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Ƀ ɅɃȿɃɆ ɇɋɁ ɀȺɇȺɋɅɃȿɃũɋɁ-ɄɅɃũɁɋɆɇɋɁ ɆɇɃ ɄȷɅɃɁ ȾȷȽ ɇɃ 

ɀȺȿȿɃɁ 
 

ȹ. ȻȽȷȾɃɄɃɈȿɃɆ 

 
Ⱥɗɜɘəɧ ɀŮŰŮɤɟɞɚɞɔɘəɧ ȾɏɜŰɟɞ, ȺɀɈ 

 
       ɄȺɅȽȿȼɊȼ  
       Ʉɟɘɜ Ŭˊɧ əɎˊɞɘŬ ɢɟɧɜɘŬ ɞɘ ɀŮŰŮɤɟɞɚɧɔɞɘ-ɄɟɞɔɜɩůŰŮɠ ɏɓɚŮˊŬɜ ŰŬ ɛɞɜŰɏɚŬ ŬɟɘɗɛɖŰɘəɐɠ 

ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɤɠ ɢɟɐůɘɛŬ ŮɟɔŬɚŮɑŬ ˊɞɡ Űɞɡɠ ɓɞɖɗɞɨůŬɜ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ ŭɞɡɚŮɘɎ Űɞɡɠ, ŬɚɚɎ ɐŰŬɜ 

ŮˊɘűɡɚŬəŰɘəɞɑ ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡɠ. ɆɐɛŮɟŬ ɖ ŮɝɎɟŰɖůɖ Űɤɜ 

ɀŮŰŮɤɟɞɚɧɔɤɜ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ əŬɘ Ŭɜ ɚɎɓɞɡɛŮ ɡˊɧɣɖ ɛŬɠ ɧŰɘ  ɖ ŬəɟɑɓŮɘŬ Űɤɜ 

ŬɟɘɗɛɖŰɘəɩɜ ˊɟɞɔɜɩůŮɤɜ ɓŮɚŰɘɩɜŮŰŬɘ ůɡɜŮɢɩɠ  əŬɘ ɧŰɘ  ɞɘ ŭɘŬŭɘəŬůɑŮɠ ɏəŭɞůɖɠ əŬɘ ŭɘŬɓɑɓŬůɖɠ Űɤɜ 

ˊɟɞɔɜɩůŮɤɜ ˊɟɞɠ Űɞɡɠ ŮɜŭɘŬűŮɟɞɛɏɜɞɡɠ ŬɡŰɞɛŬŰɞˊɞɘɞɨɜŰŬɘ ůɢŮŭɧɜ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɔŮɜɜɘɏŰŬɘ 

ŮɟɩŰɖɛŬ ɔɘŬ Űɞ ˊɞɘɞɠ ɗŬ ŮɑɜŬɘ ɞ ɛŮɚɚɞɜŰɘəɧɠ  ɟɧɚɞɠ Űɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜïɄɟɞɔɜɤůŰɩɜ. ɆŰɖɜ ŮɟɔŬůɑŬ 

ŬɡŰɐ ŮɟŮɡɜɎŰŬɘ ɞ Ŭɜɗɟɩˊɘɜɞɠ ˊŬɟɎɔɞɜŰŬɠ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ ůŰɖ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ 

əŬɘ ɔɑɜŮŰŬɘ ɛɑŬ ŮəŰɑɛɖůɖ ɔɘŬ Űɞ Űɘ ɗŬ ůɡɛɓŮɑ ůŰo ɗɏɛŬ  ŬɡŰɧ ŰŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ. 

 

THE WEATHER FORECASTE R ROLE AT  PRESENT AND IN THE FUTURE 
 

D.  ZIAKOPOULOS 

 
National Meteorological Centre, HNMS 

    
       ABSTRACT 
       Some years ago weather forecasters considered the numerical weather prediction models as useful 

tools providing assistance in their daily work, while they were cautious about the accuracy of the models 

results. Nowadays weather forecasters depend greatly on these models and considering the fact that the 

modelsô accuracy is constantly improved and the forecasts issuing and dissemination procedures are 

automated almost in every case, the question about the potential role of weather forecasters in the future 

is raised. In this work the human factor in weather prediction procedures is examined and an  estimation 

regarding the future status ih the upcoming years is discussed. 

 

        

1. ȺȽɆȷũɋũȼ 
 

      ȼ ŬɟɘɗɛɖŰɘəɐ ˊɟɧɔɜɤůɖ əŬɘɟɞɨ ɎɟɢɘůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮˊɘɢŮɘɟɖůɘŬəɎ Ŭˊɧ Űɖ 

ŭŮəŬŮŰɑŬ Űɞɡ 1960 ɛŮ Űɞɡɠ ɀŮŰŮɤɟɞɚɧɔɞɡɠ-ɄɟɞɔɜɩůŰŮɠ ɜŬ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ 

ŮˊɘűɡɚŬəŰɘəɞɑ ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ ŬəɟɑɓŮɘŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɛɞɜŰɏɚɤɜ. ȼ 

əŬŰɎůŰŬůɖ ɧɛɤɠ ɓŮɚŰɘɤɜɧŰŬɜ ůŰŬɗŮɟɎ əŬɘ ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1980 ɏˊɜŮŮ 

ɎɜŮɛɞɠ ŬɘůɘɞŭɞɝɑŬɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ɗɏɛŬŰɞɠ Űɖɠ ɛŮůɞˊɟɧɗŮůɛɖɠ 

ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ ɛŮ ŰŬ ŬɟɘɗɛɖŰɘəɎ ɛɞɜŰɏɚŬ. Ƀɘ ŭɡůəɞɚɑŮɠ ŭŮɜ ɎɟɔɖůŬɜ ɜŬ 

űŬɜɞɨɜ əŬɘ Űɞ ˊɟɧɓɚɖɛŬ Űɤɜ ɛŮɔɎɚɤɜ ŬˊɞəɚɑůŮɤɜ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɛɞɜŰɏɚɤɜ  

ŬˊɞŭɧɗɖəŮ ɓŬůɘəɎ ůŰŬ ɛɘəɟɎ, ůɡɢɜɎ ŬɜŬˊɧűŮɡəŰŬ, ɚɎɗɖ Űɤɜ Ŭɟɢɘəɩɜ ůɡɜɗɖəɩɜ, 

ŭɖɚŬŭɐ ůŰɖɜ ŬɜɎɚɡůɖ. ȼ ɛŮɔɎɚɖ ŮɡŬɘůɗɖůɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɘɠ ŬɓɏɓŬɘŮɠ Ŭɟɢɘəɏɠ 

ůɡɜɗɐəŮɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ɎɚɚŮɠ ŬŭɡɜŬɛɑŮɠ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ ɞŭɐɔɖůŮ 

ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɆɡůŰɐɛŬŰɞɠ ɄɟɞɔɜɩůŮɤɜ ɄɞɚɚŬˊɚɞɨ ȹŮɑɔɛŬŰɞɠ ɐ ɆɡůŰɐɛŬŰɞɠ 

ɆŰɞɢŬůŰɘəɩɜ ɄɟɞɔɜɩůŮɤɜ (EPS-Ensemble Prediction System) ɛŮ Űɞ ɞˊɞɑɞ ŮəŭɑŭɞɜŰŬɘ 

ˊɟɞɔɜɩůŮɘɠ ˊɞɚɚŬˊɚɞɨ ŭŮɑɔɛŬŰɞɠ ɐ ůŰɞɢŬůŰɘəɏɠ ˊɟɞɔɜɩůŮɘɠ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɖɠ 

ŭŮəŬŮŰɑŬɠ Űɞɡ 1990. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊɟɞɔɜɩůŮɘɠ ˊɞɚɚŬˊɚɞɨ ŭŮɑɔɛŬŰɞɠ ɐ 
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ůŰɞɢŬůŰɘəɏɠ ˊɟɞɔɜɩůŮɘɠ ˊŬɟɎɔɞɜŰŬɘ ˊɚɏɞɜ əŬɘ Ŭˊɧ ŰŬ  ɛɞɜŰɏɚŬ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ˊŮɟɘɞɢɐɠ (LEPS). 

      ɆŰɘɠ ɛɏɟŮɠ ɛŬɠ, ɞɘ ɀŮŰŮɤɟɞɚɧɔɞɘ-ɄɟɞɔɜɩůŰŮɠ ŭŮɜ ɓɚɏˊɞɡɜ ŰŬ ɛɞɜŰɏɚŬ ŬɟɘɗɛɖŰɘəɐɠ 

ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ Ŭˊɚɩɠ ɤɠ ɢɟɐůɘɛŬ ŮɟɔŬɚŮɑŬ ˊɞɡ Űɞɡɠ ɓɞɖɗɞɨɜ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ 

ŭɞɡɚŮɘɎ. ȼ ŮɝɎɟŰɖůɐ Űɞɡɠ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔɎɚɖ əŬɘ Ŭɜ ɚɎɓɞɡɛŮ ɡˊɧɣɖ ɧŰɘ ɖ 

ŬəɟɑɓŮɘŬ Űɤɜ ŬɟɘɗɛɖŰɘəɩɜ ˊɟɞɔɜɩůŮɤɜ ɗŬ ɓŮɚŰɘɩɜŮŰŬɘ ůɡɜŮɢɩɠ əŬɘ ɧŰɘ ɞɘ ŭɘŬŭɘəŬůɑŮɠ 

ɏəŭɞůɖɠ əŬɘ ŭɘŬɓɑɓŬůɖɠ Űɤɜ ˊɟɞɔɜɩůŮɤɜ ˊɟɞɠ Űɞɡɠ ŮɜŭɘŬűŮɟɞɛɏɜɞɡɠ ɗŬ 

ŬɡŰɞɛŬŰɞˊɞɘɖɗɞɨɜ ˊɚɐɟɤɠ, ŰɑɗŮŰŬɘ Űɞ ŮɟɩŰɖɛŬ: çɄɞɘɞɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞ ɛŮɚɚɞɜŰɘəɧɠ 

ɟɧɚɞɠ Űɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜïɄɟɞɔɜɤůŰɩɜè; ɆŰŬ ɧůŬ Ŭəɞɚɞɡɗɞɨɜ ɗŬ ˊɟɞůˊŬɗɐůɞɡɛŮ ɜŬ 

ŬˊŬɜŰɐůɞɡɛŮ ůŰɞ ŮɟɩŰɖɛŬ ŬɡŰɧ ɛŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɟŮɡɜɩɜ əŬɘ ůɡɕɖŰɐůŮɤɜ 

ˊɞɡ ɏɔɘɜŬɜ əŬɘ ɔɑɜɞɜŰŬɘ ůŰɖɜ Ⱥɡɟɩˊɖ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ɃɛɎŭŬɠ ȺɟɔŬůɑŬɠ ɔɘŬ Űɖ 

ɆɡɜŮɟɔŬůɑŬ Űɤɜ ȺɡɟɤˊŬɑɤɜ ɄɟɞɔɜɤůŰɩɜ (Working Group on Cooperation between 

European Forecasters-WG CEF) ůŰɖɜ ɞˊɞɑŬ Ŭˊɧ Űɖ ůɨůŰŬůɐ Űɖɠ ůɡɛɛŮŰɏɢɞɡɜ 

ɄɟɞɔɜɩůŰŮɠ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰŮɤɟɞɚɞɔɘəɞɨ ȾɏɜŰɟɞɡ Űɖɠ ȺɀɈ, ůŰɘɠ ȼɄȷ, Űɞɜ ȾŬɜŬŭɎ 

əŬɘ Űɖɜ ȷɡůŰɟŬɚɑŬ.   

 

 

2. Ƀ ɅɃȿɃɆ ɇɋɁ ɀȺɇȺɋɅɃȿɃũɋɁ-ɄɅɃũɁɋɆɇɋɁ Ɇɇȼ ɆȼɀȺɅȽɁȼ ȺɄɃɉȼ 
 

       ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŭɧɗɖəŮ Ŭˊɧ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ˊɞɚɨ ɛŮɔɎɚɞ ɓɎɟɞɠ ůŰɖ ɓŮɚŰɑɤůɖ 

Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

ŬɜŬˊŰɨɢɗɖəŬɜ ɜɏŬ ŮɟɔŬɚŮɑŬ ŬɜɎɚɡůɖɠ əŬɘ ɞˊŰɘəɞˊɞɑɖůɖɠ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ  

ˊɚɖɟɞűɞɟɘɩɜ. ɇŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ɎɚɚŬɝŬɜ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊŬɟŬŰɐɟɖůɖɠ, ŬɜɎɚɡůɖɠ əŬɘ  

ŭɘɎɔɜɤůɖɠ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ əŬŰɎůŰŬůɖɠ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ əŬɘ ɓŮɓŬɑɤɠ Űɖɠ ˊɟɧɔɜɤůɖɠ 

Űɞɡ əŬɘɟɞɨ. ɆŰŬ ɧůŬ Ŭəɞɚɞɡɗɞɨɜ ɗŬ  ŭɞɨɛŮ ˊɘɞ ŬɜŬɚɡŰɘəɎ ŰŬ ɛɏůŬ əŬɘ ŰŬ ɓɞɖɗɐɛŬŰŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ɞ ɀŮŰŮɤɟɞɚɧɔɞɠ-ɄɟɞɔɜɩůŰɖɠ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ Űɞɡ ŭɞɡɚŮɘɎ əŬɗɩɠ 

əŬɘ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ˊŬɟɎɔɞɜŰŬ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ. 

 

2.1 ɇŬ ŬɟɘɗɛɖŰɘəɎ ɛɞɜŰɏɚŬ əŬɘɟɞɨ  
 

        ȼ Ůɝɏɚɘɝɖ ůŰŬ ŬɟɘɗɛɖŰɘəɎ ɛɞɜŰɏɚŬ əŬɘɟɞɨ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ŮɑɜŬɘ 

ŬɚɛŬŰɩŭɖɠ. ɆŰɞ ˊɚŬɜɖŰɘəɧ ɛɞɜŰɏɚɞ ɇ1279L91 Űɞɡ ȺɡɟɤˊŬɥəɞɨ ȾɏɜŰɟɞɡ 

ɀŮůɞˊɟɧɗŮůɛɤɜ ɄɟɞɔɜɩůŮɤɜ ȾŬɘɟɞɨ (ECMWF), ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮˊɘɢŮɘɟɖůɘŬəɎ 

Ŭˊɧ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2010, ɖ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 

16 ɢɘɚɘɧɛŮŰɟŬ əŬɘ  əŬɗô ɨɣɞɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 91 ŮˊɑˊŮŭŬ, Ůɜɩ ůŰɞ ɆɨůŰɖɛŬ 

ɄɟɞɔɜɩůŮɤɜ ɄɞɚɚŬˊɚɞɨ ȹŮɑɔɛŬŰɞɠ ɐ ɆɨůŰɖɛŬ ɆŰɞɢŬůŰɘəɩɜ ɄɟɞɔɜɩůŮɤɜ (EPS)  Űɞɡ 

ɑŭɘɞɡ ȾɏɜŰɟɞɡ ɖ ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ Űɤɜ ůɖɛŮɑɤɜ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 30 ɢɘɚɘɧɛŮŰɟŬ əŬɘ ŰŬ 

əŬɗô ɨɣɞɠ ŮˊɑˊŮŭŬ 62. ȷɜɎɚɞɔɖ Ůɝɏɚɘɝɖ ˊŬɟŬŰɖɟɐɗɖəŮ əŬɘ ůŰŬ ˊŮɟɘɞɢɘəɎ ɛɞɜŰɏɚŬ 

ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ Űɤɜ ɞˊɞɑɤɜ ůŮ ŮˊɘɢŮɘɟɖůɘŬəɧ ŮˊɑˊŮŭɞ ɖ ɞɟɘɕɧɜŰɘŬ 

ŬˊɧůŰŬůɖ Űɤɜ ůɖɛŮɑɤɜ Űɞɡ ˊɚɏɔɛŬŰɞɠ əŬŰɏɓɖəŮ ˊŮɟɑˊɞɡ ůŰŬ 2,5 ɢɘɚɘɧɛŮŰɟŬ.  

 

2.2   Ƀ Ŭɜɗɟɩˊɘɜɞɠ ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ ˊɟɧɔɜɤůɖ Űɞɡ əŬɘɟɞɨ 
 

      ɆŰɖɜ əŬɗɖɛŮɟɘɜɐ ŭɞɡɚŮɘɎ Űɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜ-ɄɟɞɔɜɤůŰɩɜ ɓŬůɘəɏɠ 

ˊɟɞŰŮɟŬɘɧŰɖŰŮɠ ŮɑɜŬɘ: 

 -ɖ ŮˊŬɔɟɨˊɜɖůɖ əŬɘ, Ŭɜ ŬˊŬɘŰɖɗŮɑ, ɖ ɏəŭɞůɖ ˊɟɞŮɘŭɞˊɞɘɐůŮɤɜ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

ŬəɟŬɑɤɜ əŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ  

- ɖ ɔɟɐɔɞɟɖ ŮˊŬɚɐɗŮɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ 

ůŰŬ ˊɟɩŰŬ ŮɝɎɤɟŬ Űɖɠ ɘůɢɨɞɠ Űɖɠ ɛŮ ůŰɧɢɞ Űɖ ŭɘɎůɤůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ ůŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɚɐɟɞɡɠ ŬˊɞŰɡɢɑŬɠ Űɤɜ ɛɞɜŰɏɚɤɜ  
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- ɖ ɏəŭɞůɖ Űɤɜ ŰŬəŰɘəɩɜ ɔŮɜɘəɩɜ, Űɞˊɘəɩɜ ɐ Ůɘŭɘəɩɜ ˊɟɞɔɜɩůŮɤɜ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ 

Űɖɠ ŬŮɟɞɜŬɡŰɘɚɑŬɠ, Űɖɠ ɜŬɡŰɘɚɑŬɠ, Űɞɡ əɞɘɜɞɨ, Űɤɜ ŮŰŬɘɟɘɩɜ ə.ɚˊ. Ƀɘ ˊɟɞɔɜɩůŮɘɠ ŬɡŰɏɠ 

ˊŬɟɎɔɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ Űɞɜ ɑŭɘɞ Űɞɜ ɀŮŰŮɤɟɞɚɧɔɞ ŮɑŰŮ ŬɡŰɧɛŬŰŬ ɛŮ ɓɎůɖ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛɞɜŰɏɚɤɜ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɛŮŰŮˊŮɝŮɟɔŬůŰŮɑ ɛŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ 

(MOS, Kalman filtering ə.ɚ.́). ɆŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ŬˊŬɘŰŮɑŰŬɘ ɏɚŮɔɢɞɠ ˊɟɘɜ Űɖ 

ŭɘŬɓɑɓŬůɐ Űɞɡɠ ůŰɞɡɠ ŮɜŭɘŬűŮɟɧɛŮɜɞɡɠ ɢɟɐůŰŮɠ. 

 

ȹȽȷȹȽȾȷɆȽȺɆ ɄɅɃũɁɋɆȼɆ ȾȷȽɅɃɈ

ȷɅȽŪɀȼɇȽȾȼ 

ɄɅɃũɁɋɆȼ ȾȷȽɅɃɈ

ɈɄɃȾȺȽɀȺɁȽȾȼ 

ɄɅɃũɁɋɆȼ 

(ɀȺɇȺɋɅɃȿɃũɃɆ)

ȷɁȷȿɈɆȼ 

ȹȽȷũɁɋɆȼ
ȷɄɃɇȺȿȺɆɀȷɇȷ 

ɀɃɁɇȺȿɋɁ

ɀȺɇȺɄȺɂȺɅũȷɆȽȷ 

ȷɄɃɇȺȿȺɆɀȷɇɋɁ
ɄɅɃũɁɋɆȼ 

ȾȷȽɅɃɈ

ɉɅȼɆɇȺɆ 

 
       Ɇɉȼɀȷ 1. Ƀɘ ŭɘŬŭɘəŬůɑŮɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ 

 

      Ƀɘ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ŬəɞɚɞɡɗɞɨɜŰŬɘ ůɐɛŮɟŬ ůŰɖɜ ˊɟɧɔɜɤůɖ Űɞɡ əŬɘɟɞɨ 

ŬɜŬˊŬɟɘůŰɎɜɞɜŰŬɘ ɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 1. Ƀ ɧɟɞɠ ɡˊɞəŮɘɛŮɜɘəɐ ˊɟɧɔɜɤůɖ 

ɡˊɞŭɖɚɩɜŮɘ Űɘɠ ŮɜɏɟɔŮɘŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ɀŮŰŮɤɟɞɚɧɔɞïɄɟɞɔɜɩůŰɖ 

əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ŬɜŰɘŭɘŬůŰɞɚɐ ɛŮ Űɞɜ ɧɟɞ ŬɜŰɘəŮɘɛŮɜɘəɐ ˊɟɧɔɜɤůɖ  ˊɞɡ ɔɑɜŮŰŬɘ 

Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ  ɢɤɟɑɠ ůŰɖɜ ɧɚɖ  ŭɘŬŭɘəŬůɑŬ ɜŬ 

ŮˊŮɛɓŬɑɜŮɘ ɞ ɄɟɞɔɜɩůŰɖɠ. ũɘŬ ɜŬ ɛˊɞɟɏůŮɘ ɞ ɀŮŰŮɤɟɞɚɧɔɞɠ-ɄɟɞɔɜɩůŰɖɠ ɜŬ 

ŬɜŰŬˊɞəɟɘɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŰɞ ɓŬůɘəɧ Űɞɡ ɏɟɔɞ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ əɎɜŮɘ ŬɜɎɚɡůɖ əŬɘ 

ŭɘɎɔɜɤůɖ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ əŬŰɎůŰŬůɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ɛŮɚŮŰɐůŮɘ ŰŬ 

ˊɟɞɔɜɤůŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ŮɑŰŮ ɛŮŰŮˊŮɝŮɟɔŬůɛɏɜŬ ŮɑŰŮ ɧɢɘ ŭɘŬɓɘɓɎɕɞɜŰŬɘ ůŰɘɠ ŬɑɗɞɡůŮɠ 

Űɤɜ ˊɟɞɔɜɩůŮɤɜ. Ƀ ŰŮɚɘəɧɠ ůŰɧɢɞɠ Űɞɡ ɄɟɞɔɜɩůŰɖ ŮɑɜŬɘ ɜŬ ˊɟɞůɗɏůŮɘ ŬɝɑŬ ůŰɘɠ 

ŬɜŰɘəŮɘɛŮɜɘəɏɠ ˊɟɞɔɜɩůŮɘɠ  ɐ ɞŭɖɔɑŮɠ (guidance) Űɤɜ ɛɞɜŰɏɚɤɜ. Ʉɧůɞ, ɧɛɤɠ, əŬɘ ůŮ 

ˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ŮűɘəŰɧɠ ŬɡŰɧɠ ɞ ůŰɧɢɞɠ;  

       Ƀ Manfred Kurz, Űɏɤɠ ȹɘŮɡɗɡɜŰɐɠ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰŮɤɟɞɚɞɔɘəɞɨ ȾɏɜŰɟɞɡ Űɖɠ 

ũŮɟɛŬɜɑŬɠ ůŰɞ Offenbach əŬɘ Ůˊɑ ůŮɘɟɎ ŮŰɩɜ Chairman Űɖɠ ɃɛɎŭŬɠ ȺɟɔŬůɑŬɠ ɔɘŬ Űɖ 

ɆɡɜŮɟɔŬůɑŬ Űɤɜ ȺɡɟɤˊŬɑɤɜ ɄɟɞɔɜɤůŰɩɜ (WG CEF), ůɖɛŮɘɩɜŮɘ (1998) ɧŰɘ ɛˊɞɟŮɑ ɜŬ 

ɡˊɎɟɝŮɘ ˊɟɞůɗŮŰɘəɐ ŬɝɑŬ ůŰɘɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ˊɟɞɔɜɩůŮɘɠ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ: 

¶ ɛŮŰɩˊɤɜ əŬɘ əɡəɚɞɔŮɜɏůŮɤɜ əŬɘ əɡɟɑɤɠ ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ əŬɘɟɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɤɜ ɛŮŰɩˊɤɜ əŬɘ Űɘɠ ŰŬɢɨŰŬŰŮɠ ŬɜŬˊŰɨɝŮɘɠ (ɓŬɗɨɜůŮɘɠ) Űɤɜ 

ɡűɏůŮɤɜ 

¶ ɘůɢɡɟɐɠ ŬɜɤɛŮŰŬűɞɟɎɠ (convection) 

¶ ɞɛɑɢɚɖɠ ɐ ɢŬɛɖɚɩɜ stratus. 

      ȺɡɟɨŰŬŰɖɠ Ŭˊɞŭɞɢɐɠ ŮɑɜŬɘ ɖ Ɏˊɞɣɖ ɧŰɘ ůŰɖɜ ˊɟɧɔɜɤůɖ ŬəɟŬɑɤɜ əŬɘɟɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ ɡˊɎɟɢŮɘ ˊŮɟɘɗɩɟɘɞ ɓŮɚŰɑɤůɖɠ Űɤɜ ŬɜŰɘəŮɘɛŮɜɘəɩɜ ˊɟɞɔɜɩůŮɤɜ Ŭˊɧ Űɞɜ 

ɀŮŰŮɤɟɞɚɧɔɞ-ɄɟɞɔɜɩůŰɖ (Brooks H., 1996 ; Fredrikson L. et al, 1998 ; Gmoser H. 

and Kohler M., 2003 ; Grahame N., 2003). ȷɡŰɧ Ůˊɑůɖɠ ɘůɢɨŮɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ 
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ɏəŭɞůɖɠ  ˊɟɞɔɜɩůŮɤɜ ˊɞɚɨ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ (Erkkila T., 2009) əŬɗɩɠ ůŰɖɜ  ˊɟɧɔɜɤůɖ 

Űɤɜ Ɏəɟɤɜ Űɘɛɩɜ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɘɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ əŬɘɟɞɨ. ɆŰɘɠ 

ůɡɜŬɜŰɐůŮɘɠ ˊɞɡ ɞɟɔŬɜɩɗɖəŬɜ Ŭˊɧ Űɖɜ ȷɛŮɟɘəŬɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ȺŰŬɘɟɑŬ 

(American Meteorological Society-AMS) Űɞ 2004 əŬɘ Űɞ 2005 əŬɗɩɠ əŬɘ ůŰɘɠ 

ůɡɜŬɜŰɐůŮɘɠ Űɖɠ ɃɛɎŭŬɠ ȺɟɔŬůɑŬɠ ɔɘŬ Űɖ ɆɡɜŮɟɔŬůɑŬ Űɤɜ ȺɡɟɤˊŬɑɤɜ ɄɟɞɔɜɤůŰɩɜ 

ɏɔɘɜŬɜ əŬɘ ɔɑɜɞɜŰŬɘ ˊɞɚɚɏɠ ˊŬɟɞɡůɘɎůŮɘɠ əŬɘ ůɡɕɖŰɐůŮɘɠ Űɧůɞ ɔɘŬ ŰŬ ˊɟɞůɧɜŰŬ Űɞɡ 

ɀŮŰŮɤɟɞɚɧɔɞɡ-ɄɟɞɔɜɩůŰɖ ɧůɞ əŬɘ ɔɘŬ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ŮəŮɑɜŮɠ əɎŰɤ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ 

ŬɡŰɧɠ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ Ůəŭɘŭɞɛɏɜɤɜ Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ 

ˊɟɞɔɜɩůŮɤɜ.  

 

2.3  ȼ ŰŮɢɜɞɚɞɔɑŬ ůŰɖɜ ɡˊɖɟŮůɑŬ Űɞɡ ɀŮŰŮɤɟɞɚɧɔɞɡ-ɄɟɞɔɜɩůŰɖ 
 

       ȰɜŬɠ ŰŮɟɎůŰɘɞɠ ɧɔəɞɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ ɛɞɜŰɏɚŬ ˊɟɧɔɜɤůɖɠ 

əŬɘɟɞɨ, ŭɞɟɡűɧɟɞɡɠ, ɟŬɜŰɎɟ, ůɡůŰɐɛŬŰŬ ŬɜɑɢɜŮɡůɖɠ ɖɚŮəŰɟɘəɩɜ ŮəəŮɜɩůŮɤɜ, 

ůɡɛɓŬŰɘəɞɨɠ əŬɘ ŬɡŰɧɛŬŰɞɡɠ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ əŬɘ ɎɚɚŬ ůɨɔɢɟɞɜŬ ɛɏůŬ 

ˊŬɟŬŰɐɟɖůɖɠ ŭɘŬɓɘɓɎɕŮŰŬɘ əŬɗɖɛŮɟɘɜɎ ůŰŬ ɀŮŰŮɤɟɞɚɞɔɘəɎ ȾɏɜŰɟŬ əŬɘ ŰɑɗŮŰŬɘ ůŰɖ 

ŭɘɎɗŮůɖ Űɤɜ ɄɟɞɔɜɤůŰɩɜ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ əŬɗɖɛŮɟɘɜɞɨ Űɞɡɠ ɏɟɔɞɡ. ȹŮɜ ɡˊɎɟɢŮɘ 

ŬɛűɘɓɞɚɑŬ ɧŰɘ Űɞ ˊŬɚŬɘɧ ɧɜŮɘɟɞ Űɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜ-ɄɟɞɔɜɤůŰɩɜ ɜŬ ɏɢɞɡɜ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɏɔɘɜŮ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŬɚɚɎ ɛŮ Űɘɠ ˊɞɚɨ ɛŮɔɎɚŮɠ 

ŭɡůəɞɚɑŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰɖ ŭɘŬɢŮɑɟɘůɖ  Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ Űɞ 

ɧɜŮɘɟɞ ŰŮɑɜŮɘ ɜŬ ɔɑɜŮɘ ŮűɘɎɚŰɖɠ. ũɘŬ ŬɡŰɧ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɞɘ ɄɟɞɔɜɩůŰŮɠ ɜŬ ɘŮɟŬɟɢɞɨɜ 

Űɘɠ ŬɜɎɔəŮɠ Űɞɡɠ əŬɘ ɜŬ Ůˊɘɚɏɔɞɡɜ ŰŬ ɛŮŰŮɤɟɞɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ŮəŮɑɜŬ ůŰŬ ɞˊɞɑŬ ˊɟɏˊŮɘ 

əŬŰɎ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ɜŬ ŬűɘŮɟɩɜɞɡɜ  Űɞɜ ˊɞɚɨŰɘɛɞ ɢɟɧɜɞ Űɞɡɠ. 

 

2.4  ȼ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɀŮŰŮɤɟɞɚɧɔɞɡ-ɄɟɞɔɜɩůŰɖ 
 

        ȺɑɜŬɘ ŬŭɘŬɛűɘůɓɐŰɖŰɞ ɧŰɘ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɞ ɀŮŰŮɤɟɞɚɧɔɞɠïɄɟɞɔɜɩůŰɖɠ ɜŬ 

ɓŮɚŰɘɩɜŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ˊɟɞɔɜɩůŮɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ, ˊɟɏˊŮɘ ɜŬ 

ŮɑɜŬɘ əŬɚɎ ŮəˊŬɘŭŮɡɛɏɜɞɠ. ȼ ŮəˊŬɑŭŮɡůɖ ŬűɞɟɎ əŬɘ Űɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ɀŮŰŮɤɟɞɚɞɔɑŬɠ 

əŬɘ Űɖɜ ŮˊɘɢŮɘɟɖůɘŬəɐ ŭɘŬŭɘəŬůɑŬ. Ʉɞɚɚɞɑ ɗŮɤɟɞɨɜ ɧŰɘ ɞɘ ɀŮŰŮɤɟɞɚɧɔɞɘ-ɄɟɞɔɜɩůŰŮɠ 

ŭŮɜ ŮɑɜŬɘ ŮˊŬɟəɩɠ ŮəˊŬɘŭŮɡɛɏɜɞɘ ɧŰŬɜ ŰŮɚŮɘɩɜɞɡɜ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ ɐ ŬəɧɛŬ əŬɘ ɛŮŰɎ 

Ŭˊɧ Űɘɠ ɛŮŰŬˊŰɡɢɘŬəɏɠ Űɞɡɠ ůˊɞɡŭɏɠ əŬɘ ɔɘŬ Űɖ ɔŮűɨɟɤůɖ Űɞɡ ɢɎůɛŬŰɞɠ ɛŮŰŬɝɨ 

ɗŮɤɟɑŬɠ əŬɘ ŮűŬɟɛɞɔɩɜ ˊɟɞŰŮɑɜɞɡɜ ɞɘ ˊŬɜŮˊɘůŰɖɛɘŬəɞɑ əŬɗɖɔɖŰɏɠ ɜŬ ŭɑɜɞɡɜ ůŮ ŬɡŰɞɨɠ 

ůɡɔəŮəɟɘɛɏɜŬ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘ ŮűŬɟɛɞɔɏɠ Ŭˊɧ Űɞɜ çˊɟŬɔɛŬŰɘəɧ əɧůɛɞ Űɞɡ əŬɘɟɞɨè 

(Stuart N. A., Schultz D. M. and  Klein G., 2007).  

 

2.5 ɇɞ ŮɟɔŬůɘŬəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ɀŮŰŮɤɟɞɚɧɔɞɡ-ɄɟɞɔɜɩůŰɖ 
 

       Ƀɘ ɀŮŰŮɤɟɞɚɧɔɞɘïɄɟɞɔɜɩůŰŮɠ ŮɟɔɎɕɞɜŰŬɘ ůŮ ŭɨůəɞɚŮɠ ůɡɜɗɐəŮɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜ: Űɞ çŬɜɩɛŬɚɞè ˊɟɧɔɟŬɛɛŬ ŮɟɔŬůɑŬɠ, ɞɘ ˊɞɚɚɏɠ ɩɟŮɠ ŭɞɡɚŮɘɎɠ, ɞɘ 

ŬɓŮɓŬɘɧŰɖŰŮɠ Űɖɠ ˊɟɧɔɜɤůɖɠ əŬɘ ɖ ůɡɜŮɢɐɠ ŮˊŬɔɟɨˊɜɖůɖ ɔɘŬ ŬˊɟɧɞˊŰŮɠ əŬŰŬůŰɎůŮɘɠ. 

ȰŰůɘ, ŮɑɜŬɘ ŮˊɧɛŮɜɞ ɜŬ ɡˊɎɟɢŮɘ ůɡɜŮɢɏɠ Ɏɔɢɞɠ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ ŭɞɡɚŮɘɎ Űɞɡɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ˊɞɡ ɏɔɘɜŮ ɛŮŰŬɝɨ Űɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜ Űɖɠ ȺɀɈ ɏŭŮɘɝŬɜ ɧŰɘ: 

Űɞ ˊŮɟɘůůɧŰŮɟɞ Ɏɔɢɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ɜɡɢŰŮɟɘɜɐ ɓɎɟŭɘŬ, Űɞ Ɏɔɢɞɠ ŭŮɜ ɛŮɘɩɜŮŰŬɘ ɛŮ 

ŰŬ ɢɟɧɜɘŬ ɡˊɖɟŮůɑŬɠ əŬɘ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ ɧŰŬɜ ɞ əŬɘɟɧɠ ŭŮɜ ŮɝŮɚɑůůŮŰŬɘ ůɨɛűɤɜŬ ɛŮ 

Űɘɠ ˊɟɞɔɜɩůŮɘɠ (ɆɢɐɛŬ 2). ȾŬŰɎ ůŮɘɟɎ ˊɟɞŰŮɟŬɘɧŰɖŰŬɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ  Ɏɔɢɞɠ ˊɟɞəŬɚŮɑ 

ɖ ɏəŭɞůɖ: ɏəŰŬəŰɤɜ ŭŮɚŰɑɤɜ ɔɘŬ ŬəɟŬɑŬ əŬɘɟɘəɎ űŬɘɜɧɛŮɜŬ, ŭŮɚŰɑɤɜ ɗɡŮɚɚɤŭɩɜ 

Ŭɜɏɛɤɜ əŬɘ Űɤɜ ŰŬəŰɘəɩɜ ŭŮɚŰɑɤɜ ɡˊɞůŰɐɟɘɝɖɠ Űɖɠ  ɜŬɡŰɘɚɑŬɠ (ɆɢɐɛŬ 3). ɇŬ ŮˊɑˊŮŭŬ 

Ɏɔɢɞɡɠ ŮɑɜŬɘ ɡɣɖɚɎ ůŰɞ ůɨɜɞɚɞ Űɤɜ ȺɡɟɤˊŬɑɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜ- ɄɟɞɔɜɤůŰɩɜ  (ɆɢɐɛŬ 

4).  
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(Ŭ) (ɓ) (ɔ) 

ˊɟɤɑ

8% ŬˊɧɔŮɡɛŬ

8%

Űɞ ɑŭɘɞ ůŮ ɧɚŮɠ

33%

ɜɨɢŰŬ

51%

 

ŬɡɝɎɜŮɘ

13%

ɛŮɘɩɜŮŰŬɘ

29%ůŰŬɗŮɟɧ

58%

  
      Ɇɉȼɀȷ 2. ȷˊŬɜŰɐůŮɘɠ ɀŮŰŮɤɟɞɚɧɔɤɜ ȺɀɈ  ůŰŬ ŮɟɤŰɐɛŬŰŬ:  (Ŭ) ůŮ ˊɞɘŬ ɓɎɟŭɘŬ ɏɢɞɡɜ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ Ɏɔɢɞɠ., (ɓ) Ŭɜ  ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɤɜ ŮŰɩɜ Űɞ Ɏɔɢɞɠ ɛŮɘɩɜŮŰŬɘ, ŬɡɝɎɜŮŰŬɘ ɐ ˊŬɟŬɛɏɜŮɘ 

ůŰŬɗŮɟɧ əŬɘ (ɔ) ˊɧŰŮ ŬɘůɗɎɜɞɜŰŬɘ  ˊŮɟɘůůɧŰŮɟɞ  Ɏɔɢɞɠ. 

 ɛŮ əɚɘɛŬəŬ 1-5 əŬŰŬŰɎɝŰŮ Űɞ Ɏɔɢɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɘŭɞɠ Űɖɠ ˊɟɧɔɜɤůɖɠ
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sea weather bulletin (east mediterrenean)

GALE warnings

sea forecasts (
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scale (1-5)
 

       Ɇɉȼɀȷ 3. ȷˊŬɜŰɐůŮɘɠ ɀŮŰŮɤɟɞɚɧɔɤɜ ȺɀɈ  ůŰɞ ŮɟɩŰɖɛŬ ˊɞɘŮɠ ˊɟɞɔɜɩůŮɘɠ ɐ 

ˊɟɞŮɘŭɞˊɞɘɐůŮɘɠ Űɞɡɠ ˊɟɞəŬɚɞɨɜ  ˊŮɟɘůůɧŰŮɟɞ Ɏɔɢɞɠ  

 

High stress

54%

Moderate stress

27%
Very high stress

14%

Neutral on stress

5%

 

         Ɇɉȼɀȷ 4. ȺˊɑˊŮŭŬ Ɏɔɢɞɡɠ Űɤɜ  ɀŮŰŮɤɟɞɚɧɔɤɜ ï ɄɟɞɔɜɤůŰɩɜ ˊɞɡ ŮɟɔɎɕɞɜŰŬɘ ůŰɘɠ 

Ⱥɗɜɘəɏɠ ɀŮŰŮɤɟɞɚɞɔɘəɏɠ ɈˊɖɟŮůɑŮɠ 22 ȺɡɟɤˊŬɥəɩɜ ɢɤɟɩɜ. ɀŮɟɘəɞɑ ɡˊɞůŰɖɟɑɕɞɡɜ ɧŰɘ Űɞ 

Ɏɔɢɞɠ ůɡɛɓŬŭɑɕŮɘ ɛŮ Űɖɜ ŬˊŮɘɟɑŬ, Ůɜɩ Ɏɚɚɞɘ ˊɘůŰŮɨɞɡɜ ɧŰɘ Űɞ Ɏɔɢɞɠ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɖɜ ŮɛˊŮɘɟɑŬ. 

 

19%

81%

ɧŰŬɜ ɡˊɎɟɢŮɘ əŬəɞəŬɘɟɑŬ 

ɧŰŬɜ ɞ əŬɘɟɧɠ ŭŮɜ ŮɝŮɚɑůůŮŰŬɘ 
ɧˊɤɠ ŮɑɢŮ ˊɟɞɓɚŮűɗŮɑ 
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2.6 ɇŬ ɔɜɤůŰɘəɎ - ɣɡɢɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɀŮŰŮɤɟɞɚɧɔɞɡ- 

ɄɟɞɔɜɩůŰɖ 
 

      Ƀ Doswell C. A. ůŮ ůɢŮŰɘəɏɠ ŮɟɔŬůɑŮɠ ˊɞɡ ŭɖɛɞůɘŮɨŰɖəŬɜ Űɞ 1986 əŬɘ Űɞ 2004 

ɏŭɤůŮ ɓɎɟɞɠ ůŰɖ ŭɘŬɘůɗɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ. ȼ 

ŬɜɎɔəɖ ŬɡŰɐ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŮˊŮɘŭɐ ɞ ɀŮŰŮɤɟɞɚɧɔɞɠïɄɟɞɔɜɩůŰɖɠ ůɡɢɜɎ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞɢɤɟɐůŮɘ ůŰɖ ɚɐɣɖ Űɤɜ ŬˊɞűɎůŮɤɜ ɛŮ ŬɜŬɚɡŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ɚɧɔɤ Űɤɜ ŬɡůŰɖɟɩɜ 

ɢɟɞɜɘəɩɜ ˊŮɟɘɞɟɘůɛɩɜ əŬɘ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɤɜ ůŰɞɘɢŮɑɤɜ. ȷɠ Űɞ ŭɞɨɛŮ ŬɡŰɧ ˊɘɞ 

ŬɜŬɚɡŰɘəɎ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞɜ ɄɟɞɔɜɩůŰɖ ůŰɖ ɚɐɣɖ Űɤɜ ŬˊɞűɎůŮɤɜ 

ŮɑɜŬɘ ˊɞɚɚɞɑ əŬɘ ˊɞɘəɑɚɞɘ ŭɘŬűɞɟŮŰɘəɐɠ əɎɗŮ űɞɟɎ ɓŬɟɨŰɖŰŬɠ (ɆɢɐɛŬ 5). ɇɞ ɔŮɔɞɜɧɠ 

ŬɡŰɧ  əŬɘ ŰŬ ŬůűɡəŰɘəɎ ɢɟɞɜɘəɎ ˊŮɟɘɗɩɟɘŬ ɞŭɖɔɞɨɜ ůɡɢɜɎ Űɞɜ ɀŮŰŮɤɟɞɚɧɔɞ-

ɄɟɞɔɜɩůŰɖ ůŰɖ ɢɟɖůɘɛɞˊɞɑɖůɖ  ŮɡɟŮŰɘəɩɜ  (heuristics) ŭɘŬŭɘəŬůɘɩɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ ɚŮɘŰɞɡɟɔɞɨɜ ŮɛˊŮɘɟɘəɞɑ əŬɜɧɜŮɠ Űɞɡ ɡˊɞůɡɜŮɑŭɖŰɞɡ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɖɠ 

ŬˊɚɞɨůŰŮɟɖɠ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖɠ ɚɨůɖɠ ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɔɘŬ ɏɜŬ 

əŬɘ ɛɧɜɞ ɚɧɔɞ ˊɞɡ ɡˊŮɟɘůɢɨŮɘ ɧɚɤɜ Űɤɜ Ɏɚɚɤɜ. ȼ ŭɘŬɘůɗɖŰɘəɐ (intuitive) ŭɘɎůŰŬůɖ ůŰɘɠ 

ŭɘŬŭɘəŬůɑŮɠ ˊɟɧɔɜɤůɖɠ Űɞɡ əŬɘɟɞɨ ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɜɞɖŰɘəɐ ɐ ɔɜɤůŰɘəɐ (cognitive) 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɄɟɞɔɜɩůŰɖ ůŰɖɜ ɞˊɞɑŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɖ ŬɜŰɑɚɖɣɖ, ɖ ɛɜɐɛɖ, ɖ 

ůɨɚɚɖɣɖ ɘŭŮɩɜ, ɞɘ ůɡɚɚɞɔɘůɛɞɑ əŬɘ ɖ əɟɑůɖ Űɞɡ. Ƀɘ ŮɡɟŮŰɘəɏɠ ɐ ɔɜɤůŰɘəɏɠ ɛɏɗɞŭɞɘ 

ŮˊɘŰɟɏˊɞɡɜ ůŰɞɡɠ ɄɟɞɔɜɩůŰŮɠ ɜŬ Ŭˊɞɟɟɞűɞɨɜ Űɘɠ ŬˊɞəɚɑůŮɘɠ ŬŰŮɚɩɜ ˊɚɖɟɞűɞɟɘɩɜ əŬɘ 

ɜŬ űɗɎɜɞɡɜ ůɡɢɜɎ ůŰɖ ɚɐɣɖ Űɖɠ ůɤůŰɐɠ ŬˊɧűŬůɖɠ (Stuart N. A. and Coauthors, 2006). 

Ƀɘ ŬŰɞɛɘəɏɠ ŮɛˊŮɘɟɑŮɠ əŬɘ ŬɜŰɘɚɐɣŮɘɠ Űɤɜ ɏɛˊŮɘɟɤɜ ɄɟɞɔɜɤůŰɩɜ Ŭˊɧ ŬɜɎɚɞɔŮɠ 

əŬŰŬůŰɎůŮɘɠ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ ůŰɖɜ ɞɡůɑŬ ŮɑɜŬɘ ɗŮɤɟɖŰɘəɎ (conceptual) ɐ ŭɘŬɜɞɖŰɘəɎ 

(mental) ɛɞɜŰɏɚŬ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ ůŰɞɜ  əŬɘɟɧ ɛɘŬɠ 

ˊŮɟɘɞɢɐɠ. ȺɑɜŬɘ ŬɡŰɞɜɧɖŰɞ ɧŰɘ ɖ ŭɘŬɘůɗɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ ůŰɖɜ ˊɟɧɔɜɤůɖ Űɞɡ əŬɘɟɞɨ 

ɞŭɖɔŮɑ ɞɟɘůɛɏɜŮɠ űɞɟɏɠ ůŮ ŬˊɞŰɡɢɑŮɠ. Ʉɞɚɚɞɑ ɀŮŰŮɤɟɞɚɧɔɞɘ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ Űɞɡɠ 

ŭɞɡɚŮɘɎ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɏɜŬ ɛŮɑɔɛŬ ɔɜɤůŰɘəɩɜ əŬɘ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ.  

 

 
         Ɇɉȼɀȷ 5. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞɡɠ ɀŮŰŮɤɟɞɚɧɔɞɡɠï ɄɟɞɔɜɩůŰŮɠ ůŰɖ ɚɐɣɖ 

Űɤɜ ŬˊɞűɎůŮɩɜ Űɞɡɠ. 
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3. ȺȾɇȽɀȼɆȼ ɇɃɈ ɀȺȿȿɃɁɇȽȾɃɈ ɅɃȿɃɈ ɇɋɁ MȺɇȺɋɅɃȿɃũɋɁ - 

ɄɅɃũɁɋɆɇɋɁ 
 

      ɆŮ ɛɘŬ Ůˊɞɢɐ ˊɞɡ ŰŬ ˊɡəɜɞɨ ˊɚɏɔɛŬŰɞɠ ɛɞɜŰɏɚŬ ˊɟɞůɞɛɞɘɩɜɞɡɜ ɧɚɞ əŬɘ ˊɘɞ 

ɟŮŬɚɘůŰɘəɎ  Űɘɠ ɛɏůɖɠ əɚɑɛŬəŬɠ ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ əŬɘ ɛŮ ŰŬ ɛɏůɖɠ əɚɑɛŬəŬɠ 

ůɡůŰɐɛŬŰŬ ˊɟɞɔɜɩůŮɤɜ ˊɞɚɚŬˊɚɞɨ ŭŮɑɔɛŬŰɞɠ ˊŬɟɎɔɞɜŰŬɘ ůŰŬɗŮɟɎ ɓŮɚŰɘɞɨɛŮɜŮɠ 

ˊɘɗŬɜɞɚɞɔɘəɏɠ Űɞˊɘəɏɠ ˊɟɞɔɜɩůŮɘɠ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɞɘ ɀŮŰŮɤɟɞɚɧɔɞɘïɄɟɞɔɜɩůŰŮɠ ɜŬ ɛɖ 

ɛˊɞɟɞɨɜ ɔɘŬ ˊɞɚɨ Ŭəɧɛɖ ɜŬ çɜɘəɞɨɜè Űɘɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ˊɟɞɔɜɩůŮɘɠ. ɋůŰɧůɞ, ɗŬ ŮɑɜŬɘ 

əŬɘ ůŰɞ ɛɏɚɚɞɜ ŬɜŬɜŰɘəŬŰɎůŰŬŰɞɘ ůŮ ɧŰɘ ŬűɞɟɎ Űɖɜ ŮˊŬɔɟɨˊɜɖůɖ ɔɘŬ Űɖɜ  ɏəŭɞůɖ 

ˊɟɞŮɘŭɞˊɞɘɐůŮɤɜ əŬɘ Űɖɜ ˊŬɟɞɢɐ ŮɝɖɔɐůŮɤɜ əŬɘ ŮɟɛɖɜŮɘɩɜ Űɤɜ ɜŰŮŰŮɟɛɘɜɘůŰɘəɩɜ əŬɘ 

ˊɘɗŬɜɞɚɞɔɘəɩɜ ˊɟɞɔɜɩůŮɤɜ ˊɞɡ ɗŬ ˊŬɟɎɔɞɜŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ ŰŬ ůɡůŰɐɛŬŰŬ 

ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ (Mass E. C., 2006 ; Gaia M. and Fontannaz, L., 2008). 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɛŮɚɚɞɜŰɘəɧɠ ɟɧɚɞɠ ɔɘŬ Űɞɡɠ ɄɟɞɔɜɩůŰŮɠ ɗŬ ɡˊɎɟɝŮɘ, ŬɚɚɎ 

ɗŮɤɟŮɑŰŬɘ ůɢŮŭɧɜ ɓɏɓŬɘɞ ɧŰɘ ɞ ˊŬɟŬŭɞůɘŬəɧɠ Űɞɡɠ ɟɧɚɞɠ ɗŬ ŬɚɚɎɝŮɘ ˊɟɞůŬɟɛɞɕɧɛŮɜɞɠ 

ůŰŬ ɜɏŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ əɡɟɑɤɠ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɛɞɜŰɏɚɤɜ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ əŬɘ ɖ ůɡɜŮɢɩɠ 

ŬɡɝŬɜɧɛŮɜɖ ŬɜɎɔəɖ ɏəŭɞůɖɠ ɛŮɔɎɚɞɡ ɧɔəɞɡ ˊɟɞɔɜɩůŮɤɜ əŬɘ ˊɟɞŮɘŭɞˊɞɘɐůŮɤɜ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Űɤɜ ˊɞɚɡˊɞɑəɘɚɤɜ ŬɜŬɔəɩɜ Űɤɜ ɢɟɖůŰɩɜ.  

       ȹŮɜ ɡˊɎɟɢŮɘ Ůˊɑůɖɠ ŬɛűɘɓɞɚɑŬ ɧŰɘ ɞ ɀŮŰŮɤɟɞɚɧɔɞɠïɄɟɞɔɜɩůŰɖɠ Űɞɡ ɛɏɚɚɞɜŰɞɠ 

ɗŬ ɏɢŮɘ ɚɘɔɧŰŮɟŮɠ ŮɡəŬɘɟɑŮɠ ɜŬ ˊŬɟŮɛɓŬɑɜŮɘ əŬɘ ɜŬ ŭɘɞɟɗɩɜŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ɛɞɜŰɏɚɤɜ. ɆŮ ŬɡŰɏɠ Űɘɠ ɚɑɔŮɠ, ŬɚɚɎ ɞɟɘůɛɏɜŮɠ űɞɟɏɠ əɟɑůɘɛŮɠ ˊŮɟɘˊŰɩůŮɘɠ,  ɔɘŬ ɜŬ ŮɑɜŬɘ 

ůŮ ɗɏůɖ ɜŬ ˊɟɞůɗɏŰŮɘ ŬɝɑŬ ůŰɘɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ˊɟɞɔɜɩůŮɘɠ Űɤɜ ɛɞɜŰɏɚɤɜ ŬˊŬɘŰɞɨɜŰŬɘ 

ŮɟɔŬɚŮɑŬ əŬŰŬɚɚɖɚɧŰŮɟŬ Ŭˊɧ ŰŬ ůɖɛŮɟɘɜɎ, əŬɚɨŰŮɟɖ ŮəˊŬɑŭŮɡůɖ əŬɘ ŮɝɎůəɖůɖ əŬɘ 

ŬˊɞŭɞŰɘəɧŰŮɟɞɘ  Űɟɧˊɞɘ ŮˊŬɚɐɗŮɡůɖɠ Űɤɜ ˊɟɞɔɜɩůŮɤɜ ˊɟɞɠ ɧűŮɚɧɠ Űɞɡ. ɄɏɟŬɜ Űɤɜ 

ɧůɤɜ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ, ɞ ɀŮŰŮɤɟɞɚɧɔɞɠïɄɟɞɔɜɩůŰɖɠ  Űɧůɞ Űɞɡ ůɐɛŮɟŬ ɧůɞ 

əŬɘ Űɞɡ Ŭɨɟɘɞ ɔɘŬ ɜŬ ˊŮŰɡɢŬɑɜŮɘ Űɞɡɠ ůŰɧɢɞɡɠ Űɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ əŬɚɧɠ. ɇɞ ɛŮɔɎɚɞ 

ŮɜŭɘŬűɏɟɞɜ əŬɘ Űɞ ˊɎɗɞɠ ɔɘŬ Űɖ ɀŮŰŮɤɟɞɚɞɔɑŬ ŮɑɜŬɘ ŭɘŬɢɟɞɜɘəɎ ɛɑŬ ůɖɛŬɜŰɘəɐ ˊɖɔɐ 

əɘɜɐŰɟɞɡ ɔɘŬ ɜŬ ɔɑɜŮɘ əɎˊɞɘɞɠ əŬɚɧɠ ɄɟɞɔɜɩůŰɖɠ. ȼ ɎɟɘůŰɖ ŮˊɘəɞɘɜɤɜɑŬ əŬɘ ɖ 

ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞɡɠ ůɡɜŬŭɏɚűɞɡɠ,  ɖ ŬɜŰɞɢɐ ůŰɖɜ əɟɘŰɘəɐ əŬɘ Űɘɠ ŭɘŬűɤɜɑŮɠ, ɖ Ŭˊɞŭɞɢɐ 

Űɤɜ Ůɡɗɡɜɩɜ ɧŰŬɜ ɔɑɜɞɜŰŬɘ ɚɎɗɖ ɐ ˊŬɟŬɚŮɑɣŮɘɠ, ɖ Ŭˊɞəɧɛɘůɖ  ŭɘŭŬɔɛɎŰɤɜ Ŭˊɧ ŰŬ ɚɎɗɖ 

əŬɘ ɖ ɕɤɜŰɎɜɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊɞɚɨɤɟɤɜ 

əɞˊɘŬůŰɘəɩɜ ɓŬɟŭɘɩɜ ůɡɛˊɚɖɟɩɜɞɡɜ Űɖɜ ɘŭŬɜɘəɐ ŮɘəɧɜŬ Űɞɡ ɄɟɞɔɜɩůŰɖ ˊɞɡ ŮɑɜŬɘ 

ɕɖŰɞɨɛŮɜɞ ůŮ ɧɚŬ  ŰŬ ɀŮŰŮɤɟɞɚɞɔɘəɎ ȾɏɜŰɟŬ Űɞɡ ˊɚŬɜɐŰɖ.  

 

 

4. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

       ȷɜ ɞɘ ɀŮŰŮɤɟɞɚɧɔɞɘ-ɄɟɞɔɜɩůŰŮɠ ɗɏɚɞɡɜ əŬɘ Űɖ ɜɏŬ Ůˊɞɢɐ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ 

ˊɟɞůɗɏŰɞɡɜ ŬɝɑŬ ůŰɘɠ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŮɠ ŬɜŰɘəŮɘɛŮɜɘəɏɠ ˊɟɞɔɜɩůŮɘɠ Űɤɜ ɛɞɜŰɏɚɤɜ, ɛŮ 

ɎɚɚŬ ɚɧɔɘŬ ɜŬ  əŬɚɨˊŰɞɡɜ Űɞ çˊɟɞɔɜɤůŰɘəɧ ɏɚɚŮɘɛɛŬè ˊɞɡ ˊɎɜŰŬ ɗŬ ŭɖɛɘɞɡɟɔɞɨɜ ɞɘ 

ŬŰɏɚŮɘŮɠ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ, ŬɡŰɧ ɛˊɞɟɞɨɜ ɜŬ Űɞ ŮˊɘŰɨɢɞɡɜ ɛɧɜɞ ɛŮ Űɖ 

ɓŬɗɘɎ ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩůɖ əŬɘ Űɖɜ ŮɛˊŮɘɟɑŬ. ȼ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ əŬɗɧɚɞɡ 

Ůɨəɞɚɖ, ŬɚɚɎ ŭŮɜ ɡˊɎɟɢŮɘ Ɏɚɚɞɠ ŭɟɧɛɞɠ.  

       ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, ɞɘ ɀŮŰŮɤɟɞɚɞɔɘəɏɠ ɈˊɖɟŮůɑŮɠ ɏɢɞɡɜ ɡˊɞɢɟɏɤůɖ ɜŬ  

ɓɞɖɗɞɨɜ Űɞɡɠ ɄɟɞɔɜɩůŰŮɠ ɛŮ ɧɚŬ ŰŬ ɛɏůŬ. ɆŰɞ əɎŰɤ-əɎŰɤ ɞ ŰɞɛɏŬɠ Űɖɠ ˊɟɧɔɜɤůɖɠ 

ŮɑɜŬɘ ŮəŮɑɜɞɠ ůŰɞɜ ɞˊɞɑɞ əɟɑɜŮŰŬɘ əŬɗɖɛŮɟɘɜɎ Űɞ ɏɟɔɞ Űɞɡɠ. ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɎ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůɚŬɛɓɎɜɞɜŰŬɘ ɞɘ əŬɚɨŰŮɟɞɘ ɄɟɞɔɜɩůŰŮɠ ɛŮ əɟɘŰɐɟɘŬ Űɘɠ ɔɜɩůŮɘɠ, Űɘɠ ŭɡɜŬŰɧŰɖŰɏɠ 

Űɞɡɠ əŬɘ Űɖɜ ŬɔɎˊɖ Űɞɡɠ ɔɘŬ Űɖ ɀŮŰŮɤɟɞɚɞɔɑŬ. ɆŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ ŬɡŰɞɨɠ  ɜŬ 

ˊŬɟɏɢɞɜŰŬɘ: ɖ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ŮəˊŬɑŭŮɡůɖ əŬɘ ŮɝɎůəɖůɖ, əŬɚɏɠ ůɡɜɗɐəŮɠ ŮɟɔŬůɑŬɠ 
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əŬɘ əɑɜɖŰɟŬ. Ⱥˊɘˊɚɏɞɜ ɞɘ ɀŮŰŮɤɟɞɚɞɔɘəɏɠ ɈˊɖɟŮůɑŮɠ  ˊɟɏˊŮɘ ɜŬ əŬŰŬɓɎɚɚɞɡɜ ůɡɜŮɢŮɑɠ 

ˊɟɞůˊɎɗŮɘŮɠ ɩůŰŮ Űɞ ɎɜɞɘɔɛŬ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮŰŬɝɨ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɖɠ 

ɀŮŰŮɤɟɞɚɞɔɑŬɠ əŬɘ Űɖɠ ŮˊɘɢŮɘɟɖůɘŬəɐɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɜŬ ŮɑɜŬɘ Űɞ ɛɘəɟɧŰŮɟɞ 

ŭɡɜŬŰɧ. ɇŬɡŰɧɢɟɞɜŬ ɧɛɤɠ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɏɟŮɡɜŬ ɔɘŬ Űɞ Űɘ ˊɟŬɔɛŬŰɘəɎ ɢɟŮɘɎɕŮŰŬɘ ɖ 

ŮˊɘɢŮɘɟɖůɘŬəɐ ɀŮŰŮɤɟɞɚɞɔɑŬ. ȾɎɗŮ ɜɏɞ ŮɟɔŬɚŮɑɞ ɐ ɛɏůɞ ˊɞɡ ɛˊŬɑɜŮɘ ůŰɘɠ ŬɑɗɞɡůŮɠ 

ˊɟɞɔɜɩůŮɤɜ ŮˊɘɓŬɟɨɜŮɘ Űɖ ŭɞɡɚŮɘɎ Űɤɜ ɀŮŰŮɤɟɞɚɧɔɤɜ ŬˊɞɟɟɞűɩɜŰŬɠ ɛɏɟɞɠ Űɞɡ 

ŭɘŬɗɏůɘɛɞɡ ɢɟɧɜɞɡ Űɞɡɠ əŬɘ ŭŮɜ ůɡɛɓɎɚɚŮɘ ˊɎɜŰɞŰŮ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ 

ˊɟɞɔɜɩůŮɤɜ.  

 

 

 

     ȺɈɉȷɅȽɆɇȽȺɆ 
 

     ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɞɡɠ ůɡɜŬŭɏɚűɞɡɠ ɛɞɡ ɉɟɡůɞɨɚŬ ɄɏŰɟɞɡ, ɄŮŰɟɞɨɚŬ  ȿɞɡəɎ  əŬɘ 

ɄŬɜŬɔɘɩŰɖ ũɘŬɜɜɧˊɞɡɚɞ ˊɞɡ ɛŮ ɓɞɐɗɖůŬɜ ůŰɖɜ Ůəˊɧɜɖůɖ Űɖɠ ɛŮɚɏŰɖɠ ŬɡŰɐɠ. 
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ȾȷȽ Ɇ. ȿɈȾɃɈȹȼɆ  

 
Ⱥɗɜɘəɧ ȷůŰŮɟɞůəɞˊŮɑɞ ȷɗɖɜɩɜ, ȽɜůŰɘŰɞɨŰɞ ɄŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ȸɘɩůɘɛɖɠ ȷɜɎˊŰɡɝɖɠ 

 
ɄȺɅȽȿȼɊȼ 
ɇŬ ŰŮɚŮɡŰŬɑŬ 4 ɏŰɖ Űɞ ȽɜůŰɘŰɞɨŰɞ ȺɟŮɡɜɩɜ ɄŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ȸɘɩůɘɛɖɠ ȷɜɎˊŰɡɝɖɠ Űɞɡ Ⱥɗɜɘəɞɨ 

ȷůŰŮɟɞůəɞˊŮɑɞɡ ȷɗɖɜɩɜ ɏɢŮɘ ˊɟɞɢɤɟɐůŮɘ ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ ŭɘəŰɨɞɡ ŬɡŰɧɛŬŰɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ůŰŬɗɛɩɜ ůŮ ɞɚɧəɚɖɟɖ Űɖ ɢɩɟŬ, ŭɑəŰɡɞ Űɞ ɞˊɞɑɞ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 2010 ˊŮɟɘɚŬɛɓɎɜŮɘ 145 ůŰŬɗɛɞɨɠ. Ƀɘ 

ůŰŬɗɛɞɑ ŬɡŰɞɑ ˊŬɟɏɢɞɡɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ɛɏůɤ Űɞɡ ŭɘŬŭɘəŰɨɞɡ, ɛŮ ɢɟɞɜɘəɧ ɓɐɛŬ 

Űɤɜ 10 ɚŮˊŰɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭɘəŰɨɞɡ, əŬɘ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɩɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, Ůɜɩ ɛɜŮɑŬ ɔɑɜŮŰŬɘ əŬɘ ɔɘŬ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɖ ɞˊɞɑŬ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬɗɩɠ əŬɘ ɔɘŬ Űɞɡɠ Űɟɧˊɞɡɠ ŬɜɎəŰɖůɖɠ ůŰɞɘɢŮɑɤɜ Ŭˊɧ Űɖ ɓɎůɖ ŬɡŰɐ. 
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ABSTRACT 
During the last four years, the Institute for Environmental Research and Sustainable Development of 

the National Observatory of Athens has deployed and operates a network of automated weather stations 

across Greece. At the beginning of 2010, 145 weather stations are operating, providing real-time data on 

the basic meteorological parameters at 10-min interval. This presentation provides information about this 

network, including real-time applications of the collected data as well as information on the station 

database and how this is accessible to the interested users. 

 
 

1. ȺȽɆȷũɋũȼ 
 

ȼ əŬŰŬɔɟŬűɐ Űɤɜ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ ůŮ ɛɘŬ ɢɩɟŬ ˊɟɏˊŮɘ ɜŬ ŬˊɞŰŮɚŮɑ ɎɛŮůɖ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ űɞɟɏɤɜ əŬɘ ɞɟɔŬɜɘůɛɩɜ ɞɘ ɞˊɞɑɞɘ ŮɛˊɚɏəɞɜŰŬɘ 

ŮˊɘɢŮɘɟɖůɘŬəɎ ɐ/əŬɘ ŮɟŮɡɜɖŰɘəɎ ɛŮ Űɖ ɛŮɚɏŰɖ Űɞɡ əŬɘɟɞɨ əŬɘ Űɞɡ əɚɑɛŬŰɞɠ. 

ɇŬɡŰɧɢɟɞɜŬ, ŮˊŮɘŭɐ ɖ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɘɠ ŰɟɏɢɞɡůŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ŮɜŭɘŬűɏɟŮɘ 

ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɞɚɘŰɩɜ əŬɘ űɞɟɏɤɜ (ɔɘŬ ɡˊɞůŰɐɟɘɝɖ ˊɚɐɗɞɡɠ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ), ŬɡŰɐ 

ˊɟɏˊŮɘ ɜŬ ŭɑɜŮŰŬɘ ɛŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ŮɡəɞɚɧŰŮɟɞ Űɟɧˊɞ əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, Ůɜɩ ɖ 

ŬɜɎəŰɖůɖ ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ůŰŬŰɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ (ɖɛŮɟɐůɘɤɜ əŬɘ ɛɖɜɘŬɑɤɜ 

Űɘɛɩɜ) ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɎɛŮůŬ əŬɘ ɧˊɞɡ ŬɡŰɧ ŮɑɜŬɘ ŭɡɜŬŰɧ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŬ 

ɛɏůɤ Űɞɡ ŭɘŬŭɘəŰɨɞɡ. ũɘŬ Űɞɡɠ ɚɧɔɞɡɠ ŬɡŰɞɨɠ, Űɞ ȽɜůŰɘŰɞɨŰɞ ȺɟŮɡɜɩɜ ɄŮɟɘɓɎɚɚɞɜŰɞɠ 

əŬɘ ȸɘɩůɘɛɖɠ ȷɜɎˊŰɡɝɖɠ Űɞɡ Ⱥɗɜɘəɞɨ ȷůŰŮɟɞůəɞˊŮɑɞɡ ȷɗɖɜɩɜ ɝŮəɑɜɖůŮ Űɞ 2006 Űɖɜ 

ˊɟɞůˊɎɗŮɘŬ ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ ŭɘəŰɨɞɡ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ, ɞɘ ɞˊɞɑɞɘ ɗŬ 

əɎɚɡˊŰŬɜ əŬŰɎ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůɖɛŮɑŬ Űɖɠ ɢɩɟŬɠ ɛŬɠ ŰŬ ɞˊɞɑŬ ŭŮɜ ŭɘɏɗŮŰŬɜ ɛɏɢɟɘ 

ůɐɛŮɟŬ əŬɛɛɑŬ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɛɏŰɟɖůɖ. ɇŬɡŰɧɢɟɞɜŬ Űɞ ŭɑəŰɡɞ ůɢŮŭɘɎůŰɖəŮ əŬɘ 

ŬɜŬˊŰɨůůŮŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɞɘ ŮˊɘɚŮɔɛɏɜŮɠ ɗɏůŮɘɠ ɜŬ ŮˊɘŰɟɏˊɞɡɜ Űɖ ůɨɜŭŮůɖ 

Űɤɜ ůŰŬɗɛɩɜ ɛŮ Űɞ ŭɘŬŭɑəŰɡɞ, ɩůŰŮ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɘɠ ŰɟɏɢɞɡůŮɠ əŬɘɟɘəɏɠ 
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ůɡɜɗɐəŮɠ ɜŬ ŭɑɜɞɜŰŬɘ ůŰɞ Ůɡɟɨ əɞɘɜɧ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, Ůɜɩ ůɢŮŭɘɎůŰɖəŮ əŬɘ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ɞˊɞɑŬ ůɡɚɚɏɔɞɜŰŬɘ əŬɘ ŬɟɢŮɘɞɗŮŰɞɨɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ ůŰŬɗɛɩɜ əŬɘ 

ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ŰŬ ɘůŰɞɟɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ůŰŬɗɛɩɜ Űɞɡ ŭɘəŰɨɞɡ ˊŬɟɏɢɞɜŰŬɘ ŮɚŮɨɗŮɟŬ 

ůŰɞɡɠ ŮɜŭɘŬűŮɟɧɛŮɜɞɡɠ. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ ŭɑɜɞɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ŭɑəŰɡɞ əŬɘ 

Űɞɡɠ ůŰŬɗɛɞɨɠ ˊɞɡ Űɞ ŬˊɞŰŮɚɞɨɜ, Űɖ ɔŮɤɔɟŬűɘəɐ Űɞɡɠ əŬŰŬɜɞɛɐ Ůɜɩ ŭɑɜɞɜŰŬɘ əŬɘ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɞɡɠ əŬɘ ɔɘŬ Űɞɜ Űɟɧˊɞ 

ŬɜɎəŰɖůɖɠ Űɤɜ ɘůŰɞɟɘəɩɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ůŰŬɗɛɩɜ. 
 

 

2. ɇɃ ȹȽȾɇɈɃ ï ũȺɋũɅȷūȽȾȼ ȾȷɇȷɁɃɀȼ ȾȷȽ ɇȺɉɁȽȾȷ ɉȷɅȷȾɇȼɅȽɆɇȽȾȷ 

ɆɇȷŪɀɋɁ 
 

ɇɞ ɆɢɐɛŬ 1 ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ůŰŬɗɛɩɜ, ɧˊɤɠ ŬɡŰɐ ɘůɢɨŮɘ 

Űɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2010. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 145 ůŰŬɗɛɞɨɠ ɞɘ ɞˊɞɑɞɘ əŬɚɨˊŰɞɡɜ ɧɚŬ ŰŬ 

ɔŮɤɔɟŬűɘəɎ ŭɘŬɛŮɟɑůɛŬŰŬ Űɖɠ ɢɩɟŬɠ. ȷˊɧ ŬɡŰɞɨɠ Űɞɡɠ ůŰŬɗɛɞɨɠ: 

 

¶ ɞɘ 19 ɓɟɑůəɞɜŰŬɘ ůŮ ɡɣɧɛŮŰɟɞ ɛŮɔŬɚɨŰŮɟɞ Űɤɜ 1000 m, 

¶ ɞɘ 90 ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞ ɏŭŬűɞɠ, ůŮ ɛŮɔɎɚɖ ˊɚŮɘɞɣɖűɑŬ ˊɎɜɤ ůŮ ɘůŰɞɨɠ 

5 ɛɏŰɟɤɜ,  

¶ ɞɘ 45 ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ůŮ ɞɟɞűɏɠ əŰɖɟɑɤɜ. 

 

Ƀ Űɨˊɞɠ Űɤɜ ůŰŬɗɛɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ Davis Vantage Pro 2 əŬɘ 

ɛŮŰɟɞɨɜ: ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ, ɗŮɟɛɞəɟŬůɑŬ, ůɢŮŰɘəɐ ɡɔɟŬůɑŬ, ɓɟɞɢɧˊŰɤůɖ, ŭɘŮɨɗɡɜůɖ 

əŬɘ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. ȷˊɧ Űɞɡɠ 145 ůŰŬɗɛɞɨɠ, 15 ŭɘŬɗɏŰɞɡɜ Ůˊɘˊɚɏɞɜ ŬɘůɗɖŰɐɟŮɠ 

ɞɚɘəɐɠ əŬɘ ɡˊŮɟɘɩŭɞɡɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. Ƀ ɄɑɜŬəŬɠ 1 ŭɑɜŮɘ ŰŬ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɘůɗɖŰɐɟɤɜ Űɤɜ ůŰŬɗɛɩɜ. 

 

ȼ əŬŰŬɔɟŬűɐ Űɤɜ ɛŮŰɟɐůŮɤɜ ůŰɖ ůɡɜŰɟɘˊŰɘəɐ Űɞɡɠ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ůŰŬɗɛɩɜ 

ɔɑɜŮŰŬɘ ɛŮ ɓɐɛŬ 10 ɚŮˊŰɩɜ əŬɘ ɛŮ ŬɡŰɧ Űɞ ɓɐɛŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ ůŰɖ ɓɎůɖ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŭɑɜɞɜŰŬɘ ɛɏůɤ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ 

www.meteo.gr əŬɘ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ ɏɢŮɘ ŭɘŬɛɞɟűɤɗŮɑ ůɢŮŰɘəɐ ɘůŰɞůŮɚɑŭŬ ɖ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ɛŮŰɟɐůŮɘɠ, ŭɘŬɔɟɎɛɛŬŰŬ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ 24ɩɟɞɡ əŬɗɩɠ əŬɘ 

ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ ɛɖɜɩɜ. Ⱥˊɘˊɚɏɞɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘɎűɞɟŮɠ 

ɡˊɞɚɞɔɘɕɧɛŮɜŮɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ (ɗŮɟɛɞəɟŬůɑŬ ŭɟɧůɞɡ, ɟɡɗɛɧɠ 

ɓɟɞɢɧˊŰɤůɖɠ) əŬɘ ŭŮɑəŰŮɠ ɗŮɟɛɘəɐɠ ɎɜŮůɖɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ŭɘŮɡəɧɚɡɜůɖ Űɞɡ 

əɞɘɜɞɨ ůŰɞ ɜŬ ŬˊɞŰɘɛɐůŮɘ Űɘɠ ŰɟɏɢɞɡůŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ůŮ ůɢɏůɖ ɛŮ ŭɘɎűɞɟŮɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ. ȺɜŬ ˊŬɟɎŭŮɘɔɛŬ ɘůŰɞůŮɚɑŭŬɠ ŭɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.  
 

ɄȽɁȷȾȷɆ 1. ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬɡŰɧɛŬŰɤɜ ůŰŬɗɛɩɜ Űɞɡ ŭɘəŰɨɞɡ Űɞɡ Ⱥȷȷ (Davis 

Instruments, 2010). 

ɄŬɟɎɛŮŰɟɞɠ Ⱥɑŭɞɠ ŬɘůɗɖŰɐɟŬ Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ ȹɘŬəɟɘŰɘəɐ 

ɘəŬɜɧŰɖŰŬ 

ȷəɟɑɓŮɘŬ ȷˊɧəɟɘůɖ 

ŪŮɟɛɞəɟŬůɑŬ ȼɚŮəŰɟɞɜɘəɧɠ-

ŭɑɞŭɞɠ ˊɡɟɘŰɑɞɡ 

PN 

-40 ɏɤɠ +65ÁC 0.1ÁC, -23.3 

ɏɤɠ +37.8ÁC 

0.2ÁC Ŭɚɚɘɩɠ 

Ñ0.3ÁC, +15.6 ɏɤɠ 

+37.8ÁC 

Ñ1.7ÁC, -40ÁC 

Ñ1.1ÁC, +65ÁC 

10 ɏɤɠ 12 s 

ɈɔɟŬůɑŬ ȼɚŮəŰɟɞɜɘəɧɠ-

ˊɡəɜɤŰɐɠ űɘɚɛ 

0 ɏɤɠ 100 % 1% Ñ3%, 0 ɏɤɠ 90% 

Ñ4%, 90 ɏɤɠ 100% 

50 ɏɤɠ 60 sec 

ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ȷɜŮɛɞŭŮɑəŰɖɠ -

ɄɞŰŮɜůɘɧɛŮŰɟɞ 

0 ɏɤɠ 360Á 1Á Ñ3Á 2.5 ɏɤɠ 3 s 

http://www.meteo.gr/
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ɇŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ȾɡˊŮɚɚɞűɧɟɞ ɛŮ 

ɛŬɔɜɖŰɘəɧ 

ŭɘŬəɧˊŰɖ 

1 ɏɤɠ 67 m/s, 3 ɏɤɠ 

241 km/h (ɛŮɔɎɚŬ 

əɨˊŮɚɚŬ) 

1.5 ɏɤɠ 79 m/s, 5 ɏɤɠ 

282 km/h (ɛɘəɟɎ 

əɨˊŮɚɚŬ) 

1 km/h, 0.5 

m/s 

Ñmax(5%, 3 km/h/1 

m/s)  (ɛŮɔɎɚŬ 

əɨˊŮɚɚŬ) 

Ñmax(5%, 5 km/h/1.5 

m/s) (ɛɘəɟɎ əɨˊŮɚɚŬ) 

 

2.5 ɏɤɠ 3 s 

ȸɟɞɢɧˊŰɤůɖ ȷɜŬŰɟŮˊɧɛŮɜɞɡ 

ŭɞɢŮɑɞɡ 

(0 ɏɤɠ 100mm/hr) 0.2 mm Ñmax(3%, 0.2mm), 

ɏɤɠ 50 mm/hr 

Ñmax(3%, 0.25 mm), 

Ŭɚɚɘɩɠ 

20 ɏɤɠ 24 sec 

ȷŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ ȼɚŮəŰɟɞɜɘəɧɠ 540 ɏɤɠ 1100 hPa 0.1 hPa Ñ1.0 hPa 60s 

ȼɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ ūɤŰɞŭɑɞŭɞɠ 

ˊɡɟɘŰɑɞɡ ɛŮ 

ŭɘŬɢɨŰɖ (400-

1100nm) 

0 ɏɤɠ 1800 Wm
-2
\ 1 Wm

-2
\ Ñ5% 50 ɏɤɠ 60 s 

 
Ɇɉȼɀȷ 1. ũŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɞɡ ŭɘəŰɨɞɡ Űɤɜ 145 ŬɡŰɧɛŬŰɤɜ ůŰŬɗɛɩɜ Űɞɡ Ⱥȷȷ. 
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Ɇɉȼɀȷ 2. ɄŬɟɎŭŮɘɔɛŬ ɘůŰɞůŮɚɑŭŬɠ ůŰŬɗɛɞɨ: ůŰɞ ŬɟɘůŰŮɟɧ ɛɏɟɞɠ ŭɑɜɞɜŰŬɘ ɞɘ ˊɘɞ ˊɟɧůűŬŰŮɠ 

ɛŮŰɟɐůŮɘɠ əŬɘ ŭŮɝɘɎ ɞɘ əŬŰŬɔɟŬűɏɠ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ 24ɤɟɞɡ ůŮ ɛɞɟűɐ ŭɘŬɔɟɎɛɛŬŰɞɠ. 

 

 

3. ȺūȷɅɀɃũȺɆ 
 

3.1 ȹɖɛɘɞɡɟɔɑŬ ɢŬɟŰɩɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ 
 

ȼ ˊŬɟɞɢɐ Űɤɜ ɛŮŰɟɐůŮɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɢŬɟŰɩɜ 

ɗŮɟɛɞəɟŬůɑŬɠ, ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ əŬɘ ɓɟɞɢɧˊŰɤůɖɠ ɞɘ ɞˊɞɑɞɘ əŬɚɨˊŰɞɡɜ ɞɚɧəɚɖɟɖ Űɖ 

ɢɩɟŬ. Ƀɘ ɢɎɟŰŮɠ ŬɡŰɞɑ, ˊŬɟɎɔɞɜŰŬɘ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŬ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ GrADS əŬɘ 

ˊŬɟɏɢɞɜŰŬɘ ŮɚŮɨɗŮɟŬ əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɛɏůɤ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ 

http://www.noa.gr/forecast/observations_NOA/observations.htm. ȺɜŬ ˊŬɟɎŭŮɘɔɛŬ 

ŭɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3 ɧˊɞɡ ɞɘ ŭɘŬŭɞɢɘəɞɑ ɢɎɟŰŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əɎɗŮ ɩɟŬ 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ Ůɝɏɚɘɝɖɠ ɛɘŬɠ əŬəɞəŬɘɟɑŬɠ. ɄŬɟɧɛɞɘɞɘ ɢɎɟŰŮɠ 

ˊŬɟɏɢɞɜŰŬɘ ɔɘŬ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ, Űɖɜ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ əŬɘ ɔɘŬ Űɞ ŭŮɑəŰɖ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ŮɝɎˊɚɤůɖɠ ŭŬůɘəɩɜ ˊɡɟəŬɔɘɩɜ. 

 

  

http://www.noa.gr/forecast/observations_NOA/observations.htm
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Ɇɉȼɀȷ 3. ȾŬŰŬɔɟŬűɐ ɓɟɞɢɞˊŰɩůŮɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɔɘŬ Űɖɜ 7
ɖ
 ūŮɓɟɞɡŬɟɑɞɡ 2010. ũɘŬ 

Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɢŬɟŰɩɜ ŬɡŰɩɜ ŮəŰɧɠ Űɤɜ 145 ůŰŬɗɛɩɜ Űɞɡ Ⱥȷȷ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ 

ŮˊɘɚŮɔɛɏɜɞɘ ůŰŬɗɛɞɑ ŮɟŬůɘŰŮɢɜɩɜ ɛŮŰŮɤɟɞɚɧɔɤɜ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ Űɞ Ⱥȷȷ ŭŮɜ ŭɘŬɗɏŰŮɘ ŬəɧɛŬ 

ůŰŬɗɛɞɨɠ. 

 

3.2 ɀɖɜɘŬɑŮɠ əŬŰŬɔɟŬűɏɠ 
 

Ƀɘ ɛɖɜɘŬɑŮɠ əŬŰŬɔɟŬűɏɠ Űɤɜ ůŰŬɗɛɩɜ Űɞɡ ŭɘəŰɨɞɡ (ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ 

ɗŮɟɛɞəɟŬůɑŬ ɛɐɜŬ, ɛɖɜɘŬɑɞ ɨɣɞɠ ɓɟɞɢɐɠ) ŭɑɜɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ůŰŬ ɛɖɜɘŬɑŬ ŭŮɚŰɑŬ 

Űɞɡ Ⱥȷȷ ŰŬ ɞˊɞɑŬ ˊŬɟɏɢɞɜŰŬɘ ɛɏůɤ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ: 

http://www.noa.gr/forecast/bolam/bulletins.htm. 

 

 

4. ɄȷɅɃɉȼ ȽɆɇɃɅȽȾɋɁ ȹȺȹɃɀȺɁɋɁ ɇɋɁ ɆɇȷŪɀɋɁ 
 

ɀŮ ůəɞˊɧ Űɖɜ ŮɡəɞɚɧŰŮɟɖ ˊɟɧůɓŬůɖ Űɤɜ ŮɜŭɘŬűŮɟɞɛɏɜɤɜ ůŰŬ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ 

Űɤɜ ůŰŬɗɛɩɜ, ŬɜŬˊŰɨɢɗɖəŮ Ůɘŭɘəɐ ɡˊɞůŮɚɑŭŬ ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ. 

ɇɞ ɆɢɐɛŬ 4 ŭɑɜŮɘ Űɖɜ ˊɟɩŰɖ ůŮɚɑŭŬ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɀɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ ŬɡŰɐɠ ɞ 

ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ Űɖɜ ˊŮɟɘɞɢɐ əŬɘ Űɞɜ ůŰŬɗɛɧ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɜŬ ŮɜɖɛŮɟɤɗŮɑ 

ɔɘŬ Űɖɜ Ŭəɟɘɓɐ ɗɏůɖ Űɞɡ ůŰŬɗɛɞɨ, ɔɘŬ Űɡɢɧɜ ˊɟɞɓɚɐɛŬŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɡ ɏɢɞɡɜ 

ŮɛűŬɜɘůŰŮɑ əŬɘ űɡůɘəɎ ɜŬ ɕɖŰɐůŮɘ əŬɘ ɜŬ ɚɎɓŮɘ ŭŮŭɞɛɏɜŬ ůŮ ɖɛŮɟɐůɘŬ ɓɎůɖ ɔɘŬ ɧɚɖ 

Űɖɜ ˊŮɟɑɞŭɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůŰŬɗɛɞɨ. ɇŬ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ˊŬɟɏɢɞɜŰŬɘ ŬɡŰɧɛŬŰŬ 

ɛɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: ɛɏůɖ, ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ 

ɖɛɏɟŬɠ, ɖɛŮɟɐůɘŬ ɓɟɞɢɧˊŰɤůɖ, ɛɏůɖ əŬɘ ɛɏɔɘůŰɖ ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ŮˊɘəɟŬŰɞɨůŬ 

ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ. ɀɏůɤ ŬɑŰɖůɖɠ ɞ ŮɜŭɘŬűŮɟɧɛŮɜɞɠ ɛˊɞɟŮɑ ɜŬ ɕɖŰɐůŮɘ əŬɘ 

ŭŮŭɞɛɏɜŬ Űɞɡ ůŰŬɗɛɞɨ ɛŮ ɓɐɛŬ 10 ɚŮˊŰɩɜ. ɃɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ ɛɏůɤ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ɏɢɞɡɜ ɡˊɞůŰŮɑ ˊɞɘɞŰɘəɧ ɏɚŮɔɢɞ ɔɘŬ Űɖ ŭɘŬˊɑůŰɤůɖ əŮɜɩɜ ůŰɘɠ ɛŮŰɟɐůŮɘɠ, 

ɚŬɜɗŬůɛɏɜɤɜ əŬŰŬɔɟŬűɩɜ əŬɘ ɞɘ ůɢŮŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ŭɑɜɞɜŰŬɘ ɔɘŬ əɎɗŮ ůŰŬɗɛɧ 

ɝŮɢɤɟɘůŰɎ. 

 

http://www.noa.gr/forecast/bolam/bulletins.htm
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Ɇɉȼɀȷ 4. ȼ ˊɟɩŰɖ ůŮɚɑŭŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ Űɖɜ ŬɜŬɕɐŰɖůɖ ɘůŰɞɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɤɜ 

ůŰŬɗɛɩɜ Űɞɡ ŭɘəŰɨɞɡ (www.meteo.gr/meteosearch) 

 

 

5. ɆɈɀɄȺɅȷɆɀȷɇȷ-ɄɅɃɃɄɇȽȾȺɆ 
 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎůŰɖəŬɜ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ůŰŬɗɛɩɜ 

Űɞɡ ŭɘəŰɨɞɡ Űɞɡ Ⱥȷȷ əŬɗɩɠ əŬɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ ɛŮŰɟɐůŮɘɠ Űɤɜ 

ůŰŬɗɛɩɜ ŬɡŰɩɜ. ɄɏɟŬɜ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ Űɤɜ 

ɛŮŰɟɐůŮɤɜ əŬɘ Űɖɠ ˊŬɟɞɢɐɠ Űɞɡɠ ůŰɞ Ůɡɟɨ əɞɘɜɧ ɛɏůɤ Űɤɜ ɘůŰɞůŮɚɑŭɤɜ Űɞɡ Ⱥȷȷ, ŰŬ 

ůŰɞɘɢŮɑŬ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɐŭɖ ɔɘŬ ˊɚɐɗɞɠ ŮɟŮɡɜɖŰɘəɩɜ ŮɟɔŬůɘɩɜ Űɧůɞ ůŰɖɜ 

ȺɚɚɎŭŬ ɧůɞ əŬɘ ůŰɞ ŮɝɤŰŮɟɘəɧ. 

ȼ ˊɟɞůˊɎɗŮɘŬ ŮˊɏəŰŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ ɗŬ ůɡɜŮɢɘůŰŮɑ əŬɘ ŰŬ ŮˊɧɛŮɜŬ ɏŰɖ ɛŮ ŰŮɚɘəɧ 

ůŰɧɢɞ Űɖɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɔɟŬűɐ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůɡɜɗɖəɩɜ Űɖɠ 

ɢɩɟŬɠ ɛŬɠ. 

 

 

ȺɈɉȷɅȽɆɇȽȺɆ 
 

ȼ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŭɘəŰɨɞɡ ŭŮɜ ɗŬ ɐŰŬɜ ŭɡɜŬŰɐ ɢɤɟɑɠ Űɖ ůɡɜŭɟɞɛɐ əŬɘ Űɖ ɓɞɐɗŮɘŬ 

ˊɞɡ ˊɟɞůűɏɟɞɡɜ ůŰɞ Ⱥȷȷ ŭŮəɎŭŮɠ ŮɟŬůɘŰɏɢɜŮɠ ɛŮŰŮɤɟɞɚɧɔɞɘ əŬɗɩɠ əŬɘ ȹɐɛɞɘ Űɖɠ 

ˊŮɟɘűɏɟŮɘŬɠ ɞɘ ɞˊɞɑɞɘ űɘɚɞɝŮɜɞɨɜ əŬɘ ˊŬɟŬəɞɚɞɡɗɞɨɜ Űɞɡɠ ůŰŬɗɛɞɨɠ, Űɞɡɠ ɞˊɞɑɞɡɠ 

http://www.meteo.gr/meteosearch
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ŮɡɢŬɟɘůŰɞɨɛŮ ɗŮɟɛɎ. Ⱥˊɑůɖɠ ŮɡɢŬɟɘůŰɞɨɛŮ Űɞ ȽŭɟɡɛŬ ɆŰŬɨɟɞɠ ɁɘɎɟɢɞɠ əŬɘ Űɞɜ ɃɄȷɄ 

ȷȺ ɔɘŬ Űɖ ɢɞɟɖɔɑŬ 45 ůŰŬɗɛɩɜ Űɞɡ ŭɘəŰɨɞɡ. 
 

 

ȸȽȸȿȽɃũɅȷūȽȷ 
 
Davis Instruments, 2010. Technical Specifications: Wireless Vantage Pro2Ê & Vantage Pro2Ê Plus 

Stations http://www.davisnet.com/product_documents/weather/spec_sheets/6152-62-53-

63_Spec.pdf. 
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ȸȺȿɇȽɋɆȼ TȼɆ ɄɅɃũɁɋɆȼɆ ȾȷȽɅɃɈ ɇɃɈ ɆɈɆɇȼɀȷɇɃɆ ɄɃɆȺȽȹɋɁ 

ɀȺ ɇȼɁ ȺɄȽɉȺȽɅȼɆȽȷȾȼ ȷūɃɀɃȽɋɆȼ ɇɅȽɆȹȽȷɆɇȷɇɋɁ ȹȺȹɃɀȺɁɋɁ 
 

ȷ. ɄȷɄȷȹɃɄɃɈȿɃɆ
1
, Ʉ. ȾȷɇɆȷūȷȹɃɆ

2
, ȼ. ɀȷɈɅɃɀȷɇȽȹȼɆ

2
, Ⱥ.Ɂ. ȷɁȷũɁɋɆɇɃɈ

1,3
 ȾȷȽ  

Ƚ. ɄɈŪȷɅɃɈȿȼɆ
4
 

 
1
ȽɜůŰɘŰɞɨŰɞ ȺůɤŰŮɟɘəɩɜ ɈŭɎŰɤɜ, Ⱥɚɚɖɜɘəɧ ȾɏɜŰɟɞ ŪŬɚɎůůɘɤɜ ȺɟŮɡɜɩɜ 

2
ɇɛɐɛŬ ũŮɤɔɟŬűɑŬɠ, ɉŬɟɞəɧˊŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

3
ɇɛɐɛŬ ɄŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɀɖɢŬɜɘəɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɞɜɏəŰɘəŬŰ, ȼɄȷ 

4
ɇɞɛɏŬɠ ɀŮŰŮɤɟɞɚɞɔɑŬ-ȾɚɘɛŬŰɞɚɞɔɑŬɠ, ɇɛɐɛŬ ũŮɤɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮů/ɜɑəɖɠ 

 
ɄȺɅȽȿȼɊȼ 

ɇɞ Ⱥɚɚɖɜɘəɧ ȾɏɜŰɟɞ ŪŬɚŬůůɑɤɜ ȺɟŮɡɜɩɜ (ȺȿȾȺŪȺ) ɚŮɘŰɞɡɟɔŮɑ ŮˊɘɢŮɘɟɖůɘŬəɎ 

Űɞ ůɨůŰɖɛŬ ɄɃɆȺȽȹɋɁ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ˊɟɞɔɜɩůŮɤɜ 

ɔɘŬ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ŪŬɚŬůůɩɜ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŮɟɔŬůɑŬ ŭɘŮɟŮɡɜɎŰŬɘ Ŭɜ ɞɘ ˊɟɞɔɜɩůŮɘɠ əŬɘɟɞɨ ɓŮɚŰɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ ůɡůŰɖɛŬŰɘəɐ 

ŮűŬɟɛɞɔɐ Űɞɡ LAPS. ɇɞ LAPS ŮɑɜŬɘ ůɨůŰɖɛŬ Ŭűɞɛɞɑɤůɖɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊŮŭɑɤɜ ŬɜɎɚɡůɖɠ 15 km ɔɘŬ ɧɚɖ Űɖɜ 

Ⱥɡɟɩˊɖ. Ƀɘ ŭɨɞ ŮˊɘɢŮɘɟɖůɘŬəɞɑ əɨəɚɞɘ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɄɃɆȺȽȹɋɁ, ɖ ɛɑŬ ˊɞɡ ŬɟɢɘəɞˊɞɘŮɑŰŬɘ ɛŮ ŰŬ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ Űɞɡ LAPS əŬɘ ɖ ŭŮɨŰŮɟɖ 

ɛŮ ŰŬ ůɡɛɓŬŰɘəɎ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ GFS, ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ˊŮŭɑŬ 

ŬɜŬűɞɟɎɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ ŮˊɘűŬɜŮɑŬɠ Ŭˊɧ ɧɚɖ Űɖɜ Ⱥɡɟɩˊɖ. 
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ABSTRACT 

The Hellenic Centre for Marine Research (HCMR) operates the POSEIDON 

system to provide advanced measurements and forecasts for the environmental 

conditions of the Greek Seas. This study investigates whether the weather forecasts are 

improved with the operational application of the LAPS. LAPS is the meteorological 

data assimilation system which applied for the production of high resolution analysis 

fields covering Europe. The two operational cycles of POSEIDON weather forecasting 

system, one with the LAPS based initialization and the other with the standard GFS 

initialization, are assessed using as reference fields surface data from weather observing 

stations across Europe. 
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1. ȺȽɆȷũɋũȼ 
 

ɇɞ Ⱥɚɚɖɜɘəɧ ȾɏɜŰɟɞ ŪŬɚŬůůɑɤɜ ȺɟŮɡɜɩɜ (ȺȿȾȺŪȺ) ɚŮɘŰɞɡɟɔŮɑ ŮˊɘɢŮɘɟɖůɘŬəɎ 

Űɞ ůɨůŰɖɛŬ ɄɃɆȺȽȹɋɁ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ˊɟɞɔɜɩůŮɤɜ 

ɔɘŬ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ŪŬɚŬůůɩɜ.  

ȾɨɟɘŬ ůɡɜɘůŰɩůŬ Űɞɡ ɄɃɆȺȽȹɋɁȷ ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ 

(Papadopoulos et al., 2002) Űɞ ɞˊɞɑɞ ˊŬɟɏɢŮɘ ˊɟɞɔɜɤůŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɖɜ 

ŬŰɛɞůűŬɘɟɘəɐ əŬŰɎůŰŬůɖ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ əŬɘ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ 

ŮűŬɟɛɞɔɐ Űɤɜ ɛɞɜŰɏɚɤɜ əɡɛŬŰɘůɛɞɨ, ɗŬɚɎůůɘŬɠ əɡəɚɞűɞɟɑŬɠ əŬɘ ɞɘəɞůɡůŰɐɛŬŰɞɠ. ɇɞ 

ůɨůŰɖɛŬ ŬɜŬˊŰɨɢɗɖəŮ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ɃɛɎŭŬ ȷɟɘɗɛɖŰɘəɩɜ ɀɞɜŰɏɚɤɜ əŬɘ 

Ʉɟɧɔɜɤůɖɠ ȾŬɘɟɞɨ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

çɆɨůŰɖɛŬ əŬŰŬɔɟŬűɐɠ əŬɘ ˊɟɧɔɜɤůɖɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɤɜ Ⱥɚɚɖɜɘəɩɜ ŪŬɚŬůůɩɜ ï 

ɆɨůŰɖɛŬ ɄɃɆȺȽȹɋɁè əŬɘ ɚŮɘŰɞɡɟɔŮɑ ŮˊɘɢŮɘɟɖůɘŬəɎ Ŭˊɧ Űɞ 1999. ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ 

ŭŮəŬŮŰɑŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŮ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ůɢŮŭɘɎůŰɖəŬɜ 

əŬɘ ŮˊɘŰŮɨɢɗɖəŬɜ ŬɟəŮŰɏɠ ɓŮɚŰɘɩůŮɘɠ Űɧůɞ ůŰɖɜ ŮˊɘɢŮɘɟɖůɘŬəɐ Űɞɡ ŮűŬɟɛɞɔɐ ɧůɞ əŬɘ 

ůŰɖ ɓŮɚŰɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ (ˊ.ɢ., Katsafados et al., 2005; Papadopoulos et 

al., 2005). ȼ ůɖɛŬɜŰɘəɧŰŮɟɖ əŬɘ ŮəŰŮɜɏůŰŮɟɖ ŬɜŬɓɎɗɛɘůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ 

ˊɚŬɑůɘɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ çȰɜŬ ůɨůŰɖɛŬ ŭŮɨŰŮɟɖɠ ɔŮɜɘɎɠ ɔɘŬ Űɖ ůɡɜŮɢɐ 

ˊŬɟŬəɞɚɞɨɗɖůɖ əŬɘ ˊɟɧɔɜɤůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖɜ ȷɜŬŰɞɚɘəɐ 

ɀŮůɧɔŮɘɞ ï ɄɃɆȺȽȹɋɁ-2è (2005-2008). Ƀɘ ŮɟɔŬůɑŮɠ ŬɜŬɓɎɗɛɘůɖɠ ŮˊɘəŮɜŰɟɩɗɖəŬɜ 

əɡɟɑɤɠ: (Ŭ) ůŰɖɜ ŮɔəŬŰɎůŰŬůɖ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ ɛɖ ɡŭɟɞůŰŬŰɘəɐɠ ɏəŭɞůɖɠ Űɞɡ 

ŬŰɛɞůűŬɘɟɘəɞɨ ɛɞɜŰɏɚɞɡ SKIRON/Eta (Janjic et al., 2001), (ɓ) ůŰɖɜ ŬɜɎˊŰɡɝɖ 

ůɨɔɢɟɞɜɤɜ ůɢɖɛɎŰɤɜ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ Űɤɜ əɨɟɘɤɜ űɎůŮɤɜ Űɞɡ əɨəɚɞɡ ɕɤɐɠ Űɖɠ 

ŮŭŬűɘəɐɠ ůəɧɜɖɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ˊŬɟŬɔɤɔɐɠ, ŭɘɎɢɡůɖɠ, ɛŮŰŬűɞɟɎɠ 

əŬɘ ŮɜŬˊɧɗŮůɖɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ əŬŰŬɜɞɛɐ ŭɘŬűɞɟŮŰɘəɩɜ ɛŮɔŮɗɩɜ ůɤɛŬŰɘŭɑɤɜ 

ůəɧɜɖɠ (Kallos et al., 2006), (ɔ) ůŰɖɜ ˊɘɞ ɚŮˊŰɞɛŮɟɐ Ůˊɑɚɡůɖ Űɤɜ űɡůɘəɩɜ ŭɘŮɟɔŬůɘɩɜ 

ŮűŬɟɛɧɕɞɜŰŬɠ ˊɟɞɖɔɛɏɜŬ ůɢɐɛŬŰŬ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ əŬɘ (ŭ) ůŰɖɜ ŮűŬɟɛɞɔɐ Ůɜɧɠ 

ŰɟɘůŭɘɎůŰŬŰɞɡ ˊŬəɏŰɞɡ Ŭűɞɛɞɑɤůɖɠ ŭŮŭɞɛɏɜɤɜ, Űɞɡ Local Analysis Prediction System 

(LAPS), ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊŮŭɑɤɜ ŬɜɎɚɡůɖɠ ɡɣɖɚɐɠ ŮɡəɟɑɜŮɘŬɠ. 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ɏɟŮɡɜŬ ɔɘŬ Űɞ Ŭɜ əŬɘ ˊɧůɞ ɏɜŬ 

ůɡůŰɖɛŬŰɘəɧ ůɨůŰɖɛŬ Ŭűɞɛɞɑɤůɖɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ 

Űɘɠ ŮˊɘɢŮɘɟɖůɘŬəɏɠ ˊɟɞɔɜɩůŮɘɠ əŬɘɟɞɨ. ɆŮ ŬɡŰɐɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ŰŬ 

ˊɟɩŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖ ůŰŬŰɘůŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ əŬɘ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ əɨəɚɤɜ Űɖɠ 

ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɄɃɆȺȽȹɋɁ. ɆŰɞɜ ɏɜŬ əɨəɚɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ Ŭɟɢɘəɩɜ ůɡɜɗɖəɩɜ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ ɛɞɜŰɏɚɞɡ ŰŬ ́ŮŭɑŬ 

ŬɜɎɚɡůɖɠ LAPS, Ůɜɩ ůŰɞɜ Ɏɚɚɞ ŰŬ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ˊŬɔəɧůɛɘɞ 

ɛɞɜŰɏɚɞ Global Forecast System (GFS) Űɞɡ National Centers for Environmental 

Prediction (NCEP). 

 

 

2. ȷɅȽŪɀȼɇȽȾȷ ɆɈɆɇȼɀȷɇȷ - ɀȺŪɃȹɃȿɃũȽȷ 
 

2.1 ɇɞ ůɨůŰɖɛŬ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɄɃɆȺȽȹɋɁ 
 

ɇɞ ůɨůŰɖɛŬ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɄɃɆȺȽȹɋɁ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŬɟəŮŰɎ ɛɏɟɖ-

ˊɟɞɔɟɎɛɛŬŰŬ ˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŰɏůůŮɟŮɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ: (Ŭ) Űɖ űɎůɖ Űɖɠ 

ɚɐɣɖɠ əŬɘ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ ŬˊŬɟŬɑŰɖŰɤɜ ŭŮŭɞɛɏɜɤɜ, (ɓ) Űɞ ɛŮŰŮɤɟɞɚɞɔɘəɧ ɛɞɜŰɏɚɞ, 

(ɔ) Űɞ ɛɞɜŰɏɚɞ ˊɟɧɔɜɤůɖɠ Űɞɡ əɨəɚɞɡ Űɖɠ ŮŭŬűɘəɐɠ ůəɧɜɖɠ əŬɘ (ŭ) Űɖ űɎůɖ Űɖɠ 
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ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ. ɇŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ 

ɛɞɜŰɏɚɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ůŮ ˊɚɐɗɞɠ ŭɖɛɞůɘŮɨůŮɤɜ (ˊ.ɢ., Janjic 1984; 

Mesinger et al., 1988; Janjic, 1994; Kallos et al., 1997; Papadopoulos et al., 2002). 

ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ Űɞɡ ɏəŭɞůɖ Űɞ ůɨůŰɖɛŬ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɄɃɆȺȽȹɋɁ-2 

ɚŮɘŰɞɡɟɔŮɑ ŮˊɘɢŮɘɟɖůɘŬəɎ Ŭˊɧ Űɞ Ɂɞɏɛɓɟɘɞ 2007 əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ɛŮ ɞɟɘɕɧɜŰɘŬ 

ŬɜɎɚɡůɖ 1/20Á³1/20Á (~5 km) ůŮ ɛɘŬ ŮəŰŮŰŬɛɏɜɖ ˊŮɟɘɞɢɐ ˊɞɡ əŬɚɨˊŰŮɘ Űɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɧɔŮɘɞɡ, Űɖɠ ɀŬɨɟɖɠ ŪɎɚŬůůŬɠ əŬɘ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ ȸɧɟŮɘŬɠ 

ȷűɟɘəɐɠ əŬɘ Űɖɠ ȷůɑŬɠ (ɆɢɐɛŬ 1). ɆŰɞ əŬŰŬəɧɟɡűɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 50 ŮˊɑˊŮŭŬ ˊɞɡ 

ŮˊŮəŰŮɑɜɞɜŰŬɘ ɛɏɢɟɘ Űɞ ɨɣɞɠ Űɤɜ 25 hPa (~25 km). Ƀ ˊɟɞɔɜɤůŰɘəɧɠ ɞɟɑɕɞɜŰŬɠ ŮɑɜŬɘ 120 

ɩɟŮɠ (5 ɖɛɏɟŮɠ) əŬɘ ɞɘ ɓŬůɘəɞɑ ɢɎɟŰŮɠ əŬɘɟɞɨ ŭɖɛɞůɘŮɨɞɜŰŬɘ əŬɗɖɛŮɟɘɜɎ ůŰɖɜ 

ɘůŰɞůŮɚɑŭŬ www.poseidon.hcmr.gr. 

 

 
 

Ɇɉȼɀȷ 1. ȼ ˊŮɟɘɞɢɐ ŮűŬɟɛɞɔɐɠ Űɞɡ LAPS, Űɞ ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɧɔɜɤůɖɠ 

əŬɘɟɞɨ ɄɃɆȺȽȹɋɁ-2 (ˊŮɟɘɏɢŮŰŬɘ ɛɏůŬ ůŰɞ ˊŮɟɑɔɟŬɛɛŬ), əŬɘ ɞɘ ɗɏůŮɘɠ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ůŰŬɗɛɩɜ ŮˊɘűŬɜŮɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ (əɧəəɘɜŬ ůɖɛŮɑŬ) 

 

2.2 ɇɞ ůɨůŰɖɛŬ LAPS 
 

ɇɞ ůɨůŰɖɛŬ LAPS ŮɑɜŬɘ ɏɜŬ ɛɏůɖɠ əɚɑɛŬəŬɠ ůɨůŰɖɛŬ Ŭűɞɛɞɑɤůɖɠ ŭŮŭɞɛɏɜɤɜ, 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ˊɚɐɗɞɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬŰɖɟɐůŮɤɜ ŮˊɘűŬɜŮɑŬɠ, 

ŬɜɩŰŮɟɖɠ ŬŰɛɧůűŬɘɟŬɠ əŬɘ ŰɖɚŮˊɘůəɧˊɘůɖɠ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŰɟɘůŭɘɎůŰŬŰɤɜ 

ŬŰɛɞůűŬɘɟɘəɩɜ ˊŮŭɑɤɜ ŬɜɎɚɡůɖɠ (Albers 1995). ȳŰŬɜ ɖ ɢɤɟɞɢɟɞɜɘəɐ ŭɘŬɗŮůɘɛɧŰɖŰŬ 

Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ˊɞɡ ŬűɞɛɞɘɩɜɞɜŰŬɘ Ŭˊɧ Űɞ LAPS ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ, ŰɧŰŮ ŰŬ 

ˊŮŭɑŬ ŬɜɎɚɡůɖɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ 

Ŭɟɢɘəɩɜ ůɡɜɗɖəɩɜ ŬŰɛɞůűŬɘɟɘəɩɜ ɛɞɜŰɏɚɤɜ ˊŮɟɘɞɟɘůɛɏɜɖɠ ˊŮɟɘɞɢɐɠ (Hiemstra et al., 

2006). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɜɏɞɡ ůɡůŰɐɛŬŰɞɠ ɄɃɆȺȽȹɋɁ-2, Űɞ LAPS ŮűŬɟɛɧɕŮŰŬɘ ůŮ 

ˊŮɟɘɞɢɐ (ɆɢɐɛŬ 1) ˊɞɡ ɡˊŮɟəŬɚɨˊŰŮɘ ŬɡŰɐɜ ˊɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ Űɞ ŬŰɛɞůűŬɘɟɘəɧ 

ɛɞɜŰɏɚɞ. ɋɠ ˊŮŭɑŬ ɡˊɞɓɎɗɟɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ŬŰɛɞůűŬɘɟɘəɎ ˊŮŭɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ GFS 

əŬɘ ŬűɞɛɞɘɩɜŮɘ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ˊŮɟɑˊɞɡ 15 ɟŬŭɘɞɓɞɚɑůŮɘɠ ŭɨɞ űɞɟɏɠ Űɖɜ ɖɛɏɟŬ 

(ůŰɘɠ 00 əŬɘ 12 UTC), ˊŮɟɑˊɞɡ 40 ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ ůɡɜɞˊŰɘəɞɨɠ ůŰŬɗɛɞɨɠ ŮˊɘűŬɜŮɑŬɠ 

əɎɗŮ ŰɟŮɘɠ ɩɟŮɠ (Ŭˊɧ Űɘɠ 00 ɛɏɢɟɘ 21 UTC) əŬɘ ˊŮɟɑˊɞɡ 650 ɤɟɘŬɑŬ ŭŮɚŰɑɞɡ əŬɘɟɞɨ 

http://www.poseidon.hcmr.gr/
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(METAR). ɀŮ Űɖ ůɡůŰɖɛŬŰɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ LAPS ˊŬɟɎɔɞɜŰŬɘ ɔɘŬ əɎɗŮ ɩɟŬ 

ɛŮŰŮɤɟɞɚɞɔɘəɎ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ ɛŮ ɢɤɟɘəɐ ŮɡəɟɑɜŮɘŬ 15 km. 

 

 

 

2.3 Ƀɘ əɨəɚɞɘ ˊɟɧɔɜɤůɖɠ POSEIDON-GFS əŬɘ POSEIDON-LAPS 
 

Ƀɘ ŭɨɞ ŮˊɘɢŮɘɟɖůɘŬəɞɑ əɨəɚɞɘ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɓŬůɑɕɞɜŰŬɘ ůŰɞ ɑŭɘɞ 

ŬŰɛɞůűŬɘɟɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ ɞɚɞəɚɖɟɩɜŮŰŬɘ ůŰɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ, ɛŮ Űɘɠ ɑŭɘŮɠ 

ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ůŰŬɗŮɟɏɠ (ˊ.ɢ., ɔŮɤɛŮŰɟɑŬ ˊɚɏɔɛŬŰɞɠ, ŰɞˊɞɔɟŬűɑŬ, Űɨˊɞɘ ɓɚɎůŰɖůɖɠ 

əɚˊ). ũɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ˊɟɞɔɜɤůŰɘəɎ 

ˊŮŭɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ GFS ˊɞɡ ŬɜŰɚɞɨɜŰŬɘ əŬɗɖɛŮɟɘɜɎ Ŭˊɧ Űɞ NCEP. Ƀ əŬɗɞɟɘůɛɧɠ Űɤɜ 

Ŭɟɢɘəɩɜ ůɡɜɗɖəɩɜ ŭɘŬűɞɟɞˊɞɘŮɑ Űɞɡɠ ŭɨɞ əɨəɚɞɡɠ. ɆŰɞɜ əɨəɚɞ POSEIDON-GFS ɖ 

Ŭɟɢɘəɞˊɞɑɖůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ ɓŬůɑɕŮŰŬɘ ůŰŬ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ Űɞɡ GFS Űɖɠ 12 UTC ˊɞɡ 

ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɛŮ ŮɡəɟɑɜŮɘŬ ˊŮɟɑˊɞɡ 50 km, Ůɜɩ ůŰɞɜ əɨəɚɞ POSEIDON-LAPS 

ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ Űɞɡ LAPS Űɖɠ 18 UTC ɛŮ ŮɡəɟɑɜŮɘŬ 15 km. ȿɧɔɤ Űɖɠ 

ɡɣɖɚɧŰŮɟɖɠ ŮɡəɟɑɜŮɘŬɠ Űɤɜ ˊŮŭɑɤɜ LAPS ŬɜŬɛɏɜŮŰŬɘ ɞɘ ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ 

ɛɏůɖɠ əɚɑɛŬəŬɠ ɜŬ ŬɜŬˊŬɟɘůŰɩɜŰŬɘ ɛŮ ˊɘɞ ɟŮŬɚɘůŰɘəɧ Űɟɧˊɞ əŬɘ ɜŬ ˊɟɞůűɏɟɞɡɜ 

əŬɚɨŰŮɟɞ ůɖɛŮɑɞ Ůəəɑɜɖůɖɠ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ ɛɞɜŰɏɚɞɡ. ȳɛɤɠ 

ɖ ŭɘŬˊɑůŰɤůɖ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ɛɞɜɞůɐɛŬɜŰŬ ŭŮŭɞɛɏɜɖ. ɇɞ ŬɜŰɑůŰɞɘɢɞ ůɨůŰɖɛŬ 

Ŭűɞɛɞɑɤůɖɠ ŭŮŭɞɛɏɜɤɜ Űɞɡ NCEP (http://www.emc.ncep.noaa.gov/gmb/gdas/) ɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ŮɘůŬɔɤɔɐɠ ɛŮɔŬɚɨŰŮɟɞɡ ˊɚɐɗɞɡɠ əŬɘ ŭɘŬűɞɟŮŰɘəɐɠ űɨůɖɠ ůŰɞɘɢŮɑɤɜ, ɚɧɔɤ 

ˊɟɧůɓŬůɖɠ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ ˊɖɔɏɠ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ Ůɘŭɘəɩɜ ůɡɛɓɎůŮɤɜ, Ůɜɩ Űɞ 

ůɨůŰɖɛŬ ɄɃɆȺȽȹɋɁ ɏɢŮɘ ˊɟɧůɓŬůɖ ɛɧɜɞ ůŰɘɠ ŮɚŮɨɗŮɟŬ ŭɘŬɗɏůɘɛŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ. 

ɆɡɜŮˊɩɠ Űɞ Ůɨɚɞɔɞ ŮɟɩŰɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ŮɎɜ ɖ ŮűŬɟɛɞɔɐ Űɤɜ ˊŮŭɑɤɜ 

ŬɜɎɚɡůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɄɃɆȺȽȹɋɁ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ əŬɚɨŰŮɟŮɠ ɔŮɜɘəɎ 

ˊɟɞɔɜɩůŮɘɠ. ɄɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɧŰɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ əɨəɚɞɡ 

POSEIDON-LAPS ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞɘəɞɜɞɛɑŬ ůŰɖɜ ˊŮɟɑɞŭɞ ˊɟɞůɞɛɞɑɤůɖɠ əŬŰɎ 6 ɩɟŮɠ, 

ɐ ˊŮɟɑˊɞɡ 25 ɚŮˊŰɎ ˊɟŬɔɛŬŰɘəɞɨ ɡˊɞɚɞɔɘůŰɘəɞɨ ɢɟɧɜɞɡ. Ƀ ɢɟɧɜɞɠ ŬɡŰɧɠ ŮɑɜŬɘ 

ˊɞɚɨŰɘɛɞɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ ŰŮɟɎůŰɘŬ ɡˊɞɚɞɔɘůŰɘəɐ ɘůɢɨ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɤɜ ɡˊɧɚɞɘˊɤɜ ŬɟɘɗɛɖŰɘəɩɜ ɛɞɜŰɏɚɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɄɃɆȺȽȹɋɁ. 

ȼ ŬɜɎˊŰɡɝɖ ɛɘŬɠ ɜɏŬɠ ɛŮɗɞŭɞɚɞɔɑŬɠ əŬɘ ɖ ŮɜůɤɛɎŰɤůɖ Űɖɠ ůŮ ɏɜŬɜ ŮˊɘɢŮɘɟɖůɘŬəɧ 

əɨəɚɞ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖ ɓŮɚŰɑɤůɖ Űɤɜ ˊŬɟŮɢɧɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ. 

ȳɛɤɠ Űɞ ˊɞůɞůŰɧ Űɖɠ ɓŮɚŰɑɤůɖɠ ˊɞɡ ŰŮɚɘəɎ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ ˊɟɏˊŮɘ ɜŬ 

ŬɜŰɘůŰŬɗɛɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ, ɛŮ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ Ůˊɘˊɚɏɞɜ ɡˊɞɚɞɔɘůŰɘəɐ 

ɘůɢɨ əŬɗɩɠ əŬɘ ɛŮ Űɞɜ ɧɔəɞ əŬɘ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɜŬ 

ŮˊŮɝŮɟɔŬůŰɞɨɜ. ɀɘŬ ůɡůŰɖɛŬŰɘəɐ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɗŮɤɟŮɑŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ 

ŮɝŬɔɤɔɐ ɢɟɐůɘɛɤɜ ůɡɛˊŮɟŬůɛɎŰɤɜ. 

 

 

3. ɆɇȷɇȽɆɇȽȾȼ ȷɁȷȿɈɆȼ 
 

ɆŰɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ŭɨɞ ˊɚɖɗɡůɛɩɜ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬɟəŮŰɎ 

ɛŮɔɏɗɖ. ȷɡŰɧ, ɧɛɤɠ, ˊɞɡ ŮɜŭɘŬűɏɟŮɘ ůŰɞ ůŰŬŰɘůŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ůɜɧɠ 

ŮˊɘɢŮɘɟɖůɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ ŮɑɜŬɘ ɜŬ ŮɝŬəɟɘɓɤɗŮɑ, Ŭɜ ˊŬɟɞɡůɘɎɕŮɘ 

ůɡůŰɖɛŬŰɘəɐ Ŭˊɧəɚɘůɖ ůŰɖɜ ŮəŰɑɛɖůɖ ɛɘŬɠ ɛŮŰŮɤɟɞɚɞɔɘəɐɠ ɛŮŰŬɓɚɖŰɐɠ əŬɗɩɠ Ůˊɑůɖɠ 

ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ŮəŰɘɛɐůŮɩɜ Űɞɡ ůŮ ůɨɔəɟɘůɖ ɛŮ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰɟɐůŮɘɠ. 

ũɘŬ Űɞɜ ůɡɔəŮəɟɘɛɏɜɞ ůəɞˊɧ ŮˊɘɚɏɢɗɖəŬɜ ůŰŬŰɘůŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

Ůɡɟɏɤɠ ůŮ ŬɝɘɞɚɞɔɐůŮɘɠ Űɖɠ ˊɟɞɔɜɤůŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ɛɞɜŰɏɚɤɜ 
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(Wilks, 1995). ɇŬ ɛŮɔɏɗɖ ŬɡŰɎ ŮɑɜŬɘ: (Ŭ) ɖ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ Űɤɜ 

ŰŮŰɟŬɔɩɜɤɜ Űɤɜ ůűŬɚɛɎŰɤɜ (RMSE) əŬɘ (ɓ) Űɞ ůɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ (BIAS), ˊɞɡ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 
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ɧɞ́ɡ Oi ŮɑɜŬɘ ɖ ɛŮŰɟɞɨɛŮɜɖ Űɘɛɐ ůŰɖ ɗɏůɖ Űɞɡ ůŰŬɗɛɞɨ i əŬɘ Mi ɖ ŬɜŰɑůŰɞɘɢɖ Űɘɛɐ ˊɞɡ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɛŮŰŬɓɚɖŰɐ. ȼ Űɘɛɐ ɀ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ˊŬɟŮɛɓɞɚɐ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ Űɤɜ ŰŮůůɎɟɤɜ ɔŮɘŰɞɜɘəɩɜ 

ůɖɛŮɑɤɜ ˊɚɏɔɛŬŰɞɠ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɞɡ ˊŮɟɘəɚŮɑɞɡɜ Űɖ ɗɏůɖ Űɞɡ ůŰŬɗɛɞɨ ɛɏŰɟɖůɖɠ, 

ŭɑɜɞɜŰŬɠ ˊŮɟɘůůɧŰŮɟɖ ɓŬɟɨŰɖŰŬ ůŰŬ əɞɜŰɘɜɧŰŮɟŬ ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ. 

Ƀɘ Papadopoulos and Katsafados (2009) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊŬɟɧɛɞɘŬ ůŰŬŰɘůŰɘəɐ 

ŬɜɎɚɡůɖ ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ˊɟɞɔɜɩůŮɘɠ Ŭˊɧ Űɞ ɜɏɞ ůɨůŰɖɛŬ ɄɃɆȺȽȹɋɁ-2 ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ 

ɓŮɚŰɘɤɛɏɜŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊɟɞɔɜɩůŮɘɠ ˊɞɡ ˊŬɟɏɢɞɜŰŬɜ Ŭˊɧ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ůɨůŰɖɛŬ 

ɄɃɆȺȽȹɋɁ-1. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ˊɟɩŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ 

Űɖɜ ůŰŬŰɘůŰɘəɐ ůɨɔəɟɘůɖ Űɤɜ ˊɟɞɔɜɩůŮɤɜ Ŭˊɧ Űɞɡɠ ŭɨɞ əɨəɚɞɡɠ POSEIDON-GFS əŬɘ 

POSEIDON-LAPS Űɞɡ ůɡůŰɐɛŬŰɞɠ ɄɃɆȺȽȹɋɁ-2. ɆŰɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ 

ŬɝɘɞɚɞɔɞɨɜŰŬɘ ŰŬ ˊŮŭɑŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ Ŭɜɏɛɞɡ, Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ 

ŬɏɟŬ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ Ŭɜɖɔɛɏɜɖɠ ůŰɖ 

ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ. ȼ ˊŮɟɑɞŭɞɠ Ŭɝɘɞɚɧɔɖůɖɠ əŬɚɨˊŰŮɘ ˊŮɟɑˊɞɡ 550 

ˊɟɞɔɜɤůŰɘəɞɨɠ əɨəɚɞɡɠ (Ŭˊɧ 15 ɁɞŮɛɓɟɑɞɡ 2007 ɛɏɢɟɘ 30 Ƚɞɡɜɑɞɡ 2009) əŬɘ 

ŮˊŮəŰŮɑɜŮŰŬɘ ɔŮɤɔɟŬűɘəɎ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɀŮůɧɔŮɘɞ ŪɎɚŬůůŬ əŬɘ Űɘɠ ɔŮɘŰɞɜɘəɏɠ ɢɩɟŮɠ 

(ɓɚ. ɆɢɐɛŬ 1). ɆŰɖɜ ŬɜɎɚɡůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ 

700 ůŰŬɗɛɞɨɠ ŮˊɘűŬɜŮɑŬɠ Űɞɡ ɄŬɔəɧůɛɘɞɡ ɃɟɔŬɜɘůɛɞɨ ɀŮŰŮɤɟɞɚɞɔɑŬɠ (World 

Meteorological Organization, WMO), ˊɞɡ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Űɞɡ 

ȺɡɟɤˊŬɥəɞɨ ȾɏɜŰɟɞɡ ɀŮůɞˊɟɧɗŮůɛɤɜ ɄɟɞɔɜɩůŮɤɜ ȾŬɘɟɞɨ (European Center for 

Medium-range Weather Forecasts, ECMWF). 

ɆŰɘɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ŬɟəŮŰɏɠ űɞɟɏɠ 

ŮɛˊŮɟɘɏɢɞɜŰŬɘ ŭɘɎűɞɟŬ ůűɎɚɛŬŰŬ. ȷɡŰɎ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ ɧɟɔŬɜɞ ɛɏŰɟɖůɖɠ, 

Űɖ ůɡɜŰɐɟɖůɖ əŬɘ əŬŰɎůŰŬůɖ Űɞɡ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɞɜ Űɟɧˊɞ ɛŮŰɎŭɞůɖɠ, əɤŭɘəɞˊɞɑɖůɖɠ 

əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ɄɟɞəŮɘɛɏɜɞɡ ɚɞɘˊɧɜ ɜŬ ɛŮɘɤɗŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ 

ůɨɔəɟɘůɖɠ ŮůűŬɚɛɏɜɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊɟɞɔɜɤůŰɘəɏɠ Űɘɛɏɠ, 

ŬɜŬˊŰɨɢɗɖəŮ ɛɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɞɜ ˊɞɘɞŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ. ȰŰůɘ, ɔɘŬ 

əɎɗŮ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɛŮŰŬɓɚɖŰɐ, ŮɚɏɔɢɗɖəŮ Ŭɜ (Ŭ) Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ Űɖɠ əɡɛŬɑɜŮŰŬɘ 

ɛɏůŬ ůŮ űɡůɘɞɚɞɔɘəɎ ɧɟɘŬ ɔɘŬ Űɖɜ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ əŬɘ Űɞ ɡɣɧɛŮŰɟɞ Űɖɠ ɗɏůɖɠ Űɞɡ 

ůŰŬɗɛɞɨ, (ɓ) Űɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ Űɖɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ůŮ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ 

Űɖ ɢɟɞɜɘəɐ ůɡɢɜɧŰɖŰŬ ɚɐɣɖɠ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ (ɔ) ŮɑɜŬɘ ŬɜŮəŰɧ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 

ɛɏůŬ ůŰɞ ɞˊɞɑɞ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ɛŮŰŬɓɞɚɐ Űɖɠ Űɘɛɐɠ Űɖɠ. ɆŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰɏŰɞɘŬ ŬɜɎɚɡůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ 

ɧŰɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůŰŬɗɛɩɜ ˊŬɟŬŰɐɟɖůɖɠ ŬˊɞůəɞˊŮɑ ůŰɖɜ ɡˊɞůŰɐɟɘɝɖ ŭɘɎűɞɟɤɜ 

Ŭɜɗɟɤˊɑɜɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ əŬɘ ɧɢɘ əŬŰɎ ŬɜɎɔəɖ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ ŬɟɘɗɛɖŰɘəɩɜ 

ɛɞɜŰɏɚɤɜ. ũɘŬ ŬɡŰɧ ɡˊɎɟɢɞɡɜ ůŰŬɗɛɞɑ ŮɔəŬŰŬůŰɖɛɏɜɞɘ ůŮ əŬŰɞɘəɖɛɏɜŮɠ ˊŮɟɘɞɢɏɠ, 
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ŬŮɟɞŭɟɧɛɘŬ, ɚɘɛɎɜɘŬ, ˊŬɟŬɚɑŮɠ, ɛɏůŬ ůŮ əɞɘɚɎŭŮɠ əŬɘ ɔŮɜɘəɎ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɏɜŰɞɜɞ 

ŬɜɎɔɚɡűɞ. ȺˊŬəɧɚɞɡɗɞ ŬɡŰɞɨ, ŮɑɜŬɘ ɧŰɘ ɞɘ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɞˊɑɞɡ 

ŬˊɞŰŮɚɞɨɜ ˊɞɚɚɏɠ űɞɟɏɠ ŰŬ ŬɑŰɘŬ ŬɜɎˊŰɡɝɖɠ əɡəɚɞűɞɟɘɩɜ ɛɘəɟɐɠ əɚɑɛŬəŬɠ Űɘɠ ɞˊɞɑŮɠ 

ŬɜŰɘɚŬɛɓɎɜɞɜŰŬɘ əŬɘ əŬŰŬɔɟɎűɞɡɜ ŰŬ ɧɟɔŬɜŬ ɛɏŰɟɖůɖɠ Űɤɜ ůŰŬɗɛɩɜ. ūŬɘɜɧɛŮɜŬ, 

ɧɛɤɠ, ɛŮ ɢɤɟɞɢɟɞɜɘəɐ əɚɑɛŬəŬ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŬɜɎɚɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ, 

ɞˊɧŰŮ əŬɘ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬɜŬɔɜɤɟɘůŰɞɨɜ əŬɘ ɜŬ ˊŮɟɘɔɟŬűɞɨɜ ŬɟɘɗɛɖŰɘəɎ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŬɜɎɚɡůɖ ŬɝɘɞɚɞɔŮɑŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ˊɟɞɔɜɩůŮɤɜ ˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ ůŰɘɔɛɐ əŬɘ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ŭɨɞ ŮˊɘɢŮɘɟɖůɘŬəɞɨɠ 

əɨəɚɞɡɠ ˊɟɧɔɜɤůɖɠ. ũɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ůəɞˊɧ ůɡɜŭɡɎɕɞɜŰŬɘ ɞɘ ˊɟɞɔɜɩůŮɘɠ ˊɞɡ 

ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɞɜ əɨəɚɞ POSEIDON-GFS ɔɘŬ Űɘɠ ɩɟŮɠ 9 ɛɏɢɟɘ əŬɘ 72 Ŭˊɧ Űɖɜ 

Ŭɟɢɘəɐ ɩɟŬ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɞɘ ˊɟɞɔɜɩůŮɘɠ Űɞɡ əɨəɚɞɡ POSEIDON-LAPS ɔɘŬ Űɘɠ 

ˊɟɞɔɜɤůŰɘəɏɠ ɩɟŮɠ 3 ɤɠ 66 ɩɟŮɠ Ŭˊɧ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ Űɞɡ. ɆŰɞ ɆɢɐɛŬ 2, 

ŬɜŬˊŬɟɘůŰɎŰŬɘ ˊɤɠ ůɡɜŭɡɎɕɞɜŰŬɘ ɞɘ ˊɟɞɔɜɩůŮɘɠ Ŭˊɧ Űɞɡɠ ŭɨɞ əɨəɚɞɡɠ əŬɘ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ ɕŮɨɔɖ Űɤɜ ˊɟɞɔɜɤůŰɘəɩɜ əŬɘ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ Űɘɛɩɜ. ȺɜŭŮɘəŰɘəɎ, 

ɔɘŬ Űɖɜ ɩɟŬ 2100 UTC Űɖɠ ɖɛɏɟŬɠ 0 (ɖɛɏɟŬ Ŭɟɢɘəɞˊɞɑɖůɖɠ Űɞɡ əɨəɚɞɡ Űɤɜ 

ˊɟɞɔɜɩůŮɤɜ), ɞɘ ˊɟɞɔɜɩůŮɘɠ Űɤɜ 9 ɤɟɩɜ Ŭˊɧ Űɞɜ əɨəɚɞ POSEIDON-GFS əŬɘ ɞɘ 

ˊɟɞɔɜɩůŮɘɠ Űɤɜ 3 ɤɟɩɜ Ŭˊɧ Űɞɜ ŬɜŰɑůŰɞɘɢɞ əɨəɚɞ POSEIDON-LAPS ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ 

Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ˊɞɡ ɏɢɞɡɜ əŬŰŬɔɟŬűŮɑ ůŰɘɠ 2100 UTC Űɖɠ ɖɛɏɟŬɠ 0. 

ɄŬɟɧɛɞɘŬ, ɞɘ ˊɟɞɔɜɩůŮɘɠ Űɤɜ 12 ɤɟɩɜ Űɞɡ POSEIDON-GFS əŬɘ Űɤɜ 6 ɤɟɩɜ Űɞɡ 

POSEIDON-LAPS ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɖɠ 0000 UTC Űɖɠ ɖɛɏɟŬɠ 1, əŬɘ ɞɨŰɤ əŬɗŮɝɐɠ. 

ɃˊɧŰŮ Ŭˊɧ Űɞɡɠ ˊŮɟɑˊɞɡ 700 ůŰŬɗɛɞɨɠ ɔɘŬ Űɘɠ ˊŮɟɑˊɞɡ 550 ɖɛɏɟŮɠ Ŭɝɘɞɚɧɔɖůɖɠ əŬɘ 

ɛŮŰɎ Űɞɜ ˊɞɘɞŰɘəɧ ɏɚŮɔɢɞ , ůŰɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ ɔɘŬ əɎɗŮ əɨəɚɞ ˊɟɧɔɜɤůɖɠ əŬɘ ɔɘŬ 

əɎɗŮ ɩɟŬ Ŭɝɘɞɚɧɔɖůɖɠ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ŰɞɡɚɎɢɘůŰɞɜ 200.000 ɕŮɨɔɖ. ȺˊŮɘŭɐ ůŰɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ ɚŮɘŰɞɡɟɔɞɨɜ ˊŮɟɘůůɧŰŮɟɞɘ ůŰŬɗɛɞɑ, ɔɘŬ Űɘɠ ɖɛŮɟɐůɘŮɠ ɩɟŮɠ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɕŮɨɔɖ ˊɟɞůŮɔɔɑɕɞɡɜ ŰŬ 350.000. 

 

 
Ɇɉȼɀȷ 2. ȷɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɤɜ ɕŮɡɔɩɜ Űɤɜ ˊɟɞɔɜɤůŰɘəɩɜ Űɘɛɩɜ əŬɘ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ Ŭˊɧ Űɞɡɠ ŭɨɞ əɨəɚɞɡɠ POSEIDON-GFS əŬɘ POSEIDON-LAPS 

 

ɆŰɞ ɆɢɐɛŬ 3Ŭ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ɛŮɔŮɗɩɜ Űɞɡ 

ůɡůŰɖɛŬŰɘəɞɨ ůűɎɚɛŬŰɞɠ BIAS əŬɘ Űɞɡ ůűɎɚɛŬŰɞɠ RMSE. ȷˊɧ Űɖ ůŰŬŰɘůŰɘəɐ 

ŬɜɎɚɡůɖ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ əŬɘ ůŰɞɡɠ ŭɨɞ əɨəɚɞɡɠ ˊɟɧɔɜɤůɖɠ ɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɐ ůɡůŰɖɛŬŰɘəɐ ɡˊɞŮəŰɑɛɖůɖ, Űɖɠ ŰɎɝɖɠ Űɞɡ 0.5 m/s. ũɘŬ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɏɟŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ ůɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ əɡɛŬɑɜŮŰŬɘ ůŮ 

ɛɖŭŮɜɘəɏɠ ůɢŮŭɧɜ Űɘɛɏɠ, ɛŮ Űɘɠ ˊɟɞɔɜɩůŮɘɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ əɨəɚɞ 
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POSEIDON-LAPS ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ůɢŮŰɘəɎ əŬɚɨŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ. ȳůɞɜ ŬűɞɟɎ Űɖɜ 

ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ ɞɘ ˊɟɞɔɜɩůŮɘɠ Űɞɡ əɨəɚɞɡ POSEIDON-LAPS ŮɑɜŬɘ 

ŮɛűŬɜɩɠ ɓŮɚŰɘɤɛɏɜŮɠ ˊŬɟɧɚɞ ˊɞɡ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘəɟɐ ůɡůŰɖɛŬŰɘəɐ 

ɡˊɞŮəŰɑɛɖůɖ. ȷˊɧ Űɞ ɆɢɐɛŬ 3ɓ űŬɑɜŮŰŬɘ ɧŰɘ əŬɘ ɞɘ ŭɨɞ əɨəɚɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɐ 

Ŭɨɝɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ RMSE ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɢɟɧɜɞ ˊɟɧɔɜɤůɖɠ. Ⱥˊɑůɖɠ ŭŮɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖ ŭɘŬəɨɛŬɜůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Űɧůɞ ɔɘŬ Űɖɜ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɧůɞ əŬɘ ɔɘŬ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɏɟŬ. ȳɛɤɠ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ 

ɖɛŮɟɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɞɡ ůűɎɚɛŬŰɞɠ, ˊɞɡ űŬɑɜŮŰŬɘ ɜŬ ŬɡɝɎɜŮɘ əŬŰɎ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ 

ɩɟŮɠ ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ əŬɘ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ ˊɟɤɘɜɏɠ ɩɟŮɠ ɔɘŬ Űɖɜ 

ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɏɟŬ. ɄɎɜŰɤɠ ɛɘəɟɐ ɓŮɚŰɑɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ 

ŬŰɛɞůűŬɘɟɘəɐɠ ˊɑŮůɖɠ ůŰɖ ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ Űɞ əɨəɚɞ POSEIDON-

LAPS ˊɞɡ űŰɎɜŮɘ ɛɏɢɟɘ əŬɘ Űɞ 8% ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ˊɟɞɔɜɩůŮɘɠ Ŭˊɧ Űɞɜ əɨəɚɞ 

POSEIDON-GFS. 

 

(Ŭ) 

 

(ɓ) 

 
 

Ɇɉȼɀȷ 3. ɆŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞɔɜɩůŮɤɜ ɔɘŬ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, Űɖ ɗŮɟɛɞəɟŬůɑŬ 

Űɞɡ ŬɏɟŬ əŬɘ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ ůŰɖ ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ Ŭˊɧ Űɞɡɠ ŭɨɞ əɨəɚɞɡɠ 

POSEIDON-GFS (ɛˊɚŮ ɔɟŬɛɛɐ) əŬɘ POSEIDON-LAPS (əɧəəɘɜɖ ɔɟŬɛɛɐ) ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ Ŭˊɧ 

15 ɁɞŮɛɓɟɑɞɡ 2007 ɛɏɢɟɘ 30 Ƚɞɡɜɑɞɡ 2009, ůŮ ůɨɔəɟɘůɖ ɛŮ ɛŮŰɟɐůŮɘɠ Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ Űɞɡ 

WMO ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞɜ ˊɟɞɔɜɤůŰɘəɧ ɞɟɑɕɞɜŰŬ. 
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4. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ŭɘŮɟŮɡɜɐɗɖəŮ ɖ ŮˊɑŭɟŬůɖ ůŰɖɜ ˊɟɧɔɜɤůɖ əŬɘɟɞɨ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɄɃɆȺȽȹɋɁ ɧŰŬɜ ɔɘŬ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ Űɞɡ ɛɞɜŰɏɚɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŮŭɑŬ ŬɜɎɚɡůɖɠ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɖ ůɡůŰɖɛŬŰɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ Ŭűɞɛɞɑɤůɖɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ LAPS. ɀŮ ɓɎůɖ ŰŬ ˊɟɩŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůŰŬŰɘůŰɘəɐɠ ŬɜɎɚɡůɖɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘəɟɐ ŬɚɚɎ ůɢŮŰɘəɎ ůɖɛŬɜŰɘəɐ 

ɓŮɚŰɑɤůɖ Űɖɠ ˊɟɧɔɜɤůɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ˊŮŭɑɤɜ əŬɘ ɘŭɘŬɑŰŮɟŬ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ 

ˊɑŮůɖɠ. ȳɛɤɠ ˊɘůŰŮɨŮŰŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɜɘůɢɡɗŮɑ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ. 

ɄɟɎɔɛŬŰɘ, Ŭɜ əŬɘ ŬűɞɛɞɘɩɜɞɜŰŬɘ ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŮˊɘűŬɜŮɘŬəɩɜ 

ůŰŬɗɛɩɜ (ˊŮɟɑˊɞɡ 650 METAR əŬɘ 40 ˊŬɟŬŰɖɟɐůŮɘɠ Ŭˊɧ ůɡɜɞˊŰɘəɞɨɠ ůŰŬɗɛɞɨɠ 

ŮˊɘűŬɜŮɑŬɠ), ɖ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɖ ŭɞɛɐ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɓŬůɑɕŮŰŬɘ ůŮ ůɢŮŰɘəɎ ɛɘəɟɧ 

Ŭɟɘɗɛɧ ˊŬɟŬŰɖɟɐůŮɤɜ ŬɜɩŰŮɟɖɠ ŬŰɛɧůűŬɘɟŬɠ (ˊŮɟɑˊɞɡ 15). ȰŰůɘ, Űɞɡɠ ŰŮɚŮɡŰŬɑɞɡɠ 

ɛɐɜŮɠ ɏɔɘɜŬɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ɟɡɗɛɑůŮɘɠ ůŰɖɜ ŮˊɘɢŮɘɟɖůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ űɎůɖɠ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ˊŮɟɑˊɞɡ 40 ɟŬŭɘɞɓɞɚɑůŮɘɠ ŬűɞɛɞɘɩɜɞɜŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ. Ƀ 

ŮˊɘˊɟɧůɗŮŰɞɠ ŮɛˊɚɞɡŰɘůɛɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭűɞɛɞɑɤůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ŭɞɟɡűɞɟɘəɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ, ůŰɞɘɢŮɑŬ ACARS/AMDAR əŬɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɛŮŰŮɤɟɞɚɞɔɘəɎ ɟŬɜŰɎɟ 

ŬɜŬɛɏɜŮŰŬɘ ɜŬ ůɡɜŮɘůűɏɟŮɘ ɞɡůɘŬůŰɘəɎ ůŰɖ ɓŮɚŰɑɤůɖ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ŬɜŬɚɨůŮɤɜ, 

ɞˊɧŰŮ əŬɘ Űɤɜ ŮˊŬəɧɚɞɡɗɤɜ ˊɟɞɔɜɩůŮɤɜ. ɇɏɚɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŬɜɎɚɡůɖ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ŬˊɞəɟɨˊŰŮɘ ůɖɛŬɜŰɘəɎ ŮɡɟɐɛŬŰŬ ȺɜŭŮɘəŰɘəɎ, 

ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ɖ Űɧůɞ ɛŮɔɎɚɖ ˊŮɟɑɞŭɞɠ Ŭɝɘɞɚɧɔɖůɖɠ ˊŮɟɘɏɢŮɘ ɛŮɔɎɚɞ ˊɚɐɗɞɠ 

ůɡɜɖɗɘůɛɏɜɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ əŬŰŬůŰɎůŮɤɜ ˊɞɡ ŮəŰɘɛɞɨɜ ˊŬɟɧɛɞɘŬ əŬɘ ɞɘ ŭɨɞ əɨəɚɞɘ 

ˊɟɧɔɜɤůɖɠ. ɃˊɧŰŮ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖɜ Ŭˊɧŭɞůɖ Űɤɜ ŭɨɞ əɨəɚɤɜ ɛˊɞɟŮɑ 

ɜŬ ŮɝɞɛŬɚɨɜɞɜŰŬɘ. ũɘŬ ŬɡŰɧ ɖ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ, ɖ ɞˊɞɑŬ ɗŬ ŮˊŮəŰŬɗŮɑ əŬɘ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɟɞɔɜɤůŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɓɟɞɢɧˊŰɤůɖɠ, ɗŬ 

ŮˊɘəŮɜŰɟɤɗŮɑ ɔɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŬŰɛɞůűŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ (ˊ.ɢ., 

əŬŰŬɘɔɑŭŮɠ, əŬɨůɤɜŮɠ, ɘůɢɡɟɞɨɠ Ŭɜɏɛɞɡɠ). Ⱥˊɑůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ˊŬɟɞɡůɑŬ 

ŮˊɞɢɘŬəɐɠ ŭɘŬəɨɛŬɜůɖɠ ůŰɖɜ Ůˊɑŭɞůɖ Űɤɜ ŭɨɞ əɨəɚɤɜ ˊɟɧɔɜɤůɖɠ əŬɗɩɠ əŬɘ ɖ 

ůɡůɢɏŰɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡɠ ɛŮ Űɖ ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ əŬɘ Űɞ ŬɜɎɔɚɡűɞ. 
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H ɛŮŰŮɤɟɞɚɞɔɘəɐ ɓɧɛɓŬ, ˊɞɡ, Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2004, ɏŭɤůŮ ɟŮəɧɟ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ ůŰɖɜ ȽəŬɟɑŬ, 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ ȿɘɓɡəɧ ɄɏɚŬɔɞɠ ŮˊɎɜɤ ůŮ ɛɘŬ ɛŮŰɤˊɞɔŮɜŮŰɘəɎ ŮɜŮɟɔɐ ůɨůűɘɔɝɖ, ɧŰŬɜ Ŭˊɧ Űɖɜ 

ŬɜɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ ˊɏɟŬůŮ ɛɘŬ ɏɜŰɞɜɖ, ɛɘəɟɞɨ ɛɐəɞɡɠ əɨɛŬŰɞɠ ŭɘŬŰŬɟŬɢɐ Űɞɡ ɡˊɞŰɟɞˊɘəɞɨ 

ŬŮɟɞɢŮɘɛɎɟɟɞɡ. ɀɏůŬ ůŮ ˊɞɚɨ ůɨɜŰɞɛɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɖ ɓɧɛɓŬ ŭɏůˊɞůŮ ůŰɞɜ ŮɡɟɨŰŮɟɞ ɀŮůɞɔŮɘŬəɧ 

ɢɩɟɞ. ȰɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ ɕɤɐɠ Űɖɠ ɖ ɓɧɛɓŬ ˊŬɟɏɛŮɘɜŮ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮŰɩˊɤɜ (ɡˊɞŰɟɞˊɘəɞɨ əŬɘ 

ˊɞɚɘəɞɨ), ɤɠ Ůə ŰɞɨŰɞɡ ůŮ ɛɘŬ ɕɩɜɖ ɛŮ ˊɞɚɨ ŬůɗŮɜɐ ůŰɟɤɛɎŰɤůɖ. ȰŰůɘ ŮɡɜɞɐɗɖəŮ Űɞ ɏɜŰɞɜɞ Ŭɜɞŭɘəɧ 

ɟŮɨɛŬ ɛɏůŬ ůŰɞ ůŰɟɧɓɘɚɞ Űɖɠ ɓɧɛɓŬɠ. ȼ Ůˊɘɛɐəɡɜůɖ Űɞɡ ůŰɟɞɓɑɚɞɡ ŬɡŰɞɨ ɐŰŬɜ ɞ əɨɟɘɞɠ ɛɖɢŬɜɘůɛɧɠ 

ˊŬɟŬɔɤɔɐɠ ůŰɟɞɓɘɚɘůɛɞɨ əŬɘ, Ůˊɞɛɏɜɤɠ əŬɘ əɡəɚɞɔɏɜŮůɖɠ. 
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ABSTRACT 

The meteorological bomb associated with the low pressure record in Ikaria, in January 2004, was born in 

the Libyan Sea when a frontogenetically active occlusion was overtaken by a short wave of the 

subtropical jet. Very soon the bomb dominated in the Mediterranean area. For the greatest part of its 

lifetime, the bomb remained between two fronts, the subtropical and the polar one, in a zone of weak 

stratification. This favoured a strong updraft in the bomb vortex. The main vorticity production 

mechanism was the stretching of the above vortex. 
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1.  ȺȽɆȷũɋũȼ 
MɑŬ ɛŮŰŮɤɟɞɚɞɔɘəɐ ɓɧɛɓŬ 984 hPa ŮɘůɐɚɗŮ ůŰɞ ȷɘɔŬɑɞ ɄɏɚŬɔɞɠ ůŰɘɠ 00/22 

ȽŬɜɞɡŬɟɑɞɡ 2004 əŬɘ ůɡɜŮɢɑɕɞɜŰŬɠ ɜŬ ɓŬɗŬɑɜŮɘ, ůɎɟɤůŮ Űɞ ȷɘɔŬɑɞ. ȼ ŬŰɛɞůűŬɘɟɘəɐ 

ˊɑŮůɖ ɏˊŮůŮ ůŰɞ ŮˊɑˊŮŭɞ ɟŮəɧɟ Űɤɜ 972 hPa ůŰɞ ȽəɎɟɘɞ ɄɏɚŬɔɞɠ ůŰɘɠ 12/22 

ȽŬɜɞɡŬɟɑɞɡ. Ƀɘ ɎɜŮɛɞɘ ŮɑɢŬɜ ɏɜŰŬůɖ 80 knots əŬɘ əŬŰɏůŰɟŮɣŬɜ ɚɘɛɎɜɘŬ əŬɘ ɎɚɚŮɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ. Ƀɘ ɢɘɞɜɞɗɨŮɚɚŮɠ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ůűɞŭɟɏɠ ůŰɞ ȷɜŬŰɞɚɘəɧ ȷɘɔŬɑɞ əŬɘ Űɞ 

ɨɣɞɠ Űɞɡ ɢɘɞɜɘɞɨ ůŰɖ ɜɐůɞ ȿɐɛɜɞ ɏűɗŬůŮ Űɞ ɏɜŬ (1) ɛɏŰɟɞ. Ƀɘ ɓɟɞɢɞˊŰɩůŮɘɠ ˊɞɡ 

ůɡɜɧŭŮɡůŬɜ Űɖ ɓɧɛɓŬ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ɏɜŰɞɜŮɠ, ŭɑɜɞɜŰŬɠ ɛɏůŬ ůŮ 12 ɩɟŮɠ Űɞ ɨɣɞɠ 

ɓɟɞɢɐɠ ˊɞɡ əɚɘɛŬŰɞɚɞɔɘəɎ ɢɟŮɘɎɕŮŰŬɘ ɏɜŬ ɛɐɜŬ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ. 

ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ əɡəɚɞɔɏɜŮůɖɠ ůŰɖ ɀŮůɧɔŮɘɞ ɏɢŮɘ ɐŭɖ ɛŮɚŮŰɖɗŮɑ 

(Karacostas and Flocas, 1983), ɧˊɤɠ əŬɘ ɖ ɡˊɧ ɛŮɚɏŰɖ ɓɧɛɓŬ (Lagouvardos et al., 2007; 

Pytharoulis, 2008). ȾŬŰɎ Űɞɡɠ ˊŬɟŬˊɎɜɤ ůɡɔɔɟŬűŮɑɠ, ɖ ɓɧɛɓŬ ɐŰŬɜ ˊɟɞɥɧɜ Űɖɠ 

ůɡɜɏɜɤůɖɠ ŭɨɞ Ŭɡɚɩɜɤɜ, ˊɟɞŮɟɢɧɛŮɜɞɘ Ŭˊɧ Űɖ ȸ. Ⱥɡɟɩˊɖ əŬɘ ȸ. ȷűɟɘəɐ. ɆŰɖ ɛŮɚɏŰɖ 

ŬɡŰɐ -ɛɏůɤ Űɤɜ ɘůɞɕɡɔɑɤɜ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, Űɞɡ ůŰɟɞɓɘɚɘůɛɞɨ, Űɖɠ Ůɝɑůɤůɖɠ Űɖɠ 

ɛŮŰɤˊɞɔɏɜŮůɖɠ əŬɘ Űɤɜ Q vectors əŬɘ ůŮ ůɡɜɏɢŮɘŬ Űɞɡ ɀˊɟɑəŬ (2006)- ɛŮɚŮŰɩɜŰŬɘ ɞɘ 

űɡůɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ˊɟɞəŬɗɧɟɘůŬɜ Űɞ əɡəɚɞɔŮɜŮŰɘəɧ ůɡɜɞˊŰɘəɧ əŬɘ ŭɡɜŬɛɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ, ɞŭɐɔɖůŬɜ ůŰɖɜ ŮəɟɖəŰɘəɐ əɡəɚɞɔɏɜŮůɖ əŬɘ ŮˊɖɟɏŬůŬɜ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ 

ɓɧɛɓŬɠ.  

 

2.   ɄɅɃȾɈȾȿɃũȺɁȺɇȽȾɃ ȾȷȽ ȾɈȾȿɃũȺɁȺɇȽȾɃ ɄȺɅȽȸȷȿȿɃɁ  

 Ƀɘ ůɡɜɞˊŰɘəɞɑ ɢɎɟŰŮɠ əŬɘɟɞɨ ɗŮɤɟɞɨɜŰŬɘ ɔɜɤůŰɞɑ, əŬɗɩɠ ɛˊɞɟɞɨɜ ɜŬ ɓɟŮɗɞɨɜ 

ůŰɞɜ ɀˊɟɑəŬ (2006). ɆŰɖɜ ŬɜɎɚɡůɖ ŮˊɘűŬɜŮɑŬɠ ŬɜɎ 4 hPa, ɖ ŮəɟɖəŰɘəɐ əɡəɚɞɔɏɜŮůɖ 

ŬɟɢɑɕŮɘ ůŰɘɠ 12/21
1
 ȽŬɜɞɡŬɟɑɞɡ 2004, 200 ɛŮ 300 km ɓɞɟŮɑɤɠ Űɖɠ ŬəŰɐɠ Űɖɠ ȿɘɓɨɖɠ, 

ůŰɘɠ 17
o
E əŬɘ 33

o
N. ɀŮ ɛŮɑɤůɖ Űɞɡ ŭɘŬůŰɐɛŬŰɞɠ ɛŮŰŬɝɨ Űɤɜ ɘůɞɓŬɟɩɜ ůŰɞ 1 hPa 

(ɆɢɐɛŬ 1), ɔɑɜŮŰŬɘ űŬɜŮɟɧ ˊɤɠ ŮəɟɖəŰɘəɐ əɡəɚɞɔɏɜŮůɖ ˊɟɤŰɞŮəŭɖɚɩɗɖəŮ ůŰɘɠ 06/21 

ůŮ ɛɘŬ ɔŮɘŰɞɜɘəɐ ˊŮɟɘɞɢɐ. ɄɟɎɔɛŬŰɘ, ŮəŮɑ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ůŰɘɠ 06/21 ɛɘŬ ˊŮɟɘɞɢɐ 

ɢŬɛɖɚɩɜ ˊɘɏůŮɤɜ ~1005 hPa. ɆŰɖɜ ˊŮɟɘɞɢɐ ȷŭɟɘŬŰɘəɐɠ ï ɇɡɟɟɖɜɘəɞɨ, ůŰɘɠ 12/20  

ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŮəŰŮŰŬɛɏɜŬ ɢŬɛɖɚɎ, ˊɞɡ ɢɤɟɑɕɞɜŰŬɘ ɛŮ ɓŬɟɞɛŮŰɟɘəɧ ɚŬɘɛɧ Ŭˊɧ Űɖɜ 

ˊŮɟɘɞɢɐ Űɖɠ əɡəɚɞɔɏɜŮůɖɠ. ɀɧɜɞɜ Űɞ ɢŬɛɖɚɧ Űɖɠ ȸ. ȷűɟɘəɐɠ ŮəŰŮɑɜŮɘ ŬɜŮůŰɟŬɛɛɏɜɖ 

trough ˊɟɞɠ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ əɡəɚɞɔɏɜŮůɖɠ. ȼ ŬɜŮůŰɟŬɛɛɏɜɖ ŬɡŰɐ trough ɓŬɗŬɑɜŮɘ Ŭˊɧ 

Űɘɠ 00/21, əŬɘ ůŰɘɠ 06/21 ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ əɚŮɘůŰɧ ŬɓŬɗɏɠ ɢŬɛɖɚɧ Űɖɠ ɛŮŰɏˊŮɘŰŬ 

ɓɧɛɓŬɠ, ˊɞɡ Űɘɠ ŮˊɧɛŮɜŮɠ 30 ɩɟŮɠ ɗŬ ɓŬɗɨɜŮɘ ŮəɟɖəŰɘəɎ, ɗŬ əɘɜɖɗŮɑ ȷȸȷ əŬɘ ɗŬ 

ŭŮůˊɧůŮɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ.  

ɇŬ əɡɟɘɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɡəɚɞɔŮɜŮŰɘəɞɨ əŬɘ ˊɟɞəɡəɚɞɔŮɜŮŰɘəɞɨ 

ůɡɜɞˊŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůəɘŬɔɟŬűɞɨɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1. ȼ ɓɧɛɓŬ ůɡɛɓɞɚɑɕŮŰŬɘ ɛŮ 

óbô. ɇɞ ɢŬɛɖɚɧ óLô ŮɑɜŬɘ ɖ ŮˊɘűŬɜŮɘŬəɐ ŬɜŰŬˊɧəɟɘůɖ Űɖɠ ȸ. ȷűɟɘəŬɜɘəɐɠ trough. ɇɞ 

óLSô ŭɖɛɘɞɡɟɔŮɑŰŬɘ ůŰɘɠ 18/20 ˊɎɜɤ ůŰɞ ɡˊɞŰɟɞˊɘəɧ ɛɏŰɤˊɞ (Ɉɀ) əŬɘ əɎŰɤ Ŭˊɧ Űɞɜ 

ɡˊɞŰɟɞˊɘəɧ ŬŮɟɞɢŮɑɛŬɟɟɞ (Ɉȷ, SJ). ɇɞ óLPô ŮɑɜŬɘ ɖ ŮˊɘűŬɜŮɘŬəɐ ŬɜŰŬˊɧəɟɘůɖ Űɖɠ ȸ. 

ȺɡɟɤˊŬɥəɐɠ trough ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ əŬɘ ůɨɜŰɞɛŬ ɗŬ ůɡɜɞŭŮɡŰŮɑ Ŭˊɧ Űɞ 

ˊɞɚɘəɧ ɛɏŰɤˊɞ (Ʉɀ). ɇŬ ˊŬɟŬˊɎɜɤ ɛɏŰɤˊŬ ɢŬɟɎůůɞɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ɘůɞŭɨɜŬɛɖ 

ŭɡɜɖŰɘəɐ ɗŮɟɛɞəɟŬůɑŬ (ɗe) əŬɘ Űɖɜ əŬŰŮɨɗɡɜůɖ əɑɜɖůɖɠ Űɤɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ˊɞɡ 

ŭɘŬɢɤɟɑɕɞɡɜ. Ƀ ɣɡɢɟɧɠ ɗɧɚɞɠ ˊɞɡ ůɡɜɞŭŮɨŮɘ Űɖ ȸ. ȷűɟɘəŬɜɘəɐ trough ˊŮɟɘəɚŮɑŮŰŬɘ Ŭˊɧ 

Űɖɜ ɔəɟɑɕŬ ɏɜŰɞɜɖ əɚŮɘůŰɐ ɔɟŬɛɛɐ. ȼ ůəɑŬůɖ ɡˊɞŭŮɘəɜɨŮɘ ˊŮɟɘɞɢɐ ɢŬɛɖɚɐɠ 

ŰɟɞˊɧˊŬɡůɖɠ. ɇɏɚɞɠ, ɞɘ ŭɘŬəŮəɞɛɛɏɜŮɠ ɔɟŬɛɛɏɠ ŮɑɜŬɘ ŰŬ ɑɢɜɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ Űɞɛɩɜ 

Űɞɡ ɆɢɐɛŬŰɞɠ 2. 

                                                 
1
 Ƀɘ ɢɟɧɜɞɘ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɤɠ hh/dd, ɧˊɞɡ hh ŮɑɜŬɘ ɖ ɩɟŬ UTC Űɖɠ dd  ɖɛɏɟŬɠ Űɞɡ ȽŬɜɞɡŬɟɑɞɡ 2004. 
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ɇɞ ɛɏŰɤˊɞ, ɀ, Űɞɡ ɢŬɛɖɚɞɨ L əɘɜŮɑŰŬɘ ȸȷ, ɛŮ Űɞ ɣɡɢɟɧ ɛɏŰɤˊɞ ɜŬ ůŰɟɏűŮŰŬɘ 

əɡəɚɤɜɘəɎ. Ƀ ɗŮɟɛɧɠ ŰɞɛɏŬɠ Űɞɡ L ˊŮɟɘɞɟɑɕŮŰŬɘ ůɡɜŮɢɩɠ, ɩůˊɞɡ ůŰɘɠ 00/21 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ůɨůűɘɔɝɖ
2
 ůŰŬ Ɂȹ Űɖɠ ɇɡɜɖůɑŬɠ. ɇɞ ɗŮɟɛɧ ɛɏŰɤˊɞ ɀ əŬɘ ɖ ůɨůűɘɔɝɖ 

ˊɞɡ Űɞ ůɡɜɞŭŮɨŮɘ, əɘɜɞɨɜŰŬɘ ȸȷ, űɗɎɜɞɜŰŬɠ ůŰɞɜ əɧɚˊɞ Űɞɡ Gabes ůŰɘɠ 06/21 əŬɘ ůŰɖ 

ɆɑŭɟŬ ůŰɘɠ 12/21, ůŮ ɛɘŬ ˊŮɟɘɞɢɐ ůɖɛŬɜŰɘəɐɠ ɏɚɝɖɠ Ŭˊɧ ŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ (upper 

level forcing). ɄɟɎɔɛŬŰɘ, ˊɎɜɤ Ŭˊɧ Űɞɜ ɣɡɢɟɧ ɗɧɚɞ Űɖɠ ȸ. ȷűɟɘəɐɠ (ɗe700<24
ɞ
C), ɖ 

ŭɡɜŬɛɘəɐ ŰɟɞˊɧˊŬɡůɖ (ȹɇ)
3
 űŰɎɜŮɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɎ ůŰɟɩɛŬŰŬ ɔɘŬ Űɞ 

ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ 33
o
N (Hoinka, 1998). ȾŬŰɎ ɛɐəɞɠ Űɖɠ ȸȷ óˊɚŬɔɘɎɠô Űɞɡ ɣɡɢɟɞɨ 

ɗɧɚɞɡ əŬɘ ˊɟɞůɐɜŮɛŬ Űɖɠ ɓɧɛɓŬɠ ɡˊɎɟɢŮɘ ɏɜŬ ŬɜɩŰŮɟɞ ɛɏŰɤˊɞ (upper level front, 

ULF) ůŰŬ 700 ï 500 hPa. ɄŬɟŬůɡɟɧɛŮɜɞɠ Ŭˊɧ Űɞ Ɂȹ ɟŮɨɛŬ ˊɞɡ ŮˊɘəɟŬŰŮɑ, ŬɏɟŬɠ 

ɡɣɖɚɞɨ PV ŭɘŬɟɟɏŮɘ ˊɟɞɠ Űɖ ɗŮɟɛɐ ˊɚŮɡɟɎ Űɞɡ ULF, ɧˊɞɡ ɖ ůŰɟɤɛɎŰɤůɖ ŮɑɜŬɘ ˊɞɚɨ 

ŬůɗŮɜɏůŰŮɟɖ Ŭˊɧ ɧ,Űɘ ůŰɖɜ ɣɡɢɟɐ. ũɘŬ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɞ PV, ˊɟɏˊŮɘ ɜŬ ŬɡɝɖɗŮɑ ɞ 

ůŰɟɞɓɘɚɘůɛɧɠ. ȰŰůɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ɓɧɛɓŬ ɡˊɐɜŮɛŬ Űɞɡ ULF, ŮˊɎɜɤ ůŰɞ ŮˊɘűŬɜŮɘŬəɧ 

ɗŮɟɛɧ ɛɏŰɤˊɞ, ɀ. Ƀ ɟɧɚɞɠ Űɞɡ ULF ɗŬ űŬɑɜŮŰŬɘ əŬɚɨŰŮɟŬ ůŰɞ ɆɢɐɛŬ 2. 
ȼ əŬɘɜɞɨɟɘŬ ɨűŮůɖ, ŭɖɚŬŭɐ ɖ ɛŮŰɏˊŮɘŰŬ ɓɧɛɓŬ, əɘɜŮɑŰŬɘ ŬɜŬŰɞɚɘəɎ əŬɘ 

Ŭəɞɚɞɨɗɤɠ ȸȷ, ˊɎɜɤ ůŰɖɜ əɞɟɡűɐ Űɞɡ ŭɘəɞɨ Űɖɠ ˊɚɏɞɜ ɛŮŰɤˊɘəɞɨ əɨɛŬŰɞɠ, ɛŮ Űɖ 
ɓŬɟɞɓŬɗɛɑŭŬ ɜŬ ŮɜɘůɢɨŮŰŬɘ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɢɟɧɜɞ. ɆŰɘɠ 00 ï 06/22 Űɞ ɛɏŰɤˊɞ ɀ 

Űɖɠ ɓɧɛɓŬɠ ŮɜɩɜŮŰŬɘ ɛŮ Űɞ ˊɞɚɘəɧ ɛɏŰɤˊɞ əŬɘ ɖ ɓɧɛɓŬ əŬɗɑůŰŬŰŬɘ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ 

ɏɜŰɞɜɖ ɛŮŰɤˊɘəɐ ɨűŮůɖ ɛŮ ɘůɢɡɟɧŰŬŰɖ ɓŬɟɞɓŬɗɛɑŭŬ 7,5 hPa/km. 

  

3.   ȾȷɇȷȾɃɅɈūȺɆ ɇɃɀȺɆ  
 

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ŭɘɎůŰɖɛŬ Űɖɠ ɕɤɐɠ Űɖɠ ɖ ɓɧɛɓŬ ˊŬɟɏɛŮɘɜŮ ŬɜɎɛŮůŬ ůŰŬ ŭɨɞ 

ɘůɢɡɟɎ ɛɏŰɤˊŬ, ɡˊɞŰɟɞˊɘəɧ ɛɏŰɤˊɞ əŬɘ ˊɞɚɘəɧ ɛɏŰɤˊɞ. ũɘŬ ɜŬ ŭɘŬůŬűɖɜɘůŰŮɑ ŬɡŰɧ, 

ůŰɞ ɆɢɐɛŬ 2 ɢŬɟɎůůɞɜŰŬɘ Űɞɛɏɠ əɎɗŮŰŮɠ ůŰɞ Ʉɀ əŬɘ ůŰɞ Ɉɀ, ɔɘŬ ɧɚŮɠ Űɘɠ ɢɟɞɜɘəɏɠ 

ůŰɘɔɛɏɠ, Ŭˊɧ 06/21 ɏɤɠ 06/22. 

ɆŰɘɠ 06/21 ɖ ɓɧɛɓŬ ɓɟɑůəŮŰŬɘ ůŰɘɠ 33
ɞ
Ɂ, Űɞ Ɉɀ ůŰɘɠ 28

ɞ
Ɂ əŬɘ Űɞ Ʉɀ ůŰɘɠ 42

ɞ
Ɂ. 

ɃɟɘɕɧɜŰɘŬ ɛŮŰɤˊɞɔɏɜŮůɖ, F, ɏɜŰŬůɖɠ 16³10
-10

 km
-1

s
-1

 əŬɘ ůɡɜɞˊŰɘəɐɠ əɚɑɛŬəŬɠ 

Ŭɜɞŭɘəɏɠ əɘɜɐůŮɘɠ ůɡɜɞŭŮɨɞɡɜ Űɞ Ɉɀ. ɀɘŬ əŬŰŬəɧɟɡűɖ əɡəɚɞűɞɟɑŬ Űɨˊɞɡ Sawyer ï 

Eliassen, (S ï E) ůɡɜɞŭŮɨŮɘ Űɞ Ʉɀ. Ⱥˊɑůɖɠ, ɛɘŬ ɟɖɢɐ ŮɔəɎɟůɘŬ ɛŮŰɤˊɘəɐ əɡəɚɞűɞɟɑŬ 

ŮɑɜŬɘ ɞɟŬŰɐ əŬɘ ůŰɞ ɛɏŰɤˊɞ Űɖɠ ɓɧɛɓŬɠ ɀ, ɛŮ Űɞ F ɜŬ űɗɎɜŮɘ Űɞɡɠ 7³10
-10

 km
-1

s
-1
, 

ŭɑɜɞɜŰŬɠ, Űɖ ůŰɘɔɛɐ ŬɡŰɐ, Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɩɗɖůɖ (low level forcing, LLF) ɔɘŬ Űɖɜ 

ɏɜŬɟɝɖ Űɖɠ ŮəɟɖəŰɘəɐɠ əɡəɚɞɔɏɜŮůɖɠ. ȼ ůŰɟɤɛɎŰɤůɖ ůŰŬ ɢŬɛɖɚɎ ŬɡŰɎ ůŰɟɩɛŬŰŬ 

ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬůɗŮɜɐɠ Űɖɜ ɩɟŬ ŬɡŰɐ, ɛŮ Űɞ ɗ e 850 ï ɗ e 1000 ɜŬ ŬɔɔɑɕŮɘ Űɞɡɠ 2 Ⱦ. ȼ ȹɇ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ 100 hPa ůŰɘɠ Űɟɞˊɘəɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ Űɖɠ ɆŬɢɎɟŬɠ ɏɤɠ əŬɘ ŰŬ 400 

ůɢŮŭɧɜ hPa ůŰɘɠ 52
ɞ
Ɂ, ɛɏůŬ ůŰɞɜ ɣɡɢɟɧ ɗɧɚɞ Űɤɜ ˊɞɚɘəɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ. 

ɆŰɘɠ 12/21, Ůɜɩ Űɞ Ʉɀ ˊŬɟŬɛɏɜŮɘ ɛŬəɟɘɎ, ůŰɘɠ 43
ɞ
Ɂ, əŬɘ ůɢŮŰɘəɎ ŬɜŮɜŮɟɔɧ 

ɛŮŰɤˊɞɔŮɜŮŰɘəɎ, Űɞ ɡˊɞŰɟɞˊɘəɧ ɗŮɟɛɧ ɛɏŰɤˊɞ əŬɘ ɞ ŬŮɟɞɢŮɑɛŬɟɟɞɠ ˊɚɖůɘɎɕɞɡɜ Űɖ 

ɓɧɛɓŬ. ɆŰɖɜ əɡəɚɤɜɘəɐ ˊɚŮɡɟɎ Űɞɡ Ɉȷ ɖ ɞɟɘɕɧɜŰɘŬ ŬɜŮɛɞɓŬɗɛɑŭŬ ŬɡɝɎɜŮɘ ŬˊɧŰɞɛŬ 

ůŰŬ 13 m/s ŬɜɎ 100 km Ŭəɟɘɓɩɠ ɜɧŰɘŬ Űɖɠ ɓɧɛɓŬɠ, ŬɜŰɘůŰɟŮűɧɛŮɜɖ Ŭəɟɘɓɩɠ ɓɧɟŮɘŬ Űɖɠ 

ɓɧɛɓŬɠ. Ƀɘ ɛŮŰŬɓɞɚɏɠ ŬɡŰɏɠ ˊɟɞůɐɛɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɛɏůŬ ůô ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ˊɞɚɨ 

ŬůɗŮɜɞɨɠ ůŰɟɤɛɎŰɤůɖɠ (ɗe 300 - ɗe 600 ~7 Ⱦ) ɐ əŬɘ ŮɜŬɚŬůůɧɛŮɜɞɡ ˊɟɞůɐɛɞɡ ɞɟɘɕɧɜŰɘŬɠ 

ɗŮɟɛɞɓŬɗɛɑŭŬɠ. ȯɟŬ, ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɐ ɖ Ůəŭɐɚɤůɖ Űɖɠ ɡˊɧ ɧɟɞɡɠ ůɡɛɛŮŰɟɘəɐɠ 

ŬůŰɎɗŮɘŬɠ (conditional symmetric instability ï CSI), (Schultz et al., 2000) Űɖɜ ɩɟŬ 

                                                 
2
 ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɨůűɘɔɝɖɠ ŮˊŬɚɖɗŮɨŮŰŬɘ Ŭˊɧ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ s ï ůɡɜɘůŰɩůŬɠ Űɞɡ ŭ/Űɞɠ Q 

(Martin, 1999), ˊɞɡ űɗɎɜŮɘ ŰŬ 12 10
-12

 s
-3
 əŬŰɎ ɛɐəɞɠ Űɞɡ ɣɡɢɟɞɨ ɛŮŰɩˊɞɡ ɀ (Űɞ ůɢ. ˊŬɟŬɚŮɑˊŮŰŬɘ). 

3
 ȹɡɜŬɛɘəɐ ŰɟɞˊɧˊŬɡůɖ: ŮˊɘűɎɜŮɘŬ PV (potential vorticity, Hoskins et al., 1985) ɛŮ Űɘɛɐ 2 PVU. 



υτʋ #/-%#!0 φτυτȟ ɩɪɚɣɬɢɣɚ ɫɭɦɞɝɪɢɨɭ    --    10th COMECAP 2010, CONFERENCE PROCEEDINGS 
 

25 ɀ 28/5/ 2010, PATRAS, GREECE   31 

 

ŬɡŰɐ. ɄɟɎɔɛŬŰɘ, ŮˊɎɜɤ Ŭˊɧ Űɖ ɓɧɛɓŬ ŮɛűŬɜɑɕŮŰŬɘ óɓŬɗɘɎô ɏəɚɡůɖ ɚŬɜɗɎɜɞɡůŬɠ 

ɗŮɟɛɧŰɖŰŬɠ, ˊɞɡ űɗɎɜŮɘ Űɞɡɠ 70 Ⱦ/day. ɇɖ ůŰɘɔɛɐ ŬɡŰɐ ɖ ɓɧɛɓŬ ŭŮůˊɧɕŮɘ ůŰɖɜ 

əŬŰŬəɧɟɡűɖ əɡəɚɞűɞɟɑŬ Űɖɠ Űɞɛɐɠ, ɛŮ ŮɝŬɘɟŮŰɘəɎ ɏɜŰɞɜŮɠ Ŭɜɞŭɘəɏɠ əɘɜɐůŮɘɠ, -5 Pa/s. 

Ƀɘ Ŭɜɞŭɘəɏɠ əɘɜɐůŮɘɠ ŮɚŬŰŰɩɜɞɡɜ Űɖ ɛɎɕŬ ůŰɞ əɏɜŰɟɞ Űɞɡ ɢŬɛɖɚɞɨ, əŬɗɩɠ ŬɡɝɎɜɞɡɜ Űɞ 

ůŰɟɞɓɘɚɘůɛɧ ůŰŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, ŭɘŬ Űɖɠ Ůˊɘɛɐəɡɜůɖɠ Űɞɡ əŬŰŬəɞɟɨűɞɡ ůŰɟɞɓɑɚɞɡ 

Űɖɠ ɓɧɛɓŬɠ. ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ŰɟɞűɞŭɧŰɖůɖ ɛŮ ŬɏɟŬ ɡɣɖɚɐɠ ɗe, ɖ əɨɟɘŬ Ůɘůɟɞɐ ůŰɖ 

ɓɧɛɓŬ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞ ɗŮɟɛɧ ŬŮɟɞɛŮŰŬűɞɟɏŬ Űɞɡ Ls, əŬŰɎ ɛɐəɞɠ Űɖɠ ɗŮɟɛɐɠ ɛŮŰɤˊɘəɐɠ 

ŮˊɘűɎɜŮɘŬɠ Űɞɡ Ɉɀ. 

 ɆŰɘɠ 18/21 ɖ ɓɧɛɓŬ ɓɟɑůəŮŰŬɘ ůŰɘɠ 35
ɞ
Ɂ əŬɘ Űɞ ɗŮɟɛɧ Ɉɀ ůŰɘɠ 33

ɞ
Ɂ. ȳɛɤɠ ŰɩɟŬ, 

ɖ əɨɟɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮŰɤˊɞɔɏɜŮůɖɠ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ŮˊɎɜɤ ůŰɞ ɛɏŰɤˊɞ ɀ Űɖɠ ɓɧɛɓŬɠ 

(30³10
-10

 km
-1

s
-1
). Ⱥɝô Ɏɚɚɞɡ, Űɞ Ʉɀ ˊɚɖůɘɎɕŮɘ əɘ ŬɡŰɧ ůŰɘɠ 41

ɞ
Ɂ, ɛŮ Űɖ 

ɛŮŰɤˊɞɔɏɜŮůɖ ɜŬ ŬɡɝɎɜŮɘ ɗŮŬɛŬŰɘəɎ, ɘŭɘŬɑŰŮɟŬ ůŰŬ ɢŬɛɖɚɎ Űɞɡ ůŰɟɩɛŬŰŬ (40³10
-10

 

km
-1

s
-1

). 

ɆŰɘɠ 00/22 Űɞ Ʉɀ űɗɎɜŮɘ ůŰɖ ɓɧɛɓŬ əŬɘ ɖ ŰŮɚŮɡŰŬɑŬ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɘůɢɡɟɐ 

ɛŮŰɤˊɘəɐ ɨűŮůɖ. ȼ ɛŮŰɤˊɞɔɏɜŮůɖ ŰŮŰɟŬˊɚŬůɘɎɕŮŰŬɘ ůŰɖ ɓɧɛɓŬ, űɗɎɜɞɜŰŬɠ ŰŬ 

120³10
-10

 km
-1
s

-1
. ɇɞ Ŭɜɞŭɘəɧ ɟŮɨɛŬ Űɖɠ ɓɧɛɓŬɠ ŮɑɜŬɘ ˊɘŬ, ůŰɖɜ ɞɡůɑŬ, ɞ Ŭɜɞŭɘəɧɠ 

əɚɎŭɞɠ Űɖɠ əɡəɚɞűɞɟɑŬɠ S ï E Űɞɡ Ʉɀ. ȼ ɏəɚɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ űɗɎɜŮɘ Űɖ 

ɛɏɔɘůŰɖ Űɘɛɐ Űɖɠ, 120 K/day, əŬɗɩɠ Űɖ ůŰɘɔɛɐ ŬɡŰɐ, Űɞ ŮˊɑˊŮŭɞ Űɤɜ ɘůɢɡɟɧŰŮɟɤɜ 

Ŭɜɞŭɘəɩɜ əɘɜɐůŮɤɜ ɏɢŮɘ əŬŰɏɚɗŮɘ ůŰŬ 700 hPa (ɓɚ. Hovmºller ɤ, Pytharoulis, 2008). 

ɆŰɞ ůŰɟɩɛŬ ŬɡŰɧ, ŬɏɟŬɠ ɡɣɖɚɐɠ ɗe ŮɑɜŬɘ ɎɛŮůŬ ŭɘŬɗɏůɘɛɞɠ Ŭˊɧ Űɞ ɗŮɟɛɧ ŰɞɛɏŬ Űɞɡ 

Ɉɀ, Űɞ ɞˊɞɑɞ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɘɠ 00/22 ůŰɖɜ ŮɚɎɢɘůŰɖ ŬˊɧůŰŬůɐ Űɞɡ Ŭˊɧ Űɖ ɓɧɛɓŬ (ɓɚ. 

ɆɢɐɛŬ 1 əŬɘ 2).  

ɆŰɘɠ 06/22 Űɞ Ɉɀ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɖ ɓɧɛɓŬ, ŭɘŬəɧˊŰɞɜŰŬɠ Űɞɜ ŮűɞŭɘŬůɛɧ ɗŮɟɛɞɨ 

əŬɘ ɡɔɟɞɨ ŬɏɟŬ. ɄɟɎɔɛŬŰɘ, Űɞ ɗe ɛɏůŬ ůŰɖɜ ŮˊɘűŬɜŮɘŬəɐ ɓɧɛɓŬ ɛŮɘɩɜŮŰŬɘ, Ŭˊɧ Űɞɡɠ 

290Ⱦ ˊɞɡ ɐŰŬɜ əŬɗô ɧɚɖ Űɖɜ ɡˊɧɚɞɘˊɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮəɟɖəŰɘəɐɠ əɡəɚɞɔɏɜŮůɖɠ, ůŰɞɡɠ 

284Ⱦ ůŰɘɠ 06/22. ɆɡɜŮˊɩɠ, ɖ ŭɘŬɓŬŰɘəɐ ɗɏɟɛŬɜůɖ ɛŮɘɩɜŮŰŬɘ ŭɟŬɛŬŰɘəɎ ůŰɞɡɠ 20 Ⱦ/day 

əŬɘ Űɞ ŮˊɧɛŮɜɞ ŮɝɎɤɟɞ ŬɟɢɑɕŮɘ ɜŬ ˊɚɖɟɞɨŰŬɘ ɖ ɨűŮůɖ. 

 

 

4.   Ƀ ɅɃȿɃɆ ɇɃɈ ȷɁɋɇȺɅɃɈ ɀȺɇɋɄɃɈ 

 

ȼ ɓɧɛɓŬ ŬɜŬˊŰɨɢɗɖəŮ ɛŮŰŬɝɨ ŭɨɞ ɣɡɢɟɩɜ ɗɧɚɤɜ, Űɞɡ ȸ. ȷűɟɘəŬɜɘəɞɨ əŬɘ Űɞɡ 

ˊɞɚɘəɞɨ. ȼ Űɞɛɐ Űɞɡ ɆɢɐɛŬŰɞɠ 3 ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ əŬŰŬəɧɟɡűɖ ŭɞɛɐ Űɞɡɠ ůŰɘɠ 12/21. ɇɖ 

ůŰɘɔɛɐ ŬɡŰɐ ɏɜŬ ULF ůɢɖɛŬŰɑɕŮŰŬɘ ůŰɖɜ ȸȷ óˊɚŬɔɘɎô Űɞɡ ȸ. ȷűɟɘəŬɜɘəɞɨ ɗɧɚɞɡ. ȼ 

ɡˊɧ ɛŮɚɏŰɖ ŮəɟɖəŰɘəɐ əɡəɚɞɔɏɜŮůɖ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŰɘɠ 33
ɞ
Ɂ. ȰɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ɖ 

ŮəɟɖəŰɘəɐ ŬɡŰɐ əɡəɚɞɔɏɜŮůɖ ŮɝŬɟŰɐɗɖəŮ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖ ŭɘŬɟɟɞɐ ŬɏɟŬ 

ɡɣɖɚɞɨ PV ŮəŰɧɠ Űɞɡ ɣɡɢɟɞɨ ȸ. ȷűɟɘəŬɜɘəɞɨ ɗɧɚɞɡ ˊɟɞɠ ɛɘŬ ˊŮɟɘɞɢɐ ɛŮ ŬůɗŮɜɐ 

ůŰɟɤɛɎŰɤůɖ. ɄɟɎɔɛŬŰɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ Űɞɛɐ ŬɡŰɐ, ɖ Ɂȹ ŮˊɘəɟŬŰɞɨůŬ ɟɞɐ 

ɛŮŰŬűɏɟŮɘ, əŬŰɎ ɛɐəɞɠ Űɞɡ ULF, ŬɏɟŬ ɛŮ Űɘɛɏɠ PV Ŭˊɧ 0.4 ɏɤɠ əŬɘ 2 PVU, Ŭˊɧ Űɞɜ 

ɣɡɢɟɧ ɗɧɚɞ ˊɟɞɠ Űɖ ɗŮɟɛɐ ˊɚŮɡɟɎ Űɞɡ ULF. ũɘŬ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɞ PV ůŰŬɗŮɟɧɠ, ˊɟɏˊŮɘ 

ɜŬ ŬɡɝɖɗŮɑ ɖ ˊŮɟɘůŰɟɞűɐ. ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ɘůɢɡɟɧɠ ůŰɟɧɓɘɚɞɠ, Űɞɡ ɞˊɞɑɞɡ ɖ 

ŬɜŰŬˊɧəɟɘůɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŮɑɜŬɘ ɖ ɓɧɛɓŬ. ȷəɟɘɓɩɠ ŮˊɎɜɤ Ŭˊɧ Űɖ ɓɧɛɓŬ ɚŬɛɓɎɜŮɘ 

ɢɩɟŬ ŭɘŬɓŬŰɘəɐ ˊŬɟŬɔɤɔɐ (əŬŰŬůŰɟɞűɐ) PV ůŰŬ əŬŰɩŰŮɟŬ (ŬɜɩŰŮɟŬ) ůŰɟɩɛŬŰŬ. ȼ 

ŭɘŬɟɟɞɐ ŬɏɟŬ ɡɣɖɚɞɨ PV ŮəŰɧɠ Űɞɡ ɣɡɢɟɞɨ ɗɧɚɞɡ ɛŮŰɟɎŰŬɘ ɛŮ Űɖɜ ɘůŮɜŰɟɞˊɘəɐ 

ɛŮŰŬűɞɟɎ PV, ɐ ɘůɞŭɨɜŬɛŬ, ɛŮ Űɖ ɗŮɟɛɘəɐ ɛŮŰŬűɞɟɎ ŮˊɎɜɤ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ PV. ɀɘŬ 

əɚŬůůɘəɐ ŮˊɘűɎɜŮɘŬ óŬɜŬűɞɟɎɠô PV ŮɑɜŬɘ ɖ ȹɇ, ˊɞɡ ɏɢŮɘ ůɢŮŭɘŬůɗŮɑ ɛŮ ŮɜŰɞɜɧŰŮɟɞ 

ɛŬɨɟɞ ůŰɖɜ Űɞɛɐ Űɞɡ ɆɢɐɛŬŰɞɠ 3.  
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5.   ɆɈɁȺɅũȷɆȽȷ ɇɅɃɄɃɄȷɈɆȼɆ ȾȷȽ ȾȷɇɋɇȺɅɋɁ ɆɇɅɋɀȷɇɋɁ  
 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ɔɑɜŮŰŬɘ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŭŮɘɢɗŮɑ ɧŰɘ ɖ ŮəɟɖəŰɘəɐ əɡəɚɞɔɏɜŮůɖ 

ɞűŮɘɚɧŰŬɜ ůŮ ůɡɛɓɞɚɐ, Űɧůɞ Űɤɜ ŬɜɤŰɏɟɤɜ, ɧůɞ əŬɘ Űɤɜ əŬŰɤŰɏɟɤɜ ůŰɟɤɛɎŰɤɜ. ɆŰɖɜ 

ŮˊɎɜɤ ůŮɘɟɎ Űɞɡ ɆɢɐɛŬŰɞɠ 4 ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɖ ɗŮɟɛɘəɐ ɛŮŰŬűɞɟɎ ůŰɖ ȹɇ, ůŮ ˊŮɟɘɞɢɏɠ 

ɧˊɞɡ ɖ ŰŮɚŮɡŰŬɑŬ əŬŰŮɓŬɑɜŮɘ əɎŰɤ Ŭˊɧ ŰŬ 300 hPa. ɆŰɘɠ 12/21 (ŬɟɘůŰŮɟɎ) ɣɡɢɟɐ 

ɛŮŰŬűɞɟɎ 20³10
-4

 Ⱦ/s ɚŬɛɓɎɜŮɘ ɢɩɟŬ ˊɟɞůɐɜŮɛŬ Űɖɠ ɓɧɛɓŬɠ. ȹɖɛɘɞɡɟɔŮɑŰŬɘ ɏŰůɘ ɏɜŬɠ 

-ůɢŮŰɘəɎ ɛɘəɟɩɜ ŭɘŬůŰɎůŮɤɜ- ůŰɟɧɓɘɚɞɠ ůŰɖɜ ŬɜɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ (ɀˊɟɑəŬɠ, 2006), 

ˊɞɡ ˊŬɟŬɛɞɟűɩɜŮɘ ɏɜŰɞɜŬ Űɞ ɗŮɟɛɘəɧ ˊŮŭɑɞ. ȾŬɗɩɠ ɞɘ ɎɜŮɛɞɘ ŮɑɜŬɘ ˊɞɚɨ ɘůɢɡɟɞɑ ůŰɞ 

ɨɣɞɠ ŬɡŰɧ, ůɖɛŮɘɩɜɞɜŰŬɘ ɏɜŰɞɜŮɠ ɛŮŰŬűɞɟɏɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ɖ ůɨɔəɚɘůɖ Űɤɜ Q 

vectors ŬɡɝɎɜŮɘ ˊɞɚɨ (550³10
-17

s
-3
m

-1
) ŰɞˊɘəɎ, ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɏɜŰɞɜɤɜ 

Ŭɜɞŭɘəɩɜ əɘɜɐůŮɤɜ. Ƀɘ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŮ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ɛŮ 

ŬůɗŮɜɐ ůŰɟɤɛɎŰɤůɖ, ˊɞɡ ŮɡɜɞŮɑ Űɖɜ ˊɟɞɠ ŰŬ əɎŰɤ ɛŮŰɎŭɞůɖ Űɖɠ ɏɚɝɖɠ Űɤɜ 

əŬŰŬəɞɟɨűɤɜ əɘɜɐůŮɤɜ, ɎɟŬ Űɖɜ 

ŮˊɘűŬɜŮɘŬəɐ əɡəɚɞɔɏɜŮůɖ. 

ɇɖɜ ɑŭɘŬ ůŰɘɔɛɐ (12/21), ůŰŬ 

850 hPa (əɎŰɤ ůŮɘɟɎ ɆɢɐɛŬŰɞɠ 4), 

ŬɏɟŬɠ ɡɣɖɚɐɠ ɗe ŮɘůɟɏŮɘ ůŰɖ 

ɓɧɛɓŬ, əŬɗɩɠ ŬɡŰɐ əɘɜŮɑŰŬɘ ȷȸȷ. 

ɄɘɗŬɜɧŰŬŰŬ ŬɡŰɧɠ ŮɑɜŬɘ o 

ŬŮɟɞɛŮŰŬűɞɟɏŬɠ (conveyor belt) 

Űɞɡ ɢŬɛɖɚɞɨ Ls. ȼ óəɞɘɚɎŭŬô 

ɗŮɟɛɞɨ ŬɏɟŬ (trowal, Martin, 

1999), ˊɞɡ ůɡɜɞŭŮɨŮɘ Űɖɜ 

ŮˊɘűŬɜŮɘŬəɐ ůɨůűɘɔɝɖ (ɓɚ. ɆɢɐɛŬ 

1) ůɡɛɓɎɚɚŮɘ ůŰɖ ŭɘɞɢɏŰŮɡůɖ Űɞɡ 

ɗŮɟɛɞɨ əŬɘ ɡɔɟɞɨ ŬɏɟŬ ůŰɖ ɓɧɛɓŬ, 

əŬɗɩɠ ɖ ŰŮɚŮɡŰŬɑŬ ɓɟɑůəŮŰŬɘ 

Ŭəɟɘɓɩɠ ŮˊɎɜɤ ůŰɞɜ ɎɝɞɜŬ Űɖɠ 

trowal (tr ough of warm air aloft) 

ůŰɘɠ 12/21.   

Ȱɝɘ ɩɟŮɠ ŬɟɔɧŰŮɟŬ (18/21), ůŰɖɜ ŰɟɞˊɧˊŬɡůɖ, ɖ ɣɡɢɟɐ ɛŮŰŬűɞɟɎ ŮɝŬůɗŮɜŮɑ (4 

³10
-4

 Ⱦ/s), Űɞ ɑŭɘɞ əŬɘ ɖ ůɨɔəɚɘůɖ Űɤɜ Q vectors. ɄɟɎɔɛŬŰɘ, Űɞ ŬɜɩŰŮɟɞ ɛɏŰɤˊɞ ɏɢŮɘ 

ŮɝŬůɗŮɜɐůŮɘ Űɖɜ ɩɟŬ ŬɡŰɐ, Ůɜɩ ɞ ŬŮɟɞɢŮɑɛŬɟɟɞɠ ŬˊɞɛŬəɟɨɜŮŰŬɘ ˊɟɞɠ ŰŬ ɜɧŰɘŬ əŬɘ 

ɛŬɕɑ Űɞɡ əŬɘ ɞɘ ɘůɢɡɟɏɠ ŬɜŮɛɞɓŬɗɛɑŭŮɠ. ɆŰɘɠ 18/21 ɧɛɤɠ, Űɞ ɛɏŰɤˊɞ Űɖɠ ɓɧɛɓŬɠ ŮɑɜŬɘ 

ɛŮŰɤˊɞɔŮɜŮŰɘəɎ ŮɜŮɟɔɧ, ɛŮ Űɞ F850 hPa ɜŬ ŬɡɝɎɜŮɘ ůŰɞɡɠ 60³10
-10

 km
-1

s
-1
. ɇɞ 

ůɖɛŬɜŰɘəɧŰŮɟɞ, ɖ ůɢŮŰɘəɐ əɡəɚɞűɞɟɑŬ ɔɨɟɤ Ŭˊɧ Űɖ ɓɧɛɓŬ ŮɑɜŬɘ ŮɛűŬɜɩɠ əɡəɚɤɜɘəɐ 

ůŰŬ 850 hPa. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ɩɟŮɠ, ŰŬ əŬŰɩŰŮɟŬ ůŰɟɩɛŬŰŬ ůɡɜŮɢɑɕɞɡɜ ɜŬ ˊŬɑɕɞɡɜ Űɞ 

ůɖɛŬɜŰɘəɧŰŮɟɞ ɟɧɚɞ, ɛŮ ŬˊɞəɞɟɨűɤɛŬ Űɖ ůɡɜɏɜɤůɖ Űɞɡ Ʉɀ ɛŮ Űɞ ɛɏŰɤˊɞ Űɖɠ 

ɓɧɛɓŬɠ, ůŰɘɠ 00 - 06/22. 

 

6.   ɆɈȻȼɇȼɆȼ ï ɆɈɀɄȺɅȷɆɀȷɇȷ 

 

ȼ ŮˊɘəɟŬŰɞɨůŬ Ɏˊɞɣɖ ůŰɖ ŭɘŮɗɜɐ ɛŮŰŮɤɟɞɚɞɔɘəɐ əɞɘɜɧŰɖŰŬ ŮɑɜŬɘ ˊɤɠ ɖ 

ɛŮŰŮɤɟɞɚɞɔɘəɐ ɓɧɛɓŬ ˊɞɡ ŮˊɖɟɏŬůŮ Űɖɜ Ⱥɚɚɖɜɘəɐ ˊŮɟɘɞɢɐ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2004, 

Ɇɉȼɀȷ 3. ȺůŰɘɔɛɏɜŮɠ: ɗe. ȷɢɜɏɠ ůɡɜŮɢŮɑɠ: PV 

> 0.4 PVU ŬɜɎ 0.3 PVU. ȰɜŰɞɜɖ ŮůŰɘɔɛɏɜɖ: 

upper level front (ULF). 
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ɐŰŬɜ ˊɟɞɥɧɜ ůɡɜɏɜɤůɖɠ trough Űɖɠ ȸ. Ⱥɡɟɩˊɖɠ əŬɘ ȸ. ȷűɟɘəɐɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, 

ɏɔɘɜŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŭŮɘɢɗŮɑ ɧŰɘ ɖ ɓɧɛɓŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ɏɜŰɞɜɞ 

ȸ. ȷűɟɘəŬɜɘəɧ ůɨůŰɖɛŬ. ɄɟɎɔɛŬŰɘ, ɏɜŰɞɜɖ ɗŮŰɘəɐ ɛŮŰŬűɞɟɎ IPV (isentropic PV) Ŭˊɧ 

Ɂȹ, əŬŰɎ ɛɐəɞɠ Ůɜɧɠ ULF, ɐ ɘůɞŭɨɜŬɛŬ, ɣɡɢɟɐ ɛŮŰŬűɞɟɎ əŬŰɎ ɛɐəɞɠ ɛɘŬɠ 

ŬůɡɜɐɗɘůŰŬ ɢŬɛɖɚɐɠ ȹɇ, ŬˊɞŰɏɚŮůŮ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɏɚɝɖ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ŮəɟɖəŰɘəɐɠ əɡəɚɞɔɏɜŮůɖɠ, Ŭˊɧ Űɘɠ 06/21 ɏɤɠ əŬɘ Űɘɠ 06/22 ȽŬɜɞɡŬɟɑɞɡ 2004. ɀɘŬ 

ůɡɜŮůűɘɔɛɏɜɖ ȸ. ȷűɟɘəŬɜɘəɐ ɛŮŰɤˊɘəɐ ŭɞɛɐ ɏŭɤůŮ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ɩɗɖůɖ Ŭˊɧ ŰŬ  
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Ɇɉȼɀȷ 4. ȾɎŰɤ: ɆɢŮŰɘəɐ ɟɞɐ, ɗe (ŮůŰɘɔɛɏɜŮɠ) əŬɘ ɞɟɘɕɧɜŰɘŬ ɛŮŰɤˊɞɔɏɜŮůɖ ɔɨɟɤ Ŭˊɧ Űɖ 

ɓɧɛɓŬ ůŰŬ 850 hPa ɔɘŬ Űɘɠ 12/21 əŬɘ 18/21. ɄŮɟɘɞɢɏɠ ɛŮ ɗe>17
ɞ
C ŮɑɜŬɘ ůəɘŬůɛɏɜŮɠ 

ŬɡɝŬɜɧɛŮɜŬ ŬɜɎ 1
ɞ
C. ɄŮɟɘɞɢɏɠ ɛŮŰɤˊɞɔɏɜŮůɖɠ (ɛŮŰɤˊɧɚɡůɖɠ) ˊŮɟɘəɚŮɑɞɜŰŬɘ Ŭˊɧ ůɡɜŮɢŮɑɠ 

(ŭɘŬəŮəɞɛɛɏɜŮɠ) ɏɜŰɞɜŮɠ ɛŬɨɟŮɠ ɔɟŬɛɛɏɠ. ȹɘŬůŰɐɛŬŰŬ ɛŮŰŬɝɨ ɘůɞˊɚɖɗɩɜ ɧˊɤɠ ůŰɞ Ɇɢ. 2. 

ȺˊɎɜɤ: ȯɜŮɛɞɘ əŬɘ ɗ ŬɜɎ 10
ɞ
C (ɏɜŰɞɜŮɠ ɛŬɨɟŮɠ ŭɘŬəŮəɞɛɛɏɜŮɠ) ůŰɖɜ ŮˊɘűɎɜŮɘŬ PV = 2 PVU. 

ũɘŬ pPV=2 PVU > 300 hPa, ŮɑɜŬɘ ůəɘŬůɛɏɜɖ ɖ ɗŮɟɛɘəɐ ɛŮŰŬűɞɟɎ 2, 4, 8 əŬɘ 16³10
-4
 Ⱦ/s. 

ɄŮɟɘɞɢɏɠ ɗŮɟɛɐɠ (ɣɡɢɟɐɠ) ɛŮŰŬűɞɟɎɠ ˊŮɟɘəɚŮɑɞɜŰŬɘ Ŭˊɧ ůɡɜŮɢŮɑɠ (ŭɘŬəŮəɞɛɛɏɜŮɠ) ɛŬɨɟŮɠ 

ɔɟŬɛɛɏɠ. ɄŮɟɘɞɢɏɠ, ɧˊɞɡ divQ >15³10
-16

 s
-3
m

-3
, ŮɑɜŬɘ ɏɜŰɞɜŬ ůəɘŬůɛɏɜŮɠ ŬɜɎ 15³10

-16
 s

-3
m

-

3
. ɄŮɟɘɞɢɏɠ Ŭɜɞŭɘəɩɜ (əŬɗɞŭɘəɩɜ) əɘɜɐůŮɤɜ ˊŮɟɘəɚŮɑɞɜŰŬɘ Ŭˊɧ ɎůˊɟŮɠ ŭɘŬəŮəɞɛɛɏɜŮɠ 

(ůɡɜŮɢŮɑɠ). 

 ȹɘŬəŮəɞɛɛɏɜɖ ŮɡɗŮɑŬ ůŰɘɠ 12/21: ɑɢɜɞɠ Űɞɛɐɠ ɆɢɐɛŬŰɞɠ 3. 
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ɢŬɛɖɚɎ ůŰɟɩɛŬŰŬ.  

ɄɎɜŰɤɠ, ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɢŬɛɖɚɞɨ ůŰɟɩɛŬŰɞɠ ɩɗɖůɖɠ (low level forcing), 

ŮɜŰɡˊɤůɘŬəɧɠ ŮɑɜŬɘ ɞ ɟɧɚɞɠ Űɞɡ ȸ. ȺɡɟɤˊŬɥəɞɨ ůɡůŰɐɛŬŰɞɠ. ɀŮ Űɖɜ ɏɚŮɡůɖ Űɤɜ 

ˊɞɚɘəɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ůŮ ŮɔɔɨŰɖŰŬ ˊɟɞɠ Űɖ ɓɧɛɓŬ ůŰɘɠ 00/22, ɖ ɩɗɖůɖ Űɤɜ ɢŬɛɖɚɩɜ 

ůŰɟɤɛɎŰɤɜ ŰɟɘˊɚŬůɘɎůŰɖəŮ əŬɘ ɞ ɟɡɗɛɧɠ ɓɎɗɡɜůɖɠ ɛŮɔɘůŰɞˊɞɘɐɗɖəŮ. 

ȷɡŰɐ ɐŰŬɜ ɧɛɤɠ əŬɘ ɖ Ŭɟɢɐ Űɞɡ Űɏɚɞɡɠ Űɖɠ ɓɧɛɓŬɠ, əŬɗɩɠ, ɛŮ Űɖɜ ŮəŰɧˊɘůɖ Űɤɜ 

Űɟɞˊɘəɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ, ɖ ɓɧɛɓŬ ůŰŮɟɐɗɖəŮ Ŭˊɧ Űɖɜ ɡɣɖɚɐ ɗe ůŰŬ əŬŰɩŰŮɟɎ Űɖɠ 

ůŰɟɩɛŬŰŬ (ȸosart, ˊɟɞůɤˊɘəɐ ŮˊɘəɞɘɜɤɜɑŬ). ȷɡɝɐɗɖəŮ ɖ ůŰɟɤɛɎŰɤůɖ, ɛŮ ůɡɜɏˊŮɘŬ ɖ 

Ŭˊɧəɟɘůɖ Űɖɠ ŰɟɞˊɧůűŬɘɟŬɠ ůŰɞ forcing (ɩɗɖůɖ ɐ ɏɚɝɖ) ɜŬ ŮɑɜŬɘ ŬɘůɗɖŰɎ ɛɘəɟɧŰŮɟɖ. 

ȰŰůɘ, ˊŬɟô ɧɚɞ ˊɞɡ ůŰɞ Űɏɚɞɠ ɡˊɎɟɢŮɘ ˊɞɚɨ ɘůɢɡɟɐ ɛŮŰɤˊɞɔɏɜŮůɖ ůŰŬ ɢŬɛɖɚɎ 

ůŰɟɩɛŬŰŬ, ɞɘ Ŭɜɞŭɘəɏɠ əɘɜɐůŮɘɠ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Ŭɜɏɓɞɡɜ ůŮ ŰɏŰɞɘɞ ɨɣɞɠ, ˊɞɡ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ óɓŬɗɘɎô ɏəɚɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ. ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɛŮ Űɖ 

ůɡɜɏɜɤůɖ Űɞɡ ɛŮŰɩˊɞɡ Űɖɠ ɓɧɛɓŬɠ ɛŮ Űɞ ˊɞɚɘəɧ ɛɏŰɤˊɞ, ɞɘ ɏɤɠ ŰɧŰŮ ŬůɗŮɜŮɑɠ 

ɞɟɘɕɧɜŰɘŮɠ əŬɘ əŬŰŬəɧɟɡűŮɠ ɓŬɗɛɑŭŮɠ ɗe, ŬɜŰɘəŬŰŬůŰɎɗɖəŬɜ Ŭˊɧ ɛɘŬ ɘůɢɡɟɐ ɛŮŰɤˊɘəɐ 

ŮˊɘűɎɜŮɘŬ. ȰŰůɘ, ˊŬɟô ɧɚɞ ˊɞɡ ɖ əɡəɚɞűɞɟɑŬ S ï E ŮɜɘůɢɨɗɖəŮ, ŬɡŰɧɠ əŬɗô ŬɡŰɧɠ ɞ 

Ŭɜɞŭɘəɧɠ Űɖɠ əɚɎŭɞɠ ŮɝŬůɗɏɜɖůŮ, ůŰŬ ŰɟɞˊɞůűŬɘɟɘəɎ ůŰɟɩɛŬŰŬ, ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ 

ɢɩɟŬ ɏəɚɡůɖ ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ. 
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ɄȺɅȽȿȼɊȼ 
ɇŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ, ˊɟɞŮɟɢɧɛŮɜŬ ŮɑŰŮ Ŭˊɧ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŮɑŰŮ Ŭˊɧ űɡůɘəɏɠ ˊɖɔɏɠ, ɛˊɞɟɞɨɜ ɜŬ 

ŭɟɎůɞɡɜ ɤɠ ˊɡɟɐɜŮɠ ůɡɛˊɨəɜɤůɖɠ (CCN)  əŬɘ ɤɠ ˊɡɟɐɜŮɠ ˊŬɔɞˊɞɑɖůɖɠ (IN) əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

ůɢɖɛŬŰɘůɛɞɨ ɜŮűɩɜ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɐ Űɞɡɠ ůŰɞ ůɢɖɛŬŰɘůɛɧ Űɤɜ ɜŮűɩɜ ŰŬ ŬɘɤɟɞɨɛŮɜŬ 

ůɤɛŬŰɑŭɘŬ Ůˊɘŭɟɞɨɜ əŬɘ ůŰɖ ŭɘɎŭɞůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ əŬɗɩɠ Ŭˊɞɟɟɞűɞɨɜ əŬɘ ůəŮŭɎɕɞɡɜ ŰɛɐɛŬŰŬ Űɧůɞ 

Űɖɠ ɖɚɘŬəɐɠ ɧůɞ əŬɘ Űɖɠ ɔɐɘɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɇɞ ŬŰɛɞůűŬɘɟɘəɧ ɛɞɜŰɏɚɞ Integrated Limited Area 

Modeling System (ICLAMS) ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ Ŭˊɧ Űɖɜ ɃɛɎŭŬ ȷŰɛɞůűŬɘɟɘəɩɜ ɀɞɜŰɏɚɤɜ Űɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ, ɏɢɞɜŰŬɠ ɤɠ əɨɟɘɞ ůŰɧɢɞ Űɖ ɛŮɚɏŰɖ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɖɠ ŬɏɟɘŬɠ 

ɟɨˊŬɜůɖɠ əŬɘ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ ŭɘŮɟɔŬůɘɩɜ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

Ůˊɏɚɗɞɡɜ ůŰɞ əɚɑɛŬ Űɖɠ əɎɗŮ ˊŮɟɘɞɢɐɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɟŮɡɜɎŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ 

ůɤɛŬŰɘŭɑɤɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ Űɤɜ ɜŮűɩɜ əŬɘ ůŰɞɜ ɡŮŰɧ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ.  
 

 A MODELING STUDY ON TH E EFFECTS OF AEROSOL ON CLOUD PROCESSES AND 
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ABSTRACT 
Airborne particles of natural or anthropogenic origin, may act as both Cloud Condensation Nuclei (CCN) 

and ice nuclei (IN) during cloud formation processes. Apart from their impact on cloud formation, 

aerosols do also interfere with atmospheric conditions by altering the radiation pattern as they can absorb 

and scatter at both shortwave and long-wave parts of the radiation spectrum. The Integrated Limited Area 

Modeling System (ICLAMS) has been developed by the Atmospheric Modeling and Weather Forecasting 

Group at the University of Athens, in order to investigate possible links and feedbacks between air 

pollution, atmospheric processes and regional climate. The present work focuses on the effects of 

airborne particles on clouds and precipitation over eastern Mediterranean.  

 

 

1.  ȺȽɆȷũɋũȼ 
 

ȼ ɟɨˊŬɜůɖ Űɞɡ ŬɏɟŬ, ŮɑŰŮ űɡůɘəɐ ŮɑŰŮ ŬɜɗɟɤˊɞɔŮɜɐɠ, ɏɢŮɘ ŮˊɘˊŰɩůŮɘɠ ůŰɞɜ əŬɘɟɧ, 

Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ əŬɘ Űɞ əɚɑɛŬ (WHO, 2002; Jacobson, 2002; Andreae and 

Rosenfeld, 2008; Mitsakou et al., 2008). ɇŬ ůɤɛŬŰɑŭɘŬ əŬɘ ɞɘ Ŭɏɟɘɞɘ ɟɨˊɞɘ ˊɞɡ 

ŮəˊɏɛˊɞɜŰŬɘ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɛŮŰŬɓɎɚɞɡɜ Űɖɜ ůɨůŰŬůɖ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ əŬɘ ůɡɜŮˊɩɠ 

Űɞ ɘůɞɕɨɔɘɞ ŬəŰɘɜɞɓɞɚɑŬɠ, ŬˊɞɟɟɞűɩɜŰŬɠ ɐ ůəŮŭɎɕɞɜŰŬɠ ɛɏɟɞɠ Űɖɠ ɖɚɘŬəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŮ ŬɡŰɎ. Ⱥˊɘˊɚɏɞɜ, ɛˊɞɟɞɨɜ ɜŬ ŭɟɎůɞɡɜ ɤɠ CCN ɐ IN 

ŮˊɘŭɟɩɜŰŬɠ ɏŰůɘ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ ɜŮűɩɜ əŬɘ ůŰɘɠ ɞˊŰɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ.  

ũɘŬ Űɖɜ ůɡɜŮˊɐ əŬɘ Ŭəɟɘɓɐ ˊŮɟɘɔɟŬűɐ ŬɡŰɩɜ Űɤɜ ŮˊɘŭɟɎůŮɤɜ ɢɟŮɘɎɕŮŰŬɘ ɛɘŬ ˊɚɐɟɤɠ 

ɞɚɞəɚɖɟɤɛɏɜɖ ˊɟɞůɏɔɔɘůɖ ŰŬɡŰɧɢɟɞɜɖɠ ŬɜɎɚɡůɖɠ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ əŬɘ ɢɖɛɘəɩɜ 

ɛɖɢŬɜɘůɛɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ȽůŰɞɟɘəɎ, ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

ŬɡŰɩɜ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŰɖɜ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ 

Űɞɡ ŬɏɟŬ ɚɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰɎɠ Űɞɡɠ əŬɘ Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɘůɢɨɞɠ.  
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ɀɘŬ ˊɟɞůˊɎɗŮɘŬ ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ ŰŬɡŰɧɢɟɞɜɖɠ Ůˊɑɚɡůɖɠ Űɤɜ ɢɖɛɘəɩɜ əŬɘ Űɤɜ 

ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ŭɘŮɟɔŬůɘɩɜ (online coupling) ůŰŬ ŬŰɛɞůűŬɘɟɘəɎ ɛɞɜŰɏɚŬ, ŮɑɜŬɘ ɖ 

ŬɜɎˊŰɡɝɖ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ ŬɟɘɗɛɖŰɘəɞɨ ɛɞɜŰɏɚɞɡ Ŭˊɧ Űɖɜ ɃɛɎŭŬ ȷŰɛɞůűŬɘɟɘəɩɜ 

ɀɞɜŰɏɚɤɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ (Kallos er al., 2010). ɇɞ ŬŰɛɞůűŬɘɟɘəɧ ɛɞɜŰɏɚɞ 

ICLAMS, ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ əɞɘɜɞŰɘəɞɨ ɏɟɔɞɡ CIRCE,  ɏɢɞɜŰŬɠ ɤɠ 

əɨɟɘɞ ůŰɧɢɞ Űɖ ɛŮɚɏŰɖ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɖɠ ŬɏɟɘŬɠ ɟɨˊŬɜůɖɠ əŬɘ Űɤɜ 

ŬŰɛɞůűŬɘɟɘəɩɜ ŭɘŮɟɔŬůɘɩɜ əŬɘ Űɤɜ ˊɘɗŬɜɩɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ůŰɞ 

əɚɑɛŬ əɎɗŮ ˊŮɟɘɞɢɐɠ.  

 

2.   ɆɈɁɃɄɇȽȾȼ ɄȺɅȽũɅȷūȼ ɀɃɁɇȺȿɃɈ 
 

ɇɞ ICLAMS ŬˊɞŰŮɚŮɑ ɛɘŬ ɓŮɚŰɘɤɛɏɜɖ ɏəŭɞůɖ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ ɛɞɜŰɏɚɞɡ 

RAMS6.0 (Cotton et al., 2001). ȺəŰɧɠ Ŭˊɧ Űɘɠ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ RAMS 

Űɞ əŬɘɜɞɨɟɔɘɞ ɛɞɜŰɏɚɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ɚŮˊŰɞɛŮɟɏɠ ůɢɐɛŬ ŬŰɛɞůűŬɘɟɘəɐɠ ɢɖɛŮɑŬɠ ɧˊɞɡ 

ɧɚŮɠ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜŬɚɨɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɘɠ 

ɚɞɘˊɏɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɏɢŮɘ ˊŬɟŬɛŮŰɟɞˊɞɘɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ 

ˊŬɟŬɔɤɔɐɠ ɛŮŰŬűɞɟɎɠ əŬɘ ŮɜŬˊɧɗŮůɖɠ ůəɧɜɖɠ, ɗŬɚŬůůɘɜɞɨ ŬɚŬŰɘɞɨ əŬɘ 

ŬɜɗɟɤˊɞɔŮɜɩɜ ɟɨˊɤɜ,  ɞɘ ŬɜŰɘŭɟɎůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ Űɧůɞ ůŰɖɜ ŬɏɟɘŬ ɧůɞ əŬɘ 

ůŰɖɜ ɡɔɟɐ űɎůɖ ŬɚɚɎ əŬɘ ɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ Ŭɏɟɘɤɜ ɟɨˊɤɜ ůŮ ůɤɛŬŰɑŭɘŬ. Ƀɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ŭɘŬűɧɟɤɜ Űɨˊɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ  ŬˊɞŰŮɚɞɨɜ 

ˊɟɞɔɜɤůŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɧůɞ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɖ ŭɘɎŭɞůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɧůɞ əŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ 

əŬɘ Ůɝɏɚɘɝɖɠ Űɤɜ ɜŮűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ.  

ȾŬŰɎ Űɖ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ŰŬ ŬɘɤɟɞɨɛŮɜŬ ůɤɛŬŰɑŭɘŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ 

ɛŮŰŬɝɨ Űɞɡɠ ŬɚɚɎ əŬɘ ɛŮ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůɨɛűɤɜŬ ɛŮ ŬɛűɑŭɟɞɛŮɠ əŬɘ ůɡɢɜɎ ŬɟəŮŰɎ 

ˊŮɟɑˊɚɞəŮɠ ŭɘŬŭɘəŬůɑŮɠ (Astitha and Kallos, 2008). Ƀ ɎɛŮůɞɠ ɟɧɚɞɠ ˊɞɡ 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ŰŬ ůɤɛŬŰɑŭɘŬ ůŰɖ ŭɘɎŭɞůɖ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɖɜ 

ŮˊɑŭɟŬůɐ Űɞɡɠ ůŰɖɜ Ŭˊɞɟɟɧűɖůɖ əŬɘ ůəɏŭŬůɖ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ůŮ ŭɘɎűɞɟŬ 

ɛɐəɖ əɨɛŬŰɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɞˊŰɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ. ɇɞ ůɢɐɛŬ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ Űɖɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɞ ɜɏɞ ŬŰɛɞůűŬɘɟɘəɧ ɛɞɜŰɏɚɞ, ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜɞ ɛŮ Űɖɜ 

ˊɟɞɔɜɤůŰɘəɐ ůɡɔəɏɜŰɟɤůɖ əŬɘ ůɨůŰŬůɖ Űɤɜ ŭɘŬűɧɟɤɜ ɟɨˊɤɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ɇɞ 

ɛɞɜŰɏɚɞ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɜŬˊŬɟɎɔŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŬɏɟɘŬɠ ɟɨˊŬɜůɖɠ ůŰɖ 

ŭɘɎŭɞůɖ Űɧůɞ Űɖɠ ɛɘəɟɞɨ ɧůɞ əŬɘ Űɖɠ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ ŬəŰɘɜɞɓɞɚɑŬɠ.  

ȼ ŭɘŬŭɘəŬůɑŬ ůɡɛˊɨəɜɤůɖɠ Űɤɜ ɜŮűɞůŰŬɔɧɜɤɜ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ůɨůŰŬůɖ Űɞɡ 

ŬŰɛɞůűŬɘɟɘəɞɨ ŬɏɟŬ. ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ (ˊɑŮůɖ, 

ɗŮɟɛɞəɟŬůɑŬ əŬɘ əŬŰŬəɧɟɡűɖ ůɡɜɘůŰɩůŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ) əŬɘ Űɞ Ůɑŭɞɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ (ɛɏɔŮɗɞɠ əŬɘ ɢɖɛɘəɐ ůɨůŰŬůɖ) 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ˊɡɟɐɜɤɜ ůɡɛˊɨəɜɤůɖɠ ˊɞɡ ɗŬ ŮɜŮɟɔɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɞ 

ůɢɖɛŬŰɘůɛɧ Űɤɜ ɜŮűɩɜ (Fountoukis and Nenes 2005 ; Nenes and Seinfeld, 2003). ȼ 

ŬɜɎˊŰɡɝɖ əŬɘ  Ůɝɏɚɘɝɖ Űɤɜ ɜŮűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ əŬɗɩɠ əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ 

Űɞɡ ɡŮŰɞɨ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ Ŭˊɧ Űɞ ůɢɐɛŬ ɛɘəɟɞűɡůɘəɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůŰɞ 

ɞˊɞɑɞ ŮˊɘɚɨɞɜŰŬɘ 8 əŬŰɖɔɞɟɑŮɠ ůɤɛŬŰɘŭɑɤɜ ɜŮɟɞɨ: ɡŭɟŬŰɛɞɑ (vapor) , ɜŮűɞůŰŬɔɞɜɑŭɘŬ 

(cloud droplets), ůŰŬɔɧɜŮɠ ɓɟɞɢɐɠ (rain droplets), ˊɟɤŰɞɔŮɜŮɑɠ ɛɘəɟɞɑ ˊŬɔɞəɟɨůŰŬɚɚɞɘ 

(pristine ice), əɟɨůŰŬɚɚɞɘ ɢɘɞɜɘɞɨ (snow), ůɡůůɤɛŬŰɩɛŬŰŬ ˊŬɔɞəɟɡůŰɎɚɚɤɜ 

(aggregates),ɛɞɟűɩɛŬŰŬ ˊɎɔɞɡ (graupel) əŬɘ ɢŬɚŬɕɧəɞəəɞɘ(hail ).  
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1. ȹȽȷɀɃɅūɋɆȼ ȺɄȽȿɃũɋɁ ɀɃɁɇȺȿɃɈ 
 

ȹɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŬůɢɞɚɖɗŮɑ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰɖɜ 

ůɡɛˊɨəɜɤůɖ Űɤɜ ɜŮűɘəɩɜ ůŰŬɔɞɜɘŭɑɤɜ (Teller and Levin, 2006; Fountoukis and Nenes, 

2005). Ƀ ůŰɧɢɞɠ ɐŰŬɜ ɖ ˊɟɞůɞɛɞɑɤůɖ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘˊŰɩůŮɤɜ ŬɜɎˊŰɡɝɖɠ ɜŮűɩɜ 

əŬɘ ɖ ŬɜɎɚɡůɖ Űɖɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡɠ ůŮ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ 

Ůɑŭɞɠ əŬɘ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůɤɛŬŰɘŭɑɤɜ, ɛŮ Űɖɜ ɢɟɐůɖ ɛɞɜŰɏɚɤɜ 

Ŭˊɞɛɞɜɤɛɏɜɤɜ  ɜŮűɩɜ  (cloud parcel models). ȷɡŰɏɠ ɞɘ ɛŮɚɏŰŮɠ əŬŰɏɚɖɝŬɜ ůŮ ɢɟɐůɘɛŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɧůɞ ŬűɞɟɎ Űɖɜ ŬɜŰŬˊɧəɟɘůɖ Űɞɡ ɜŮűɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŮ ŭɘɎűɞɟŮɠ 

ůɡɜɗɐəŮɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɧɛɤɠ ŬɜɎɚɞɔŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ɘůɢɨɞɡɜ ɔɘŬ Űɞɜ 

ɡŮŰɧ. ȼ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ɓɟɞɢɧˊŰɤůɖɠ əŬɗɩɠ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŬɡŰɞɑ 

ɞɘ ɛɖɢŬɜɘůɛɞɑ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ˊŮɟɘɞɢɐ ůŮ ˊŮɟɘɞɢɐ, ůɡɛɓɎɚɚɞɡɜ ˊɟɞɠ ŬɡŰɐ Űɖɜ 

ŭɡůəɞɚɑŬ.  

ũɘŬ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ Űɞ ɛɞɜŰɏɚɞ ŭɘŬɛɞɟűɩɗɖəŮ ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ. ũɘŬ 

ɜŬ əŬɗɞɟɘůŰɞɨɜ ɞɘ ůɡɔəŮəɟɘɛɏɜɞɘ ůɡɜŭŮŰɘəɞɑ əɟɑəɞɘ ŬɜɎɛŮůŬ ůŰɞɡɠ ɜŮűɘəɞɨɠ 

ɛɖɢŬɜɘůɛɞɨɠ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŬɏɟŬ, ɛɘŬ ɘŭŮŬŰɐ əŬŰɎůŰŬůɖ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ 

ŰŮůŰ ŮɡŬɘůɗɖůɑŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŮɟŮɡɜɎŰŬɘ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ŮˊŮɘůɧŭɘɞ ůəɧɜɖɠ əŬɘ 

ˊɚɖɛɛɨɟŬɠ ˊɞɡ ɏɚŬɓŮ ɛɏɟɞɠ ˊɎɜɤ Ŭˊɧ Űɖɜ ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ ůŰɘɠ 28 əŬɘ 29 

ȽŬɜɞɡŬɟɑɞɡ 2003. 

 

2.  ɇȺɆɇ ȺɈȷȽɆŪȼɆȽȷɆ 
 

ɆŮ ŬɡŰɐ Űɖɜ ŬɜɎɚɡůɖ ŮɝŮŰɎɕŮŰŬɘ ɖ ŬɜŰŬˊɧəɟɘůɖ Ůɜɧɠ Ŭˊɞɛɞɜɤɛɏɜɞɡ ɜŮűɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ůŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬɗɏůɘɛɤɜ CCN. ȼ ˊŮɟɘɞɢɐ ˊɟɞůɞɛɞɑɤůɖɠ ɞɟɑůŰɖəŮ 

ůŮ 40ɢ40 ůɖɛŮɑŬ ɛŮ ɞɟɘɕɧɜŰɘŬ ɢɤɟɘəɐ ŬɜɎɚɡůɖ 750 ɛɏŰɟɤɜ əŬɘ 32 əŬŰŬəɧɟɡűŬ 

ŮˊɑˊŮŭŬ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ 100 ɛɏŰɟŬ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ űŰɎɜɞɜŰŬɠ Ůɩɠ ŰŬ 18000 

ɛɏŰɟŬ ɛŮ ůɡɜŰŮɚŮůŰɐ ŰɎɜɡůɖɠ 1.2. ɇɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ˊɟɞűɑɚ ŬŰɛɧůűŬɘɟŬɠ, ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ɛɞɜŰɏɚɞɡ, ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ŬůŰŬɗɩɜ 

ɢŮɘɛŮɟɘɜɩɜ ůɡɜɗɖəɩɜ ɔɘŬ ɛŮůŬɑŬ ɔŮɤɔɟŬűɘəɎ ˊɚɎŰɖ (ȺɘəɧɜŬ 1). ȼ ŭɘɎɟəŮɘŬ Űɖɠ əɎɗŮ 

ˊɟɞůɞɛɞɑɤůɖɠ ŮɑɜŬɘ 4 ɩɟŮɠ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ɜŮűɘəɩɜ ůŰŬɔɧɜɤɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. ɇɞ Ŭɟɢɘəɧ űɞɟŰɑɞ 

ůɤɛŬŰɘŭɑɤɜ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ əŬŰŬɜɞɛɏɠ: Ŭ. ȾŬɗŬɟɐ əŬŰŬɜɞɛɐ əŬɘ 

ɓ. əŬŰŬɜɞɛɐ ɛŮ ɟɨˊɞɡɠ (ȺɘəɧɜŬ 2). ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɖɠ əŬɗŬɟɐɠ əŬŰŬɜɞɛɐɠ (ɛˊɚŮ 

ɔɟŬɛɛɐ)  Űɞ ŭŮɑɔɛŬ ůɤɛŬŰɘŭɑɤɜ ŬəɞɚɞɡɗŮɑ ɛɘŬ ɚɞɔŬɟɘɗɛɘəɐ əŬŰŬɜɞɛɐ ɛŮ ŭɡɞ əɚɑɛŬəŮɠ 

ɛŮɔŮɗɩɜ (size modes). ɆŰɖ ˊɟɩŰɖ ɚŮˊŰɧəɞəəɖ əɚɑɛŬəŬ Ŭɜɐəɞɡɜ ŰŬ ůɤɛŬŰɑŭɘŬ ɛŮ ɛɏůɖ 

ŭɘɎɛŮŰɟɞ 0,2 ɛɘəɟɧɛŮŰɟŬ (fine mode) Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ Ŭŭɟɧəɞəəɖ əɚɑɛŬəŬ Ŭɜɐəɞɡɜ 

ŰŬ ůɤɛŬŰɑŭɘŬ ɛŮ ɛɏůɖ ŭɘɎɛŮŰɟɞ 2 ɛɘəɟɧɛŮŰɟŬ. Ƀɘ ůɡɔəŮɜŰɟɩůŮɘɠ Ŭɟɘɗɛɞɨ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ůŰɖ ˊɟɩŰɖ əɚɑɛŬəŬ ŮɑɜŬɘ 90 ůɤɛŬŰɑŭɘŬ ŬɜɎ əɡɓɘəɧ ŮəŬŰɞůŰɧ Ůɜɩ ůŰɖɜ 

ŭŮɨŰŮɟɖ əɚɑɛŬəŬ 10 ůɤɛŬŰɑŭɘŬ ŬɜɎ əɡɓɘəɧ ŮəŬŰɞůŰɧ. ȷɜŰɑůŰɞɘɢŬ, ůŰɖɜ əŬŰŬɜɞɛɐ ɛŮ 

ɟɨ́ɞɡɠ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Ŭɟɘɗɛɞɨ Űɤɜ ŭɡɞ əɚɘɛɎəɤɜ (ɑŭɘŮɠ ŭɘɎɛŮŰɟɞɘ) ŮɑɜŬɘ 1460 

ůɤɛŬŰɑŭɘŬ ŬɜɎ əɡɓɘəɧ ŮəŬŰɞůŰɧ ɔɘŬ Űɖɜ ɚŮˊŰɧəɞəəɖ əɚɑɛŬəŬ əŬɘ 40 ůɤɛŬŰɑŭɘŬ ŬɜɎ 

əɡɓɘəɧ ŮəŬŰɞůŰɧ ɔɘŬ Űɖɜ Ŭŭɟɧəɞəəɖ əɚɑɛŬəŬ. ȼ ɔŮɤɛŮŰɟɘəɐ ŭɘŬůˊɞɟɎ Űɖɠ əŬŰŬɜɞɛɐɠ 

ŮɑɜŬɘ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɑŭɘŬ (ů=2). 

ȾŬɘ ůŰɘɠ ŭɡɞ əŬŰŬɜɞɛɏɠ, ɛŮ ɐ ɢɤɟɑɠ ɟɨˊɞɡɠ, ŬɜŬˊŰɨůůɞɜŰŬɘ ɜŮűɘəɎ ůɡůŰɐɛŬŰŬ 

ˊŬɟɧɛɞɘŬɠ ŭɞɛɐɠ ŬɚɚɎ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ɛɘəɟɞűɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ȳŰŬɜ ɖ əŬŰŬɜɞɛɐ ŮɑɜŬɘ 

əŬɗŬɟɐ ɡˊɎɟɢɞɡɜ ɚɑɔɞɘ ˊɡɟɐɜŮɠ ůɡɛˊɨəɜɤůɖɠ ɞˊɧŰŮ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮɔŬɚɨŰŮɟŬ 

ůŰŬɔɞɜɑŭɘŬ ɜŮűɩɜ əŬɘ ɓɟɞɢɐɠ (ȺɘəɧɜŬ 3). ɆŰɖɜ əŬŰŬɜɞɛɐ ɛŮ ɟɨˊɞɡɠ, ˊŮɟɘůůɧŰŮɟɞɘ 

ˊɡɟɐɜŮɠ ůɡɛˊɨəɜɤůɖɠ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɔɘŬ Űɖɜ ɑŭɘŬ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ ɞŭɖɔɩɜŰŬɠ ůŮ 
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ɛŮɘɤɛɏɜɞ ɓŬɗɛɧ ůɡɚɚɞɔɐɠ əŬɘ ɚɘɔɧŰŮɟɞ ɡŮŰɧ. Ⱥˊɑůɖɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɟɨˊɞɡɠ ɖ 

ɓɟɞɢɐ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŮɛűŬɜɑɕŮŰŬɘ ŬɟɔɧŰŮɟŬ.  

 

 

2. ȺɄȺȽɆɃȹȽɃ ɆȾɃɁȼɆ 28 ï 29 ȽȷɁɃɈȷɅȽɃɈ 2003 
 

ɇŬ ůɤɛŬŰɑŭɘŬ ůəɧɜɖɠ ɏɢɞɡɜ ůɡɢɜɎ ɏɜŬ ŮˊɑůŰɟɤɛŬ ŬɜɗɟɤˊɞɔŮɜɩɜ ɟɨˊɤɜ əŬɘ 

ɗŬɚŬůůɘɜɞɨ ŬɚŬŰɘɞɨ ˊɞɡ Űɞ ŬˊɞəŰɞɨɜ ɛɏůɤ ŮŰŮɟɞɔŮɜɩɜ ŭɘŬŭɘəŬůɘɩɜ ůŰɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 

ɛŮŰŬűɞɟɎɠ Űɞɡɠ (Astitha and Kallos, 2008; Astitha et al., 2010). ȳŰŬɜ ŬɡŰɐ ɖ 

ŮˊɑůŰɟɤůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɗŮɘɘəɎ ɐ ŬɚɎŰɘ ŰɧŰŮ ŰŬ ůɤɛŬŰɑŭɘŬ ůəɧɜɖɠ ɔɑɜɞɜŰŬɘ 

ŬˊɞŭɞŰɘəɞɑ ˊɡɟɐɜŮɠ ůɡɛˊɨəɜɤůɖɠ ɚɧɔɤ Ŭɡɝɖɛɏɜɖɠ ɡɔɟɞůəɞˊɘəɧŰɖŰŬɠ. ȷɜ ŰŬ 

ůɤɛŬŰɑŭɘŬ ŬɡŰɎ ŭŮɜ ɏɢɞɡɜ ŬɡŰɐ Űɖɜ ŮˊɑůŰɟɤůɖ ɟɨˊɤɜ ɛˊɞɟɞɨɜ ɜŬ ŭɟɞɡɜ ɤɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɞɑ ˊɡɟɐɜŮɠ ˊŬɔɞˊɞɑɖůɖɠ.  

ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮˊŮɘůɞŭɑɞɡ ůəɧɜɖɠ ŮɟŮɡɜɎŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ůəɧɜɖɠ əŬɘ Űɞɡ 

ŬɚŬŰɘɞɨ ůŰɖɜ ɓɟɞɢɐ ˊɎɜɤ Ŭˊɧ Űɖɜ ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ. ȰɜŬ ɢŬɛɖɚɧ əŬɘ ɛɘŬ 

əŬŰŬɘɔɑŭŬ ůəɧɜɖɠ űŰɎɜɞɡɜ Űɖɜ ɑŭɘŬ ůŰɘɔɛɐ ˊɎɜɤ Ŭˊɧ Űɖɜ ŭɡŰɘəɐ ŬəŰɐ Űɞɡ ȽůɟŬɐɚ ůŰɘɠ 

29 ȽŬɜɞɡŬɟɑɞɡ 2003. ȼ ɛŮɚɏŰɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ˊɞůɧŰɖŰŬ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ 

ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭɟɞɡɜ ɤɠ CCN ɐ IN əŬɘ ůŰɖɜ ŮˊɑŭɟŬůɐ Űɞɡɠ ůŰɖ ɓɟɞɢɐ 

əŬɘ Űɖɜ ŭɞɛɐ Űɞɡ ɜŮűɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ȹɘŬɗɏůɘɛŮɠ ɛŮŰɟɐůŮɘɠ, ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ 

ŬŮɟɞˊɚɎɜɞ əŬɘ ɓɟɞɢɐɠ Ŭˊɧ ŮˊɑɔŮɘɞɡɠ ůŰŬɗɛɞɨɠ, ůŰɖɜ ŭɘɎɟəŮɘŬ Űɞɡ ŮˊŮɘůɞŭɑɞɡ 

əŬɗɘůŰɞɨɜ ŭɡɜŬŰɐ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ.  

ȼ ŭɡɜŬŰɧŰɖŰŬ two way interactive nesting ɏɢŮɘ ŮɜŮɟɔɞˊɞɘɖɗŮɑ ůŮ ŬɡŰɐ Űɖɜ ɛŮɚɏŰɖ. 

ɇɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɘɩɜŮɘ ˊŬɟɎɚɚɖɚŬ ŰɟɑŬ ˊɚɏɔɛŬŰŬ ɛŮ ɞɟɘɕɧɜŰɘŬ ŬɜɎɚɡůɖ 12, 3 əŬɘ 1 

ɢɘɚɘɧɛŮŰɟɞ ŬɜŰɑůŰɞɘɢŬ. ɆŰɘɠ 28 əŬɘ 29 ȽŬɜɞɡŬɟɑɞɡ 2003 ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ ɛŮŰŬűɞɟɎ 

ůəɧɜɖɠ Ŭˊɧ Űɖ ɓɧɟŮɘŬ ȷɑɔɡˊŰɞ ˊɟɞɠ ɀɏůɖ ȷɜŬŰɞɚɐ ɛŮ Űɘɠ Űɟɞɢɘɏɠ ɛŮŰŬűɞɟɎɠ ɜŬ 

ˊŮɟɜɞɨɜ ˊɎɜɤ Ŭˊɧ Űɖɜ ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ (ȺɘəɧɜŬ 4). Ƀɘ ɛŮŰɟɐůŮɘɠ ɛŮ ŬŮɟɞˊɚɎɜɞ 

ˊɞɡ ɏɔɘɜŬɜ ůŰɖ ˊŮɟɘɞɢɐ ɏŭŮɘɢɜŬɜ ŬɜŮɓŬůɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůəɧɜɖɠ əŬɘ ŬɚŬŰɘɞɨ 

(Levin et al., 2005). ȼ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ɛŮ Űɘɠ ŭɘŬɗɏůɘɛŮɠ 

ɛŮŰɟɐůŮɘɠ əɎŰɤ Ŭˊɧ Űɖɜ ɓɎůɖ Űɤɜ ůɨɜɜŮűɤɜ ŭŮɑɢɜŮɘ əŬɚɐ ůɡɛűɤɜɑŬ ůŰɘɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůəɧɜɖɠ əŬɘ ŬɚŬŰɘɞɨ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŬɜɎɛŮůŬ ůŰɘɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ əŬɘ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ 0.85 (ȺɘəɧɜŬ 5).  

ũɘŬ Űɖɜ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ, ůŰɞ ˊɚɏɔɛŬ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

ŬɜɎɚɡůɖ (1 ɢɘɚɘɧɛŮŰɟɞ), ɛŮ ɛŮŰɟɐůŮɘɠ ɓɟɞɢɐɠ Ŭˊɧ ɏɜŬ ˊɡəɜɧ ŭɑəŰɡɞ ůŰŬɗɛɩɜ (86 

ůŰŬɗɛɞɑ) ůŰɞ ȽůɟŬɐɚ, ŭɘɎűɞɟŬ ůŮɜɎɟɘŬ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘŬɗɏůɘɛɖ ůɨůŰŬůɖ ůɤɛŬŰɘŭɑɤɜ 

ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɏɢɞɡɜ ŬɜŬɚɡɗŮɑ. ȷɡŰɧ ŮˊɘŰŮɨɢɗɖəŮ ɛŮ Űɖɜ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɞɨ 

ˊɞůɞůŰɞɨ ɡɔɟɞůəɞˊɘəɩɜ ůɤɛŬŰɘŭɑɤɜ ůəɧɜɖɠ ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1. ɆŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ Űɞ ŭɘŬɚɡŰɧ ˊɞůɞůŰɧ əɎɗŮ ůɤɛŬŰɘŭɑɞɡ ůəɧɜɖɠ ŮɑɜŬɘ 33 % əŬɘ ɖ 

ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ ŭɘŬɚɡŰɞɨ ɛɏɟɞɡɠ ɗŮɤɟɐɗɖəŮ Ůɝɞɚɞəɚɐɟɞɡ ŬɚɎŰɘ.  

ȼ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ ŬŰɛɞůűŬɘɟɘəɩɜ ůɤɛŬŰɘŭɑɤɜ ɞŭɐɔɖůŮ 

ůŮ ŭɘŬűɞɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɘɠ ˊɞůɧŰɖŰŮɠ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ ɓɟɞɢɧˊŰɤůɖɠ (ȺɘəɧɜŬ 

6). ȷɡŰɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŮɜŭŮɘəŰɘəɎ Űɞɡ ɓŬɗɛɞɨ ůɢŮŰɘəɧŰɖŰŬɠ ŬɜɎɛŮůŬ ůŰɘɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɤɜ ɜŮűɩɜ. ɀɘŬ Ŭɨɝɖůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛŮ ŮˊɑůŰɟɤůɖ 

ŬɚŬŰɘɞɨ Ŭˊɧ 5% ůŮ 10% ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ Ŭɨɝɖůɖ ůŰɞ ɛɏɔɘůŰɞ ɟɡɗɛɧ 

ɓɟɞɢɧˊŰɤůɖɠ  əŬŰɎ 40% ůŮ ɧɚɖ Űɖɜ ˊŮɟɘɞɢɐ. Ⱥˊɘˊɚɏɞɜ ůɡɜŭɡŬůɛɏɜɖ ŮˊɑŭɟŬůɖ ˊɎɜɤ 

ůŰɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɓɟɞɢɧˊŰɤůɖɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ Ŭˊɧ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ 

ɢɟɐůɖ ɔɖɠ əŬɘ ŰŬ ŰɞˊɘəɎ ŰɞˊɞɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ.  
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3. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

ɇɞ ɜɏɞ ɛɞɜŰɏɚɞ ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɟɔŬɚŮɑɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ ŬŮɟɞɚɡɛɎŰɤɜ, ŬəŰɘɜɞɓɞɚɑŬɠ, 

ɜŮűɩɜ əŬɘ ɓɟɞɢɐɠ. ɆŮ ɛɘŬ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ŮˊɑŭɟŬůɖɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ůŰŬ ɜɏűɖ, ůɡɛˊŮɟŬɑɜɞɡɛŮ ɧŰɘ: 

¶ ȷɡɝɎɜɞɜŰŬɠ Űɤɜ Ŭɟɘɗɛɧ Űɤɜ CCN ɞ ɡŮŰɧɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬŰɎ əŬɜɧɜŬ 

ɛŮɘɩɜŮŰŬɘ. 

¶ ɇŬ ůɤɛŬŰɑŭɘŬ ůəɧɜɖɠ ŭɟɞɡɜ əŬɘ ɤɠ CCN əŬɘ ɤɠ IN. ɆɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ 

əŬŰŬɜɞɛɐ (ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ) Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ˊŬɑɕŮɘ Űɞ ˊɞůɞůŰɧ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ ˊɞɡ ɏɢɞɡɜ ŮˊɑůŰɟɤůɖ ŬɚŬŰɘɞɨ. 

¶ ȼ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɖɠ ɓɟɞɢɐɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ 

Ŭˊɧ Űɖ ˊɟɞɏɚŮɡůɖ əŬɘ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. 

ɆŰɖɜ űɨůɖ ɞɘ ŮˊɘŭɟɎůŮɘɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɤɜ ɜŮűɩɜ, ŰŬ ˊŮɟɘűŮɟŮɘŬəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ Űɘɠ ɔŮɜɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. ȷɡŰɐ ɖ 

ŬɟɘɗɛɖŰɘəɐ ɛŮɚɏŰɖ ɏŭŮɘɝŮ ɧŰɘ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŰŬ ɜɏűɖ əŬɘ Űɖ ɓɟɞɢɐ ŭŮɜ 

ŮɑɜŬɘ ŬɜŬɚɞɔɘəɐ əŬɘ ˊɟɞɠ ɛɘŬ əŬŰŮɨɗɡɜůɖ. ɆɡɜŮˊɩɠ, ɞɘ ŬɓŮɓŬɘɧŰɖŰŮɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ 

ůŰɞ ůɨůŰɖɛŬ ŮɑɜŬɘ ŬɡɝɖɛɏɜŮɠ. ȷɡŰɧ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ŮɘŭɘəɎ ůŮ ɛŮɚɏŰŮɠ 

ˊŮɟɘɞɢɘəɞɨ əɚɑɛŬŰɞɠ. ɀŮɚɏŰŮɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ əŬɘ ůŮ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ɗŬ ůɡɛɓɎɚɚɞɡɜ 

ůŰɖɜ Ůˊɑɚɡůɖ ɗŮɛɎŰɤɜ ůɢŮŰɘəɏɠ ɛŮ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ůɤɛŬŰɘŭɑɤɜ ɜŮűɩɜ əŬɘ 

ŬəŰɘɜɞɓɞɚɑŬɠ.  

 

 

ȺɈɉȷɅȽɆɇȽȺɆ 
 

ȼ ŮɟɔŬůɑŬ ŬɡŰɐ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ əɞɘɜɞŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ EU 

6
th
 Framework Program CIRCE IP, contract #036961 əŬɘ EUROCONTROL Research 

Studentship  Agreement no CO6/22048ST. Ƀɘ ɛŮŰɟɐůŮɘɠ ůɤɛŬŰɘŭɑɤɜ əŬɘ ɓɟɞɢɐɠ ɏɢɞɡɜ 

ˊŬɟŬɢɤɟɖɗŮɑ Ŭˊɧ Űɞɜ ȾŬɗɖɔɖŰɐ Zev Levin.  
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ȺɘəɧɜŬ 1. ȷɟɢɘəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɞ ɗŮɟɛɞŭɡɜŬɛɘəɧ ˊɟɞűɑɚ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ 

ɘŭŮŬŰɩɜ ůɡɜɗɖəɩɜ  
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ȺȽȾɃɁȷ 3. ȾŬŰŬəɧɟɡűɞ cross section Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ůŰŬɔɞɜɘŭɑɤɜ ɜŮűɩɜ (#/cm) 

(ɔɟŬɛɛɏɠ) əŬɘ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɤɜ ůŰŬɔɞɜɘŭɑɤɜ ɜŮűɩɜ (ɛm) (ɢɟɩɛŬŰŬ) ɔɘŬ Űɖɜ əŬɗŬɟɐ 

(ŬɟɘůŰŮɟɎ) əŬɘ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ ɟɨˊɞɡɠ(ŭŮɝɘɎ)  
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ȺȽȾɃɁȷ 2. ȾŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ əŬɘ ŭɘŬɗɏůɘɛɞɘ ˊɡɟɐɜŮɠ ůɡɛˊɨəɜɤůɖɠ ůŰɘɠ ɘŭŮŬŰɏɠ 

ůɡɜɗɐəŮɠ. ȼ əŬŰŬɜɞɛɐ əŬɗŬɟɐɠ ˊŮɟɑˊŰɤůɖɠ ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ Űɖɜ ɛˊɚŮ ɔɟŬɛɛɐ əŬɘ ɖ 

ˊŮɟɑˊŰɤůɖ ɛŮ ɟɨˊɞɡɠ ɛŮ Űɖɜ əɧəəɘɜɖ ɔɟŬɛɛɐ.  
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ȺȽȾɃɁȷ 4. a) ɀŮŰŬűɞɟɎ ůəɧɜɖɠ əŬɘ ɓŬɟɞɛŮŰɟɘəɧ ɢŬɛɖɚɧ ˊɎɜɤ Ŭˊɧ Űɖɜ ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ 

(MODIS Aqua visible channel 28 January) b) ɁŮűɞəɎɚɡɣɖ (ɔəɟɘ), ɔɟŬɛɛɏɠ ɟɞɐɠ (ˊɟɎůɘɜɞ) əŬɘ 

űɞɟŰɑɞ ůəɧɛɖɠ ůŮ mg/m
2
 (əɧəəɘɜɞ) Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ůŰɘɠ 11:00 UTC  

 

ɄɑɜŬəŬɠ 1. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ɔɘŬ Űɞ ŰŮůŰ ŮɡŬɘůɗɖůɑŬɠ  

 

 

 
 

ȺȽȾɃɁȷ 5. ɆɡɔəɏɜŰɟɤůɖ ůəɧɜɖɠ ůŰɖ ˊŮɟɘɞɢɐ ˊɟɞůɞɛɞɑɤůɖɠ (ŬɟɘůŰŮɟɎ) əŬɘ ůɨɔəɟɘůɖ ɛŮ 

ɛŮŰɟɐůŮɘɠ (ŭŮɝɘɎ) ɛɏůŬ ůŰɞ ůŰɟɩɛŬ ůəɧɜɖɠ ɛŮŰŬɝɨ 7:30 əŬɘ 9:00 UTC ůŰɘɠ 28 ȽŬɜɞɡŬɟɑɞɡ 

ɇŮůŰ  ȺˊɑŭɟŬůɖ ůŰɖɜ ŬəŰɘɜɞɓɞɚɑŬ ȺɜŮɟɔɞˊɞɑɖůɖ ůŰŬɔɞɜɘŭɑɤɜ ɜŮűɩɜ 

1 ȾɚŮɘůŰɧ ȾɚŬůůɘəɧ ůɢɐɛŬ 

(ɢɤɟɑɠ ŮˊɑŭɟŬůɖ ůɤɛŬŰɘŭɑɤɜ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ) 

2 ȷɜɞɘɢŰɧ ȾɚŬůůɘəɧ ůɢɐɛŬ 

( ɢɤɟɑɠ ŮˊɑŭɟŬůɖ ůɤɛŬŰɘŭɑɤɜ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ) 

3 ȷɜɞɘɢŰɧ ɄɟɞɔɜɤůŰɘəɎ ůɤɛŬŰɑŭɘŬ  

(1% Ɉɔɟɞůəɞˊɘəɐ ůəɧɜɖ) 

4 ȷɜɞɘɢŰɧ ɄɟɞɔɜɤůŰɘəɎ ůɤɛŬŰɑŭɘŬ  

(5%  Ɉɔɟɞůəɞˊɘəɐ ůəɧɜɖ) 

5 ȷɜɞɘɢŰɧ ɄɟɞɔɜɤůŰɘəɎ ůɤɛŬŰɑŭɘŬ  

(10%  Ɉɔɟɞůəɞˊɘəɐ ůəɧɜɖ) 
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2003. ȾɎɗŮ ůɖɛŮɑɞ ŬɜŬűɏɟŮŰŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɧ ɨɣɞɠ əŬɘ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɞ əɞɜŰɘɜɧŰŮɟɞ ůŮ 

ɢɟɧɜɞ əŬɘ ɢɩɟɞ ůɖɛŮɑɞ Űɞɡ ˊɚɏɔɛŬŰɞɠ. 
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ȺȽȾɃɁȷ 6. ɀɏɔɘůŰɞɠ ɟɡɗɛɧɠ ɓɟɞɢɧˊŰɤůɖɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 29 ȽŬɜɞɡŬɟɑɞɡ 2003 ɔɘŬ Űɞ 

ˊɚɏɔɛŬ ɛŮɔŬɚɨŰŮɟɖɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ (1km) ɔɘŬ ŰŬ 5 ůŮɜɎɟɘŬ ůɤɛŬŰɘŭɑɤɜ (ˊɎɜɤ) əŬɘ 

ůɡůŰɖɛŬŰɘəɧ ůűɎɚɛŬ ŬɗɟɞɘůŰɘəɐɠ ɓɟɞɢɐɠ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůŰŬɗɛɞɨɠ ůŰɘɠ 30 ȽŬɜɞɡŬɟɑɞɡ, 00:00 

UTC ɔɘŬ ŰŬ 5 ůŮɜɎɟɘŬ əŬŰŬɜɞɛɐɠ ůɤɛŬŰɘŭɑɤɜ (əɎŰɤ) 
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ɆɈɆɇȼɀȷ ȷɁɇȽɀȺɇɋɄȽɆȼɆ ȺɄȺȽũɃɁɇɋɁ ɄȺɅȽɆɇȷɇȽȾɋɁ ŪȷȿȷɆɆȽȷɆ 

ɅɈɄȷɁɆȼɆ ɆɇȼɁ ȷɁȷɇɃȿȽȾȼ ɀȺɆɃũȺȽɃ 
 

ŪȺȷũ. ɉȷɅȷɁɇɋɁȼɆ, Ʉ. ȿɃɈȾȷ ȾȷȽ Ū. ȷɁȹɅȺȷȹȼɆ  

 
Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ 

 
ɄȺɅȽȿȼɊȼ 

ȼ Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ (ȺɀɈ) ůŰŬ ˊɚŬɑůɘŬ WMO, ɏɢŮɘ ŬɜŬˊŰɨɝŮɘ ɏɜŬ 

ůɨůŰɖɛŬ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŮˊŮɘɔɧɜŰɤɜ ˊŮɟɘůŰŬŰɘəɩɜ ɗŬɚɎůůɘŬɠ ɟɨˊŬɜůɖɠ (MPERSS) ɛŮ ˊŮɟɘɞɢɐ 

Ůɡɗɨɜɖɠ Űɖɜ ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ŮűŬɟɛɧɕŮɘ ɏɜŬ ɛɞɜŰɏɚɞ ɗŬɚɎůůɘŬɠ 

ɟɨˊŬɜůɖɠ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŬɚɚɘəɧ ɛɞɜŰɏɚɞ MOTHY (Mod l̄e Oc®anique de Transport dô 

Hydrocarbures) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖ METEOFRANCE. ɇɞ MOTHY ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ 

ŰɟɞɢɘɎɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬŰɡɢɖɛɎŰɤɜ ůŰɖ ɗɎɚŬůůŬ, ˊ.ɢ. ŭɘŬɟɟɞɐɠ 

ˊŮŰɟŮɚŬɑɞɡ, Ůɜɩ ɏɢŮɘ Ůˊɑůɖɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘˊɚŮɧɜŰɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ. ɉɟɖůɘɛɞˊɞɘŮɑ ůŰɞɘɢŮɑŬ Ŭˊɧ ŬɟɘɗɛɖŰɘəɧ ɛɞɜŰɏɚɞ ˊɟɧɔɜɤůɖɠ əŬɘɟɞɨ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ŮˊɘűɎɜŮɘŬɠ, ˊɑŮůɖ ůŰɖ ɛɏůɖ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ 

ˊɟɞŬɘɟŮŰɘəɎ ɗŮɟɛɞəɟŬůɑŬ ŬɏɟŬ əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɛŬɕɑ ɛŮ ůŰɞɘɢŮɑŬ ůɢŮŰɘəɎ ɛŮ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ɗŬɚɎůůɘɞ ŰɞɛɏŬ, ˊ.ɢ. ɓŬɗɡɛŮŰɟɑŬ əŬɘ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ. ȼ ȺɀɈ ɏɢŮɘ ɓŮɚŰɘɩůŮɘ 

ˊɟɧůűŬŰŬ Űɞ MPERSS ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ˊɟɞɔɜɩůŮɘɠ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ 

ɘəŬɜɧŰɖŰŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ COSMO-GR ɛŮ ɞɟɘɕɧɜŰɘɞ ɓɐɛŬ ~7km. ȼ ŮűŬɟɛɞɔɐ Űɞɡ MPERSS 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ (ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ əŬɘ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ) əŬɘ Űɞɡ 

ɢɟɧɜɞɡ Űɞɡ ůɡɛɓɎɜŰɞɠ, Űɞ Ůɑŭɞɠ Űɞɡ űɞɟŰɑɞɡ (Űɨˊɞɠ ˊŮŰɟŮɚŬɑɞɡ), Ůɜɩ əŬɗɞɟɑɕŮŰŬɘ ɖ 

ŬˊŬɘŰɞɨɛŮɜɖ ŭɘɎɟəŮɘŬ ˊɟɧɔɜɤůɖɠ. ɇɞ MPERSS ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮˊɘŰɡɢɩɠ ůŮ ŭɘɎűɞɟŮɠ 

ɛŮɚɏŰŮɠ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ. 

 

MARINE POLLUTION EMERGENCY RESPONSE SUPPORT SYSTEM FOR THE 

EASTERN MEDITER RANEAN SEA 
 

TH. CHARANTONIS, P. LOUKA AND TH. ANDREADIS 

 
Hellenic National Meteorological Service 

 
ABSTRACT 

The Hellenic National Meteorological Service (HNMS) operates, in the framework 

of WMO, a Marine Pollution Emergency Response Support System (MPERSS) for the 

eastern Mediterranean Sea. This system implements a sea pollution model based on the 

French model MOTHY (Mod¯le Oc®anique de Transport dô Hydrocarbures) used by 

METEOFRANCE. MOTHY is a trajectory model applied for cases of accidents in the 

sea, e.g. for oil spill, and has also the possibility to be applied for floating items cases. It 

uses input from a Numerical Weather Prediction (NWP) model, specifically predictions 

of surface wind speed, sea-surface pressure and optionally temperature, together with 

data concerning the particular sea sector, e.g. bathymetry and sea currents. HNMS has 

recently updated and improved MPERSS in order to use high resolution predictions 

resulted from COSMO-GR model with a horizontal increment of ~7km. The 

implementation of MPERSS includes the specification of the location (latitude and 

longitude) and the time of the incident, the type of the cargo involved (oil), while the 

required duration of the forecast is clarified. MPERSS has been used successfully in 

several case studies in the Eastern Mediterranean. 
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1. ȺȽɆȷũɋũȼ 
 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɏɢɞɡɜ ˊɎɟŮɘ 

ŬɜɖůɡɢɖŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ əŬɘ ŭɘɎűɞɟŮɠ ŬˊɧɣŮɘɠ əŬɘ ɗŮɤɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ 

Űɖɠ ɟɨˊŬɜůɖɠ ɏɢɞɡɜ ŭɘŬŰɡˊɤɗŮɑ. ɇŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ɖ ɗŬɚɎůůɘŬ ɟɨˊŬɜůɖ 

ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰɘɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰŬ ŬŰɡɢɐɛŬŰŬ (ɛŮɟɘəɏɠ 

űɞɟɏɠ əŬɘ ůŮ ŭɡůŰɡɢɐɛŬŰŬ) ɛŮ ˊŮŰɟŮɚŬɘɞűɧɟŬ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ŬɜɎɚɞɔɤɜ ŬŰɡɢɖɛɎŰɤɜ 

ŰŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ůɡɜɞŭŮɨɞɜŰŬɘ əŬɘ Ŭˊɧ Űɖɜ ɞɘəɞɜɞɛɘəɐ əŬŰŬůŰɟɞűɐ 

ɞɚɧəɚɖɟɤɜ ˊŮɟɘɞɢɩɜ (ˊɢ Űɞɡɟɘůɛɧɠ, ŬɚɘŮɑŬ). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊŬɟɎəŰɘŮɠ ɢɩɟŮɠ ɏɢɞɡɜ ŬɜŬˊŰɨɝŮɘ ɛɖɢŬɜɘůɛɞɨɠ Ůɚɏɔɢɞɡ əŬɘ ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ ŭɡůɛŮɜɩɜ 

ŬɡŰɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɆŰɖ ɢɩɟŬ ɛŬɠ Űɖɜ Ůɡɗɨɜɖ ŬɡŰɐ ɏɢŮɘ ŮˊɤɛɘůɗŮɑ Űɞ ɈˊɞɡɟɔŮɑɞ 

Ⱥɛˊɞɟɘəɐɠ ɁŬɡŰɘɚɑŬɠ (ɈȺɁ) əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɞ ȿɘɛŮɜɘəɧ ůɩɛŬ, Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ Űɧůɞ 

Űɞ əŬŰɎɚɚɖɚɞ ˊɟɞůɤˊɘəɧ, ɧůɞ əŬɘ ŰŬ ɛɏůŬ ɔɘŬ ŬɜŰɘɛŮŰɩˊɘůɖ ůɡɛɓɎɜŰɤɜ ɗŬɚɎůůɘŬɠ 

ɟɨˊŬɜůɖɠ. ũɘŬ ɜŬ ŮɑɜŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɖ ɛɎɢɖ Űɞɡɠ ŮɜɎɜŰɘŬ ůŰɖ ɗŬɚɎůůɘŬ 

ɟɨˊŬɜůɖ, ɔɑɜŮŰŬɘ ůɡɜŮɢɐɠ ŬɜŬɜɏɤůɖ Űɤɜ ŭɘŬŰɘɗɏɛŮɜɤɜ ɛɏůɤɜ əŬɘ Űɤɜ ŮűŬɟɛɞɕɧɛŮɜɤɜ 

ŰŮɢɜɘəɩɜ əŬɗɩɠ əŬɘ ŮəˊŬɑŭŮɡůɖ Űɞɡ ˊɟɞůɤˊɘəɞɨ ůô ŬɡŰɎ. 

ɀŮɔɎɚɖ ɓɞɐɗŮɘŬ ůŰɖɜ ɛɎɢɖ əŬŰɎ Űɖɠ ɟɨˊŬɜůɖɠ ˊɟɞůűɏɟɞɡɜ əŬɘ ɞɘ 

ɀŮŰŮɤɟɞɚɞɔɘəɏɠ ɈˊɖɟŮůɑŮɠ ɐ/əŬɘ ŰŬ ȺɟŮɡɜɖŰɘəɎ ȽŭɟɨɛŬŰŬ əŬɘ ȽɜůŰɘŰɞɨŰŬ Űɤɜ ɢɤɟɩɜ, 

ˊɞɡ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɞɜŰɏɚɤɜ ɘəŬɜɩɜ ɜŬ ˊɟɞɔɜɩůɞɡɜ Űɖɜ ŮɝɎˊɚɤůɖ əŬɘ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɟɨˊŬɜůɖɠ, ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ ˊɞɟŮɑŬ əŬɘ Űɞ ɛɏɔŮɗɞɠ ŮɝɎˊɚɤůɖɠ Űɖɠ 

ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ. ɄŬɟɎ Űɞ ɧŰɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ 

ˊɟɞɔɜɤůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ˊŬɟɞɡůɘɎɕŮɘ ůŰɟŬŰɖɔɘəɧ əŬɘ ɞɘəɞɜɞɛɘəɧ ŮɜŭɘŬűɏɟɞɜ, ˊɟɏˊŮɘ 

ˊɎɜŰŬ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɧŰɘ ŮɝŬɘŰɑŬɠ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰɎɠ Űɞɡ, Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

ŮˊɏəŰŬůɖɠ Űɖɠ ɟɨˊŬɜůɖɠ ŭŮɜ ŮɑɜŬɘ ŮɨəɞɚŬ ˊɟɞɓɚɏɣɘɛɞ əŬɘ ŰŬ ɧˊɞɘŬ ŬˊɞŰŮɚɏůɛŬŰɎ Űɤɜ 

ɛɞɜŰɏɚɤɜ ɏɢɞɡɜ ɏɜŬ ɓŬɗɛɧ ŬɓŮɓŬɘɧŰɖŰŬɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ, Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ 

űɡůɘəɞɢɖɛɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ɡűɑůŰŬŰŬɘ ɏɜŬɠ ɧɔəɞɠ ˊŮŰɟŮɚŬɑɞɡ Ŭˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ 

ɗŬ ŭɘŬɟɟŮɨůŮɘ ůŰɖ ɗɎɚŬůůŬ, ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ŮˊɑŭɟŬůɖ ɛɧɜɞ Űɤɜ ˊŬɟŬəɎŰɤ Űɟɘɩɜ:  

Ŭ. ɃɟɘɕɧɜŰɘŬ ɛŮŰŬűɞɟɎ. ɇɞ ůɡɜɘůŰɎɛŮɜɞ ɗŬɚɎůůɘɞ ɟŮɨɛŬ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɞɘ 

ŮˊɘűŬɜŮɘŬəɞɑ ɎɜŮɛɞɘ, ŰŬ əɨɛŬŰŬ əŬɘ ŰŬ ˊŬɚɘɟɟɞɥəɎ ɟŮɨɛŬŰŬ, ɛŮŰŬűɏɟɞɡɜ əŬɘ 

ŮˊŮəŰŮɑɜɞɡɜ Űɖɜ ɟɨˊŬɜůɖ ůŮ ˊŮɟɘɞɢɏɠ ŬˊɞɛŬəɟɡůɛɏɜŮɠ Ŭˊɧ Űɖɜ ˊɖɔɐ Űɖɠ əŬɘ ɧɢɘ 

ůˊɎɜɘŬ ɏɢɞɡɜ ŮˊɖɟŮŬůŰŮɑ əŬɘ ˊŮɟɘɞɢɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɜ əŬɘ ŮəŬŰɞɜŰɎŭŮɠ ɢɘɚɘɧɛŮŰɟŬ 

ɛŬəɟɘɎ (ˊɢ ERIKA). ȼ ŭɘɎɟəŮɘŬ Űɖɠ ɛŮŰŬűɞɟɎɠ ŬɡŰɐɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬɟəɏůŮɘ ŬəɧɛŬ 

əŬɘ ŬɟəŮŰɏɠ ɖɛɏɟŮɠ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ˊɞůɧŰɖŰŬ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ 

ˊŮŰɟŮɚŬɑɞɡ, Űɖ ɗɏůɖ Űɞɡ ůɡɛɓɎɜŰɞɠ ɤɠ ˊɟɞɠ Űɘɠ ŬəŰɏɠ əŬɘ ŰŬ ɟŮɨɛŬŰŬ əŬɗɩɠ əŬɘ Ŭˊɧ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊɏɛɓŬůɖɠ əŬɘ ŰŬ ŭɘŬŰɘɗɏɛŮɜŬ ɛɏůŬ ŬɜŰɘɛŮŰɩˊɘůɐɠ Űɖɠ.  

ɓ. ȾŬŰŬəɧɟɡűɖ ɛŮŰŬűɞɟɎ. ȺɝŬɘŰɑŬɠ Űɤɜ ŬɜŬŰŬɟŬəŰɘəɩɜ əɘɜɐůŮɤɜ Űɖɠ ɗɎɚŬůůŬɠ, 

Űɖɠ ŭɘŬŰɛɘŰɘəɐɠ ŰɎůɖɠ (ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŭɘŬűɞɟɏɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ ůŰŬ 

ŭɘɎűɞɟŬ ɓɎɗɖ) əŬɘ Űɤɜ űŬɘɜɞɛɏɜɤɜ Űɖɠ ŭɘɎɢɡůɖɠ əŬɘ Űɖɠ ŭɘŬůˊɞɟɎɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ 

əŬŰŬəɧɟɡűɖ ɛŮŰŬűɞɟɎ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ. Ɇô ŬɡŰɐɜ ɞűŮɑɚŮŰŬɘ ɖ ɨˊŬɟɝɖ ˊŮŰɟŮɚŬɑɞɡ (ɡˊɧ 

ɛɞɟűɐ ůŰŬɔɧɜɤɜ) ɛŮŰŬɝɨ ŮˊɘűɎɜŮɘŬɠ əŬɘ ˊɡɗɛɏɜŬ əŬɘ ɛɎɚɘůŰŬ ůŮ ůɖɛŬɜŰɘəɎ ˊɞůɞůŰɎ, 

ˊŬɟɎ Űɞ ɧŰɘ ɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɖ ˊɡəɜɧŰɖŰŬ Ŭˊɧ Űɞ ɗŬɚɎůůɘŬ ɜŮɟɧ. 

ȷɜŰɑ Űɞɡ ɧɟɞɡ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬűɞɟɎ əŬɘ Ůűɧůɞɜ ŭŮɜ ɗŬ ɡˊɎɟɢŮɘ ˊŮɟɑˊŰɤůɖ ůɨɔɢɡůɖɠ, ɗŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɧɟɞɠ ɛŮŰŬűɞɟɎ.  

ɔ. ȺɝɎˊɚɤůɖ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɐ Űɘɠ ˊɟɩŰŮɠ ɚɑɔŮɠ ɩɟŮɠ (10 ï 20 ɩɟŮɠ) əŬɘ ůŰɖ 

ŭɘɎɟəŮɘɎ Űɖɠ ůɢɖɛŬŰɑɕŮŰŬɘ ɏɜŬ ɚŮˊŰɧŰŬŰɞ ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ ˊɎɢɞɡɠ, 0.1-0.4 mm. ɇɞ 

ˊɎɢɞɠ Űɞɡ ůŰɟɩɛŬŰɞɠ əŬɘ ɖ ŮɝɎˊɚɤůɖ Űɞɡ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ űɨůɖɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ. 
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ȺəŰɧɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ˊŬɑɕɞɡɜ əŬɘ: (i) ɖ ŮɝɎŰɛɘůɖ ˊɞɡ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ, Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɖɠ 

ɗɎɚŬůůŬɠ əŬɘ Űɞɡ ŬɏɟŬ, Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɏɟŬ, əɚˊ., (ii) ɖ ɞɝŮɑŭɤůɖ ˊɞɡ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ɛŮ Űɞ ɞɝɡɔɧɜɞ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ, (iii) ŰŬ ɔŬɚŬəŰɩɛŬŰŬ 

ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɚɧɔɤ ɢŬɛɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ əŬɘ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ˊɑůůŬ, (iv) ɖ 

ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŬˊɞůɡɜŰɑɗŮŰŬɘ Űɞ ˊŮŰɟɏɚŬɘɞ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ɓŬəŰɖɟɑɤɜ əŬɘ (v) ɖ ŭɘɎɚɡůɖ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɔŮɜɘəɎ ˊɞɚɨ ɛɘəɟɐ. Ƀɘ ŭɘŬŭɘəŬůɑŮɠ ŭŮɜ 

ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ Ŭˊɧ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ɛɞɜŰɏɚŬ Űɧůɞ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɡůəɞɚɑŬɠ Űɞɡ 

ɡˊɞɚɞɔɘůɛɞɨ (ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ) Űɞɡɠ, ɧůɞ əŬɘ ɔɘŬŰɑ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡɠ ɗŮɤɟŮɑŰŬɘ 

ŬɛŮɚɖŰɏŬ.  

ȼ Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ (ȺɀɈ) ɏɢŮɘ ŬɜŬˊŰɨɝŮɘ, ůŰŬ ˊɚŬɑůɘŬ Űɞɡ 

WMO, ɏɜŬ ůɨůŰɖɛŬ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŮˊŮɘɔɧɜŰɤɜ ˊŮɟɘůŰŬŰɘəɩɜ ɗŬɚɎůůɘŬɠ ɟɨˊŬɜůɖɠ 

(MPERSS) ɛŮ ˊŮɟɘɞɢɐ Ůɡɗɨɜɖɠ Űɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ Ůəŭɐɚɤůɖɠ 

ɔŮɔɞɜɧŰɞɠ ɗŬɚɎůůɘŬɠ ɟɨˊŬɜůɖɠ (ˊ.ɢ. ɜŬɡɎɔɘɞ), Űɞ ůɨůŰɖɛŬ ŬɡŰɧ ɏɢŮɘ ɤɠ ůəɞˊɧ Űɖɜ 

ɡˊɞůŰɐɟɘɝɖ ˊɟɞɠ Űɘɠ ŬɟɛɧŭɘŮɠ Ŭɟɢɏɠ ɛŮ Űɖɜ ˊŬɟɞɢɐ ɢŬɟŰɩɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬɘ ˊɘɗŬɜɩɜ Űɟɞɢɘɩɜ Űɤɜ ɟɡˊŬɜŰɩɜ/ŬɜŰɘəŮɘɛɏɜɤɜ. Ƀɘ Űɟɞɢɘɏɠ ŬɡŰɏɠ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ɀɞɜŰɏɚɞ ɄŬɟŬəɞɚɞɨɗɖůɖɠ ɈŭɟɞɔɞɜŬɜɗɟɎəɤɜ əŬɘ ȷɜŰɘəŮɘɛɏɜɤɜ 

(ɀɄɈȷ) (ɉŬɟŬɜŰɩɜɖɠ, 2001) ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŬɚɚɘəɧ ɛɞɜŰɏɚɞ MOTHY (Modele 

Oceanique de Transort dô Hydrocarbures) (Daniel, 1996), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ ɛɞɜŰɏɚɞ 

ŭɘŬůˊɞɟɎɠ əŬɘ ŭɘɎɢɡůɖɠ əŬɘ ɛŮŰŬűɞɟɎɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ əŬɘ Űɖɠ 

ɏəŰŬůɖɠ Űɖɠ ɗŬɚɎůůɘŬɠ ɟɨˊŬɜůɖɠ. 

ɀŮ ůəɞˊɧ ɜŬ ŮˊɘŭŮɘɢɗŮɑ ɞ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɧˊɤɠ 

ŮɔəŬŰŬůŰɎɗɖəŮ ůŰɖɜ ȺɀɈ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ 

űŬɜŰŬůŰɘəɎ ŬŰɡɢɐɛŬŰŬ ůŰɖɜ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ Űɖɠ ȺɚɚɎŭŬɠ. ɇɞɜɑɕŮŰŬɘ ɧŰɘ ˊŬɟɧɚɞ ˊɞɡ 

Űɞ ɛɞɜŰɏɚɞ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ ˊŬɚŬɘɧŰŮɟɤɜ 

ˊɟŬɔɛŬŰɘəɩɜ ŬŰɡɢɖɛɎŰɤɜ Ŭˊɧ Űɖɜ METEO FRANCE, ɖ ŬəɟɑɓŮɘŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ Űɞɡ 

óŭɘəɞɨô ɛŬɠ ɛɞɜŰɏɚɞɡ ɏɢɞɡɜ ˊɘůŰɞˊɞɘɖɗŮɑ ɛɧɜɞ ůŮ ŮɚŮɔɢɧɛŮɜŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ. 

ɄŬɟɎ Űɞ ɧŰɘ ɖ ŮɟŮɡɜɖŰɘəɐ ŮɟɔŬůɑŬ ɔɘŬ Űɖɜ ˊŬɟŬˊɏɟŬ ɓŮɚŰɑɤůɐ Űɞɡ ɀɄɈȷ ŮɑɜŬɘ 

ůɡɜŮɢɐɠ, ŮɚˊɑɕŮŰŬɘ ɜŬ ɛɖɜ ɢɟŮɘŬůŰŮɑ ˊɞŰɏ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɖ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ůŮ 

ˊɟŬɔɛŬŰɘəɐ əŬŰɎůŰŬůɖ.  

 

 

2. ɇɃ ɆɈɆɇȼɀȷ MPERSS 
 

ɇɞ ůɨůŰɖɛŬ MPERSS (Marine Pollution Emergency Response Support System) 

ŮɑɜŬɘ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɞɡ WMO ɔɘŬ Űɖɜ ŭɘŬɢŮɑɟɘůɖ Ŭˊɧ Űɘɠ ŬɟɛɧŭɘŮɠ ɛŮŰŮɤɟɞɚɞɔɘəɏɠ 

ɡˊɖɟŮůɑŮɠ, ůŰɖɜ ˊŮɟɘɞɢɐ ŬɟɛɞŭɘɧŰɖŰŬɠ Űɞɡɠ, ˊŮɟɘˊŰɩůŮɤɜ ŬŰɡɢɖɛɎŰɤɜ ɗŬɚɎůůɘŬɠ 

ɟɨˊŬɜůɖɠ. ȼ ŮűŬɟɛɞɔɐ Űɞɡ MPERSS ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ 

(ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ əŬɘ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ) əŬɘ Űɞɡ ɢɟɧɜɞɡ Űɞɡ ůɡɛɓɎɜŰɞɠ, Űɞ Ůɑŭɞɠ 

Űɞɡ űɞɟŰɑɞɡ (Űɨˊɞɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŬ), Ůɜɩ əŬɗɞɟɑɕŮŰŬɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ŭɘɎɟəŮɘŬ 

ˊɟɧɔɜɤůɖɠ. ɀŮ Űɖ ɢɟɐůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ Űɞ ɛɞɜŰɏɚɞ ŭɘŬůˊɞɟɎɠ əŬɘ ŭɘɎɢɡůɖɠ 

ɀɄɈȷ ˊŬɟɏɢŮɘ ŰŬ ɕɖŰɞɨɛŮɜŬ ˊɟɞɔɜɤůŰɘəɎ ůŰɞɘɢŮɑŬ. ɇɞ ɆɢɐɛŬ 1 ŭɑɜŮɘ ɔɟŬűɘəɐ 

ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 
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MOTHY

ŰǻŵȁȄŲȃȓȉŲ
ŵȋŀǾǺȆŶȈȊ

ǱȉŲǿŀŲŶȃȄǺǼ/ȄŲȃ
ÙȉȈǿȆȎŵŶȃȄǺÙŴųɻŲ
ŲȆǻŀȈȋ, ÙɻŴŵȁȊȄŲȃ
ȂŴȉŀȈȄȉŲŵɻŲȊŲÙȑ
ŲŶŀȈŵŷŲȃȉȃȄȑŀȈȆŶǻȅȈ

ŰŲȅǺŵŵȃŲ
ȉŴȒŀŲŶŲ
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ÙȉȈǿȆȎŵŶȃȄǺ

ŵŶȈȃȌŴɻŲŀŴŶŲŷȈȉǺȊ
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Ɇɉȼɀȷ 1. ȷˊŮɘəɧɜɘůɖ Űɞɡ 

Űɟɧˊɞɡ ŮűŬɟɛɞɔɐɠ Űɞɡ 

MɄɈȷ (MOTHY) 

ɇɞ ɛɞɜŰɏɚɞ MOTHY ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɖ ũŬɚɚɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ 

(METEOFRANCE) əŬɘ ɖ ȺɀɈ Űɞ ˊɟɞůɎɟɛɞůŮ ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ ŭɏɢŮŰŬɘ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ (ˊɟŬɔɛŬŰɘəɎ ɐ/əŬɘ ˊɟɞɔɜɤůŰɘəɎ) ŬŰɛɞůűŬɘɟɘəɎ ˊŮŭɑŬ (ŮˊɘűŬɜŮɘŬəɞɑ ɎɜŮɛɞɘ 

ï ˊɑŮůɖ ůŰɖ ɀɏůɖ ɆŰɎɗɛɖ ŪŬɚɎůůɖɠ) ɧɢɘ ɛɧɜɞ Ŭˊɧ Űɞ ECMWF ŬɚɚɎ əŬɘ Ŭˊɧ Űɞ óŭɘəɧô 

ɛŬɠ COSMO-GR (ȿɞɡəɎ, 2009), Ůɜɩ ɏɔɘɜŬɜ əŬɘ ɞɟɘůɛɏɜŮɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ (ˊɟɞŬɘɟŮŰɘəɎ) əŬɘ Űɞ ˊŮŭɑɞ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ȺɑɜŬɘ ɏɜŬ 

ɛɞɜŰɏɚɞ ŰɟɞɢɘɎɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬŰɡɢɖɛɎŰɤɜ ůŰɖ ɗɎɚŬůůŬ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ ŭɘŬɟɟɞɐɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, Ůɜɩ ɏɢŮɘ Ůˊɑůɖɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘˊɚŮɧɜŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȺəŰɧɠ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ 

ŬŰɛɞůűŬɘɟɘəɎ ˊŮŭɑŬ əŬɘ ŮˊŮɘŭɐ ŮˊɘɚɨŮɘ Űɞ ůɨůŰɖɛŬ Űɤɜ ŮɝɘůɩůŮɤɜ Navier ï Stokes ɔɘŬ 

ŬɓŬɗɐ ɨŭŬŰŬ (Shallow Water), ɔɘŬ Űɞ Űɟɏɝɘɛɧ Űɞɡ ŬˊŬɘŰŮɑŰŬɘ əŬɘ ɖ ɓŬɗɡɛŮŰɟɑŬ, Ůɜɩ 

ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɡˊɧɣɖ Űɞɡ əŬɘ ŰŬ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞ ɗŬɚɎůůɘɞɡ 

ŰɞɛɏŬ əŬɗɩɠ əŬɘ ɖ ˊŬɚɑɟɟɞɘŬ.  

ɇɞ ɀɃɇȼɈ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ Űɘɠ ŰɟŮɘɠ űɡůɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ŬɜŬűɏɟɗɖ-

əŬɜ ˊŬɟŬˊɎɜɤ, ɗŮɤɟŮɑŰŬɘ Ŭˊɧ ŰŬ ˊɚɏɞɜ ŮɝŮɚɘɔɛɏɜŬ. ȰɜŬ ŬɝɘɧˊɘůŰɞ ɛɞɜŰɏɚɞ, ˊɟɏˊŮɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɘɠ əŬŰɎɚɚɖɚŮɠ ŮɝɘůɩůŮɘɠ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰɐůŮɘ ɟŮŬɚɘůŰɘəɎ, 

Űɧůɞ Űɖ ŭɡɜŬɛɘəɐ ɧůɞ əŬɘ Űɖ űɡůɘəɐ əŬŰɎůŰŬůɖ Űɖɠ əɖɚɑŭŬɠ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ 

Űɧůɞ ŰŬ ɗŬɚɎůůɘŬ ɟŮɨɛŬŰŬ ˊɞɡ ɛŮŰŬűɏɟɞɡɜ Űɖ ɟɨˊŬɜůɖ, ɧůɞ əŬɘ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ 

ŮɝɎˊɚɤůɖɠ. ȰɜŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɡŰɞɨ ŮɑɜŬɘ ɧŰɘ ůɡɜŭɏŮɘ Űɘɠ ŭɨɞ 

ˊɚɏɞɜ ůɨɔɢɟɞɜŮɠ ɗŮɤɟɑŮɠ ŮɝɎˊɚɤůɖɠ Űɤɜ ˊŮŰɟŮɚŬɘɞəɖɚɑŭɤɜ. ŪŮɤɟŮɑ ɧŰɘ Űɞ ˊŮŰɟɏɚŬɘɞ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ůŰŬɔɧɜɤɜ ŭɘŬűɧɟɤɜ ɛŮɔŮɗɩɜ, ˊɞɡ ˊɏűŰɞɡɜ ůŰɖ ɗɎɚŬůůŬ 

ŮɑŰŮ ɧɚŮɠ ɛŬɕɑ ŮɑŰŮ ɚɑɔŮɠ - ɚɑɔŮɠ (ɛŮ əɎˊɞɘɞ ɟɡɗɛɧ) əŬɘ ɜŬ ɛŮŰŬəɘɜɖɗɞɨɜ ŬɜŮɝɎɟŰɖŰŬ ɖ 

ɛɘŬ Ŭˊɧ Űɖɜ Ɏɚɚɖ. ȾŬŰɎ Űɖɜ ˊŰɩůɖ Űɞɡɠ ůŰɖ ɗɎɚŬůůŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮ ŰɡɢŬɑɞ Űɟɧˊɞ 

ůŮ ůɖɛŮɑŬ ɔɨɟɤ Ŭˊɧ Űɞ ůɖɛŮɑɞ ůɡɛɓɎɜŰɞɠ əŬɘ əɞɜŰɎ ůô ŬɡŰɧ. 

ɆŰɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɗŮɤɟɑŬ ŮɝɎˊɚɤůɖɠ Űɞɡ Fay (1969), ˊɞɡ 

ɗŮɤɟŮɑ ɧŰɘ ɖ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬ, ˊɞɡ ŮɑɜŬɘ ɞɛɞɔŮɜɐɠ əŬɘ ůɡɜŮɢɐɠ ŬˊɚɩɜŮŰŬɘ ůŮ ɐɟŮɛɖ 

ɗɎɚŬůůŬ əŬɘ əŬŰɧˊɘɜ ɛŮŰŬűɏɟŮŰŬɘ ŮˊɘűŬɜŮɘŬəɎ Ŭˊɧ ɟŮɨɛŬ ˊɞɡ ˊŬɟɎɔŮɘ Űɞ ɛɞɜŰɏɚɞ 

ŬɓŬɗɞɨɠ ɗɎɚŬůůŬɠ. ȼ ɛŮŰɏˊŮɘŰŬ Ůɝɏɚɘɝɖ-ŮˊɏəŰŬůɖ ɓŬůɑɕŮŰŬɘ ůŰɖ ɗŮɤɟɑŬ Űɞɡ Elliott 

(1986). ɆɨɛűɤɜŬ ɛŮ ŬɡŰɐ, ɖ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬ ŭŮɜ ɛŮŰŬəɘɜŮɑŰŬɘ ɛɧɜɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ɗɎɚŬůůŬɠ, ŬɚɚɎ ɞɘ óůŰŬɔɧɜŮɠô ˊɞɡ Űɖɜ ŬˊɞŰŮɚɞɨɜ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬəɘɜɖɗɞɨɜ ůŰɘɠ 

ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ, əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ, Űɖɠ Ɏɜɤůɖɠ, Űɖɠ 

ŭɘŬŰŬɟŬəŰɘəɐɠ ŭɘɎɢɡůɖɠ (turbulent diffusion) əŬɘ Űɖɠ ɔŮɜɘəɐɠ əɡəɚɞűɞɟɑŬɠ, ɖ ɞˊɞɑŬ 

ɡˊɞŰɑɗŮŰŬɘ ɞɟɘɕɧɜŰɘŬ. ũɘŬ Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ, ˊɞɡ ŭŮɜ ŮɑɜŬɘ ɛɘŬ Ŭˊɚɐ űɡůɘəɐ 
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ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ, ŬˊŬɘŰŮɑŰŬɘ əŬɘ ɖ əŬŰŬəɧɟɡűɖ ŭɞɛɐ Űɞɡ ɗŬɚɎůůɘɞɡ ɟŮɨɛŬŰɞɠ, 

ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ŬɓŬɗɞɨɠ ɗɎɚŬůůŬɠ (shallow 

water). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, Űɞ ɛɞɜŰɏɚɞ ŬɓŬɗɞɨɠ ɗɎɚŬůůŬɠ, ůɡɜŭɡɎɕŮŰŬɘ ɛŮ ɏɜŬ 

ɛɞɜɞŭɘɎůŰŬŰɞ ŬɜŬɚɡŰɘəɧ ɛɞɜŰɏɚɞ, ˊɞɡ ɛŬɕɑ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ˊŬɟɎɔɞɡɜ Űɖɜ 

əŬŰŬɜɞɛɐ (profile) Űɞɡ ɗŬɚɎůůɘɞɡ ɟŮɨɛŬŰɞɠ, əŬŰɎɚɚɖɚɖ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ɧɚŬ ŰŬ 

ůɖɛŮɑŬ (ˊŬɟɎəŰɘŬ əŬɘ ɛɖ). 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ ŬɝɘɞˊɘůŰɑŬ Űɞɡ MOTHY, ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ ˊŮɘɟŬɛŬŰɘəɎ 

əŬɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ, ˊɟɞɓɚɏˊɞɜŰŬɠ ɛŮ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ Űɖɜ Ůɝɏɚɘɝɖ 

ɞɟɘůɛɏɜɤɜ ŬŰɡɢɖɛɎŰɤɜ, ɧˊɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɜŬɡŬɔɑɞɡ Űɖɠ Erica ůŰɘɠ ŭɡŰɘəɏɠ 

ŬəŰɏɠ Űɖɠ ũŬɚɚɑŬɠ (Daniel et al., 2001). ɀŮ Űɞ ɀɄɈȷ Űɖɠ ɖ ȺɀɈ ɏɢŮɘ ŰɟɞˊɞˊɞɘɐůŮɘ 

əŬŰɎɚɚɖɚŬ Űɞ MOTHY ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ ́ɟɞɔɜɤůŰɘəɎ ŬŰɛɞůűŬɘɟɘəɎ 

ˊŮŭɑŬ ˊɞɡ ˊŬɟɎɔŮɘ Űɞ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ɛɞɜŰɏɚɞ COSMO-GR ɛŮ 

ɞɟɘɕɧɜŰɘɞ ɓɐɛŬ ~7km. ɀŮ Űɖɜ Ůɝɏɚɘɝɖ ŬɡŰɐ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɚɡɗɞɨɜ ŬŰɡɢɐɛŬŰŬ ůŮ 

ɛɘəɟɏɠ ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ, Ůɜɩ ɖ ˊɟɞɞˊŰɘəɐ ŮɑɜŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ ŰŬ 

ŬŰɛɞůűŬɘɟɘəɎ ˊŮŭɑŬ Űɞɡ ˊŬɟŬˊɎɜɤ ɛɞɜŰɏɚɞɡ ɛŬɠ ɛŮ ɛɘəɟɧŰŮɟɞ ɞɟɘɕɧɜŰɘɞ ɓɐɛŬ 

(ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ 2.7Km).  

 

 

3. ɀȺȿȺɇȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ ɇɃɈ ɀɃɁɇȺȿɃɈ MɄɈȷ 
 

ɇɞ ɛɞɜŰɏɚɞ MɄɈȷ ŮűŬɟɛɧůŰɖəŮ ŭɨɞ űɞɟɏɠ, Űɖɜ ˊɟɩŰɖ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ 

Ůɝɏɚɘɝɖɠ ɛɘŬɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ əŬɘ Űɖ ŭŮɨŰŮɟɖ ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ ɗɏůɖɠ 

Ůɘ́ˊɚŮɧɜŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. ȾŬɘ ŰŬ ŭɨɞ ŰɟŮɝɑɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ (ɡˊɞɗŮŰɘəɎ) 

ůɡɛɓɎɜŰŬ ˊɞɡ ɏɚŬɓŬɜ ɢɩɟŬ ůŰɞ Ƚɧɜɘɞ, ůŮ ůɖɛŮɑɞ ɛŮ ɔŮɤɔɟŬűɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

ɚ0=20Á30ǋ (20.5Á) əŬɘ ű0=37Á30ǋ (37.5Á) Űɖɜ 12/02/2010 ůŰɘɠ 09UTC. 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ˊɟɞɔɜɤůŰɘəɎ ŬŰɛɞůűŬɘɟɘəɎ ŭŮŭɞɛɏɜŬ Űɞɡ COSMO-GR, ˊɞɡ 

ůŰɖɟɑɕɞɜŰŬɜ ůŰɖɜ ˊɚɖůɘɏůŰŮɟɖ ůŰɞ ɢɟɧɜɞ Űɞɡ óůɡɛɓɎɜŰɞɠô ŬɜɎɚɡůɖ Űɖɠ 12/02/2010 

ůŰɘɠ 00UTC. ȼ ˊɟɧɔɜɤůɖ ɏɔɘɜŮ ɔɘŬ 66 ɩɟŮɠ əŬɘ ɔɘŬ Űɖɜ ɞˊŰɘəɞˊɞɑɖůɖ ˊŬɟɐɢɗɖůŬɜ 

ɢɎɟŰŮɠ əɎɗŮ 3 ɩɟŮɠ. ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ůɖɛŮɑɞ Űɞɡ ůɡɛɓɎɜŰɞɠ ˊŬɟɘůŰɎɜŮŰŬɘ ɛŮ 

ŬůŰŮɟɑůəɞ. 

ɇɞ ˊɟɩŰɞ óůŮɜɎɟɘɧô ɛŬɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ŬŰɨɢɖɛŬ ˊŮŰɟŮɚŬɘɞűɧɟɞɡ ˊɞɡ ɛŮŰɏűŮɟŮ 

ɓŬɟɨ Ŭɟɔɧ ˊŮŰɟɏɚŬɘɞ ˊɡəɜɧŰɖŰŬɠ ɟ=930kg/m
3
 ůŰɖɜ ˊɟɞŬɜŬűŮɟɗŮɑůŬ ɢɤɟɞɢɟɞɜɘəɐ 

ɗɏůɖ əŬɘ ɖ Ůəɟɞɐ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ɞɚɞəɚɖɟɩɗɖəŮ ůŰɘɠ 3 ˊɟɩŰŮɠ ɛŮŰɎ Űɞ ůɡɛɓɎɜ. 

ɆŰɞ ŭŮɨŰŮɟɞ ůŮɜɎɟɘɧ ɛŬɠ, Űɞ ŬŰɨɢɖɛŬ ŬűɞɟɎ Űɖɜ ˊŰɩůɖ 9 ŮˊɘˊɚɏɞɜŰɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ (ˊɘɗŬɜɩɠ əŬɘ ɜŬɡŬɔɩɜ) ůŰɖ ɗɎɚŬůůŬ ůŰɖɜ ɑŭɘŬ ɢɤɟɞɢɟɞɜɘəɐ ɗɏůɖ. ũɘŬ 

Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ ˊɘɗŬɜɧŰŮɟɖɠ ŰɟɞɢɘɎɠ ˊɞɡ ɗŬ ŬəɞɚɞɡɗɞɨůŮ Űɞ əɎɗŮ ŬɜŰɘəŮɑɛŮɜɞ Ŭɜ 

ˊŬɟŬůɡɟɧŰŬɜ Ŭˊɧ Űɖ ɗɎɚŬůůŬ əŬɘ Űɖɜ ˊɘɗŬɜɐ ŰɟɞɢɘɎ əŬɘ Ɏɚɚɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ, 

óˊɟɞůŭɘɞɟɑɕŮŰŬɘô ɖ ŰɟɞɢɘɎ ˊɞɡ ŬəɞɚɞɡɗŮɑ Űɞ óŬɜŰɘəŮɑɛŮɜɞô ɛŮ Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ Űɞ 

j*10%, ɛŮ jÍ{1,2,3,4,5,6,7,8,9}Űɞɡ ɧɔəɞɡ Űɞɡ j ŬɜŰɘəŮɘɛɏɜɞɡ, ŮɑɜŬɘ ɓɡɗɘůɛɏɜɞ ůŰɞ 

ɜŮɟɧ. 

 

3.1.   ɄɟɩŰɞ ůŮɜɎɟɘɞ: ɄŮɟɑˊŰɤůɖ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ. 
 

ɆŰɞɜ ɄɑɜŬəŬ 1 ŭɑɜɞɜŰŬɘ ŰŬ ˊɞůɞůŰɎ Űɖɠ ɧɚɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ɡŭɟɞɔɞɜɎɜɗɟŬəŬ ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ, ůŰɖ ůŰɐɚɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ 

Űɞɜ ˊɡɗɛɏɜŬ, ůŰɞɜ ˊɡɗɛɏɜŬ əŬɘ ůŰɖɜ ŬəŰɐ, ɔɘŬ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɖɛŮɟɞɛɖɜɑŮɠ əŬɘ ɩɟŮɠ. 

ɆŰɘɠ ŮɘəɧɜŮɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ (ɆɢɐɛŬ 2.Ŭ ɛɏɢɟɘ 2.ŭ) ɏɢɞɡɜ ˊŬɟŬůŰŬɗŮɑ ɛŮ ɏɜŰɞɜɞ ɛŬɨɟɞ 

ɢɟɩɛŬ ɖ ˊɟɞɓɚŮˊɧɛŮɜɖ ɗɏůɖ Űɖɠ əɎɗŮ óůŰŬɔɧɜŬɠô, ɛŮ ɔəɟɘ Ŭˊɧɢɟɤůɖ ɖ ŰɟɞɢɘɎ ˊɞɡ 

ŬəɞɚɞɨɗɖůŮ ɖ ůŰŬɔɧɜŬ əŬɘ Űɞ ˊŮŭɑɞ Űɤɜ ŮˊɘəɟŬŰɞɨɜŰɤɜ Ŭɜɏɛɤɜ ɛŮ ɓɏɚɖ ˊɞɡ 
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ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ ŭɘŮɨɗɡɜůɖ əŬɘ Űɖɜ ɏɜŰŬůɐ Űɞɡɠ. ũɘŬ Űɖɜ əŬŰŬɜɧɖůɖ əŬɘ ůŬűɐɜŮɘŬ 

Űɤɜ Ůɘəɧɜɤɜ, ɛɧɜɞ ɏɜŬ ůŰŬ ˊɏɜŰŮ ɓɏɚɖ ɏɢɞɡɜ ŬˊŮɘəɞɜɘůɗŮɑ.  

ɆŰɘɠ 6 ɩɟŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ (12/02, 15UTC), ɖ ŮˊɏəŰŬůɖ Űɖɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ, 

Ŭɜ əŬɘ ŬəɧɛŬ ˊɞɚɨ ɛɘəɟɐ ɏɢŮɘ ŬɟɢɑůŮɘ ɜŬ űŬɑɜŮŰŬɘ (ɆɢɐɛŬ 2.Ŭ) əŬɘ ɛɎɚɘůŰŬ əɘɜŮɑŰŬɘ 

ˊɟɞɠ ŰŬ ɓɞɟŮɘɞŭɡŰɘəɎ ŬəɞɚɞɡɗɩɜŰŬɠ ˊɘůŰɎ Űɖɜ əŬŰŮɨɗɡɜůɖ ˊɞɡ Űɖɠ ŭɑɜŮɘ ɞ ɎɜŮɛɞɠ, Ůɜɩ 

ɖ ɧɚɖ ɛɎɕŬ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ (98.9 %) əŬɘ ůŰɖɜ 

ůŰɐɚɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ Űɞɜ ˊɡɗɛɏɜŬ ɛɧɜɞ 1.1 %. 6 ɩɟŮɠ ŬɟɔɧŰŮɟŬ 

(12/02, 21UTC) (ɆɢɐɛŬ 2.ɓ), ɖ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ ɏɢŮɘ ɔɑɜŮɘ ŭɡŰɘəɐ əŬɘ ŬɜŰɑůŰɞɘɢŬ 

ɏɢŮɘ ŬɚɚɎɝŮɘ ɖ əɑɜɖůɖ Űɖɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ ˊɞɡ ˊɚɏɞɜ əɘɜŮɑŰŬɘ ˊɟɞɠ ŰŬ ŬɜŬŰɞɚɘəɎ.  

ɆŮ 39 ɩɟŮɠ ɛŮŰɎ Űɞ ŮˊŮɘůɧŭɘɞ (14/02, 00UTC) (Ɇɢ. 2ɔ), ɖ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬ ɏɢŮɘ 

ɛŮŰŬűŮɟɗŮɑ ŬɟəŮŰɎ əŬɘ űŬɑɜŮŰŬɘ əŬɚɎ ɖ ˊɞɟŮɑŬ (ɔəɟɑɕŬ ˊŮɟɘɞɢɐ) ˊɞɡ ŬəɞɚɞɡɗŮɑ. ɇŬ 

ˊɞůɞůŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞ ɜŮɟɧ ŮɑɜŬɘ ŰɩɟŬ 97.9% əŬɘ 2.1%, ŬɜŰɑůŰɞɘɢŬ. ȼ 

ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ Űɖ ůŰɘɔɛɐ ŬɡŰɐ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ŮəŮɑɜɖɠ ůŰɘɠ 21UTC Űɖɠ 12/02, 

ɧˊɤɠ əŬŰŬŭŮɘəɜɨŮɘ Űɞ ɛɘəɟɧŰŮɟɞ ɛɐəɞɠ Űɤɜ ɓŮɚɩɜ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞɜ ɎɜŮɛɞ, 

Ůɜɩ ɖ ŭɘŮɨɗɡɜůɐ Űɞɡ ɏɢŮɘ ŬɚɚɎɝŮɘ ůŰɟŮűɧɛŮɜɖ ůŰŬŭɘŬəɎ ůŮ ɓɧɟŮɘŬ-ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ɞ ɎɜŮɛɞɠ ůŰɟɎűɖəŮ ˊɟɩŰŬ ůŮ ŬɜŬŰɞɚɘəɧ əŬɘ ɔɘŬ ɜŬ ɔɑɜŮɘ ˊɟɞɠ Űɞ 

Űɏɚɞɠ Űɖɠ ˊɟɞɔɜɤůŰɘəɐɠ ˊŮɟɘɧŭɞɡ ɜɧŰɘɞɠ- ɜɞŰɘɞŬɜŬŰɞɚɘəɧɠ əŬɘ ɜŬ ɛŮŰŬűɏɟŮɘ Űɖɜ 

ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬ ˊɟɞɠ Űɖ ȻɎəɡɜɗɞ 66 ɩɟŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ (15/02 00UTC, Ɇɢ. 2.ŭ). 

ȳˊɤɠ ŭɑɜŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 1, Űɖ ɢɟɞɜɘəɐ ŬɡŰɐ ůŰɘɔɛɐ ɛɧɜɞ Űɞ 50.6% ɓɟɑůəŮŰŬɘ 

ŬəɧɛŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ Ůɜɩ Űɞ ɡˊɧɚɞɘˊɞ 49.4% űŰɎɜɞɜŰŬɠ ůŰɘɠ ŬəŰɏɠ Űɘɠ 

ɏɢŮɘ ɟɡˊɎɜŮɘ. 

 
ɄȽɁȷȾȷɆ 1. ɇŬ ˊɞůɞůŰɎ Űɖɠ ɧɚɖɠ ˊɞůɧŰɖŰŬɠ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ ˊɞɡ ɓɟɑůəɞɜŰŬɘ: ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ɗɎɚŬůůŬɠ, ůŰɖ ůŰɐɚɖ Űɞɡ ɜŮɟɞɨ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɏɢɟɘ Űɞɜ ˊɡɗɛɏɜŬ, ůŰɞɜ ˊɡɗɛɏɜŬ əŬɘ 

ůŰɖɜ ŬəŰɐ, ŬɜɎ ŰɟŮɘɠ ɩɟŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɖɛŮɟɞɛɖɜɑŮɠ əŬɘ ɩɟŮɠ. 
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(Ŭ) (ɓ) 

  
(ɔ) (ŭ) 

  
Ɇɉȼɀȷ 2. ȼ ɛŮŰŬűɞɟɎ əŬɘ ŮˊɏəŰŬůɖ Űɖɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ ůŰɘɠ (Ŭ) 12/02 15UTC, (ɓ) 12/02 

21UTC, (ɔ) 14/02 00UTC əŬɘ (ŭ) 15/02 00UTC. ɇŬ ɓɏɚɖ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ ŭɘŮɨɗɡɜůɖ əŬɘ Űɖɜ 

ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ. Ƀ ŬůŰŮɟɑůəɞɠ ŭɑɜŮɘ Űɞ ůɖɛŮɑɞ Űɞɡ ŬŰɡɢɐɛŬŰɞɠ, Ůɜɩ ɛŮ ɛŬɨɟɞ əŬɘ ɔəɟɘ 

ɢɟɩɛŬ ŭɑɜŮŰŬɘ ɖ ˊɘɗŬɜɐ ŰɟɞɢɘɎ əɎɗŮ óůŰŬɔɧɜŬɠô Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ əŬɘ Űɖɜ 

ˊŮɟɑɞŭɞ ˊɟɘɜ Ŭˊɧ ŬɡŰɐ, ŬɜŰɑůŰɞɘɢŬ. 
 

ɀŮ Űɞ ɡˊɞŰɘɗɏɛŮɜɞ ŬɡŰɧ ŬŰɨɢɖɛŬ ɔɑɜŮŰŬɘ űŬɜŮɟɐ ɖ ůɖɛŬɜŰɘəɧŰɖŰŬ Ůɜɧɠ ŮɟɔŬɚŮɑɞɡ 

ɧˊɤɠ Űɞ MOTHY ɔɘŬ Űɖɜ ˊɟɞŮɘŭɞˊɞɑɖůɖ Űɤɜ Ŭɟɛɧŭɘɤɜ Ŭɟɢɩɜ ɔɘŬ Űɖɜ ˊɞɟŮɑŬ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŬəɞɚɞɡɗɐůŮɘ ɖ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬ Űɘɠ ŮˊɧɛŮɜŮɠ ɩɟŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ əŬɘ ɔɘŬ 

Űɖɜ ˊɟɧɚɖɣɖ Űɖɠ ŮˊɏəŰŬůɖɠ əŬɘ ɛŮŰŬűɞɟɎɠ Űɖɠ ˊɟɞɠ əɎˊɞɘŬ ŬəŰɐ. 

 

3.2.   ȹŮɨŰŮɟɞ ůŮɜɎɟɘɞ: ɄŮɟɑˊŰɤůɖ ŮˊɘˊɚŮɧɜŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. 
 

ȼ ɗɏůɖ Űɤɜ 9 ŬɜŰɘəŮɑɛŮɜɤɜ ůŮ ŮˊɘɚŮɔɛɏɜŮɠ ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ (ɑŭɘŮɠ ɛŮ Űɖɜ 

ˊŮɟɑˊŰɤůɖ Űɖɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ ŭɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3. ɆŰɞ ůɢɐɛŬ űŬɑɜŮŰŬɘ əŬɘ ɖ 

ŰɟɞɢɘɎ ˊɞɡ ŬəɞɚɞɨɗɖůŬɜ əŬɗɩɠ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊŮŭɑŬ Ŭɜɏɛɞɡ. ɇŬ ŬɜŰɘəŮɑɛŮɜŬ 

ˊŬɟɘůŰɎɜɞɜŰŬɘ ɛŮ Űɞɡɠ Ŭɟɘɗɛɞɨɠ 1 ɛɏɢɟɘ 9, ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰŬ ˊɞůɞůŰɎ ɓɨɗɘůɖɠ 

Űɞɡɠ (10-90% ŬɜŰɑůŰɞɘɢŬ). 

ȰŰůɘ (ůɢɐɛŬ 3.Ŭ), 6 ɩɟŮɠ ɛŮŰɎ Űɞ ŬŰɨɢɖɛŬ (12/02, 15UTC) (Ɇɢ. 3Ŭ), ŰŬ 

ŬɜŰɘəŮɑɛŮɜŬ ɛŮŰŬűɏɟɗɖəŬɜ ůɢŮŭɧɜ ɛŮ Űɖ űɞɟɎ Űɞɡ Ŭɜɏɛɞɡ əŬɘ ɖ ŬˊɧůŰŬůɖ ˊɞɡ 

ŬˊɞɛŬəɟɨɜɗɖəŮ Űɞ əŬɗɏɜŬ (Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ Űɞɡ ɗɏůɖ) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ˊɞůɞůŰɧ 

ɓɨɗɘůɐɠ Űɞɡ ɛɏůŬ ůŰɞ ɜŮɟɧ, ɛŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɛŮ ɓɨɗɘůɛŬ ɛɧɜɞ 10% (Űɞ ɜɞɨɛŮɟɞ 1) ɜŬ 

ɞŭɖɔŮɑ çŰɖɜ əɞɨɟůŬè əŬɘ ɜŬ űŮɨɔŮɘ ɛŬəɟɨŰŮɟŬ, Ůɜɩ ŬɡŰɧ ɛŮ ɓɨɗɘůɛŬ 90% (Űɞ ɏɜŬŰɞ) 

ɜŬ ɛɏɜŮɘ ˊɑůɤ.  
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(Ŭ) (ɓ) 

  
(ɔ) (ŭ) 

  
Ɇɉȼɀȷ 3. Ƀɘ ˊɘɗŬɜɏɠ Űɟɞɢɘɏɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ Űɞ ɎŰɞɛɞ Ŭɜ ŮɑɜŬɘ əŬŰɎ 10-90%  ɓɡɗɘůɛɏɜɞ ůŰɞ 

ɜŮɟɧ (ɜɞɨɛŮɟŬ 1-9) ůŰɘɠ (Ŭ) 12/02 15UTC, (ɓ) 12/02 21UTC, (ɔ) 14/02 00UTC əŬɘ (ŭ) 15/02 

00UTC. ɇŬ ɓɏɚɖ ˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖ ŭɘŮɨɗɡɜůɖ əŬɘ Űɖɜ ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ. Ƀ ŬůŰŮɟɑůəɞɠ ŭɑɜŮɘ 

Űɞ ůɖɛŮɑɞ Űɞɡ ŬŰɡɢɐɛŬŰɞɠ, Ůɜɩ ɛŮ ɛɤɓ ɢɟɩɛŬ ŭɑɜŮŰŬɘ ɖ ˊɘɗŬɜɐ ŰɟɞɢɘɎ Űɞɡ ŬŰɧɛɞɡ ɔɘŬ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ. 

 

ɀŮŰɎ Ŭˊɧ ŬəɧɛŬ 6 ɩɟŮɠ (12/02, 21UTC) (ɆɢɐɛŬ 3.ɓ), Űɞ ŬɜŰɘəŮɑɛŮɜɞ 1 (10% ɛɏůŬ 

ůŰɞ ɜŮɟɧ əŬɘ 90% ɏɝɤ) ɏɢŮɘ ɐŭɖ ŮɝɞəŮɑɚŮɘ ůŰɘɠ ŭɡŰɘəɏɠ ŬəŰɏɠ Űɖɠ ȻŬəɨɜɗɞɡ əŬɘ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ 2 (20% ɛɏůŬ ůŰɞ ɜŮɟɧ) ˊŬɟŬůɡɟɧɛŮɜɞ Ŭˊɧ Űɞɡɠ ŮˊɘəɟŬŰɞɨɜŰŮɠ Űɖ ɢɟɞɜɘəɐ 

ŬɡŰɐ ˊŮɟɑɞŭɞ ɘůɢɡɟɞɨɠ ŭɡŰɘəɞɨɠ Ŭɜɏɛɞɡɠ, ˊɚɖůɘɎɕŮɘ ůŰɘɠ ŬəŰɏɠ. ɇŬ ɡˊɧɚɞɘˊŬ 

ŬɜŰɘəŮɑɛŮɜŬ, ɧůɞ ˊɘɞ ɓŬɟɘɎ ŮɑɜŬɘ Űɧůɞ ˊɘɞ ˊɑůɤ ɏɢɞɡɜ ɛŮɑɜŮɘ. 

ɆŰɘɠ 39 ɩɟŮɠ ɛŮŰɎ Űɞ ŮˊŮɘůɧŭɘɞ ůŰɘɠ 00UTC Űɖɠ 14/02 (ɆɢɐɛŬ 3.ɔ), ɏűŰŬůŬɜ ůŰɘɠ 

ŭɡŰɘəɏɠ əŬɘ ɜɧŰɘŮɠ ŬəŰɏɠ Űɖɠ ȻŬəɨɜɗɞɡ əŬɘ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ 2,3 əŬɘ 4 (ɛŮ ɓɨɗɘůɖ ɛɏɢɟɘ 

40%) Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ óɓŬɟɘɎô ŬɜŰɘəŮɑɛŮɜŬ (ɛŮ ɓɨɗɘůɖ 50% əŬɘ ˊɎɜɤ) ɏɢɞɡɜ ˊŮɟɎůŮɘ 

ɜɧŰɘŬ Ŭˊɧ Űɖɜ ȻɎəɡɜɗɞ əŬɘ əŬŰŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɘɠ ŭɡŰɘəɏɠ ŬəŰɏɠ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ, 

Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɞɘ ɎɜŮɛɞɘ ˊɞɡ ɏɢɞɡɜ ŮɝŬůɗŮɜɐůŮɘ ˊŬɜŰɞɨ, ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŬəɧɛŬ ůŰɖ ɗɎɚŬůůŬ ˊɜɏɞɡɜ Ŭˊɧ ɓɧɟŮɘŮɠ əŬɘ 

ɓɞɟŮɘɞŬɜŬŰɞɚɘəɏɠ (əɡɟɑɤɠ) ŭɘŮɡɗɨɜůŮɘɠ, ˊŬɟŬůɨɟɞɜŰɎɠ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ 5 əŬɘ 6 ˊɟɞɠ ŰŬ 

ɜɧŰɘŬ, Ůɜɩ ŰŬ ɓŬɟɘɎ ŬɜŰɘəŮɑɛŮɜŬ űŬɑɜŮŰŬɘ ɜŬ ɛɖɜ ɏɢɞɡɜ ŮˊɖɟŮŬůŰŮɑ Ŭˊɧ Űɖ ůŰɟɞűɐ 

ŬɡŰɐ.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ɛŮŰɎ Űɖɜ ŬɚɚŬɔɐ ŭɘŮɨɗɡɜůɖɠ Űɤɜ Ŭɜɏɛɤɜ ůŮ ŬɜŬŰɞɚɘəɞɨɠ əŬɘ ůŰɞ 

Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ (15/02, 00UTC) ůŮ Ůɜɘůɢɡɛɏɜɞɡɠ ɜɧŰɘɞɡɠ-ɜɞŰɘɞŬɜŬŰɞɚɘəɞɨɠ (ɆɢɐɛŬ 

3.ŭ), ɧɚŬ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŬəɧɛŬ ůŰɖ ɗɎɚŬůůŬ ůŰɟɏűɞɡɜ ˊɟɞɠ ŰŬ ɓɧɟŮɘŬ 

əŬɘ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ əŬɘ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ 7, 8 əŬɘ 9 ɏɢɞɡɜ ɛŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ 
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ˊɟɞůŬɟɎɝɞɡɜ ůŰɘɠ ɜɧŰɘŮɠ əŬɘ ŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ ȻŬəɨɜɗɞɡ, Ůɜɩ ŰŬ óŮɚŬűɟɧŰŮɟŬô 

ŬɜŰɘəŮɑɛŮɜŬ 5 əŬɘ 6 əɘɜɞɨɜŰŬɘ ɓɧɟŮɘŬ ɛŮŰŬɝɨ Űɖɠ ȻŬəɨɜɗɞɡ əŬɘ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ.  

ūŬɑɜŮŰŬɘ, Ůˊɞɛɏɜɤɠ, əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɧŰɘ Űɞ ɀɄɈȷ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ Űɞ 

ůɨůŰɖɛŬ MPERSS ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ ůŰɖɜ ŮɨɟŮůɖ, ˊ.ɢ. ŬɔɜɞɞɨɛŮɜɤɜ ɜŬɡŬɔɩɜ ɐ 

ŬɜŰɘəŮɘɛɏɜɤɜ, ŭɑɜɞɜŰŬɠ ˊɟɧɔɜɤůɖ ɔɘŬ Űɖɜ ˊɘɗŬɜɐ ŰɟɞɢɘɎ Űɞɡ əŬɘ ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɞ ɢɩɟɞ 

əŬɘ Ůˊɞɛɏɜɤɠ əŬɘ Űɞ ɢɟɧɜɞ ŬɜŬɕɐŰɖůɐɠ Űɞɡɠ, ŬɡɝɎɜɞɜŰŬɠ əŬŰɎ ˊɞɚɨ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ŬɜŮɨɟŮůɐɠ Űɞɡɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɜŬɡŬɔɩɜ Űɖɠ Ůˊɘɓɑɤůɐɠ Űɞɡɠ. 

 

 

4. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

ȼ ŮɝɏŰŬůɖ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ŬŰɡɢɖɛɎŰɤɜ, ɏɜŬ ɔɘŬ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬ əŬɘ ɏɜŬ ɔɘŬ 

ŬɜŰɘəŮɑɛŮɜŬ ŭɘŬűɧɟɞɡ ɓɡɗɑůɛŬŰɞɠ ɏŭŮɘɝŮ ɧŰɘ Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ɏɜŬ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ 

Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ ŰɟɞɢɘɎɠ Űɧůɞ Űɖɠ ˊŮŰɟŮɚŬɘɞəɖɚɑŭŬɠ ɧůɞ əŬɘ Űɤɜ ŮˊɘˊɚŮɧɜŰɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ. ȰŰůɘ, ɖ ɡˊɞůŰɐɟɘɝɖ Űɤɜ Ŭɟɛɧŭɘɤɜ Ŭɟɢɩɜ, ɛɏůɤ Űɞɡ MPERSS, ɔɘŬ Űɖ 

ɔɟɐɔɞɟɖ ŬɜŰɘɛŮŰɩˊɘůɖ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ŬŰɡɢɖɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖɜ ɎɛŮůɖ 

ŮűŬɟɛɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ Űɖɜ ɏɔəŬɘɟɖ ɚɐɣɖ ŬˊɞűɎůŮɤɜ. 
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ɄȺɅȽȿȼɊȼ 
ɀŮ ɓɎůɖ Űɖ ŭɟŬɛŬŰɘəɐ ŮˊɘɓɎɟɡɜůɖ Űɤɜ ŬɜɗɟɤˊɞɔŮɜɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ůŰɞ ŬŰɛɞůűŬɘɟɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ŭŮɨŰŮɟɖɠ ɛŮɔŬɚɨŰŮɟɖɠ ˊɧɚɖɠ Űɖɠ ȺɚɚɎŭŬɠ -Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ- ɔɑɜŮŰŬɘ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ 

ŮɜŰɞˊɘůɛɞɨ əŬɘ ɛŮɚɏŰɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ əŬŰɎ Űɖ ɗŮɟɘɜɐ ˊŮɟɑɞŭɞ 

(ˊŮɜŰɎɛɖɜɞ ɀŬȶɞɡ - ɆŮˊŰŮɛɓɟɑɞɡ) Űɤɜ ŰŮɚŮɡŰŬɑɤɜ ŮɝɐɜŰŬ ŮŰɩɜ (1950-2009). 

ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɤɟɘŬɑŮɠ Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ůɢŮŰɘəɐɠ 

ɡɔɟŬůɑŬɠ Űɞɡ ŬɏɟŬ, ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɀŮŰŮɤɟɞɚɞɔɘəɧ ɆŰŬɗɛɧ Űɞɡ ɇɞɛɏŬ ɀŮŰŮɤɟɞɚɞɔɑŬɠ əŬɘ 

ȾɚɘɛŬŰɞɚɞɔɑŬɠ Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ. Ƀ ɓɘɞəɚɘɛŬŰɞɚɞɔɘəɧɠ ŭŮɑəŰɖɠ 

ŭɡůűɞɟɑŬɠ SSIȭ ɡɘɞɗŮŰŮɑŰŬɘ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ. ɇŬ 

ŮˊŮɘůɧŭɘŬ ŬɡŰɎ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ŮˊŰɎ ŭɘŬəŮəɟɘɛɏɜŮɠ əŬŰɖɔɞɟɑŮɠ, ɛŮ ɓɎůɖ Űɖ ŭɟɘɛɨŰɖŰŬ əŬɘ Űɖɜ 

ŮˊɘəɘɜŭɡɜɧŰɖŰɎ Űɞɡɠ.  

ũɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ Űɞɡ ŭŮɑəŰɖ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ, 

ŭɘŬɘɟɩɜŰŬɠ Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ ůŮ ɏɝɘ (6) ŭŮəŬŮŰɑŮɠ əŬɘ ŭɩŭŮəŬ (12) ˊŮɜŰŬŮŰɑŮɠ. ȰɛűŬůɖ ŭɑŭŮŰŬɘ ůŰɘɠ 

ɛɖɜɘŬɑŮɠ əŬŰŬɜɞɛɏɠ Űɤɜ ůɡɢɜɞŰɐŰɤɜ ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ ɤɠ ůɡɜɎɟŰɖůɖ Űɤɜ ŮŰɩɜ. ȼ 

ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞɠ ɛŮɚɏŰɖɠ, ŬɜŬŭŮɘəɜɨŮɘ Űɖ ŭɘŬɢɟɞɜɘəɧŰɖŰŬ əŬɘ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ, əŬɗɩɠ əŬɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ əɚɘɛŬŰɘəɩɜ ɛŮŰŬɓɞɚɩɜ ůŰɞ ŬəɟŬɑɞ ŬɡŰɧ əŬɘɟɘəɧ űŬɘɜɧɛŮɜɞ. 
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ABSTRACT 
Taking into consideration the dramatic affect of anthropogenetic activities upon the atmospheric 

environment of the second largest city of Greece -Thessaloniki- an attempt is made to study the frequency 

of occurrenceů and the intensity of the heat wave events, during the summer period (May until 

September) for the last 60 years (1950-2009). 

To meet this objective, the observed hourly values of air temperature and relative humidity, 

obtained at the Meteorological Station of the Department of Meteorology and Climatology of the 

Aristotle University of Thessaloniki, are used. The bioclimatological index values of the modified 

Summer Simmer Index (SSIô) is adopted for the identification of the frequency of occurrences of the heat 

wave events, which are then classified into six (6) distinct categories, according to their intensity. 

The frequency of occurrences of the heat wave events are calculated within each one of the 

categories. The examined long time period is divided into six (6) ten-year periods and twelve (12) five-

year periods. The exceptionally long time period of study provides the opportunity to look for any 

variability of the extreme heat wave events, probably due to the climatic changes.   

 

 

1.  ȺȽɆȷũɋũȼ 
 

ɇɞ űŬɘɜɧɛŮɜɞ Űɞɡ əŬɨůɤɜŬ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ ˊɞɚɡɎɟɘɗɛɤɜ 

ɛŮŰŮɤɟɞɚɞɔɘəɩɜ əŬɘ ɓɘɞɛŮŰŮɤɟɞɚɞɔɘəɩɜ ŮɟɔŬůɘɩɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ űŬɘɜɧɛŮɜɞ ɛŮ 

ɘŭɘŬɑŰŮɟŬ ŭɡůɛŮɜŮɑɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ˊɚɖɗɡůɛɧ, əŬɘ ɧɢɘ ɛɧɜɞ. ȺɑɜŬɘ ˊɞɚɨ 
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ŭɨůəɞɚɞɠ ɏɜŬɠ əŬɘ ɛɧɜɞ ɞɟɘůɛɧɠ ŮˊŮɘůɞŭɑɞɡ əŬɨůɤɜŬ ɛŮ ˊŬɔəɧůɛɘŬ ŮɛɓɏɚŮɘŬ, 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ űŬɘɜɧɛŮɜɞ ŮˊɖɟŮɎɕŮŰŬɘ ɎɛŮůŬ Ŭˊɧ ŰŬ ɘŭɘŬɑŰŮɟŬ 

ɛŮŰŮɤɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Űɧˊɞɡ ɛɘəɟɞəɚɑɛŬ ˊŮɟɘɞɢɐɠ. Ƀ əŬɗɞɟɘůɛɧɠ Ůɜɧɠ 

ŮˊŮɘůɞŭɑɞɡ əŬɨůɤɜŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ Űɖ ɢɟɐůɖ ŭɘŬűɧɟɤɜ ɓɘɞɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ŭŮɘəŰɩɜ, ɧˊɤɠ ɞ Temperature Humidity Index, o Heat Index, əŰɚ., əŬɗɩɠ əŬɘ 

ɗŮɟɛɞəɟŬůɘŬəɩɜ ˊŬɟŬɛɏŰɟɤɜ, ɧˊɤɠ ɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ɛɏůɖ ɗŮɟɛɞəɟŬůɑŬ, ɞ 

ɎɜŮɛɞɠ, əŰɚ.    

ɆŰɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ, ɞ əŬɨůɤɜŬɠ ɛŮɚŮŰɐɗɖəŮ Ŭˊɧ ˊɞɚɚɞɨɠ ŮˊɘůŰɐɛɞɜŮɠ, ɞɘ ɞˊɞɑɞɘ 

ɢɟɖůɘɛɞˊɞɑɖůŬɜ əŬŰɎ əɨɟɘɞ ɚɧɔɞ Űɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɖɜ ɡɔɟŬůɑŬ, ɡˊɞɚɞɔɑɕɞɜŰŬɠ 

ŭɘɎűɞɟɞɡɠ ɓɘɞəɚɘɛŬŰɞɚɞɔɘəɞɨɠ ŭŮɑəŰŮɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɜŰɞˊɑůɞɡɜ Űɞ űŬɘɜɧɛŮɜɞ əŬɘ 

ɜŬ ɛŮɚŮŰɐůɞɡɜ Űɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɐɠ Űɞɡ (ūɚɧəŬɠ, 1970; Flocas, 1981; Giles and 

Balafoutis, 1990; Giles et al., 1990; Gawith et al., 1994; Karacostas et al., 1996; 

Matzarakis et al., 1996; Balafoutis and Makrogiannis, 2000). 

ȷɜŰɘəŮɘɛŮɜɘəɧɠ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ŮɜŰɞˊɘůɗɞɨɜ ŰŬ ŮˊŮɘůɧŭɘŬ 

əŬɨůɤɜŬ ůŰɖ ŪŮůůŬɚɞɜɑəɖ ɔɘŬ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1950-2009, əŬɘ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ɤɠ 

ˊɟɞɠ Űɖɜ ɏɜŰŬůɐ Űɞɡɠ əŬɘ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ŬɡŰɩɜ. Ƀ ůŰɧɢɞɠ ŬɡŰɧɠ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ, ŮűŬɟɛɧɕɞɜŰŬɠ Űɞ ɜɏɞ ɓɘɞɛŮŰŮɤɟɞɚɞɔɘəɧ ŭŮɑəŰɖ ȰɜŰɞɜɞɡ Ūɏɟɞɡɠ, 

Summer Simmer Index ï SSIȭ, (ɄŬəŬɚɑŭɞɡ, 2005). Ƀ SSIȭ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ 

ɤɟɘŬɑŮɠ Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ŬɏɟŬ. 

ȸɎůɖ ŬɡŰɞɨ ŮəŰɘɛɎŰŬɘ ɖ ɏɜŰŬůɖ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ 

ůɡɢɜɧŰɖŰŮɠ ŮɛűɎɜɘůɖɠ ŬɡŰɩɜ ůŰɖ ŪŮůůŬɚɞɜɑəɖ, ɞɛɞŭɞˊɞɘɩɜŰŬɠ Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ 

ůŮ ɏɝɘ ŭŮəŬŮŰɑŮɠ əŬɘ ŭɩŭŮəŬ ˊŮɜŰŬŮŰɑŮɠ. ɇɏɚɞɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ůɡɢɜɧŰɖŰŬ Űɤɜ 

ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ ůŮ ɛɖɜɘŬɑŬ ɓɎůɖ. 

 

2.  ȹȺȹɃɀȺɁȷ ï ɀȺŪɃȹɃɆ ȺɄȺɂȺɅũȷɆȽȷɆ 
 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ŮˊŮɘůɧŭɘŬ Űɞɡ əŬɨůɤɜŬ ůŰɖ ŪŮůůŬɚɞɜɑəɖ 

ɔɘŬ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ Űɤɜ ŮɝɐɜŰŬ (60) ɢɟɧɜɤɜ, 1950-2009. ɄŬɟɧɚɞ ˊɞɡ ɖ ɛŮɔŬɚɨŰŮɟɖ 

ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ůɡɜɐɗɤɠ ůŰɞɡɠ ɗŮɟɘɜɞɨɠ ɛɐɜŮɠ, 

əɟɑɗɖəŮ ŬɜŬɔəŬɑɞ əŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ əŬɘ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ ɛɖɜɩɜ ɀŬɑɞɡ əŬɘ ɆŮˊŰŮɛɓɟɑɞɡ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ, Ŭɜ əŬɘ ŬˊɞŰŮɚɞɨɜ 

ɛŮŰŬɓŬŰɘəɞɨɠ ɛɐɜŮɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ŬɟəŮŰɧ ŮɜŭɘŬűɏɟɞɜ ɤɠ ˊɟɞɠ ŰɘŮ ŮˊɘəŮɑɛŮɜŮɠ 

ŭɡɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɤɜ əɚɘɛŬŰɘəɩɜ ɛŮŰŬɓɞɚɩɜ.  

ɇŬ ŭŮŭɞɛɏɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɀŮŰŮɤɟɞɚɞɔɘəɧ ɆŰŬɗɛɧ Űɞɡ ɇɞɛɏŬ 

ɀŮŰŮɤɟɞɚɞɔɑŬɠ əŬɘ ȾɚɘɛŬŰɞɚɞɔɑŬɠ Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ 

əŬɘ Ŭűɞɟɞɨɜ Űɘɠ ɤɟɘŬɑŮɠ Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ůɢŮŰɘəɐɠ ɡɔɟŬůɑŬɠ Űɞɡ ŬɏɟŬ 

əɞɜŰɎ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ɇŬ ŮˊŮɘůɧŭɘŬ ŬɡŰɎ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ˊɏɜŰŮ 

ŭɘŬəŮəɟɘɛɏɜŮɠ əŬŰɖɔɞɟɑŮɠ, ɛŮ ɓɎůɖ Űɖ ŭɟɘɛɨŰɖŰŬ əŬɘ Űɖɜ ŮˊɘəɘɜŭɡɜɧŰɖŰɎ Űɞɡɠ.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɘŬ əɎɗŮ əŬŰɖɔɞɟɑŬ Űɞɡ ŭŮɑəŰɖ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɢɜɧŰɖŰŬ 

ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ, ŭɘŬɘɟɩɜŰŬɠ Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ ůŮ ɏɝɘ (6) 

ŭŮəŬŮŰɑŮɠ əŬɘ ŭɩŭŮəŬ (12) ˊŮɜŰŬŮŰɑŮɠ. ȰɛűŬůɖ ŭɑŭŮŰŬɘ ůŰɘɠ ɛɖɜɘŬɑŮɠ əŬŰŬɜɞɛɏɠ Űɤɜ 

ůɡɢɜɞŰɐŰɤɜ ŮɛűɎɜɘůɖɠ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ, ůŮ ůɡɜɎɟŰɖůɖ ɛŮ ŰŬ ɏŰɖ Űɖɠ 

ˊŮɟɘɧŭɞɡ ɛŮɚɏŰɖɠ.  

 

2.1 Ƀ ɜɏɞɠ ȹŮɑəŰɖɠ ȰɜŰɞɜɞɡ Ūɏɟɞɡɠ (Summer Simmer Index ï SSIȭ) 

 

Ƀ ȹŮɑəŰɖɠ ȰɜŰɞɜɞɡ Ūɏɟɞɡɠ (SSI) ŬɟɢɘəɎ ɞɟɑůɗɖəŮ Ŭˊɧ ɛŮɚɏŰŮɠ Űɞɡ American 

Society of Heating and Refrigeration Engineers (ASHRAE) əŬɘ əŬŰɧˊɘɜ ŮˊɘɓŮɓŬɘɩɗɖəŮ 



υτʋ #/-%#!0 φτυτȟ ɩɪɚɣɬɢɣɚ ɫɭɦɞɝɪɢɨɭ    --    10th COMECAP 2010, CONFERENCE PROCEEDINGS 
 

25 ɀ 28/5/ 2010, PATRAS, GREECE   56 

 

Ŭˊɧ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ɄŬɜŮˊɘůŰɐɛɘɞ Űɞɡ ȾɎɜůŬɠ (Pepi, 1987). O 

ŭŮɑəŰɖɠ ŬɡŰɧɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ:  

 

  SSI = 1.98 * [T-(0.55-0.0055*RH)*(T-58)] ï 56.83 

ɧˊɞɡ ɇ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɝɖɟɞɨ ɗŮɟɛɞɛɏŰɟɞɡ ůŮ 
o
F əŬɘ RH ŮɑɜŬɘ ɖ ůɢŮŰɘəɐ 

ɡɔɟŬůɑŬ Űɞɡ ŬɏɟŬ ůŮ ŮəŬŰɞůŰɘŬɑɞ ˊɞůɞůŰɧ.  

ȼ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ŮəŰɑɛɖůɖɠ Űɖɠ Ŭɑůɗɖůɖɠ Űɞɡ 

ŮˊŮɘůɞŭɑɞɡ əŬɨůɤɜŬ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1, ɧˊɤɠ ŬɡŰɧɠ ɏɢŮɘ ˊɟɞəɨɣŮɘ Ŭˊɧ Űɖɜ 

ɄŬəŬɚɑŭɞɡ (2005). 

 
ɄȽɁȷȾȷɆ 1.    ȾɚɑɛŬəŬ ŮəŰɑɛɖůɖɠ Űɞɡ ŭŮɑəŰɖ SSIȭ.  

SSIȭ ɄŮɟɘɔɟŬűɐ 

  80 Ò SSIȭ < 92  ȯɜŮŰŬ ï ŪŮɟɛɎ 

  92 Ò SSIȭ < 102 ŪŮɟɛɎ 

102 Ò SSIȭ < 110 ȺɝŬɘɟŮŰɘəɎ ɗŮɟɛɎ 

110 Ò SSIȭ < 125 ȹɡůűɞɟɑŬ ï ŪŮɟɛɞˊɚɖɝɑŬ 

125 Ò SSIȭ ȺɝŬɘɟŮŰɘəɧɠ əɑɜŭɡɜɞɠ ɗŮɟɛɞˊɚɖɝɑŬɠ - ȿɘˊɞɗɡɛɑŮɠ 

 

 

3. ȷɁȷȿɈɆȼ ȹȺȹɃɀȺɁɋɁ - ȷɄɃɇȺȿȺɆɀȷɇȷ 
 

ɀŮ ɓɎůɖ Űɖɜ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ, ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ɆɢɐɛŬ 1, ɧˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ɤɟɩɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè 

Űɤɜ ˊŮɜŰŮ əŬŰɖɔɞɟɘɩɜ Űɞɡ ɄɑɜŬəŬ 1, ɔɘŬ ŰŬ ŮɝɐɜŰŬ (60) ɢɟɧɜɘŬ ɛŮɚɏŰɖɠ. ɇɞ ŭɘɎɔɟŬɛɛŬ 

ŬɡŰɧ ŭɑŭŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛɘŬɠ Ŭˊô ŮɡɗŮɑŬɠ ůɨɔəɟɘůɖɠ Űɤɜ ŮŰɩɜ, ŬɚɚɎ əŬɘ Űɖ ŭɘŬɢɟɞɜɘəɐ 

ɛŮŰŬɓɞɚɐ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ. ɀɘŬ ɛɘəɟɐ ŮɝɞɛɎɚɡɜůɖ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɤɟɘŬɑɤɜ 

ŬɡŰɩɜ Űɘɛɩɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ Űɞɡ əɘɜɖŰɞɨ ɛɏůɞɡ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ. 
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Ɇɉȼɀȷ 1.  ȷɗɟɞɘůŰɘəɏɠ ɤɟɘŬɑŮɠ Űɘɛɏɠ ŮˊŮɘůɞŭɑɤɜ çəŬɨůɤɜŬè ɔɘŬ ɧɚŮɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ Űɞɡ 

ɄɑɜŬəŬ 1. 
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ɇɞ ɓŬůɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ůɢɐɛŬŰɞɠ 1 ŮɑɜŬɘ ɖ ůɖɛŬɜŰɘəɐ əŬɘ ůɢŮŭɧɜ ůɡɜŮɢɧɛŮɜɖ 

ˊŰɩůɖ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɧŭɞɡ ɏɤɠ ŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ ô70. ȷˊɧ ŮəŮɑ əŬɘ 

ˊɏɟŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘŬ ůɢŮŰɘəɎ ɛɘəɟɐ əŬɘ ůɢŮŭɧɜ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ Űɤɜ ůɡɜɞɚɘəɩɜ 

ˊŮɟɘˊŰɩůŮɤɜ Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɖɠ ˊŮɟɘɧŭɞɡ ɛŮɚɏŰɖɠ. ȼ ŰɎůɖ 

ŬɡŰɐ ˊɘůŰɞˊɞɘŮɑŰŬɘ əŬŰɎ əɎˊɞɘɞ Űɟɧˊɞ Ŭˊɧ Űɞɡɠ ɄŬəŬɚɑŭɞɡ ə.Ɏ, (2008), ˊɞɡ 

ˊŬɟŬŰɐɟɖůŬɜ ɛɘŬ ŬɜŰɑůŰɞɘɢɖ ůŰŬŭɘŬəɐ ˊŰɩůɖ ůŰɞ ˊɚɐɗɞɠ ŮɛűɎɜɘůɖɠ Űɤɜ ɣɡɢɟɩɜ 

ɖɛŮɟɩɜ ůŰɖ ŪŮůůŬɚɞɜɑəɖ. Ƀɘ ŮɚɎɢɘůŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ 

ůɖɛŮɘɩɜɞɜŰŬɘ əŬŰɎ ŰŬ ɏŰɖ 1976, 1980, 1984, 2004 əŬɘ ɞɘ ɛɏɔɘůŰŮɠ əŬŰɎ ŰŬ ɏŰɖ 1950, 

1951, 1953, 1957, 1962, 1963, 1988, 1994, 1999, 2001 əŬɘ 2003. Ƀ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ 

Űɤɜ ŮŰɩɜ ɛŮ ɛɏɔɘůŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ əŬɨůɤɜŬ ɤűŮɑɚŮŰŬɘ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ, ůŰɖ 

ŭŮɡŰŮɟɞɓɎɗɛɘŬ-ˊŬɟŬɓɞɚɘəɐ ɛɞɟűɐ Űɖɠ əŬɛˊɨɚɖɠ ˊɟɞůɏɔɔɘůɖɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ŰŬ 

ŭŮŭɞɛɏɜŬ, ɛŮ Űɞ ŮɚɎɢɘůŰɞ ɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ɛɏůɞɜ Űɖɠ ˊŮɟɘɧŭɞɡ ɛŮɚɏŰɖɠ, ŭɖɚŬŭɐ 

ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ ó70. 

ɆŰɞ ɆɢɐɛŬ 2 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ŰŬ ŬɗɟɞɑůɛŬŰŬ ɧɚɤɜ Űɤɜ ɤɟɩɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɘɠ 

ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè, ɔɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŭɘŬəŮəɟɘɛɏɜŮɠ ɏ́ɜŰŮ əŬŰɖɔɞɟɑŮɠ Űɞɡ ɄɑɜŬəŬ 

1, əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɤɜ ŮɝɐɜŰŬ (60) ŮŰɩɜ ɛŮɚɏŰɖɠ, ůŰɖ ŪŮůůŬɚɞɜɑəɖ. 
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Ɇɉȼɀȷ 2.  ȷɗɟɞɑůɛŬŰŬ Űɤɜ ɤɟɩɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè ɔɘŬ Űɘɠ 

əŬŰɖɔɞɟɑŮɠ:   (Ŭ) 80 Ò SSIȭ < 92,   (ɓ) 92 Ò SSIȭ < 102,   (ɔ) 102 Ò SSIȭ < 110,  (ŭ) 

110 Ò SSIȭ < 125 əŬɘ (Ů) 125 Ò SSIȭ.  

 

ȼ əŬŰɖɔɞɟɑŬ (Ŭ) ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1 ɤɠ çɎɜŮŰŬ-ɗŮɟɛɎè, ŭɖɚŬŭɐ ɞɘ 

ɖˊɘɧŰŮɟŮɠ əŬŰŬůŰɎůŮɘɠ çəŬɨůɤɜŬè, ɛŮ ŬɟəŮŰɎ ɡˊɞűŮɟŰɐ əŬɘ ŬɜŮəŰɘəɐ Ŭˊɧ Űɞɜ 

Ɏɜɗɟɤˊɞ ůɡɜɗɐəɖ ŭɡůűɞɟɑŬɠ, ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ -ɛɖ ůŰŬŰɘůŰɘəɎ ŬˊɞŭŮəŰɐ- ɔɟŬɛɛɘəɐ 

(Ŭ) (ɓ) 

(ɔ) (ŭ) 

(Ů) 
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ˊŰɩůɖ əŬɗô ɧɚɖ Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ. ŪŬ ˊɟɏˊŮɘ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɞɘ ɛɏɔɘůŰŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ ůŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ůɖɛŮɘɩɗɖəŬɜ əŬŰɎ ŰŬ ɏŰɖ 

1969, 1960, 1961 əŬɘ 1965, ɧɚŮɠ ůŰɖ ŭŮəŬŮŰɑŬ Űɞɡ ô60, Ůɜɩ əŬɘ ɞɘ ŮɚɎɢɘůŰŮɠ əŬŰɎ Űɞ 

1980 əŬɘ 2004. 

Ƀɘ əŬŰɖɔɞɟɑŮɠ çŪŮɟɛɎè əŬɘ çȺɝŬɘɟŮŰɘəɎ ɗŮɟɛɎè [(ɓ) əŬɘ (ɔ)] űŬɑɜɞɜŰŬɘ ɜŬ 

Ŭəɞɚɞɡɗɞɨɜ Űɖ ɔŮɜɘəɐ əŬŰŬɜɞɛɐ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1, ɖ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ 

ůŰɞ ɎɗɟɞɘůɛŬ ɧɚɤɜ Űɤɜ ɤɟɩɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè əŬɘ Űɤɜ ˊɏɜŰŮ 

əŬŰɖɔɞɟɘɩɜ, ɔɘŬ ŰŬ ŮɝɐɜŰŬ (60) ɢɟɧɜɘŬ ɛŮɚɏŰɖɠ, ůŰɖ ŪŮůůŬɚɞɜɑəɖ. ɇɞ ɏɚɎɢɘůŰɞ Űɖɠ 

ˊŬɟŬɓɞɚɘəɐɠ ŰɟɞɢɘɎɠ Űɞɡɠ űŬɑɜŮŰŬɘ ɜŬ ɛŮŰŬŰɤˊɑɕŮŰŬɘ ɚɘɔɎəɘ ŭɘŬɢɟɞɜɘəɎ Ŭˊɧ Űɖ (ɓ) ůŰɖ 

(ɔ), Ůɜɩ ɞɘ ŬɗɟɞɘůŰɘəɏɠ Űɞɡɠ Űɘɛɏɠ ɜŬ ɛŮɘɩɜɞɜŰŬɘ Ŭˊɧ 400 ɏɤɠ əŬɘ 600 ˊŮɟɘˊŰɩůŮɘɠ 

ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ. Ƀɘ ɢɟɞɜɘɏɠ ˊɞɡ ůɡɜŮɘůűɏɟɞɡɜ ůŰɞ ŮɚɎɢɘůŰɞ Űɖɠ ˊŮɟɑˊŰɤůɖɠ 

çŪŮɟɛɎè, ŮɑɜŬɘ ŬɡŰɏɠ Űɤɜ ŮŰɩɜ 1983, 1976, 1984 əŬɘ 1989. ɇŬ ŰɟɑŬ ŰŮɚŮɡŰŬɑŬ ɏŰɖ, ɛŬɕɑ 

ɛŮ ŰŬ ɏŰɖ 1969 əŬɘ 1958, ůɡɜŮɘůűɏɟɞɡɜ ůŰɞ ŮɚɎɢɘůŰɞ Űɖɠ ˊŮɟɑˊŰɤůɖɠ çȺɝŬɘɟŮŰɘəɎ 

ɗŮɟɛɎè. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞɘ ɛɏɔɘůŰŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ çŪŮɟɛɎè ůɖɛŮɘɩɗɖəŬɜ əŬŰɎ ŰŬ ɏŰɖ 1953, 1951, 1994 əŬɘ 2009, Ůɜɩ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ çȺɝŬɘɟŮŰɘəɎ ɗŮɟɛɎè əŬŰɎ ŰŬ ɏŰɖ 1951, 1957 əŬɘ 1988. 

ȼ əŬŰɖɔɞɟɑŬ çȹɡůűɞɟɑŬ ï ŪŮɟɛɞˊɚɖɝɑŬè ɔɑɜŮŰŬɘ ŮɜŰɡˊɤůɘŬəɎ ˊŬɟɞɨůŬ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ ˊŬɟŬəɎŰɤ ŰŮůůɎɟɤɜ ŮŰɩɜ: 1956, 1987, 1988 əŬɘ 2003, ɧˊɞɡ 

ůɖɛŮɘɩɜɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ɛɏɔɘůŰŬ. ɆŰɖ ŭɘŮŰɑŬ 1987-1988 ŮɑɢŬɜ ůɖɛŮɘɤɗŮɑ ŬɟəŮŰɞɑ 

ɗɎɜŬŰɞɘ ŬŰɧɛɤɜ, əɡɟɑɤɠ Űɖɠ ŮɡˊŬɗɞɨɠ ɞɛɎŭŬɠ, ůŮ ɞɚɧəɚɖɟɞ Űɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ. 

ȷəɧɛɖ ˊɘɞ ɗŮɟɛɧ ɐŰŬɜ Űɞ 2003, ɑůɤɠ əŬɘ ˊɘɞ ˊɟɧůűŬŰɞ, ɧˊɞɡ ůŰɖɜ əŮɜŰɟɘəɐ Ⱥɡɟɩˊɖ 

ŬɜŬűɏɟɗɖəŬɜ əɟɞɨůɛŬŰŬ ɗŮɟɛɞˊɚɖɝɑŬɠ ˊɞɡ ɞŭɐɔɖůŬɜ ůŰɞ ɗɎɜŬŰɞ ŭŮəɎŭŮɠ ɢɘɚɘɎŭŮɠ 

Ŭɜɗɟɩˊɞɡɠ. 

ɇɏɚɞɠ, ɖ əŬŰɖɔɞɟɑŬ çȺɝŬɘɟŮŰɘəɧɠ Ⱦɑɜŭɡɜɞɠ ŪŮɟɛɞˊɚɖɝɑŬɠ ï ȿɘˊɞɗɡɛɑŮɠè, əɡɟɑɤɠ 

ɔɑɜŮŰŬɘ ŬɘůɗɖŰɐ ɔɘŬ ŰŬ ɏŰɖ 1952 əŬɘ 1953 ɛŮ ɏɜŬ ŮˊŮɘůɧŭɘɞ əŬɨůɤɜŬ, əŬɘ Űɞ 1957 ɛŮ 

ŭɨɞ ŮˊŮɘůɧŭɘŬ əŬɨůɤɜŬ.  
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Ɇɉȼɀȷ 3.  ȷɜɎ ŭŮəŬŮŰɑŬ ŭɘŬɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ɧɚɤɜ Űɤɜ ɤɟɩɜ ˊɞɡ 

ɘəŬɜɞˊɞɘɞɨɜ -Űɖɜ əɎɗŮ ɛɘŬ, ŬɚɚɎ əŬɘ ɧɚŮɠ ɛŬɕɑ- Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè Űɤɜ 

ˊɏɜŰŮ əŬŰɖɔɞɟɘɩɜ Űɞɡ ɄɑɜŬəŬ 1, ɔɘŬ ŰŬ ŮɝɐɜŰŬ ɢɟɧɜɘŬ ɛŮɚɏŰɖɠ ůŰɖ ŪŮůůŬɚɞɜɑəɖ.  



υτʋ #/-%#!0 φτυτȟ ɩɪɚɣɬɢɣɚ ɫɭɦɞɝɪɢɨɭ    --    10th COMECAP 2010, CONFERENCE PROCEEDINGS 
 

25 ɀ 28/5/ 2010, PATRAS, GREECE   59 

 

ɀŮ ůŰɧɢɞ Űɖɜ ŬɜɎ ŭŮəŬŮŰɑŬ ŭɘŬɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ɧɚɤɜ Űɤɜ 

ɤɟɩɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ -Űɖɜ əɎɗŮ ɛɘŬ, ŬɚɚɎ əŬɘ ɧɚŮɠ ɛŬɕɑ- Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè 

Űɤɜ ˊɏɜŰŮ əŬŰɖɔɞɟɘɩɜ Űɞɡ ɄɑɜŬəŬ 1, ɔɘŬ ŰŬ ŮɝɐɜŰŬ (60) ɢɟɧɜɘŬ ɛŮɚɏŰɖɠ ůŰɖ 

ŪŮůůŬɚɞɜɑəɖ, ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ɆɢɐɛŬ 3.  

ȸŬůɘəɧ ɢŬɟŬəŰɖɟɘůɘəɧ Űɞɡ ůɢɐɛŬŰɞɠ 3 ŬˊɞŰŮɚŮɑ ɖ ɏɜŰɞɜɖ ˊŰɩůɖ Űɞɡ ˊɚɐɗɞɡɠ 

Űɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ əŬŰɎ Űɘɠ ŰɟŮɘɠ ˊɟɩŰŮɠ ŭŮəŬŮŰɑŮɠ. ɇɞ ŮɚɎɢɘůŰɞ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖ 

ŭŮəŬŮŰɑŬ 1970-1979, Ůɜɩ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ əŬŰɎ Űɘɠ ŮˊɧɛŮɜŮɠ ŭŮəŬŮŰɑŮɠ. 

ȼ ŭŮəŬŮŰɑŬ 1950-1959 űŬɑɜŮŰŬɘ ɜŬ ɡˊŮɟɏɢŮɘ Űɖɠ ŭŮɨŰŮɟɖɠ ůŮ ůŮɘɟŬ ŭŮəŬŮŰɑŬɠ (1960-69) 

əŬŰɎ ŭɨɞ ɢɘɚɘɎŭŮɠ əŬɘ ˊɚɏɞɜ (>2000) ɩɟŮɠ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ. ȼ ɗŮɟɛɐ ŬɡŰɐ 

ŭŮəŬŮŰɑŬ, űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŮɜŰɞɜɩŰŮɟɖ, ɧŰŬɜ ɡˊŮɟɏɢŮɘ ɧɚɤɜ Űɤɜ Ɏɚɚɤɜ ŭŮəŬŮŰɘɩɜ əŬɘ 

ůŰɘɠ ˊɟɩŰŮɠ ŰɏůůŮɟɘɠ əŬŰɖɔɞɟɑŮɠ Űɞɡ ɄɑɜŬəŬ 1 (ŮəŰɧɠ Űɖɠ ŭŮəŬŮŰɑŬɠ 1960-1969 ůŰɖɜ 

ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ). ɄŬɟŬˊɚɐůɘŬ ůɡɛˊŮɟɘűɞɟɎ, ŬɚɚɎ ɡˊɞŭɘɏůŰŮɟɖ ůŮ ˊɚɐɗɞɠ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ (2000-2009). ɆɖɛŬɜŰɘəɎ ŮˊŮɘůɧŭɘŬ 

ɗŮɟɛɞˊɚɖɝɑŬɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɘɠ ŭŮəŬŮŰɑŮɠ 1950-1959 (1956, 1957, 1952 əŬɘ 1953), 

1980-1989 (1987 əŬɘ 1988) əŬɘ 2000-2009 (2003 əŬɘ 2000).  

ɄŬɟɧɛɞɘŬ ˊɟɞůˊɎɗŮɘŬ ŬɜɎɚɡůɖɠ əŬɘ ɛŮɚɏŰɖɠ, ɛŮ ůŰɧɢɞ Űɖɜ ŬɜɎ ˊŮɜŰŬŮŰɑŬ 

ŭɘŬɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ɧɚɤɜ Űɤɜ ɤɟɩɜ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ -Űɖɜ əɎɗŮ ɛɘŬ, 

ŬɚɚɎ əŬɘ ɧɚŮɠ ɛŬɕɑ- Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè Űɤɜ ˊŮɜŰŮ əŬŰɖɔɞɟɘɩɜ Űɞɡ ɄɑɜŬəŬ 1, ɔɘŬ 

ŰŬ ŮɝɐɜŰŬ (60) ɢɟɧɜɘŬ ɛŮɚɏŰɖɠ ůŰɖ ŪŮůůŬɚɞɜɑəɖ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.  

 

6000

7000

8000

9000

10000

11000

12000

13000

1950-1954 1955-1959 1960-1964 1965-1969 1970-1974 1975-1979 1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009

ɄŮɜŰŬŮŰɑŬ

Ʉ
Ů
ɟ
ɘ
ˊ
Ű
ɩ
ů
Ů
ɘ
ɠ
 
Ů
ˊ
Ů
ɘ
ů
ɞ
ŭ
ɑ
ɤ
ɜ
 
ə
Ŭ
ɨ
ů
ɤ
ɜ
Ŭ

>=125

110<=SSI<125

102<=SSI<110

92<=SSI<102

80<=SSI<92

 
Ɇɉȼɀȷ 4.  ȷɜɎ ˊŮɜŬŮŰɑŬ ŭɘŬɢɟɞɜɘəɐ ɛŮŰŬɓɞɚɐ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ ɧɚɤɜ Űɤɜ ɤɟɩɜ ˊɞɡ 

ɘəŬɜɞˊɞɘɞɨɜ -Űɖɜ əɎɗŮ ɛɘŬ, ŬɚɚɎ əŬɘ ɧɚŮɠ ɛŬɕɑ- Űɘɠ ůɡɜɗɐəŮɠ çəŬɨůɤɜŬè Űɤɜ 

ˊɏɜŰŮ əŬŰɖɔɞɟɘɩɜ Űɞɡ ɄɑɜŬəŬ 1, ɔɘŬ ŰŬ ŮɝɐɜŰŬ ɢɟɧɜɘŬ ɛŮɚɏŰɖɠ ůŰɖ ŪŮůůŬɚɞɜɑəɖ.  

 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ əŬɘ Űɖ ɛŮɚɏŰɖ ŬɡŰɐ ˊɟɞəɨˊŰɞɡɜ ŮɜŭɘŬűɏɟɞɡůŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ 

ɎɝɘŮɠ ɚɧɔɞɡ. ɆŰɖɜ ˊŮɜŰŬŮŰɑŬ 1980-1984 ůɖɛŮɘɩɜɞɜŰŬɘ ɞɘ ŮɚɎɢɘůŰŮɠ ŬɗɟɞɘůŰɘəɎ ɩɟŮɠ 

ˊŮɟɘˊŰɩůŮɤɜ ŮˊŮɘůɞŭɑɤɜ əŬɨůɤɜŬ ůŰɖ ŪŮůůŬɚɞɜɑəɖ, Ůɜɩ ŬɜŰɑɗŮŰŬ ɞɘ ɛɏɔɘůŰŮɠ 

ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɖɜ ˊɟɩŰɖ ˊŮɜŰŬŮŰɑŬ (1950-1954). ȹɑŭɞɜŰŬɠ ɏɛűŬůɖ ůŰŬ ˊɞɚɨ ɏɜŰɞɜŬ 

ŮˊŮɘůɧŭɘŬ əŬɨůɤɜŬ, ŭɖɚŬŭɐ ůŰŬ ůɖɛŬɜŰɘəɎ ŮˊŮɘůɧŭɘŬ ɗŮɟɛɞˊɚɖɝɑŬɠ, ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɘɠ 
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ˊŬɟŬəɎŰɤ ˊŮɜŰŬŮŰɑŮɠ: 1950-1954 (1952 əŬɘ 1953), 1955-1959 (1956 əŬɘ 1957), 1985-

1989 (1987 əŬɘ 1988) əŬɘ 2000-2004 (2003 əŬɘ 2000).  

ɇɏɚɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ ɖ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ Ŭˊɧ ŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 

ô70, ˊɞɡ ɑůɤɠ ɜŬ ɤűŮɑɚŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɘɠ əɚɘɛŬŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ.  
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ABSTRACT 

As an application of Knowledge Discovery from Meteorological Databases, we 

attempt to relate recorded precipitation data from the Mikra Meteorological Station in 

Thessaloniki, Greece, to the recorded data of the closest to the station ERA-40 node 

(i.e., node with latitude 40
0
N and longitude 22.5

0
E). We use the daily values of the 

ERA-40 meteorological data from the European Centre for Medium-Range Weather 

Forecasts (four times a day at 00h, 06h, 12h and 18h) for a period of 42 years (1960-

2001). We examine different scenarios in the pre-processing phase of the input data and 

we study their impact on the performance of data mining algorithms designed to predict 

the occurrence of precipitation in Mikra Meteorological Station. The goal is to 

determine the appropriate pre-processing on the input file that can ensure effective 

application of data mining techniques. 

 

ȺɄȺɂȺɅũȷɆȽȷ ɀȺɇȺɋɅɃȿɃũȽȾɋɁ ȹȺȹɃɀȺɁɋɁ ȺȽɆɃȹɃɈ ɆȺ ɇȺɉɁȽȾȺɆ 

ȺɂɃɅɈɂȼɆ ũɁɋɆȼɆ 
 

Ⱥ. ɇɆȷũȾȷȿȽȹȼɆ
1
, ũ. ȺɈȷũũȺȿȽȹȼɆ

2
 

 
1
ɃɟɔŬɜɘůɛɧɠ Ⱥɚɚɖɜɘəɩɜ ũŮɤɟɔɘəɩɜ ȷůűŬɚɑůŮɤɜ, ȾɏɜŰɟɞ ɀŮŰŮɤɟɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ 

2
ɇɛɐɛŬ ȺűŬɟɛɞůɛɏɜɖɠ Ʉɚɖɟɞűɞɟɘəɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɀŬəŮŭɞɜɑŬɠ. 

 
ɄȺɅȽȿȼɊȼ 

ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ȺRA-40 Űɞɡ ȺɡɟɤˊŬɥəɞɨ ȾɏɜŰɟɞɡ ɀŮůɞˊɟɧɗŮůɛɤɜ ɄɟɞɔɜɩůŮɤɜ ȾŬɘɟɞɨ 

(ŰɏůůŮɟɘɠ űɞɟɏɠ Űɖɜ ɖɛɏɟŬ ůŰɘɠ 00h, 06h, 12h əŬɘ 18h), Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ əɧɛɓɞɡ ůŰɞ 

ɀŮŰŮɤɟɞɚɞɔɘəɧ ɆŰŬɗɛɧ ɀɑəɟŬɠ ŪŮůůŬɚɞɜɑəɖɠ ɔɘŬ ɛɘŬ ˊŮɟɑɞŭɞ 42 ŮŰɩɜ (1960-2001). 

ȺˊɘɢŮɘɟŮɑŰŬɘ ɖ ůɡůɢɏŰɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ əɞɛɓɘəɞɨ ůɖɛŮɑɞɡ ɛŮ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ 

40
0
ȸ əŬɘ ɛɐəɞɠ 22.5

0
ȷ, ɛŮ Űɖɜ əŬŰŬɔɟŬűɐ ɡŮŰɞɨ ůŰɞ ɀ.Ɇ ɀɑəɟŬɠ, ɤɠ ɛɘŬ ŮűŬɟɛɞɔɐ 

Űɖɠ ȷɜŬəɎɚɡɣɖɠ ũɜɩůɖɠ Ŭˊɧ ɀŮŰŮɤɟɞɚɞɔɘəɏɠ ȸɎůŮɘɠ ȹŮŭɞɛɏɜɤɜ. ȺɝŮŰɎɕɞɜŰŬɘ 

ŭɘŬűɞɟŮŰɘəɎ ůŮɜɎɟɘŬ ůŰɞ ůŰɎŭɘɞ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ 

ɛŮɚŮŰɎŰŬɘ ɖ ŮˊɑŭɟŬůɐ Űɞɡɠ ůŰɖɜ Ŭˊɧŭɞůɖ ȷɚɔɞɟɑɗɛɤɜ Ⱥɝɧɟɡɝɖɠ ũɜɩůɖɠ ˊɞɡ ůəɞˊɧ 

ɏɢɞɡɜ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ ŮɛűɎɜɘůɖɠ ɡŮŰɞɨ ůŰɞ ɀ.Ɇ ɀɑəɟŬɠ. ɆŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ɡˊɞŭŮɘɢɗŮɑ 

ɖ ɛɏɗɞŭɞɠ ŭɘŬɛɧɟűɤůɖɠ Űɞɡ ŬɟɢŮɑɞɡ Ůɘůɧŭɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɝŬůűŬɚɑůŮɘ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ Ⱥɝɧɟɡɝɖɠ ũɜɩůɖɠ.  

 

 

1. INTRODUCTION  
 

ñKnowledge Discovery in Databases (KDD) is an interactive, iterative procedure 

that attempts to extract implicit, previously unknown, and potentially useful knowledge 

from dataò (Roiger et al., 2003). Once a specific problem has been defined, an 
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appropriate dataset is chosen and goes through a pre-processing and transformation 

phase. The resulting dataset is analyzed by applying various data mining algorithms on 

it. The output is interpreted and evaluated and decisions are made about whether to 

repeat previous steps or take action incorporating and applying the extracted knowledge 

directly to appropriate problems (Roiger et al., 2003).  

Knowledge Discovery has become a very popular scientific discovery tool during 

the past decade. Problems from diverse application fields, like, Astronomy, Athletics, 

Meteorology, Marketing, etc., can be seen as interesting data mining applications that 

involve interdisciplinary collaboration.  

In this paper we address the problem of data preparation in the context of the 

application of data mining algorithms on Meteorological Databases. We combine two 

datasets, the ERA-40 data from the reanalysis project of the European Centre for 

Medium-Range Weather Forecasts (ECMWF), and the weather observations data from 

the Meteorological Station of Mikra (Thessaloniki, Greece). Our goal is to predict the 

occurrence of precipitation in the station. This can be addressed as a classification 

problem, i.e., how to assign a set of ERA-40 parameter values to one of a set of well-

defined classes. More specifically, we are interested in the presence or absence of 

precipitation on the ground (i.e., we have a binary class variable). We apply five 

different data mining algorithms to design models for predicting our class variable. The 

model evaluation is performed using a training/test set method, where the output 

consists of the evaluation metrics. 

Experiments have shown that redundant attributes as input variables are responsible 

for significant losses of performance in standard classifiers (Roiger et al., 2003). Input 

attributes highly correlated with other input attributes are redundant, as it happens in the 

ERA-40 dataset. We address this issue by using the Principal Component Analysis 

(PCA) extraction method as a data reduction technique on our original data. 

A second question that we address is whether data transformation can improve the 

performance of data mining algorithms. We experiment with three different scenarios 

for preparing the dataset as input to the algorithms in order to find the most appropriate 

for the ERA-40 data. In addition, when classes are imbalanced, many learning 

algorithms can suffer from the perspective of reduced performance (Jo et al., 2004). In 

our problem, the positive class (recorded precipitation) is only 16.1% of the cases. As 

an attempt to overcome this issue of skewed data, we apply the common solution of 

sampling the data randomly to achieve a balanced distribution (Jo et al., 2004; Weiss, 

2004; Batista et al., 2004). 

The remainder of the paper is organized as follows. Section 2 describes the datasets 

we used for applying the data mining algorithms. Section 3 discusses the methodology 

used in the experiments. In Section 4 we present the analysis and the results, and, 

finally, we conclude in Section 5. 

 

 

2. DATASETS 
 

The European Centre for Medium-Range Weather Forecasts (ECMWF) Re-

Analysis ERA-40 is a global atmospheric analysis of many conventional observations 

and satellite data streams for the period September 1957 to August 2002. Over the past 

decade, reanalyses of multi-decadal series of past observations have become an 

important and widely utilized resource for the study of atmospheric and oceanic 

processes and predictability (ECMWF). Since reanalyses are produced using fixed, 
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modern versions of the data assimilation systems developed for numerical weather 

prediction, they are more suitable than operational analyses for use in studies of long-

term variability in climate. Reanalysis products are used increasingly in many fields that 

require an observational record of the state of either the atmosphere or its underlying 

land and ocean surfaces. The main objective of the reanalysis project ERA-40 is to 

promote the use of global analyses of the state of the atmosphere, land and surface 

conditions over the period 1957-2002 (ECMWF). 

There are numerous data products that are separated into dataset series based on 

resolution, vertical coordinate reference, and likely research applications. In this study, 

we used the ERA-40 2.5 degree latitude-longitude gridded upper air analysis on 

pressure surfaces. This dataset contains 11 variables on 23 pressure surfaces on an 

equally spaced global 2.5 degree latitude-longitude grid. All variables are reported four 

times a day at 00, 06, 12 and 18UTC for the entire period.  

We created our initial dataset choosing the values of 10 variables on 7 pressure 

surfaces on one node. We used only the data from node with geographical coordinates 

40
0
N latitude and 22.5

0
E longitude, which is the closest node to the Meteorological 

Station of Mikra, Thessaloniki, Greece. The 10 variables are the geopotential in m
2
Ās

-2
, 

temperature in K, U velocity in mĀ s
-1

, V velocity in mĀ s
-1

, specific humidity in kgĀkg
-1

, 

relative humitidy as percentage (%), vorticity (relative) in s
-1

, potential vorticity in 

KĀm
2
Ākg

-1
Ās

-1
, divergence in s

-1
, and vertical velocity in PaĀs

-1
. We omit the 11

th
 Ozone 

mass mixing ratio. The 1000hPa, 925hPa, 850hPa, 700hPa, 500hPa, 300hPa and 200hPa 

are the 7 pressure surfaces we chose, because these are the ones that are mainly used by 

the meteorology forecasters operationally. In addition, the values of the barometric 

pressure on mean sea level in Pa, supplement the initial dataset that consists of 71 

variables. 

Furthermore, the initial values of most of the variables for each pressure surface 

and the pressure on mean sea level were transformed to make them easier to understand. 

More specifically, specific humidity was converted to gĀkg
-1

 and vertical velocity to hPaĀ 

h
-1

. The relatively small values of both vorticity (relative) and divergence were 

multiplied by 10
6
, and the value of potential vorticity by 10

8
. Regarding the wind, wind 

direction in azimuth degrees and wind speed in knots were calculated using the U and V 

velocities. Also, the azimuth degrees for the wind direction were assigned into the eight 

discrete values of north (N), northeast (NE), etc., used in meteorology. The geopotential 

was divided by the World Meteorological Organization (WMO) defined gravity 

constant of 9.80665mĀs
-2

, thus, it was transformed to geopotential height in gpm. 

Finally, the values of barometric pressure on mean sea level were expressed in hPa, and 

only the values of temperature and relative humidity on pressure surfaces remained 

unchanged. 

The 6-hourly main synoptic surface observation data of the Mikra Meteorological 

Station, located at 40.52
0
N, 22.97

0
E and altitude of 4m, completed our initial dataset. 

More specifically, we collected the recorded precipitation data of the period 1/1/1960 

00UTC ï 31/12/2001 18UTC. We assigned the value óyesô to the 6-hourly records of 

rain, drizzle, sleet, snow, shower at the station or the records of thunderstorm at the 

station or around it, and the value ónoô to the rest of the records, thus, creating the class 

variable of our study. We mention that the determination of the recorded precipitation is 

taking into account both the present and past weather of the synoptic observation and 

that snow or thunder have priority over rain. Table 1 depicts the distribution of the 
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precipitation types that had been recorded in the Mikra Meteorological Station 

according to the defined subclusters. 

 
TABLE  1. Natural distribution of values within the precipitation class variable 

Precipitation ɺyesɻ Precipitation ɺnoɻ 

Rain, Drizzle Snow, Sleet Thunder Total Fog Fair, Cloudy Total 

11.66% 0.89% 3.55% 16.1% 2.27% 81.62% 83.9% 

 

 

3. METHODOLOGY  
 

We applied data reduction using the Principal Component Analysis (PCA) 

extraction method to remove highly correlated variables from the ERA-40 dataset. We 

used the SPSS statistical software package to process the entire ERA-40 dataset (SPSS). 

We applied PCA and we selected components with eigenvalues greater than one. Then, 

we examined the component matrix of loadings. Component loadings represent the 

degree of association, correlation, of each variable with each component. To identify the 

significant loadings for each variable, the lower threshold of the absolute value of 0.4 

was used due to the relatively large dataset size. In addition, the communalities of the 

variables, which were calculated as the sum of the squared component loadings, were 

examined to identify variables that explain more than 50% of the variance in each 

variable.  

Furthermore, we employed the Varimax with Kaiser normalization orthogonal 

rotation method to achieve simpler and more meaningful component solutions, reducing 

some of the ambiguities that often accompany initial unrotated solutions. When a 

variable is found to have no significant loadings or just one significant loading, the 

variableôs communality is deemed to be too low or to have a cross-loading. Then, the 

variable is candidate for deletion and the model is respecified. A variable has a cross-

loading when it has more than one significant loadings (Hair et al., 2006; SPSS). 

Common operational practice for meteorologists in weather forecasting is the 

calculation of the differences between successive values of the meteorological variables. 

According to this practice and after the application of data reduction, we experimented 

with two extra scenarios in addition to the one that uses the regular values of the 

selected variables. In the second scenario, the values at each synoptic hour were 

replaced by the past 24-hourly differences, and, in the third scenario, in addition to the 

24-hourly differences we kept the regular values of the variables that express the wind 

elements. We express the differences in the case of wind direction by using values -1, -

2, -3 and -4 when the wind turns counter clock-wise, 1, 2 and 3 when it turns clock-

wise, and 0 when the wind direction remains the same. For example, when a western 

wind turns to southwest the difference is ï1, when it turns to south the difference is ï2, 

when it turns to northwest the difference is 1, etc.  

In a concept-learning problem, we have class imbalance in our data if some classes 

have a much larger number of instances than the rest. Such a situation poses challenges 

for typical classifiers, such as decision tree induction systems or multilayer perceptrons, 

since they are designed to optimize overall accuracy without taking into account the 

relative distribution of each class. As a result, these classifiers tend to ignore small 

classes while concentrating on accurately classifying the large ones. Such problems 

occur in a large number of practical domains and especially in our dataset, where only 

16.1% of the instances correspond to precipitation. In an effort to improve the 
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performance of classifiers it is common to use the re-sampling process of manipulating 

the distribution of the training instances. More specifically, the random under-sampling 

method is applied to randomly remove instances in the majority class and to reduce 

them to the size of the minority class, thus, producing a completely balanced 

distribution (Jo et al., 2004; Weiss, 2004; Batista et al., 2004). 

 

4. EXPERIMENTS AND RESUL TS 
 

4.1. Feature selection 
 

After applying PCA and examining the component matrix of loadings and the 

variable communalities, we deleted a total of 36 variables from our initial dataset that 

consisted of 71 variables. The component model was respecified six times with a final 

outcome of 35 variables and 9 components with eigenvalues greater than 1. The 

analysis reveals that the first component is most highly correlated with the geopotential 

height on 200hPa, and, generally, is highly correlated with the geopotential height in the 

upper levels, the temperature almost in all levels, and the specific humidity in low levels 

of the atmosphere. The second component is most highly correlated with the relative 

vorticity on 1000hPa, and, generally, it is highly correlated with the relative vorticity in 

low levels, the geopotential height on 925hPa, and the pressure at mean sea level. The 

third component is highly correlated with the wind direction in middle and upper levels 

and especially on 300hPa. The fourth component is highly correlated with the wind 

speed in upper levels and especially on 300hPa. The fifth component is highly 

correlated with the wind speed in low levels and especially on 925hPa. The sixth 

component is most highly correlated with the divergence on 300hPa and also the 

vertical velocity in the upper levels. The seventh component is highly correlated with 

the temperature and relative vorticity on 200hPa. The eighth component is most highly 

correlated with the potential vorticity on 500hPa and also the relative vorticity in the 

same level. Finally, the ninth component is highly correlated with the wind direction in 

low levels and especially on 925hPa. 

Table 2 displays the variance explained by the rotated components and additionally 

the corresponding nine most highly correlated variables. The Total column gives the 

eigenvalue, or amount of variance in the original variables accounted for by each 

component. The % of Variance column gives the ratio, expressed as a percentage, of the 

variance accounted for by each component to the total variance in all of the variables. 

The Cumulative % column gives the percentage of variance accounted for by the first 9 

components (SPSS). They explain nearly 85.2% of the variability in the original 

variables and it is possible to considerably reduce the complexity of the data set by 

using these components, with a 14.8% loss of information. As a result, we can reduce 

the size of the ERA-40 dataset by selecting the 9 most highly correlated variables with 

the 9 principal components. 

 
TABLE  2. Variance explained by rotated components and the representative variables 

Component Variable Total % of Variance Cumulative % 

1 geopotential height 200hPa 9.8 28.0 28.0 

2 relative vorticity 1000hPa 4.2 11.9 39.9 

3 wind direction 300hPa 2.9 8.4 48.3 

4 wind speed 300hPa 2.6 7.5 55.7 

5 wind speed 925hPa 2.4 7.0 62.7 
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6 divergence 300hPa 2.3 6.7 69.4 

7 Temperature 200hPa 2.1 6.0 75.4 

8 potential vorticity 500hPa 1.8 5.0 80.4 

9 wind direction 925hPa 1.7 4.8 85.2 

 

4.2. Data transformation 
 

The reduced ERA-40 dataset with the 9 chosen variables, as predictors, and the 

precipitation, as class variable, comprise our experimental dataset (Dataset1). As 

explained in the previous section, we formed a second dataset by replacing the regular 

values of the 9 predictors with the past 24-hourly differences (Dataset2). We also 

formed a third dataset with 13 predictors by replacing the regular values of the 9 

predictors with the past 24-hourly differences plus the regular values of the wind 

direction on 300hPa and 925hPa and the wind speed on 300hPa and 925hPa (Dataset3). 

 The three datasets were the input to five data mining algorithms that were run 

and evaluated using WEKA. The algorithms were the decision tree C4.5 with unpruning 

and Laplace estimate, the k-Nearest Neighbours with k=3 and Euclidean distance, the 

RIPPER, the Naµve Bayesian, and the Multilayer Perceptron neural network with 

backpropagation. The last three algorithms were run using the default settings of 

WEKA (Hall et al., 2009; Witten et al., 2005). 

As an evaluation metric, we used the Area Under the ROC (Receiver Operating 

Characteristics) curve or simply AUC that measures the performance of the algorithms 

as a single scalar. ROC graphs are two-dimensional graphs in which the True Positive 

Rate (the percentage of positive cases correctly classified as belonging to the positive 

class) is plotted on the Y axis and the False Positive Rate (the percentage of negative 

cases misclassified as belonging to the positive class) is plotted on the X axis. A ROC 

graph depicts relative tradeoffs between benefits (true positives) and costs (false 

positives). The AUC is a reliable measure especially for imbalanced datasets to get a 

score for the general performance of a classifier and to compare it to that of another 

classifier (Weiss, 2004; Batista et al., 2004). 

 The training/test set method was used to build and evaluate the models. Each 

one of the three initial datasets (scenarios) with 61364 examples or instances was 

divided into 10 non-overlapping folds. By taking each one of the 10 folds as test set and 

the rest 9 as a pool of instances for choosing the training sets, we formed 10 groups with 

55228 training instances and 6136 test instances. Then, from the training instances of 

each group, we randomly took 10 samples with replacement consisting of 17788 

instances. Thus, we formed 100 training/test datasets with 23924 instances (17788 

training and 6136 test instances, 74.35% - 25.65%) for each scenario for a total of 300 

datasets. Every fold or sample was chosen randomly, but it followed the natural 

distribution according to the clusters within the precipitation class variable, as shown in 

Table 1. 

 Moreover, for each one of the 10 groups, we formed 10 balanced training sets, 

where the number of óyesô was equal to the number of ónoô. These datasets comprised of 

8894 randomly with replication selected instances of ónoô, and all the 8894 available 

instances of óyesô. We used the same 10 test folds that cover all the initial 61364 

instances, to evaluate the built models. It is noted that every sample of the ónoô cluster 

of precipitation taken randomly, follows the natural distribution according to its 

subclusters as shown in Table 1. 
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To recap, we test each one of the three scenarios with 100 training/test datasets that 

follow the natural distribution and 100 training/test datasets that follow the balanced 

distribution, for a total of 600 training/test datasets. These datasets comprise the input to 

the five data mining algorithms. Thus, we performed 3000 runs in the WEKA 

environment and we show the results in Table 3 and Figure 1. Table 3 presents the mean 

value and the standard deviation of AUC of the 100 runs for each dataset, distribution 

and algorithm. 

 
TABLE  3. Mean value and standard deviation of AUC 

 Natural distribution Balanced distribution 

 Dataset1 Dataset2 Dataset3 Dataset1 Dataset2 Dataset3 

Algorithm x  S.D. x  S.D. x  S.D. x  S.D. x  S.D. x  S.D. 

D. Tree .728 .011 .641 .009 .679 .009 .737 .008 .653 .009 .683 .010 

k-NN .679 .009 .588 .009 .639 .011 .734 .007 .623 .010 .693 .011 

MPbp .786 .009 .703 .008 .727 .011 .803 .008 .716 .005 .758 .009 

N. Bayes .773 .008 .703 .007 .736 .007 .774 .008 .704 .006 .737 .007 

RIPPER .586 .014 .538 .007 .546 .009 .732 .010 .656 .009 .684 .011 

  

Figure 1 depicts the boxplots of the corresponding AUC values. The white boxplots 

correspond to Dataset1, the light grey to Dataset2, and the dark grey to Dataset3. The 

boxplots for the balanced datasets have a pattern consisting of black dots, whereas, the 

boxplots for the natural datasets have no pattern. We notice that the balanced 

distribution strategy performs better than the natural one, especially for the k-Nearest 

Neighbour, the RIPPER and the Multilayer Perceptron, whereas, it performs slightly 

better for the Decision Tree and almost the same for the Naµve Bayesian. Concerning 

the three different scenarios for each distribution and algorithm, Dataset1 (with the 

regular values) performs better than the other two, and, Dataset3 (with the differences 

plus the regular values) performs better than Dataset2 (with only the differences). 

Finally, in the natural distribution strategy the algorithm ranking is Multilayer 

Perceptron, Naµve Bayesian, Decision Tree, k- Nearest Neighbour and RIPPER. In the 

case of the balanced distribution strategy the performance of k- Nearest Neighbour and 

RIPPER vastly increases and it is almost equal to that of Decision Tree, whereas the 

performance of Multilayer Perceptron is the best one and of Naµve Bayesian the second 

best. 

 

5. CONCLUSIONS 
 

We applied Principal Component Analysis to reduce the 71 initial chosen variables 

of the ERA-40 dataset to 9 uncorrelated to each other variables. The variables that could 

represent the 9 principal components explaining nearly 85.2% of the variability in the 

original variables were the following: geopotential height on 200hPa, relative vorticity 

on 1000hPa, wind direction on 300hPa, wind speed on 300hPa and on 925hPa, 

divergence on 300hPa, temperature on 200hPa, potential vorticity on 500hPa and wind 

direction on 925hPa. 

The reduced ERA-40 dataset and the historical precipitation records of the 

Meteorological Station of Mikra were the input into five data mining algorithms we 
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used to build models that predict the occurrence of precipitation at the station. 

 
FIGURE 1. Boxplots of AUC values for each algorithm, dataset and distribution.  

 

The dataset with the regular values of the ERA-40 variables (Dataset1) achieved 

better performance than the one with the past 24-hourly differences of the ERA-40 

variables (Dataset2), and the one with the differences plus the regular values of the 

variables expressing the wind elements (Dataset3). In addition, when using balanced 

rather than natural distribution training sets, according to the values of precipitation, all 

algorithms perform better on all three datasets with the exception of the Naµve Bayesian 

algorithm. Finally, the Multilayer Perceptron neural network with backpropagation 

algorithm outperforms all other algorithms, revealing the most effective data mining 

algorithm in this meteorological domain. 
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ȷɄɃɇȽɀȼɆȼ ɇȼɆ ȺɄȽȹɃɆȼɆ ɇɃɈ ȺɄȽɉȺȽɅȼɆȽȷȾɃɈ 

ȷɅȽŪɀȼɇȽȾɃɈ ɀɃɁɇȺȿɃɈ COSMOGR ɀȺ ɇȼ ɉɅȼɆȼ ȺɁɃɆ 

ȺɅũȷȿȺȽɃɈ ȺɄȷȿȼŪȺɈɆȼɆ ɈɄɃ ɃɅɃɈɆ 
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 ȾȷȽ Ū. ɇȻȺūȺɅȼ
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1
Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ, 

2
ȽŰŬɚɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ (USAM) 

ɄȺɅȽȿȼɊȼ 
ȺɟŮɡɜɎŰŬɘ ɖ ŬɝɘɞˊɘůŰɑŬ Űoɡ ŮˊɘɢŮɘɟɖůɘŬəoɨ ɜŰŮŰŮɟɛɘɜɘůŰɘəɞɨ ŬɟɘɗɛɖŰɘəɞɨ ɛɞɜŰɏɚɞɡ ˊɟɞɔɜɩůŮɤɜ 

COSMO-GR Űɖɠ Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐɠ ɈˊɖɟŮůɑŬɠ (EMY). Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ůɡůŰɖɛŬŰɘəɐɠ 

Ŭɝɘɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɜŬ ŬˊɞəŬɚɨɣŮɘ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ Űɘɠ ŬŭɡɜŬɛɑŮɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮˊɘŰɡɢɐ ˊɟɧɔɜɤůɖ 

ŭɘŬűɧɟɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɞ ɓɟŬɢɡˊɟɧɗŮůɛɞ ŭɘɎůŰɖɛŬ Űɤɜ 72 ɤɟɩɜ. ɇɞ ůŰŬŰɘůŰɘəɧ 

ˊŬəɏŰɞ VERSUS ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞ Consortium for Small-scale MOdelling 

(COSMO) əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ əɞɘɜɐ əŬɘ ŮɜɘŬɑŬ óɓɘɓɚɘɞɗɐəɖô ŮˊŬɚɐɗŮɡůɖɠ əŬɘ ɏɜŬ ŮɜůɤɛŬŰɤɛɏɜɞ 

ŮɟɔŬɚŮɑɞ ɔɘŬ ŮˊŬɚɖɗŮɨůŮɘɠ ɡˊɧ ɧɟɞɡɠ. Ƀɘ ůŰŬŰɘůŰɘəɞɑ ŭŮɑəŰŮɠ ˊŬɟɎɔɞɜŰŬɘ ɛŮŰɎ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Ůɜɧɠ ɐ 

ˊŮɟɘůůɞŰɏɟɤɜ ˊɟɞɔɜɤůŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ůɡɜɗɐəŮɠ ɐ ɧɟɞɡɠ. 

ɆŰŬŰɘůŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɔɑɜŮŰŬɘ ůŰɘɠ ˊɟɞɔɜɩůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɎ Ŭˊɧ Űɖɜ 1
ɖ
 

ȹŮəŮɛɓɟɑɞɡ 2008, ůŰɘɠ ŰɞˊɞɗŮůɑŮɠ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ ŮˊɘűŬɜŮɑŬɠ ˊɞɡ əŬɚɨˊŰɞɡɜ ɧɚɞ Űɞɜ 

ȺɚɚŬŭɘəɧ ɢɩɟɞ. ȼ ŮɟɔŬůɑŬ ŬɡŰɐ Űɖɠ ŮˊŬɚɐɗŮɡůɖɠ ɡˊɧ ɧɟɞɡɠ ŮůŰɘɎɕŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ ůɖɛŬɜŰɘəɩɜ 

ˊɟɞɔɜɤůŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ:  ɗŮɟɛɞəɟŬůɑŬ, ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ůɖɛŮɑɞɡ ŭɟɧůɞɡ, ɡŮŰɧɠ, ɜŮűɞəɎɚɡɣɖ 

əŬɘ ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ. Ⱥˊɑůɖɠ ɛŮɚŮŰɎŰŬɘ ɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ůŰɖɜ ŮˊɞɢɘŬəɐ Ůˊɑŭɞůɖ Űɞɡ ˊɟɞɔɜɤůŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ.  
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ABSTRACT 
The performance of the operational deterministic numerical weather model COSMOGR of the 

Hellenic National Meteorological Service (HNMS) is investigated. The aim of this systematic evaluation 

is to reveal the model strengths and weaknesses with respect to correctly forecasting various weather 

parameters for the short-range time interval of 72 hours. The verification package VERSUS, which was 

developed by the Consortium for Small-scale MOdeling (COSMO), consists of a common, unified 

verification ólibraryô and a Conditional Verification (CV) tool. Statistical indexes are generated following 

the selection of one or more forecast products in combination with one or more mask variables or 

conditions. 

Forecasts from the 1
st
 of December 2008 onwards are analysed at positions corresponding to surface 

meteorological stations covering the entire area of Greece. The conditional verification exercise focuses 

on key combinations of the following meteorological parameters: 2m temperature, 2m dew point 

temperature, cloud cover, precipitation and 10m wind speed. The seasonal variability of the performance 

of the forecast system is also examined. 

 

1. INTRODUCTION  
 

Verification is an integral element of operational forecasting systems. It is necessary 

not only to monitor forecast quality, but also to choose between alternative forecasting 

systems, to guide their improvement and to inform forecast users regarding uncertainty 

levels in order to help them in their decision making. The classical verification of 
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forecast products is generally based on the evaluation of single elements in specific time 

and space domains. The resulting numbers, tables and plots present measures of the 

overall performance of the model with regard to the product considered. Potential 

interdependencies between various products are a priori ignored (e.g. cloud cover-

surface temperature). The interpretation of classical verification results with regard to 

systematic deficiencies in the model's simulation of specific processes is also far from 

trivial. Even though obvious weaknesses of the model may be identified, determining 

the reasons behind these failures is hampered by the integral properties of the classical 

approach, i.e. the averaging over spatial (and temporal) domains without consideration 

of specific details of the atmospheric and/or surface situation. However, if tools existed 

that allowed a process or situation dependent verification, the task of discovering the 

cause of model shortcomings might be made much easier and model improvement 

would be facilitated. The verification of forecast products in conjunction with the 

existence of additional criteria that are to be met will hereafter be considered as 

ñconditional verificationò (CV). 

The primary purpose of CV is the systematic evaluation of model performance in 

order to reveal typical shortcomings and their root causes. When applied in a routine 

fashion, CV should also have the potential to provide forecasters with information about 

the specific situation and product-dependent model reliability. The typical approach to 

CV consists of the selection of one or more forecast products and one or more mask 

variables, which are used to define thresholds for the product verification. However, the 

masking requirements may occasionally be rather complex, such as in cases where the 

forecast product depends strongly on the history of a certain variable rather than on its 

current state (Raspanti et al., 2007). 

The Hellenic National Meteorological Service (HNMS) operates high-resolution 

Numerical Weather Prediction (NWP) systems (e.g. COSMO-GR) that provide detailed 

deterministic forecasts for an extended area around Greece on a daily basis. In addition, 

gridded forecast and analysis data are received daily from the European Centre for 

Medium-Range Weather Forecasting (ECMWF) Integrated Forecasting System (IFS). 

In order to determine the quality of the NWP products of COSMO-GR and to gain 

insight into their accuracy and usefulness, a verification process is applied based on a 

tool that was developed through the COnsortium for Small-scale Modeling (COSMO). 

The general aim of COSMO is to develop, maintain and improve a non-hydrostatic 

limited-area atmospheric model to be used both for operational and research 

applications by the members of the consortium. COSMO consists of different Priority 

Projects (PP), each of which has as a goal to investigate and improve different aspects 

of the model. One PP was dedicated to the creation of an operational conditional 

verification tool, known as the VERification System Unified Survey (VERSUS), the 

development of which was coordinated by the Italian Meteorological Service (Raspanti, 

2008). VERSUS is currently used by the HNMS for all verification activities. The 

forecast values of weather parameters are compared with synoptic meteorological data 

from the HNMS operational network of stations and a range of statistical scores is 

calculated on a daily, monthly, seasonally and yearly basis.      

 

2. DATA AND METHODS OF T HE VERIFICATION SYST EM  
 

The main objective of VERSUS is the systematic evaluation of model performance 

in order to reveal model weaknesses by applying a different approach from the usual 

classical verification tools. The VERSUS software was developed as a unified tool 
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capable of performing operational standard verification, conditional operational 

verification as well as experimental verification, in both batch and interactive mode. 

The verification software has a user-friendly graphical user interface (GUI) (Fig.1) that 

facilitates registration, modification and management of all verification activities. The 

GUI is based on a standard Web interface, which derives from a client-server 

architecture (Raspanti, 2009). 
  

 
 

FIGURE 1.VERSUS web application. FIGURE 2. Integration area of COSMO-GR. 

Forecasts derived from the COSMO-GR modelling system were evaluated using 

the operational verification procedure and are presented here. The limited-area model 

COSMO-GR is based on the Lokal-Modell (LM) of DWD (Deutscher Wetterdienst), in 

which primitive hydro-thermodynamical equations describe a compressible non-

hydrostatic flow in a moist atmosphere without any scale approximations (Steppeler and 

al., 2003). The operational domain of COSMO-GR covers an area with a longitude 

range of 45
o
 and a latitude range of 24.5

o
 (Fig. 2), with 35 vertical levels and a 

horizontal resolution of 0.0625
o
 (~7km). The model is verified over the course of a 

calendar year against data from land- and sea-based weather stations. The model 

variables addressed by the verification procedure are: 2m temperature (T2m), dew-point 

temperature (Td2m), mean sea-level pressure (MSLP), cloud cover, precipitation and 

10m wind speed and direction (Fig.2). 

 

3. CONDITIONAL AND UNCON DITIONAL VERIFICATIO N RESULTS  
 

The following section presents the results of the verification of the continuous and 

non-continuous surface parameters for the period: December 2008-November 2009. All 

the statistical scores are calculated for three-month periods and therefore reveal aspects 

of seasonal variation.  

 
3.1 Continuous weather parameters 
 

The verification of continuous variables (T2m, Td2m, MSLP, wind speed) is 

typically performed using statistics that show the degree to which the forecast values 

differ from the observations. The Mean Error (ME), the Mean Absolute Error (MAE), 

and the RMSE are simple indices that provide useful information about the model's 

performance for a given weather parameter for a given location. Thus, for the all 

continuous weather parameters, 3-hourly forecast values for a horizon of 72h of the 

00UTC model runs were compared against the respective SYNOP data. 

A number of conditions were applied to the verification of weather parameters, 

and a small selection of which are presented in this paper. The T2m forecasts were 
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verified first in accordance with the observed cloud cover conditions. COSMO-GR 

produces subgrid scale cloudiness using an empirical function that depends on relative 

humidity and height. The results in Fig. 3 and 4 show that the model performs better 

(lower RMSE) in overcast than in clear conditions, especially during the winter. Clouds 

regulate the amount of solar radiation reaching the surface and can therefore heavily 

influence temperature near the ground.  
   

  

  
FIGURE 3. Seasonal statistics (ME, MAE, RMSE) for T2m in overcast conditions. 

 

  

  
FIGURE 4. Seasonal statistics (ME, MAE, RMSE) for at T2m in clear sky conditions.       
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FIGURE 5. Seasonal statistics (ME, MAE, RMSE) for Td2m in calm conditions. 

 

  

  
FIGURE 6. Seasonal statistics (ME, MAE, RMSE) for Td2m for all conditions. 

 

During the daytime, surface temperature will generally be lower when clouds are 

present. In addition, the cooling of the Earth's surface at night through the emission of 

longwave radiation is lessened in cloudy (mainly low and middle cloud) conditions as 

clouds emit some of this outgoing radiation back to the surface (Gofa, 2008). In general, 

the model has a cold bias for all the seasons with a very strong diurnal cycle of the 

forecast error. This bias decreases substantially under total cloud cover, highlighting the 


