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ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ ɞɚɞəɚɐɟɞɡ 

ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ 

ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ ŮɟŮɡɜɖŰɘəɐɠ űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ 

ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞ ůɡɔɔɟŬűɏŬ. 

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞ 

ůɡɔɔɟŬűɏŬ əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡŰŮɑ ɧŰɘ ŮəűɟɎɕɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ ȷ.Ʉ.Ū. 
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ɄȺɅȽȿȼɊȼ 

Ƀ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ɐŰŬɜ ɖ ůɡɜɞˊŰɘəɐ əŬɘ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ȷűɟɘəŬɜɘəɩɜ ȷɜŬŰɞɚɘəɩɜ ȾɡɛɎŰɤɜ (African Easterly Waves, 

AEWs) əŬɘ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɧɠ Űɞɡɠ ůŰɖɜ Űɟɞˊɘəɐ ȸɧɟŮɘŬ ȷűɟɘəɐ əŬɘ Űɞɜ ȷŰɚŬɜŰɘəɧ 

ɤəŮŬɜɧ Űɞ 2019, əŬɗɩɠ əŬɘ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ AEW Űɞɡ ɑŭɘɞɡ ɏŰɞɡɠ ˊɞɡ 

ɛŮŰŬůɢɖɛŬŰɑůŰɖəŮ ůŰɞɜ ɘůɢɡɟɧ əɡəɚɩɜŬ Dorian. ȷɡŰɧɠ ŬˊɞŰɏɚŮůŮ Űɞɜ ˊɘɞ 

əŬŰŬůŰɟɞűɘəɧ əŬɘ ɘůɢɡɟɧ əɡəɚɩɜŬ Űɖɠ ɢɟɞɜɘɎɠ əŬɘ Űɤɜ ɜɐůɤɜ ɀˊŬɢɎɛŬ ɛŮ ˊɎɜɤ Ŭˊɧ 

74 ɗŬɜɎŰɞɡɠ əŬɘ ɕɖɛɘɏɠ əɧůŰɞɡɠ 4.68 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ŭɞɚŬɟɑɤɜ.  

ɇɞ ɏŰɞɠ 2019 ŮˊɘɚɏɢɗɖəŮ əŬɗɩɠ ɓɟɑůəŮŰŬɘ ůŰɞ 5% Űɤɜ ˊɘɞ ŮɜŮɟɔɩɜ ŮŰɩɜ Ŭˊɧ Űɞ 1851 

ɧůɞɜ ŬűɞɟɎ Űɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ůŰɞɜ ȸɧɟŮɘɞ ȷŰɚŬɜŰɘəɧ. 

ɆɢɖɛŬŰɑůŰɖəŬɜ 18 ɞɜɞɛŬůɛɏɜɞɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ Ůə Űɤɜ ɞˊɞɑɤɜ 6 ɏɔɘɜŬɜ əɡəɚɩɜŮɠ 

(hurricanes) əŬɘ 3 ŬɜŬɓŬɗɛɑůŰɖəŬɜ ůŮ ɘůɢɡɟɞɨɠ əɡəɚɩɜŮɠ (major hurricanes). ɇɞ 67% 

Űɤɜ əɡəɚɩɜɤɜ əŬɘ ɧɚɞɘ ɞɘ ɘůɢɡɟɞɑ əɡəɚɩɜŮɠ ˊɟɞɐɚɗŬɜ Ŭˊɧ AEWs. ũɘŬ Űɖ ɛŮɚɏŰɖ Űɤɜ 

ˊŬɟŬˊɎɜɤ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əɡɟɑɤɠ ŰŬ 5ɖɠ ɔŮɜɘɎɠ ŭŮŭɞɛɏɜŬ ŬɜŬŭɟɞɛɘəɐɠ ŬɜɎɚɡůɖɠ 

(reanalysis), ERA5 Ŭˊɧ Űɞ ȺɡɟɤˊŬɥəɧ ȾɏɜŰɟɞ ɀŮůɞˊɟɧɗŮůɛɤɜ ɄɟɞɔɜɩůŮɤɜ ȾŬɘɟɞɨ 

(European Centre for Medium-Range Weather Forecasts, ECMWF).  

Ƀɘ ɛɏůŮɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟɎŰɖůŬɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ Ůɡɜɞɥəɏɠ ɛŮ 

ɗŮɟɛɏɠ ŮˊɘűŬɜŮɘŬəɏɠ ɗŬɚɎůůɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ (28-30ɞC) əŬɘ ɢŬɛɖɚɐ əŬŰŬəɧɟɡűɖ 

ŭɘɎŰɛɖůɖ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ Ŭɜɏɛɞɡ (<10 m/s) əɡɟɑɤɠ ůŰɞ 2ɞ ɛɘůɧ Űɖɠ əɡəɚɤɜɘəɐɠ 

ˊŮɟɘɧŭɞɡ (ȷɨɔɞɡůŰɞɠ-ɃəŰɩɓɟɘɞɠ) ɛŮŰŬɝɨ Űɖɠ ůŰɎɗɛɖɠ Űɤɜ 850 əŬɘ 200 hPa. ɇŬ 

AEWs ˊŬɟɞɡůɘɎůŰɖəŬɜ ɛŮ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ ˊŮɟɑɞŭɞ 2.5-6 ɖɛŮɟɩɜ əŬɘ ɐŰŬɜ ŬɟəŮŰɎ 

ˊɘɞ ŮɜɘůɢɡɛɏɜŬ ůŰɞ ŭɡŰɘəɧ Ŭˊɧ ɧŰɘ ůŰɞ əŮɜŰɟɘəɧ ŰɛɐɛŬ Űɖɠ Űɟɞˊɘəɐɠ ȸɧɟŮɘŬɠ ȷűɟɘəɐɠ. 

ȹŮɑɢɗɖəŮ ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɡˊɐɟɝŮ ŬɜŰɘůŰɟɞűɐ Űɖɠ ɛŮůɖɛɓɟɘɜɐɠ 

ɓŬɗɛɑŭŬɠ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ AEJ, ɘəŬɜɞˊɞɘɩɜŰŬɠ Űɞ 

əɟɘŰɐɟɘɞ Charney-Stern. ɃˊɧŰŮ, ˊŬɟŬŰɖɟɐɗɖəŬɜ 2 ˊŮɟɘɞɢɏɠ ŬɜɎˊŰɡɝɖɠ ŮəŬŰɏɟɤɗŮɜ 

Űɞɡ ȷűɟɘəŬɜɘəɞɨ ȷɜŬŰɞɚɘəɞɨ ȷŮɟɞɢŮɘɛɎɟɟɞɡ (African Easterly Jet, AEJ): ůŰɖ ɜɧŰɘŬ 

ˊɚŮɡɟɎ Űɞɡ AEJ əɞɜŰɎ ůŰɞ ŮˊɑˊŮŭɧ Űɞɡ (600-700 hPa) əŬɘ ůŰɖ ɓɧɟŮɘŬ ́ ɚŮɡɟɎ Űɞɡ (ůŰɖ 

ɓŬɟɞəɚɘɜɘəɐ ɕɩɜɖ ůŰŬ ɜɧŰɘŬ ɧɟɘŬ Űɖɠ ɆŬɢɎɟŬɠ) ˊɘɞ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊôɧɣɘɜ ɛɧɜɞ ɝɖɟɏɠ ŭɘŬŭɘəŬůɑŮɠ ŭŮɑɢɗɖəŮ ɧŰɘ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ AEWs Űɞ 

2019 ɞűŮɑɚŮŰŬɘ ůŰɖ ɓŬɟɞŰɟɞˊɘəɐ ŬůŰɎɗŮɘŬ ɜɧŰɘŬ Űɞɡ AEJ əŬɘ ůŰɖ ɓŬɟɞəɚɘɜɘəɐ 

ŬůŰɎɗŮɘŬ ɓɧɟŮɘŬ. ɇŬ AEWs ŬˊɞŰɏɚŮůŬɜ ŭɘŬŰŬɟŬɢɏɠ Űɨˊɞɡ Rossby-əɡɛɎŰɤɜ ɛŮ ŭɡŰɘəɐ 

ɛŮŰɎŭɞůɖ əŬɘ ɖ ˊŮɟɘɞɢɐ ɔɏɜŮůɐɠ Űɞɡɠ ɓɟɏɗɖəŮ ůŰɘɠ 20-30ɞȷ.  

ɆŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ˊŮɟɑˊŰɤůɖɠ (case study) Űɞɡ AEW Ŭˊɧ Űɞ ɞˊɞɑɞ ˊɟɞɐɚɗŮ ɞ 

əɡəɚɩɜŬɠ Dorian ŭŮɑɢɗɖəŮ ɖ ůɖɛŬůɑŬ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ɗɎɚŬůůŬɠ 

əŬɘ Űɖɠ əŬŰŬəɧɟɡűɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɜ ȷŰɚŬɜŰɘəɧ. ȳŰŬɜ ŬɡŰɏɠ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ ɏűŰŬůŬɜ ůŮ Ůɡɜɞɥəɏɠ Űɘɛɏɠ ɔɘŬ əɡəɚɞɔɏɜŮůɖ, Űɞ AEW ŮɝŮɚɑɢɗɖəŮ ɟŬɔŭŬɑŬ 

Ŭˊɧ ɛɘŬ ŬɟɢɘəɎ ŬŭɟŬɜɐ əŬŰɎůŰŬůɖ ůŰɘɠ 19-22 ȷɡɔɞɨůŰɞɡ 2019 ůŮ Űɟɞˊɘəɐ ɨűŮůɖ əŬɘ 

ůŰɖ ůɡɜɏɢŮɘŬ ůŮ Űɟɞˊɘəɐ əŬŰŬɘɔɑŭŬ əŬɘ əɡəɚɩɜŬ Dorian ɛɏůŬ ůŮ 3 ɖɛɏɟŮɠ. Ƀ 

əɡəɚɩɜŬɠ Dorian ŮɑɢŮ Űɖ ŭɞɛɐ Ůɜɧɠ Űɡˊɘəɞɨ əɡəɚɤɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɗŮɟɛɞɨ ́ɡɟɐɜŬ. 

ȺˊɘůɖɛŬɑɜŮŰŬɘ ɖ ůɖɛŬɜŰɘəɐ ɡˊɞŮəŰɑɛɖůɖ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ Dorian, əŬŰɎ 55 hPa, ůŰŬ 

ŭŮŭɞɛɏɜŬ ERA5 (́ ɘɗŬɜɩɠ ɚɧɔɤ Űɖɠ ɢɤɟɘəɐɠ Űɞɡɠ ŬɜɎɚɡůɖɠ) əŬɘ ɖ ɨˊŬɟɝɖ ůɖɛŬɜŰɘəɐɠ 

əŬɗɡůŰɏɟɖůɖɠ 3 ɖɛŮɟɩɜ ůŰɖɜ ŮɛűɎɜɘůɖ Űɖɠ ŮɚɎɢɘůŰɖɠ ˊɑŮůɖɠ Űɞɡ Dorian ůŰŬ ERA5 

ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ. 
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ABSTRACT 

The aim of this master thesis was the synoptic and dynamic analysis of the 

characteristics of the African Easterly Waves (AEWs) and their environment over 

tropical North Africa and the Atlantic Ocean in 2019, as well as the study of the specific 

AEW during the same year which was transformed into major hurricane Dorian. He 

came to be the most destructive and powerful hurricane in the history of the Bahamas 

causing over 74 deaths and 4.68 billion dollarsô worth of damage. 

The year 2019 was chosen as it lies within 5% of the most active tropical cyclone years 

in the north Atlantic since 1851. During the year a total of 18 named tropical cyclones 

were formed, 6 of which became hurricanes and 3 of those turned to major hurricanes. 

Sixty-seven % of hurricanes and all of major hurricanes were formed as a result of the 

AEWs. For the majority of this thesis ERA5 reanalysis data from the European Centre 

for Medium-Range Weather Forecasts (ECMWF) were used.  

The average conditions over the Atlantic Ocean were very favourable with warm sea 

surface temperatures (SSTs, 28-30oC) and particularly low values of vertical wind 

shear (<10 m/s) between 850 and 200 hPa especially during the 2nd half of the hurricane 

season (August-October). A typical AEW regime was found with a 2.5-6 day period 

while they were more intense in the west than in the central part of tropical central 

Africa. The meridional potential vorticity gradient was found to be reversed at the area 

of interest close to the African Easterly Jet (AEJ) satisfying the Charney-Stern criterion 

for instability. Two areas of AEW development were found on either side of the AEJ: 

at 600-700 hPa south of the AEJ as well as at the baroclinic zone at the north. Taking 

into account nothing but dry processes, it was also shown that the AEW development 

in 2019 is attributed to barotropic instability south of the AEJ and to baroclinic 

instability in the north. The AEWs were shown to have propagated westwards in a 

typical Rossby-wave-like pattern with their place of origin at 20-30oE. 

The case study for the AEW responsible for hurricane Dorian showed the importance 

of the SSTs and the vertical wind shear parameters in the Atlantic. The AEW developed 

rapidly from an inert state during 19-22 of August 2019 to a tropical depression at the 

very moment they reached favourable conditions for cyclogenesis. Within 3 days it 

transformed into a tropical storm and finally to hurricane Dorian. The hurricaneôs 

structure was that of a typical warm core cyclone. It is also pointed out that the ERA5 

reanalysis data underestimated Dorianôs minimum pressure by 55 hPa (possibly due to 

their spatial resolution) and by a temporal delay of 3 days in comparison to the actual 

measurements. 
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ȺɈɉȷɅȽɆɇȽȺɆ 

 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ Ůɝô ɞɚɞəɚɐɟɞɡ ůŰɖɜ Ůˊɞɢɐ Űɞɡ COVID-19. ȼ 

ůɡɜŮɟɔŬůɑŬ ɛɞɡ ɛŮ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ əɨɟɘɞ ȽɤɎɜɜɖ ɄɡɗŬɟɞɨɚɖ ɏɔɘɜŮ ɛŮ 

ɛɧɚɘɠ ɛɑŬ əɞɜŰɘɜɐ ůɡɜɎɜŰɖůɖ ɛŮ ɧɚŮɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ŭɘŬŭɘəŰɡŬəɎ. ũɘ ŬɡŰɧ əŬɘ Űɞɜ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ ˊɟɩŰŬ ɔɘŬ Űɖɜ ɡˊɞɛɞɜɐ əŬɘ ŭɘŬɟəɐ 

ɓɞɖɗɖŰɘəɐ ˊŬɟɞɡůɑŬ ˊŬɟɎ Űɘɠ ŭɨůəɞɚŮɠ əŬɘ ˊɟɤŰɧɔɜɤɟŮɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟɎŰɖůŬɜ 

Űɞ ɏŰɞɠ 2020. ɄŬɟɎ Űɖɜ ŬˊɧůŰŬůɖ ɏɜɘɤɗŬ ˊɎɜŰŬ Űɖɜ ˊŬɟɞɡůɑŬ Űɞɡ əɞɜŰɎ ɔɘŬ 

ɞˊɞɘŬŭɐˊɞŰŮ ůŰɐɟɘɝɖ əŬɘ ɓɞɐɗŮɘŬ ɢɟŮɘŬɕɧɛɞɡɜ. ɉɎɟɖ ůŰɖɜ əŬɗɞŭɐɔɖůɖ əŬɘ 

ůɡɛɓɞɡɚɏɠ Űɞɡ ŬˊɏəŰɖůŬ ɛɘŬ ˊɚɖɗɩɟŬ ŮɝŬɘɟŮŰɘəɎ ɢɟɐůɘɛɤɜ ɔɜɩůŮɤɜ ůŮ ɏɜŬ ůɨɜŰɞɛɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 

Ⱥˊɑůɖɠ ŮɡɢŬɟɘůŰɩ ɘŭɘŬɘŰɏɟɤɠ ŰŬ 2 ɛɏɚɖ Űɖɠ ŰɟɘɛŮɚɞɨɠ ŮˊɘŰɟɞˊɐɠ Űɖɜ ȾŬɗɖɔɐŰɟɘŬ 

ɉɟɘůŰɑɜŬ ȷɜŬɔɜɤůŰɞˊɞɨɚɞɡ əŬɘ Űɞɜ ȹɟ. ȹɖɛɐŰɟɘɞ ɀˊŬɛˊɕɏɚɖ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ əŬɗɖɔɖŰɏɠ Űɞɡ ɀŮŰŬˊŰɡɢɘŬəɞɨ 

ɄɟɞɔɟɎɛɛŬŰɞɠ Űɞɡ ɇɛɐɛŬŰɞɠ ũŮɤɚɞɔɑŬɠ ȷ.Ʉ.Ū. çɀŮŰŮɤɟɞɚɞɔɑŬ, ȾɚɘɛŬŰɞɚɞɔɑŬ əŬɘ 

ȷŰɛɞůűŬɘɟɘəɧ ɄŮɟɘɓɎɚɚɞɜè: Ʉɟɧŭɟɞɛɞ ȻɎɜɖ, ŪŮɩŭɞɟɞ ȾŬɟŬəɩůŰŬ, Ⱥɚɏɜɖ 

ȾŬŰɟɎɔəɞɡ, ŪŮɧŭɤɟɞ ɀŬɡɟɞɛɛɎŰɖ, ȾɤůŰŬɜŰɑŬ ɇɞɚɑəŬ əŬɘ ɉŬɟɎɚŬɛˊɞ ūŮɑŭŬ ɔɘŬ Űɘɠ 

ˊɞɚɨŰɘɛŮɠ ɔɜɩůŮɘɠ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɧɚɞɡ Űɞɡ ɛŮŰŬˊŰɡɢɘŬəɞɨ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ŬɔŬˊɩ. 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŭŮ ɗŬ ɐŰŬɜ ŭɡɜŬŰɧɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɢɤɟɑɠ Űɖɜ 

ŮɡɔŮɜɘəɐ ɢɞɟɖɔɑŬ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ȾɏɜŰɟɞɡ ɀŮůɞˊɟɧɗŮůɛɤɜ ɄɟɞɔɜɩůŮɤɜ ȾŬɘɟɞɨ 

(European Centre for Medium-Range Weather Forecasts, ECMWF) Ŭˊɧ Űɞ ɞˊɞɑɞ 

ˊɟɞɛɖɗŮɨŰɖəŬ ŰŬ ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ERA5 ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ əɞɛɛɎŰɘ Űɖɠ 

ŭɘŬŰɟɘɓɐɠ ɛɞɡ. Ⱥˊɑůɖɠ ŮɡɢŬɟɘůŰɩ Űɞ ˊɟɧɔɟŬɛɛŬ Giovanni/NASA (Goddard Earth 

Sciences Data and Information Services Center, ɐ GES DISC, Interactive Online 

Visualization and Analysis Infrastructure) ɔɘŬ ŰŬ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ IMERG-GPM, 

Űɞɜ ȺɡɟɤˊŬɥəɧ ɃɟɔŬɜɘůɛɧ ɔɘŬ Űɖɜ ȺəɛŮŰɎɚɚŮɡůɖ Űɤɜ ɀŮŰŮɤɟɞɚɞɔɘəɩɜ ȹɞɟɡűɧɟɤɜ 

(European Organisation for the Exploitation of Meteorological Satellites, 

EUMETSAT) ɔɘŬ ŰŬ ˊɟɞɥɧɜŰŬ Űɞɡ ŭɞɟɡűɧɟɞɡ MSG əŬɗɩɠ əŬɘ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ Űɞɡ 

Wyoming (University of Wyoming) ɔɘŬ Űɖ ɟŬŭɘɞɓɧɚɘůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. 

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ ůŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ, ůŰɞɡɠ əɞɜŰɘɜɞɨɠ 

ɛɞɡ Ŭɜɗɟɩˊɞɡɠ əŬɗɩɠ əŬɘ ůŰɞɡɠ ůɡɛűɞɘŰɖŰɏɠ ɛɞɡ ɢɤɟɑɠ Űɞɡɠ ɞˊɞɑɞɡɠ ɖ Ůəˊɧɜɖůɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ɗŬ ɐŰŬɜ ˊɞɚɨ ˊɘɞ ŭɨůəɞɚɖ Ŭˊɧ ɧŰɘ ɐŰŬɜ. 
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ȾȺūȷȿȷȽɃ 1: ȺȽɆȷũɋũȼ 

1.1 ȷɜŰɘəŮɑɛŮɜɞ ȹɘŬŰɟɘɓɐɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ȷűɟɘəŬɜɘəɎ ŬɜŬŰɞɚɘəɎ əɨɛŬŰŬ (African 

Easterly Waves, AEWs) əɡɟɑɤɠ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ŭɡŰɘəɐɠ ȷűɟɘəɐɠ əŬɘ Űɞɡ 

ȷŰɚŬɜŰɘəɞɨ ɋəŮŬɜɞɨ ɔɘŬ Űɞ ɏŰɞɠ 2019. ɇŬ AEWs ŬˊɞŰŮɚɞɨɜ Űɟɞˊɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ 

ůɡɜɞˊŰɘəɐɠ əɚɑɛŬəŬɠ ůŰɖ ɛɏůɖ əɡəɚɞűɞɟɑŬ Űɞɡ ɓɞɟŮɑɞɡ ɖɛɘůűŬɘɟɑɞɡ əŬŰɎ Űɖɜ 

əŬɚɞəŬɘɟɘɜɐ əŬɘ űɗɘɜɞˊɤɟɘɜɐ ˊŮɟɑɞŭɞ ɞɘ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ˊɎɜɤ Ŭˊɧ Űɖɜ 

ȷűɟɘəŬɜɘəɐ ɐˊŮɘɟɞ əŬɘ ɏɢɞɡɜ ŭɡŰɘəɐ ůɡɜɘůŰɩůŬ ˊɟɞɠ Űɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ əŬɘ Űɖɜ 

ȷɛŮɟɘəɐ. ɆɨɛűɤɜŬ ɛŮ ˊɞɚɚɏɠ ɛŮɚɏŰŮɠ ŬˊɞŰŮɚɞɨɜ Űɞɡɠ ˊɟɞ-ɎɔɔŮɚɞɡɠ ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ Űɤɜ əɡəɚɤɜɘəɩɜ ůɡůŰɖɛɎŰɤɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ (Simpson et al. 

1968; Frank 1970).  

ɇɞ əɑɜɖŰɟɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ɓŬůɑɕŮŰŬɘ ˊɟɤŰɑůŰɤɠ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ȷEWs 

ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůɖɛŬɜŰɘəɎ ɔɘŬ Űɞɜ əŬɘɟɧ əŬɘ Űɞ əɚɑɛŬ Űɖɠ Űɟɞˊɘəɐɠ ɓɧɟŮɘŬɠ ȷűɟɘəɐɠ 

əŬɘ Űɞɡ Űɟɞˊɘəɞɨ ɓɧɟŮɘɞɡ ȷŰɚŬɜŰɘəɞɨ əŬɘ ŬɜŬŰɞɚɘəɞɨ Ⱥɘɟɖɜɘəɞɨ ɤəŮŬɜɞɨ əŬɗɩɠ ɏɢŮɘ 

ŬɜŬɔɜɤɟɘůɗŮɑ ɧŰɘ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ Űɟɞˊɘəɐ əɡəɚɞɔɏɜŮůɖ. ȹŮɡŰŮɟŮɡɧɜŰɤɠ ɧůɞɜ 

ŬűɞɟɎ Űɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ, ŰŬ ȷEWs ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 80% 

(Landsea 1993) Űɤɜ ˊɞɚɨ ɘůɢɡɟɩɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ (hurricanes) əŬŰɖɔɞɟɑŬɠ 3 əŬɘ 

Ɏɜɤ. ȷɡŰɞɑ ůŰɖ ůɡɜɏɢŮɘŬ ˊɚɐŰŰɞɡɜ Űɘɠ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ əŮɜŰɟɘəɐɠ əŬɘ ɓɧɟŮɘŬɠ 

ȷɛŮɟɘəɐɠ, Űɖɠ ȾŬɟŬɥɓɘəɐɠ, ɀŮɝɘəɧ, ȾŬɜŬŭɎ ŬɚɚɎ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŬəɧɛŬ əŬɘ 

Űɖɜ ũɟɞɘɜɚŬɜŭɑŬ əŬɘ ȽůɚŬɜŭɑŬ ɛŮ ŬˊɩɚŮɘŮɠ Ŭɜɗɟɩˊɘɜɤɜ ɕɤɩɜ əŬɘ əŬŰŬůŰɟɞűɘəɏɠ 

ůɡɜɏˊŮɘŮɠ. Ɇɡɔɢɟɧɜɤɠ, ɞɟɘůɛɏɜɞɘ Ŭˊɧ Űɞɡɠ Űɟɞˊɘəɞɨɠ əɡəɚɩɜŮɠ ɛŮŰŬəɘɜɞɨɜŰŬɘ ˊɟɞɠ 

ŰŬ ɛɏůŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ əŬɘ ɛŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɘ ůŮ ɏɜŰɞɜŮɠ ɛŮŰɤˊɘəɏɠ ɡűɏůŮɘɠ ˊɞɡ 

ˊɚɐŰŰɞɡɜ Űɖ ȹɡŰɘəɐ Ⱥɡɟɩˊɖ, ŬəɧɛŬ əŬɘ Űɖ ɀŮůɧɔŮɘɞ (Wu et al. 2013). 
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1.2 ȷűɟɘəŬɜɘəɧɠ ȷɜŬŰɞɚɘəɧɠ ȷŮɟɞɢŮɑɛŬɟɟɞɠ (African  Easterly Jet, AEJ)  

Ƀ ŬűɟɘəŬɜɘəɧɠ ŬɜŬŰɞɚɘəɧɠ ŬŮɟɞɢŮɑɛŬɟɟɞɠ (African Easterly Jet, AEJ) ŮɑɜŬɘ ɏɜŬɠ 

ŬŮɟɞɢŮɑɛŬɟɟɞɠ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ˊɎɜɤ Ŭˊɧ Űɖɜ Űɟɞˊɘəɐ ɓɧɟŮɘŬ ȷűɟɘəɐ 

ˊŬɟŬŰɖɟɞɨɛŮɜɞɠ əɡɟɑɤɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ (Cook 1999) ůŰɞ ɓɧɟŮɘɞ 

ɖɛɘůűŬɑɟɘɞ (Burpee 1972). ȷˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŰɖɜ 

ŮɡɟɨŰŮɟɖ əɡəɚɞűɞɟɑŬ Űɖɠ ɓɧɟŮɘŬɠ ȷűɟɘəɐɠ (Thorncroft and Hoskins 1994), 

ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ɞˊɞɑɞ ŮɡɜɞŮɑŰŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ ŬűɟɘəŬɜɘəɩɜ 

əɡɛɎŰɤɜ ɛɏůɤ ɓŬɟɞəɚɘɜɘəɐɠ əŬɘ ɓŬɟɞŰɟɞˊɘəɐɠ ŬůŰɎɗŮɘŬɠ (Rennick 1976; Thorncroft 

and Hoskins 1994) əŬɘ ˊɘɗŬɜɩɠ ˊŬɑɕŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ əŬŰŬɜɞɛɐ Űɞɡ ɡŮŰɞɨ 

Űɖɠ ˊŮɟɘɞɢɐɠ (Payne and McGarry 1977; Rowell and Milford 1993).  

O AEJ ŬˊɞŰŮɚŮɑ ŬŮɟɞɢŮɑɛŬɟɟɞ ŬɜŬŰɞɚɘəɐɠ ůɡɜɘůŰɩůŬɠ ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ 10 m/s 

ˊŮɟɑˊɞɡ ůŰŬ 600 hPa (Burpee 1972). Ƀ ˊɡɟɐɜŬɠ Űɞɡ ŬŮɟɞɢŮɘɛɎɟɟɞɡ űŰɎɜŮɘ əɞɜŰɎ ůŰɘɠ 

15ɞȸ ůŰɖ ŭɡŰɘəɐ ŬəŰɐ (Cook 1999), ɛŮ ɛɘŬ ŰɎůɖ ɔɘŬ ɜɧŰɘŬ ɛŮŰŬŰɧˊɘůɖ ˊɟɞɠ Űɖɜ ɝɖɟɎ. 

ȺɛűŬɜɑɕŮŰŬɘ Űɞɜ ȷˊɟɑɚɘɞ əŬɘ ŭɘŬɟəŮɑ ɏɤɠ Űɞ Ɂɞɏɛɓɟɘɞ ŬɚɚɎ ŮɑɜŬɘ ɘůɢɡɟɧŰŮɟɞɠ əŬŰɎ 

Űɞ ŭɡŰɘəɞ-ŬűɟɘəŬɜɘəɧ ɛɞɡůůɩɜŬ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɛɏɢɟɘ Űɞ ɆŮˊŰɏɛɓɟɘɞ. ȼ ɨˊŬɟɝɐ Űɞɡ 

ŮɑɜŬɘ ɘůɢɡɟɎ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ Űɖɜ ŬɜŬůŰɟɞűɐ Űɖɠ Űɡˊɘəɐɠ ɛŮůɖɛɓɟɘɜɐɠ ɗŮɟɛɞɓŬɗɛɑŭŬɠ 

ˊɎɜɤ Ŭˊɧ Űɖɜ ŬűɟɘəŬɜɘəɐ ɐˊŮɘɟɞ Űɞ əŬɚɞəŬɑɟɘ.  

ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɞ AEJ ŭɘŬŰɖɟŮɑŰŬɘ ŮɝôŬɘŰɑŬɠ ŭɨɞ ɛŮůɖɛɓɟɘɜɩɜ əɡəɚɞűɞɟɘɩɜ: ɖ 1ɖ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ ŮˊɘűŬɜŮɘŬəɏɠ ɟɞɏɠ əŬɘ ŬɜɤɛŮŰŬűɞɟɎ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɗŮɟɛɘəɞɨ 

ɢŬɛɖɚɞɨ Űɖɠ ɆŬɢɎɟŬɠ (Saharan heat-low, ůɢɐɛŬ 1.1 - əɎŰɤ) Ůɜɩ ɖ 2ɖ ůɢŮŰɑɕŮŰŬɘ ɛŮ 

ɏɜŰɞɜɖ ɡɔɟɐ ŬɜɤɛŮŰŬűɞɟɎ ůŰɖɜ ŮɜŭɞŰɟɞˊɘəɐ ɕɩɜɖ ůɨɔəɚɘůɖɠ (Inter-Tropical 

Convergence Zone, ITCZ, ůɢɐɛŬ 1.1 - əɎŰɤ) ɜɞŰɘɧŰŮɟŬ (Thorncroft and Blackburn 

1999). Ƀɘ ɑŭɘɞɘ ŮɟŮɡɜɖŰɏɠ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ɛŮůɖɛɓɟɘɜɐ ɗŮɟɛɞɓŬɗɛɑŭŬ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɞ 

ɨɣɞɠ ɛŮ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ əɎŰɤ Ŭˊɧ Űɞɜ AEJ ɞɘ ɞˊɞɑŮɠ ɔɑɜɞɜŰŬɘ ɗŮŰɘəɏɠ ˊɎɜɤ Ŭˊɧ ŬɡŰɧɜ. 

ȼ ɏɟɖɛɞɠ ɆŬɢɎɟŬ ůŰŬ ɓɧɟŮɘŬ Űɞɡ AEJ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɘɠ ɝɖɟɏɠ əŬɘ ɗŮɟɛɏɠ ŬɏɟɘŮɠ 

ɛɎɕŮɠ. ȺɝôŬɘŰɑŬɠ Űɖɠ ɏɜŰɞɜɖɠ ɓŬɗɛɑŭŬɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖ ɆŬɢɎɟŬ 

ˊɟɞɠ Űɖ ũɞɡɘɜɏŬ ŬɜŬˊŰɨůůŮŰŬɘ ŬɡŰɐ ɖ ɏɜŰɞɜɖ ɟɞɐ.  

ɀŬɕɑ ɛŮ ŰŬ AEWs, ɞ AEJ ŬˊɞŰŮɚŮɑ ŮɝŬɘɟŮŰɘəɎ ůɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ŭɡŰɘəɞɨ 

ȷűɟɘəŬɜɘəɞɨ ɛɞɡůůɩɜŬ. ȷɡŰɧɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ: Ŭ) Űɞ ɗŮɟɛɘəɧ ɢŬɛɖɚɧ Űɖɠ ɆŬɢɎɟŬɠ 

(Saharan Heat Low, ůɢɐɛŬ 1.1 əɎŰɤ), ɓ) ɣɡɢɟɏɠ əŬɘ ɡɔɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ ůŰŬ ɢŬɛɖɚɎ 

ŮˊɑˊŮŭŬ ˊɟɞŮɟɢɧɛŮɜŮɠ Ŭˊɧ Űɞɜ ȷŰɚŬɜŰɘəɧ əŬɘ ɔ) ɗŮɟɛɏɠ əŬɘ ɝɖɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ Ŭˊɧ Űɖ 

ɆŬɢɎɟŬ. Ƀɘ 2 ŰŮɚŮɡŰŬɑɞɘ Űɨˊɞɘ ŬŮɟɑɤɜ ɛŬɕɩɜ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ Ŭˊɧ Űɞ 

ŮɜŭɞŰɟɞˊɘəɧ ɛɏŰɤˊɞ (Inter-Tropical Front, ITF), Űɞ Ŭɏɟɘɞ ůŰɟɩɛŬ Űɖɠ ɆŬɢɎɟŬɠ 

(Saharan Air  Layer, SAL) əŬɘ Ŭˊɧ Űɖɜ ŮɜŭɞŰɟɞˊɘəɐ ɕɩɜɖ ůɨɔəɚɘůɖɠ (ůɢɐɛŬ 1.1 - 

əɎŰɤ).  

ɆŰɖɜ Űɞɛɐ ȷ-ȸ ůŰɘɠ 0ɞȷ Űɞɡ ůɢɐɛŬŰɞɠ 1.1 űŬɑɜŮŰŬɘ ɖ ŬɜŰŬɚɚŬɔɐ ɗŮɟɛɧŰɖŰŬɠ ɛŮŰŬɝɨ 

Űɞɡ Saharan Heat Low-AEJ-ITCZ əŬɘ ɖ ɗɏůɖ Űɞɡ SAL. ȼ ɛɏůɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Űɞɡ 

AEJ ŬɜɎɛŮůŬ ůŰŬ 600-700 hPa ŬɜɏɟɢŮŰŬɘ ůŰŬ 10-15 m/s əŬɘ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ɘůɞɟɟɞˊɑŬɠ Űɞɡ ɗŮɟɛɘəɞɨ Ŭɜɏɛɞɡ (thermal wind balance) əŬɘ Űɖɠ ɘůɢɡɟɐɠ 

ɗŮɟɛɞɓŬɗɛɑŭŬɠ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ůɡɜɘůŰɩůŬ ȸɞɟɟɎ-ɁɧŰɞɡ.  
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ȼ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ MCSs 

(mesoscale convective systems) (Houze and Betts 1981). ɄŬɟôɧɚɞ ˊɞɡ ŮɑɜŬɘ ɔɜɤůŰɧ 

Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɨˊŬɟɝɖ Űɞɡ AEJ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɘɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ 

ŬɜŰɘɗɏůŮɘɠ ŬɜɎɛŮůŬ ůŰɖ ɆŬɢɎɟŬ əŬɘ ůŰɘɠ ŬəŰɏɠ Űɖɠ ũɞɡɘɜɏŬɠ (Parker et al. 2005), ɞɘ 

ŬəɟɘɓŮɑɠ əŬɘ ˊɞɚɨˊɚɞəŮɠ ŭɘŬŭɘəŬůɑŮɠ ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖ ɔɏɜŮůɐ Űɞɡ ŭŮɜ ŮɑɜŬɘ ˊɚɐɟɤɠ 

əŬŰŬɜɞɖŰɏɠ. 

ɆŰɞ ůɢɐɛŬ 1.2 űŬɑɜŮŰŬɘ ɖ ɛɏůɖ ɗɏůɖ əŬɘ ɏɜŰŬůɖ Űɞɡ AEJ ŬɜɎ ɛɐɜŬ ɔɘŬ Űɖ ɢɟɞɜɞůŮɘɟɎ 

1958-97 (Grist 2002) ɛŮůɞˊɞɘɖɛɏɜŬ ɔɘŬ ŰŬ ɔŮɤɔɟŬűɘəɎ ɛɐəɖ 10ɞȹ-20ɞȷ. ũɑɜŮŰŬɘ 

ůŬűɐɠ ɖ ɏɜŰɞɜɖ ŭɟŬůŰɖɟɘɧŰɖŰɎ Űɞɡ əŬŰɎ Űɞ əŬɚɞəŬɑɟɘ əŬɘ Űɞ űɗɘɜɧˊɤɟɞ ɛŮ ŰŬ 2 

ɛɏɔɘůŰŬ Űɖɠ ɏɜŰŬůɖɠ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ Űɞɡɠ ɛɐɜŮɠ Ƚɞɨɜɘɞ əŬɘ ɆŮˊŰɏɛɓɟɘɞ ůŰŬ 13 m/s 

əŬɘ 12 m/s, ŬɜŰɑůŰɞɘɢŬ. ɇɞ ɛɏůɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ Űɞɡ əŬŰɎ Űɖɜ 

əŬɚɞəŬɘɟɘɜɐ/űɗɘɜɞˊɤɟɘɜɐ ˊŮɟɑɞŭɞ ɧˊɞɡ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ˊɘɞ ɏɜŰɞɜɖ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5ɞ-15ɞȸ.  

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.1:  (ˊɎɜɤ): ɇɞɛɐ ȷ-ȸ ůŰɘɠ 0ɞȷ, ŭɘŬəɟɑɜɞɜŰŬɘ ŰŬ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭɡŰɘəɞɨ 

ȷűɟɘəŬɜɘəɞɨ ɛɞɡůůɩɜŬ əŬɘ Űɞɡ Űɟɞˊɘəɞɨ ȷŰɚŬɜŰɘəɞɨ (Ŭˊɧ Parker and et al 2005). ȼ ˊɑŮůɖ űŬɑɜŮŰŬɘ 

ɛŮ Űɘɠ ɛŬɨɟŮɠ ɞɟɘɕɧɜŰɘŮɠ ɔɟŬɛɛɏɠ əŬɘ ɞɘ ɟɞɏɠ ɛŮ ŰŬ əɧəəɘɜŬ ɓɏɚɖ. (əɎŰɤ): ŭɘŬəɟɑɜɞɜŰŬɘ ɞ ȷűɟɘəŬɜɘəɧɠ 

ŬɜŬŰɞɚɘəɧɠ ŬŮɟɞɢŮɑɛɛŬɟɞɠ (AEJ, ŭɘɎűŬɜɞ Ɏůˊɟɞ ɓɏɚɞɠ), Űɞ ɗŮɟɛɘəɧ ɢŬɛɖɚɧ Űɖɠ ɆŬɢɎɟŬɠ (Heat Low), 

Űɞ ŮɜŭɞŰɟɞˊɘəɧ ɛɏŰɤˊɞ (Inter-Tropical Front, ITF, ɛŬɨɟɖ ŭɘŬəŮəɞɛɛɏɜɖ ɔɟŬɛɛɐ), Űɞ Ŭɏɟɘɞ ůŰɟɩɛŬ Űɖɠ 

ɆŬɢɎɟŬɠ, Saharan Air  Layer (SAL, əŬűɏ ůəɑŬůɖ) əŬɘ ɖ ŮɜŭɞŰɟɞˊɘəɐ ɕɩɜɖ ůɨɔəɚɘůɖɠ (ITCZ, ˊɟɎůɘɜɖ 

ůəɑŬůɖ) (Ŭˊɧ The COMET Program/NASA 2020). 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.2:  ɀɏůɖ ɗɏůɖ əŬɘ ɏɜŰŬůɖ Űɞɡ AEJ ɛŮůɞˊɞɘɖɛɏɜɞ Ŭˊɧ Űɘɠ 10ɞȹ ɛɏɢɟɘ Űɘɠ 20ɞȷ ɔɘŬ ŰŬ ɏŰɖ 1958-

97 (Ŭˊɧ Grist 2002). Ƀɘ ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ.  



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

13 
 
 

1.3 ɇŬ ȷűɟɘəŬɜɘəɎ ȷɜŬŰɞɚɘəɎ ȾɨɛŬŰŬ (African  Easterly Waves, AEWs) 

ɇŬ ȷűɟɘəŬɜɘəɎ ŬɜŬŰɞɚɘəɎ əɨɛŬŰŬ (African Easterly Waves, AEWs) ŬˊɞŰŮɚɞɨɜ ɏɜŬ 

ˊɞɚɨ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɞɜ əŬɘɟɧ əŬɘ əɚɑɛŬ Űɖɠ ŭɡŰɘəɐɠ ɓɧɟŮɘŬɠ 

ȷűɟɘəɐɠ əŬɘ Űɞɡ ɓɧɟŮɘɞɡ Űɟɞˊɘəɞɨ ȷŰɚŬɜŰɘəɞɨ. ȺɑɜŬɘ ŭɘŬŰŬɟŬɢɏɠ ůɡɜɞˊŰɘəɐɠ 

əɚɑɛŬəŬɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ Űɟɞˊɘəɐ ȸ. ȷűɟɘəɐ ůŰɞ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ 

Ƚɞɡɜɑɞɡ-ɃəŰɤɓɟɑɞɡ əŬɘ əɘɜɞɨɜŰŬɘ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ (Albignat 

and Reed 1980) ůɢŮŭɧɜ ɢɤɟɑɠ əŬɛɑŬ ŭɘŬəɞˊɐ ůŰɖɜ əɡəɚɞűɞɟɑŬ Űɞɡɠ (Burpee 2003).  

Ʉɞɚɚɏɠ űɞɟɏɠ ɛɎɚɘůŰŬ ŬɜɘɢɜŮɨɞɜŰŬɘ əŬɘ ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ ɛɧɜɞ ɛɏůɤ ŭɞɟɡűɞɟɘəɩɜ 

Ůɘəɧɜɤɜ (Payne and McGarry 1977). ũɑɜɞɜŰŬɘ ɞɟŬŰɎ ɛɏůɤ Űɖɠ ŬɜɤɛŮŰŬűɞɟɎɠ ɛŮ Űɖɜ 

ɞˊɞɑŬ ůɡůɢŮŰɑɕɞɜŰŬɘ əŬɘ ŮɛűŬɜɑɕɞɜŰŬɘ ɤɠ əɡəɚɘəɎ ɐ ůɡɜŮɜɤɛɏɜŬ ɜɏűɖ ŰŬ ɞˊɞɑŬ 

ůɡɜɐɗɤɠ ɞɟɔŬɜɩɜɞɜŰŬɘ əŬɚɨŰŮɟŬ əŬŰɎ Űɖ ŭɘŬŭɟɞɛɐ Űɞɡɠ ˊɟɞɠ Űɖɜ ŬəŰɐ əŬɘ ˊɎɜɤ Ŭˊɧ 

Űɞɜ ɤəŮŬɜɧ ɧɢɘ ɧɛɤɠ Űɧůɞ ɝŮəɎɗŬɟŬ ůŰɖɜ ɝɖɟɎ. 

Ⱥɚɏɔɢɞɡɜ Űɖɜ ɖɛŮɟɐůɘŬ ɓɟɞɢɧˊŰɤůɖ Űɖɠ ŭɡŰɘəɐɠ ȷűɟɘəɐɠ (Reed et al. 1977) ŬɚɚɎ əŬɘ 

Űɖ ɔɏɜŮůɖ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ (Landsea et al. 1998). ȷˊɞŰŮɚɞɨɜ ŬɜŰɘəŮɑɛŮɜɞ 

ɛŮɚɏŰɖɠ əŬɘ ŮɜŭɘŬűɏɟɞɜŰɞɠ əŬɗɩɠ ůŰɖɜ ˊɞɟŮɑŬ Űɞɡɠ ŬˊɞŰŮɚɞɨɜ ˊɟɞ-ɎɔɔŮɚɞɡɠ ɔɘŬ Űɖ 

ɔɏɜŮůɖ əŬɘ Űɞ ůɢɖɛŬŰɘůɛɧ ɏɤɠ əŬɘ Űɤɜ ɛɘůɩɜ (Frank 1970) Űɟɞˊɘəɩɜ əŬŰŬɘɔɑŭɤɜ & 

əɡəɚɩɜɤɜ (Simpson et al. 1968; Frank 1970) Űɞɡ ȷŰɚŬɜŰɘəɞɨ ŬɚɚɎ əŬɘ ůŮ əɎˊɞɘŮɠ 

ŬəɟŬɑŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞɡ ŬɜŬŰɞɚɘəɞɨ Ⱥɘɟɖɜɘəɞɨ ɤəŮŬɜɞɨ. 

ȼ ˊŮɟɘɞɢɐ ˊɟɞɏɚŮɡůɖɠ Űɤɜ ȷEWs ŮɑɜŬɘ ɏɜŬ ɗɏɛŬ ˊɞɡ ˊɟɞɓɚɖɛŬŰɑɕŮɘ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ 

əɞɘɜɧŰɖŰŬ ŬəɧɛŬ əŬɘ ůɐɛŮɟŬ. ȷɜɎɛŮůŬ ůŰɘɠ ˊɘɗŬɜɏɠ ˊŮɟɘɞɢɏɠ ˊɟɞɏɚŮɡůɖɠ ŬɜŬűɏɟŮŰŬɘ 

ɖ ˊŮɟɘɞɢɐ Ŭˊɧ Űɞ ɉŬɟŰɞɨɛ (ɆɞɡŭɎɜ, 32ɞȺ) ɛɏɢɟɘ Űɞ NôDjamena (ɇůɎɜŰ, 15ɞȺ) (Burpee 

1972), Ůɜɩ ɞɘ Albignat əŬɘ Reed (1980) ŭŮɑɢɜɞɡɜ əɎˊɞɘŮɠ ˊɘɗŬɜɏɠ ŬŭɨɜŬɛŮɠ Ŭɟɢɘəɏɠ 

ŭɘŬŰŬɟŬɢɏɠ ůŰɖ ɜɧŰɘŬ ȺɟɡɗɟɎ ŪɎɚŬůůŬ ɛŮ Űɖɜ əɨɟɘŬ Ůɜɑůɢɡůɐ Űɞɡɠ ɜŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ 

ůŰɖɜ ˊŮɟɘɞɢɐ 10ɞȺ-0ɞ. ȷɡŰɐ ɖ ˊŮɟɘɞɢɐ ˊɟɞŰŮɑɜŮŰŬɘ ɤɠ ɖ ŮˊɘəɟŬŰɏůŰŮɟɖ ˊŮɟɘɞɢɐ 

ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ ɚɧɔɤ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ŬůŰɎɗŮɘŬɠ Űɞɡ AEJ ŬɚɚɎ əŬɘ Űɖɠ əŬɚɨŰŮɟɖɠ 

ɞɟɔɎɜɤůɖɠ Űɖɠ ŬɜɤɛŮŰŬűɞɟɎɠ (convection) Ŭˊɧ ŰŬ ŮɜɘůɢɡɛɏɜŬ əɨɛŬŰŬ  ɖ ɞˊɞɑŬ 

ŮˊɘŰɟɏˊŮɘ ůŰɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ůɡɛˊɨəɜɤůɖɠ ɜŬ ůɡɜŮɘůűɏɟŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɐ Űɞɡɠ.  Ƀ 

Carlson (1969a) ɏŭŮɘɝŮ ɧŰɘ ŰŬ AEWs ɛˊɞɟɞɨɜ ɜŬ ŬɜɘɢɜŮɡŰɞɨɜ ŬɜŰɑůŰɟɞűŬ Űɖɠ əɑɜɖůɐɠ 

Űɞɡɠ ůŰɞ ˊŮŭɑɞ Űɞɡ Ŭɜɏɛɞɡ ˊŮɟɑˊɞɡ ůŰɞ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ Űɤɜ 10ɞȺ. Ʉɞɚɨ ůɡɢɜɎ 

űŰɎɜɞɡɜ ůŰɖɜ ȾŬɟŬɥɓɘəɐ ŪɎɚŬůůŬ (Riehl 1979) ŬɚɚɎ əŬɘ Űɞɜ ŬɜŬŰɞɚɘəɧ Ⱥɘɟɖɜɘəɧ 

ɤəŮŬɜɧ (Avila 1991; Avila and Pasch 1995). ɆɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɜɏűɤůɖ əŬɘ 

əŬŰŬɘɔɘŭɞűɧɟŮɠ ɕɩɜŮɠ (Eldridge 1957) ŬɚɚɎ əŬɘ Ŭˊɧ ɚŬɑɚŬˊŮɠ ŭɘŮɨɗɡɜůɖɠ ȸɞɟɟɎ-

ɁɧŰɞɡ. 

ɇŬ AEWs ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ ɛɏůɤ ˊŬɟŬŰɖɟɐůŮɤɜ ůŮ ŰɞˊɞɗŮůɑŮɠ Űɖɠ ɓɧɟŮɘŬɠ 

ȷűɟɘəɐɠ ɧˊɤɠ Űɞ Niamey (ɁɑɔɖɟŬɠ), Bamako (ɀɎɚɘ), Dakar (ɆŮɜŮɔɎɚɖ) əŬɘ Praia 

(ɄɟɎůɘɜɞ ȷəɟɤŰɐɟɘ) (ůɢɐɛŬ 1.3). ȷɜ əŬɘ ŭŮ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɘŭɘŬɑŰŮɟŬ ɘůɢɡɟɎ 

ɓŬɟɞɛŮŰɟɘəɎ ɢŬɛɖɚɎ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɘůɢɡɟɐ 

ɓɟɞɢɧˊŰɤůɖ əŬɘ ˊɞɚɨ ɘůɢɡɟɏɠ ˊɚɖɛɛɨɟŮɠ ůŰɖ ŭɡŰɘəɐ Űɟɞˊɘəɐ ȷűɟɘəɐ. ȰɜŬ 

ˊŬɟɎŭŮɘɔɛŬ ŬɡŰɞɨ ŬˊɞŰŮɚŮɑ ɞ ůɡɜŭɡŬůɛɧɠ Ůɜɧɠ ɘůɢɡɟɞɨ AEW əŬɘ Ůɜɧɠ mesoscale 

convective system (MCS) ŮɝôŬɘŰɑŬɠ Űɤɜ ɞˊɞɑɤɜ ŮəŭɖɚɩɗɖəŮ ɛɘŬ ɗŬɜŬŰɖűɧɟŬ 

ˊɚɖɛɛɨɟŬ ůŰɞ Ouagadougou (ɀˊɞɡɟəɑɜŬ ūɎůɞ) ůŰɘɠ 31 ȷɡɔɞɨůŰɞɡ ï 1 ɆŮˊŰŮɛɓɟɑɞɡ 
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2009 (Galvin 2010). ɇŬ ˊɞŰɎɛɘŬ Pendjari, Niger, Volta əŬɘ Senegal ˊɚɖɛɛɐɟɘůŬɜ 

ˊɟɞəŬɚɩɜŰŬɠ Űɖɜ əŬŰŬůŰɟɞűɐ ůˊɘŰɘɩɜ, ŭɟɧɛɤɜ, ɔŮűɡɟɩɜ əŬɘ əŬɚɚɘŮɟɔŮɘɩɜ 

ŮˊɖɟŮɎɕɞɜŰŬɠ 940.000 Ŭɜɗɟɩˊɞɡɠ ůŮ 12 ɢɩɟŮɠ (OHCA ï ñWest Africa ï Flood 

Affected Population ï June to September 2009ò) əŬɘ ɏɔɘɜŬɜ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɞ ɗɎɜŬŰɞ 

ŰɞɡɚɎɢɘůŰɞɜ 193 Ŭɜɗɟɩˊɤɜ (ñFloods across Western Sahel (as of 8 Sep 2009) Relief 

Webò). 

ɆɢɐɛŬ 1.3: ɈɣɞɛŮŰɟɘəɧɠ ɢɎɟŰɖɠ (m) Űɖɠ ɓɧɟŮɘŬɠ ȷűɟɘəɐɠ ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ɞɟɞůŮɘɟɏɠ əŬɘ ɞɘ 

ůŰŬɗɛɞɑ Niamey (ɁɑɔɖɟŬɠ), Ouagadougou (ɀˊɞɡɟəɑɜŬ ūɎůɞ), Bamako (ɀɎɚɘ) əŬɘ Dakar (ɆŮɜŮɔɎɚɖ) 

Ŭˊɧ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɤɜ ɞˊɞɑɤɜ ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ ŰŬ AEWs (Ŭˊɧ USGS/The COMET Program 

2020). 

 

ɇŬ AEW ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɔɟŬűɞɨɜ ɤɠ ɛɘŬ ůŮɘɟɎ Ŭɡɚɩɜɤɜ ɟŬɢɩɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ 

ůŰɞɜ AEJ ɞ ɞˊɞɑɞɠ ɏɢŮɘ ɛɏɔɘůŰɖ ɏɜŰŬůɖ (ˊ.ɢ. ɛɏɔɘůŰɞ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ) ŬɜɎɛŮůŬ Ŭˊɧ 

ŰŬ 600 əŬɘ 700 hPa. ȳɛɤɠ, ůɡɢɜɎ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ɛɧɜɞ ůŰɞɜ ŬɡɚɩɜŬ Űɞɡɠ. ɆŰɞ ˊɟɩŰɞ 

ůŰɎŭɘɞ Űɖɠ əɡəɚɤɜɘəɐɠ ˊŮɟɘɧŭɞɡ (Ƚɞɨɜɘɞɠ-ȷɨɔɞɡůŰɞɠ) ɖ ́ŬɟɞɡůɑŬ Űɞɡɠ ŮɑɜŬɘ 

ůˊɞɟŬŭɘəɐ əŬɘ ŮɛűŬɜɑɕɞɜŰŬɘ ŬŭɨɜŬɛŬ (Carlson 1969b) ɛɏɢɟɘ Űɞɜ ȷɨɔɞɡůŰɞ. ȳŰŬɜ ɞ 

ɡɔɟɧɠ ɜɞŰɘɞ-ŭɡŰɘəɧɠ ɎɜŮɛɞɠ Űɤɜ ɛɞɡůůɩɜɤɜ ŮɜŭɡɜŬɛɩɜŮɘ əŬɘ ŭɘŮɘůŭɨŮɘ ˊɟɞɠ Űɞ 

ȸɞɟɟɎ, ŰŬ ŬɜŬŰɞɚɘəɎ əɨɛŬŰŬ ŮɑɜŬɘ ůŬűɩɠ ˊɘɞ ɏɜŰɞɜŬ. Ɇɡɜɐɗɤɠ ŭɘŬůɢɑɕɞɡɜ Űɖɜ ŬəŰɐ 

Ŭˊɧ Űɖɜ ȷűɟɘəɐ ˊɟɞɠ Űɞɜ ȷŰɚŬɜŰɘəɧ əɞɜŰɎ ůŰɞ ɁŰŬəɎɟ (ɆŮɜŮɔɎɚɖ) ɛŮ Űɡˊɘəɐ Űɘɛɐ 

ˊŮɟɘɧŭɞɡ 3-5 ɖɛŮɟɩɜ (Reed 1979) əŬɘ ɛɐəɞɠ əɨɛŬŰɞɠ 2000-4000 km ŰŬ ɞˊɞɑŬ ɛŮɔɏɗɖ 

ɛŮɘɩɜɞɜŰŬɘ ɧŰŬɜ ŬɡŰɎ əɘɜɞɨɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞɜ ɤəŮŬɜɧ (Reed et al. 1977). Ƀɘ ŰŬɢɨŰɖŰɏɠ 

Űɞɡɠ əɡɛŬɑɜɞɜŰŬɘ ůŰŬ 7-8 m/s (ůɢŮŭɧɜ 6-7ɞ ɔŮɤɔɟŬűɘəɞɨ ɛɐəɞɡɠ ŬɜɎ ɛɏɟŬ), 

ŮəŰŮɑɜɞɜŰŬɘ ůŰɖ ŭɘŮɨɗɡɜůɖ ȸɞɟɟɎ-ɁɧŰɞɡ ɛɏɢɟɘ əŬɘ Űɘɠ 10-15ɞ (ůɢɐɛŬ 1.4), ɖ ɛɏɔɘůŰɖ 

ɏɜŰŬůɐ Űɞɡɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɖ ɢŬɛɖɚɐ-ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ əŬɘ ŭŮɜ ŮəŰŮɑɜɞɜŰŬɘ ɛɏůŬ 

ůŰɖɜ ITCZ. ɆŰɞ ˊŬɟŮɚɗɧɜ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ Űɟɞˊɘəɐ ŭɘŬŰŬɟŬɢɐ ɛŮ ˊŮɟɑɞŭɞ 6-9 

ɖɛŮɟɩɜ ŬɚɚɎ ˊŬɟɞɛɞɑɤɜ ˊŮɟɘɧŭɤɜ əɨɛŬŰŬ ŮəŭɖɚɩɜɞɜŰŬɘ ůɡɜɐɗɤɠ ɓɞɟŮɘɧŰŮɟŬ Űɤɜ 

15ɞȸ ɛŮ ɛɐəɖ əɨɛŬŰɞɠ ůŰŬ 5000 km.  
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ɆŰɞ ůɢɐɛŬ 1.4 ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ˊŬɟŬˊɎɜɤ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŮ ɢɤɟɘəɐ əɚɑɛŬəŬ Ŭˊɧ Űɞ 

ɡˊɏɟɡɗɟɞ əŬɜɎɚɘ Űɞɡ ŭɞɟɡűɧɟɞɡ Meteosat ɛŮ Űɞɡɠ Ŭɜɏɛɞɡɠ ŭɨɞ AEW ůŰŬ 700 hPa 

(əɧɛɓɞɘ) ɜŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ Ŭˊɧ ˊɎɜɤ. ɀŮ Űɘɠ əɑŰɟɘɜŮɠ ɔɟŬɛɛɏɠ űŬɑɜŮŰŬɘ ɖ əɚɑɛŬəŬ 

Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɧɠ Űɞɡɠ ůŰɖ ŭɘŮɨɗɡɜůɖ ȷɜŬŰɞɚɐɠ-ȹɨůɖɠ əŬɘ ɖ ɏəŰŬůɐ Űɞɡɠ ůŰɖ 

ŭɘŮɨɗɡɜůɖ ȸɞɟɟɎ-ɁɧŰɞɡ. ɀŮ Űɖ ɔŬɚɎɕɘŬ ɔɟŬɛɛɐ ɔɑɜŮŰŬɘ ɝŮəɎɗŬɟɞɠ ɞ ˊɡɟɐɜŬɠ Űɞɡ 

AEJ Ůɜɩ ɛŮ Űɞ ɟɞɕ ɓɏɚɞɠ űŬɑɜŮŰŬɘ ɖ Űɡˊɘəɐ əŬŰŮɨɗɡɜůɖ əɑɜɖůɖɠ Ůɜɧɠ AEW. 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.4: ȹɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ Űɞɡ Meteosat IR, ɛŮ Űɞɜ ɎɜŮɛɞ (əɧɛɓɞɘ) ůŰŬ 700 hPa (ɢɟɤɛŬŰɘůɛɏɜŬ 

barbs). ȷˊŮɘəɞɜɑɕɞɜŰŬɘ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ (ɞɟɘɕɧɜŰɘŬ əɑŰɟɘɜɖ ɔɟŬɛɛɐ), ɖ ɏəŰŬůɖ Űɤɜ AEWs ůŮ 

ŭɘŮɨɗɡɜůɖ ȸ-Ɂ (əɎɗŮŰɖ əɑŰɟɘɜɖ ɔɟŬɛɛɐ), ɞ ˊɡɟɐɜŬɠ Űɞɡ AEJ (ɔŬɚɎɕɘŬ ɔɟŬɛɛɐ) əŬɘ ɖ əŬŰŮɨɗɡɜůɖ 

əɑɜɖůɖɠ & ŰŬɢɨŰɖŰŬ Űɤɜ AEW (ɟɞɕ ɓɏɚɞɠ) (Ŭˊɧ The COMET Program / EUMETSAT (2012) / US 

Navy / NRL) 

ɆŰɖɜ ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ 315Ⱦ (ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 700 hPa ůŰɖɜ 

ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɜɧŰɘŬ Űɞɡ AEJ), ɞ ɗŮŰɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ ŮəŰŮɑɜŮŰŬɘ ŮˊɎɜɤ Ŭˊɧ 

Űɖɜ ȷűɟɘəŬɜɘəɐ ɐˊŮɘɟɞ ˊɟɞɠ Űɖɜ ȾŬɟŬɥɓɘəɐ əŬɘ ŰŬ AEWs ɜɧŰɘŬ Űɞɡ ŬŮɟɞɢŮɘɛɎɟɟɞɡ 

əɞɜŰɎ ůŰɞ ɑŭɘɞ ˊŮɟɑˊɞɡ ŮˊɑˊŮŭɞ ɛŮ ŬɡŰɧɜ, ŬɜŬɛɏɜŮŰŬɘ ɜŬ əɘɜɖɗɞɨɜ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ 

(Pytharoulis and Thorncroft 1999).  

ȰɜŬɠ űɡůɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖ ɔɏɜŮůɖ Űɤɜ əɡɛɎŰɤɜ ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

Ŭˊɧ Űɞɜ Burpee (1971) ŮɑɜŬɘ ɖ əɡəɚɤɜɘəɐ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ. Ⱥˊɑůɖɠ ŬɜŬűɏɟŮɘ ɧŰɘ 

űŬɑɜŮŰŬɘ ŬˊɑɗŬɜɞ ŰŬ ŬűɟɘəŬɜɘəɎ əɨɛŬŰŬ ɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Ůɜɘůɢɡɛɏɜɖ 

ŬɜɤɛŮŰŬűɞɟɎ (convection) ůŰŬ ɓɞɡɜɎ Űɖɠ ȷɘɗɘɞˊɑŬɠ ɧˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ˊŬɚŬɘɧŰŮɟŬ 

ɤɠ ˊɘɗŬɜɐ ˊŮɟɘɞɢɐ ɔɏɜŮůɐɠ Űɞɡɠ. ȰɜŬ Űɡˊɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞ ɞˊɞɑɞ ŮɡɜɞŮɑ Űɖ ɔɏɜŮůɖ 

ɤəŮɎɜɘɤɜ Űɟɞˊɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ Űɞ ɑŭɘɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ɞˊɞɑɞ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ AEWs. ɄɎɚɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ Burpee (1971) ŰŬ əɨɛŬŰŬ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ɜɧŰɘŬ Űɞɡ ŬŮɟɞɢŮɘɛɎɟɟɞɡ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ɧˊɞɡ ɖ ɛɏůɖ ɕɤɜɘəɐ ɟɞɐ ŮɑɜŬɘ 

ŬůŰŬɗɐɠ, Ůɜɩ  ɖ ɞɟɘɕɧɜŰɘŬ əŬɘ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ ɛɏůɞɡ ɕɤɜɘəɞɨ Ŭɜɏɛɞɡ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ŰŬ AEWs ɜɧŰɘŬ Űɞɡ AEJ. ȰɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ɞ 
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ɛɖɢŬɜɘůɛɧɠ ůɢɖɛŬŰɘůɛɞɨ Űɤɜ AEWs əŬɘ ɛɎɚɘůŰŬ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɞɡɠ ɓŬůɑɕŮŰŬɘ 

ůŰɖɜ ŬůŰɎɗŮɘŬ Charney-Stern (Charney and Stern 1962) əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ɛŮůɖɛɓɟɘɜɐ 

ɓŬɗɛɑŭŬ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ ŬɚɚɎɕŮɘ ˊɟɧůɖɛɞ ŮəŬŰɏɟɤɗŮɜ Űɞɡ ȷEJ 

(Thorncroft and Hoskins 1994). ȼ ŬůŰɎɗŮɘŬ Charney-Stern ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ɏɜŬ 

ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ɞˊɞɑɞ ɖ ɗŮɟɛɞəɟŬůɘŬəɐ ɓŬɗɛɑŭŬ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ əŬŰŬəɧɟɡűɖ 

ŭɘɎŰɛɖůɖ ŮɡɜɞŮɑ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ ŭɡɜŬɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɖ ɛɏůɖ əɡəɚɞűɞɟɑŬ 

ˊɟɞɠ ɞˊɞɘŬŭɐˊɞŰŮ ŭɘŬŰŬɟŬɢɐ Űɖɠ ˊɑŮůɖɠ (Wang and Gillies 2011).  

ȷɟɢɘəɎ ŭŮɜ ɐŰŬɜ ɝŮəɎɗŬɟɞ Ŭɜ ŰŬ AEWs ŮɑɜŬɘ ůɡůŰɐɛŬŰŬ ɛŮ ŭɨɞ əɏɜŰɟŬ əɡəɚɞűɞɟɑŬɠ 

ůŰŬ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ əŬɘ ɛŮ ɏɜŬ ɘůɢɡɟɧ ɛɏɔɘůŰɞ Űɞɡ ůŰɟɞɓɘɚɘůɛɞɨ ůŰŬ 700 hPa, 

ɜɧŰɘŬ Űɞɡ AEJ ɐ Ŭɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨ Űɨˊɞɡ ŭɘŬŰŬɟŬɢɏɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ 

ůŰɘɠ 2 ˊɚŮɡɟɏɠ Űɞɡ ŬŮɟɞɢŮɘɛɎɟɟɞɡ. ȷɟɔɧŰŮɟŬ ŬˊɞŭŮɑɢɗɖəŮ ɖ ɨˊŬɟɝɖ AEWs ɓɧɟŮɘŬ 

Űɞɡ ŬŮɟɞɢŮɘɛɎɟɟɞɡ ɛŮ ɛɏɔɘůŰɖ ɏɜŰŬůɖ ůŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ (Pytharoulis and 

Thorncroft 1999) ɔɘŬ Űɖɜ ɞˊɞɑŬ ˊɟɞŰŮɑɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ɡˊŬɑŰɘŬ ɖ ɓŬɟɞəɚɘɜɘəɐ ŬůŰɎɗŮɘŬ. 

Ʉɞɚɨ ůɖɛŬɜŰɘəɧ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ˊŬɟɎ Űɘɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬŰŬɟŬɢɩɜ ůŰŬ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ əŬɘ ůŰŬ 700 hPa, ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ŮɜɘŬɑɞ əɨɛŬ Űɞ ɞˊɞɑɞ ŭɘŬŭɑŭŮŰŬɘ 

ůɡɔɢɟɧɜɤɠ, ŰɞɡɚɎɢɘůŰɞɜ ŮˊɎɜɤ Ŭˊɧ Űɖɜ ȷűɟɘəɐ, ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ 

əŬɘ Űɖ ɗɎɚŬůůŬ ŬˊɞŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ŰŬ AEWs ŬˊɞŰŮɚɞɨɜ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəŮɠ ŭɞɛɏɠ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Ůɜɩ ɖ ɛɏůɖ ŭɟŬůŰɖɟɘɧŰɖŰɎ Űɞɡɠ ŮɑɜŬɘ ŬůɗŮɜɏůŰŮɟɖ ůŰŬ 850 Ŭˊɧ ŰŬ 

600 hPa (Thorncroft and Hodges 2001), ɖ ŮɜŭɞŮŰɐůɘŬ ɛŮŰŬɓɚɖŰɧŰɖŰɎ Űɞɡɠ ůŰŬ 850 

hPa ŮɑɜŬɘ ůɢŮŭɧɜ ŭɘˊɚɎůɘŬ.  

ȼ ůɡůɢɏŰɘůɖ Űɖɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Űɤɜ AEWs ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ 

ůŰɞɜ ȷŰɚŬɜŰɘəɧ ŬˊɞŰŮɚŮɑ Ůˊɑůɖɠ ɏɜŬ ŮɜŭɘŬűɏɟɞɜ ɗɏɛŬ. Ƀɘ Thorncroft əŬɘ Hodges 

(2001) ɏŭŮɘɝŬɜ ɧŰɘ Ůɜɩ ˊɟɘɜ Űɞ 1985 ŮɛűŬɜɑɕŮŰŬɘ ɛɘŬ ŬɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Űɤɜ AEWs ɛŮ ŬɡŰɐ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ, ɛŮŰɎ Ŭˊɧ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɘůɢɡɟɐ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ (ŮɘŭɘəɎ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 

1994-1998). ȷɡŰɧ ˊɟɞŰŮɑɜŮɘ ɧŰɘ ɖ əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɛˊɞɟŮɑ 

ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ɧɢɘ ɛɧɜɞ Ŭˊɧ Űɖɜ ɏɜŰŬůɖ ŬɚɚɎ əŬɘ Ŭˊɧ Űɖ ůɡɢɜɧŰɖŰŬ Űɤɜ AEWs ˊɞɡ 

ŭɘŬůɢɑɕɞɡɜ Űɘɠ ŭɡŰɘəɏɠ ŬəŰɏɠ Űɖɠ ȷűɟɘəɐɠ. ɄŬɟɎ Űɖ ɛɘəɟɐ ɢɟɞɜɞůŮɘɟɎ ˊɞɡ ɚɐűɗɖəŮ 

ɡˊôɧɣɘɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɖ ŬɜŬɚɞɔɑŬ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮɔŮɗɩɜ Ŭɜ 

əŬɘ ɖ ɏɜŰɞɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɤɜ AEWs ŭŮ ɛŮŰŬűɟɎɕŮŰŬɘ ˊɎɜŰŬ ůŮ ɏɜŰɞɜɖ əɡəɚɤɜɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ (ɧˊɤɠ ůɡɜɏɓɖ Űɞ 1982, ɛɘŬ ɢɟɞɜɘɎ ɛŮ ɏɜŰɞɜŬ AEWs ŬɚɚɎ ɚɘɔɞůŰɞɨɠ 

Űɟɞˊɘəɞɨɠ əɡəɚɩɜŮɠ).  

O Landsea (1993) ŮəŰɑɛɖůŮ ɧŰɘ ˊŮɟɑˊɞɡ Űɞ 60% Űɤɜ Űɟɞˊɘəɩɜ əŬŰŬɘɔɑŭɤɜ əŬɘ ɛɏŰɟɘŬɠ 

ɏɜŰŬůɖɠ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ əŬɗɩɠ əŬɘ 80% Űɤɜ ɘůɢɡɟɩɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ 

(əŬŰɖɔɞɟɑŬɠ 3 əŬɘ ˊɎɜɤ) ůŰɖ ɚŮəɎɜɖ Űɞɡ ȷŰɚŬɜŰɘəɞɨ ˊɖɔɎɕɞɡɜ Ŭˊɧ ŰŬ AEWs. ȯɚɚŮɠ 

ɛŮɚɏŰŮɠ (Thorncroft and Hodges 2001; Chen et al. 2008; Hopsch et al. 2007) Ŭˊɞŭɑŭɞɡɜ 

ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ Űɟɞˊɘəɐɠ əɡəɚɞɔɏɜŮůɖɠ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɤɜ ŬűɟɘəŬɜɘəɩɜ əɡɛɎŰɤɜ 

ŮɝôŬɘŰɑŬɠ Űɖɠ ɡɔɟɐɠ ŬɜɤɛŮŰŬűɞɟɎɠ (convection) ɖ ɞˊɞɑŬ ŭɘŮɡəɞɚɨɜŮɘ Űɖ ɛŮŰŬŰɟɞˊɐ 

Űɤɜ əɡɛɎŰɤɜ ɛŮ ɣɡɢɟɧ ˊɡɟɐɜŬ ůŮ əɡəɚɩɜŮɠ ɗŮɟɛɞɨ ˊɡɟɐɜŬ (Pytharoulis and 

Thorncroft 1999). Ƀɘ Wang əŬɘ Gillie (2011) ůɡɛˊŮɟŬɑɜɞɡɜ ɧŰɘ ɖ Ůɜɑůɢɡůɖ Űɖɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Űɤɜ AEWs ́ ɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ ɛŮŰŬɓɞɚɏɠ ůŰɞɜ AEJ ́ Ŭɑɕɞɡɜ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɖɜ ŬɚɚŬɔɐ Űɖɠ Űɟɞˊɘəɐɠ əɡəɚɞɔɏɜŮůɖɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ ɓɧɟŮɘɞ 
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ȷŰɚŬɜŰɘəɧ. Ⱥˊɑůɖɠ ɓɟɏɗɖəŮ ɧŰɘ Űɞ 88% Űɖɠ Ŭɨɝɖůɖɠ ůŰɖ ůɡɢɜɧŰɖŰŬ Űɤɜ ɘůɢɡɟɩɜ 

Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ŰŬ ŰŮɚŮɡŰŬɑŬ 30 ɢɟɧɜɘŬ, ůɡɜŭɏŮŰŬɘ ɛŮ ŰŬ ŬűɟɘəŬɜɘəɎ ŬɜŬŰɞɚɘəɎ 

əɨɛŬŰŬ (Wang and Gillies 2011). 

ɇŬ AEWs ůɢŮŰɑɕɞɜŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ ɎůŰŬŰɞ əŬɘɟɧ ŬɚɚɎ ɖ ɏɜŰŬůɐ Űɞɡɠ ůɡɢɜɎ 

ɛŮɘɩɜŮŰŬɘ əŬɗɩɠ ˊɚɖůɘɎɕɞɡɜ ůŰɘɠ ŭɡŰɘəɏɠ ŬəŰɏɠ Űɖɠ ȷűɟɘəɐɠ (Carlson 1969b). ȷɡŰɏɠ 

ɞɘ ŬɜŬŰŬɟɎɝŮɘɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ əŬŰŬɘɔɘŭɞűɧɟŬ ɜɏűɖ əŬɗɩɠ ŭɘŬůɢɑɕɞɡɜ Űɖ ŭɡŰɘəɐ 

Űɟɞˊɘəɐ ȷűɟɘəɐ əŬɘ Űɞɜ ŬɜŬŰɞɚɘəɧ Űɟɞˊɘəɧ ȸɧɟŮɘɞ ȷŰɚŬɜŰɘəɧ (Burpee 2003). 

ȺəŰɘɛɎŰŬɘ ɧŰɘ ˊŮɟɑˊɞɡ ɞ ɛɘůɧɠ ɡŮŰɧɠ Űɖɠ ˊŮɟɘɧŭɞɡ Ƚɞɡɜɑɞɡ-ɆŮˊŰŮɛɓɟɑɞɡ ůŰɖ ŭɡŰɘəɐ 

ȷűɟɘəɐ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŮˊɑŭɟŬůɖ Űɤɜ AEWs (Chen et al 2008). 

ȼ ɏɟɖɛɞɠ ɆŬɢɎɟŬ Ůˊɑůɖɠ ŮˊɖɟŮɎɕŮɘ Űɖ ɟɞɐ ůŰɖ ŭɡŰɘəɐ ȷűɟɘəɐ əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɛɘŬ 

ŬɢŬɜɐ ɏəŰŬůɖ ɞɛɞɘɧɛɞɟűɖɠ ɡɣɖɚɐɠ ŭɡɜɖŰɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ (ɗ~45ɞC) (Carlson 

1969b) əŬɘ ɢŬɛɖɚɐɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɖɜ əŬŰɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ 

Űɞ ˊŬɟŬˊɎɜɤ ɞ ȷŰɚŬɜŰɘəɧɠ ɤəŮŬɜɧɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɢŮŰɘəɎ ɣɡɢɟɐ ˊŮɟɘɞɢɐ ɛŮ Űɡˊɘəɐ 

Űɘɛɐ ŭɡɜɖŰɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɡɠ 25ɞC əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ (Carlson 1969b). 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Carlson əŬɘ Prospero (1972) ɖ ˊŬɟŬŰŮŰŬɛɏɜɖ ɗɏɟɛŬɜůɖ Űɞɡ ŬɏɟŬ 

ˊɞɡ ˊŮɟɜɎŮɘ Ŭˊɧ Űɖɜ ɏɟɖɛɞ ɆŬɢɎɟŬ Űɞ əŬɚɞəŬɑɟɘ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɝɖɟɧ ŬŭɘŬɓŬŰɘəɧ, 

əŬɚɎ ŬɜŬɜŮɛŮɘɔɛɏɜɞ ůŰɟɩɛŬ (Saharan Air  Layer, SAL) ŬɏɟŬ Űɞ ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ 

ůɤɛŬŰɑŭɘŬ ůəɧɜɖɠ Ŭˊɧ Űɖɜ ɏɟɖɛɞ əŬɘ ŮəŰŮɑɜŮŰŬɘ ɛɏɢɟɘ Űɞ ɡɣɧɛŮŰɟɞ Űɤɜ 6500 m. 

ȾŬɗɩɠ ŰŬ AEWs ˊŮɟɜɎɜŮ Ŭˊɧ ŰŬ ɜɧŰɘŬ əɟɎůˊŮŭŬ Űɖɠ ɆŬɢɎɟŬɠ ˊŬɟŬůɨɟɞɡɜ ŬɏɟɘŮɠ 

ɛɎɕŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŬɡŰɎ ŰŬ ůɤɛŬŰɑŭɘŬ əŬɘ ůŮ ɨɣɞɠ ˊŮɟɑˊɞɡ ůŰŬ 600 ɛŮ 800 hPa 

ɛŮŰŬűɏɟɞɡɜ Űɞɜ ůŬɢŬɟɘŬɜɧ ŬɏɟŬ əŬɘ Űɖ ůəɧɜɖ ˊɞɚɨ ůɡɢɜɎ ɛɏɢɟɘ Űɖɜ ȾŬɟŬɥɓɘəɐ əŬɘ 

Űɖ ɓɧɟŮɘŬ Ɂ.ȷɛŮɟɘəɐ. 

 

1.3.1 ɆɢɖɛŬŰɘůɛɧɠ Űɤɜ AEWs 

Ƀ ůɢɖɛŬŰɘůɛɧɠ, ɖ Ůɝɏɚɘɝɖ Űɤɜ AEWs əŬɘ ɖ ŬɜɤɛŮŰŬűɞɟɎ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ ŬɡŰɎ 

ŮˊɖɟŮɎɕɞɜŰŬɘ ˊɞɚɨ Ŭˊɧ Űɖɜ ŰɞˊɞɔɟŬűɑŬ Űɖɠ ɓɧɟŮɘŬɠ ȷűɟɘəɐɠ, ɘŭɘŬɑŰŮɟŬ Ŭˊɧ ŰŬ ɧɟɖ 

Darfur əŬɘ ŰŬ ɓɞɡɜɎ Űɖɠ ȷɘɗɘɞˊɑŬɠ (ůɢɐɛŬ 1.3). ɇŬ ˊŮɟɘůůɧŰŮɟŬ AEWs ŰŮɑɜɞɡɜ ɜŬ 

ůɢɖɛŬŰɑɕɞɜŰŬɘ əɎˊɞɡ ŬɜɎɛŮůŬ ůŰɘɠ 15ɞ-30ɞȷ ůŰɖɜ ɡˊɐɜŮɛɖ ˊɚŮɡɟɎ Űɤɜ ɞɟɞůŮɘɟɩɜ. 

Ƀ Ŭəɟɘɓɐɠ ɛɖɢŬɜɘůɛɧɠ ɢɎɟɖ ůŰɞɜ ɞˊɞɑɞ ɝŮəɘɜɎ ɖ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ ŮɑɜŬɘ 

ŬəɧɛŬ əŬɘ ůɐɛŮɟŬ ɡˊɧ ɛŮɚɏŰɖ Ŭɜ əŬɘ ɖ ŬůŰɎɗŮɘŬ Űɞɡ AEJ ŮɑɜŬɘ ɝŮəɎɗŬɟŬ ɏɜŬɠ 

əɡɟɑŬɟɢɞɠ ˊŬɟɎɔɞɜŰŬɠ.  

ũŮɜɘəɎ ɏɢɞɡɜ ŭɘŬŰɡˊɤɗŮɑ əŬɘ ŮˊɘəɟŬŰɐůŮɘ ŭɨɞ ɛɖɢŬɜɘůɛɞɑ ŭɖɛɘɞɡɟɔɑŬɠ: 

i) ȸŬɟɞŰɟɞˊɘəɐ-ȸŬɟɞəɚɘɜɘəɐ ȷůŰɎɗŮɘŬ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɗŮɟɘɜɐɠ ˊŮɟɘɧŭɞɡ ˊɎɜɤ Ŭˊɧ Űɖ ɓɧɟŮɘŬ Űɟɞˊɘəɐ ȷűɟɘəɐ ɖ 

ɛŮůɖɛɓɟɘɜɐ ɓŬɗɛɑŭŬ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ (Potential Vorticity, PV) ŬɚɚɎɕŮɘ 

ˊɟɧůɖɛɞ (ŬɟɢɑɕŮɘ ɜŬ ɛŮɘɩɜŮŰŬɘ ˊɟɞɠ Űɞ ȸɞɟɟɎ) əɞɜŰɎ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ AEJ (700 hPa). 

ȼ ŬɚɚŬɔɐ ˊɟɞůɐɛɞɡ Űɖɠ ɛŮůɖɛɓɟɘɜɐɠ ůɡɜɘůŰɩůŬɠ Űɞɡ PV ɘəŬɜɞˊɞɘŮɑ Űɞ əɟɘŰɐɟɘɞ 

ŬůŰɎɗŮɘŬɠ Charney-Stern (1962). Ⱥˊɞɛɏɜɤɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ůɢɖɛŬŰɘůŰɞɨɜ AEWs Ŭˊɧ 

Űɖɜ ŬɜɎˊŰɡɝɖ ɛɘəɟɩɜ əŬɘ ŰɡɢŬɑɤɜ ŭɘŬŰŬɟŬɢɩɜ əŬŰɎ ɛɐəɞɠ Űɞɡ ŬůŰŬɗɞɨɠ AEJ 
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ŮɝôŬɘŰɑŬɠ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ŬɚɚɎ əŬɘ Űɖɠ əŬŰŬəɧɟɡűɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ Ŭɜɏɛɞɡ, ɛɘŬ 

ŬɜɎɛŮɘɝɖ ɓŬɟɞŰɟɞˊɘəɐɠ-ɓŬɟɞəɚɘɜɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ (Janiga and Thorncroft 2012).  

ɆŰɞ ůɢɐɛŬ 1.5 űŬɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ ůŰɖɜ 

ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ 315Ⱦ ůŰɘɠ 0000 UTC 23 ȷɡɔɞɨůŰɞɡ 2012 ˊɎɜɤ Ŭˊɧ Űɖ 

ɓɧɟŮɘŬ ȷűɟɘəɐ. ȹɘŬəɟɑɜŮŰŬɘ ɛɘŬ ɕɩɜɖ ɛɏɔɘůŰɞɡ PV (ɛˊɚŮ ůəɑŬůɖ ůŰɖɜ ˊɎɜɤ ŮɘəɧɜŬ, 

ůɢɐɛŬ 1.5) ɛŬɕɑ ɛŮ Űɖ ɗɏůɖ Űɞɡ AEJ (əɧəəɘɜɖ ŭɘŬəŮəɞɛɛɏɜɖ ɔɟŬɛɛɐ). ȼ əɚɘɛŬŰɞɚɞɔɑŬ 

Űɖɠ ŬɚɚŬɔɐɠ ˊɟɞůɐɛɞɡ Űɖɠ ɛŮůɖɛɓɟɘɜɐɠ ůɡɜɘůŰɩůŬɠ Űɞɡ PV ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ 

ˊɎɜɤ Ŭˊɧ Űɖɜ ȷűɟɘəɐ ŭŮɑɢɜŮɘ ɧŰɘ ŬɡŰɐ ɖ ŬɚɚŬɔɐ ˊɟɞɏɟɢŮŰŬɘ əŬŰɎ ɏɜŬ ɛɏɟɞɠ Ŭˊɧ Űɖ 

ɗɏɟɛŬɜůɖ ɚɧɔɤ ɏɜŰɞɜɖɠ ŬɜɤɛŮŰŬűɞɟɎɠ (deep convection) ɖ ɞˊɞɑŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɡɠ 

ɛɞɡůůɩɜŮɠ. ɆŮ ůɡɛűɤɜɑŬ ɛŮ Űɞ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ Űɖɠ ɛŮůɖɛɓɟɘɜɐɠ ɓŬɗɛɑŭŬɠ Űɞɡ PV 

ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ɡˊɎɟɢŮɘ ɛɘŬ ɘůɢɡɟɐ ɗŮɟɛɞɓŬɗɛɑŭŬ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖ ɢŬɛɖɚɐ ŰɟɞˊɧůűŬɘɟŬ (925 hPa) (ůɢɐɛŬ 1.5, əɎŰɤ ŮɘəɧɜŬ). 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.5: (ˊɎɜɤ): ȹɡɜŬɛɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ (PVU, ɛˊɚŮ ůəɑŬůɖ) ůŰɖɜ ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ 315Ⱦ, 

ɎɜŮɛɞɠ (əɧɛɓɞɘ, barbs) ůŰŬ 700 hPa ůŰɘɠ 23 ȷɡɔɞɨůŰɞɡ 2012 0000 UTC. ɀŮ əɧəəɘɜɖ ŭɘŬəŮəɞɛɛɏɜɖ 

ɔɟŬɛɛɐ űŬɑɜŮŰŬɘ ɖ ɗɏůɖ Űɞɡ AEJ. (əɎŰɤ): ȹɡɜŬɛɘəɐ ɗŮɟɛɞəɟŬůɑŬ (Ⱦ, ůəɑŬůɖ) ůŰŬ 925 hPa, ɎɜŮɛɞɠ 

(əɧɛɓɞɘ, barbs) ůŰɘɠ 23 ȷɡɔɞɨůŰɞɡ 2012 0000 UTC (Ŭˊɧ Janiga and Thorncroft 2012/Data from 

NOAA/NCEP).  

ɇŬ əɨɛŬŰŬ ůŰŬ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ, ɓɧɟŮɘŬ Űɞɡ AEJ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɚɧɔɤ Űɖɠ 

ɓŬɟɞəɚɘɜɘəɐɠ űɨůŮɤɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɖɠ ŬɟɜɖŰɘəɐɠ ɛŮůɖɛɓɟɘɜɐɠ ɓŬɗɛɑŭŬɠ Űɞɡ 

ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ (Öq/Öy) ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ ȷȺJ əŬɘ Űɖɠ ɗŮŰɘəɐɠ ɓŬɗɛɑŭŬɠ Űɖɠ 

ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ (Öɗ/Öy) ůŰɖɜ ŮˊɘűɎɜŮɘŬ (Pytharoulis and Thorncroft 1999). 

ɆŰɞ ůɢɐɛŬ 1.6 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ˊŬɟŬˊɎɜɤ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ɓŮɚɩɜ 

ůŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ ɔŮɤɔɟŬűɘəɞɨ ˊɚɎŰɞɡɠ-ɨɣɞɡɠ. ɇŬ ɝɖɟɎ ŬɡŰɎ ɟɖɢɎ əɨɛŬŰŬ ůŰŬ 

ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ Ŭəɞɚɞɡɗɞɨɜ Űɖ ɗŮŰɘəɐ ɛŮůɖɛɓɟɘɜɐ ɗŮɟɛɞɓŬɗɛɑŭŬ ˊɎɜɤ Ŭˊɧ Űɖ 

ɓɧɟŮɘŬ ȷűɟɘəɐ Ůɜɩ ŰŬ ɡɔɟɎ əɨɛŬŰŬ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ, əɞɜŰɎ ůŰɞɜ AEJ 
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Ŭəɞɚɞɡɗɞɨɜ Űɖ ɓŬɗɛɑŭŬ Űɞɡ PV. ȼ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ ůŰɖɜ ɏɜŰŬůɖ Űɤɜ əɡɛɎŰɤɜ 

ɓɟɑůəŮŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɐ Űɞɡɠ ɛɏůɤ ŬɡŰɩɜ Űɤɜ ɓŬɟɞəɚɘɜɘəɩɜ əŬɘ 

ɓŬɟɞŰɟɞˊɘəɩɜ ŭɘŮɟɔŬůɘɩɜ. Ⱥˊɘˊɚɏɞɜ, ɖ ɞɟɘɕɧɜŰɘŬ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ əɞɜŰɎ ůŰɞɜ 

AEJ ůɡɜŮɘůűɏɟŮɘ ůŰɖ ɓŬɟɞŰɟɞˊɘəɐ ŬůŰɎɗŮɘŬ.  

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.6: ɀŮůɖɛɓɟɘɜɐ ɓŬɗɛɑŭŬ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ (PV, q) ůŰŬ 700 hPa əŬɘ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ (ɗ) əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ɇŬ ɓɏɚɖ ŬˊŮɘəɞɜɑɕɞɡɜ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ɓŬɗɛɑŭɤɜ Űɞɡ PV (Öq/Öy) ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ˊɡɟɐɜŬ Űɞɡ AEJ (600-700 hPa) əŬɘ ɛŮŰŬɝɨ Űɖɠ ŬɟɜɖŰɘəɐɠ 

ɛŮůɖɛɓɟɘɜɐɠ ɓŬɗɛɑŭŬɠ Űɞɡ PV əŬɘ Űɖɠ ɗŮŰɘəɐɠ ɓŬɗɛɑŭŬɠ Űɖɠ ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ (Öɗ/Öy) ůŰŬ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ (Ŭˊɧ Pytharoulis and Thorncroft 1999).  

 

ii ) ȷɜɎɜŰɖ ȺɝŬɜŬɔəŬůɛɧɠ 

O Carlson (1969a) ɐŰŬɜ ɞ ˊɟɩŰɞɠ ˊɞɡ ŮˊɘůɐɛŬɜŮ Űɖ ůɖɛŬůɑŬ Űɖɠ ŬɜɤɛŮŰŬűɞɟɎɠ 

(convection) əŬɘ Űɖɠ ŬɜɎɜŰɖ ŰɞˊɞɔɟŬűɑŬɠ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ AEWs. Ƀɘ Kiladis et al 

(2008) ́ ɟɞŰŮɑɜɞɡɜ ɧŰɘ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ AEWs ŮˊɖɟŮɎɕŮŰŬɘ əŬŰɎ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ 

Űɖɜ əŬŰŬɘɔɘŭɞűɧɟɞ ŭɟɎůɖ əɞɜŰɎ ůŰɖɜ Ůɑůɞŭɞ Űɞɡ AEJ. ȼ ɚŬɜɗɎɜɞɡůŬ ɗŮɟɛɧŰɖŰŬ 

ŬɟɢɘəɎ ˊɟɞəŬɚŮɑ ɏɜŬɜ ŬɡɚɩɜŬ ɞ ɞˊɞɑɞɠ ɢɟŮɘɎɕŮŰŬɘ 5-7 ɖɛɏɟŮɠ ɜŬ űŰɎůŮɘ Űɘɠ ŭɡŰɘəɏɠ 

ŬəŰɏɠ Űɖɠ ȷűɟɘəɐɠ. ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ AEWs ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɖ 

ɔŮɤɔɟŬűɘəɐ ɗɏůɖ ˊɞɡ ɗŬ ɚɎɓŮɘ ɢɩɟŬ ɖ ɏɜŰɞɜɖ ŬɜɤɛŮŰŬűɞɟɎ, Ůɜɩ ɞ ůɢɖɛŬŰɘůɛɧɠ Űɞɡɠ 

ŮɑɜŬɘ ˊɘɞ ɞɟɔŬɜɤɛɏɜɞɠ ɧŰŬɜ ɖ ɗɏɟɛŬɜůɖ ˊɟɞəŬɚŮɑ əɡəɚɤɜɘəɐ əɡəɚɞűɞɟɑŬ ůŰŬ ɢŬɛɖɚɎ 

ŮˊɑˊŮŭŬ əɞɜŰɎ ůŰɖɜ ˊŮɟɘɞɢɐ Ůɘůɧŭɞɡ Űɞɡ AEJ.  

ȯɚɚŮɠ ˊɟɞůɞɛɞɘɩůŮɘɠ ůɡɜɞˊŰɘəɐɠ əɚɑɛŬəŬɠ ˊɟɞŰŮɑɜɞɡɜ ɧŰɘ ɞ AEJ ˊŬɑɕŮɘ ɛɘəɟɧŰŮɟɞ 

ɟɧɚɞ ůŰɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɤɜ AEWs Ŭˊɧ Űɖ ɗɏɟɛŬɜůɖ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ITCZ 

(Hsieh and Cook 2005). Ƀɘ ŮɟŮɡɜɖŰɏɠ ůɡɛˊɏɟŬɜŬɜ ɧŰɘ ɖ ɓŬɟɞəɚɘɜɘəɐ əŬɘ ɓŬɟɞŰɟɞˊɘəɐ 

ŬůŰɎɗŮɘŬ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ AEWs ɞűŮɑɚŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖɜ 

ŬɜɤɛŮŰŬűɞɟɎ (deep convection) Űɖɠ ITCZ (Hsieh and Cook 2007). Ⱥˊɑůɖɠ ŬɜŬűɏɟɞɡɜ 

ɧŰɘ ɞ ůɡɜŭɡŬůɛɧɠ ɘůɢɡɟɞɨ AEJ ɛŮ ŬŭɨɜŬɛɖ ITCZ ŬˊɞűɏɟŮɘ ɛŮɘɤɛɏɜɖ AEW 

ŭɟŬůŰɖɟɘɧŰɖŰŬ Ůɜɩ Űɞ ŬɜŰɑɗŮŰɞ ŬˊɞűɏɟŮɘ ŮɜɘůɢɡɛɏɜŬ AEWs. Ⱥˊɘˊɚɏɞɜ ůŮ ůɡɛűɤɜɑŬ 
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ɛŮ Űɞɡɠ Kiladis et al. (2008) ůɡɛˊɏɟŬɜŬɜ ɧŰɘ ɖ ŬůŰɎɗŮɘŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ AEJ 

ɓɞɖɗɎŮɘ ɛɧɜɞ ůŰɖɜ ŮˊɏəŰŬůɖ Űɞɡ ɢɟɧɜɞɡ ɕɤɐɠ Űɤɜ AEWs.  ũɘŬ Űɖɜ ˊɟɧɔɜɤůɖ, ɖ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŬɜɤɛŮŰŬűɞɟɎɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ əŬɗɩɠ ɛɘŬ 

ɝŬűɜɘəɐ ɏɝŬɟůɖ ŬɜɤɛŮŰŬűɞɟɎɠ əɞɜŰɎ ůŰŬ ɧɟɖ Darfur (ɓɚ.ůɢɐɛŬ 1.3) əŬɘ ůŰɖɜ Ůɑůɞŭɞ 

Űɞɡ AEJ ŮɡɜɞŮɑ Űɞ ůɢɖɛŬŰɘůɛɧ ɛɘŬɠ ůŮɘɟɎɠ AEWs ˊɎɜɤ Ŭˊɧ Űɖ ŭɡŰɘəɐ ȷűɟɘəɐ ůŮ 

ŭɘɎůŰɖɛŬ ɛɧɚɘɠ ɛŮɟɘəɩɜ ɖɛŮɟɩɜ.  

1.3.2 ȹɞɛɐ Űɤɜ AEWs 

ɄɏɟŬ Ŭˊɧ Űɖɜ ɏɜŰŬůɖ əŬɘ ůɡɢɜɧŰɖŰɎ Űɞɡɠ, ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ɖ ŭɞɛɐ Űɤɜ AEWs ɗŬ ˊɟɏˊŮɘ 

ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊôɧɣɘɜ ůŰɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ əɚɑɛŬŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ (Pytharoulis 

and Thorncroft 1999). ȼ ɏɟŮɡɜɎ Űɞɡɠ ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ AEWs ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ˊɞɚɚŬˊɚɎ əɏɜŰɟŬ ɛŮ ɛɏɔɘůŰɖ Űɘɛɐ ůŰɟɞɓɘɚɘůɛɞɨ əɞɜŰɎ ůŰɞɜ AEJ (600-700 hPa) əŬɗɩɠ 

Ůˊɑůɖɠ ůŰŬ 850 hPa əŬɘ ɢŬɛɖɚɧŰŮɟŬ, ɓɧɟŮɘŬ Űɖɠ ɕɩɜɖɠ ɓɟɞɢɩɜ ůŰɖɜ Űɟɞˊɘəɐ 

ȸ.ȷűɟɘəɐ. 

ȷɜ əŬɘ ŰŬ AEWs ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɤɠ əɨɛŬŰŬ ɛŮ ɛɏɔɘůŰɖ ɏɜŰŬůɖ ůŮ 2 ŭɘŬűɞɟŮŰɘəɎ 

ŮˊɑˊŮŭŬ ɛɏůŬ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ (Reed et al. 1988) ́ Ɏɜɤ Ŭˊɧ Űɖ ɝɖɟɎ, ɛŮŰŬŭɑŭɞɜŰŬɘ 

əŬŰɎ ɛɐəɞɠ Űɖɠ ȷűɟɘəɐɠ ɤɠ ɏɜŬ əɨɛŬ ŰŬɡŰɞɢɟɧɜɤɠ, ɞ ɎɝɞɜŬɠ Űɞɡ ɞˊɞɑɞɡ ɏɢŮɘ ȸȷ-Ɂȹ 

ŭɘŮɨɗɡɜůɖ ŮɘŭɘəɎ əɞɜŰɎ ůŰɖɜ ŬəŰɐ. Ƀ Burpee (1972) ɏŭŮɘɝŮ ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮŰŬɝɨ 

Űɖɠ ɗŮɟɛɐɠ Ůɟɐɛɞɡ ɆŬɢɎɟŬɠ əŬɘ Űɖɠ ɣɡɢɟɧŰŮɟɖɠ ɘůɖɛŮɟɘɜɐɠ ȷűɟɘəɐɠ, ɖ ɞˊɞɑŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɘůɢɡɟɐ ɗŮɟɛɞɓŬɗɛɑŭŬ ůŰɖ ŭɘŮɨɗɡɜůɖ ȸ-Ɂ, ŮˊɘəɟŬŰɞɨɜ ɘůɢɡɟɞɑ 

ɎɜŮɛɞɘ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ɛŮ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɞɟɘɕɧɜŰɘŬɠ əŬɘ əŬŰŬəɧɟɡűɖɠ 

ŭɘɎŰɛɖůɖɠ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ. ɇŬ ˊŬɟŬˊɎɜɤ ˊɟɞŰŮɑɜɞɡɜ ɧŰɘ ɖ əŬŰŬəɧɟɡűɖ əŬɘ 

ɖ ɞɟɘɕɧɜŰɘŬ ŭɘɎŰɛɖůɖ Űɞɡ ɛɏůɞɡ ɕɤɜɘəɞɨ Ŭɜɏɛɞɡ ŭɟŬ ɤɠ ˊɖɔɐ ŮɜɏɟɔŮɘŬɠ ɔɘŬ ŰŬ AEWs 

(Burpee 1972).   

Ƀɘ Dickinson əŬɘ Molinari (2000) ɏŭŮɘɝŬɜ ɧŰɘ ɡˊɎɟɢɞɡɜ ŮəŰŮŰŬɛɏɜŮɠ ˊŮɟɘɞɢɏɠ (20ɞȷ-

30ɞȹ) ůŰɘɠ ɞˊɞɑŮɠ ɖ ɓŬɗɛɑŭŬ Űɞɡ PV ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɗŮɟɛɞɓŬɗɛɑŭŬ ůŰŬ ɢŬɛɖɚɎ 

ŮˊɑˊŮŭŬ ɘəŬɜɞˊɞɘɞɨɜ Űɞ əɟɘŰɐɟɘɞ Űɤɜ Charney-Stern (1962) əŬɘ ˊŬɟɏɢɞɡɜ Űɘɠ 

ŬˊŬɟŬɑŰɖŰŮɠ ůɡɜɗɐəŮɠ ɔɘŬ ŬůŰɎɗŮɘŬ. ɀŮɚɏŰŮɠ ůŰŬ 850 əŬɘ 600 hPa ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɖɜ 

ˊɞɚɨˊɚɞəɖ ŭɞɛɐ Űɤɜ AEWs ˊɎɜɤ Ŭˊɧ Űɖɜ ȷűɟɘəɐ, ɛŮ Űɖ ɓɟɞɢŮɟɐ ɕɩɜɖ ɜɧŰɘŬ Űɤɜ 

15ɞȸ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰɞ ůŰŬ 600 hPa əŬɘ ɖ ɝɖɟɧŰŮɟɖ ɆŬɢŬɟɘŬɜɐ ˊŮɟɘɞɢɐ ɓɧɟŮɘŬ 

Űɤɜ 15ɞȸ ůŰŬ 850 hPa (Thorncroft and Hodges 2001).  

Ƀɘ Berry əŬɘ Thorncroft (2005) ́ ɟɞŰŮɑɜɞɡɜ ɧŰɘ ɞɘ ɡˊɞ-ůɡɜɞˊŰɘəɐɠ əɚɑɛŬəŬɠ ŭɞɛɏɠ Űɞɡ 

PV ́ ɞɡ ɛŮŰŬŭɑŭɞɜŰŬɘ ɛŬɕɑ ɛŮ ɏɜŬ AEW ůɡɢɜɎ ŮɜɩɜɞɜŰŬɘ ɛŮ ŬɜŰɑůŰɞɘɢŮɠ ŭɞɛɏɠ Ŭˊɧ Űɘɠ 

ɞɟɞůŮɘɟɏɠ ůŰɖ ũɞɡɘɜɏŬ (ɞɘ ɞˊɞɑŮɠ ˊɖɔɎɕɞɡɜ Ŭˊɧ Űɖɜ ŬɜɤɛŮŰŬűɞɟɎ) ˊɟɘɜ ɛŮŰŬűŮɟɗɞɨɜ 

ŭɡŰɘəɧŰŮɟŬ ˊɟɞɠ Űɞɜ ȷŰɚŬɜŰɘəɧ. ɆŰŬ 850 hPa əŬɘ ˊɟɞɠ ŰŬ ɓɧɟŮɘŬ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ůɡɜɐɗɤɠ ɛɘŬ ŮˊɏəŰŬůɖ Űɞɡ ɛɏɔɘůŰɞɡ Űɞɡ ůŰɟɞɓɘɚɘůɛɞɨ ɖ ɞˊɞɑŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ITF 

(ɓɚ. ůɢɐɛŬ 1.1) ɧˊɞɡ ɞ ɡɔɟɧɠ ɛɞɡůůɤɜɘəɧɠ ŬɏɟŬɠ ůɡɜŬɜŰɎ Űɘɠ ɝɖɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ Űɖɠ 

ɆŬɢɎɟŬɠ, Ůɜɩ Űɞ ɘůɢɡɟɧŰŮɟɞ ɜɧŰɘɞ ɛɏɔɘůŰɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ əɞɜŰɎ ůŰɞ əɏɜŰɟɞ Űɞɡ 

əɨɛŬŰɞɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɡɔɟɐɠ ŬɜɤɛŮŰŬűɞɟɎɠ, ůŰŬ 700 hPa. ȷɜŰɑůŰɞɘɢŬ ɛɏɔɘůŰŬ 

ůŰɘɠ ɜŮűɩůŮɘɠ əŬɘ ůŰɖ ɓɟɞɢɧˊŰɤůɖ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛˊɟɞůŰɎ Ŭˊɧ Űoɜ ŬɡɚɩɜŬ ůŮ 

ůɡɛűɤɜɑŬ ɛŮ Űɖ ůɨɔəɚɘůɖ ˊɞɡ ŮəŭɖɚɩɜŮŰŬɘ ŮəŮɑ. 
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ɇŬ AEWs ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɣɡɢɟɧ ˊɡɟɐɜŬ ɛɏɢɟɘ ˊŮɟɑˊɞɡ ŰŬ 600 hPa 

ˊɎɜɤ Ŭˊɧ ŰŬ ɞˊɞɑŬ ůɡɜŮɢɑɕŮɘ ɞ ɗŮɟɛɧɠ ˊɡɟɐɜŬɠ. ȼ əŬŰŬəɧɟɡűɖ ŭɞɛɐ Űɞɡɠ ŮɝŮɚɑůůŮŰŬɘ 

əŬɗɩɠ əɘɜɞɨɜŰŬɘ ŭɡŰɘəɧŰŮɟŬ Űɞɡ Niamey ́ ɟɞɠ ŰŬ Bamako, Dakar əŬɘ Űɞɜ ɤəŮŬɜɧ. ɆŰɞ 

Bamako ůɡɜɐɗɤɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɏɔɘůŰɖ ɏɜŰŬůɖ ůŰŬ 700 hPa Ůɜɩ ŭɡŰɘəɧŰŮɟŬ 

ůŰɞ Dakar ŬɜɎɛŮůŬ ůŰŬ 850 əŬɘ 950 hPa (Pytharoulis and Thorncroft 1999). ɇŬ AEWs 

ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŬɜɤɛŮŰŬűɞɟɎ ɏɢɞɡɜ ɘŭɘŬɑŰŮɟɖ əŬŰŬəɧɟɡűɖ ŬɜɎˊŰɡɝɖ əŬɘ ŭɞɛɐ ɛŮ 

ɘůɢɡɟɏɠ ŭɘŬŰŬɟŬɢɏɠ ɛɏɢɟɘ əŬɘ Űɖɜ ŰɟɞˊɧˊŬɡůɖ (Kiladis et al. 2008).  

ɄɎɜɤ Ŭˊɧ Űɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ ůŰŬɗɛɞɨɠ, ŰŬ ˊŮɟɘůůɧŰŮɟŬ AEWs ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛɏɔɘůŰŮɠ ŬɜɤɛŬɚɑŮɠ ɗŮɟɛɞəɟŬůɘɩɜ əɞɜŰɎ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ AEJ Ůɜɩ əɞɜŰɎ ůŰɖɜ ŬəŰɐ 

(Dakar) ɞɘ ɛɏɔɘůŰŮɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬɜɤɛŬɚɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ŬɜɎɛŮůŬ ůŰŬ 950-850 

hPa. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŰŬ AEWs ɏɢɞɡɜ ɛɘŬ ɛɘəɟɐ əɚɑůɖ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ 

(əŬŰŬəɧɟɡűŬ), Ŭ́ ɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ ŰŬ 700 hPa (Kiladis et al. 2008), ɖ ɞˊɞɑŬ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬɜŰɑɗŮŰɖ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ AEJ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɐ Űɖɠ 

ɨˊŬɟɝɖɠ ɝɖɟɩɜ ɓŬɟɞəɚɘɜɘəɩɜ ŭɘŮɟɔŬůɘɩɜ. ȷɜŰɘɗɏŰɤɠ ŬɡŰɐ ɖ əɚɑůɖ ɛŮŰŬɓɎɚɚŮŰŬɘ 

ˊɟɞɠ ŰŬ ŭɡŰɘəɎ, ˊɎɜɤ Ŭˊɧ Űɞɜ AEJ. 

1.3.3 ȺˊɞɢɘŬəɐ ȹɘŬəɨɛŬɜůɖ Űɤɜ AEWs 

ɇŬ AEWs ůɢɖɛŬŰɑɕɞɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛɞɡůůɩɜɤɜ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɛɏɢɟɘ Űɞ 

ɆŮˊŰɏɛɓɟɘɞ ɛŮ ɛɏɔɘůŰɞ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Űɞɜ ȷɨɔɞɡůŰɞ (Royer et al. 2002). ȼ ɏɜŰŬůɖ 

Űɤɜ əɡɛɎŰɤɜ ůŰŬ 850 əŬɘ 700 hPa ŰŮɑɜŮɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Űɞɜ ȷɨɔɞɡůŰɞ əŬɘ Űɞɜ 

ɆŮˊŰɏɛɓɟɘɞ Ŭˊɧ ɧŰɘ ŮɑɜŬɘ Űɞɜ Ƚɞɨɜɘɞ & Ƚɞɨɚɘɞ.  ȼ ˊɟɞɔɜɤůɘɛɧŰɖŰŬ Űɖɠ ɏɜŰŬůɖɠ əŬɘ 

ŰɞˊɞɗŮůɑŬɠ Űɞɡɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ŮˊɞɢɘŬəɐ ˊɟɧɔɜɤůɖ Űɞɡ ɡŮŰɞɨ ůŰɖ 

ŭɡŰɘəɐ ȷűɟɘəɐ ŬɚɚɎ əŬɘ ɔɘŬ Űɞɡɠ Űɟɞˊɘəɞɨɠ əɡəɚɩɜŮɠ. Ƚůɢɡɟɧ əɑɜɖŰɟɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ 

Űɖɠ ŮˊɞɢɘŬəɐɠ ŭɘŬəɨɛŬɜůɐɠ Űɞɡɠ ŬˊɞŰŮɚŮɑ ɖ ůɡůɢɏŰɘůɐ Űɞɡɠ ɛŮ Űɖ ŭɘŮŰɐ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ ɡŮŰɞɨ ůŰɖ ŭɡŰɘəɐ ȷűɟɘəɐ (Rowell and Milford 1993). ȳɜŰŬɠ ŰŬ 

əɡɟɑŬɟɢŬ ůɡɜɞˊŰɘəɎ ůŰɞɘɢŮɑŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ ɜŬ əŬɗɞɟɘůŰŮɑ ŮɎɜ 

ˊŬɑɕɞɡɜ ɟɧɚɞ ůŰɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ ɡŮŰɞɨ ůŰɖɜ ȷűɟɘəɐ (Thorncroft and Hodges 

2001) ŬɚɚɎ əŬɘ ůŰɖ ɔɏɜŮůɖ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ. Ʉɞɚɚɞɑ ůɡɔɔɟŬűŮɑɠ (Reed et al 

1988; Gray 1990; Landsea and Gray 1993) ˊɟɞŰŮɑɜɞɡɜ ɧŰɘ ɖ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ 

Űɖɠ əɡəɚɤɜɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ůŰɞɜ ȷŰɚŬɜŰɘəɧ əŬɘ Űɞɡ ɡŮŰɞɨ ůŰɖ ŭɡŰɘəɐ ȷűɟɘəɐ 

ŬˊɞŭɑŭŮŰŬɘ ůŰŬ AEWs. 

ȹɨɞ ˊŬɟɎɔɞɜŰŮɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ AEWs ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɤɠ Ůˊɘɟɟɞɏɠ ůŰɞ əɚɑɛŬ 

Űɖɠ ˊŮɟɘɞɢɐɠ: ɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɖ ɏɜŰŬůɐ Űɞɡɠ (Thorncroft and Hodges 2001). ȳůɞɜ 

ŬűɞɟɎ Űɖ ůɡɢɜɧŰɖŰŬ űŬɑɜŮŰŬɘ ˊɘɗŬɜɧ ˊɤɠ ɛŮ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ əɡɛɎŰɤɜ ŬɡɝɎɜɞɜŰŬɘ 

ɞɘ ˊɘɗŬɜɧŰɖŰŮɠ ɔɘŬ Űɟɞˊɘəɐ əɡəɚɞɔɏɜŮůɖ Ŭɜ ɚɖűɗɞɨɜ ɡˊôɧɣɘɜ ɞɘ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ 

Ůɡɜɞɥəɏɠ ůɡɜɗɐəŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ (ɧˊɤɠ ɞɘ ɗŮɟɛɏɠ SSTs). ȳɛɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɧŰɘ 

əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ˊŬɑɕŮɘ ɖ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɏɜŰŬůɖɠ Űɤɜ əɡɛɎŰɤɜ əŬɘ ɧɢɘ Űɧůɞ ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɐɠ Űɞɡɠ 

(Reed et al 1988) əɎŰɘ Űɞ ɞˊɞɑɞ ůɡɛɓŬŭɑɕŮɘ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ Gray 1979 əŬɘ 

Emannuel 1986 ɔɘŬ Űɖɜ Űɟɞˊɘəɐ əɡəɚɞɔɏɜŮůɖ. 
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ȼ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɤɜ əɡɛɎŰɤɜ ŭŮɜ ŬəɞɚɞɡɗŮɑ Ŭəɟɘɓɩɠ Űɞɜ AEJ ɛŮ Űɖɜ əɞɜŰɘɜɧŰŮɟɖ 

ůɢɏůɖ Űɞɡɠ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ůŰŬ əɨɛŬŰŬ ɛŮ ˊŮɟɘɧŭɞɡɠ 3.75-5 ɖɛŮɟɩɜ. Ⱥˊɑůɖɠ ɖ 

ˊŮɟɑɞŭɞɠ ŮɛűɎɜɘůɖɠ Űɤɜ AEWs ŮɑɜŬɘ ɔŮɜɘəɎ ɛŮɔŬɚɨŰŮɟɖ ůŰŬ ɡɔɟɧŰŮɟŬ ɏŰɖ əŬɘ ŰŬ 

əɨɛŬŰŬ ŰŮɑɜɞɡɜ ɜŬ ɘůɢɡɟɞˊɞɘɞɨɜŰŬɘ əɞɜŰɎ ůŰŬ 600 hPa (Grist 2002), Ůɜɩ ŰŬ ɝɖɟɎ ɏŰɖ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛŮɘɤɛɏɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɞɡ ˊŬɟŬˊɎɜɤ 

ŮɟŮɡɜɖŰɐ ɏɟɢɞɜŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ (Nicholson 2000, Grist 

2002) ́ ɞɡ ɏŭŮɘɝŬɜ ɧŰɘ ůŰŬ ɡɔɟɎ ɏŰɖ ŮɛűŬɜɑɕɞɜŰŬɘ ˊɘɞ ɏɜŰɞɜŬ ɔŮɔɞɜɧŰŬ ɓɟɞɢɞˊŰɩůŮɤɜ 
(ůɢŮŰɘɕɧɛŮɜɤɜ ɛŮ AEWs) Ŭˊɧ ɧŰɘ ɛŮɔŬɚɨŰŮɟɖ ůɡɢɜɧŰɖŰŬ ŬɡŰɩɜ. 

1.3.4 Ⱦɑɜŭɡɜɞɘ 

ɇŬ AEWs ŬˊɞŭŮɘəɜɨɞɜŰŬɘ ŮˊɘəɑɜŭɡɜŬ ŬəɧɛŬ əŬɘ ɢɤɟɑɠ ɜŬ ŮɝŮɚɘɢɗɞɨɜ ůŮ Űɟɞˊɘəɧ 

əɡəɚɩɜŬ əŬɗɩɠ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ Ůəŭɐɚɤůɖ ɎůŰŬŰɞɡ əŬɘɟɞɨ, 

ɘůɢɡɟɩɜ ɓɟɞɢɞˊŰɩůŮɤɜ əŬɘ ˊɚɖɛɛɡɟɩɜ ůŰɖ ɓɧɟŮɘŬ ȷűɟɘəɐ, ɧˊɤɠ ɞɘ ˊɚɖɛɛɨɟŮɠ ůŰɞ 

Ouagadougou (ɀˊɞɡɟəɑɜŬ ūɎůɞ) Űɞ 2009 ɛŮ Űɖ ɛɏŰɟɖůɖ 261.3 mm (GBF et al. 2010; 

Galvin 2010) ɓɟɞɢɐɠ ŬɜɎɛŮůŬ ůŰɘɠ 0400 əŬɘ 1600 UTC Űɖɜ 1ɖ ɆŮˊŰŮɛɓɟɑɞɡ 2009 (GBF 

at al. 2010). Ⱥˊɑůɖɠ ŰŬ AEWs Ůˊɘűɏɟɞɡɜ ˊŬɟɧɛɞɘŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ůŰɖɜ 

ȾŬɟŬɥɓɘəɐ əŬɘ əŮɜŰɟɘəɐ ȷɛŮɟɘəɐ ɧˊɞɡ əɘɜɞɨɜŰŬɘ ɛŮ ɛɘəɟɐ ŰŬɢɨŰɖŰŬ əŬɘ ɏɢɞɡɜ 

ŬɜŬűŮɟɗŮɑ ˊɚɖɛɛɡɟɘəɎ űŬɘɜɧɛŮɜŬ ŬəɧɛŬ əŬɘ ɗɎɜŬŰɞɘ. ȼ ɡɔɟŬůɑŬ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ ŰŬ 

AEWs ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűŮɟɗŮɑ ˊɟɞɠ Űɖ ɓɧɟŮɘŬ ȷűɟɘəɐ, Űɞɜ ɓɧɟŮɘɞ ȷŰɚŬɜŰɘəɧ ŬəɧɛŬ 

əŬɘ Űɖ ŭɡŰɘəɐ Ⱥɡɟɩˊɖ ɛɏůɤ Ŭɡɚɩɜɤɜ ůŰŬ ɛɏůŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ (midlatitude 

troughs) əŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ɘůɢɡɟɏɠ ɓɟɞɢɞˊŰɩůŮɘɠ əŬɘ ˊɚɖɛɛɨɟŮɠ (Wu et al. 2013). 

1.3.5 ɄŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ AEWs 

ɇŬ AEWs ŭŮɜ əɘɜɞɨɜŰŬɘ ˊɞŰɏ ɛŮ ůŰŬɗŮɟɐ ŰŬɢɨŰɖŰŬ, ŮˊɘŰŬɢɨɜɞɡɜ əŬɘ ŮˊɘɓɟŬŭɨɜɞɡɜ 

ˊɞɚɚɏɠ űɞɟɏɠ ŮɝôŬɘŰɑŬɠ Űɖɠ ŭɘŬɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ Ŭˊɧ Űɖɜ ŬɜɤɛŮŰŬűɞɟɎ ůŮ 

ůɡɜɞˊŰɘəɐ/ɡˊɞ-ůɡɜɞˊŰɘəɐ əɚɑɛŬəŬ ɐ ŮɝôŬɘŰɑŬɠ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ Űɤɜ 

Ŭɡɚɩɜɤɜ ůŰŬ ɛɏůŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ əŬɘ Űɤɜ Űɟɞˊɘəɩɜ Ŭɡɚɩɜɤɜ ůŰɖɜ Ɏɜɤ 

ŰɟɞˊɧůűŬɘɟŬ. Ⱥˊɑůɖɠ əɘɜɞɨɜŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ŰŬɢɨŰɖŰŮɠ ˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ əŬɘ Űɞɜ 

ɤəŮŬɜɧ  (ůɡɜɐɗɤɠ ˊɘɞ ŬɟɔɎ ůŰɞɜ əŮɜŰɟɘəɧ ȷŰɚŬɜŰɘəɧ).  

i) ȹɞɟɡűɞɟɘəɏɠ ȺɘəɧɜŮɠ 

ɇŬ AEWs ůɡɢɜɎ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ɛɏůɤ ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ ɚɧɔɤ Űɖɠ 

ŬɜɤɛŮŰŬűɞɟɎɠ ɛŮ Űɖɜ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ Hovmöller 

əŬɘ animations Ůɘəɧɜɤɜ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɜŮűɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ 

əɨɛŬŰŬ ɢɤɟɑɠ ɧɛɤɠ ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ ɜŬ ˊŬɟɏɢŮɘ Űɖɜ Ŭəɟɘɓɐ ɗɏůɖ Űɞɡ ŬɡɚɩɜŬ əŬŰɎ 

ɛɐəɞɠ Űɤɜ əɡɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ˊɞɘəɑɚɚɞɡɜ ůŮ ɛɏɔŮɗɞɠ əŬɘ ůɢɐɛŬ ɞŭɖɔɩɜŰŬɠ ůŰɞ 

ɚŬɜɗŬůɛɏɜɞ ůɡůɢŮŰɘůɛɧ ɎůɢŮŰɤɜ ɜŮűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɛŮ ŰŬ AEWs. 
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ii ) ɀŮůɖɛɓɟɘɜɧɠ ȯɜŮɛɞɠ 

ɀɘŬ ŰŮɢɜɘəɐ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ AEWs ŮɑɜŬɘ ɖ ŮɨɟŮůɖ Űɖɠ ˊŮɟɘɞɢɐɠ ůŰɖɜ ɞˊɞɑŬ 

ɞ ɛŮůɖɛɓɟɘɜɧɠ ɎɜŮɛɞɠ ŮɑɜŬɘ ɛɖŭŮɜɘəɧɠ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ AEJ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ůɡɜɐɗɤɠ 

ůŰŬ 700 hPa əŬɘ ɞɟɑɕŮɘ Űɞɜ ɎɝɞɜŬ Űɞɡ ŬɡɚɩɜŬ Űɞɡ əɨɛŬŰɞɠ ůŰoɜ ɞˊɞɑo ɞ ɎɜŮɛɞɠ 

ŬɚɚɎɕŮɘ Ŭˊɧ Űɖ ɓɧɟŮɘŬ ůɡɜɘůŰɩůŬ ůŰɖ ɜɧŰɘŬ (ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ, ůɢɐɛŬ 1.7). ɀŮ 

Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɛŮůɖɛɓɟɘɜɧɠ ɎɜŮɛɞɠ ůŰŬ 850 hPa əŬɗɩɠ ɖ ɛɏɔɘůŰɖ 

ɏɜŰŬůɖ Űɤɜ əɡɛɎŰɤɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ůɡɜɐɗɤɠ ůŮ ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ, ɓɧɟŮɘŬ Űɞɡ AEJ. 

 

ɆɢɐɛŬ 1.7: (ŬɟɘůŰŮɟɎ): ŬɜŮɛɞɚɞɔɘəɧ ˊŮŭɑɞ (m/s) ůŰŬ 700 hPa, (ŭŮɝɘɎ): ɛŮůɖɛɓɟɘɜɧɠ ɎɜŮɛɞɠ (v 

ůɡɜɘůŰɩůŬ Űɞɡ Ŭɜɏɛɞɡ, m/s) ůŰŬ 700 hPa ůŰɘɠ 0000 UTC 19 Ƚɞɡɚɑɞɡ 2012 & 0000 UTC 20 Ƚɞɡɚɑɞɡ 

2012. Ƀɘ ɛŬɨɟŮɠ ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ ŭɖɚɩɜɞɡɜ Űɖɜ ˊŮɟɘɞɢɐ ŬɚɚŬɔɐɠ Űɖɠ ůɡɜɘůŰɩůŬɠ Űɞɡ Ŭɜɏɛɞɡ 

Ŭˊɧ ɓɧɟŮɘŬ ůŮ ɜɧŰɘŬ. (ȷˊɧ NOAA/NCEP 2020)  

 

iii ) ɆɢŮŰɘəɧɠ ɆŰɟɞɓɘɚɘůɛɧɠ 

ɇŬ əɏɜŰɟŬ ůɢŮŰɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ Űɤɜ AEWs ɓɟɑůəɞɜŰŬɘ ůŰŬ 850 əŬɘ 700 hPa, ŰŬ 

ɛɏɔɘůŰŬ Űɤɜ ɞˊɞɑɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɞɡ ŬɡɚɩɜŬ Űɞɡɠ. ɄŬɟôɧɚŬ 

ŬɡŰɎ ɞ ůɢŮŰɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ˊɘɞ ɢɟɐůɘɛɞɠ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŭɘŬűɞɟŮŰɘəɐɠ əɚɑɛŬəŬɠ Ŭˊɧ ŬɡŰɐ Űɤɜ əɡɛɎŰɤɜ ɧˊɤɠ ɞ ůŰɟɞɓɘɚɘůɛɧɠ 

ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ MCSs ŰŬ ɞˊɞɑŬ əɘɜɞɨɜŰŬɘ ˊɘɞ ɔɟɐɔɞɟŬ Ŭˊɧ ŰŬ AEWs. ȷɜ əŬɘ ŰŬ ŭɨɞ 

ˊɞɚɚɏɠ űɞɟɏɠ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ, ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ AEWs ɛɧɜɞ ɛɏůɤ Űɞɡ ůɢŮŰɘəɞɨ 

ůŰɟɞɓɘɚɘůɛɞɨ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɘŭɘŬɑŰŮɟŬ ŭɨůəɞɚɖ əŬɘ ˊɟɞɓɚɖɛŬŰɘəɐ. 
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iv) ȹɡɜŬɛɘəɧɠ ɆŰɟɞɓɘɚɘůɛɧɠ 

ɇɞ ˊŮŭɑɞ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ ůŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, ɓɧɟŮɘŬ Űɞɡ AEJ ɏɢŮɘ 

ŬɜŬɔɜɤɟɘůŰŮɑ ɤɠ ůɖɛŬɜŰɘəɧ ŭɘŬɔɜɤůŰɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ŭɞɛɐɠ Űɤɜ 

AEWs (Hsieh and Cook 2008). ɆŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ AEWs ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ 

ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɛɏɔɘůŰɞɡ PV ůŰɖɜ ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ 315Ⱦ (ůɢɐɛŬ 1.8, o 

ŬɡɚɩɜŬɠ ˊɞɡ ůɖɛŮɘɩɜŮŰŬɘ ɛŮ ŰŬ ɛŬɨɟŬ ɓɏɚɖ). ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ˊɎɜɤ ůŮ 

ɘůŮɜŰɟɞˊɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɞ ŭɡɜŬɛɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ ŭɘŬŰɖɟŮɑŰŬɘ Ŭɜ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ŭɘŬɓŬŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ əŬɘ Űɟɘɓɐ (Hoskins et al. 1985). ȳɛɤɠ ɞɘ Űɘɛɏɠ Űɞɡ ŬɡɝɎɜɞɡɜ 

əɎŰɤ Ŭˊɧ ɏɜŬ ɛɏɔɘůŰɞ ŭɘŬɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ (ɏəɚɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ 

əŬŰŬɘɔɘŭɞűɧɟɞ ŭɟɎůɖ) (Pomroy and Thorpe 2000, Wernli and Davies 1997). ȼ ɗɏůɖ 

Űɖɠ ɘůŮɜŰɟɞˊɘəɐɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ 315Ⱦ ˊŮɟɑˊɞɡ ůŰŬ 700 hPa ůŰɖɜ ˊŮɟɘɞɢɐ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ, ŭɖɚŬŭɐ əɎŰɤ Ŭˊɧ Űɞ ɛɏɔɘůŰɞ ŭɘŬɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ, ŭɘŮɡəɞɚɨɜŮɘ Űɞɜ 

ŮɜŰɞˊɘůɛɧ Űɤɜ Ŭɡɚɩɜɤɜ Űɤɜ AEWs ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŬůŰɎɗŮɘŬ. Ⱥˊɑůɖɠ, ɖ 315Ⱦ 

ŮɑɜŬɘ əɞɜŰɎ ůŰɖ ůŰɎɗɛɖ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ɏɜŰŬůɖ Űɤɜ AEWs ɜɧŰɘŬ Űɞɡ AEJ. ȯɟŬ ɞ 

ŭɡɜŬɛɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ ůŰɖɜ 315Ⱦ ŮɑɜŬɘ ɏɜŬ əŬɚɧ ŭɘŬɔɜɤůŰɘəɧ ŮɜŰɞˊɘůɛɞɨ Űɤɜ 

AEWs Űɧůɞ ˊɎɜɤ Ŭˊɧ Űɖɜ ȷűɟɘəɐ ɧůɞ əŬɘ ůŰɞɜ ȸ. ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ. 

 

ɆɢɐɛŬ 1.8: ȹɡɜŬɛɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ (PVU, ůəɑŬůɖ) ůŰɖɜ ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ 315Ⱦ əŬɘ ŭɡɜŬɛɘəɐ 

ɗŮɟɛɞəɟŬůɑŬ (K, ɘůɧɗŮɟɛŮɠ). ɀŮ ɛŬɨɟŬ ɓɏɚɖ ůɖɛŮɘɩɜŮŰŬɘ ɞ ŬɡɚɩɜŬɠ ůŰɞ ˊŮŭɑɞ Űɖɠ ŭɡɜŬɛɘəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ (Berry and Thorncroft, 2005) 
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1.4 ɇɟɞˊɘəɞɑ ȾɡəɚɩɜŮɠ 

1.4.1 ȺɘůŬɔɤɔɐ 

Ƀɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ, ɔɜɤůŰɞɑ əŬɘ ɤɠ ŰɡűɩɜŮɠ ɐ əɡəɚɩɜŮɠ ŮɑɜŬɘ Ŭˊɧ ŰŬ ˊɘɞ ɘůɢɡɟɎ, 

ɗŮŬɛŬŰɘəɎ ŬɚɚɎ əŬɘ ɓɑŬɘŬ, ɗŬɜŬŰɖűɧɟŬ űɡůɘəɎ űŬɘɜɧɛŮɜŬ ůŰɞɜ ˊɚŬɜɐŰɖ. ȾɎɗŮ 

Űɟɞˊɘəɧɠ əɡəɚɩɜŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬ əɡəɚɤɜɘəɧ ůɨůŰɖɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŮ ɛɘəɟɎ 

ůɡɜɐɗɤɠ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ, ˊɎɜɤ Ŭˊɧ Űɞɡɠ ɤəŮŬɜɞɨɠ əŬɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɛŮŰŬűɞɟɎ 

ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ ŬɡŰɞɨɠ (Emanuel 2003). ȾŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɔɘůŰɖ 

ŰŬɢɨŰɖŰŬ Űɤɜ Ŭɜɏɛɤɜ Űɞɡɠ ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ůŮ 

ɡɣɧɛŮŰɟɞ 10 m, ɛŮůɞˊɞɘɖɛɏɜɖ ɔɘŬ ɏɜŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 10 ɚŮˊŰɩɜ (ŮəŰɧɠ Ŭˊɧ Űɘɠ 

ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɞɡ Ůɜɧɠ ɚŮˊŰɞɨ) 

(Emanuel 2003).  

ɄŬɟŬŰɖɟɞɨɜŰŬɘ: 

Ŭ) ůŰŬ ŰɟɞˊɘəɎ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ Űɞɡ ŭɡŰɘəɞɨ Ⱥɘɟɖɜɘəɞɨ ɋəŮŬɜɞɨ ɧˊɞɡ ɖ ˊŮɟɑɞŭɞɠ 

Ůəŭɐɚɤůɐɠ Űɞɡɠ ŮɑɜŬɘ Ŭˊɧ Űɞ ɀɎɘɞ ɛɏɢɟɘ Űɞɜ Ɂɞɏɛɓɟɘɞ 

ɓ) ůŰŬ ŰɟɞˊɘəɎ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ Űɞɡ ȷŰɚŬɜŰɘəɞɨ ɋəŮŬɜɞɨ əŬɘ Űɖɠ ȾŬɟŬɥɓɘəɐɠ 

ŪɎɚŬůůŬɠ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɛɏɢɟɘ Űɞɜ Ɂɞɏɛɓɟɘɞ  

ɔ) ůŰɞɜ ɜɧŰɘɞ Ƚɜŭɘəɧ ɤəŮŬɜɧ əŬɘ ůŰɖɜ ȷɡůŰɟŬɚɑŬ Ŭˊɧ Űɞɜ Ɂɞɏɛɓɟɘɞ ɛɏɢɟɘ Űɞɜ ȷˊɟɑɚɘɞ 

ŭ) ůŰɞɜ əɧɚˊɞ Űɖɠ ȸŮɔɔɎɚɖɠ əŬɘ ůŰɖɜ ȷɟŬɓɘəɐ ŪɎɚŬůůŬ ɧˊɞɡ ɞɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ 

ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ŰŬ ŭɘŬůŰɐɛŬŰŬ ȷˊɟɑɚɘɞɠ-Ƚɞɨɜɘɞɠ & ɆŮˊŰɏɛɓɟɘɞɠ-Ɂɞɏɛɓɟɘɞɠ.  

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.9: ɄŬɔəɧůɛɘŬ əŬŰŬɜɞɛɐ əŬɘ ɞɜɞɛŬůɑŬ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ůŰɖ ɝɏɜɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɛŮ 

ɓɎůɖ Űɖ ɚŮəɎɜɖ Ůəŭɐɚɤůɐɠ Űɞɡɠ. Ʉɖɔɐ: metoffice.gov.uk 

Ƀɘ ŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ ɁɧŰɘŬɠ ȷűɟɘəɐɠ Ůˊɑůɖɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞɡɠ Űɟɞˊɘəɞɨɠ 

əɡəɚɩɜŮɠ Ŭˊɧ Űɞɜ Ɂɞɏɛɓɟɘɞ ɛɏɢɟɘ Űɞɜ ȷˊɟɑɚɘɞ (ɄŬɔəɧůɛɘɞɠ ɀŮŰŮɤɟɞɚɞɔɘəɧɠ 

ɃɟɔŬɜɘůɛɧɠ, World Meteorological Organization, WMO 2020).  
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ɆŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ ɛɧɜɞ, ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɞ ɗŬɜŬŰɖűɧɟŮɠ əŬɘ ˊɘɞ əɞůŰɞɓɧɟŮɠ 

űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ (Emanuel 2003): ɞ əɡəɚɩɜŬɠ Katrina Űɞ 2005 ɡˊɐɟɝŮ Ŭˊɧ Űɘɠ 

ˊɘɞ Ŭəɟɘɓɏɠ űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ ůŰɖɜ ɘůŰɞɟɑŬ Űɤɜ ȼɄȷ ˊɟɞəŬɚɩɜŰŬɠ ɕɖɛɘɏɠ 

əɧůŰɞɡɠ 125 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ŭɞɚŬɟɑɤɜ əŬɘ 1245-1836 ɗŬɜɎŰɞɡɠ. ɄŬɟɧɛɞɘŬ 

ˊɟɧůűŬŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŬˊɞŰŮɚɞɨɜ ɞɘ əɡəɚɩɜŮɠ Harvey (2017) əŬɘ Irma (2017) 

ˊɟɞəŬɚɩɜŰŬɠ ɕɖɛɘɏɠ əɧůŰɞɡɠ 125 əŬɘ 77.2 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ŭɞɚŬɟɑɤɜ ŬɜŰɑůŰɞɘɢŬ əŬɘ 

ɡˊŮɨɗɡɜɞɘ ɔɘŬ 68 əŬɘ 52 ɗŬɜɎŰɞɡɠ ŬɜŰɑůŰɞɘɢŬ.  Ƀ əɡəɚɩɜŬɠ Galveston (1900) ɐŰŬɜ 

ɡˊŮɨɗɡɜɞɠ ɔɘŬ 8000-12.000 ɗɨɛŬŰŬ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 20ɞɡ ŬɘɩɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ȾŬɟŬɥɓɘəɐɠ əŬɘ Űɞɡ ɇɏɝŬɠ. ɆŰɞ ŭɡŰɘəɧ Ⱥɘɟɖɜɘəɧ əɡəɚɩɜŮɠ ɧˊɤɠ ɞ Great Bhola (1970), 

ɞ Haiphong (1881) əŬɘ ɖ Nina (1975) ɐŰŬɜ ɡˊŮɨɗɡɜɞɘ ɔɘŬ ˊɎɜɤ Ŭˊɧ 500.000 (Emanuel 

2003), 300.000 əŬɘ 229.000 ŬˊɩɚŮɘŮɠ ɕɤɩɜ ŬɜŰɑůŰɞɘɢŬ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ WMO, ŰŬ 

ŰŮɚŮɡŰŬɑŬ 50 ɢɟɧɜɘŬ ɏɢɞɡɜ əŬŰŬɔɟŬűŮɑ 1942 űɡůɘəɏɠ əŬŰŬůŰɟɞűɏɠ ɚɧɔɤ Űɟɞˊɘəɩɜ 

əɡəɚɩɜɤɜ ˊŬɔəɞůɛɑɤɠ, ɞɘ ɞˊɞɑɞɘ ɐŰŬɜ ɡˊŮɨɗɡɜɞɘ ɔɘŬ 779.324 ɗŬɜɎŰɞɡɠ əŬɘ 

ˊɟɞəɎɚŮůŬɜ ɕɖɛɘɏɠ əɧůŰɞɡɠ 1407.6 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ŭɞɚŬɟɑɤɜ ï əŬŰɎ ɛɏůɞ ɧɟɞ 43 

ɗɎɜŬŰɞɘ əŬɘ 78 ŮəŬŰɞɛɛɨɟɘŬ ŭɞɚɎɟɘŬ əŬŰŬůŰɟɞűɩɜ əɎɗŮ ɛɏɟŬ (WMO, 2020).  

ɆɨɛűɤɜŬ ɛŮ Űɞ National Weather Service əŬɘ Űɞ National Oceanic and Atmospheric 

Administration (ɁɃȷȷ), ɞɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ ɞɟɑɕɞɜŰŬɘ ɤɠ ɞɟɔŬɜɤɛɏɜŬ ůɡůŰɐɛŬŰŬ 

ɜŮűɩɜ əŬɘ əŬŰŬɘɔɑŭɤɜ ɛŮ ɛɘŬ ɞɟɘůɛɏɜɖ əɡəɚɞűɞɟɑŬ. ȷɜɎɚɞɔŬ ɛŮ Űɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ 

Űɤɜ Ŭɜɏɛɤɜ Űɞɡɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ: 

¶ ɇɟɞˊɘəɏɠ ɡűɏůŮɘɠ/Tropical Depressions: ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɤɜ ɛɘəɟɧŰŮɟɖ 

Ŭˊɧ 17 m/s 

¶ ɇɟɞˊɘəɏɠ əŬŰŬɘɔɑŭŮɠ/Tropical Storms: ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɤɜ Ŭˊɧ 17-32 m/s 

(ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ əɎɗŮ ůɨůŰɖɛŬ ɞɜɞɛŬŰɑɕŮŰŬɘ) 

¶ ȾɡəɚɩɜŮɠ/ɇɡűɩɜŮɠ (Hurricanes/Typhoons/Cyclones): ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ 

Ŭɜɏɛɤɜ ˊɎɜɤ Ŭˊɧ 32 m/s. ɆŮ ŬɡŰɐ Űɖɜ ɡˊɞ-əŬŰɖɔɞɟɑŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ 5 

ŮˊɘˊɟɧůɗŮŰŮɠ ɓŬɗɛɑŭŮɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɤɜ Ŭɜɏɛɤɜ Űɞɡɠ ůɨɛűɤɜŬ 

ɛŮ Űɖɜ əɚɑɛŬəŬ Saffir-Simpson (ˊɑɜŬəŬɠ 1.1). 

 

ȼ əɚɑɛŬəŬ Saffir-Simpson ŬˊɞŰŮɚŮɑ ɛɘŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ əɡəɚɩɜɤɜ ůŰɞ ŭɡŰɘəɧ 

ɖɛɘůűŬɑɟɘɞ ůŮ 5 ůŰɎŭɘŬ/əŬŰɖɔɞɟɑŮɠ ɓŬůɘɕɧɛŮɜɖ ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɤɜ Ŭɜɏɛɤɜ Űɞɡɠ əŬɘ 

ɛɧɜɞ. ȷɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞɡɠ Herb Saffir əŬɘ Bob Simpson ɤɠ ɏɜŬ ŮɟɔŬɚŮɑɞ Ŭűɨˊɜɘůɖɠ 

Űɞɡ əɞɘɜɞɨ ɔɘŬ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ Űɡűɩɜɤɜ ŭɘŬűɧɟɤɜ ŮɜŰɎůŮɤɜ (Saffir 1973). ɆŮ 

ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɖ əɚɑɛŬəŬ Űɤɜ əŬŰŬůŰɟɞűɩɜ ŬɜŮɓŬɑɜŮɘ əŬŰɎ ɏɜŬɜ ˊŬɟɎɔɞɜŰŬ Űɞɡ 4 

ůŰɖ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ əŬŰɖɔɞɟɑŬ ůŰɖɜ ŮˊɧɛŮɜɖ (Pielke et al 2008). ȼ 

əɚɑɛŬəŬ ŭŮɜ ŬűɞɟɎ ɎɚɚŮɠ ŮˊɘŭɟɎůŮɘɠ Ůɜɧɠ əɡəɚɩɜŬ ɧˊɤɠ ˊɚɖɛɛɨɟŮɠ, ɘůɢɡɟɐ 

ɓɟɞɢɧˊŰɤůɖ əŬɘ ŬɜŮɛɞůŰɟɧɓɘɚɞɡɠ. ɆŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮəŭɧůŮɘɠ Űɖɠ, ˊŮɟɘŮɚɎɛɓŬɜŮ 

ŮˊɘˊɟɧůɗŮŰɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ˊɑŮůɖ (ˊɑɜŬəŬɠ 1.1)  ŬɚɚɎ ŰŮɚŮɡŰŬɑŬ ŬűŬɘɟɏɗɖəŬɜ 

ɔɘŬ ɚɧɔɞɡɠ Ŭˊɚɞˊɞɑɖůɖɠ (The Saffir-Simpson Team, ɁɃȷȷ 2019). Ⱥˊɘˊɚɏɞɜ, ɧŰŬɜ ɖ 

əŬŰɖɔɞɟɑŬ Ůɜɧɠ əɡəɚɩɜŬ (hurricane) ŮɑɜŬɘ 3, 4 ɐ 5 ŰɧŰŮ ŬɡŰɧɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ 

çɘůɢɡɟɧɠè əɡəɚɩɜŬɠ (major hurricane). 
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ɄɑɜŬəŬɠ 1.1: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ əɡəɚɩɜɤɜ ůŮ 5 ɡˊɞ-əŬŰɖɔɞɟɑŮɠ ɛŮ ɓɎůɖ Űɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Űɤɜ 

Ŭɜɏɛɤɜ Űɞɡɠ (m/s) əŬɘ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ Űɞɡɠ ˊɑŮůɖ (hPa) ůɨɛűɤɜŬ ɛŮ Űɖɜ əɚɑɛŬəŬ Saffir Simpson (The 

Saffir-Simpson Team, 2019) 

ȾŬŰɖɔɞɟɑŬ 

ȾɡəɚɩɜŬ 

ɀɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɤɜ (m/s) ȺɚɎɢɘůŰɖ ȺˊɘűŬɜŮɘŬəɐ ɄɑŮůɖ (hPa) 

1 33-42 Ó 980 

2 43-49 979-965 

3 50-58 964-945 

4 58-70 944-920 

5 > 70 < 920 

 

1.4.2 ɆɢɖɛŬŰɘůɛɧɠ əŬɘ AɜɎˊŰɡɝɖ Űɤɜ Tɟɞˊɘəɩɜ Kɡəɚɩɜɤɜ 

ɇɞ ůɢɐɛŬ 1.10 ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ˊɞɟŮɑŮɠ Űɤɜ Űɟɞˊɘəɩɜ əŬŰŬɘɔɑŭɤɜ əŬɘ əɡəɚɩɜɤɜ 

(ůɡůŰɐɛŬŰŬ ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɤɜ > 17 m/s) ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1992-2001. 

ũɑɜŮŰŬɘ ɝŮəɎɗŬɟɞ ɧŰɘ ůɢɖɛŬŰɑɕɞɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ Űɟɞˊɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ŮɝŬɑɟŮůɖ Űɞɜ 

ɜɧŰɘɞ Ⱥɘɟɖɜɘəɧ əŬɘ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ əŬɘ űɡůɘəɎ ŬˊɞəɚŮɘůŰɘəɎ ˊɎɜɤ Ŭˊɧ ɗɎɚŬůůŬ. 

ȼ ɞɜɞɛŬůɑŬ Űɤɜ əɡəɚɩɜɤɜ (ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ > 32 m/s) ́ ɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ůŮ ˊɞɘŬ 

ˊŮɟɘɞɢɐ ŮəŭɖɚɩɜɞɜŰŬɘ (ůɢɐɛŬ 1.9). Ƀ ɧɟɞɠ hurricanes ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŰŬ 

ůɡůŰɐɛŬŰŬ ůŰɞɜ ŬɜŬŰɞɚɘəɧ Ⱥɘɟɖɜɘəɧ əŬɘ ůŰɞɜ ȷŰɚŬɜŰɘəɧ, Ůɜɩ ɞ ɧɟɞɠ typhoon ŮɑɜŬɘ 

ůɡɢɜɧŰŮɟɞɠ ůŰɞɜ ŭɡŰɘəɧ Ⱥɘɟɖɜɘəɧ ɤəŮŬɜɧ əŬɘ ůŰɖɜ ɜɞŰɘɞ-ŬɜŬŰɞɚɘəɐ ȷůɑŬ. ȳŰŬɜ 

ŮɛűŬɜɑɕɞɜŰŬɘ ůŰŬ ŰɟɞˊɘəɎ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ ůŰŬ ŬɜŬŰɞɚɘəɎ Űɖɠ ȷűɟɘəɐɠ, ůŰɞɜ Ƚɜŭɘəɧ 

ɋəŮŬɜɧ əŬɘ ůŰŬ ŭɡŰɘəɎ Űɖɠ ȷɡůŰɟŬɚɑŬɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ cyclones. Ƀ ɓɞɟŮɘɞ-

ŭɡŰɘəɧɠ Ⱥɘɟɖɜɘəɧɠ ŮɑɜŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ əŬɘ Űɘɠ 

ˊɘɞ Ůɡɜɞɥəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ əɡəɚɞɔɏɜŮůɖ.  ȼ ɚŮəɎɜɖ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŮ ŬɡŰɐ Űɖ ŭɘŬŰɟɘɓɐ 

ŮɑɜŬɘ ɞ ɓɧɟŮɘɞɠ ȷŰɚŬɜŰɘəɧɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɖɜ ȾŬɟŬɥɓɘəɐ ŪɎɚŬůůŬ əŬɘ Űɞɜ 

Ⱦɧɚˊɞ Űɞɡ ɀŮɝɘəɧ.  

 

ɆɢɐɛŬ 1.10: ɄŬɔəɧůɛɘŬ ˊɞɟŮɑŬ Űɤɜ Űɟɞˊɘəɩɜ əŬŰŬɘɔɑŭɤɜ əŬɘ əɡəɚɩɜɤɜ (ŰŬɢɨŰɖŰŮɠ Ŭɜɏɛɤɜ > 17 m/s) 

ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1992-2001. Ʉɖɔɐ: Neumann (1993) 
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ȺəŰɘɛɎŰŬɘ ɧŰɘ əɎɗŮ ɢɟɧɜɞ ŬɜŬˊŰɨůůɞɜŰŬɘ ˊŮɟɑˊɞɡ 80 Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ (ŰŬɢɨŰɖŰŮɠ 

Ŭɜɏɛɤɜ >17 m/s) ˊŬɔəɞůɛɑɤɠ (Emanuel 2003). ȳˊɤɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ, ɖ ɓŬůɘəɐ ˊɖɔɐ 

ŮɜɏɟɔŮɘŬɠ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɡɠ ɤəŮŬɜɞɨɠ 

(Riehl 1950; Kleinschmidt 1951). ɆɢɖɛŬŰɑɕɞɜŰŬɘ ŮˊɎɜɤ Ŭˊɧ ɤəŮŬɜɞɨɠ ɛŮ Ůɘ́űŬɜŮɘŬəɐ 

ɗŮɟɛɞəɟŬůɑŬ Ɏɜɤ Űɤɜ 26ɞC (ůŮ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ 5-20ɞȸ) ŬɚɚɎ ŭŮɜ ŮɑɜŬɘ ŬůɡɜɐɗɘůŰɞ 

ɜŬ ɛŮŰŬűŮɟɗɞɨɜ ůŮ ˊŮɟɘɞɢɏɠ ɡɣɖɚɧŰŮɟɤɜ ɔŮɤɔɟŬűɘəɩɜ ˊɚŬŰɩɜ (Emanuel 2003). 

ȷɟəŮŰɎ ůɡůŰɐɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŰɞɜɖ əɑɜɖůɖ ˊɟɞɠ Űɞɡɠ ˊɧɚɞɡɠ 

ŮˊɖɟŮɎɕɞɜŰŬɠ ůɡɢɜɎ Ůɝɤ-Űɟɞˊɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɘůɢɡɟɐ ɓɟɞɢɧˊŰɤůɖ əŬɘ Ŭɜɏɛɞɡɠ ˊɟɘɜ 

ɞɘ əŬŰŬɘɔɑŭŮɠ ˊɟɞɚɎɓɞɡɜ ɜŬ ŭɘŬɚɡɗɞɨɜ (Emanuel 2003). ȷɡŰɧ ŭɘŬˊɘůŰɩɜŮŰŬɘ ŮɨəɞɚŬ 

Ŭˊɧ Űɞ ůɢɐɛŬ 1.10. 

ɈˊɎɟɢɞɡɜ əɎˊɞɘŮɠ ůɡɜɗɐəŮɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɞɨɜŰŬɘ Ůɡɜɞɥəɏɠ ɔɘŬ Űɖ 

ɔɏɜŮůɖ əŬɘ ŬɜɎˊŰɡɝɖ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ɞɘ ɞˊɞɑŮɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ Gray (1979) 

ŮɑɜŬɘ:  

¶ ɗŮɟɛɎ ɤəŮɎɜɘŬ ɨŭŬŰŬ ɗŮɟɛɞəɟŬůɑŬɠ ŰɞɡɚɎɢɘůŰɞɜ 26-27ɞC ůŮ ɓɎɗɞɠ ɛɏɢɟɘ 

ˊŮɟɑˊɞɡ 60 m. 

¶ ɛɘŬ ŬŰɛɧůűŬɘɟŬ ɖ ɞˊɞɑŬ ɣɨɢŮŰŬɘ ŬɟəŮŰɎ ɔɟɐɔɞɟŬ əŬɗôɨɣɞɠ əŬɘ ɗŬ ŮɑɜŬɘ 

ŭɡɜɖŰɘəɎ ŬůŰŬɗɐɠ ůŰɖɜ ɡɔɟɐ ŬɜɤɛŮŰŬűɞɟɎ (convection).  

¶ ůɢŮŰɘəɎ ɡɔɟɧɠ ŬɏɟŬɠ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ  

¶ ɛɘŬ ˊɟɞ-ɡˊɎɟɢɞɡůŬ ŭɘŬŰŬɟŬɢɐ ůŰɖɜ əŬŰɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ (ɧˊɤɠ ŰŬ AEWs)  

¶ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɖɠ əŬŰŬəɧɟɡűɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ Ŭɜɏɛɞɡ (< 7.5-10 m/s) ŬɜɎɛŮůŬ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɖɜ Ɏɜɤ ŰɟɞˊɧůűŬɘɟŬ. 

¶ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ > 5 ȸ̄  

ɆɡɔəŮəɟɘɛɏɜŬ ɞɘ ɗŮɟɛɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ɗɎɚŬůůŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ əŬɗɩɠ ɞɘ 

ŬɜŮɟɢɧɛŮɜɞɘ ɡŭɟŬŰɛɞɑ ɣɨɢɞɜŰŬɘ əŬɘ ůɡɛˊɡəɜɩɜɞɜŰŬɘ ůŮ ɜɏűɖ ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɠ 

ɛŮɔɎɚŬ ˊɞůɎ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ. ȷɡŰɐ ɖ ɗŮɟɛɧŰɖŰŬ ɗŮɟɛŬɑɜŮɘ Űɞɜ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ŬɏɟŬ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ˊɚɏɞɜ ŮɚŬűɟɨŰŮɟɞɠ əŬɘ ŬɜɏɟɢŮŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŬ 

ŬəɧɛŬ ŮˊɑˊŮŭŬ ɛŮ Űɞɜ ŬɏɟŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɜŬ ŬɜŬˊɚɖɟɩɜŮɘ Űɞ əŮɜɧ ˊɞɡ ɏɢŮɘ ŬűɐůŮɘ. 

ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛŮɘɩɜŮŰŬɘ ɖ ˊɑŮůɖ ůŰɖ ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ŬəɧɛŬ ɛŮɔŬɚɨŰŮɟɖ ɞɟɘɕɧɜŰɘŬ ɓŬɟɞɓŬɗɛɑŭŬ ůɡɜŮˊɩɠ ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ 

ŮˊɘűŬɜŮɘŬəɞɨ Ŭɜɏɛɞɡ. ȷɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ ɞ Emanuel (1986) ˊŮɟɘɔɟɎűŮɘ ɤɠ Űɞ 

ɛɖɢŬɜɘůɛɧ Wind Induced Surface Heat Exchange (WISHE). Ƀɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ 

ůɡɜɐɗɤɠ ŬˊɞŭɡɜŬɛɩɜɞɜŰŬɘ əŬɘ ŭɘŬɚɨɞɜŰŬɘ ɧŰŬɜ əɘɜɞɨɜŰŬɘ ŮˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ ɐ Ŭˊɧ 

ɣɡɢɟɎ ɨŭŬŰŬ ŮɝôŬɘŰɑŬɠ Űɖɠ ŬˊɞɡůɑŬɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɘɠ ɖˊŮɘɟɤŰɘəɏɠ ˊŮɟɘɞɢɏɠ ůŮ ůɢɏůɖ 

ɛŮ Űɘɠ ɤəŮɎɜɘŮɠ. 
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1.4.3 ȹɞɛɐ ɇɟɞˊɘəɩɜ Ⱦɡəɚɩɜɤɜ 

ȼ ɛɏɢɟɘ ŰɩɟŬ ɔɜɩůɖ ˊɞɡ ɡˊɎɟɢŮɘ ɔɨɟɤ Ŭˊɧ Űɖ ŭɞɛɐ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŬɜŬɚɡŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ŬŮɟɞůəŬűɩɜ, Ŭˊɧ ŮɜŬɏɟɘŬ əŬɘ ŮˊɑɔŮɘŬ ɟŬɜŰɎɟ 

əŬɘ Ŭˊɧ ŭɞɟɡűɞɟɘəɏɠ ɛŮŰɟɐůŮɘɠ. ũɘŬ ɜŬ ɞɟɘůŰŮɑ ɏɜŬɠ Űɟɞˊɘəɧɠ əɡəɚɩɜŬɠ ɤɠ Űɟɞˊɘəɐ 

əŬŰŬɘɔɑŭŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɏɜŬ əɡəɚɤɜɘəɧ ůɨůŰɖɛŬ ɗŮɟɛɞɨ ˊɡɟɐɜŬ (warm core) 

ɢɤɟɑɠ ɜŬ ůɡɜŭɏŮŰŬɘ ɛŮ əɎˊɞɘɞ ɛɏŰɤˊɞ.  

Ⱥˊɑůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɛűŬɜɑɕŮɘ əɚŮɘůŰɐ əɡəɚɤɜɘəɐ əɡəɚɞűɞɟɑŬ ɔɨɟɤ Ŭˊɧ ɏɜŬ əŬɚɎ 

ɞɟɘůɛɏɜɞ əɏɜŰɟɞ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ Űɞ ɞˊɞɑɞ ɞɜɞɛɎɕŮŰŬɘ çɛɎŰɘè (eye) (Foley 1995). Ƀɘ 

ɎɜŮɛɞɘ ůŮ ůɢŮŭɧɜ ɧɚɞ Űɞɜ ɧɔəɞ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ ɏɜŬɠ Űɟɞˊɘəɧɠ əɡəɚɩɜŬɠ ɏɢɞɡɜ 

əɡəɚɤɜɘəɐ ɟɞɐ (ŬɜŰɑɗŮŰŬ ɛŮ Űɖ űɞɟɎ Űɞɡ ɟɞɚɞɔɘɞɨ ůŰɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ əŬɘ 

ŬɜɎˊɞŭŬ ůŰɞ ɜɧŰɘɞ), ŬɚɚɎ ůŰɖɜ ŬɜɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ ɖ ɟɞɐ ŬɜŰɘůŰɟɏűŮŰŬɘ əŬɘ ɔɑɜŮŰŬɘ 

ŬɜŰɘəɡəɚɤɜɘəɐ (Emanuel 2003). ȼ ŰŬɢɨŰɖŰŬ Űɤɜ Ŭɜɏɛɤɜ ŬɡɝɎɜŮŰŬɘ ɟŬɔŭŬɑŬ Ŭˊɧ Űɞ 

əɏɜŰɟɞ ˊɟɞɠ Űɞ ŰɞɑɢɤɛŬ Űɞɡ ɛŬŰɘɞɨ ɛŮ Űɞɡɠ Ŭɜɏɛɞɡɠ ɛɏɔɘůŰɖɠ ɏɜŰŬůɖɠ ɜŬ ɓɟɑůəɞɜŰŬɘ 

əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɜŬ ŬˊɞŭɡɜŬɛɩɜɞɜŰŬɘ əŬɗôɨɣɞɠ (ɚɧɔɤ Űɞɡ ɗŮɟɛɞɨ ˊɡɟɐɜŬ 

Űɞɡɠ). 

ɈˊɎɟɢɞɡɜ ˊɞɚɚɞɑ Űɟɧˊɞɘ ɛɏŰɟɖůɖɠ Űɖɠ ɏɜŰŬůɖɠ Ůɜɧɠ Űɟɞˊɘəɞɨ əɡəɚɩɜŬ, ɞɘ ˊɘɞ Ůɡɟɏɤɠ 

ŬˊɞŭŮəŰɞɑ ŮɑɜŬɘ ɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɖ ŮɚɎɢɘůŰɖ ˊɑŮůɖ ůŰɞ əɏɜŰɟɞ Űɞɡɠ. 

ɆŰɞ ɔŮɤɛŮŰɟɘəɧ əɏɜŰɟɞ Ůɜɧɠ əɡəɚɩɜŬ ɓɟɑůəŮŰŬɘ Űɞ ɛɎŰɘ, ɛɑŬ ůɢŮŭɧɜ əɡəɚɘəɐ ˊŮɟɘɞɢɐ 

ɔɨɟɤ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɛŬɑɜŮŰŬɘ ɞ Űɟɞˊɘəɧɠ əɡəɚɩɜŬɠ. ɆŰɞ ɛɎŰɘ ɞ ŬɏɟŬɠ ɓɡɗɑɕŮŰŬɘ ˊɟɞɠ 

Űɖɜ ŮˊɘűɎɜŮɘŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞɜ Ŭɑɗɟɘɞ əŬɘɟɧ. ȳŰŬɜ Űɞ ɛɎŰɘ ˊŮɟɜɎŮɘ ŮˊɎɜɤ Ŭˊɧ 

ˊŬɟŬŰɖɟɖŰɏɠ ůŰɞ ɏŭŬűɞɠ ůɡɜɐɗɤɠ ɔɑɜŮŰŬɘ ɞɟŬŰɧɠ ɞ əŬɗŬɟɧɠ ɞɡɟŬɜɧɠ ɐ ŰŬ ŬůŰɏɟɘŬ Űɖ 

ɜɨɢŰŬ ŭɑɜɞɜŰŬɠ Űɖ ɚŬɜɗŬůɛɏɜɖ ŮɜŰɨˊɤůɖ ɧŰɘ ɞ Űɟɞˊɘəɧɠ əɡəɚɩɜŬɠ ɏɢŮɘ ˊŮɟɎůŮɘ, əɎŰɘ 

ŮɝŬɘɟŮŰɘəɎ Ůˊɘəɑɜŭɡɜɞ əŬɗɩɠ Ŭəɞɚɞɡɗɞɨɜ Ůɝɑůɞɡ ɘůɢɡɟɞɑ ɎɜŮɛɞɘ Ŭˊɧ Űɖɜ ŬɜŰɑɗŮŰɖ 

ˊɚŮɡɟɎ. ɆŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɢŬɛɖɚɎ-ɛŮůŬɑŬ ɜɏűɖ ůŰɞ ɛɎŰɘ ŬɜŰɑ ɔɘŬ 

ˊɚɐɟɤɠ Ŭɑɗɟɘɞ əŬɘɟɧ. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ ɛŬŰɘɞɨ ɛˊɞɟŮɑ ɜŬ əɡɛŬɜɗŮɑ Ŭˊɧ 6-80 km ůŮ 

ŬəŰɑɜŬ, ŬɚɚɎ ˊɘɞ ůɨɜɖɗŮɠ ŮɑɜŬɘ ŰŬ 30-60 km ůŮ ŬəŰɑɜŬ (Weatherford and Gray 1988). 

ȺɑɜŬɘ ɖ ˊŮɟɘɞɢɐ ˊɞɡ ŮɛűŬɜɑɕŮɘ Űɖ ɢŬɛɖɚɧŰŮɟɖ ŮˊɘűŬɜŮɘŬəɐ ˊɑŮůɖ, Űɘɠ ɡɣɖɚɧŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ůŰɖɜ əɞɟɡűɐ Űɖɠ əŬɘ Űɞɡɠ ˊɘɞ ŬŭɨɜŬɛɞɡɠ Ŭɜɏɛɞɡɠ (ůɡɜɐɗɤɠ əɎŰɤ Ŭˊɧ 

7 m/s) Ŭɜ əŬɘ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ɛŮɛɞɜɤɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɏəŰŬůɖɠ Űɤɜ ɘůɢɡɟɩɜ 

Ŭɜɏɛɤɜ ɛɏůŬ ůŰɞ ɛɎŰɘ. ɇɞ ůɢɐɛŬ Űɞɡ ůɡɜɐɗɤɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ 

ŮˊɘɛɖəɡɜɗŮɑ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ, ŮɜŭŮɘəŰɘəɧ Űɖɠ ŬˊɞŭɡɜɎɛɤůɖɠ Űɞɡ əɡəɚɩɜŬ. Ƀɘ 

ɗŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɛɏůŬ ůŰɞ ɛɎŰɘ, əɡɟɑɤɠ ůŰɖ 

ɛɏůɖ-Ɏɜɤ ŰɟɞˊɧůűŬɘɟŬ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ɝɖɟɐ ŬŭɘŬɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɚɧɔɤ  Űɤɜ 

əŬɗɞŭɘəɩɜ əɘɜɐůŮɤɜ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ (ůɢɐɛŬ 1.11). ȺɝôŬɘŰɑŬɠ ŬɡŰɩɜ ɞ ˊɡɟɐɜŬɠ ŮɑɜŬɘ 

ɗŮɟɛɧɠ əŬɘ ɚɧɔɤ Űɖɠ Ůɝɑůɤůɖɠ Űɞɡ ɗŮɟɛɘəɞɨ Ŭɜɏɛɞɡ, ɖ ɛɏɔɘůŰɖ ɏɜŰŬůɖ Űɤɜ Ŭɜɏɛɤɜ 

Űɞɡ əɡəɚɩɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, ˊɞɚɨ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. 

ɇɞ ŰɞɑɢɤɛŬ Űɞɡ ɛŬŰɘɞɨ (eyewall) ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɡəɜɧ ŰɞɑɢɤɛŬ/ŭŬəŰɨɚɘɞ ɘůɢɡɟɐɠ 

ŬɜɤɛŮŰŬűɞɟɎɠ əɎŰɤ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɘůɢɡɟɧŰŮɟɞɘ ɎɜŮɛɞɘ ɧɚɞɡ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ (ůɢɐɛŬ 1.11). Ⱥˊɑůɖɠ ɞɘ ɘůɢɡɟɧŰŮɟɞɘ Ŭɜɞŭɘəɞɑ Ŭɜɏɛɞɘ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ 

ŰɞɑɢɤɛŬ ɛŬɕɑ ɛŮ ɏɜŬ ŭŬəŰɨɚɘɞ ɜŮűɩɜ ɞ ɞˊɞɑɞɠ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ 

Űɞɡ ɛŬŰɘɞɨ ɛɏɢɟɘ 20-50 km ɛŬəɟɘɎ (Emanuel 2003). ɃˊɞɘŬŭɐˊɞŰŮ ŬɚɚŬɔɐ ůŰɘɠ ŭɞɛɏɠ 
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Űɞɡ ɛŬŰɘɞɨ əŬɘ Űɞɡ ŰɞɘɢɩɛŬŰɞɠ ɗŬ ˊɟɞəŬɚɏůɞɡɜ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɤɜ 

Ŭɜɏɛɤɜ.  

ȹɘŬŭɞɢɘəɏɠ ŮˊɘɛɐəŮɘɠ, ůŰŮɜɏɠ ɕɩɜŮɠ ɘůɢɡɟɐɠ ɓɟɞɢɧˊŰɤůɖɠ (spiral ɐ rain bands) 

ˊŮɟɘɓɎɚɚɞɡɜ Űɞ ŰɞɑɢɤɛŬ ɛɏɢɟɘ ɛŮɟɘəɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɢɘɚɘɧɛŮŰɟŬ ɛŬəɟɘɎ Ŭˊɧ Űɞ ɛɎŰɘ 

əŬɘ əɘɜɞɨɜŰŬɘ ˊɟɞɠ ŬɡŰɧ ɛŮ Űɖɜ ɑŭɘŬ əŬŰŮɨɗɡɜůɖ ɧˊɤɠ ɞ ɎɜŮɛɞɠ (National Weather 

Service 2020) (ůɢɐɛŬ 1.11). ɇɞ ˊɎɢɞɠ Űɞɡɠ əɡɛŬɑɜŮŰŬɘ ɛɏɢɟɘ ɛŮɟɘəɏɠ ŭŮəɎŭŮɠ 

ɢɘɚɘɧɛŮŰɟŬ Ůɜɩ Űɞ ɛɐəɞɠ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ŰŬ 80-480 km. ȾŬŰɎ ɛɐəɞɠ ŬɡŰɩɜ Űɤɜ 

ɕɤɜɩɜ ɖ ůɨɔəɚɘůɖ ůŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŮɑɜŬɘ ɖ ɛɏɔɘůŰɖ əŬɘ əŬŰôŮˊɏəŰŬůɖ Űɞ ɑŭɘɞ ɘůɢɨŮɘ 

ɔɘŬ Űɖɜ Ŭˊɧəɚɘůɖ ůŰŬ ŬɜɩŰŮɟŬ ŮˊɑˊŮŭŬ. ȷɜŬˊŰɨůůŮŰŬɘ ɛɘŬ əɡəɚɞűɞɟɑŬ əŬŰɎ Űɖɜ 

ɞˊɞɑŬ ɗŮɟɛɧɠ, ɡɔɟɧɠ ŬɏɟŬɠ ůɡɔəɚɑɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ŬɜɏɟɢŮŰŬɘ ɛɏůɤ ŬɡŰɩɜ Űɤɜ 

ɕɤɜɩɜ, ŬˊɞəɚɑɜŮɘ ůŰŬ Ɏɜɤ ŮˊɑˊŮŭŬ əŬɘ əŬŰɏɟɢŮŰŬɘ ůŰɘɠ ŭɨɞ ˊɚŮɡɟɏɠ Űɖɠ əɎɗŮ ɕɩɜɖɠ. 

ũɘ ŬɡŰɧ ŬɜɎɛŮůŬ Ŭˊɧ əɎɗŮ ɕɩɜɖ ɞ əŬɘɟɧɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ŮɚɎɢɘůŰɖ ɓɟɞɢɐ əŬɘ 

ŬŭɨɜŬɛɞɡɠ Ŭɜɏɛɞɡɠ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ əŬɗɞŭɘəɏɠ əɘɜɐůŮɘɠ (ůɢɐɛŬ 1.11). ȾŬɗɩɠ 

ɞ ŬɏɟŬɠ ɓɡɗɑɕŮŰŬɘ, ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŬŭɘŬɓŬŰɘəɐ ɗɏɟɛŬɜůɖ əŬɘ ɝɖɟŬɑɜŮŰŬɘ. ȺɝôŬɘŰɑŬɠ Űɖɠ 

ɘůɢɡɟɧŰŮɟɖɠ əŬŰɎˊŰɤůɖɠ ůŰŬ ŮůɤŰŮɟɘəɎ Űɖɠ əɎɗŮ ɕɩɜɖɠ, ɖ ŬŭɘŬɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ŮɑɜŬɘ 

ɘůɢɡɟɧŰŮɟɖ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɘɞɢɐ ˊɟɞəŬɚɩɜŰŬɠ ɘŭɘŬɑŰŮɟŬ ŬˊɧŰɞɛŮɠ ŬɜŰɘɗɏůŮɘɠ ůŰɖɜ 

ˊɑŮůɖ əŬŰɎ ɛɐəɞɠ Űɤɜ ɕɤɜɩɜ, əŬɗɩɠ ɞ ɗŮɟɛɧɠ ŬɏɟŬɠ ŮɑɜŬɘ ŮɚŬűɟɨŰŮɟɞɠ Ŭˊɧ Űɞɜ ɣɡɢɟɧ 

(Willoughby 1979, 1990, 1995). ɇɞ ůɡɜɞɚɘəɧ, Űɡˊɘəɧ ɛɏɔŮɗɞɠ Ůɜɧɠ əɡəɚɩɜŬ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 480 km Ŭɜ əŬɘ ˊɞɘəɑɚɚŮɘ ŬɟəŮŰɎ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ɘůɢɨɠ Ůɜɧɠ əɡəɚɩɜŬ ŭŮɜ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ŬɜɎɚɞɔɖ ɛŮ Űɞ ɛɏɔŮɗɧɠ Űɞɡ (ɞ əŬŰŬůŰɟɞűɘəɧɠ əɡəɚɩɜŬɠ Andrew Űɞ 

1992 ŮɑɢŮ ůɢŮŰɘəɎ ɛɘəɟɧ ɛɏɔŮɗɞɠ). 

 

 

ɆɢɐɛŬ 1.11: ȾɎɗŮŰɖ Űɞɛɐ Űɖɠ ŭɞɛɐɠ Ůɜɧɠ əɡəɚɩɜŬ ůŰɞ ɓɧɟŮɘɞ ɖɛɘůűŬɑɟɘɞ ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ əŬɗɞŭɘəɐ 

ɟɞɐ (ɛˊɚŮ ɓɏɚɖ) ůŰɞ ɛɎŰɘ & ŮɜŭɘɎɛŮůŬ Űɤɜ ɕɤɜɩɜ, ɖ Ŭɜɞŭɘəɐ (əɧəəɘɜŬ ɓɏɚɖ) ůŰɞ ŰɞɑɢɤɛŬ/eyewall əŬɘ 

ůŰɘɠ ɕɩɜŮɠ əŬɘ ɖ ůɡɜɞɚɘəɐ əɑɜɖůɐ Űɞɡ ŬɜŰɑɗŮŰŬ ɛŮ Űɖ űɞɟɎ Űɤɜ ŭŮɘəŰɩɜ Űɞɡ ɟɞɚɞɔɘɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

əŬɘ ŬɜɎˊɞŭŬ ůŰɖɜ əɞɟɡűɐ. Ʉɖɔɐ: https://commons.wikimedia.org/wiki/File:Hurricane-en.svg 

 

 

 

https://commons.wikimedia.org/wiki/File:Hurricane-en.svg
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1.4.4 ȼ Ⱦɡəɚɤɜɘəɐ ȹɟŬůŰɖɟɘɧŰɖŰŬ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɋəŮŬɜɧ 

ȼ əɡəɚɤɜɘəɐ ˊŮɟɑɞŭɞɠ (hurricane season) ůŰɖ ɚŮəɎɜɖ Űɞɡ ȷŰɚŬɜŰɘəɞɨ, ɖ ɞˊɞɑŬ ˊɏɟŬ 

Ŭˊɧ Űɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ȾŬɟŬɥɓɘəɐ ɗɎɚŬůůŬ əŬɘ Űɞɜ Ⱦɧɚˊɞ Űɞɡ 

ɀŮɝɘəɧ, ɝŮəɘɜɎŮɘ Ůˊɘůɐɛɤɠ Űɖɜ 1ɖ Ƚɞɡɜɑɞɡ əŬɘ ɚɐɔŮɘ ůŰɘɠ 30 ɁɞŮɛɓɟɑɞɡ əɎɗŮ ɢɟɧɜɞ 

(National Hurricane Centre 2020). ɆɨɛűɤɜŬ ɛŮ Űɞ NOAA, Űɞ ɛɏɔɘůŰɞ Űɖɠ əɡəɚɤɜɘəɐɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭˊɧ ŰŬ ɛɏůŬ Űɞɡ ȷɡɔɞɨůŰɞɡ ɛɏɢɟɘ ŰŬ 

Űɏɚɖ ɃəŰɤɓɟɑɞɡ ɢɤɟɑɠ ŬɡŰɧ ɜŬ ŬˊɞəɚŮɑŮɘ Űɖɜ ŮɛűɎɜɘůɖ Ůɜɧɠ ˊɞɚɨ ɘůɢɡɟɞɨ 

ůɡůŰɐɛŬŰɞɠ ŮəŰɧɠ Űɖɠ ˊŮɟɘɧŭɞɡ ŬɡŰɐɠ. ɇɞɡɠ 2 ˊɟɩŰɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ ɞɘ 

ˊŮɟɘɞɢɏɠ Űɞɡ Ⱦɧɚˊɞɡ Űɞɡ ɀŮɝɘəɧ əŬɘ Űɖɠ ȾŬɟŬɥɓɘəɐɠ ŬˊɞŰŮɚɞɨɜ Űɘɠ ˊɘɗŬɜɧŰŮɟŮɠ 

Ů́ɟɘɞɢɏɠ ɔɘŬ Űɖɜ Ůəŭɐɚɤůɖ əɎˊɞɘɞɡ Űɟɞˊɘəɞɨ əɡəɚɩɜŬ, Ůɜɩ Űɞɡɠ ɛɐɜŮɠ ɛŮ Űɖɜ 

ɡɣɖɚɧŰŮɟɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ (ȷɨɔɞɡůŰɞ, ɆŮˊŰɏɛɓɟɘɞ, ɃəŰɩɓɟɘɞ) ɖ ɛɏůɖ ˊŮɟɘɞɢɐ 

ˊɟɞɏɚŮɡůɐɠ Űɞɡɠ ŮɝŬˊɚɩɜŮŰŬɘ ŬɜŬŰɞɚɘəɧŰŮɟŬ ˊɟɞɠ Űɖɜ ȷűɟɘəɐ (ůɢɐɛŬ 1.12). 

 

ɆɢɐɛŬ 1.12: ȼ ŮˊɘəɟŬŰɏůŰŮɟɖ ˊɞɟŮɑŬ ɧɚɤɜ Űɤɜ əɡəɚɩɜɤɜ (hurricanes) ɛɘŬɠ Űɡˊɘəɐɠ ɢɟɞɜɘɎɠ ůŰɞɜ 

ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ ɔɘŬ Űɞɜ: Ŭ) Ƚɞɨɜɘɞ, ɓ) Ƚɞɨɚɘɞ, ɔ) ȷɨɔɞɡůŰɞ, ŭ) ɆŮˊŰɏɛɓɟɘɞ, Ů) ɃəŰɩɓɟɘɞ, ůŰ) 

Ɂɞɏɛɓɟɘɞ ɛŮ ɓɎůɖ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ 1966-2009. ɀŮ ɛˊɚŮ ůəɑŬůɖ űŬɑɜŮŰŬɘ ɖ ˊɘɗŬɜɐ ˊɞɟŮɑŬ Űɞɡɠ, ɛŮ 

ˊɟɎůɘɜɖ ɖ ˊɘɞ ˊɘɗŬɜɐ əŬɘ ɛŮ ˊɞɟŰɞəŬɚɑ ɖ ˊɘɗŬɜɏůŰŮɟɖ. Ʉɖɔɐ: ɁɃȷȷ (2020) 

ȺəŰɘɛɎŰŬɘ ɧŰɘ ŰŬ ŰŮɚŮɡŰŬɑŬ 30 ɢɟɧɜɘŬ ɖ ůɡɢɜɧŰɖŰŬ əŬɘ ɏɜŰŬůɖ Űɤɜ Űɟɞˊɘəɩɜ 

əɡəɚɩɜɤɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɏɢŮɘ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ (Wang and Gillies 2011). ȷɡŰɧ Űɞ 

ɔŮɔɞɜɧɠ ŬˊɞŭɑŭŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ Ŭɨɝɖůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɗŮɟɛɞəɟŬůɘɩɜ 

Űɖɠ ɗɎɚŬůůŬɠ (Emanuel 2005).  

ȼ ŮŰɐůɘŬ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ əɡəɚɤɜɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ŮɑɜŬɘ ɖ 

ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ əɎɗŮ Ɏɚɚɞ ɤəŮŬɜɧ. ȼ ˊɟɧɓɚŮɣɖ əŬɘ ɔŮɜɘəɐ ˊɟɞɔɜɤůɘɛɧŰɖŰŬ Űɖɠ 

əɡəɚɤɜɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ əŬɗɘůŰɎŰŬɘ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ əŬɗɩɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

ˊɚɖɗɩɟŬ ˊŬɟŬɛɏŰɟɤɜ (Gray et al. 1994) ɧˊɤɠ ɖ űɎůɖ Űɖɠ ŰŬɚɎɜŰɤůɖɠ Űɞɡ El Nino ï 

Southern Oscillation (ENSO), ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ, ɖ ˊɑŮůɖ 

ůŰɖ ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ, ɞɘ ŬɜɤɛŬɚɑŮɠ Űɞɡ ŭɘŬŰɛɖŰɘəɞɨ Ŭɜɏɛɞɡ ůŰɞ ɓɧɟŮɘɞ 

Űɟɞˊɘəɧ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ, ŰŬ ˊɞůɎ ɓɟɞɢɧˊŰɤůɖɠ ůŰɖ ŭɡŰɘəɐ ȷűɟɘəɐ əŬɘ ɖ űɎůɖ Űɖɠ 

ůŰɟŬŰɞůűŬɘɟɘəɐɠ ŰŬɚɎɜŰɤůɖɠ Quasi-Biennial Oscillation (QBO).  
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ɆŰɞ ůɢɐɛŬ 1.13 ́ ŬɟɞɡůɘɎɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ əɡəɚɩɜɤɜ (hurricanes) ůŰɞɜ ȷŰɚŬɜŰɘəɧ 

ɤəŮŬɜɧ ɔɘŬ Űɖ ɢɟɞɜɞůŮɘɟɎ 1851-2019. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Vecchi əŬɘ Knutson (2011) 

ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ 1878-2008 ŮɛűŬɜɑɕŮŰŬɘ Ŭˊɧ ɛɖŭŮɜɘəɐ ɛɏɢɟɘ ɘůɢɡɟɐ Ŭɜɞŭɘəɐ ŰɎůɖ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɐɠ Űɞɡɠ. Ⱥˊɑůɖɠ ɔɘŬ ŰŬ ůɡůŰɐɛŬŰŬ ˊɟɘɜ Űɞ 1965 ŬˊŬɘŰŮɑŰŬɘ ɛɘŬ 

ůɖɛŬɜŰɘəɐ ŭɘɧɟɗɤůɖ ˊɟɞɠ ŰŬ ˊɎɜɤ ɚɧɔɤ Űɖɠ ŬɟŬɘɐɠ ɛɏŰɟɖůɖɠ əŬɘ əŬŰŬɔɟŬűɐɠ Űɤɜ 

ůɡůŰɖɛɎŰɤɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ˊɟɘɜ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ŭɞɟɡűɧɟɤɜ. 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 1.13: ȷɟɘɗɛɧɠ Űɤɜ əɡəɚɩɜɤɜ (hurricanes) ŬɜɎ ɏŰɞɠ ɔɘŬ Űɖ ɢɟɞɜɞůŮɘɟɎ 1851-2019. Ʉɖɔɐ: ɁɃȷȷ 

(2020) 

 

1.5 ɆŰɧɢɞɘ ȹɘŬŰɟɘɓɐɠ 

ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ŮɑɜŬɘ ɖ ůɡɜɞˊŰɘəɐ əŬɘ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ AEWs, Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬɘ 

ŬɜŬˊŰɨɢɗɖəŬɜ əŬɘ Űɖɠ ŭɞɛɐɠ Űɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖ ɓɧɟŮɘŬ ȷűɟɘəɐ ɔɘŬ Űɞ ɏŰɞɠ 2019. 

Ɇɡɔɢɟɧɜɤɠ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ əŬɘ ŬɜɎɚɡůɖ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ AEW Űɞ ɞˊɞɑɞ ˊɟɞəɎɚŮůŮ 

Űɖ ɔɏɜŮůɖ Űɞɡ əɡəɚɩɜŬ Dorian Ůɜɧɠ Ŭˊɧ Űɞɡɠ ˊɘɞ ɘůɢɡɟɞɨɠ əŬŰŬɔŮɔɟŬɛɏɜɞɡɠ 

Űɟɞˊɘəɞɨɠ əɡəɚɩɜŮɠ ůŰɖɜ ɘůŰɞɟɑŬ Űɞɡ ȷŰɚŬɜŰɘəɞɨ ɤəŮŬɜɞɨ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŰŬɢɨŰɖŰŬ 

Űɤɜ Ŭɜɏɛɤɜ Űɞɡ (95.2 m/s). O Dorian ŬˊɞŰɏɚŮůŮ Űɞɜ ɘůɢɡɟɧŰŮɟɞ əŬɘ ˊɘɞ əŬŰŬůŰɟɞűɘəɧ 

əɡəɚɩɜŬ ůŰɖɜ ɘůŰɞɟɑŬ Űɤɜ ɜɐůɤɜ ɀˊŬɢɎɛŬ, ɡˊŮɨɗɡɜɞɠ ɔɘŬ ˊɎɜɤ Ŭˊɧ 74 ɗŬɜɎŰɞɡɠ 

əŬɘ ɕɖɛɘɏɠ əɧůŰɞɡɠ 4.68 ŭɘůŮəŬŰɞɛɛɡɟɑɤɜ ŭɞɚŬɟɑɤɜ, ŮˊɖɟŮɎɕɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɘɠ 

ȼɄȷ əŬɘ Űɞɜ ȾŬɜŬŭɎ. 

ȺˊɘɚɏɢɗɖəŮ Űɞ ɏŰɞɠ 2019 əŬɗɩɠ ɓɟɑůəŮŰŬɘ ůŰɞ 5% Űɤɜ ˊɘɞ ŮɜŮɟɔɩɜ ŮŰɩɜ Ŭˊɧ Űɞ 1851 

ɛŮ Űɖɜ ŮɛűɎɜɘůɖ 18 Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ ɛŮ Űɞ ɛɏůɞ ɧɟɞ 

ɞɜɞɛŬůɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ ŬɜɎ ɏŰɞɠ ɜŬ ŬɜɏɟɢŮŰŬɘ ɛɧɚɘɠ ůŰŬ 11.8. 
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ȾȺūȷȿȷȽɃ 2: ȹȺȹɃɀȺɁȷ & ɀȺŪɃȹɃȿɃũȽȷ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮɚɏŰɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ AEWs 

əŬɘ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ ȷűɟɘəɐ əŬɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɞɡ 

ȷŰɚŬɜŰɘəɞɨ ɋəŮŬɜɞɨ ɔɘŬ Űɞ ɏŰɞɠ 2019. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ŭɘŮɟŮɡɜɎŰŬɘ Űɞ 

ŬŰɛɞůűŬɘɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŬɜ əŬɘ ŮɝŮɚɑɢɗɖəŬɜ ŰŬ AEWs 

ŬɡŰɐ Űɖ ɢɟɞɜɘɎ ŬɚɚɎ ůɡɔɢɟɧɜɤɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ ˊɞɚɨ ɘůɢɡɟɧɠ əɡəɚɩɜŬɠ Dorian. 

ũɘŬ Űɖ ɛŮɚɏŰɖ ɧɚɤɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ˊŮŭɑɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ 5ɖɠ ɔŮɜɘɎɠ 

ŭŮŭɞɛɏɜŬ ŬɜŬŭɟɞɛɘəɐɠ ŬɜɎɚɡůɖɠ (reanalysis), ERA5 Ŭˊɧ Űɞ ȺɡɟɤˊŬɥəɧ ȾɏɜŰɟɞ 

ɀŮůɞˊɟɧɗŮůɛɤɜ ɄɟɞɔɜɩůŮɤɜ ȾŬɘɟɞɨ (European Centre for Medium-Range Weather 

Forecasts, ECMWF). ȷɡŰɎ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ůɡɜŭɡŬůɛɧ ɓɟŬɢɡˊɟɧɗŮůɛɤɜ 

ˊɟɞɔɜɩůŮɤɜ əŬɘɟɞɨ ɛŮ ŭŮŭɞɛɏɜŬ ˊŬɟŬŰɖɟɐůŮɤɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ůɡɜŮɢɞɨɠ, 

ˊŬɔəɧůɛɘŬɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. ȼ ɞɟɘɕɧɜŰɘŬ ɢɤɟɘəɐ ŬɜɎɚɡůɐ Űɞɡɠ ŮɑɜŬɘ 0.25ɞx0.25ɞ 

əŬɘ ɖ ɢɟɞɜɘəɐ ŮɑɜŬɘ ɛɘŬ ɩɟŬ, ɛŮ Űɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɜŬ əɎɜŮɘ ɢɟɐůɖ 3-ɤɟɖɠ ɢɟɞɜɘəɐɠ 

ŬɜɎɚɡůɖɠ.  

ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ Űɖɠ ɛɏůɖɠ əŬŰɎůŰŬůɖɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ (Ƚɞɨɜɘɞɠ-Ɂɞɏɛɓɟɘɞɠ 2019). ɀŮɚŮŰɎŰŬɘ ɖ əŬŰŬəɧɟɡűɖ əŬɘ ɞɟɘɕɧɜŰɘŬ 

ŭɞɛɐ əŬɘ ŭɘɎŰŬɝɖ Űɞɡ ŬɜŮɛɞɚɞɔɘəɞɨ ˊŮŭɑɞɡ ɛŮ ɏɛűŬůɖ ůŰɞɜ AEJ, ɖ ŭɡɜŬɛɘəɐ 

ɗŮɟɛɞəɟŬůɑŬ, ɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ, ɞɘ ŮˊɘűŬɜŮɘŬəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ɗɎɚŬůůŬɠ 

(sea surface temperatures, SSTs), ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ əŬɘ ɞ ŭɡɜŬɛɘəɧɠ ůŰɟɞɓɘɚɘůɛɧɠ 

ůŰɖɜ ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ 315Ⱦ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ űŬůɛŬŰɘəɐ ŬɜɎɚɡůɖ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ɛŮůɖɛɓɟɘɜɞɨ 

Ŭɜɏɛɞɡ ůŮ 4 ůŰŬɗɛɞɨɠ əŬɘ 3 ŮˊɑˊŮŭŬ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ (950, 850, 700 hPa) ɔɘŬ Űɖɜ 

ŬˊŮɘəɧɜɘůɖ Űɤɜ AEWs. Ⱥˊɑůɖɠ ɛŮɚŮŰɩɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ AEWs ɛŮ Űɖ 

ɢɟɐůɖ Űɞɡ űɘɚŰɟŬɟɘůɛɏɜɞɡ ɕɤɜɘəɞɨ əŬɘ ɛŮůɖɛɓɟɘɜɞɨ Ŭɜɏɛɞɡ ɔɘŬ ˊŮɟɑɞŭɞ 2.5-6 

ɖɛŮɟɩɜ. ȺűŬɟɛɧůŰɖəŮ Űɞ űɑɚŰɟɞ Lanczos (Duchon 1979) ůŰɖ ɢɟɞɜɞůŮɘɟɎ ɀŬȶɞɡ-

ɁɞŮɛɓɟɑɞɡ Űɞ ɞˊɞɑɞ ŬˊɞɟɟɑˊŰŮɘ Űɘɠ ɢŬɛɖɚɏɠ əŬɘ ɡɣɖɚɏɠ ůɡɢɜɧŰɖŰŮɠ (Űɨˊɞɡ bandpass). 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɛŮŰɎ Űɖ ɢɟɐůɖ Űɞɡ ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ 240 Űɘɛɏɠ (30 ɖɛɏɟŮɠ x 8 Űɘɛɏɠ 

ŬɜɎ ɖɛɏɟŬ) ůŰɖɜ Ŭɟɢɐ əŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ. ȰŰůɘ ŭŮ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊôɧɣɘɜ 

ɞɘ ɛɐɜŮɠ ɀɎɘɞɠ əŬɘ Ɂɞɏɛɓɟɘɞɠ. ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɛɖ-űɘɚŰɟŬɟɘůɛɏɜɤɜ ŭŮŭɞɛɏɜɤɜ 

ɩůŰŮ ŬɡŰɎ ɜŬ ŬˊɞəŰɐůɞɡɜ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɛɞɟűɐ Űɞɡɠ ɏɔɘɜŮ ůŮ ˊŮɟɘɓɎɚɚɞɜ GNU 

Octave Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɛɘŬ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ 

ˊɟɞɞɟɑɕŮŰŬɘ əɡɟɑɤɠ ɔɘŬ ŬɟɘɗɛɖŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ.  

ɇɞ Dakar (ɆŮɜŮɔɎɚɖ), Bamako (ɀɎɚɘ), Ouagadougou (ɀˊɞɡɟəɑɜŬ ūɎůɞ) əŬɘ Űɞ 

Niamey (ɁɑɔɖɟŬɠ) ŮɑɜŬɘ ɞɘ 4 ŰɞˊɞɗŮůɑŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɖɜ ŬˊŮɘəɧɜɘůɖ Űɞɡ 

ɛɖɜɘŬɑɞɡ űɘɚŰɟŬɟɘůɛɏɜɞɡ ɛŮůɖɛɓɟɘɜɞɨ Ŭɜɏɛɞɡ. Ⱥˊɑůɖɠ, ůɨɛűɤɜŬ ɛŮ Űɞ ŮɜŮɟɔŮɘŬəɧ 

ŭɘɎɔɟŬɛɛŬ Űɞɡ Lorenz ɡ́ ɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŭɘŬəɡɛɎɜůŮɘɠ (covariances) Űɤɜ 

űɘɚŰɟŬɟɘůɛɏɜɤɜ Űɘɛɩɜ Űɞɡ ɕɤɜɘəɞɨ əŬɘ ɛŮůɖɛɓɟɘɜɞɨ Ŭɜɏɛɞɡ (uȭvȭ), Űɞɡ ɛŮůɖɛɓɟɘɜɞɨ 

Ŭɜɏɛɞɡ əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (vȭTȭ) əŬɘ Űɖɠ əŬŰŬəɧɟɡűɖɠ ŰŬɢɨŰɖŰŬɠ ɤ əŬɘ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ (ɤȭɇȭ) ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ Ƚɞɡɜɑɞɡ ï ɃəŰɤɓɟɑɞɡ 2019. ɆŰɖ ůɡɜɏɢŮɘŬ 

ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ɧɚɤɜ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟŬɛɛɎŰɤɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ 
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ˊŮɟɘɓɎɚɚɞɜ ɛɏůŬ ůŰɞ ɞˊɞɑɞ ŬɜŬˊŰɨɢɗɖəŬɜ ŰŬ AEWs əŬɘ əŬŰɎ ˊɧůɞ ŬɡŰɧ ɐŰŬɜ Ůɡɜɞɥəɧ 

ɐ ɧɢɘ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ ɢɟɞɜɘɏɠ ŬɜŰɑůŰɞɘɢɖɠ əɡəɚɤɜɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. ɇŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ŬɡŰɎ Ůˊɑůɖɠ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɖ ŭɘŮɗɜɐ ɓɘɓɚɘɞɔɟŬűɑŬ. 

ȷɜŬɚɨŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ ɔŮɜɘəɐ ŮɘəɧɜŬ əŬɘ ˊɞɟŮɑŬ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ůŰɞɜ 

ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ ɔɘŬ Űɞ 2019. ɆɡɔəɟɑɜŮŰŬɘ ɖ ɢɟɞɜɘɎ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ Űɖɠ 

ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 1970-2019 ɛŮ Űɖ ɢɟɐůɖ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɧɛɖůɖɠ ɖ ɞˊɞɑŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Microsoft Excel. ȷəɞɚɞɡɗŮɑ ůɡɜɞˊŰɘəɐ 

ˊŮɟɘɔɟŬűɐ Űɞɡ əɡəɚɩɜŬ Dorian ůɡɜɞŭŮɡɧɛŮɜɖ Ŭˊɧ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ əŬɗôɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ˊɞɟŮɑŬɠ Űɞɡ ŬɚɚɎ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ  ɓŬůɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ ɞɘ SSTs 

əŬɘ ɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ. ɀŮɚŮŰɎŰŬɘ Ůˊɑůɖɠ ɖ əŬŰŬəɧɟɡűɖ ŭɞɛɐ Űɞɡ ůŰɖ ůŰɘɔɛɐ 

ɛɏɔɘůŰɖɠ ɏɜŰŬůɐɠ Űɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ ŮɟŮɡɜɎŰŬɘ ɖ Űɟɞˊɘəɐ ŭɘŬŰŬɟŬɢɐ (AEW) ɖ ɞˊɞɑŬ 

ɛŮŰɏˊŮɘŰŬ ŬˊɞŰɏɚŮůŮ Űɞɜ əɡəɚɩɜŬ Dorian əŬŰɎ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ 5 ɖɛɏɟŮɠ ˊɟɘɜ Űɖɜ 

ɞɜɞɛŬůɑŬ Űɞɡ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ Hovmöller Űɞɡ ůɢŮŰɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ 

ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŬˊɧəŰɖůɖ ɔŮɜɘəɐɠ ŮɘəɧɜŬɠ Űɤɜ AEWs ́ Ɏɜɤ Ŭˊɧ Űɖɜ ȷűɟɘəɐ əŬɘ Űɞɜ 

ȷŰɚŬɜŰɘəɧ. ũɘŬ Űɖ ŬɜɎɚɡůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ əɨɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ Űɖɠ ŭɘɎŰɛɖůɖɠ 

Ŭɜɏɛɞɡ əŬɗɩɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ŬˊŮɘəɧɜɘůɖɠ Űɞɡ ɔŮɤŭɡɜŬɛɘəɞɨ ɨɣɞɡɠ ůŰŬ 700 hPa, 

Űɤɜ ɗŬɚɎůůɘɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɗŮɟɛɞəɟŬůɘɩɜ, Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ ůŰɖɜ 

ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ 315 Ⱦ, Űɞɡ Ŭɜɏɛɞɡ ůŰŬ 700 hPa, Űɤɜ ɟɞɩɜ ɚŬɜɗɎɜɞɡůŬɠ 

ɗŮɟɛɧŰɖŰŬɠ Ŭˊɧ Űɞɜ ɤəŮŬɜɧ, ŭɞɟɡűɞɟɘəɩɜ Ůɘəɧɜɤɜ Ŭˊɧ Űɞ ŭɞɟɡűɧɟɞ MSG ůŰɞ 

əŬɜɎɚɘ Űɞɡ ɗŮɟɛɘəɞɨ ɡˊɏɟɡɗɟɞɡ ůŰŬ 10.8 ɛm əŬɘ ɡŮŰɞɨ Ŭˊɧ ŰŬ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ 

IMERG-GPM. Ⱥˊɑůɖɠ ɔɑɜŮŰŬɘ ŬˊŮɘəɧɜɘůɖ Űɖɠ əŬŰŬəɧɟɡűɖɠ ŭɞɛɐɠ Űɞɡ AEW ɧŰŬɜ 

ŬɡŰɧ ŮɝɐɚɗŮ Ŭˊɧ Űɖɜ ȷűɟɘəɐ əŬɘ ɧŰŬɜ ɏűŰŬůŮ Űɖɜ ɘůɢɨ Űɟɞˊɘəɐɠ əŬŰŬɘɔɑŭŬɠ. 

ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɧˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ, ɡˊɞɚɞɔɑůŰɖəŮ ɖ Űɘɛɐ 

Űɖɠ ůŮ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ɛŮŰŬɝɨ Űɖɠ ŬɜɩŰŮɟɖɠ əŬɘ əŬŰɩŰŮɟɖɠ ŰɟɞˊɧůűŬɘɟŬɠ (850 

əŬɘ 200 hPa) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮůɞˊɞɑɖůɖ ůŰɞ ŮəɎůŰɞŰŮ ɢɟɞɜɘəɧ 

ŭɘɎůŰɖɛŬ. ȷɡŰɐ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŮɚŬűɟɩɠ 

ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ŭɘɎŰɛɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɛɏůɞɡ Ŭɜɏɛɞɡ ŬɟɢɘəɎ 

əŬɘ ŬɟɔɧŰŮɟŬ Űɖɠ ŭɘɎŰɛɖůɖɠ. 

ɇɏɚɞɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ Űɞɡ Meteosat 2ɖɠ ũŮɜɘɎɠ (Meteosat 

Second Generation, MSG) ůŰɘɠ ɞˊɞɑŮɠ ŭɧɗɖəŮ ˊɟɧůɓŬůɖ Ŭˊɧ Űɞɜ ȺɡɟɤˊŬɥəɧ 

ɃɟɔŬɜɘůɛɧ ɔɘŬ Űɖɜ ȺəɛŮŰɎɚɚŮɡůɖ Űɤɜ ɀŮŰŮɤɟɞɚɞɔɘəɩɜ ȹɞɟɡűɧɟɤɜ (European 

Organisation for the Exploitation of Meteorological Satellites, EUMETSAT). Ƀɘ 

ŭɞɟɡűɞɟɘəɏɠ ŮɘəɧɜŮɠ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɞɜ ŬɗɟɞɘůŰɘəɧ ɡŮŰɧ ɚɐűɗɖəŬɜ Ŭˊɧ Űɖɜ 

ɘůŰɞůŮɚɑŭŬ Giovanni (Goddard Earth Sciences Data and Information Services Center, 

ɐ GES DISC, Interactive Online Visualization and Analysis Infrastructure). ȷɡŰɐ 

ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɟɔŬɚŮɑɞ Űɞ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮɘ ɔŮɤŮˊɘůŰɖɛɞɜɘəɎ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞɡɠ 

ŭɞɟɡűɧɟɞɡɠ Űɖɠ NASA (National Aeronautics and Space Administration) ɢɤɟɑɠ Űɘɠ 

ůɡɜɐɗŮɘɠ ŭɡůəɞɚɑŮɠ ŬˊɧəŰɖůɖɠ əŬɘ ŬɜɎɚɡůɖɠ ŭŮŭɞɛɏɜɤɜ. Ƀɘ Űɘɛɏɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ 

ŬˊɞŰŮɚɞɨɜ ŮəŰɘɛɐůŮɘɠ Ŭˊɧ ŭɞɟɡűɞɟɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ Ŭɚɔɞɟɑɗɛɞɡɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

GPM-IMERG (Integrated Multi -Satellite Retrievals for GPM). ɀŬɕɑ ɛŮ Űɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ GPROF2017 (Goddard Profiling Algorithm Űɞɡ 2017) 

ůɡɜŭɡɎɕɞɜŰŬɘ ůŮ ɛɘůɎɤɟŬ ŭŮŭɞɛɏɜŬ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ 0.1ɞx0.1ɞ (10x10 km). 
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ũɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ reanalysis ERA5 əŬɘ Űɤɜ ŭɘŬɔɟŬɛɛɎŰɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ OpenGrADS (Grid Analysis and Display System) Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ ɢŮɘɟɘůɛɧ əŬɘ ůŰɖɜ ɞˊŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ ɔŮɤŮˊɘůŰɖɛɞɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ ŭɡŬŭɘəɐɠ ɛɞɟűɐɠ ɐ ɛɞɟűɐɠ GRIB, 

NetCDF.  ȳɚɞɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɏɔɘɜŬɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ Linux ůŰɖɜ ɡˊɞɚɞɔɘůŰɘəɐ 

ůɡůŰɞɘɢɑŬ (cluster) Űɞɡ ɇɞɛɏŬ ɀŮŰŮɤɟɞɚɞɔɑŬɠ əŬɘ ȾɚɘɛŬŰɞɚɞɔɑŬɠ, ɇɛɐɛŬ ũŮɤɚɞɔɑŬɠ 

ȷ.Ʉ.Ū. 
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ȾȺūȷȿȷȽɃ 3: ȷɁȷȿɈɆȼ ɇɋɁ ȷūɅȽȾȷɁȽȾɋɁ 

ȷɁȷɇɃȿȽȾɋɁ ȾɈɀȷɇɋɁ ȾȷȽ ɇɃɈ 

ɄȺɅȽȸȷȿȿɃɁɇɃɆ ɇɃɈɆ ɇɃ 2019 

3.1 ȺɘůŬɔɤɔɐ 

ɆŰɞ ˊŬɟŬəɎŰɤ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ 

ɔɘŬ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ Ƚɞɡɜɑɞɡ ï ɁɞŮɛɓɟɑɞɡ 2019 ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɓɧɟŮɘŬɠ 

ȷűɟɘəɐɠ, Űɞɡ ȷŰɚŬɜŰɘəɞɨ ɋəŮŬɜɞɨ, Űɖɠ ȾŬɟŬɥɓɘəɐɠ ŪɎɚŬůůŬɠ əŬɘ Űɞɡ əɧɚˊɞɡ Űɞɡ 

ɀŮɝɘəɧ, ɛŮ ɏɛűŬůɖ ůŰɖ ɛŮɚɏŰɖ Űɤɜ ȷűɟɘəŬɜɘəɩɜ ȷɜŬŰɞɚɘəɩɜ ȾɡɛɎŰɤɜ (ȷȺWs) 

ˊɎɜɤ Ŭˊɧ Űɖ ŭɡŰɘəɐ ȷűɟɘəɐ əŬɘ Űɞɜ Űɟɞˊɘəɧ ŬɜŬŰɞɚɘəɧ ȷŰɚŬɜŰɘəɧ ˊɎɜɤ Ŭˊɧ Űɞɜ ɞˊɞɑɞ 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ɏɤɠ əŬɘ Űɞɡɠ ɛɘůɞɨɠ Űɟɞˊɘəɞɨɠ əɡəɚɩɜŮɠ.  

ȷɜ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ɛɘŬɠ Űɟɞˊɘəɐɠ ŭɘŬŰŬɟŬɢɐɠ ɐ Ůɜɧɠ AEW ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ 

Ůɜɧɠ əɡəɚɩɜŬ ɐ ɧɢɘ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ 

ɞˊɞɑɞ ɗŬ ŬɜŬˊŰɡɢɗŮɑ. ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɓŬůɑɕŮŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ Űɞɡ 2019 Űɞ ɞˊɞɑɞ 

ŮˊɘɚɏɢɗɖəŮ əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ɢɟɞɜɘɎ ɛŮ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ (12 ɔɘŬ Űɖɜ 

əɚɘɛŬŰɞɚɞɔɑŬ 1970-2019) əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛŮ 18 ůɡůŰɐɛŬŰŬ ůɡɜɞɚɘəɎ, Ŭˊɧ 

ŰŬ ɞˊɞɑŬ ŰŬ 6 ɐŰŬɜ əɡəɚɩɜŮɠ əŬɘ ŰŬ 3 Ŭˊɧ ŬɡŰɎ ɐŰŬɜ ɘůɢɡɟɞɑ əɡəɚɩɜŮɠ (əŬŰɖɔɞɟɑŬɠ 3 

əŬɘ Ɏɜɤ). ɇŬ AEWs ɐŰŬɜ ɡˊŮɨɗɡɜŬ ɔɘŬ ůɢŮŭɧɜ ŰŬ ɛɘůɎ ůɡůŰɐɛŬŰŬ, ɔɘŬ 4 Ŭˊɧ Űɞɡɠ 6 

əɡəɚɩɜŮɠ (66.67%) ŬɚɚɎ ɔɘŬ ɧɚɞɡɠ (100%) Űɞɡɠ ɘůɢɡɟɞɨɠ əɡəɚɩɜŮɠ Űɞɡ 2019.  

3.2 ȼ ɛɏůɖ əŬŰɎůŰŬůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ůŰɖɜ ȷűɟɘəɐ əŬɘ ůŰɞɜ ȷŰɚŬɜŰɘəɧ 

ɋəŮŬɜɧ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ Űɤɜ əɡəɚɩɜɤɜ Űɞɡ 2019 

ɆŮ ŬɡŰɧ Űɞ ɡˊɞ-əŮűɎɚŬɘɞ ɛŮɚŮŰɎŰŬɘ ɖ ɛɏůɖ əŬŰɎůŰŬůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ůŰɖ ɓɧɟŮɘŬ 

ȷűɟɘəŬɜɘəɐ ɐˊŮɘɟɞ əŬɗɩɠ əŬɘ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɋəŮŬɜɧ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

reanalysis, ERA5. ɀŮɚŮŰɩɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ AEJ ɧˊɤɠ ɖ ɛɏůɖ ɛɖɜɘŬɑŬ ɗɏůɖ 

Űɞɡ, ɖ ɏɜŰŬůɐ Űɞɡ əŬɘ ɖ ŭɞɛɐ Űɞɡ ŬɚɚɎ ŰŬɡŰɧɢɟɞɜŬ ɞɚɧəɚɖɟɞ Űɞ əŬɗŮůŰɩɠ Űɞɡ 

ɕɤɜɘəɞɨ Ŭɜɏɛɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ. Ⱥˊɑůɖɠ ɛŮɚŮŰɎŰŬɘ ɖ ŭɞɛɐ Űɖɠ ɛɏůɖɠ ɛɖɜɘŬɑŬɠ ŭɡɜŬɛɘəɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɞɡɠ ɑŭɘɞɡɠ ɛɐɜŮɠ ůŰŬ 850 hPa. ȺˊɘɚɏɢɗɖəŮ ŬɡŰɧ Űɞ ŮˊɑˊŮŭɞ ˊɟɞɠ 

Ŭˊɞűɡɔɐ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ŰɞˊɞɔɟŬűɑŬɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ŬɜɎɛŮůŬ ůŰŬ 850 əŬɘ 200 hPa 

əŬɗɩɠ əŬɘ ɞɘ ɛɏůŮɠ ɛɖɜɘŬɑŮɠ ŮˊɘűŬɜŮɘŬəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ɗɎɚŬůůŬɠ (sea surface 

temperatures, SSTs). Ƀɘ SSTs ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ Ƚɞɡɜɑɞɡ-ɁɞŮɛɓɟɑɞɡ 2019 

ɝŮɢɤɟɘůŰɎ ŬɚɚɎ əŬɘ ůɡɔəɟɘŰɘəɎ ɖ ɛɏůɖ ɛɖɜɘŬɑŬ Űɘɛɐ Űɞɡɠ ůŰɞ ɑŭɘɞ ŭɘɎůŰɖɛŬ ůŮ ůɢɏůɖ 

ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ Űɖɠ ŰɟɘŬəɞɜŰŬŮŰɑŬɠ 1981-2010. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ 

ŰŮəɛɖɟɘɩɜŮŰŬɘ ůŮ ˊɞɘɞ ɓŬɗɛɧ ɞɘ SSTs ˊɞɡ ŮˊɘəɟɎŰɖůŬɜ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ŬˊɞŰɏɚŮůŬɜ 

əɘɜɖŰɐɟɘɞ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ Ɏɜɤ Űɞɡ ɛŮŰɟɑɞɡ əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɞɡ ɏŰɞɡɠ. 

ɄŬɟɞɡůɘɎɕŮŰŬɘ Ůˊɑůɖɠ ɖ ɞɟɘɕɧɜŰɘŬ ŭɞɛɐ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ 

Űɖɠ ȷűɟɘəɐɠ əŬɘ Űɞɡ ȷŰɚŬɜŰɘəɞɨ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ɛɏɢɟɘ əŬɘ Űɞ Ɂɞɏɛɓɟɘɞ ɧˊɤɠ Ůˊɑůɖɠ 

əŬɘ ɖ ɞɟɘɕɧɜŰɘŬ ŭɞɛɐ Űɞɡ ŭɡɜŬɛɘəɞɨ ůŰɟɞɓɘɚɘůɛɞɨ ůŰɖɜ ɘůŮɜŰɟɞˊɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ 

315Ⱦ. 
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3.2.1 ȷűɟɘəŬɜɘəɧɠ ȷɜŬŰɞɚɘəɧɠ ȷŮɟɞɢŮɑɛŬɟɟɞɠ (African Easterly Jet, AEJ) 

ɇŬ ůɢɐɛŬŰŬ 3.1-3.5 ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ əŬŰŬəɧɟɡűɖ ŭɞɛɐ Űɞɡ ɛɏůɞɡ ɛɖɜɘŬɑɞɡ ɕɤɜɘəɞɨ 

Ŭɜɏɛɞɡ ůŰɘɠ 5ɞȷ (əŮɜŰɟɘəɐ ɓɧɟŮɘŬ ȷűɟɘəɐ), 15ɞȹ (ŭɡŰɘəɐ ŬəŰɐ Űɖɠ ɓ. ȷűɟɘəɐɠ) & 

30ɞȹ (ŬɜŬŰɞɚɘəɧɠ ȷŰɚŬɜŰɘəɧɠ ɤəŮŬɜɧɠ) ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ Ƚɞɡɜɑɞɡ-ɁɞŮɛɓɟɑɞɡ 2019. ɇŬ 

əɨɟɘŬ ŬɜŮɛɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ɔɑɜɞɜŰŬɘ 

Ŭɛɏůɤɠ ŬɜŰɘɚɖˊŰɎ ůŰɞ ˊɟɩŰɞ ůɢɐɛŬ 3.1 ɛŮ Űɞɜ AEJ ˊɚɐɟɤɠ ŬɜŮˊŰɡɔɛɏɜɞ ůŰŬ 600 

hPa, ůŰɘɠ 12.5ɞȸ ɛŮ ɛɏůɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ůŰŬ 12 m/s ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ ůŰɘɠ 5ɞȷ, Ůɜɩ 

ŭɡŰɘəɧŰŮɟŬ ɞ ˊɡɟɐɜŬɠ Űɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɢŬɛɖɚɧŰŮɟŬ (ˊŮɟɑˊɞɡ 650 hPa, 30ɞȹ) ɛŮ 

ŮɚŬűɟɩɠ ˊɘɞ ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ Ŭɜɏɛɞɡ ůŰŬ 14 m/s.  ȼ ɗɏůɖ əŬɘ ɏɜŰŬůɖ Űɞɡ AEJ ɔɘŬ 

Űɖɜ ŰɟɘŬəɞɜŰŬŮŰɑŬ 1981-2010 (ůɢɐɛŬ 3.1 ɓ, ŭ, ůŰ) ŮɛűŬɜɑɕɞɡɜ ɘŭɘŬɑŰŮɟŬ ɛŮɔɎɚɖ 

ŰŬɨŰɘůɖ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ƚɞɨɜɘɞ Űɞɡ 2019. 

ȹŮɨŰŮɟɞ əɨɟɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŮɑɜŬɘ o ɡˊɞŰɟɞˊɘəɧɠ ŬŮɟɞɢŮɑɛɛŬɟɞɠ ůŰɘɠ 28ɞȸ ɞ 

ˊɡɟɐɜŬɠ Űɞɡ ɞˊɞɑɞɡ ŮɛűŬɜɑɕŮŰŬɘ ŬɟəŮŰɎ ɡɣɖɚɧŰŮɟŬ ˊŮɟɑˊɞɡ ůŰŬ 200 hPa əŬɘ ɛŮ 

ůɢŮŰɘəɎ ˊɘɞ ɡɣɖɚɏɠ ŰŬɢɨŰɖŰŮɠ ůŰŬ 24 m/s. ɇɞɜ Ƚɞɨɜɘɞ ŮɑɜŬɘ ŮɜŭɘŬűɏɟɞɡůŬ ɖ ŭɞɛɐ Űɞɡ 

ŭɡŰɘəɧŰŮɟŬ (ůɢɐɛŬŰŬ 3.1 ɔ,Ů) ɛŮ Űɖɜ ŮɛűɎɜɘůɖ ŭɨɞ ˊɡɟɐɜɤɜ, ůŰɘɠ 27ɞȸ əŬɘ 38ɞȸ (ɞ 2ɞɠ 

ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɞɡ ˊɡɟɐɜŬ Űɞɡ ˊɞɚɘəɞɨ ŬŮɟɞɢŮɘɛɛɎɟɞɡ) ůŰɖɜ Űɞɛɐ Űɤɜ 15ɞȹ (ůɢɐɛŬ 

3.1 ɔ) əŬɘ ŬəɧɛŬ ɜɞŰɘɧŰŮɟŬ, 22ɞȸ əŬɘ 36ɞȸ ŬɚɚɎ ŬˊɞŭɡɜŬɛɤɛɏɜɞɡɠ ůŰɘɠ 30ɞȹ (ůɢɐɛŬ 

3.1 Ů). ȼ ɗɏůɖ Űɞɡ ŮɑɜŬɘ ůŮ ŰŬɨŰɘůɖ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ Űɞɡ 1981-2010 (ůɢɐɛŬ 3.1 ɓ, 

ŭ, ůŰ). 

ɀɘŬ Ɏɚɚɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɟɞɐ ŮɑɜŬɘ ɞ Űɟɞˊɘəɧɠ ŬɜŬŰɞɚɘəɧɠ ŬŮɟɞɢŮɑɛŬɟɟɞɠ (Tropical 

Easterly Jet, TEJ) ɞ ɞˊɞɑɞɠ ŮɛűŬɜɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰɘɠ 1-2ɞȸ ůŰŬ 200 hPa ́ Ɏɜɤ Ŭˊɧ Űɖɜ 

ȷűɟɘəɐ. ȾɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɔɑɜɞɜŰŬɘ ŬɜŰɘɚɖˊŰɎ ŭɨɞ Ůɑŭɖ ɟɞɩɜ (ůɢɐɛŬ 3.1 Ŭ): ɛɘŬ 

ŭɡŰɘəɐ ɟɞɐ əɎŰɤ Ŭˊɧ Űɞɜ AEJ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ ŭɡŰɘəɐ ɛɞɡůůɤɜɘəɐ ɟɞɐ. ȷɡŰɐ 

ŮˊɖɟŮɎɕŮɘ Űɖ ŭɡŰɘəɐ ȷűɟɘəɐ ŬɜɎɛŮůŬ ůŰŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ 9-20ɞȸ (Gentili et al. 

2012) ɛŮ ůɡɢɜɐ Űɖ ɜɞŰɘɞ-ŭɡŰɘəɐ ůɡɜɘůŰɩůŬ Ŭˊɧ Űɞɜ Ⱦɧɚˊɞ Űɖɠ ũɞɡɘɜɏŬɠ ˊɟɞɠ Űɖ ɝɖɟɎ, 

ɖ ɞˊɞɑŬ ŮəŭɖɚɩɜŮŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ əŬɚɞəŬɘɟɘɜɩɜ ɛɖɜɩɜ. ȼ ŭŮɨŰŮɟɖ ɟɞɐ 

ɞɜɞɛɎɕŮŰŬɘ ɟɞɐ ɉŬɟɛŬŰɎɜ, ŬˊɞŰŮɚŮɑ ɏɜŬ ɝɖɟɧ əŬɘ ɗŮɟɛɧ ɓɞɟŮɘɞ-ŬɜŬŰɞɚɘəɧ ɎɜŮɛɞ ́ ɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ůŰɘɠ 30ɞȸ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɛŮŰŬűɏɟŮɘ Űɘɠ ɗŮɟɛɏɠ əŬɘ ɝɖɟɏɠ ŬɏɟɘŮɠ 

ɛɎɕŮɠ əŬɗɩɠ əŬɘ ůəɧɜɖ Ŭˊɧ Űɖɜ ɏɟɖɛɞ ɆŬɢɎɟŬ ˊɟɞɠ Űɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ. Ƀɘ 

ŮˊɘűŬɜŮɘŬəɏɠ ŬɡŰɏɠ ɟɞɏɠ ŮɑɜŬɘ ůŬűɩɠ ŬɜŮˊŰɡɔɛɏɜŮɠ ůŰɘɠ 5ɞȷ ŬɚɚɎ ŬˊɞŭɡɜŬɛɩɜɞɜŰŬɘ 

ˊɟɞɠ ŰŬ ŭɡŰɘəɎ. ȳˊɤɠ əŬɘ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ɟɞɏɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ ŰŬɨŰɘůɖ Űɧůɞ Űɞɡ 

TEJ ɧůɞ əŬɘ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɟɞɩɜ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ (ůɢɐɛŬ 3.1 ɓ, ŭ, ůŰ). 
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ɆɢɐɛŬ 3.1: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ɔɘŬ (ŬɟɘůŰŮɟɎ) Űɞɜ Ƚɞɨɜɘɞ 2019 ï ȾŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ 

ůŰɘɠ Ŭ) 5ɞȷ, ɔ) 15ɞȹ əŬɘ Ů) 30ɞȹ. (ŭŮɝɘɎ) Űɞɜ Ƚɞɨɜɘɞ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ 1981-2010  ï ȾŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ 

ůŰɘɠ ɓ) 5ɞȷ, ŭ) 15ɞȹ əŬɘ ůŰ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ɀɘŬ ŮɚŬűɟɩɠ ŭɘŬűɞɟŮŰɘəɐ ŮɘəɧɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɛɏůɞ ŬɜŮɛɞɚɞɔɘəɧ ˊŮŭɑɞ Űɖɠ 

ˊŮɟɘɞɢɐɠ Űɞɜ Ƚɞɨɚɘɞ (ůɢɐɛŬ 3.2), ɛŮ Űɞɜ AEJ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ ˊŮɟɑˊɞɡ Űɖɜ ɑŭɘŬ ŭɞɛɐ, 

ɗɏůɖ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ (600 hPa, 13ɞȸ əŬɘ 12 m/s ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ ůŰɞɜ ˊɡɟɐɜŬ), 

ˊŬɟŬɛɏɜɞɜŰŬɠ ůŰŬɗŮɟɧɠ Ŭˊɧ ŰŬ ŬɜŬŰɞɚɘəɎ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ. Ƀ ɡˊɞŰɟɞˊɘəɧɠ 

ŬŮɟɞɢŮɑɛŬɟɟɞɠ ůŰŬ 200 hPa ́ ŬɟŬŰɖɟŮɑŰŬɘ ŬɟəŮŰɎ ɓɞɟŮɘɧŰŮɟŬ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ ůŰɘɠ 37ɞȸ 

ŬɚɚɎ ɚɑɔɞ ŬˊɞŭɡɜŬɛɤɛɏɜɞɠ ɛŮ 20 m/s ɛɏůɖ ŰŬɢɨŰɖŰŬ ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ.  

O TEJ ŮɛűŬɜɑɕŮŰŬɘ ŬɟəŮŰɎ ˊɘɞ Ůˊɘɛɖəɡɛɏɜɞɠ ůŰɖ ɛŮůɖɛɓɟɘɜɐ ŭɘŮɨɗɡɜůɖ əŬɘ 

ŮɜŭɡɜŬɛɤɛɏɜɞɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ƚɞɨɜɘɞ, əŬɗɩɠ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ɘůɖɛŮɟɘɜɧ ɛɏɢɟɘ 

ˊŮɟɑˊɞɡ Űɘɠ 15ɞȸ ɛŮ ˊŬɟŬˊɎɜɤ Ŭˊɧ Űɖ ŭɘˊɚɎůɘŬ ɛɏůɖ ŰŬɢɨŰɖŰŬ ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ (18 

m/s) ˊɎɜɤ Ŭˊɧ Űɖɜ ɝɖɟɎ ůŰɘɠ 5ɞȷ.  ȳɛɤɠ ɖ ɏɜŰŬůɐ Űɞɡ ɛŮɘɩɜŮŰŬɘ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ɛŮ 

ůŬűɩɠ ɚɘɔɧŰŮɟɞ Ůˊɘɛɖəɡɛɏɜɞ ˊɡɟɐɜŬ. ȼ ŭɡŰɘəɐ ɛɞɡůůɤɜɘəɐ ɟɞɐ əɞɜŰɎ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮɚŬűɟɩɠ Ůɜɘůɢɡɛɏɜɖ Ůɜɩ ŬɜŰɘɗɏŰɤɠ ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ 

ɉŬɟɛŬŰɎɜ űŰɎɜŮɘ ɏɤɠ ŰŬ 8 m/s ɛŮ ɛɘŬ ůŬűɐ ŮˊɏəŰŬůɖ Űɞɡ ˊɡɟɐɜŬ ˊɟɞɠ ŰŬ ŬɜɩŰŮɟŬ 

ůŰɟɩɛŬŰŬ, ůŰŬ 950-800 hPa ŮˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ ůŰɘɠ 5ɞȷ, ɖ ɞˊɞɑŬ ɧɛɤɠ ɡˊɞɢɤɟŮɑ ˊɟɞɠ 

ŰŬ ŭɡŰɘəɎ. ȳˊɤɠ əŬɘ Űɞɜ Ƚɞɨɜɘɞ, ɞɘ ɗɏůŮɘɠ əŬɘ ɞɘ ɛɏůŮɠ ŮɜŰɎůŮɘɠ Űɤɜ ɓŬůɘəɩɜ ɟɞɩɜ ůŰŬ 

3 ɔŮɤɔɟŬűɘəɎ ɛɐəɖ ŭŮɜ Ŭˊɞəɚɑɜɞɡɜ ɘŭɘŬɑŰŮɟŬ Ŭˊɧ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ Űɞɡ 1981-2010 

ɛŮ ɛɞɜŬŭɘəɐ ŮɝŬɑɟŮůɖ Űɞɜ ɘůɢɡɟɧŰŮɟɞ AEJ ůŰɘɠ 5ɞȷ ɔɘŬ Űɞ 2019 əŬŰɎ 2 m/s. 
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ɆɢɐɛŬ 3.2: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ɔɘŬ (ŬɟɘůŰŮɟɎ) Űɞɜ Ƚɞɨɚɘɞ 2019 ï ȾŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ 

ůŰɘɠ Ŭ) 5ɞȷ, ɔ) 15ɞȹ əŬɘ Ů) 30ɞȹ. (ŭŮɝɘɎ) Űɞɜ Ƚɞɨɚɘɞ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ 1981-2010  ï ȾŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ 

ůŰɘɠ ɓ) 5ɞȷ, ŭ) 15ɞȹ əŬɘ ůŰ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ɇɞɜ ȷɨɔɞɡůŰɞ, ɞ AEJ ŭŮ űŬɑɜŮŰŬɘ ɤɠ əŬɚɎ ŬɜŮˊŰɡɔɛɏɜɞ ůɨůŰɖɛŬ ůŰɘɠ 5ɞȷ (ůɢɐɛŬ 

3.3) ɛŮ ɚɘɔɧŰŮɟɞ ɝŮəɎɗŬɟɞ ůɢɖɛŬŰɘůɛɏɜɞ ˊɡɟɐɜŬ əŬɘ ɛɏůɖ ŰŬɢɨŰɖŰŬ ůŰŬ 8 m/s ɖ ɞˊɞɑŬ 

űŰɎɜŮɘ ŰŬ 10-12 m/s ŭɡŰɘəɧŰŮɟŬ (ůɢɐɛŬŰŬ 3.3 ɓ,ɔ). Ƀ ŬŮɟɞɢŮɑɛŬɟɟɞɠ ůŰɖɜ Ɏɜɤ 

ŰɟɞˊɧůűŬɘɟŬ ŮɑɜŬɘ ɛŮŰŬŰɞˊɘůɛɏɜɞɠ ɓɞɟŮɘɧŰŮɟŬ Űɤɜ 40ɞȸ, Ůɜɩ ɞ ůŬűɩɠ ŬɜŮˊŰɡɔɛɏɜɞɠ 

TEJ, ɖ ŭɡŰɘəɐ ɛɞɡůůɤɜɘəɐ ɟɞɐ ɖ ɞˊɞɑŬ ůŰɘɠ 5ɞȷ ɏɢŮɘ ŮˊŮəŰŬɗŮɑ əŬɗôɨɣɞɠ ɛɏɢɟɘ 

ˊŮɟɑˊɞɡ ŰŬ 600 hPa əŬɘ ɞ ɉŬɟɛŬŰɎɜ ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟɧɛɞɘŬ ŮɘəɧɜŬ ɛŮ ŬɡŰɐ Űɞɡ 

Ƚɞɡɚɑɞɡ Űɧůɞ ˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ ɧůɞ əŬɘ ůŰɞɜ ɤəŮŬɜɧ. Ⱥˊɑůɖɠ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ 

ɘŭɘŬɑŰŮɟŮɠ ŬˊɞəɚɑůŮɘɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ ɛŮ ŮɝŬɑɟŮůɖ Űɖɜ ŮɚɎɢɘůŰŬ ˊɘɞ 

ɛɘəɟɐ ɏɜŰŬůɐ Űɞɡ Űɞ 2019. 

ɆɢɐɛŬ 3.3: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ɔɘŬ (ŬɟɘůŰŮɟɎ) Űɞɜ ȷɨɔɞɡůŰɞ 2019 ï ȾŬŰŬəɧɟɡűŮɠ 

Űɞɛɏɠ ůŰɘɠ Ŭ) 5ɞȷ, ɔ) 15ɞȹ əŬɘ Ů) 30ɞȹ. (ŭŮɝɘɎ) Űɞɜ ȷɨɔɞɡůŰɞ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ 1981-2010  ï 

ȾŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ ůŰɘɠ ɓ) 5ɞȷ, ŭ) 15ɞȹ əŬɘ ůŰ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ŮɛűŬɜɑɕŮɘ ɞ ɆŮˊŰɏɛɓɟɘɞɠ Űɞ ŬɜŮɛɞɚɞɔɘəɧ ˊŮŭɑɞ Űɞɡ ɞˊɞɑɞɡ 

űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 3.4. ɆŰŬ ŬɜŬŰɞɚɘəɎ (ůɢɐɛŬ 3.4 Ŭ) ɞ AEJ űŬɑɜŮŰŬɘ ŮɚŬűɟɩɠ 

ɢŬɛɖɚɧŰŮɟŬ Ŭˊɧ ɧŰɘ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ ɛɐɜŮɠ, ůŰŬ 650 hPa ůŰɞ ůɡɜɖɗɘůɛɏɜɞ 

ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ Űɤɜ 13ɞȸ ɛŮ ŰŬɢɨŰɖŰŬ 14 m/s, Ůɜɩ ŭɡŰɘəɧŰŮɟŬ ůŰɘɠ 15ɞȹ 

ŮɜŰɞˊɑɕŮŰŬɘ ŭɨɞ ɛɞɑɟŮɠ ɓɞɟŮɘɧŰŮɟŬ ɛŮ ɛɘŬ ŬɝɘɞůɖɛŮɑɤŰɖ ŮɝŬůɗɏɜɖůɐ Űɞɡ ɛŮ Űɖ ɛɏůɖ 

ŰŬɢɨŰɖŰŬ ɜŬ ŬɜɏɟɢŮŰŬɘ ůŰŬ 12 m/s Ůɜɩ ŭɡŰɘəɧŰŮɟŬ ɛɧɚɘɠ ůŰŬ 8 m/s.  

Ƀ ɡˊɞŰɟɞˊɘəɧɠ ŬŮɟɞɢŮɑɛɛŬɟɞɠ ůŰŬ 200 hPa əɎɜŮɘ əŬɘ ˊɎɚɘ Űɖɜ ŮɛűɎɜɘůɐ Űɞɡ ɜɞŰɘɧŰŮɟŬ 

ůŰɘɠ 28ɞȸ ɛŮ ůŬűɩɠ ŬɜŮˊŰɡɔɛɏɜɞ ˊɡɟɐɜŬ ůŰɞ əɏɜŰɟɞ Űɞɡ ɞˊɞɑɞɡ ɖ ŰŬɢɨŰɖŰŬ űŰɎɜŮɘ 

ŰŬ 12-16 m/s. ȹɡŰɘəɧŰŮɟŬ (ůŰɘɠ 30ɞȹ) ŮɛűŬɜɑɕŮŰŬɘ ɏɜŬɠ ɛɘəɟɧŰŮɟɞɠ ˊɡɟɐɜŬɠ ŬɡŰɐɠ Űɖɠ 

ɟɞɐɠ ɛŮ Űɖ ɛɘůɐ ŰŬɢɨŰɖŰŬ ůŰɞ əɏɜŰɟɞ Űɞɡ əŬɘ ůŬűɩɠ ɛŮŰŬŰɞˊɘůɛɏɜɞɠ ˊɟɞɠ Űɞɡɠ 

Űɟɞˊɘəɞɨɠ ůŰɘɠ 22-23ɞȸ. Ƀ TEJ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɚɘɔɧŰŮɟɞ Ůˊɘɛɖəɡůɛɏɜɞɠ ɛŮ ɛɏůɖ 

ŰŬɢɨŰɖŰŬ 12 m/s əŬɘ ŬˊɞŭɡɜŬɛɩɜŮŰŬɘ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ, ŮɘŭɘəɧŰŮɟŬ ůŰɘɠ 30ɞȹ ɧˊɞɡ ŭŮɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ. Ⱥˊɑůɖɠ, ɖ ŭɡŰɘəɐ ɛɞɡůůɤɜɘəɐ ɟɞɐ űŬɑɜŮŰŬɘ ɜŬ ŮɝŬůɗŮɜŮɑ (ůɢɐɛŬ 3.4 

ɔ,Ů). ɇɏɚɞɠ, ɖ ɏɜŰŬůɖ Űɞɡ AEJ ůŰɘɠ 15 & 30ɞȹ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ əɎŰŬ 2 m/s ɛŮɔŬɚɨŰŮɟɖ 

Űɞ 2019 Ŭˊɧ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ Űɞɡ 1981-2010, ɛŮ Űɖ ɗɏůɖ Űɞɡ ɧɛɤɠ ɜŬ ɛɖɜ ŮɛűŬɜɑɕŮɘ 

ɛŮɔɎɚŮɠ ŬˊɞəɚɑůŮɘɠ (ůɢɐɛŬ 3.4 ŭ,ůŰ). 
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ɆɢɐɛŬ 3.4: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ɔɘŬ (ŬɟɘůŰŮɟɎ) Űɞ ɆŮˊŰɏɛɓɟɘɞ 2019 ï ȾŬŰŬəɧɟɡűŮɠ 

Űɞɛɏɠ ůŰɘɠ Ŭ) 5ɞȷ, ɔ) 15ɞȹ əŬɘ Ů) 30ɞȹ. (ŭŮɝɘɎ) Űɞ ɆŮˊŰɏɛɓɟɘɞ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ 1981-2010  ï 

ȾŬŰŬəɧɟɡűŮɠ Űɞɛɏɠ ůŰɘɠ ɓ) 5ɞȷ, ŭ) 15ɞȹ əŬɘ ůŰ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ɇɞ ŬɜŮɛɞɚɞɔɘəɧ ˊŮŭɑɞ Űɞɡ ɃəŰɤɓɟɑɞɡ, ůŰɞɜ ɞˊɞɑɞ ɐŰŬɜ ŬůɡɜɐɗɘůŰŬ ɏɜŰɞɜɖ ɖ 

əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛŮ 5 Űɟɞˊɘəɞɨɠ əɡəɚɩɜŮɠ, űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 3.5. O AEJ 

ŮɛűŬɜɑɕŮɘ ůŰŬɗŮɟɧ ˊɡɟɐɜŬ ůŰŬ ŬɜŬŰɞɚɘəɎ ɛɏɢɟɘ əŬɘ Űɘɠ 15ɞȹ, ɛŮ Űɞ əɏɜŰɟɞ Űɞɡ 

ůŰŬɗŮɟɎ ůŰŬ 700 hPa əŬɘ ɛɏɔɘůŰɖ ŰŬɢŰɨŰɖŰŬ Ŭɜɏɛɤɜ ůŰŬ 10 m/s, Ůɜɩ ŭɡŰɘəɧŰŮɟŬ ŮɑɜŬɘ 

ůŬűɩɠ ŮɝŬůɗŮɜɖɛɏɜɞɠ (ɧˊɤɠ ɐŰŬɜ əŬɘ Űɞ ɆŮˊŰɏɛɓɟɘɞ). ɇɞ 2019 ŮɛűŬɜɑɕŮŰŬɘ ůŰŬɗŮɟɎ 

ɓɞɟŮɘɧŰŮɟŬ Ŭˊɧ Űɖɜ əɚɘɛŬŰɞɚɞɔɘəɐ Űɞɡ ɗɏůɖ  əŬŰɎ 3-5ɞ ɘŭɘŬɑŰŮɟŬ ˊɎɜɤ Ŭˊɧ Űɖɜ 

ȷűɟɘəɐ ůŰɘɠ 5ɞȷ (ůɢɐɛŬ 3.5 Ŭ,ɓ).  

Ƀ ɡˊɞŰɟɞˊɘəɧɠ ŬŮɟɞɢŮɑɛɛŬɟɞɠ ůŰŬ 200 hPa ŮɛűŬɜɑɕŮŰŬɘ ɘůɢɡɟɧɠ ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ 

Ŭɜɏɛɤɜ ůŰŬ 24 m/s əŬɘ ŬɟəŮŰɎ ˊɘɞ əɞɜŰɎ ůŰɞɡɠ Űɟɞˊɘəɞɨɠ (24ɞȸ) Ŭˊɧ ɧŰɘ ɐŰŬɜ Űɞɡɠ 

ˊɟɞɖɔɞɨɛŮɜɞɡɠ ɛɐɜŮɠ. ȼ ɗɏůɖ Űɞɡ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ɧůɞɜ ŬűɞɟɎ 

Űɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ ɛŮ ɛɘŬ ɛɘəɟɐ Ŭˊɧəɚɘůɖ ɓɞɟŮɘɧŰŮɟŬ ůŰɘɠ 15ɞȹ (ůɢɐɛŬ 3.5 ɔ). Ƀ 

TEJ ŮɛűŬɜɑɕŮŰŬɘ ɞɟɔŬɜɤɛɏɜɞɠ ɛɧɜɞ ůŰɘɠ 5ɞȷ (ůɢɐɛŬ 3.5 Ŭ) ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ 

Ŭɜɏɛɤɜ ůŰŬ 14 m/s Ůɜɩ ɖ ŭɡŰɘəɐ ɛɞɡůůɤɜɘəɐ ɟɞɐ əɎŰɤ Ŭˊɧ Űɞɜ AEJ űŬɑɜŮŰŬɘ 

ŬˊɞŭɘɞɟɔŬɜɤɛɏɜɖ əŬɘ ŬůɗŮɜɐɠ. 

ȷɜŰɘɗɏŰɤɠ, Űɞɜ Ɂɞɏɛɓɟɘɞ ɧɚŮɠ ɞɘ ɟɞɏɠ ˊɚɖɜ Űɞɡ ɡˊɞŰɟɞˊɘəɞɨ ŬŮɟɞɢŮɘɛɎɟɟɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ŬˊɞŭɘɞɟɔŬɜɤɛɏɜŮɠ əŬɘ ŬůɗŮɜŮɑɠ. ȷəɧɛŬ əŬɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ɖˊŮɘɟɤŰɘəɐ 

ȷűɟɘəɐ ɞ AEJ űŰɎɜŮɘ Űɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ 5 m/s (ůɢɐɛŬ 3.6 Ŭ), Ůɜɩ ůŮ 

ůɡɛűɤɜɑŬ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ ɏɢŮɘ ɛŮŰŬŰɞˊɘůŰŮɑ ůŬűɩɠ ɜɞŰɘɧŰŮɟŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 

ˊɟɞɖɔɞɨɛŮɜɞɡɠ ɛɐɜŮɠ (ůɢɐɛŬ 3.6). 
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ɆɢɐɛŬ 3.5: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ɔɘŬ (ŬɟɘůŰŮɟɎ) Űɞ ɃəŰɩɓɟɘɞ 2019 ï ȾŬŰŬəɧɟɡűŮɠ 

Űɞɛɏɠ ůŰɘɠ Ŭ) 5ɞȷ, ɔ) 15ɞȹ əŬɘ Ů) 30ɞȹ. (ŭŮɝɘɎ) Űɞ ɃəŰɩɓɟɘɞ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ 1981-2010  ï ȾŬŰŬəɧɟɡűŮɠ 

Űɞɛɏɠ ůŰɘɠ ɓ) 5ɞȷ, ŭ) 15ɞȹ əŬɘ ůŰ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ɆɢɐɛŬ 3.6: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ɔɘŬ (ŬɟɘůŰŮɟɎ) Űɞ Ɂɞɏɛɓɟɘɞ 2019 ï ȾŬŰŬəɧɟɡűŮɠ 

Űɞɛɏɠ ůŰɘɠ Ŭ) 5ɞȷ, ɔ) 15ɞȹ əŬɘ Ů) 30ɞȹ. (ŭŮɝɘɎ) Űɞ Ɂɞɏɛɓɟɘɞ Űɖɠ ɢɟɞɜɞůŮɘɟɎɠ 1981-2010  ï ȾŬŰŬəɧɟɡűŮɠ 

Űɞɛɏɠ ůŰɘɠ ɓ) 5ɞȷ, ŭ) 15ɞȹ əŬɘ ůŰ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ɆɨɛűɤɜŬ ɛŮ ŰŬ ůɢɐɛŬŰŬ 3.1-3.6 ůŰŬ ɞˊɞɑŬ űɎɜɖəŮ ɖ ɛɏůɖ ɗɏůɖ Űɞɡ AEJ, ŰŬ 600 hPa 

ŬˊɞŰɏɚŮůŬɜ Űɞ əŬŰɎɚɚɖɚɞ ɘůɞɓŬɟɘəɧ ŮˊɑˊŮŭɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ 

(ůɢɐɛŬ 3.7). ȼ ɛɏůɖ ɏɜŰŬůɐ Űɞɡ ŮɑɜŬɘ ɛɏɔɘůŰɖ ůŰɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ Űɤɜ əɡəɚɩɜɤɜ 

ɛŮ Űɘɛɏɠ ˊɎɜɤ Ŭˊɧ 15 m/s ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ Űɞɜ Ƚɞɨɜɘɞ ˊɎɜɤ Ŭˊɧ Űɞɜ ŬɜŬŰɞɚɘəɧ 

ȷŰɚŬɜŰɘəɧ əŬɘ Űɘɠ ŬəŰɏɠ Űɖɠ ŬűɟɘəŬɜɘəɐɠ ɖˊŮɑɟɞɡ (ůɢɐɛŬ 3.7 Ŭ). ȼ Ůˊɘɛɖəɡɛɏɜɖ ŭɞɛɐ 

Űɞɡ əɞɜŰɎ ůŰɘɠ 15ɞȸ ˊŬɟŬɛɏɜŮɘ ɑŭɘŬ əŬɗôɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ˊŮɟɘɧŭɞɡ ɛŮ ŮɚɎɢɘůŰɖ 

ɛŮŰŬŰɧˊɘůɐ Űɞɡ ɛŮɟɘəɏɠ ɛɞɑɟŮɠ ɓɧɟŮɘŬ Űɞɜ Ƚɞɨɚɘɞ əŬɘ Űɞɜ ȷɨɔɞɡůŰɞ ɛŮ ůŰŬŭɘŬəɐ 

ŮɝŬůɗɏɜɘůɖ əŬɘ ɜɧŰɘŬ ɛŮŰŬŰɧˊɘůɖ Űɞ Ɂɞɏɛɓɟɘɞ. Ⱥˊɘˊɚɏɞɜ, ɛŮɔŬɚɨŰŮɟɖ ɏəŰŬůɖ Űɞɡ 

ɛɏɔɘůŰɞɡ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ AEJ ŮɜŰɞˊɑɕŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ Ŭˊɧ ɧŰɘ 

ůŰɞɜ ɤəŮŬɜɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ əŬɘ Űɞɜ ɃəŰɩɓɟɘɞ Ůɜɩ Űɞɜ Ɂɞɏɛɓɟɘɞ (ůɢɐɛŬ 3.7 ůŰ) ŭŮɜ 

ŮɑɜŬɘ ˊɚɏɞɜ ɞɟŬŰɧɠ. 

 

 

ɆɢɐɛŬ 3.7: ɀɏůɞɠ ɛɖɜɘŬɑɞɠ ɕɤɜɘəɧɠ ɎɜŮɛɞɠ (m/s) ůŰŬ 600 hPa ɔɘŬ Ŭ) Ƚɞɨɜɘɞ, ɓ) Ƚɞɨɚɘɞ, ɔ) ȷɨɔɞɡůŰɞ, 

ŭ) ɆŮˊŰɏɛɓɟɘɞ, Ů) ɃəŰɩɓɟɘɞ, ůŰ) Ɂɞɏɛɓɟɘɞ 2019. ȹŮŭɞɛɏɜŬ ERA5. 
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3.2.2 ȹɡɜŬɛɘəɐ ŪŮɟɛɞəɟŬůɑŬ (ɗ) 

ɇɞ ůɢɐɛŬ 3.8 ŭŮɑɢɜŮɘ Űɖɜ ŮɘəɧɜŬ Űɖɠ ɛɏůɖɠ ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɎɜɤ Ŭˊɧ Űɖ 

ɓɧɟŮɘŬ ȷűɟɘəɐ əŬɘ Űɞɜ ȷŰɚŬɜŰɘəɧ ɤəŮŬɜɧ ůŰŬ 850 hPa əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Ƚɞɡɜɑɞɡ ï 

ɁɞŮɛɓɟɑɞɡ 2019, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖ ɓŬɟɞəɚɘɜɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ 

AEWs ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊɞɟŮɑŬ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ ˊɎɜɤ Ŭˊɧ Űɖ ɝɖɟɎ (Pytharoulis 

1999). ɆŰŬ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ, ɧˊɤɠ ůŰŬ 950 hPa (ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ) ́ ŬɟŬŰɖɟŮɑŰŬɘ 

ɘůɢɡɟɐ ɗŮɟɛɞɓŬɗɛɑŭŬ ɛɧɜɞ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ əŬɘ ůŰɖ ɝɖɟɎ ɖ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ 

əŬɘ ůŰŬ 850 hPa (ůɢɐɛŬ 3.8) əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ˊɎɜɤ Ŭˊɧ Űɖɜ ɏɟɖɛɞ ɆŬɢɎɟŬ (Pytharoulis and Thorncroft 1999). ȼ ɓŬɗɛɑŭŬ 

Űɖɠ ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ŭŮɜ ŮəŰŮɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ˊɟɞɠ Űɞɜ ȷŰɚŬɜŰɘəɧ ůŰŬ 950 

hPa, ŬəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ŬəŰɞɔɟŬɛɛɐ Űɖɠ ɓɞɟŮɘɞ-ŭɡŰɘəɐɠ ȷűɟɘəɐɠ Ůɜɩ ŮəŰŮɑɜŮŰŬɘ ɛɧɜɞ 

ɛŮɟɘəɩɠ ůŰŬ 850 hPa.  

ȽŭɘŬɑŰŮɟŬ ɘůɢɡɟɐ ɗŮɟɛɞɓŬɗɛɑŭŬ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞɜ Ƚɞɨɜɘɞ əŬŰɎ ɛɐəɞɠ Űɖɠ ɜɧŰɘŬɠ 

ɆŬɢɎɟŬɠ ůɢŮŭɧɜ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɘɠ 13-14ɞȸ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ůŰɘɠ ŬəŰɏɠ Űɖɠ ɓɞɟŮɘɞ-

ŭɡŰɘəɐɠ ȷűɟɘəɐɠ. ɀɘŬ əŬŰɎůŰŬůɖ ɖ ɞˊɞɑŬ űŬɑɜŮŰŬɘ ɧɚɞɡɠ Űɞɡɠ ɛɐɜŮɠ ɛŮ ɘŭɘŬɑŰŮɟŬ 

ɏɜŰɞɜɖ Űɖ ɗŮɟɛɞɓŬɗɛɑŭŬ ůŰɖ ɓɞɟŮɘɞ-ŭɡŰɘəɐ ȷűɟɘəɐ Űɞɜ Ƚɞɨɚɘɞ əŬɘ Űɞɜ ȷɨɔɞɡůŰɞ 

(ůɢɐɛŬ 3.8 ɓ,ɔ) ɛŮ Űɘɛɏɠ ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 36ɞC ůŰɘɠ ŬəŰɏɠ Űɖɠ 

ɓɞɟŮɘɞ-ŭɡŰɘəɐɠ ȷűɟɘəɐɠ (25-35ɞȸ). ɇɞ ɑŭɘɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ɜɞŰɘɧŰŮɟŬ ˊɟɞɠ Űɖ ɓɧɟŮɘŬ 

ˊɚŮɡɟɎ Űɞɡ AEJ, ɖ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ŬˊɞŭɘɞɟɔŬɜɩɜŮŰŬɘ ɛŮ ŮɚɎɢɘůŰŬ ɢŬɛɖɚɧŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊɟɞɠ Űɞ űɗɘɜɧˊɤɟɞ əŬɘ ˊɘɞ ɞɛŬɚɏɠ ɓŬɗɛɑŭŮɠ, Űɧůɞ ůŰɖ ɜɧŰɘŬ ɆŬɢɎɟŬ 

ɧůɞ əŬɘ ůŰɘɠ ɓɞɟŮɘɞ-ŭɡŰɘəɏɠ ŬəŰɏɠ Űɖɠ ɖˊŮɑɟɞɡ. ȷɝɘɞůɖɛŮɑɤŰɖ ŮɑɜŬɘ ɖ ŮɝŬůɗɏɜɘůɖ Űɖɠ 

ɛŮůɖɛɓɟɘɜɐɠ ɓŬɗɛɑŭŬɠ Űɖɠ ɗ Űɞɜ ɃəŰɩɓɟɘɞ əŬɘ Űɞɜ Ɂɞɏɛɓɟɘɞ (ůɢɐɛŬ 3.8 Ů,ůŰ) ɧˊɤɠ 

Ůˊɑůɖɠ ɖ ɛŮŰŬŰɧˊɘůɐ Űɖɠ Ŭˊɧ Űɖ ɆŬɢɎɟŬ ˊɟɞɠ Űɖɜ əŮɜŰɟɘəɐ ȷűɟɘəɐ əɡɟɑɤɠ Űɞɜ 

Ɂɞɏɛɓɟɘɞ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ əŬŰŬəɧɟɡűɖ ɓŬɗɛɑŭŬ ˊŬɟŬŰɖɟŮɑŰŬɘ əɡɟɑɤɠ ůŰɘɠ 5ɞȷ ˊɎɜɤ Ŭˊɧ Űɖ 

ɝɖɟɎ, ɏɜŬ əŬɚɎ ŬɜŬɛŮɛɘɔɛɏɜɞ (ɘůŮɜŰɟɞˊɘəɧ) ůŰɟɩɛŬ Ŭˊɧ ŰŬ 900 hPa əŬŰɎ ɛɏůɞ ɧɟɞ 

ɛɏɢɟɘ ŰŬ 600 hPa. ȷɡŰɧ ɔɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜŰɘɚɖˊŰɧ Űɞɜ ȷɨɔɞɡůŰɞ (ůɢɐɛŬ 3.10 ŭ,Ů,ůŰ) 

ɧˊɞɡ ŬɡŰɧ Űɞ ůŰɟɩɛŬ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ ŰŬ 500 hPa əŬɘ Ŭˊɧ 

Űɘɠ 20ɞȸ ɛɏɢɟɘ Űɘɠ 35ɞȸ Űɞ ɆŮˊŰɏɛɓɟɘɞ (ůɢɐɛŬ 3.10 ɕ,ɖ,ɗ) ɧˊɞɡ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ ŰŬ 600 hPa ŬɚɚɎ ŬɟəŮŰɏɠ ɛɞɑɟŮɠ ɜɞŰɘɧŰŮɟŬ (15-27ɞȸ). ɇɞɡɠ ɛɐɜŮɠ 

Ƚɞɨɜɘɞ əŬɘ Ƚɞɨɚɘɞ (ůɢɐɛŬŰŬ 3.9 & 3.10 Ŭ,ɓ,ɔ) ɖ ɏəŰŬůɖ Űɞɡ ɘůŮɜŰɟɞˊɘəɞɨ ůŰɟɩɛŬŰɞɠ 

ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ůŰɖɜ əŬŰŬəɧɟɡűɖ əŬɘ ůŰɖ ɛŮůɖɛɓɟɘɜɐ ŭɘŮɨɗɡɜůɖ ɛŮ ŰŬ 700 hPa ɜŬ 

ŬˊɞŰŮɚɞɨɜ Űɞ ɛɏɔɘůŰɞ ůŰɟɩɛŬ ɏəŰŬůɖɠ əŬŰŬəɧɟɡűŬ əŬɘ Űɘɠ 17-23ɞȸ Űɖ ɛŮůɖɛɓɟɘɜɐ 

ɏəŰŬůɖ Űɞɜ Ƚɞɨɜɘɞ Ůɜɩ Űɞɜ Ƚɞɨɚɘɞ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ ŰŬ 900 hPa ɛɏɢɟɘ ˊŮɟɑˊɞɡ ŰŬ 600 hPa 

ůŰɘɠ 19-23ɞȸ. ȷɡŰɧ Űɞ əŬɚɎ ŬɜŬɛŮɛɘɔɛɏɜɞ ůŰɟɩɛŬ ůɢŮŰɑɕŮŰŬɘ əŬɘ ˊɎɚɘ ɛŮ Űɘɠ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ ŮˊɘűŬɜŮɘŬəɎ ˊɎɜɤ Ŭˊɧ Űɖɜ ɏɟɖɛɞ ɆŬɢɎɟŬ ɔɘ ŬɡŰɧ əŬɘ 

űŬɑɜŮŰŬɘ əɡɟɑɤɠ ůŰɘɠ 5ɞȷ.  
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ɆɢɐɛŬ 3.8: ɀɏůɖ ɛɖɜɘŬɑŬ ŭɡɜŬɛɘəɐ ɗŮɟɛɞəɟŬůɑŬ (C̄) ůŰŬ 850 hPa ɔɘŬ Ŭ) Ƚɞɨɜɘɞ, ɓ) Ƚɞɨɚɘɞ, ɔ) 

ȷɨɔɞɡůŰɞ, ŭ) ɆŮˊŰɏɛɓɟɘɞ, Ů) ɃəŰɩɓɟɘɞ, ůŰ) Ɂɞɏɛɓɟɘɞ 2019. ȹŮŭɞɛɏɜŬ ERA5. 

 

 

 

 

ɆɢɐɛŬ 3.9: ɀɏůɖ ŭɡɜŬɛɘəɐ ɗŮɟɛɞəɟŬůɑŬ (C̄) ɔɘŬ Űɞɜ Ƚɞɨɜɘɞ 2019 ůŰɘɠ Ŭ) 5ɞȷ, ɓ) 15ɞȹ əŬɘ ɔ) 30ɞȹ. 

ȹŮŭɞɛɏɜŬ ERA5. 
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ɆɢɐɛŬ 3.10: ɀɏůɖ ŭɡɜŬɛɘəɐ ɗŮɟɛɞəɟŬůɑŬ (C̄) ɔɘŬ Űɞɜ Ƚɞɨɚɘɞ 2019 ůŰɘɠ Ŭ) 5ɞȷ, ɓ) 15ɞȹ əŬɘ ɔ) 30ɞȹ, 

Űɞɜ ȷɨɔɞɡůŰɞ 2019 ůŰɘɠ ŭ) 5ɞȷ, Ů) 15ɞȹ əŬɘ ůŰ) 30ɞȹ, Űɞ ɆŮˊŰɏɛɓɟɘɞ 2019 ůŰɘɠ ɕ) 5ɞȷ, ɖ) 15ɞȹ əŬɘ ɗ) 

30ɞȹ əŬɘ Űɞɜ ɃəŰɩɓɟɘɞ 2019 ůŰɘɠ ɘ) 5ɞȷ, ɘŬ) 15ɞȹ əŬɘ ɘɓ) 30ɞȹ. ȹŮŭɞɛɏɜŬ ERA5. 
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ɆɢɐɛŬ 3.11: ɀɏůɖ ŭɡɜŬɛɘəɐ ɗŮɟɛɞəɟŬůɑŬ (Co) ɔɘŬ Űɞ Ɂɞɏɛɓɟɘɞ 2019 ůŰɘɠ Ŭ) 5ɞȷ, ɓ) 15ɞȹ əŬɘ ɔ) 30ɞȹ. 

ȹŮŭɞɛɏɜŬ ERA5. 

 

ɆŰŬ  ɑŭɘŬ ůɢɐɛŬŰŬ (3.9-3.11 ɓ,ɔ) ˊɞɡ ŬˊŮɘəɞɜɑɕɞɡɜ Űɖ ŭɡɜŬɛɘəɐ ɗŮɟɛɞəɟŬůɑŬ 

ŭɡŰɘəɧŰŮɟŬ ůŰɘɠ 15-30ɞȹ, ɖ ŮɘəɧɜŬ Űɖɠ ŭɞɛɐɠ Űɖɠ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ, ɛŮ Űɖɜ ůŰŬŰɘəɐ 

ŮɡůŰɎɗŮɘŬ Űɖɠ əŬŰɩŰŮɟɖɠ ŰɟɞˊɧůűŬɘɟŬɠ ɜŬ ŬɡɝɎɜŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɖˊŮɘɟɤŰɘəɐ 

ɓɧɟŮɘŬ ȷűɟɘəɐ. ɆŰɘɠ 15ɞȹ ɖ ɏəŰŬůɖ ŬɡŰɞɨ Űɞɡ ůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ ˊɟɞűŬɜɐɠ ɛɧɜɞ Űɞɜ 

Ƚɞɨɚɘɞ (ůɢɐɛŬ 3.10) ŬɚɚɎ əŬɘ Űɞɜ ɃəŰɩɓɟɘɞ (ůɢɐɛŬ 3.11) Ůɜɩ ůŰɘɠ 30ɞȸ ɖ ŭɞɛɐ Űɖɠ 

ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰŬɗŮɟɞˊɞɘɖɛɏɜɖ ɛŮ ˊŬɟɎɚɚɖɚŮɠ ɘůɧɗŮɟɛŮɠ 

Ŭˊɧ Űɞɡɠ 25ɞC ůŰŬ 900 hPa ɛɏɢɟɘ 55ɞC ůŰŬ 500 hPa.  

 

3.2.3 ȾŬŰŬəɧɟɡűɖ ȹɘɎŰɛɖůɖ Űɞɡ ȷɜɏɛɞɡ 

ȼ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ ˊɘɞ ůɖɛŬɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

Ůɚɏɔɢɞɡɜ Űɞ ůɢɖɛŬŰɘůɛɧ ŬɚɚɎ əŬɘ Űɖ ŭɘɎɚɡůɖ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ůŰɞɜ 

ȷŰɚŬɜŰɘəɧ. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ɞɘ ɛŮɔɎɚŮɠ Űɘɛɏɠ ŭɘɎŰɛɖůɖɠ ŭŮɜ Ůɡɜɞɞɨɜ Űɞ ůɢɖɛŬŰɘůɛɧ 

ŬɚɚɎ əŬɘ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŬɜɎˊŰɡɝɖ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ (Gray 1968; Zehr 1992; 

De Maria 1996). Ƀ Hebert (1978) ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ 200-600 hPa & 

600-1000 hPa əŬɘ ˊɟɞŰŮɑɜŮɘ ɧŰɘ ɖ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ 

Űɘɛɐ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 5 m/s əɞɜŰɎ ůŮ ɛɘŬ Űɟɞˊɘəɐ ŭɘŬŰŬɟŬɢɐ ɜɞŰɘɧŰŮɟŬ Űɤɜ 30ɞȸ ɔɘŬ ɜŬ 

ɡˊɎɟɝŮɘ əɡəɚɞɔɏɜŮůɖ. Ƀ Palmen (1948) ɗŮɤɟŮɑ ɧŰɘ ɛɘəɟɏɠ Űɘɛɏɠ Űɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ 

Ŭɜɏɛɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɛŬŰɘɞɨ Ůɜɧɠ əɡəɚɩɜŬ ůŮ 

ůɡɛűɤɜɑŬ ɛŮ Űɞɜ Ramage (1959) ɞ ɞˊɞɑɞɠ Űɖɜ ŬɜŬűɏɟŮɘ ɤɠ ɛɘŬ Ŭˊɧ Űɘɠ ˊɏɜŰŮ 

ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ ˊɘɞ ɏɜŰɞɜŮɠ ŬɜɤɛŬɚɑŮɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ɆŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɞ 

ɜɞŰɘɞ-ŭɡŰɘəɧɠ ȷŰɚŬɜŰɘəɧɠ əŬɘ ɞ əŮɜŰɟɘəɧɠ Ⱥɘɟɖɜɘəɧɠ ɤəŮŬɜɧɠ ůŰɘɠ ɞˊɞɑŮɠ ŭŮɜ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ Űɟɞˊɘəɞɑ əɡəɚɩɜŮɠ ɖ Űɘɛɐ Űɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ŬɟəŮŰɎ 

ɛŮɔɎɚɖ əŬɘ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬɡŰɧ ŬˊɞŰŮɚŮɑ ŬɜŬůŰŬɚŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ 

Űɞɡɠ (Gray 1968). 
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ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɖ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ ɕɤɜɘəɞɨ Ŭɜɏɛɞɡ ɡˊɞɚɞɔɑůŰɖəŮ 

ŬɜɎɛŮůŬ ůŰŬ 850 hPa, ɏɜŬ ɓŬůɘəɧ ŮˊɑˊŮŭɞ Űɖɠ əŬŰɩŰŮɟɖɠ ŰɟɞˊɧůűŬɘɟŬɠ əŬɘ ůŰŬ 200 

hPa ŰŬ ɞˊɞɑŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɖɜ ŬɜɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ, ɞˊɧŰŮ ˊɘɗŬɜɩɠ ɖ Űɘɛɐ 

ŰŬɢɨŰɖŰŬɠ ˊɞɡ ɏɗŮůŮ ɞ Hebert (1978) ɛŮŰŬɝɨ Űɤɜ 2 ŬɡŰɩɜ Ůˊɘˊɏŭɤɜ ɜŬ ŮɑɜŬɘ 

ɡɣɖɚɧŰŮɟɖ. ȼ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ŭɟŬ ˊɎɜɤ ůŮ ɏɜŬɜ Űɡˊɘəɧ Űɟɞˊɘəɧ əɡəɚɩɜŬ 

ůŰɞɜ ȷŰɚŬɜŰɘəɧ ŮɜŰɞˊɑɕŮŰŬɘ ɛɏůŬ ůŮ ŬɡŰɧ Űɞ ůŰɟɩɛŬ. Ⱥˊɘˊɚɏɞɜ ɖ ŭɘɎŰɛɖůɖ ˊɞɡ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ŭŮ ɚŬɛɓɎɜŮɘ ɡˊôɧɣɘɜ Űɘɠ ɛɘəɟɐɠ əɚɑɛŬəŬɠ ŬɚɚŬɔɏɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ɛɏůŬ 

ůŰɞ ůŰɟɩɛŬ. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ɖ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ɛŮŰŬŰɞˊɑɕŮɘ Űɘɠ 

ɗŮɟɛɏɠ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŬɜɤɛŬɚɑŮɠ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖ ɓɎɗɡɜůɖ Ůɜɧɠ 

əɡəɚɩɜŬ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɞɡ, Ůɜɩ ɛŮɔɎɚŮɠ Űɘɛɏɠ ŭɘɎŰɛɖůɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ˊŬɟŬɛɞɟűɩůɞɡɜ Űɞ ůɢɐɛŬ Űɞɡ, ɛŮ Űɞ ŬɜɩŰŮɟɞ ŰɛɐɛŬ Űɞɡ ɜŬ ɛŮŰŬəɘɜŮɑŰŬɘ ɛŮ 

ɛŮɔŬɚɨŰŮɟɖ ŰŬɢɨŰɖŰŬ Ŭˊɧ Űɞ əŬŰɩŰŮɟɞ.  

ɆŰɞ ůɢɐɛŬ 3.12 űŬɑɜŮŰŬɘ ɖ ɛɏůɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ ŬɜɎɛŮůŬ ůŰŬ 850 əŬɘ 200 hPa, 

ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ Ƚɞɡɜɑɞɡ-ɁɞŮɛɓɟɑɞɡ 2019. ɆŰɖɜ ˊŮɟɘɞɢɐ ůɢɖɛŬŰɘůɛɞɨ Űɖɠ 

ˊɚŮɘɞɜɧŰɖŰŬɠ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ ɞɘ Űɘɛɏɠ Űɖɠ ŭɘɎŰɛɖůɖɠ ɝŮˊŮɟɜɞɨɜ ŰŬ 12 m/s. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Landsea et al. (1998) ɖ Űɟɞˊɘəɐ əɡəɚɞɔɏɜŮůɖ ůŰɞɜ 

ȷŰɚŬɜŰɘəɧ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɢɩɟŬ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ Űɘɛɐ əŬŰŬəɧɟɡűɖɠ ŭɘɎŰɛɖůɖɠ Űɞɡ 

Ŭɜɏɛɞɡ ɢŬɛɖɚɧŰŮɟŮɠ Ŭˊɧ 7.5-10 m/s, ɢɤɟɑɠ ŬɡŰɧ ɜŬ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ əɡəɚɞɔɏɜŮůɖ ŭŮɜ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ŭɞɛɐ Űɖɠ Ŭɟɢɘəɐɠ Űɟɞˊɘəɐɠ ŭɘŬŰŬɟŬɢɐɠ 

(Pytharoulis 1999). ɇɘɛɏɠ əɎŰɤ Űɤɜ 10 m/s ˊŬɟŬŰɖɟɞɨɜŰŬɘ əɡɟɑɤɠ ůŰɞɜ 

əŮɜŰɟɘəɧ/ŭɡŰɘəɧ Űɟɞˊɘəɧ ȸ.ȷŰɚŬɜŰɘəɧ ɛŮ ŮɚɎɢɘůŰɖ ŭɘɎŰɛɖůɖ ůŰŬ 6 m/s ůŰɘɠ 40ɞȹ. 

ūŬɑɜŮŰŬɘ ɧŰɘ ŰŬ AEWs ůɡɜɎɜŰɖůŬɜ Ůɡɜɞɥəɏɠ ůɡɜɗɐəŮɠ ˊɎɜɤ Ŭˊɧ Űɞɜ ɤəŮŬɜɧ Ŭˊɧ 

Ɏˊɞɣɖ ŭɘɎŰɛɖůɖɠ. ȷɡŰɏɠ ɧɛɤɠ ɞűŮɑɚɞɜŰŬɘ ůŰɖ ɛŮůɞˊɞɑɖůɖ əŬɘ ůŰɘɠ ɡɣɖɚɏɠ Űɘɛɏɠ 

ŭɘɎŰɛɖůɖɠ (15-20 m/s) ůŰɖɜ Ŭɟɢɐ Űɖɠ əɡəɚɤɜɘəɐɠ ˊŮɟɘɧŭɞɡ, əɡɟɑɤɠ Űɞɜ Ƚɞɨɜɘɞ, Ƚɞɨɚɘɞ 

əŬɘ ȷɨɔɞɡůŰɞ (ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ). Ƀ ɆŮˊŰɏɛɓɟɘɞɠ (ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ) 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ˊɞɚɨ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ŭɘɎŰɛɖůɖɠ (5-10 m/s). 

 

ɆɢɐɛŬ 3.12: ɀɏůɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ (m/s) ŬɜɎɛŮůŬ ůŰŬ 850 hPa & 200 hPa, Ƚɞɨɜɘɞɠ-Ɂɞɏɛɓɟɘɞɠ 

2019. ȹŮŭɞɛɏɜŬ ERA5. 
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ȾɎˊɞɘɞɘ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ ůŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɧˊɤɠ Űɞ El Nino Southern Oscillation (ENSO). 

ɆɡɜɗɐəŮɠ El Nino ůɡɜŬɜŰɩɜŰŬɘ ɧŰŬɜ ɞɘ SSTs Űɞɡ Űɟɞˊɘəɞɨ ŬɜŬŰɞɚɘəɞɨ Ⱥɘɟɖɜɘəɞɨ 

ɤəŮŬɜɞɨ ŮɑɜŬɘ ɗŮɟɛɧŰŮɟŮɠ Ŭˊɧ ɧŰɘ ůɡɜɐɗɤɠ Ůɜɩ ŬɜŰɑůŰɞɘɢŬ ɞɘ SSTs ůŰɞ ŭɡŰɘəɧ 

Ⱥɘɟɖɜɘəɧ ŮɑɜŬɘ ɣɡɢɟɧŰŮɟŮɠ. ȷɡŰɐ ɖ ŰŬɚɎɜŰɤůɖ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ əɎɗŮ 2-7 ɢɟɧɜɘŬ 

(ɁɃȷȷ 2021). ɆŮ ɏŰɖ ɛŮ ɏɜŰɞɜŮɠ ůɡɜɗɐəŮɠ El Nino ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɧŰŮɟɞ ɖ 

əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɜŬ ŮɑɜŬɘ ɛŮɘɤɛɏɜɖ (Gray 1984; Shapiro 

1987). Ƀɘ Goldenberg əŬɘ Shapiro (1996) Ůˊɑůɖɠ ɓɟɐəŬɜ ŬɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ 

Űɞɡ El Nino əŬɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əɡəɚɩɜɤɜ əŬŰɖɔɞɟɑŬɠ 3 əŬɘ Ɏɜɤ ůŰɞɜ ȷŰɚŬɜŰɘəɧ. 

ȳŰŬɜ ŮˊɘəɟŬŰɞɨɜ ůɡɜɗɐəŮɠ El Nino ɖ ŬɜɤɛŮŰŬűɞɟɎ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɞɜ Űɟɞˊɘəɧ 

ŬɜŬŰɞɚɘəɧ Ⱥɘɟɖɜɘəɧ ŮɜɘůɢɨŮŰŬɘ ŮɝôŬɘŰɑŬɠ Űɤɜ ɗŮɟɛɧŰŮɟɤɜ SSTs. ȷɡŰɐ ɖ Ůɜɘůɢɡɛɏɜɖ 

ŬɜɤɛŮŰŬűɞɟɎ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞəŬɚɏůŮɘ ŭɡŰɘəɏɠ ɟɞɏɠ ůŰɖɜ Ɏɜɤ ŰɟɞˊɧůűŬɘɟŬ ůŰɖ ɚŮəɎɜɖ 

Űɞɡ ȷŰɚŬɜŰɘəɞɨ. ɀŮ Űɖɜ ŮˊɘəɟŬŰɞɨůŬ ɟɞɐ ůŰɖɜ əŬŰɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ Űɞɡ Űɟɞˊɘəɞɨ 

ȸ.ȷŰɚŬɜŰɘəɞɨ ɜŬ ŮɑɜŬɘ ŬɜŬŰɞɚɘəɐ, ŬɡŰɐ ɖ ŭɡŰɘəɐ ɟɞɐ ɗŬ ˊɟɞəŬɚɏůŮɘ Ŭɡɝɖɛɏɜɖ 

əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ, ůɡɜŮˊɩɠ ŬɜŰɑɝɞŮɠ ůɡɜɗɐəŮɠ ɔɘŬ əɡəɚɞɔɏɜŮůɖ.  

ɇɞ ŭɘɎůŰɖɛŬ ɆŮˊŰŮɛɓɟɑɞɡ 2018 ï Ƚɞɡɚɑɞɡ 2019 ůŰɞɜ əŮɜŰɟɘəɧ Űɟɞˊɘəɧ Ⱥɘɟɖɜɘəɧ 

ɢŬɟŬəŰɖɟɑůŰɖəŮ Ŭˊɧ ůɡɜɗɐəŮɠ El Nino ɛŮ Űɞ ŭŮɑəŰɖ Nino 3.4 Ɏɜɤ Űɞɡ ɞɟɑɞɡ Űɤɜ 

0.4ɞC. ɀŮŰɎ Ŭˊɧ Űɞɜ Ƚɞɨɚɘɞ ɞɘ ůɡɜɗɐəŮɠ ůŰɞɜ Űɟɞˊɘəɧ Ⱥɘɟɖɜɘəɧ ŮˊɏůŰɟŮɣŬɜ ůŰɘɠ 

űɡůɘɞɚɞɔɘəɏɠ, ɞɡŭɏŰŮɟŮɠ ůɡɜɗɐəŮɠ ENSO (NOAA 2020). ȷɡŰɧ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ 

ɞɡŭɏŰŮɟŮɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ (ɜɏűɤůɖ, ɡŮŰɧɠ) əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ŮɛűɎɜɘůɖ Űɤɜ 

Ŭɚɖɔɩɜ Ŭɜɏɛɤɜ ŮɜŭŮɘəŰɘəɩɜ Űɖɠ əɡəɚɞűɞɟɑŬɠ Walker ɖ ɞˊɞɑŬ ŬˊɞŭɡɜŬɛɩɜŮŰŬɘ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ El Nino (ɁɃȷȷ 2020). 

3.2.4 ȺˊɘűŬɜŮɘŬəɏɠ ŪŮɟɛɞəɟŬůɑŮɠ Űɖɠ ŪɎɚŬůůŬɠ (Sea Surface Temperatures ï 

SSTs) 

ȺɑɜŬɘ Ůɡɟɏɤɠ ɔɜɤůŰɧ ɧŰɘ ɖ ŬɜɎˊŰɡɝɖ ɛɘŬɠ Űɟɞˊɘəɐɠ ɨűŮůɖɠ (tropical depression) ůŮ 

ɏɜŬɜ ɞɜɞɛŬůɛɏɜɞ Űɟɞˊɘəɧ əɡəɚɩɜŬ ŬˊŬɘŰŮɑ ɗŮɟɛɘəɐ ŮɜɏɟɔŮɘŬ Űɖɜ ɞˊɞɑŬ ŬɜŰɚŮɑ Ŭˊɧ 

Űɞɜ ɤəŮŬɜɧ. ȷɡŰɧɠ ŮɑɜŬɘ ɏɜŬɠ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ ŭŮɜ ŬɜŬˊŰɨůůɞɜŰŬɘ Űɟɞˊɘəɞɑ 

əɡəɚɩɜŮɠ ůŮ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ ůŰŬ ɞˊɞɑŬ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ ɗɎɚŬůůŬɠ ŮɑɜŬɘ əɎŰɤ 

Űɤɜ 26.5ɞC (Palmen 1948; Gray 1968). 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ əŬŰŬɜɞɖɗŮɑ ɧŰɘ ɞɘ ɡɣɖɚɏɠ SSTs Ŭˊɧ ɛɧɜŮɠ Űɞɡɠ ŭŮɜ Ŭɟəɞɨɜ ɔɘŬ 

Űɖɜ Ůəŭɐɚɤůɖ əɡəɚɞɔɏɜŮůɖɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ůɡɜŭɡŬůɛɧ Űɞɡɠ ɛŮ Űɘɠ ɎɚɚŮɠ 

ˊŬɟŬɛɏŰɟɞɡɠ ɧˊɤɠ ɖ əŬŰŬəɧɟɡűɖ ŭɘɎŰɛɖůɖ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ˊɞɡ 

ŮˊɘəɟŬŰŮɑ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ (Pytharoulis 1999). ɆŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɛɏůɤɜ 

ɛɖɜɘŬɑɤɜ ɗŮɟɛɞəɟŬůɘɩɜ Űɖɠ ɚŮəɎɜɖɠ Űɞɡ ȷŰɚŬɜŰɘəɞɨ ɔɘŬ Űɖ ɢɟɞɜɞůŮɘɟɎ 1981-2010, 

(ůɢɐɛŬ 3.13)  ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞɜ əɎɗŮ ɛɐɜŬ ɛɘŬ ŮˊɏəŰŬůɖ Űɤɜ ɗŮɟɛɩɜ ɡŭɎŰɤɜ Ŭˊɧ 

Űɞɡɠ Űɟɞˊɘəɞɨɠ (16ɞȸ) ˊɟɞɠ Űɞ ɓɞɟŮɘɞ-ŭɡŰɘəɧ ȷŰɚŬɜŰɘəɧ (35ɞȸ), ůŰɖɜ ˊɚŮɡɟɎ Űɖɠ 

ȾŬɟŬɥɓɘəɐɠ əŬɘ Űɞɡ ȹɡŰɘəɞɨ ȷŰɚŬɜŰɘəɞɨ, əɞɜŰɎ ůŰɖ ɓɧɟŮɘŬ ȷɛŮɟɘəɐ Ůɜɩ 

ŬɜŬŰɞɚɘəɧŰŮɟŬ ŬɡŰɎ ŰŬ ɜŮɟɎ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɞɡɠ Űɟɞˊɘəɞɨɠ. ũɑɜŮŰŬɘ 

Ŭɛɏůɤɠ ˊɟɞűŬɜɏɠ ɧŰɘ ɞɘ ˊŮɟɘɞɢɏɠ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ 26.5ɞC əŬɘ Ɏɜɤ əŬɘ ůɡɜŮˊɩɠ ɛŮ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ əɡəɚɤɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɓɟɑůəɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ 0-20ɞȸ əŬɘ ŭɡŰɘəɧŰŮɟŬ 
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Űɤɜ 20ɞȹ əŬŰɎ ɛɏůɞ ɧɟɞ. Ƀɘ ɛɐɜŮɠ ɛŮ Űɘɠ ˊɘɞ Ůɡɜɞɥəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɑɜŬɘ ɞ Ƚɞɨɚɘɞɠ, 

ȷɨɔɞɡůŰɞɠ, ɆŮˊŰɏɛɓɟɘɞɠ əŬɘ ɞ ɃəŰɩɓɟɘɞɠ.  

 

ɆɢɐɛŬ 3.13 ɀɏůŮɠ ɛɖɜɘŬɑŮɠ ŮˊɘűŬɜŮɘŬəɏɠ ɗŬɚɎůůɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ (SSTs, oC) ůŰɞɜ ȷŰɚŬɜŰɘəɧ ɔɘŬ Űɖ 

ɢɟɞɜɞůŮɘɟɎ 1981-2010: Ŭ) Ƚɞɨɜɘɞɠ, ɓ) Ƚɞɨɚɘɞɠ, ɔ) ȷɨɔɞɡůŰɞɠ, ŭ) ɆŮˊŰɏɛɓɟɘɞɠ, Ů) ɃəŰɩɓɟɘɞɠ əŬɘ ůŰ) 

Ɂɞɏɛɓɟɘɞɠ. ȹŮŭɞɛɏɜŬ ERA5. 

 

ȼ ŬɜŰɑůŰɞɘɢɖ ˊŮɟɑɞŭɞɠ Űɞɡ Ƚɞɡɜɑɞɡ ï ɁɞŮɛɓɟɑɞɡ ɔɘŬ Űɞ 2019 (ůɢɐɛŬ 3.14) ́ ŬɟɞɡůɘɎɕŮɘ 

ɛɘŬ ˊŬɟɧɛɞɘŬ ŮɘəɧɜŬ ɛŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ŰŬɨŰɘůɖɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ. Ƀɘ 

ɗŮɟɛɞəɟŬůɑŮɠ əɞɜŰɎ ůŰɘɠ ŬəŰɏɠ Űɖɠ ȷűɟɘəɐɠ (əɡɟɑɤɠ ɜɧŰɘŬ Űɤɜ 15ȸ̄) əɡɛŬɑɜɞɜŰŬɘ 

ůŰɞɡɠ 25-28oC, Ůɜɩ ˊɟɞɠ Űɖɜ ȾŬɟŬɥɓɘəɐ əŬɘ Űɞɜ Ⱦɧɚˊɞ Űɞɡ ɀŮɝɘəɧ ůŰɞɡɠ 28-30oC. 

ɆɡɜŮˊɩɠ ŰŬ AEWs ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ əŬɘ əɘɜɐɗɖəŬɜ ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ůɡɜɎɜŰɖůŬɜ 

ɘŭŬɜɘəɏɠ ůɡɜɗɐəŮɠ əŬɗɩɠ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ ȷŰɚŬɜŰɘəɞɨ ɤəŮŬɜɞɨ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ 

Ŭˊɧ Ůɡɜɞɥəɏɠ ɗŬɚɎůůɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ.  

ȼ ůɡɜɞɚɘəɐ ˊŮɟɘɞɢɐ ůŰɖɜ ɞˊɞɑŬ ɞɘ SSTs ɡˊŮɟɓŬɑɜɞɡɜ Űɞɡɠ 26ɞC ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ 

ˊɟɞɠ Űɞ ŭɡŰɘəɧ əŬɘ ɜɧŰɘɞ ŬɜŬŰɞɚɘəɧ ȸ. ȷŰɚŬɜŰɘəɧ Űɞɜ Ƚɞɨɜɘɞ əŬɘ Ƚɞɨɚɘɞ (ůɢɐɛŬ 3.14 

Ŭ,ɓ). ɇɞɡɠ ɛɐɜŮɠ ȷɨɔɞɡůŰɞ, ɆŮˊŰɏɛɓɟɘɞ, ɃəŰɩɓɟɘɞ əŬɘ Ɂɞɏɛɓɟɘɞ əŬɘ ˊɞɡ ŬˊɞŰŮɚɞɨɜ 

Űɞɡɠ ɛɐɜŮɠ ɛŮ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ SSTs, ɞ ŬɜŬŰɞɚɘəɧɠ Űɟɞˊɘəɧɠ ȷŰɚŬɜŰɘəɧɠ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ůŰŬɗŮɟɎ Ŭˊɧ ɗŮɟɛɞəɟŬůɑŮɠ Ɏɜɤ Űɤɜ 28ɞC. ɆɡɜŮˊɩɠ ɞɘ ɛɐɜŮɠ ɛŮ Űɘɠ 

əŬŰŬɚɚɖɚɧŰŮɟŮɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ əɡəɚɩɜɤɜ ɧůɞɜ ŬűɞɟɎ Űɘɠ ɗŬɚɎůůɘŮɠ 

ŮˊɘűŬɜŮɘŬəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɑɜŬɘ ůŬűɏůŰŬŰŬ ɞ ɆŮˊŰɏɛɓɟɘɞɠ (ůɢɐɛŬ 3.14 ŭ) ɛŮ Űɞɜ 
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ɃəŰɩɓɟɘɞ (ůɢɐɛŬ 3.14 Ů) əŬɘ ȷɨɔɞɡůŰɞ (ůɢɐɛŬ 3.14 ɔ) ɜŬ Ŭəɞɚɞɡɗɞɨɜ, ůŮ ůɡɛűɤɜɑŬ 

ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ. ȷɡŰɧ ŬɜŰɘəŬŰɞˊŰɟɑɕŮŰŬɘ ŬˊɧɚɡŰŬ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ 

Űɟɞˊɘəɩɜ əŬŰŬɘɔɑŭɤɜ (7, 5 əŬɘ 3 ŬɜŰɑůŰɞɘɢŬ). ȰɜŬɠ ůɖɛŬɜŰɘəɧɠ ɚɧɔɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ 

ůɢɖɛŬŰɑůŰɖəŬɜ 2 ˊŬɟŬˊɎɜɤ əɡəɚɩɜŮɠ Űɞɜ ɃəŰɩɓɟɘɞ Ŭˊɧ ɧŰɘ Űɞɜ ȷɨɔɞɡůŰɞ 

ŬˊɞŰŮɚɞɨɜ ˊɘɗŬɜɩɠ ɞɘ ɗŮɟɛɧŰŮɟŮɠ SSTs. ɇɞɜ Ɂɞɏɛɓɟɘɞ (ůɢɐɛŬ 3.14 ůŰ) Ůˊɑůɖɠ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɗŮɟɛɞəɟŬůɑŮɠ Ɏɜɤ Űɤɜ 26ɞC ɛŮŰŬŰɞˊɘůɛɏɜŮɠ ŮɛűŬɜɩɠ ůŰɞɜ Űɟɞˊɘəɧ 

ȷŰɚŬɜŰɘəɧ əɞɜŰɎ ůŰɞɜ ɘůɖɛŮɟɘɜɧ. Ⱥˊɑůɖɠ ɞ ɃəŰɩɓɟɘɞɠ əŬɘ Ɂɞɏɛɓɟɘɞɠ ŮɛűŬɜɑɕɞɡɜ ɛɘŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɐ ɛŮŰŬŰɧˊɘůɖ Űɤɜ ɗŮɟɛɩɜ ɡŭɎŰɤɜ ŬɟəŮŰɎ ˊɘɞ ŬɜŬŰɞɚɘəɎ ůŮ ůɨɔəɟɘůɖ 

ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ Űɤɜ SSTs ɔɘŬ Űɖ ɢɟɞɜɞůŮɘɟɎ 1981-2010. 

 

 

ɆɢɐɛŬ 3.14: ɀɏůŮɠ ɛɖɜɘŬɑŮɠ ŮˊɘűŬɜŮɘŬəɏɠ ɗŬɚɎůůɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ (SSTs, oC) ɔɘŬ Űɞɜ ȷŰɚŬɜŰɘəɧ: Ŭ) 

Ƚɞɨɜɘɞɠ, ɓ) Ƚɞɨɚɘɞɠ, ɔ) ȷɨɔɞɡůŰɞɠ, ŭ) ɆŮˊŰɏɛɓɟɘɞɠ, Ů) ɃəŰɩɓɟɘɞɠ əŬɘ ůŰ) Ɂɞɏɛɓɟɘɞɠ 2019. ȹŮŭɞɛɏɜŬ 

ERA5. 
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3.2.5 ɆɢŮŰɘəɐ ɈɔɟŬůɑŬ 

Ƀ Gray (1979) ɏɢŮɘ ŭŮɑɝŮɘ ɧŰɘ ˊɏɟŬ Ŭˊɧ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ɛɘəɟɐ ŭɘɎŰɛɖůɖ 

Űɞɡ Ŭɜɏɛɞɡ, ɞɘ ŮˊɘűŬɜŮɘŬəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ɞɘ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɖɠ 

Coriolis ́ ŬɟŬɛɏŰɟɞɡ, ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ Űɖɠ ɛɏůɖɠ ŰɟɞˊɧůűŬɘɟŬɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ 

ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ əɡəɚɞɔɏɜŮůɖ. ɆɡɔəŮəɟɘɛɏɜŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ 

ˊŬɟɎɔɞɜŰŬ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ AEWs. ȺɑɜŬɘ Ůɡɟɏɤɠ ŬˊɞŭŮəŰɧ ɧŰɘ 

ɡɣɖɚɏɠ Űɘɛɏɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ Űɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ŮɑɜŬɘ 

ɘŭŬɜɘəɏɠ ɔɘŬ Űɖɜ əɡəɚɞɔɏɜŮůɖ. Ƀ ɝɖɟɧɠ ŬɏɟŬɠ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ŮɛˊɞŭɑɕŮɘ Űɖɜ 

ŬɜɎˊŰɡɝɖ Ůɜɧɠ əɡəɚɩɜŬ əŬɗɩɠ ɖ ɨˊŬɟɝɖ ɝɖɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ůɡɜŭɏŮŰŬɘ ɛŮ ɛɘəɟɏɠ 

Űɘɛɏɠ Űɖɠ ɘůɞŭɨɜŬɛɖɠ ŭɡɜŬɛɘəɐɠ ɗŮɟɛɞəŬůɑŬɠ, ɗe. ȷɡŰɏɠ ɛŮŰŬűɏɟɞɜŰŬɘ ɛɏůɤ Űɤɜ 

əŬɗɞŭɘəɩɜ ɟŮɡɛɎŰɤɜ (downdrafts) Űɤɜ əŬŰŬɘɔɑŭɤɜ Ŭˊɧ Űɖ ɛɏůɖ ůŰɖɜ əɎŰɤ 

ŰɟɞˊɧůűŬɘɟŬ əŬɘ ˊŮɟɘɞɟɑɕŮŰŬɘ ɖ ŬůŰɎɗŮɘŬ.  

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Wu et al. (2013) ɞɘ ɞˊɞɑɞɘ ŭɘŮɝɐɔŬɔŬɜ ŬɜŬɚɨůŮɘɠ ɛŮ ŭŮŭɞɛɏɜŬ 

ɡɔɟŬůɑŬɠ (Atmospheric Infrared Sounder, AIRS) ůŮ ˊɎɜɤ Ŭˊɧ 198 Űɟɞˊɘəɞɨɠ 

əɡəɚɩɜŮɠ ůŰɖ ɚŮəɎɜɖ Űɞɡ ȷŰɚŬɜŰɘəɞɨ, ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ́ Ɏɜɤ Ŭˊɧ Űɞ ɞɟɘŬəɧ ůŰɟɩɛŬ 

ɔŮɜɘəɎ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɞ ɢɟɧɜɞ əŬɘ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ əɡəɚɩɜŬ. ȾɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

ɛɏɜŮɘ ůɢŮŭɧɜ ůŰŬɗŮɟɐ Ůɜɩ ˊŬɟɞɡůɘɎɕŮɘ Ŭɜɞŭɘəɐ ˊɞɟŮɑŬ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɧůɞ Űɖɠ 

ɏɜŰŬůɖɠ ɧůɞ əŬɘ Űɞɡ ɟɡɗɛɞɨ Ŭɨɝɖůɖɠ Űɖɠ ɏɜŰŬůɖɠ. Ƀɘ ɟŬɔŭŬɑŬ ŬɜŬˊŰɡůůɧɛŮɜɞɘ 

əɡəɚɩɜŮɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ˊɞůɞůŰɎ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ (ůŮ ůɢɏůɖ ɛŮ Űɖ ɛɏůɖ ůɢŮŰɘəɐ 

ɡɔɟŬůɑŬ ɧɚɤɜ Űɤɜ Űɟɞˊɘəɩɜ əɡəɚɩɜɤɜ) 10% ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞɡɠ Űɟɞˊɘəɞɨɠ 

əɡəɚɩɜŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ůŰɎŭɘɞ ŬˊɞŭɡɜɎɛɤůɐɠ Űɞɡɠ (Wu et al. 2013). Ƀɘ Braun 

et al. (2012) ɏŭŮɘɝŬɜ ɧŰɘ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɏɜŬɠ Űɟɞˊɘəɧɠ əɡəɚɩɜŬɠ 

ɔɘŬ ɜŬ űŰɎůŮɘ ůŰɞ ɩɟɘɛɞ ůŰɎŭɘɞ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ ůŰɟɩɛŬŰɞɠ 

ɝɖɟɞɨ ŬɏɟŬ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɖɠ əɡəɚɞűɞɟɑŬɠ. ȳŰŬɜ ɞ ɝɖɟɧɠ ŬɏɟŬɠ ɓɟɑůəŮŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 270 km ɛŬəɟɘɎ Ŭˊɧ Űɞ əɏɜŰɟɞ, ɖ ŮˊɑŭɟŬůɐ Űɞɡ ůŰɖɜ ɏɜŰŬůɖ Űɞɡ 

əɡəɚɩɜŬ ɗŬ ŮɑɜŬɘ ɛɖŭŬɛɘɜɐ.  

ȺɝŮŰɎɕɞɜŰŬɠ ŬɟɢɘəɎ Űɖ ŭɞɛɐ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ Ƚɞɡɜɑɞɡ-

ɁɞŮɛɓɟɑɞɡ Űɖɠ ŰɟɘŬəɞɜŰŬŮŰɑŬɠ 1981-2010 ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ůŰŬ 600 hPa (ůɢɐɛŬ 

3.15 Ŭ) ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ Ůˊɘɛɖəɡɛɏɜɖ ˊŮɟɘɞɢɐ ůɢŮŰɘəɎ Ůɡɜɞɥəɐɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ 

Űɖɠ ŰɎɝɖɠ Űɞɡ 60% əŬŰɎ ɛɐəɞɠ Űɤɜ 12-13ɞȸ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȷŰɚŬɜŰɘəɞɨ əŬɗɩɠ əŬɘ 

ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ȷűɟɘəɐɠ. ȼ ɓŬɗɛɑŭŬ Űɖɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɏɜŰɞɜɖ Ŭˊɧ ŬɡŰɎ ŰŬ 

ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ ˊɟɞɠ Űɞɜ ȽůɖɛŮɟɘɜɧ əŬɘ ˊɘɞ ɞɛŬɚɐ ˊɟɞɠ ŰŬ ɓɧɟŮɘŬ ɛŮ Űɞɜ Űɟɞˊɘəɧ 

ȷŰɚŬɜŰɘəɧ ɜŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɘɛɏɠ ɡɔɟŬůɑŬɠ 50-60% Ůɜɩ ɓɞɟŮɘɧŰŮɟŬ Ŭˊɧ Űɘɠ 

20ɞȸ ŮˊɘəɟŬŰɞɨɜ Űɘɛɏɠ 40-45%.  

ȷɜŰɘůŰɞɑɢɤɠ ɛŮɚŮŰɩɜŰŬɠ Űɖ ŭɞɛɐ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ ůŰŬ 600 hPa ɔɘŬ Űɞ ɑŭɘɞ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɞ 2019 (ůɢɐɛŬ 3.15 ɓ) ́ ŬɟŬŰɖɟŮɑ əŬɜŮɑɠ ɛɘŬ Ŭɨɝɖůɖ 10% ůŮ ůɢɏůɖ 

ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɖɠ əŮɜŰɟɘəɐɠ-ŬɜŬŰɞɚɘəɐɠ ȷűɟɘəɐɠ ŬɚɚɎ əɡɟɑɤɠ 

ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ, Űɞɡ Űɟɞˊɘəɞɨ ȷŰɚŬɜŰɘəɞɨ (4-9ɞȸ) ɛŮ Űɘɛɏɠ ůɢŮŰɘəɐɠ 

ɡɔɟŬůɑŬɠ ˊɎɜɤ Ŭˊɧ 70%. ȼ ŮɚŬűɟɩɠ ɞɛŬɚɧŰŮɟɖ ɓŬɗɛɑŭŬ ˊɟɞɠ ŰŬ ɓɧɟŮɘŬ ˊŬɟɞɡůɘɎɕŮɘ 

ˊŬɟɧɛɞɘŬ ŮɘəɧɜŬ əŬɘ ɏɟɢŮŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ ŬɚɚɎ ɛŮ əŬŰɎ 5% 

ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ. ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɞɡ Űɟɞˊɘəɞɨ ȷŰɚŬɜŰɘəɞɨ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 
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Űɘɛɏɠ ɡɔɟŬůɑŬɠ 50-70%, Ůɜɩ ɓɞɟŮɘɧŰŮɟŬ Űɤɜ 20ɞȸ ŮˊɘəɟŬŰɞɨɜ ŬɟəŮŰɎ ɢŬɛɖɚɧŰŮɟŮɠ 

Űɘɛɏɠ Ŭˊɧ Űɖɜ əɚɘɛŬŰɞɚɞɔɑŬ ůŰɞ 30-40%. 

 

ɆɢɐɛŬ 3.15: ɀɏůɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ (%) ůŰŬ 600 hPa ɔɘŬ Űɞ ŭɘɎůŰɖɛŬ Ƚɞɡɜɑɞɡ-ɁɞŮɛɓɟɑɞɡ ɔɘŬ Űɞ Ŭ) 

1981-2010, ɓ) 2019. ȹŮŭɞɛɏɜŬ ERA5. 

 

ɇŬ ůɢɐɛŬŰŬ 3.16, 3.17 Ŭ́ Ůɘəɞɜɑɕɞɡɜ Űɖ ɛɏůɖ ɛɖɜɘŬɑŬ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ɔɘŬ Űɞɡɠ ɛɐɜŮɠ 

Ƚɞɨɜɘɞ-Ɂɞɏɛɓɟɘɞ 2019 ůŰŬ 850 əŬɘ 600 hPa ɛŮ ɏɛűŬůɖ əɡɟɑɤɠ ůŰɖɜ ŬˊŮɘəɧɜɘůɖ Űɖɠ 

ŭɘŬűɞɟɎɠ Űɤɜ ɝɖɟɩɜ əŬɘ Űɤɜ ɡɔɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ. ɉŬɟŬəŰɖɟɘůŰɘəɐ ŮɑɜŬɘ ɖ ŮɘəɧɜŬ 

Űɞɡ Ƚɞɡɜɑɞɡ (ůɢɐɛŬ 3.16 Ŭ,ɓ) əŬŰɎ Űɞɜ ɞˊɞɑɞ ɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ 

Űɧůɞ ɏɜŰɞɜŮɠ ŬɜŰɘɗɏůŮɘɠ ɧůɞ ɞɘ ɡˊɧɚɞɘˊɞɘ ɛɐɜŮɠ Űɧůɞ ůŰŬ 850 (ůɢɐɛŬ 3.16 Ŭ) ɧůɞ əŬɘ 

ůŰŬ 600 hPa (ůɢɐɛŬ 3.16 ɓ). ɇɞɜ Ƚɞɨɚɘɞ əŬɘ Űɞɜ ȷɨɔɞɡůŰɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊŬɟɧɛɞɘŬ 

ŮɘəɧɜŬ əŬɗɩɠ ůŰŬ 850 hPa (ůɢɐɛŬ 3.16 ɔ,Ů) ˊŬɟŬŰɖɟŮɑŰŬɘ ůŬűɩɠ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ɝɖɟɎɠ 

əŬɘ Űɖɠ Ůɟɐɛɞɡ ɆŬɢɎɟŬ ůŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɝɖɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ, ɛŮ Űɘɛɏɠ 15-40%, ɞɘ 

ɞˊɞɑŮɠ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɘɠ ɖˊŮɘɟɤŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɛɘŬ ŮˊɏəŰŬůɖ ˊɟɞɠ Űɞɜ 

ȷŰɚŬɜŰɘəɧ ɛɏɢɟɘ Űɘɠ 45ɞȹ ˊŮɟɑˊɞɡ. Ƀɘ ˊŮɟɘɞɢɏɠ ɜɧŰɘŬ Űɤɜ 17ɞȸ ůŰɖ ɝɖɟɎ əŬɘ Űɤɜ 14ɞȸ 

ůŰɞɜ ɤəŮŬɜɧ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɛɏɠ Ɏɜɤ Űɞɡ 50% ɛŮ Űɘɠ ˊɘɞ ɡɔɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ 

ɜŬ ŮɜŰɞˊɑɕɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ Űɤɜ 5-10ɞȸ. ɈɣɖɚɧŰŮɟŬ, ůŰŬ 600 hPa (ůɢɐɛŬ 3.16 ŭ,ůŰ) 

ɖ ŮɘəɧɜŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ɛŮ ɛɘŬ ŮˊɏəŰŬůɖ Űɤɜ ɡɔɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ Ŭˊɧ Űɞɡɠ 

Űɟɞˊɘəɞɨɠ, ́ ɘɗŬɜɩɠ ɛɏůɤ Űɤɜ AEWs, ůŰɘɠ ɡˊɞ-Űɟɞˊɘəɏɠ ˊŮɟɘɞɢɏɠ, əɡɟɑɤɠ ůŰɖɜ ɐˊŮɘɟɞ. 

ȷɜŰɘɗɏŰɤɠ ůŰɞɜ ɤəŮŬɜɧ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟŮɠ ɝɖɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ əɡɟɑɤɠ 

ůŰŬ Ůɝɤ-ŰɟɞˊɘəɎ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ əŬɗɩɠ əŬɘ əɞɜŰɎ ůŰɞɜ ɘůɖɛŮɟɘɜɧ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ 

ůŰɖ ɛŮŰŬűɞɟɎ ɝɖɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ Ŭˊɧ Űɖɜ Ɏɜɤ ŰɟɞˊɧůűŬɘɟŬ əŬɘ ůɡɔɢɟɧɜɤɠ ɚɧɔɤ 

ŬŭɘŬɓŬŰɘəɐɠ ɗɏɟɛŬɜůɖɠ ŮɝôŬɘŰɑŬɠ əŬɗɞŭɘəɩɜ əɘɜɐůŮɤɜ ůŰɞɜ ŬɜŰɘəɡəɚɩɜŬ Űɤɜ 

ȷɕɞɟɩɜ. 
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ɆɢɐɛŬ 3.16: ɀɏůɖ ɛɖɜɘŬɑŬ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ (%) ɔɘŬ Űɞɜ Ƚɞɨɜɘɞ 2019 ůŰŬ Ŭ) 850 hPa, ɓ) 600 hPa, Űɞɜ 

Ƚɞɨɚɘɞ 2019 ůŰŬ ɔ) 850 hPa, ŭ) 600 hPa, Űɞɜ ȷɨɔɞɡůŰɞ 2019 ůŰŬ Ů) 850 hPa, ůŰ) 600 hPa. ȹŮŭɞɛɏɜŬ 

ERA5.  

ɆɢɐɛŬ 3.17: ɀɏůɖ ɛɖɜɘŬɑŬ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ (%) ɔɘŬ Űɞ ɆŮˊŰɏɛɓɟɘɞ 2019 ůŰŬ Ŭ) 850 hPa, ɓ) 600 hPa, 

Űɞɜ ɃəŰɩɓɟɘɞ 2019 ůŰŬ ɔ) 850 hPa, ŭ) 600 hPa, Űɞ Ɂɞɏɛɓɟɘɞ 2019 ůŰŬ Ů) 850 hPa, ůŰ) 600 hPa. 

ȹŮŭɞɛɏɜŬ ERA5.  

 


