americanscience.org                                            editor@americanscience.org 161 

PHASE (IV): At 1800UTC 23 January 2009 
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PHASE (V): At 0000UTC 24 January, 2009 
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                           PHASE (VI): At 0600UTC 24 January 2009 
 
                                   
 
                                                                                              
                                                                       Air mass (2)                                                  
                       

                                     L                        
                 Air mass (1)                                                                                                               
 
 
 
                                   
                                            Eye of cyclone 
                                               
Figure 13:  The six development phases and the life cycle model of extratropical  cyclone Klaus (the development 
building upon the circulation of wind  field (arrows)). [The cyclonic circulation theory] 
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4. Conclusions 
On 23-24 January 2009, southern France and 

northwestern Spain were subjected to hurricane-force 
winds over the weekend, leaving a trail of destruction 
and disruption. The strong winds, combined with heavy 
rain, were the result of a deep low pressure system of 
extratropical cyclone Klaus. At least 23 people were 
killed during the passage of this storm which caused 
damage from the Dordogne area to the Pyrenees. Klaus 
moved across the Bay of Biscay on 23 January and into 
the Bordeaux region of France on 24 January, bringing 
powerful winds and torrential rain to southern France 
and northwestern Spain. Wind gusts of around 160 
kmph were recorded in various locations across the 
region (with gusts reaching 184 kmph in the eastern 
Pyrenees near Perpignan). Klaus continued to track 
eastwards across southern France before moving into 
the Mediterranean Sea. Hundreds of thousands of trees 
had been flattened by the storm in the Gironde and 
Landes departments. The Landes forest is reported to 
have sustained severe damage while the Gironde region 
in southwestern France has also seen vast forest areas 
flattened by the storm. The synoptic analysis of the 
situation over the Atlantic Ocean and the northern 
hemisphere using of the available meteorological data 
and using of anomalies methodology was done. The role 
played of Azores high on the formation of Klaus had 
been studied. Through the present work there are 
remarkable results had been achieved.  
1. The results revealed that the strong and north 
eastward movement of the Azores high through the 
period 23-24 January 2009 causing of a huge westerly 
air current over the middle of the northern Atlantic 
region. This huge completely westerly air current  set 
aside the air over the eastern Atlantic region to forced to 
swept and to circulate westward direction and made the 
cyclonic circulation that develop extratropical cyclone 
Klaus. 
2. The 6-day mean anomaly analysis of the geopotential 
height at 500 mb for the northern hemisphere for 
January 2009 shows that there was an outstanding 
positive anomaly of more than +175 m over eastern 
Atlantic region near 30° N simultaneously with negative 
anomalies of less than -200 m over North Atlantic 
Ocean at higher latitudes near 65° N during the six days 
from 20 to 25 of January 2009. 
3. Anyalysis of the 6 hour geoptential height and wind 
fields for 500 mb level appears that the Rossby wave 
was completely absents over the north Atlantic region 
through the period of 23-24 January 2009, whereas this 
absence of Rossby wave push the westerly phase speed, 
over the north Atlantic region, eastward toward western 
Europe by the eliminates of westward wind speed of 
Rossby wave, which also leads to the strong wind storm.  
4. The analysis of the 6 hours time step air mass RGB 
satellite images, wind field distribution, and a satellite 

perspective of cyclone Klaus evaluation over the 
northern Atlantic region through the period of 0000 
UTC on 23 to 1800 UTC on 24 January 2009 leads to 
uncover the development six phases of extratropical 
cyclone Klaus and to construct its life cycle model.  
5. The life cycle model of Klaus is a unique model 
which completely differs than both of Norwegian 
frontal- cyclone model (Bjerknes 1921; Bjerknes and 
Solberg 1922) and Shapiro-Keyser life cycle model 
(Shapiro-Keyser 1990) for extratropical marine 
cyclones.  
6. Knowing of the life cycle model of Klaus is conduct 
to innovate a new theory of cyclonic formation is so 
called; the cyclonic circulation theory.  
7. According to the cyclonic circulation theory, the 
cyclone is develop as a result of  the circulation 
between two different air masses, through a six phases 
from incipient phase , phase (I), to its explosive phase, 
phase (IV). See Figures (12 and 13). However, there is 
no a front between the two air masses or a warm sector 
existed here. 
     Finally, one can conclude that the Azores high 
pressure system played a great role in the developing of  
the  extratropical cyclone Klaus on 23-24 January 2009 
over the middle of the northern Atlantic Ocean, west of 
the Bay of Biscay,  by supporting the north Atlantic 
with a strong westerly air current and swept the air over 
the eastern north Atlantic Ocean and western Europe to 
move toward the westward direction and creates the 
cyclonic circulation over the east of the northern 
Atlantic region. After a one hundred years since the 
polar front theory made by Bjerknes, (1919, 1921 and 
1922), there is another theory of midlatitude cyclonic 
formation, the cyclonic circulation theory. The analysis 
of the development stages of extratropical cyclone 
Klaus is considered as the practical application which 
leads to this theory. 
 
Acknowledgment: 
  It is a pleasure to the author to thank the Climate 
Diagnostics Centre for supporting the data used 
throughout this study. Plots and images were provided 
by the NOAA-CIRES Climate Diagnostics Centre, 
Boulder, Colorado, USA from their Web site at 
http://www.cdc.noaa.gov. Also, thanks to Meteo-
France, the French meteorological agency, Spain 
Agency of Meteorology and (EUMeTrain Wiki ) for 
reports for Klaus meteorological information. Great 
thanks for, NOAA, and the Dundee Satellite Receiving 
Station. Whereas, Satellite images were obtained from 
Dundee Satellite Receiving Station and NOAA.  
 
Correspondence to:  
Yehia Yehia Hafez 
Professor of Meteorology 



Marsland Press   Journal of American Science 2009;5(5):145-163 
 

http://www.americanscience.org                                            editor@americanscience.org 163 

Astronomy and Meteorology Department 
Faculty of Science , Cairo University 
Giza 12613, Egypt 
Telephone: 0020235676845 
Cellular phone: 0020103719523  
Emails: d_hafez@hotmail.com 
 
References 
[1]  Bjerknes J. On the structure of moving cyclones. Geofys Publ 

1919;1:1-8. 
[2]  Bjerknes J, Solberg H. Life cycle of cyclones and the polar    
    front theory of atmospheric circulation. Geofys Publ 1922;    
    3:1-18. 
[3]  Bottger H, Eckardt M, Katergiannakis U. Forecasting    
     Extratropical storms with Hurricane intensity using satellite  

     information. J Appl Meteor 1975;14(7): 1259-65. 
[4]  Hadlock R, Kreitzberg CW. The experiment on rapidly  
     Intensifying cyclones over the Atlantic (ERICA) field  
     study-objectives and plans. Bull Amer Meteor Soc  
     1988;69:1309-20. 
[5]  Shapiro MA, Keyser D. Fronts, jet streams and the     

     tropopause. extratropical cyclones, The Erik Palmén  
     Memorial Volume, C. W. Newton and E. O. Holopainen,  
     Eds., Amer Meteor Soc 1990:167-91.  
[6]   Davies HC, Schär C, Wernli H. The palette of fronts and  
     cyclones within a baroclinic wave development. J Atmos Sci 

1991;48:1666-89.  

[7]  Wakimoto RM, Blier W, Liu C. On the frontal structure of an 
explosive Oceanic cyclone: Airbrone radar observations of 
ERICA IOP 4. Mon Wea Rev 1992;120:1135-55. 

[8]   Neiman PJ, Shapiro M. The life cycle of an extratropical  
     marine cyclone. Part I: Fontal-cyclone evolution and   
     thermodynamic air-sea interaction. Mon Wea  Rev    

     1993;121,2153-76. 
[9]   Neiman PJ, Shapiro M, Fedor L. The life cycle of an  

          extratropical marine cyclone. Part II: Mesoscale structure  
          and diagnostics. Mon Wea Rev 1993;121:2177-99. 

[10]  Evans MS, Keyser D, Bosart LF, Lackmann GM. A    
          satellite-derived classification scheme for rapid maritime  

          cyclogenesis. Mon Wea Rev 1994;122, 1381-416 
[11]  Schultz DM, Keyser D, Bosart LF. The effect of large-scale  

          flow on low-level frontal structure and evolution in  

 
[12]  Nielsen N, Sass B. A numerical, high-resolution study of  

          the life cycle of the severe storm over Denmark on 3  

          December 1999.Tellus A, 2003;55(4):338-51.  
[13]  Bjerknes V. On the dynamics of the circular vortex with  

      applications to the atmosphere and atmospheric vortex and  
      wave  motion. Geofys Publ 1921; 2:1-88. 
 [14]  Gray, The recent increase in Atlantic hurricane activity:    
      Causes and implications. Science 2001;293:474-9.  

[15]  Zebrowski Jr, Judith AH. Category 5: The story of Camille –    
     lessons unlearned from American's most violent  
     hurricane.2005, ISBN 0472115251,Hardcover:304. 
[16]  Asbury HS, Hilary FS, Laura, F, Mark H, David T, Wayne  
     W, Jeff L. Hurricanes 2004: An overview of their  
     characteristics and coastal change. Estuaries and Coasts  

     2006; 29(6A): 880-8. 
[17]  Hafez YY. The role played by blocking over the Northern  
     Hemisphere in hurricane Katrina. The J Amer Sci 2008;4(2): 

10-25. 
[18]  Rex DF. Blocking action in the middle troposphere and its  
     effect upon regional climate.  (I) An aero logical study of  

     blocking action. Tellus 1950a;2:196-211.  
[19]  Rex DF. Blocking action in the middle troposphere and its  
     effect upon regional climate. (II) The climatology of    
     blocking action. Tellus 1950b;2:275-301.  
[20]  Rex DF. The effect of Atlantic blocking action upon    
     European climate. Tellus 1951;3:100-11. 

[21]  Cohen J, Saito K, Entekhabi D. The role of the Siberian   
     high in Northern Hemisphere climate variability. Geophys  
     Res Lett 2001;28(2):299-302.   
[22]  Hafez YY. The teleconnection between the global mean  
     surface air temperature and precipitation over Europe. I J  
     Meteorology UK 2008;33(331):230-6. 

[23]  Hafez YY. The connection between the 500 hpa geopotential 
height anomalies over Europe and the abnormal weather in 
eastern Mediterranean during winter 2006. I J Meteorology 
UK 2007;32(324):335-43. 

[24]  Kalnay E, et al., The NCEP/NCAR 40-year reanalysis  
     project. Bull Amer Meteor Soc 1996;77: 437-70. 

[25]  Holton JR. An Introduction to Dynamic Meteorology.  
     Elsevier Academic Press,2004:216. 

     midlatitude cyclones. Mon Wea Rev 1998;126:1767-91. 
 


