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ȺɁȹɃ-ȺɇȼɆȽȷ ɀȺɇȷȸȿȼɇɃɇȼɇȷ ɇȼɆ ȷɇɀɃɆūȷȽɅȽȾȼɆ ɆɇȷɇȽȾȼɆ 

ȷɆɇȷŪȺȽȷɆ ɆɇȼɁ ɄȺɅȽɃɉȼ ɇȼɆ ɀȺɆɃũȺȽɃɈ 
 

ɉ.Ƚ. ȿɋȿȼɆ, ȷ. ɀɄȷɅɇȻɋȾȷɆ ȾȷȽ ȹ.ȷ. ɀȺɇȷɂȷɆ 

 
ȺɟɔŬůŰɐɟɘɞ ɀŮŰŮɤɟɞɚɞɔɑŬɠ, ɇɛɐɛŬ ūɡůɘəɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 

 
ɄȺɅȽȿȼɊȼ 
ɀŮɚŮŰɎŰŬɘ ɖ Ůɜŭɞ-ŮŰɐůɘŬ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ůŰŬŰɘəɐɠ ŬůŰɎɗŮɘŬɠ ůŰɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ (1948-2007). ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɛɏůŮɠ ˊŮɜɗɐɛŮɟŮɠ Űɘɛɏɠ Űɞɡ ŭŮɑəŰɖ ůŰŬŰɘəɐɠ 

ŮɡůŰɎɗŮɘŬɠ Ⱦ ůŮ ˊɚɏɔɛŬ 189 ůɖɛŮɑɤɜ 2.5ęx2.5ę ɔɘŬ ŰŬ 73 ˊŮɜɗɐɛŮɟŬ Űɞɡ ɏŰɞɡɠ. ȺűŬɟɛɧɕŮŰŬɘ 

ɄŬɟŬɔɞɜŰɘəɐ ȷɜɎɚɡůɖ Űɨˊɞɡ S əŬɘ ˊɟɞəɨˊŰɞɡɜ ŰɟŮɘɠ Űɨˊɞɘ Ůɜŭɞ-ŮŰɐůɘŬɠ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ Ⱦ. Ƀ Űɨˊɞɠ 1 

ŮˊɘəɟŬŰŮɑ ůŰɖɜ ȾŮɜŰɟɘəɐ Ⱥɡɟɩˊɖ əŬɘ Űɘɠ ɓɧɟŮɘŮɠ ŬəŰɏɠ Űɖɠ ɀŮůɞɔŮɑɞɡ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɏɔɘůŰɞ 

əŬŰɎ Űɞ ɗɏɟɞɠ əŬɘ ŮɚɎɢɘůŰɞ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ. Ƀ Űɨˊɞɠ 2 ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɜɞŰɘɞ-ŭɡŰɘəɐ ɀŮůɧɔŮɘɞ əŬɘ Űɖ 

ɓɞɟŮɘɞŭɡŰɘəɐ ȷűɟɘəɐ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰɞ əŬŰɎ Űɘɠ Ŭɟɢɏɠ Űɞɡ űɗɘɜɞˊɩɟɞɡ əŬɘ ŮɚɎɢɘůŰɞ əŬŰɎ Űɞ 

ɢŮɘɛɩɜŬ. Ƀ Űɨˊɞɠ 3 ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ɜɞŰɘɞ-ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ əŬɘ Űɘɠ ɓɞɟŮɘɞ-ŬɜŬŰɞɚɘəɏɠ ŬəŰɏɠ Űɖɠ 

ȷűɟɘəɐɠ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɏɔɘůŰŬ ˊŮɟɑ Űɞɡɠ ɛɐɜŮɠ ɀɎɘɞ əŬɘ ɃəŰɩɓɟɘɞ əŬɘ ŮɚɎɢɘůŰŬ əŬŰɎ Űɞ 

ɢŮɘɛɩɜŬ əŬɘ əŬŰɎ Űɞ ŭɑɛɖɜɞ Ƚɞɡɚɑɞɡ - ȷɡɔɞɨůŰɞɡ. 
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ABSTRACT 
The intra-annual variability of atmospheric static instability in the Mediterranean region is studied 

(1948-2007). ɇhe mean 5-day values of K index are calculated at 189 grid points spaced by 2.5ę for the 

73 5-day intervals of the year. S-mode Factor Analysis is applied and three modes of intra-annual 

variation of K are found. Mode 1 prevails in central Europe and the northern Mediterranean coasts and 

presents a maximum during summer and a minimum during winter. Mode 2 corresponds to the south-

western Mediterranean and north-western Africa and presents a maximum in early autumn and a 

minimum in winter. Mode 3 refers to the south-eastern Mediterranean, the north-eastern coasts of Africa 

and presents maxima about May and October and minima in winter and July-August.  

 

 

1. ȺȽɆȷũɋũȼ 
 

ȼ ŬŰɛɞůűŬɘɟɘəɐ ůŰŬŰɘəɐ ŮɡůŰɎɗŮɘŬ/ŬůŰɎɗŮɘŬ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ 

ˊŬɟɎɔɞɜŰŮɠ, ɞɘ ɞˊɞɑɞɘ ŭɘŬɛɞɟűɩɜɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əŬɘɟɞɨ əŬɘ Űɞɡ əɚɑɛŬŰɞɠ 

ɛɘŬɠ ˊŮɟɘɞɢɐɠ əŬɘ ɞ ɓŬɗɛɧɠ Űɖɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ əŬŰŬəɧɟɡűŮɠ əŬŰŬɜɞɛɏɠ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ɡɔɟŬůɑŬɠ Űɞɡ ŬɏɟŬ. ȼ ˊɞůɞŰɘəɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ ɓŬɗɛɞɨ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ ɞɟɘůɛɧ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ŭŮɘəŰɩɜ, ɞɘ ɞˊɞɑɞɘ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɛɏŰɟɞ 

Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ůŰŬŰɘəɐɠ ŮɡůŰɎɗŮɘŬɠ/ŬůŰɎɗŮɘŬɠ əŬɘ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ Ŭˊɧ ˊɞɚɚɞɨɠ 

ŮɟŮɡɜɖŰɏɠ (ŭɏɠ ˊ.ɢ. Jacovides and Yonetani, 1990; Huntrieser et al., 1997). ȰɜŬɠ Ŭˊɧ 

Űɞɡɠ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡɠ ŭŮɑəŰŮɠ ŮɑɜŬɘ ɞ Ⱦ (K-index). Ƀ ŭŮɑəŰɖɠ ŬɡŰɧɠ 

ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ŬůŰɎɗŮɘŬ ɤɠ ůɡɜŭɡŬůɛɧ Űɖɠ əŬŰŬəɧɟɡűɖɠ ɗŮɟɛɞɓŬɗɛɑŭŬɠ Űɞɡ 

ůŰɟɩɛŬŰɞɠ 850-500hPa, Űɖɠ ɡɔɟŬůɑŬɠ ůŰɖ ůŰɎɗɛɖ Űɤɜ 850hPa əŬɘ Ůɜɧɠ ɛɏŰɟɞɡ Űɞɡ 

ˊɎɢɞɡɠ Űɞɡ ɡɔɟɞɨ ŬŰɛɞůűŬɘɟɘəɞɨ ůŰɟɩɛŬŰɞɠ (moist layer), Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ 
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ůɢŮŭɧɜ Űɞ ůɨɜɞɚɞ Űɤɜ ɡŭɟŬŰɛɩɜ (Reap and Foster, 1979). ɆŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɀŮůɞɔŮɑɞɡ, ɖ ůŰŬŰɘəɐ ŮɡůŰɎɗŮɘŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ŰŬ ɗŮɟɛɘəɎ əŬɘ ɡɔɟɞɛŮŰɟɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ˊɞɡ 

əɡɟɘŬɟɢɞɨɜ ůŰɖɜ ˊŮɟɘɞɢɐ. ȾŬŰɎ Űɞ ɢŮɘɛɩɜŬ, ɣɡɢɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ ˊɞɚɘəɐɠ ˊɟɞɏɚŮɡůɖɠ 

ŮˊɘəɟŬŰɞɨɜ ůɡɢɜɎ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ 

ɗŮɟɛɧŰŮɟɖ Ŭˊɧ Űɞɜ ɡˊŮɟəŮɑɛŮɜɞ ŬɏɟŬ, ŮɡɜɞɩɜŰŬɠ Űɘɠ ˊɟɞɠ ŰŬ ˊɎɜɤ ɟɞɏɠ ŬɘůɗɖŰɐɠ əŬɘ 

ɚŬɜɗɎɜɞɡůŬɠ ɗŮɟɛɧŰɖŰŬɠ ůɡɜŮɘůűɏɟɞɜŰŬɠ ɏŰůɘ ůŮ ůɡɜɗɐəŮɠ ŬŰɛɞůűŬɘɟɘəɐɠ ŬůŰɎɗŮɘŬɠ 

ůŰŬ əŬŰɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɖɠ ŰɟɞˊɧůűŬɘɟŬɠ (ŭŮɠ ˊ.ɢ. Metaxas, 1978; Lolis et al., 2004). 

ȾŬŰɎ Űɞ ɗɏɟɞɠ, ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ŮɑɜŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ ɣɡɢɟɧŰŮɟɖ Ŭˊɧ Űɞɜ 

ɡˊŮɟəŮɑɛŮɜɞ ŬɏɟŬ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɡˊɞŰɟɞˊɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ŮɡɜɞɩɜŰŬɠ Űɖɜ 

ˊɟɞɠ ŰŬ əɎŰɤ ɟɞɐ ŬɘůɗɖŰɐɠ ɗŮɟɛɧŰɖŰŬɠ əŬɘ ɞŭɖɔɩɜŰŬɠ ůŮ ůɡɜɗɐəŮɠ ɡɣɖɚɐɠ 

ŬŰɛɞůűŬɘɟɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ůŰŬ əŬŰɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɖɠ ŰɟɞˊɧůűŬɘɟŬɠ. ȷɡŰɧ ŭŮɜ 

ɘůɢɨŮɘ ɔɘŬ Űɘɠ ɖˊŮɘɟɤŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɓɞɟŮɑɤɠ Űɤɜ ɓɞɟŮɑɤɜ ŬəŰɩɜ Űɖɠ ɀŮůɞɔŮɑɞɡ, ɧˊɞɡ ɖ 

ɗɏɟɛŬɜůɖ Űɖɠ ɝɖɟɎɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ůɡɢɜɐ ˊŬɟɞɡůɑŬ ɣɡɢɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ůŰɖ 

ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ɞŭɖɔɞɨɜ ůŮ ůɡɜɗɐəŮɠ ɢŬɛɖɚɐɠ ŮɡůŰɎɗŮɘŬɠ ɐ əŬɘ ŬůŰɎɗŮɘŬɠ əŬŰɎ Űɞ 

ɗɏɟɞɠ. 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŬŰɛɞůűŬɘɟɘəɐ ůŰŬŰɘəɐ ŬůŰɎɗŮɘŬ ůɡɜŭɏŮŰŬɘ 

ɛŮ Űɖɜ Ůəŭɐɚɤůɖ ŬəɟŬɑɤɜ əŬɘɟɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ɖ ɛŮɚɏŰɖ Űɖɠ Ůɜŭɞ-ŮŰɐůɘŬɠ 

ɛŮŰŬɓɚɖŰɧŰɖŰɎɠ Űɖɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŮɜŭɘŬűɏɟɞɜŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ůɢŮŰɘəɎ ɛŮ 

Űɖɜ ŮˊɞɢɘəɧŰɖŰŬ ŰɏŰɞɘɤɜ űŬɘɜɞɛɏɜɤɜ. Ƀ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ 

ŬɜŬŭŮɑɝŮɘ ŰŬ əɨɟɘŬ ŮˊɞɢɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůŰŬŰɘəɐɠ ɘůɞɟɟɞˊɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɀŮůɞɔŮɑɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮɝŮŰɎɕŮŰŬɘ ɖ ɛɏůɖ Ůɜŭɞ-ŮŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɞɡ ŭŮɑəŰɖ Ⱦ 

ɔɘŬ Űɖɜ 60-ŮŰɐ ˊŮɟɑɞŭɞ 1948-2007, əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ 15-ŮŰŮɑɠ ɡˊɞ-ˊŮɟɘɧŭɞɡɠ 1948-

1962, 1963-1977, 1978-1992 əŬɘ 1993-2007, ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ əŬɘ ˊɘɗŬɜɏɠ 

əɚɘɛŬŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ ŰɎɝŮɤɠ 15-ŮŰɑŬɠ. 

 

 

2. ȹȺȹɃɀȺɁȷ ȾȷȽ ɀȺŪɃȹɃȿɃũȽȷ 
 

ɇŬ ŭŮŭɞɛɏɜŬ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɖɛŮɟɐůɘŮɠ (1200UTC) 

Űɘɛɏɠ Ŭ) Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŬɏɟŬ ůŰɘɠ ůŰɎɗɛŮɠ 850hPa, 700hPa əŬɘ 500hPa əŬɘ ɓ) 

Űɖɠ Ůɘŭɘəɐɠ ɡɔɟŬůɑŬɠ ůŰɘɠ ůŰɎɗɛŮɠ 850hPa əŬɘ 700hPa, ůŮ 189 ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ 

(2.5Áx2.5Á) ŰŬ ɞˊɞɑŬ əŬɚɨˊŰɞɡɜ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ (10Áȹ - 40Áȷ əŬɘ 

30Áȸ - 50Áȸ). ȺɚɐűɗɖůŬɜ Ŭˊɧ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ NCEP/NCAR Reanalysis (Kalnay et 

al., 1996; Kistler at al., 2001). ȷˊɧ Űɘɠ Űɘɛɏɠ Űɖɠ Ůɘŭɘəɐɠ ɡɔɟŬůɑŬɠ (q) əŬɘ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŬɏɟŬ (T) ŮɝɎɔŮŰŬɘ ŬɟɢɘəɎ ɖ ŰɎůɖ Űɤɜ ɡŭɟŬŰɛɩɜ (e) əŬɘ Ůɜ ůɡɜŮɢŮɑŬ 

Űɞ ůɖɛŮɑɞ ŭɟɧůɞɡ (TDew) ɔɘŬ Űɘɠ ůŰɎɗɛŮɠ ˊɑŮůɖɠ (P) 850hPa əŬɘ 700hPa, ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ Űɖɜ ɏəűɟŬůɖ (1), əŬɗɩɠ əŬɘ Űɖɜ ŬɜŰɘůŰɞɘɢɑŬ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ŰɎůɖɠ 

əɞɟŮůɛɏɜɤɜ ɡŭɟŬŰɛɩɜ (es), ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ Clausius-Clapeyron (2), 

ɧˊɞɡ L ɖ ɚŬɜɗɎɜɞɡůŬ ɗŮɟɛɧŰɖŰŬ ŮɝɎŰɛɘůɖɠ (ɐ ŮɝɎɢɜɤůɖɠ), R ɖ ˊŬɔəɧůɛɘŬ ůŰŬɗŮɟɎ 

Űɤɜ ŬŮɟɑɤɜ əŬɘ Mw Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɞɡ ɜŮɟɞɨ. 

q = 0.622 e / (P - 0.378 e)   (1) 

des / es = (LMw / R) (dT / T
2
)    (2) 

Ƀ ŭŮɑəŰɖɠ Ⱦ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ŬɏɟŬ əŬɘ Űɞɡ ůɖɛŮɘɞɡ 

ŭɟɧůɞɡ ɓɎůŮɘ Űɖɠ ɏəűɟŬůɖɠ (3) ɧˊɞɡ T əŬɘ TDew ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɏɟŬ əŬɘ Űɞ 

ůɖɛŮɑɞ ŭɟɧůɞɡ, Ůɜɩ ɞɘ ŭŮɑəŰŮɠ ɡˊɞŭŮɘəɜɨɞɡɜ Űɖ ůŰɎɗɛɖ ˊɑŮůɖɠ ůŮ hPa. ȳůɞ 

ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ Ⱦ Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ůŰŬŰɘəɐ ŬůŰɎɗŮɘŬ (ŭŮɠ .́ɢ. 

Jacovides and Yonetani, 1990; Lolis, 2007). 

K = (T850 - T500) + TDew 850 - ( T - TDew )700  (3) 
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ũɘŬ Űɞ ůəɞˊɧ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ, ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɛŬəɟɎɠ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 

ɛɏůŮɠ Űɘɛɏɠ Űɞɡ Ⱦ ɔɘŬ ŰŬ 73 ˊŮɜɗɐɛŮɟŬ Űɞɡ ɏŰɞɡɠ (1
ɞ
: 1-5 ȽŬɜ., 2

ɞ
: 6-10 ȽŬɜ., é, 73

ɞ
: 

27-31 ȹŮə.). ȰŰůɘ, əŬŰŬůəŮɡɎɕŮŰŬɘ ɏɜŬɠ ˊɑɜŬəŬɠ Űɘɛɩɜ Űɞɡ Ⱦ, ŭɘŬůŰɎůŮɤɜ 73x189 

(ˊŮɜɗɐɛŮɟŬ Űɞɡ ɏŰɞɡɠ x ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ) ɔɘŬ Űɖɜ 60-ŮŰɐ ˊŮɟɑɞŭɞ 1948-2007. 

ȷɜŰɑůŰɞɘɢɞɘ ˊɑɜŬəŮɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ ɔɘŬ əɎɗŮ ɛɘŬ Ŭˊɧ Űɘɠ 15-ŮŰŮɑɠ ɡˊɞ-ˊŮɟɘɧŭɞɡɠ 

1948-1962, 1963-1977, 1978-1992 əŬɘ 1993-2007.  

Ⱥɜ ůɡɜŮɢŮɑŬ, ůŮ əɎɗŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ˊɑɜŬəŮɠ ŮűŬɟɛɧɕɞɡɛŮ ɄŬɟŬɔɞɜŰɘəɐ 

ȷɜɎɚɡůɖ Űɨˊɞɡ S (Factor Analysis, S-mode), ɛŮ ɞɟɗɞɔɩɜɘŬ ˊŮɟɘůŰɟɞűɐ Űɤɜ Ŭɝɧɜɤɜ 

(varimax rotation) (Jolliffe, 1986, Richman, 1986) ɛŮ ůəɞˊɧ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɔɘŬ əɎɗŮ 

ɛɘŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘɧŭɞɡɠ ɞɘ əɨɟɘɞɘ Űɨˊɞɘ Űɖɠ ɛɏůɖɠ Ůɜŭɞ-ŮŰɐůɘŬɠ ŭɘŬəɨɛŬɜůɖɠ 

Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ŬůŰɎɗŮɘŬɠ əŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ůŰɘɠ ɞˊɞɑŮɠ ŮˊɘəɟŬŰɞɨɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ 

ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ Űɘɛɩɜ Űɤɜ űɞɟŰɑůŮɤɜ (loadings) Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ŬɜŬŭŮɘəɜɨŮɘ Űɘɠ 

ɔŮɤɔɟŬűɘəɏɠ ɡˊɞ-ˊŮɟɘɞɢɏɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞɜ əɎɗŮ ˊŬɟɎɔɞɜŰŬ, Ůɜɩ ɖ 

ŬɜŰɑůŰɞɘɢɖ Ůɜŭɞ-ŮŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɤɜ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ Űɘɛɩɜ Űɞɡɠ (factor scores) 

ŮəűɟɎɕŮɘ Űɖ ɛɏůɖ Ůɜŭɞ-ŮŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŬůŰɎɗŮɘŬɠ ůŮ ŬɡŰɏɠ Űɘɠ ɡˊɞ-ˊŮɟɘɞɢɏɠ. 

 

 

3. ȷɄɃɇȺȿȺɆɀȷɇȷ 
 

ȷɟɢɘəɎ, ŮűŬɟɛɧɕŮŰŬɘ ɖ ɄŬɟŬɔɞɜŰɘəɐ ȷɜɎɚɡůɖ Űɨˊɞɡ S ɔɘŬ Űɖɜ 60-ŮŰɐ ˊŮɟɑɞŭɞ 

1948-2007. ȺɡɟɏɗɖůŬɜ ŰɟŮɘɠ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ɞɘ ɞˊɞɑɞɘ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŮ ŰɟŮɘɠ əɨɟɘɞɡɠ Űɨˊɞɡɠ ŮɜŭɞŮŰɐůɘŬɠ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ ŭŮɑəŰɖ Ⱦ əŬɘ ŮɟɛɖɜŮɨɞɡɜ Űɞ 

93% Űɖɠ ɞɚɘəɐɠ ŭɘŬəɨɛŬɜůɖɠ. 

Ƀ Űɨˊɞɠ 1, ɞ ɞˊɞɑɞɠ ŮɟɛɖɜŮɨŮɘ Űɞ 51% Űɖɠ ɞɚɘəɐɠ ŭɘŬəɨɛŬɜůɖɠ, ˊŮɟɘɔɟɎűŮɘ Űɖɜ 

Ůɜŭɞ-ŮŰɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ŬůŰɎɗŮɘŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȾŮɜŰɟɘəɐɠ Ⱥɡɟɩˊɖɠ, Űɤɜ ɓɧɟŮɘɤɜ 

ŬəŰɩɜ Űɖɠ ɀŮůɞɔŮɑɞɡ əŬɘ Űɖɠ ɓɧɟŮɘŬɠ ȺɚɚɎŭŬɠ, ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ɞɟɘɕɧɜŰɘŬ 

əŬŰŬɜɞɛɐ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ Űɘɛɩɜ Űɤɜ űɞɟŰɑůŮɤɜ (ɆɢɐɛŬ 1Ŭ). ȼ Ůɜŭɞ-ŮŰɐůɘŬ 

ŭɘŬəɨɛŬɜůɖ Űɞɡ ŭŮɑəŰɖ Ⱦ ůŰɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɘɞɢɐ ˊɟɞůŮɔɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

ŭɘŬəɨɛŬɜůɖ Űɤɜ Űɘɛɩɜ Űɞɡ (scores) əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ Ůɡɟɨ ɛɏɔɘůŰɞ əŬŰɎ Űɞ 

ɗɏɟɞɠ əŬɘ ɏɜŬ Ůɡɟɨ ŮɚɎɢɘůŰɞ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ (ɆɢɐɛŬ 1ɓ). ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Ŭˊɧ Űɞ 

ɀɎɘɞ ɤɠ Űɞɜ Ƚɞɨɚɘɞ ɖ Űɘɛɐ Űɞɡ ŭŮɑəŰɖ (scores) ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ Űɖ ɛɏůɖ ŮŰɐůɘŬ 

Űɘɛɐ Űɞɡ əŬŰɎ 1.5 Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ˊŮɟɑˊɞɡ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŬəɨɛŬɜůɖɠ 

ŬɡŰɐɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ əŬŰŬ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ ŰŬ ɗŮɟɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

Űɞɡ ŮŭɎűɞɡɠ ůŰɖɜ Ůɜ ɚɧɔɤ ɖˊŮɘɟɤŰɘəɐ ˊŮɟɘɞɢɐ, ŰŬ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŮˊɞɢɘŬəɐ 

ŭɘŬəɨɛŬɜůɖ Űɖɠ ɖɚɘŬəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɇɞ ɗŮɟɘɜɧ ɛɏɔɘůŰɞ ɞűŮɑɚŮŰŬɘ ůŰɖ ɗɏɟɛŬɜůɖ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ ŮŭɎűɞɡɠ əŬɘ Űɤɜ əŬŰɤŰɏɟɤɜ ůŰɟɤɛɎŰɤɜ Űɖɠ ŰɟɞˊɧůűŬɘɟŬɠ, ɖ ɞˊɞɑŬ ɞŭɖɔŮɑ 

ůŮ ůɡɜɗɐəŮɠ ɢŬɛɖɚɐɠ ŬŰɛɞůűŬɘɟɘəɐɠ ŮɡůŰɎɗŮɘŬɠ ɐ ŬŰɛɞůűŬɘɟɘəɐɠ ŬůŰɎɗŮɘŬɠ, əɡɟɑɤɠ 

əŬŰɎ Űɘɠ ɗŮɟɛɏɠ ɩɟŮɠ Űɖɠ ɖɛɏɟŬɠ ɞˊɧŰŮ əŬɘ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ Ůəŭɖɚɤɗɞɨɜ ɏɜŰɞɜŮɠ 

əŬŰŬɘɔɑŭŮɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ əŬɘ əŬŰɎ Űɞ ɗɏɟɞɠ ůŰɖɜ Ⱥɡɟɩˊɖ ŮˊɘəɟŬŰɞɨɜ 

ɡűɏůŮɘɠ (ŭŮɠ ˊ.ɢ. Camuffo et al., 2000).  ȷɜŰɑůŰɞɘɢŬ, Űɞ ɢŮɘɛŮɟɘɜɧ ŮɚɎɢɘůŰɞ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ɣɨɝɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ŬŰɛɞůűŬɘɟɘəɩɜ 

ůŰɟɤɛɎŰɤɜ, ɖ ɞˊɞɑŬ ɞŭɖɔŮɑ ůŮ ůɡɜɗɐəŮɠ ɡɣɖɚɐɠ ŬŰɛɞůűŬɘɟɘəɐɠ ŮɡůŰɎɗŮɘŬɠ.  

Ƀ Űɨˊɞɠ 2 (29%) ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɜɞŰɘɞ-ŭɡŰɘəɐɠ ɀŮůɞɔŮɑɞɡ əŬɘ Űɤɜ 

ɓɞɟŮɘɞ-ŭɡŰɘəɩɜ ŬəŰɩɜ Űɖɠ ȷűɟɘəɐɠ (ɆɢɐɛŬ 1Ŭ). ȼ ŮɜŭɞŮŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɖɠ 

ŬůŰɎɗŮɘŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɏɔɘůŰɞ əŬŰɎ Űɘɠ Ŭɟɢɏɠ Űɞɡ 

űɗɘɜɞˊɩɟɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞ ŭŮɨŰŮɟɞ ŭŮəŬˊŮɜɗɐɛŮɟɞ Űɞɡ ɆŮˊŰŮɛɓɟɑɞɡ (ˊɎɜɤ Ŭˊɧ 

ŭɨɞ Űɡˊɘəɏɠ ŬˊɞəɚɑůŮɘɠ ˊɎɜɤ Ŭˊɧ Űɖ ɛɏůɖ ŮŰɐůɘŬ Űɘɛɐ) əŬɘ ŮɚɎɢɘůŰɞ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ 

(ŮɚɎɢɘůŰɖ Űɘɛɐ əŬŰɎ Űɘɠ Ŭɟɢɏɠ ȽŬɜɞɡŬɟɑɞɡ) (ɆɢɐɛŬ 1ɔ). ɇɞ űɗɘɜɞˊɤɟɘɜɧ ɛɏɔɘůŰɞ 

űŬɑɜŮŰŬɘ ɧŰɘ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ ˊŮɟɑ Űɘɠ Ŭɟɢɏɠ Űɞɡ űɗɘɜɞˊɩɟɞɡ ŬɟɢɑɕŮɘ ɖ ŮˊɘəɟɎŰɖůɖ 
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ɣɡɢɟɧŰŮɟɤɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ůŰɖɜ Ůɜ ɚɧɔɤ ˊŮɟɘɞɢɐ, ůŮ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ ůŰɖ ɛɏůɖ 

ŰɟɞˊɧůűŬɘɟŬ əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ůŰɖɜ əŬŰɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ. ȼ ŰŮɚŮɡŰŬɑŬ ˊŬɟŬɛɏɜŮɘ 

ůɢŮŰɘəɎ ɗŮɟɛɐ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ɗŮɟɛɘəɐɠ ŬŭɟɎɜŮɘŬɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ Űɖɠ 

ɜɞŰɘɞ-ŭɡŰɘəɐɠ ɀŮůɞɔŮɑɞɡ, ŬɚɚɎ əŬɘ Űɖɠ ɡɣɖɚɐɠ (ŬəɧɛŬ) ŮˊɑŭɟŬůɖɠ Űɖɠ ɖɚɘŬəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ɖˊŮɘɟɤŰɘəɐɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɓɞɟŮɘɞ-

ŭɡŰɘəɐɠ ȷűɟɘəɐɠ. ɇɞ ɢŮɘɛŮɟɘɜɧ ŮɚɎɢɘůŰɞ űŬɑɜŮŰŬɘ ɧŰɘ ɞűŮɑɚŮŰŬɘ ůŰɞ ɧŰɘ əŬŰɎ Űɞ 

ɢŮɘɛɩɜŬ ɞɘ ŬɏɟɘŮɠ ɛɎɕŮɠ ůŰɖ ɛɏůɖ ŰɟɞˊɧůűŬɘɟŬ ˊɎɜɤ Ŭˊɧ Űɖɜ Ůɜ ɚɧɔɤ ˊŮɟɘɞɢɐ ŮɑɜŬɘ 

ůɢŮŰɘəɎ ɗŮɟɛɏɠ, ɚɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ ɡˊɞŰɟɞˊɘəɞɨ ŬɜŰɘəɡəɚɩɜŬ Űɤɜ ȷɕɞɟɩɜ, ɞ 

ɞˊɞɑɞɠ ŭɟŬ ůŰɞ ɜɞŰɘɞ-ŭɡŰɘəɧ Ɏəɟɞ Űɖɠ ɛŮŰŬűɏɟɞɜŰŬɠ ůɢŮŰɘəɎ ɗŮɟɛɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ əŬɘ 

ɛɖ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ůɡɢɜɐ ŮˊɘəɟɎŰɖůɖ ɣɡɢɟɩɜ ŬŮɟɑɤɜ ɛŬɕɩɜ ˊɞɚɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. 

Ƀ Űɨˊɞɠ 3 (13%) ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɜɞŰɘɞ-ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, Űɤɜ 

ɓɞɟŮɘɞ-ŬɜŬŰɞɚɘəɩɜ ŬəŰɩɜ Űɖɠ ȷűɟɘəɐɠ əŬɘ Űɖɠ ɜɧŰɘŬɠ ȺɚɚɎŭŬɠ (ɆɢɐɛŬ 1Ŭ). 

ɉŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŭɘˊɚɐ əɨɛŬɜůɖ ɛŮ ɛɏɔɘůŰŬ ˊŮɟɑ Űɞɡɠ ɛɐɜŮɠ ɀɎɘɞ əŬɘ ɃəŰɩɓɟɘɞ 

əŬɘ ŮɚɎɢɘůŰŬ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ əŬɘ əŬŰɎ Űɞ ŭɑɛɖɜɞ Ƚɞɡɚɑɞɡ ï ȷɡɔɞɨůŰɞɡ (ɆɢɐɛŬ 1ŭ). ɇŬ 

ŭɨɞ ɛɏɔɘůŰŬ ůɡɛˊɑˊŰɞɡɜ ɛŮ ŬɡŰɎ Űɖɠ Ůɜŭɞ-ŮŰɐůɘŬɠ ˊɞɟŮɑŬɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

əŬŰŬɘɔɑŭɤɜ ůŰɖɜ ȺɚɚɎŭŬ (ɀŮŰŬɝɎɠ, 1972). ɇɞ ɗŮɟɘɜɧ ŮɚɎɢɘůŰɞ əŬŰɎ Űɞɡɠ ɛɐɜŮɠ Ƚɞɨɚɘɞ 

ï ȷɨɔɞɡůŰɞ ɞűŮɑɚŮŰŬɘ ɑůɤɠ ůŰɖ ŭɟɎůɖ Űɤɜ ŮŰɖůɑɤɜ Ŭɜɏɛɤɜ, ɞɘ ɞˊɞɑɞɘ ŮˊɘəɟŬŰɞɨɜ əɎɗŮ 

ɢɟɧɜɞ ŬɡŰɐ Űɖɜ Ůˊɞɢɐ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ əŬɘ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŰŬ əŬŰɩŰŮɟŬ 

ŬŰɛɞůűŬɘɟɘəɎ ůŰɟɩɛŬŰŬ (ŭŮɠ ˊ.ɢ. Ziv et al., 2004). Ƀɘ ŮŰɖůɑŮɠ ɎɜŮɛɞɘ ɛŮŰŬűɏɟɞɡɜ 

ůɢŮŰɘəɎ ɣɡɢɟɏɠ əŬɘ ɝɖɟɏɠ ŬɏɟɘŮɠ ɛɎɕŮɠ ůŰɖɜ əŬŰɩŰŮɟɖ ŰɟɞˊɧůűŬɘɟŬ, ŮɜŰŮɑɜɞɜŰŬɠ Űɖɜ 

ɐŭɖ ŮˊɘəɟŬŰɞɨůŬ ŬŰɛɞůűŬɘɟɘəɐ ŮɡůŰɎɗŮɘŬ, ɛɏůɤ əŬɘ Űɖɠ ˊŮɟŬɘŰɏɟɤ ɣɨɝɖɠ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɗɎɚŬůůŬɠ, ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɘůɢɡɟɐ ŮɝɎŰɛɘůɖ, Űɖɜ ŬɜɎŭŮɡůɖ 

əŬɘ ůŰŬ ŬɜŬŰɞɚɘəɎ Űɞɡ ɏɜŰɞɜɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ŬɜɎɓɚɡůɖɠ (upwelling) (Metaxas, 

1973). 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ ɄŬɟŬɔɞɜŰɘəɐ ȷɜɎɚɡůɖ Űɨˊɞɡ S ŮűŬɟɛɧɕŮŰŬɘ əŬŰɎ Űɞɜ ɑŭɘɞ Űɟɧˊɞ 

əŬɘ ɔɘŬ Űɘɠ 15-ŮŰŮɑɠ ɡˊɞˊŮɟɘɧŭɞɡɠ 1948-1962, 1963-1977, 1978-1992 əŬɘ 1993-2007, 

ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ Ŭɜ ɡˊɎɟɢɞɡɜ ɞɡůɘŬůŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɖɠ Ůɜŭɞ-ŮŰɐůɘŬɠ 

ˊɞɟŮɑŬɠ Űɖɠ ůŰŬŰɘəɐɠ ŬůŰɎɗŮɘŬɠ ŮɜŰɧɠ Űɖɠ 60-ŮŰɞɨɠ ɡˊɧ ŮɝɏŰŬůɖ ˊŮɟɘɧŭɞɡ. ɆɨɛűɤɜŬ ɛŮ 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ɆɢɐɛŬŰŬ 2 əŬɘ 3, ŭŮɜ ɡˊɎɟɢɞɡɜ 

ɞɡůɘŬůŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɧůɞ ɛŮŰŬɝɨ Űɞɡɠ, ɧůɞ əŬɘ ɛŮŰŬɝɨ ŬɡŰɩɜ əŬɘ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ Űɖ ůɡɜɞɚɘəɐ ˊŮɟɑɞŭɞ 1948-2007 ůŮ ɧŰɘ ŬűɞɟɎ Űɞɜ 

Ŭɟɘɗɛɧ Űɤɜ Űɨˊɤɜ əŬɘ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɔŮɤɔɟŬűɘəɐɠ Űɞɡɠ əŬŰŬɜɞɛɐɠ əŬɘ 

Űɖɠ Ůɜŭɞ-ŮŰɐůɘŬɠ ŭɘŬəɨɛŬɜůɐɠ Űɞɡɠ. ɄɎɜŰɤɠ, ɛŮŰŬɝɨ Űɤɜ ŭŮɡŰŮɟŮɡɞɡůɩɜ 

ŭɘŬűɞɟɞˊɞɘɐůŮɤɜ ˊɞɡ ŬˊɞəŬɚɨˊŰɞɜŰŬɘ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗɞɨɜ ɞɘ Ůɝɐɠ: 1) əŬŰɎ Űɖɜ 

ˊɟɩŰɖ ɡˊɞˊŮɟɑɞŭɞ 1948-1962, ŬűŮɜɧɠ ɞɘ ˊŮɟɘɞɢɏɠ ŮˊɘəɟɎŰɖůɖɠ Űɤɜ Űɨˊɤɜ 1 əŬɘ 2 ŮɑɜŬɘ 

ůŬűɩɠ ˊŮɟɘɞɟɘůɛɏɜŮɠ ˊɟɞɠ ŰŬ ɓɞɟŮɘɞ-ŬɜŬŰɞɚɘəɎ əŬɘ ŰŬ ɜɞŰɘɞ-ŭɡŰɘəɎ ŬɜŰɑůŰɞɘɢŬ, Ůɜɩ ɖ  

Ůɜŭɞ-ŮŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ Űɞɡ Űɨˊɞɡ 1 ŮɛűŬɜɑɕŮɘ ɏɜŬ ŭŮɡŰŮɟŮɨɞɜ ɛɏɔɘůŰɞ ˊŮɟɑ Űɘɠ Ŭɟɢɏɠ 

ɁɞŮɛɓɟɑɞɡ, Űɞ ɞˊɞɑɞ ɛɎɚɘůŰŬ űŬɑɜŮŰŬɘ ɜŬ ŮˊɘəɟŬŰŮɑ ɞɟɘŬəɎ əŬɘ əŬŰɎ Űɖɜ ɡˊɞˊŮɟɑɞŭɞ 

1963-1977 əŬɘ 2) əŬŰɎ Űɖɜ ɡˊɞˊŮɟɑɞŭɞ 1978-1992 ɞ Űɨˊɞɠ 2 ŮɛűŬɜɑɕŮɘ ɓŬɗɨŰŮɟɞ 

ŮɚɎɢɘůŰɞ əŬŰɎ Űɞɜ ȽŬɜɞɡɎɟɘɞ, ɚɧɔɤ Űɖɠ ɏɜŰɞɜɖɠ ŭɟɎůɖɠ Űɞɡ ɡˊɞŰɟɞˊɘəɞɨ ŬɜŰɘəɡəɚɩɜŬ 

Űɤɜ ȷɕɞɟɩɜ ˊŮɟɑ ŰŬ Űɏɚɖ Űɖɠ Ůɜ ɚɧɔɤ ɡˊɞˊŮɟɘɧŭɞɡ Űɖɜ Ůˊɞɢɐ ŬɡŰɐ (ŬəɟŬɑŬ ɡɣɖɚɧɠ 

ŭŮɑəŰɖɠ ɁȷɃ) (ŭɏɠ ˊ.ɢ. WMO, 1998).  

 

 

4. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

ȼ Ůɜŭɞ-ŮŰɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ŬŰɛɞůűŬɘɟɘəɐɠ ůŰŬŰɘəɐɠ ŬůŰɎɗŮɘŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɀŮůɞɔŮɑɞɡ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1948-2007 ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ ŰɟŮɘɠ əɨɟɘɞɡɠ Űɨˊɞɡɠ.  

 



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

25 ɀ 28/5/2010, PATRAS, GREECE   645 

 

 

 

1948-2007 

 (Ŭ) 

Factor 1 (51%)

-3

-2

-1

0

1

2

3

J
A

N

F
E

B

M
A

R

A
P

R

M
A

Y

J
U

N

J
U

L

A
U

G

S
E

P

O
C

T

N
O

V

D
E

C

S
c
o

re
s

 (ɓ) 

Factor 2 (29%)
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Factor 3 (13%)
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Ɇɉȼɀȷ 1. (Ŭ) Ƀɘ ɢɤɟɘəɏɠ əŬŰŬɜɞɛɏɠ Űɤɜ űɞɟŰɑůŮɤɜ (loadings) əŬɘ (ɓ-ŭ) ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɤɜ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ Űɘɛɩɜ (scores) Űɤɜ Űɟɘɩɜ ˊŬɟŬɔɧɜŰɤɜ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1948-2007.  

 

Ƀ Űɨˊɞɠ 1 ˊŮɟɘɔɟɎűŮɘ Űɖɜ Ůɜŭɞ-ŮŰɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ŬůŰɎɗŮɘŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ 

ɁɞŰɑɞɡ əŬɘ ȾŮɜŰɟɘəɐɠ Ⱥɡɟɩˊɖɠ, Űɤɜ ɓɧɟŮɘɤɜ ŬəŰɩɜ Űɖɠ ɀŮůɞɔŮɑɞɡ əŬɘ Űɖɠ ɓɧɟŮɘŬɠ 
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ȺɚɚɎŭŬɠ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ Ůɡɟɨ ɛɏɔɘůŰɞ əŬŰɎ Űɞ ɗɏɟɞɠ əŬɘ ɏɜŬ Ůɡɟɨ 

ŮɚɎɢɘůŰɞ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ. ȹɘŬɛɞɟűɩɜŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ɗŮɟɛɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ŮŭɎűɞɡɠ ůŰŬ əŬŰɩŰŮɟŬ ůŰɟɩɛŬŰŬ Űɖɠ ŰɟɞˊɧůűŬɘɟŬɠ əŬɘ Űɖɜ 

ɨˊŬɟɝɖ ŬŰɛɞůűŬɘɟɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ ůŰŬ ɓɧɟŮɘŬ.   

Ƀ Űɨˊɞɠ 2 ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɜɞŰɘɞ-ŭɡŰɘəɐɠ ɀŮůɞɔŮɑɞɡ əŬɘ Űɤɜ ɓɞɟŮɘɞ-

ŭɡŰɘəɩɜ ŬəŰɩɜ Űɖɠ ȷűɟɘəɐɠ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɏɔɘůŰɞ əŬŰɎ Űɘɠ Ŭɟɢɏɠ Űɞɡ űɗɘɜɞˊɩɟɞɡ 

əŬɘ ŮɚɎɢɘůŰɞ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ. ȼ ɨˊŬɟɝɐ Űɞɡ ůɢŮŰɑɕŮŰŬɘ Űɧůɞ ɛŮ ŰŬ ɗŮɟɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɜŮɟɩɜ Űɖɠ ɀŮůɞɔŮɑɞɡ əŬɘ Űɖɠ ɖˊŮɘɟɤŰɘəɐɠ ˊŮɟɘɞɢɐɠ 

Űɖɠ ɓɞɟŮɘɞ-ŭɡŰɘəɐɠ ȷűɟɘəɐɠ, ɧůɞ ɛŮ Űɖ ŭɟɎůɖ Űɞɡ ɡˊɞŰɟɞˊɘəɞɨ ŬɜŰɘəɡəɚɩɜŬ əɡɟɑɤɠ 

ůŰŬ ɛɏůŬ ŰɟɞˊɞůűŬɘɟɘəɎ ůŰɟɩɛŬŰŬ.  
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Factor 1 (43%)
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Factor 2 (25%)
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Factor 2 (28%)
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Factor 3 (17%)
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Factor 3 (12%)
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Ɇɉȼɀȷ 2. Ƀɘ ɢɤɟɘəɏɠ əŬŰŬɜɞɛɏɠ Űɤɜ űɞɟŰɑůŮɤɜ (loadings) əŬɘ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ Űɤɜ 

əŬɜɞɜɘəɞˊɞɘɖɛɏɜɤɜ Űɘɛɩɜ (scores) Űɤɜ Űɟɘɩɜ ˊŬɟŬɔɧɜŰɤɜ ɔɘŬ Űɘɠ ˊŮɟɘɧŭɞɡɠ 1948-1962 əŬɘ 

1963-1977. Ƀɘ ŭɘŬəŮəɞɛɛɏɜŮɠ əŬɛˊɨɚŮɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ˊŮɟɑɞŭɞ 1948-2007. 
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Ƀ Űɨˊɞɠ 3 ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɜɞŰɘɞ-ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, Űɤɜ ɓɞɟŮɘɞ-

ŬɜŬŰɞɚɘəɩɜ ŬəŰɩɜ Űɖɠ ȷűɟɘəɐɠ əŬɘ Űɖɠ ɜɧŰɘŬɠ ȺɚɚɎŭŬɠ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ əɨɛŬɜůɖ ɛŮ 

ɛɏɔɘůŰŬ ˊŮɟɑ Űɞɡɠ ɛɐɜŮɠ ɀɎɘɞ əŬɘ ɃəŰɩɓɟɘɞ əŬɘ ŮɚɎɢɘůŰŬ əŬŰɎ Űɞ ɢŮɘɛɩɜŬ əŬɘ əŬŰɎ Űɞ 

ŭɑɛɖɜɞ Ƚɞɡɚɑɞɡ ï ȷɡɔɞɨůŰɞɡ. ȼ ŭɟɎůɖ Űɤɜ ŮŰɖůɑɤɜ Ŭɜɏɛɤɜ əŬŰɎ Űɞ ɗɏɟɞɠ ŬˊɞŰŮɚŮɑ 

əŬɗɞɟɘůŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ Űɨˊɞɡ ŬɡŰɞɨ. 

ɇɏɚɞɠ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɤɜ ˊŬɟŬˊɎɜɤ Űɨˊɤɜ ŮɜŰɧɠ 

Űɖɠ ɡˊɧ ŮɝɏŰŬůɖ ˊŮɟɘɧŭɞɡ, ɛŮ ŮɝŬɑɟŮůɖ əɡɟɑɤɠ Űɖɜ ˊɟɩŰɖ 15-ŮŰɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ŮɜŰɞˊɑɕɞɜŰŬɘ əɎˊɞɘŮɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ, ɞɘ ɞˊɞɑŮɠ Ŭűɞɟɞɨɜ Űɖ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ 

Űɤɜ ˊŮɟɘɞɢɩɜ ŮˊɘəɟɎŰɖůɖɠ, Űɤɜ ŭɨɞ ˊɟɩŰɤɜ Űɨˊɤɜ əŬɘ Űɖɜ ŮɜŭɞŮŰɐůɘŬ ŭɘŬəɨɛŬɜůɖ 

Űɞɡ Űɨˊɞɡ 1, ůŰɖɜ ɞˊɞɑŬ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ɏɜŬ ŭŮɡŰŮɟŮɨɞɜ ɛɏɔɘůŰɞ ˊŮɟɑ Űɘɠ Ŭɟɢɏɠ 

ɁɞŮɛɓɟɑɞɡ.  

 

                       1978-1992      1993-2007 
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Ɇɉȼɀȷ 3. ȳˊɤɠ ůŰɞ ůɢɐɛŬ 2, ŬɚɚɎ ɔɘŬ Űɘɠ ɡˊɞ-ˊŮɟɘɧŭɞɡɠ 1978-1992 əŬɘ 1993-2007. 
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DEFINITION OF EXTREME PRECIPITATION THRESHOLDS IN EUROPE 

USING PARAMETRIC STATISTICAL METHODS 

 

ANAGNOSTOPOULOU C. AND TOLIKA K.  
 

Department of Meteorology and Climatology, School of Geology,  

Aristotle University of Thessaloniki 
 

ABSTRACT 
Detection of changes in precipitation extremes threshold is critical to assessing the societal and 

ecological impacts. The aim of this study is an objective definition of the extreme precipitation thresholds 

in Europe. Daily precipitation data of stations all over Europe belonging to different climates are used. 

Using the statistical method of the Peaks Over Threshold (POT) accompanied by the Mean Residual Life 

plot and the Generalized Pareto distribution, the objective thresholds of the extreme precipitation are 

detected. The main results of the study show that stations located over the 45
o
 latitude present thresholds 

of extreme precipitation equal to 25-30mm. Stations located lower than 45
o
 present extreme precipitation 

thresholds reducing from west to east. The stations in the western regions show thresholds at 60mm, 

while in the eastern regions the threshold is up to 35-40mm. 

 

ȾȷŪɃɅȽɆɀɃɆ ɃɅȽɋɁ ȷȾɅȷȽɋɁ ȸɅɃɉɃɄɇɋɆȺɋɁ ɆɇȼɁ ȺɈɅɋɄȼ ɀȺ ɇȼ 

ɉɅȼɆȼ ɄȷɅȷɀȺɇɅȽȾɋɁ ɆɇȷɇȽɆɇȽȾɋɁ ɀȺŪɃȹɋɁ  
 

ȷɁȷũɁɋɆɇɃɄɃɈȿɃɈ ɉ. ȾȷȽ ɇɃȿȽȾȷ Ⱦ.  
 

ɇɞɛɏŬɠ ɀŮŰŮɤɟɞɚɞɔɑŬɠ əŬɘ ȾɚɘɛŬŰɞɚɞɔɑŬɠ, ɇɛɐɛŬ ũŮɤɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɞɜɑəɖɠ  
 

ɄȺɅȽȿȼɊȼ 
Ƀɘ ŬəɟŬɑŮɠ ɓɟɞɢɞˊŰɩůŮɘɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ŬəɟŬɑŬ əɚɘɛŬŰɘəɎ űŬɘɜɧɛŮɜŬ 

ŮɝŬɘŰɑŬɠ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ ɧɢɘ ɛɧɜɞ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŬɚɚɎ əŬɘ Űɖɜ əɞɘɜɤɜɑŬ. ɆŰɧɢɞɠ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ŬɜŰɘəŮɘɛŮɜɘəɧɠ ŮɜŰɞˊɘůɛɧɠ ɞɟɑɤɜ ˊɎɜɤ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɖ ɓɟɞɢɧˊŰɤůɖ ɛˊɞɟŮɑ 

ɜŬ ɗŮɤɟɖɗŮɑ ŬəɟŬɑŬ. ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ɖɛŮɟɐůɘŮɠ Űɘɛɏɠ ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ 

ůŰŬɗɛɞɨɠ Űɖɠ Ⱥɡɟɩˊɖɠ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ əɚɘɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ ɀŮ Űɖ ɢɟɐůɖ Űɖɠ 

ůŰŬŰɘůŰɘəɐɠ ɛŮɗɧŭɞɡ Ůˊɘɚɞɔɐɠ əŬŰɤűɚɑɞɡ (Peaks Over Threshold ïPOT method) ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ɧɟɘŬ 

Űɖɠ ŬəɟŬɑŬɠ ɓɟɞɢɧˊŰɤůɖɠ. ȷˊɧ ŰŬ ˊɟɩŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞ əŬɗɞɟɘůɛɧɠ Űɤɜ ŬəɟŬɑɤɜ 

ɓɟɞɢɞˊŰɩůŮɤɜ ŭɘŬɛɞɟűɩɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ. ũɘŬ ůŰŬɗɛɞɨɠ ˊɎɜɤ Ŭˊɧ 45
ɞ
 ɔ.ˊ. Űɞ 

əŬŰɩűɚɘ Űɖɠ ŬəɟŬɑŬɠ ɓɟɞɢɧˊŰɤůɖɠ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ůŰŬ 25-30mm. ũɘŬ ůŰŬɗɛɞɨɠ əɎŰɤ Űɤɜ 45
ɞ
 ɔ.ˊ. Űɞ 

əŬŰɩűɚɘ ɛŮŰŬɓɎɚɚŮŰŬɘ Ŭˊɧ ŭɡŰɘəɎ ˊɟɞɠ ŬɜŬŰɞɚɘəɎ ɛŮ Űɞɡɠ ŭɡŰɘəɞɨɠ ůŰŬɗɛɞɨɠ ɜŬ ŮɛűŬɜɑɕɞɡɜ ɧɟɘɞ 

ŬəɟŬɑŬɠ ɓɟɞɢɧˊŰɤůɖɠ ŰŬ 60mm əŬɘ Űɞɡɠ ŬɜŬŰɞɚɘəɞɨɠ ŰŬ 40-35mm.  

 

 

1. INTRODUCTION  
 

Climatological data are often modelled with a variety of so-called heavy-tailed 

distribution such as the Pareto, Weibull Gumbel and lognormal. Usually, two 

approaches are used for the analysis of extreme values: the block maxima and the Peaks 

over Threshold (POT). The block maxima approach consists of modelling a sequence of 

maximum values taken in periods of equal length (e.g. annual maxima, seasonal 

maxima). The POT method contrasts with the block maxima approach in the 

characterization of an observation as extreme if it exceeds a high threshold (Coles, 

2001; Kotz and Nadarajah, 1999). The choice of the threshold is tricky; a low threshold 

is likely to break the asymptotic basis of the model, while a high threshold could 
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generate very few excesses. The optimal threshold is to keep the largest possible 

number of data.  

Recently, several studies have bean published with similar objectives. McNeil and 

Saladin (1997) proposed the POT method as the best parametric approachone to fit a 

statistical distribution to the tail of unknown distribution. Deidaa and Puliga (2006) 

provide a thorough investigation into the sensitivity of the POT method on daily 

precipitation in Sardinia region. Coles et al. (2003) used the mean residual life plot to 

set the threshold for applying the Generalized Pareto distribution on rainfall data. The 

POT method was also used by Li et al. (2005). The authors used the change-point test in 

order to define the most appropriate threshold of extreme precipitation in SW Australia.   

This study is motivated by an interest in obtaining the optimal extreme precipitation 

threshold of European stations based on objective criterion. Three different POT 

approaches are used: a) the mean residual life plot (mrl plot), b) the threshold choice 

plot (tc-plot) and c) the dispersion index plot 
 

 

2.  DATA  
 

The study utilises daily rainfall data from a European station network including 38 

stations (Fig. 1) and covering the 1960-2004 period. The daily rainfall data analyzed 

were obtained by the ECA dataset (Klein Tank et al., 2002). Daily data from these 

stations were selected because they are of high quality. The majority of the stations 

present no missing values, while the missing values of few stations were less than 1% of 

the total observations. Table 1 indicates the mean precipitation, the total number of 

rainy days and the mean rainy days per year for each station.   
 

Station

Mean 

precipitation 

Total number 

of rainy days

Mean rainy 

days

Marseille 546 3754 83.4

Milan 970 4592 102.0

Zagreb 885 6302 140.0

Prague 465 6781 150.7

Paris 647 7561 168.0

De Koou 780 9185 204.1

Dublin 774 10166 225.9

Copenhangen 629 7439 165.3

Athens 395 3023 67.2

St. Petropoli 633 7812 173.6

Larnaka 336 2417 53.7

Helsinki 633 8488 188.6

Berlin 585 7946 176.6

Frankfurt 626 7376 163.9

Hamburg 781 8902 197.8

Tel Aviv 529 2560 56.9

Groningen 847 9501 211.1

De Bilt 783 9502 211.2

Bologna 755 4771 106.0

Cagliari 419 5320 118.2

Roma 862 5775 128.3

Lisboa 751 5127 113.9

Porto 1278 6580 146.2

 Ljubljana 1291 6839 152.0

Madrid 453 4450 98.9

Geneve 1039 6847 152.2

Lugano 1569 6046 134.4

Zurich 1074 8136 180.8

Vienna 636 7038 156.4

Moscwa 683 8159 181.3

Vilnious 646 7510 166.9

Malaga 579 2770 61.6

Palermo 507 4668 103.7

Salamanca 387 4417 98.2

Nedstrand 859 9240 205.3

Thessaloniki 450 4094 91.0

Arad 579 5938 132.0

Prilep 477 5115 113.7  

-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
25.00

30.00
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40.00

45.00
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Figure 1. The geographical distribution of the 

stations used in the study. 
 

Table 1. The mean precipitation, the total number of 

rainy days and the mean rainy days per year for the 

38 stations. 
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3.   METHODOLOGY  
 

The mean residual life plot is based on the theoretical mean of the Generalized 

Pareto Distribution (GPD). If Y has a generalized Pareto Distribution then with the 

parameters ů (scale) and ɝ (shape) (Coles, 2001)  

x

s

-
=

1
)(YE   when ɝ Ó1, the theoretical mean is infinite.  

If Y represents excess over a threshold uo
 
and if the approximation by a GPD is 

good enough, then  

x

s

-
=-

1
)( ou

oo uXuXE =  

If GPD is valid for the excesses of the threshold uo, it should be valid for all 

thresholds above the new threshold uo with updated parameters  

x

xs

x

s

-

-
=

-
=-

11
)(

u
uXuXE oo uu
=  

Hence, the )( uXuXE =- is simply the mean of the excesses of the threshold u 

that is expected to change linearly with u (if the GPD model is appropriate). Finally the 

mean residual life plot consists in representing points (Coles, 2001): 
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where nu is the number of observations above the threshold u, x(i) is the i
th

 

observation above the threshold u and xmax is the maximum value of the observations.  
 

 

 

 

 

 

Figure 2. Mean residual life plot 

(with 95% confidence intervals) 

of daily rainfall data. There is 

some evidence of linearity above 

40mm, so the threshold could be 

set at u=40mm. 

A complementary technique is 

to fit the generalized Pareto 

distribution at a range of thresholds and to look for the stability of the parameter 

estimates (Ribatet, 2007). Let X~GP(ɛɞ, ůɞ, ɝɞ) and u is another threshold, with u>uɞ. 

The random value uXX =  is also GPD with updated parameters ( )000 uuu -+= xss  

and ɝu=ɝ0. Let  
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uuu xss -=*  

Estimates of ů* and ɝu are constant for all u>u0
 
if u0 is an optimal threshold for the     

asymptotic approximation.  

 

Threshold choice plots (tc-plots-Fig. 3) represent the points defined by  

( ){ }max

* :, xuu ¢s  and ( ){ }max:, xuu u ¢x  

where xmax is the maximum value of the observations. 

According to Extreme Value Theory (EVT) the excesses over a threshold can follow 

a GPD, but they must also be represented by a Poisson process. If X is distributed as a 

Poisson distribution with parameter ɚ, then  
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Figure 3. Modified scale parameter (top) and shape parameter (bottom) against the threshold 

for daily rainfall. It is evident that both estimates of ů* and ɝU are almost constant for 

40<u<45. Hence the threshold of u=40 can be selected. 
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The Dispersion Index defined as:   
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Figure 4. The threshold selection based on the 

DI plot function. From this figure, a threshold 

around 50 should be reasonable. 
 

 

 

Where s
2
 is the intensity of the Poisson 

process and ɚ mean number of events in a 

block (commonly a year). The DI plot 

presents the Dispersion Index against 

different threshold. 
 

 

4. RESULTS 
 

Bearing in mind that rainfall data are sparse at the tail of their distribution, a 

limitation was applied on the selection of the threshold. The selected threshold could 

not be higher than the corresponding value of 99.5% of the rainy days for each station. 
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Figure 5. The mrl plot (a), the DI plot (b) and the tc-plots (c and d) for the Prague station.  
 

0 20 40 60 80 100

0
.8

1
.0

1
.2

1
.4

1
.6

1
.8

2
.0

Dispersion Index Plot

Threshold

D
is

p
e

rs
io

n
 I
n

d
e

x

 



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

25 ɀ 28/5/2010, PATRAS, GREECE   654 

 

The mean residual life plot of Prague (Fig. 5a) suggests a threshold of u=27. The 

threshold choice plots (tc-plots) support for this choice, since they suggest a threshold 

of u=25. Moreover, the DI plot suggests that the threshold could be equal to 22. Thus, a 

mean threshold equal to 25mm can be considered for Prague. Having chosen this 

threshold (u=25) for the rainfall data of the station in the time period 1960-2004, 16436 

observations and 126 excesses were founded. 

The application of the three POT methods led to determine an appropriate threshold 

for 35 out of 38 stations. The station thresholds are classified into four classes, the 

values of the first class range between 1 and 15mm (circles symbol), for the second 

class between 15 and 30mm (squares), the third between 30 and 45mm (triangles) and 

the last forth class range from 45 to 60mm (stars) (Figure 6). More specifically, two 

stations (Marseilles and Bologna) located in the main cyclogenesis regions of the 

Mediterranean (Maheras et al., 2001; Maheras et al., 2002), present a threshold higher 

than 45mm. Stations in the Alps region present thresholds of extreme rainfall varying 

from 30 to 45mm. All stations in the eastern Mediterranean, as well as the costal 

stations of the Iberian Peninsula, exhibit threshold at the same class (Figure 6). 

Moreover, all stations in the northern and eastern regions of Europe, in the middle of the 

Mediterranean Sea, present thresholds lower than 30mm.  
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Figure 6. The classification of the extreme precipitation thresholds of the 38 stations. 
 

The map shown in Figure 7 provides the number of rainy days with rainfall amount 

above the selected threshold for each station. In the majority of the stations, the 

numbers of cases found are more than twice as large as the hypothetical 45 cases of a 

block maxima approach. Two stations reveal excesses of approximately 200 cases 

(Figure 7), Ljubljana presents 202 excesses above the selected threshold of 40mm and 

Rome 198 excesses above 30mm. On the contrary, two stations in the eastern 

Mediterranean (Athens and Larnaka) present cases less than 40 rainy days, which could 

be explained by their small number of rainy days (3023 and 2417, respectively-Table1).  
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Figure 7. The number of excesses (rainy days) above the selected threshold for each station. 
 

 

5.  CONCLUSIONS 
 

In this study the daily extreme precipitation at 38 stations around Europe were 

analysed. The Peaks over Threshold (POT) methods were introduced to define optimal 

extreme precipitation thresholds for Europe. 

The results revealed that stations located over the 45
o
 latitude present thresholds of 

extreme precipitation equal to 15-30mm (the mode threshold is 25mm), with an 

exception of the stations located in the Alps region. These stations show extreme 

precipitation thresholds ranging from 30 to 45mm. The results corresponding to 

Mediterranean stations underline the significance of the climate variability. For these 

stations, the selection of extreme precipitation thresholds is complex and varies from 

region to region. For instance, stations located in cyclogenesis regions of the 

Mediterranean showed thresholds at 50mm, while in the eastern regions of the 

Mediterranean the threshold is up to 30-45mm. The results are partially consistent with 

the findings for extreme precipitation thresholds using non parametric methods. Rodrigo 

(2009) estimates the extreme precipitation for the Iberian Peninsula at southern stations 

the threshold is around 40mm and at central stations around 15mm. These results are 

similar to those of our study for Spain. On the contrary, Cyzely (2009) defined an 

extreme precipitation threshold higher than 30mm for the Czech Republic, while in our 

study the threshold for this region is around 25mm.   

As a future work, the authors plan to extend their analysis on estimating the return 

periods using parametric statistic methods, as well as analysing other characteristics of 

the extremes (frequency and trends). 
 

 

REFERENCES 
 
Coles St, 2001: An Introduction to Statistical Modeling of Extreme Values. Springer, 208pp 

Coles St., Pericchi L.R. and Sisson S., 2003: A fully probabilistic approach to extreme rainfall 

modelling. Journal of Hydrology, 273, 35-50. 



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

25 ɀ 28/5/2010, PATRAS, GREECE   656 

 

Deidaa R and Puliga M, 2006: Sensitivity of goodness ïof-fit statistics to rainfall data rounding 

off. Phusics and Chemistry of the Earth, 31, 1240-1251. 

Klein Tank, A.M.G. and Coauthors, 2002. Daily dataset of 20th-century surface air temperature 

and precipitation series for the European Climate Assessment. International Journal of 

Climatology, 22, 1441-1453. 

Kotz S. and Nadarajah S., 1999: Extreme Values Distribution, Theory and Applications. Imperial 

College Press. 

Kysely J, 2009: Trends in heavy precipitation in the Czech Republic over 1961-2005. 

International Journal of Climatology,DOI: 10.1002/joc.1784. 

Li Y, Cai W and Campbell EP, 2005: Statistical modelling of extreme rainfall in southwest 

western Australia. Journal of Climate, 18 (6), 852-863. 

Maheras P, Flocas AH, Anagnostopoulou C and Patrikas
 
I 2002: On the vertical structure of 

composite surface cyclones in the Mediterranean region, Theoretical and Applied 

Climatology, 71, 199-217. 

Maheras P., Flocas A. H., Patrikas
 
I. And Anagnostopoulou Chr. 2001: A 40 year objective 

climatology of surface cyclones in the Mediterranean Region: Spatial and temporal 

distribution, International Journal of Climatology.,21, 109-130. 

McNeil A and Saladin T, 1997: The Peaks over threshold method for estimating high quantiles of 

loss distributions.  

          Available on line http://citeseer.ist.psu.edu/old/404832.html  

Ribatet M, 2007: A userôs guide to the POT Package  

          Available on line:  http://cran.r-project.org/web/packages/POT/vignettes/POT.pdf 

Rodrigo FS, 2009: Changes in the probability of extreme daily precipitation observed from 1951 

to 2002 in the Iberian Peninsula. International Journal of Climatology,DOI: 

10.1002/joc.1987. 

 



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

25 ɀ 28/5/2010, PATRAS, GREECE   657 

 

ɀȺȿȺɇȼ ɇȼɆ ȺɁȹɃ-ȼɀȺɅȼɆȽȷɆ ɄɃɅȺȽȷɆ ɇȼɆ ȸɅɃɉȼɆ ɆɇȼɁ ɄȺɅȽɃɉȼ 

ɇɋɁ ȽɋȷɁɁȽɁɋɁ 
 

X. ȹ. Ɇȷȿɀȷ ȾȷȽ ȷ. ɀɄȷɅɇȻɋȾȷɆ 

 
ȺɟɔŬůŰɐɟɘɞ ɀŮŰŮɤɟɞɚɞɔɑŬɠ, ɇɛɐɛŬ ūɡůɘəɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 

 
ɄȺɅȽȿȼɊȼ 
MŮɚŮŰɎŰŬɘ ɖ ɓɟɞɢɧˊŰɤůɖ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ ůŮ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ɓɎůɖ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɤɟɘŬɑŮɠ Űɘɛɏɠ ɨɣɞɡɠ ɓɟɞɢɐɠ ɔɘŬ Űɖɜ 35-ŮŰɐ ˊŮɟɑɞŭɞ 1970ï2004. ȹɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ, ɖ ɛɏůɖ Ůɜŭɞ-

ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ ɔɘŬ ɞɚɧəɚɖɟɞ Űɞ ɏŰɞɠ ˊŬɟɞɡůɘɎɕŮɘ ŭɘˊɚɐ əɨɛŬɜůɖ ɛŮ ɏɜŬ 

ˊɟɤŰŮɨɞɜ ɛɏɔɘůŰɞ əŬŰɎ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ (16:00ï17:00) əŬɘ ɏɜŬ ŭŮɡŰŮɟŮɨɞɜ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ 

ˊɟɤɘɜɏɠ (5:00-6:00). ɇŬ ŮɚɎɢɘůŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 0:00-1:00 əŬɘ 8:00-9:00. ȼ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ɓɟɞɢɧˊŰɤůɖɠ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ŬɡŰɐ ŭɘˊɚɐ əɨɛŬɜůɖ. ȾŬŰɎ Űɞ əŬɚɞəŬɑɟɘ ŮɛűŬɜɑɕŮŰŬɘ 

ɘůɢɡɟɧŰŮɟɞ Űɞ ŬˊɞɔŮɡɛŬŰɘɜɧ ɛɏɔɘůŰɞ (17:00-18:00), əŬŰɎ Űɞ ɢŮɘɛɩɜŬ Űɞ ˊɟɤɘɜɧ (7:00-8:00), Ůɜɩ əŬŰɎ Űɘɠ 

ŭɨɞ ɛŮŰŬɓŬŰɘəɏɠ Ůˊɞɢɏɠ, Ɏɜɞɘɝɖ əŬɘ űɗɘɜɧˊɤɟɞ, ŰŬ ŭɨɞ ɛɏɔɘůŰŬ ŮɑɜŬɘ ůɡɔəɟɑůɘɛŬ. ȼ ɛŮɚɏŰɖ ɏɜŬɟɝɖɠ əŬɘ 

ɚɐɝɖɠ Űɖɠ ɓɟɞɢɐɠ ŭŮɑɢɜŮɘ ɧŰɘ ɛɏɢɟɘ Űɘɠ 7:00 ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɏɜŬɟɝɖɠ ɓɟɞɢɧˊŰɤůɖɠ ɡˊŮɟŰŮɟɞɨɜ Űɤɜ 

ˊŮɟɘˊŰɩůŮɤɜ ɚɐɝɖɠ. ɇɞ ɑŭɘɞ ůɡɛɓŬɑɜŮɘ ɛŮŰŬɝɨ 12:00-17:00. ȷɜŰɑɗŮŰŬ, ɛŮŰɎ Űɘɠ 17:00 ɡˊŮɟŰŮɟɞɨɜ ɞɘ 

ˊŮɟɘˊŰɩůŮɘɠ ɚɐɝɖɠ ɓɟɞɢɐɠ. ɇɏɚɞɠ, ɖ ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ Űɞ əŬɚɞəŬɑɟɘ əŬɘ Űɖɜ Ɏɜɞɘɝɖ ˊŬɟɞɡůɘɎɕŮɘ 

ɏɜŬ ɘůɢɡɟɧ ɛɏɔɘůŰɞ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ, Ůɜɩ Űɞ ɢŮɘɛɩɜŬ əŬɘ Űɞ űɗɘɜɧˊɤɟɞ ɏɜŬ ůɢŮŰɘəɎ Ůɡɟɨ ɛɏɔɘůŰɞ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ. 
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ABSTRACT 
The diurnal variation of precipitation in the area of Ioannina, Greece, is studied, by using hourly 

values for the 35-year period 1970-2004. The mean diurnal variation of precipitation height, for the whole 

year, appears double with a primary maximum during afternoon (16:00-17:00) and a secondary one 

during the morning hours (5:00-6:00). The minima appear at 0:00-1:00 and 8:00-9:00. This diurnal march 

appears as single during summer, with an intense afternoon maximum, while during winter, it presents 

several maxima and minima. The diurnal variation of the frequency of precipitation also appears as 

double. During summer, the afternoon maximum is stronger (17:00-18:00), during winter the morning 

one (7:00-8:00) dominates while in the two transitional seasons, spring and autumn, the two maxima are 

comparable. The study on the onset and cessation of precipitation shows that until 7:00 and from 12:00 to 

17:00 the cases of precipitation onset are more than the ones of precipitation cessation. On the contrary, 

after 17:00 cases of precipitation cessation prevail. Finally, precipitation intensity in summer and spring 

presents a strong maximum in the afternoon, while in winter and autumn a relatively broad maximum 

during daytime hours is seen. 

 

 

1. ȺȽɆȷũɋũȼ 
 

ȼ ɓɟɞɢɐ ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ ůˊɞɡŭŬɘɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɞ́ɡ Ůˊɘŭɟɞɨɜ əŬɘ 

ŭɘŬɛɞɟűɩɜɞɡɜ Űɞɜ əŬɘɟɧ əŬɘ Űɞ əɚɑɛŬ ɛɘŬɠ ˊŮɟɘɞɢɐɠ. Ɇɡɜɐɗɤɠ, ůŰɘɠ ɛŮɚɏŰŮɠ Űɖɠ ɓɟɞɢɐɠ 

ɞɘ ŮɟŮɡɜɖŰɏɠ ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ɨŭŬŰɞɠ ˊɞɡ ˊɏűŰŮɘ ůŮ ɛɘŬ ɞɟɘɕɧɜŰɘŬ 

ŮˊɘűɎɜŮɘŬ. ȳɛɤɠ, Ůɝɑůɞɡ ɢɟɐůɘɛŮɠ ɓɟɞɢɞɛŮŰɟɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ɖ ůɡɢɜɧŰɖŰŬ, ɖ 

ɏɜŰŬůɖ ɐ ɟŬɔŭŬɘɧŰɖŰŬ, əŬɘ ɞɘ ɩɟŮɠ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɖɠ ɓɟɞɢɐɠ. 
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ȷɟəŮŰɞɑ ɏɚɚɖɜŮɠ ŮɟŮɡɜɖŰɏɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮŭɞɛɏɜŬ ɓɟɞɢɧˊŰɤůɖɠ Ŭˊɧ 

ŮˊɑɔŮɘɞɡɠ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ, ɛŮɚɏŰɖůŬɜ ŮəŰŮŰŬɛɏɜŬ Űɞ əŬɗŮůŰɩɠ Űɖɠ 

ɓɟɞɢɧˊŰɤůɖɠ, ůŮ Űɞˊɘəɐ əɚɑɛŬəŬ (ɀŬɢŬɑɟŬɠ, 1987, Katsoulis and Kambetzidis, 1989, 

ɄɏɜɜŬɠ, 1992, Fotiadi et al., 1999, Dalezios and Bartzokas, 1995, ɄŬɚɘŬŰůɧɠ ə.Ɏ, 2008), 

ůŮ ˊŬɜŮɚɚɐɜɘŬ əɚɑɛŬəŬ (Bloutsos, 1993, Bartzokas et al., 2003, Pnevmatikos and 

Katsoulis, 2006) ŬɚɚɎ əŬɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ əŬɘ Űɖɠ Ⱥɡɟɩˊɖɠ 

(ɆŬɢůŬɛɎɜɞɔɚɞɡ ə.Ŭ., 1992, Kutiel and Maheras, 1996, Feidas and Lalas, 2001, Yosef 

et al., 2009). 

ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɖ ɛŮɚɏŰɖ Űɤɜ Ůɜŭɞ-ɖɛŮɟɐůɘɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɖɠ ɓɟɞɢɐɠ, Űɞɡ ˊɞůɞɨ, Űɖɠ ůɡɢɜɧŰɖŰŬɠ, Űɖɠ ŭɘɎɟəŮɘŬɠ əŬɘ Űɖɠ ɏɜŰŬůɐɠ Űɖɠ. ȼ Ůɜŭɞ-

ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ɓɟɞɢɐɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɗɏɟɛŬɜůɖɠïɣɨɝɖɠ Űɞɡ 

ŮŭɎűɞɡɠ, Űɖɜ ŰɞˊɞɔɟŬűɑŬ əŬɘ ŰŬ ŰɞˊɘəɎ ůɡůŰɐɛŬŰŬ əɡəɚɞűɞɟɑŬɠ (ŭŮɠ ˊ.ɢ. Wallace, 

1975, ȾŬŰůɞɨɚɖɠ ə. Ɏ, 1976, Schwartz and Bosart, 1979, Kutiel and Sharon, 1980). 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮɚŮŰɩɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ (ɨɣɞɠ, 

ůɡɢɜɧŰɖŰŬ, ɩɟŬ ɏɜŬɟɝɖɠ, ɩɟŬ ɚɐɝɖɠ, ɏɜŰŬůɖ) ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ ůŮ Ůɜŭɞï

ɖɛŮɟɐůɘŬ ɓɎůɖ ɔɘŬ Űɖɜ 35-ŮŰɐ ˊŮɟɑɞŭɞ 1970-2004.  

 

 

2. ȹȺȹɃɀȺɁȷ ï ɀȺŪɃȹɃȿɃũȽȷ 
 

ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ɞɘ ɤɟɘŬɑŮɠ Űɘɛɏɠ ɨɣɞɡɠ ɓɟɞɢɐɠ, ɞɘ ɞˊɞɑŮɠ 

ŮɚɐűɗɖůŬɜ ɛŮŰɎ Ŭˊɧ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŰŬɘɜɘɩɜ Űɞɡ ɓɟɞɢɞɔɟɎűɞɡ Űɞɡ ɀŮŰŮɤɟɞɚɞɔɘəɞɨ 

ɆŰŬɗɛɞɨ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȽɤŬɜɜɑɜɤɜ, ɔɘŬ Űɖɜ 35ïŮŰɐ ˊŮɟɑɞŭɞ 1970ï2004. 

ȷɟɢɘəɎ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ɖɛŮɟɐůɘɤɜ Űɘɛɩɜ ɓɟɞɢɐɠ Űɤɜ ŰŬɘɜɘɩɜ Űɞɡ 

ɓɟɞɢɞɔɟɎűɞɡ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ɓɟɞɢɧɛŮŰɟɞ (ɛɏŰɟɖůɖ 

8
ɖɠ

 ˊɟɤɘɜɐɠ) Űɞɡ ɑŭɘɞɡ ɀŮŰŮɤɟɞɚɞɔɘəɞɨ ɆŰŬɗɛɞɨ, ɛŮ ůəɞˊɧ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ɛŮɚɏŰɖ ŬɡŰɐ ŭŮɜ ŮɚɐűɗɖůŬɜ ɡˊɧɣɖ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɖ 

ɖɛŮɟɐůɘŬ Ŭˊɧəɚɘůɖ Űɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ Űɤɜ ŭɡɞ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ɞɟɔɎɜɤɜ ŮɑɜŬɘ Ɏɜɤ 

Űɤɜ 3 mm. ȾŬŰɧˊɘɜ, əŬŰŬůəŮɡɎɕŮŰŬɘ ˊɑɜŬəŬɠ ŭŮŭɞɛɏɜɤɜ ŭɘŬůŰɎůŮɤɜ 3.753 ɔɟŬɛɛɩɜ 

(ɖɛɏɟŮɠ ɓɟɞɢɐɠ 35-ŮŰɑŬɠ) x 24 ůŰɖɚɩɜ (ɩɟŮɠ Űɖɠ ɖɛɏɟŬɠ), ɗɏŰɞɜŰŬɠ ɤɠ əŬŰɩűɚɘ ɔɘŬ Űɞɜ 

ɞɟɘůɛɧ Űɖɠ ɖɛɏɟŬɠ ɓɟɞɢɐɠ ŰŬ 0,2 mm ɖɛŮɟɖůɑɤɠ. ɇɏɚɞɠ, ɞ ˊɑɜŬəŬɠ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ 

Ůˊɘɛɏɟɞɡɠ ˊɑɜŬəŮɠ, ŬɜɎ Ůˊɞɢɐ əŬɘ ŬɜɎ ɛɐɜŬ ɔɘŬ Űɘɠ ůɢŮŰɘəɏɠ ɛŮɚɏŰŮɠ. 

ȷəɞɚɞɨɗɤɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɞɡ ɨɣɞɡɠ (mm) əŬɘ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ (ɩɟŮɠ) Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ, ɔɘŬ Űɖɜ 35ïŮŰɐ ˊŮɟɑɞŭɞ 1970ï2004, ůŮ ŮŰɐůɘŬ, ůŮ 

ŮˊɞɢɘŬəɐ ŬɚɚɎ əŬɘ ɛɖɜɘŬɑŬ ɓɎůɖ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ɛŮɚɏŰɖɠ Űɖɠ ɩɟŬɠ 

ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɖɠ ɓɟɞɢɐɠ, ŮɜŰɧɠ Űɞɡ 24ɩɟɞɡ. ɇɏɚɞɠ, ɞɟɑɕɞɜŰŬɠ ɤɠ ɏɜŰŬůɖ ɓɟɞɢɐɠ 

ɔɘŬ əɎɗŮ ɩɟŬ Űɖɠ ɖɛɏɟŬɠ, Űɞ ˊɖɚɑəɞ Űɞɡ ɨɣɞɡɠ ɓɟɞɢɐɠ Űɖɠ 35-ŮŰɑŬɠ əŬŰɎ Űɖɜ ɩɟŬ ŬɡŰɐ 

ˊɟɞɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ Űɖɜ ɑŭɘŬ ɩɟŬ, ɛŮɚŮŰɎŰŬɘ ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ 

Űɖɠ ɏɜŰŬůɖɠ, ŬɜɎ Ůˊɞɢɐ əŬɘ ŬɜɎ ɛɐɜŬ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɧɚŮɠ ɞɘ Ůɜŭɞ-ɖɛŮɟɐůɘŮɠ ˊɞɟŮɑŮɠ 

ɛŮɚŮŰɩɜŰŬɘ ůŮ Űɞˊɘəɐ ɢŮɘɛŮɟɘɜɐ ɩɟŬ. 

 

 

3. ȷɄɃɇȺȿȺɆɀȷɇȷ 
 

3.1 Ⱥɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ɨɣɞɡɠ ɓɟɞɢɐɠ 
 

 ȼ ɛɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ ůŰŬ ȽɤɎɜɜɘɜŬ (1970-2004), 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1Ŭ ɔɘŬ Űɞ ɏŰɞɠ, ůŰɞ ɆɢɐɛŬ 1ɓ ɔɘŬ Űɘɠ ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ əŬɘ ůŰɞ 

ɆɢɐɛŬ 2 ɔɘŬ əɎɗŮ ɛɐɜŬ. ũɘŬ Űɞ ɏŰɞɠ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ ɖ əɨɛŬɜůɖ ŮɑɜŬɘ ŭɘˊɚɐ ɛŮ ɏɜŬ 
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ˊɟɤŰŮɨɞɜ ɛɏɔɘůŰɞ əŬŰɎ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ (16:00-18:00) əŬɘ ɏɜŬ ŭŮɡŰŮɟŮɨɞɜ əŬŰɎ 

Űɘɠ ˊɟɩŰŮɠ ˊɟɤɘɜɏɠ ɩɟŮɠ (05:00-06:00), Ůɜɩ ŰŬ ŮɚɎɢɘůŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ɤɟɘŬɑŬ 

ŭɘŬůŰɐɛŬŰŬ 00:00-01:00 əŬɘ 08:00-09:00. ȺɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ˊɟɤŰŮɨɞɜŰɞɠ ŬˊɞɔŮɡɛŬŰɘɜɞɨ ɛŮɔɑůŰɞɡ, ɔɘŬ Űɞ ɏŰɞɠ, ůɡɛɓɎɚɚɞɡɜ ɧɚŮɠ ɞɘ Ůˊɞɢɏɠ əŬɘ 

əɡɟɑɤɠ Űɞ ȾŬɚɞəŬɑɟɘ, Ůɜ ŬɜŰɘɗɏůŮɘ ɛŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŭŮɡŰŮɟŮɨɞɜŰɞɠ ˊɟɤɘɜɞɨ 

ɛŮɔɑůŰɞɡ, ůŰɞ ɞˊɞɑɞ ůɖɛŬɜŰɘəɧŰŮɟɖ ŮɑɜŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɞɡ ɉŮɘɛɩɜŬ əŬɘ Űɞɡ 

ūɗɘɜɞˊɩɟɞɡ. 
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ȷɁɃȽɂȼ

ȾȷȿɃȾȷȽɅȽ

ūŪȽɁɃɄɋɅɃ

(ɓ) 

Ɇɉȼɀȷ 1: ɀɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ɓɟɞɢɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ (1970-2004) ɔɘŬ: 

(Ŭ) Űɞ ɏŰɞɠ əŬɘ (ɓ) Űɘɠ ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ.  

 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ůŰɖ ɛɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ əŬŰɎ Űɖ 

ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ, ŮɛűŬɜɑɕɞɜŰŬɘ ˊɞɚɚŬˊɚɎ ŬůɗŮɜɐ ɛɏɔɘůŰŬ əŬɘ ŮɚɎɢɘůŰŬ əŬɗô ɧɚɖ Űɖ 

ŭɘɎɟəŮɘŬ Űɞɡ 24ɩɟɞɡ (ɆɢɐɛŬ 1ɓ). ɄŬɟŬŰɖɟɩɜŰŬɠ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊɞɟŮɑŮɠ ŬɜɎ ɛɐɜŬ 

(ɆɢɐɛŬ 2Ŭ), ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɖ ůɡɛɓɞɚɐ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ Űɞɡ 

ȹŮəŮɛɓɟɑɞɡ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ ɛŮɔɑůŰɤɜ əŬŰɎ Űɘɠ ˊɟɩŰŮɠ ˊɟɤɘɜɏɠ ɩɟŮɠ, Ůɜɩ Ɏɝɘɞ  
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Ɇɉȼɀȷ 2: ɀɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ɓɟɞɢɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ (1970-2004) ɔɘŬ: 

(Ŭ) Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ, (ɓ) Űɞɡɠ ŮŬɟɘɜɞɨɠ, (ɔ) Űɞɡɠ ɗŮɟɘɜɞɨɠ əŬɘ (ŭ) Űɞɡɠ űɗɘɜɞˊɤɟɘɜɞɨɠ ɛɐɜŮɠ. 

 

ŬɜŬűɞɟɎɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɖ ɛɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ɓɟɞɢɐɠ Űɞɡ ȽŬɜɞɡŬɟɑɞɡ 

ˊɟɞůŮɔɔɑɕŮɘ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ˊɞɟŮɑŬ Űɞɡ ɉŮɘɛɩɜŬ. ɇŬ ŮɡɟɐɛŬŰŬ ŬɡŰɎ 
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ŮɑɜŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ Űoɡ Wallace (1975) ɔɘŬ Űɘɠ əŬŰŬɘɔɑŭŮɠ ůŰɘɠ ȼɄȷ 

əŬɘ Űɤɜ Schwartz əŬɘ Bosart (1979) ɔɘŬ Űɖ ɓɟɞɢɧˊŰɤůɖ ůŰɖ ūɚɧɟɘɜŰŬ, ȼɄȷ. ȼ 

ɓɟɞɢɧˊŰɤůɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ ɛɐɜŮɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɖɜ ɣɡɢɟɐ 

ˊŮɟɑɞŭɞ Űɞɡ ɏŰɞɡɠ, ŭɑɜɞɜŰŬɠ ˊɞůɎ ɓɟɞɢɐɠ ůɢŮŭɧɜ ɧɚŮɠ Űɘɠ ɩɟŮɠ Űɖɠ ɖɛɏɟŬɠ, ɞűŮɑɚŮŰŬɘ 

ůŰɖ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ȽɤŬɜɜɑɜɤɜ. ɇŬ ȽɤɎɜɜɘɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ 

ˊɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ Űɖɠ Ʉɑɜŭɞɡ (ɞɛɓɟɞˊɚŮɡɟɎ), ɧŰŬɜ ɓŬɗɘɎ ɢŬɛɖɚɎ əɘɜɞɨɜŰŬɘ ůŰɖ 

ɀŮůɧɔŮɘɞ Ŭˊɧ Űɖ ȹɨůɖ ˊɟɞɠ Űɖɜ ȷɜŬŰɞɚɐ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɞɟŮɞɔɟŬűɘəɐ Ŭɜɨɣɤůɖ 

ɡɔɟɩɜ Ŭɏɟɘɤɜ ɛŬɕɩɜ, ŭɘŮɟɔŬůɑŬ ˊɞɡ ůɡɜŰŮɚŮɑ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɓɟɞɢɐɠ (Hatzianastasiou 

et al., 2006). 

ȷɜŰɘɗɏŰɤɠ, Űɞ ȾŬɚɞəŬɑɟɘ, ɖ ɛɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ 

ŮɛűŬɜɑɕŮŰŬɘ ɤɠ Ŭˊɚɐ, ɛŮ ɏɜŰɞɜɞ Űɞ ŬˊɞɔŮɡɛŬŰɘɜɧ ɛɏɔɘůŰɞ (16:00-18:00) (ɆɢɐɛŬ1ɓ). 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ Űɡˊɘəɐɠ ɓɟɞɢŮɟɐɠ əŬɚɞəŬɘɟɘɜɐɠ ɖɛɏɟŬɠ, ɢŬɟŬəŰɖɟɘůŰɘəɐ ŮɑɜŬɘ ɖ 

ɨˊŬɟɝɖ ŬɟəŮŰɩɜ ɤɟɩɜ ɛŮ ɛɖŭŬɛɘɜɧ ɨɣɞɠ ɓɟɞɢɐɠ əŬɘ ŬɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ 

ˊɤɠ ůŰɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɓɟɞɢɧˊŰɤůɖ, Űɞ ɛɏůɞ ɨɣɞɠ Űɖɠ ɓɟɞɢɐɠ 

ɝŮˊŮɟɜɎ əŬŰɎ ˊɞɚɨ ŰŬ ɛɏůŬ ɨɣɖ Űɤɜ Ɏɚɚɤɜ Ůˊɞɢɩɜ. ɇɞ ɛɏɔɘůŰɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŮ 

ɗŮɟɛɘəɎ ŬɑŰɘŬ ɚɧɔɤ Űɤɜ ůɡɜɗɖəɩɜ ŬůŰɎɗŮɘŬɠ ɐ/əŬɘ ŭɡɜŬɛɘəɐɠ ŬůŰɎɗŮɘŬɠ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ ůɡɜɐɗɤɠ Űɞ əŬɚɞəŬɑɟɘ ˊɎɜɤ Ŭˊɧ Űɖɜ ȱˊŮɘɟɞ. Ƀɘ ůɡɜɗɐəŮɠ ŬůŰɎɗŮɘŬɠ ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ ɜŬ ŮɜɘůɢɨɞɜŰŬɘ Ŭˊɧ ɣɡɢɟɏɠ Ůɘůɓɞɚɏɠ ůŰɖɜ ŬɜɩŰŮɟɖ ŬŰɛɧůűŬɘɟŬ ˊɟɞɠ Űɞ Űɏɚɞɠ 

Űɞɡ əŬɚɞəŬɘɟɘɞɨ əŬɘ Űɘɠ Ŭɟɢɏɠ Űɞɡ űɗɘɜɞˊɩɟɞɡ. ɆŰɞ ɆɢɐɛŬ 2ɔ, ůɖɛŮɘɩɜŮŰŬɘ ɖ ůɡɛɓɞɚɐ 

əŬɗŮɜɧɠ əŬɚɞəŬɘɟɘɜɞɨ ɛɐɜŬ, ůŰɖ ɔŮɜɘəɧŰŮɟɖ ŮˊɞɢɘŬəɐ əɨɛŬɜůɖ Űɖɠ ɛɏůɖɠ Ůɜŭɞ-

ɖɛŮɟɐůɘŬɠ ˊɞɟŮɑŬɠ Űɖɠ ɓɟɞɢɐɠ.  

ȼ ŬɜŰɑůŰɞɘɢɖ ˊɞɟŮɑŬ ɔɘŬ Űɖɜ ȯɜɞɘɝɖ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛŮŰŬɓŬŰɘəɐ Ůˊɞɢɐ, ˊŬɟɞɡůɘɎɕŮɘ 

ɛɘəŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɧůɞ ɢŮɘɛŮɟɘɜɎ ɧůɞ əŬɘ əŬɚɞəŬɘɟɘɜɎ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞ ɀɎɟŰɘɞɠ 

ɏɢŮɘ ɛɎɚɚɞɜ ɢŮɘɛŮɟɘɜɐ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ɏɜŬ ůŬűɏɠ ˊɟɤɘɜɧ ɛɏɔɘůŰɞ Ůɜɩ ɞ ɀɎɘɞɠ 

ŬəɞɚɞɡɗŮɑ Űɖɜ əŬɚɞəŬɘɟɘɜɐ Ůɜŭɞ-ɖɛŮɟɐůɘŬ əɨɛŬɜůɖ. 

ɇɏɚɞɠ, ɖ Ɏɚɚɖ ɛŮŰŬɓŬŰɘəɐ Ůˊɞɢɐ, Űɞ ūɗɘɜɧˊɤɟɞ, ˊŬɟɞɡůɘɎɕŮɘ Ůˊɑůɖɠ ɛɘəŰɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ Űɞ ɆŮˊŰɏɛɓɟɘɞ ɜŬ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ əŬɚɞəŬɘɟɘɜɧɠ ɛɐɜŬɠ, ɏɢɞɜŰŬɠ 

ɘůɢɡɟɧ ŬˊɞɔŮɡɛŬŰɘɜɧ ɛɏɔɘůŰɞ əŬɘ Űɞ Ɂɞɏɛɓɟɘɞ ɜŬ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ ɢŮɘɛŮɟɘɜɧɠ ɛŮ 

ˊɞɚɚŬˊɚɎ ɛɏɔɘůŰŬ.  

 

3.2 Ⱥɜŭɞ-ɖɛŮɟɐůɘŬ ɞ́ɟŮɑŬ ůɡɢɜɧŰɖŰŬɠ ɓɟɞɢɐɠ 
 

ȼ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ɓɟɞɢɐɠ (ˊŮɟɘˊŰɩůŮɘɠ ɓɟɞɢɧˊŰɤůɖɠ 

ŬɜɎ ɩɟŬ Űɖɠ ɖɛɏɟŬɠ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 35-ŮŰɑŬɠ) ˊŬɟɞɡůɘɎɕŮɘ ŭɘˊɚɐ əɨɛŬɜůɖ ɛŮ 

ůɡɔəɟɑůɘɛŬ ŰŬ ŭɨɞ ɛɏɔɘůŰŬ (ɆɢɐɛŬ 3Ŭ). ɇɞ ˊɟɩŰɞ ɛɏɔɘůŰɞ, ˊɞɡ ɡˊŮɟɘůɢɨŮɘ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ (17:00-18:00) əŬɘ Űɞ ŭŮɨŰŮɟɞ əŬŰɎ Űɘɠ  
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(ɓ) 
Ɇɉȼɀȷ 3: ɀɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ůɡɢɜɧŰɖŰŬɠ ɓɟɞɢɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ 

(1970-2004) ɔɘŬ: (Ŭ) Űɞ ɏŰɞɠ əŬɘ (ɓ) Űɘɠ ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ. 
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ˊɟɩŰŮɠ ˊɟɤɘɜɏɠ ɩɟŮɠ (06:00-08:00). ɇŬ ŮɚɎɢɘůŰŬ ůɖɛŮɘɩɜɞɜŰŬɘ ůŰŬ ŭɘŬůŰɐɛŬŰŬ 09:00-

10:00 əŬɘ 11:00-13:00. ɆŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŬˊɞɔŮɡɛŬŰɘɜɞɨ ɛŮɔɑůŰɞɡ ůɡɛɓɎɚɚɞɡɜ əŬɘ ɞɘ 

ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ Űɞɡ ɏŰɞɡɠ, əɡɟɑɤɠ, Űɞ ȾŬɚɞəŬɑɟɘ, Ůɜɩ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊɟɤɘɜɞɨ 

ɛŮɔɑůŰɞɡ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɖ ůɡɛɓɞɚɐ Űɞɡ ɉŮɘɛɩɜŬ (ɆɢɐɛŬ 3ɓ). ȾŬŰɎ Űɞ əŬɚɞəŬɑɟɘ 

ŮɛűŬɜɑɕŮŰŬɘ ɘůɢɡɟɧŰŮɟɞ Űɞ ŬˊɞɔŮɡɛŬŰɘɜɧ ɛɏɔɘůŰɞ (17:00-18:00), əŬŰɎ Űɞ ɢŮɘɛɩɜŬ Űɞ 

ˊɟɤɘɜɧ (7:00-8:00), Ůɜɩ əŬŰɎ Űɘɠ ŭɨɞ ɛŮŰŬɓŬŰɘəɏɠ Ůˊɞɢɏɠ, Ɏɜɞɘɝɖ əŬɘ űɗɘɜɧˊɤɟɞ, ŰŬ 

ŭɨɞ ɛɏɔɘůŰŬ ŮɑɜŬɘ ůɡɔəɟɑůɘɛŬ (ɆɢɐɛŬ 3ɓ). 

ɆŰɞ ɆɢɐɛŬ 4Ŭ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ əŬŰŬɜɞɛɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ 

ɓɟɞɢɧˊŰɤůɖɠ Ůˊɑ Űɞɘɠ ŮəŬŰɧ (ůɨɜɞɚɞ 24-ɩɟɞɡ: 100%). ȺɑɜŬɘ ŮɛűŬɜɐɠ ɖ ŮˊɑŭɟŬůɖ əɎɗŮ 

Ůˊɞɢɐɠ ɢɤɟɘůŰɎ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɖɠ ɔŮɜɘəɧŰŮɟɖɠ ˊɞɟŮɑŬɠ (ɆɢɐɛŬ 4ɓ). Ƀɘ Ůˊɞɢɘəɏɠ 

əŬɛˊɨɚŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɛɞɘɧŰɖŰŬ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ. ɆŰɞ 

ɆɢɐɛŬ 5 ˊŬɟɞɡůɘɎɕŮŰŬɘ, ɔɘŬ əɎɗŮ ɩɟŬ Űɖɠ ɖɛɏɟŬɠ, ɖ ˊɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ Űɤɜ 

ˊŮɟɘˊŰɩůŮɤɜ ɓɟɞɢɧˊŰɤůɖɠ ůŰɘɠ ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ. ȺɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ Űɞ ɛɏɔɘůŰɞ Űɞɡ 

ɗɏɟɞɡɠ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŮɑɜŬɘ ŬůɗŮɜɏɠ ůɡɔəɟɘɜɧɛŮɜɞ ɛŮ Űɘɠ ɎɚɚŮɠ Ůˊɞɢɏɠ (ɚɘɔɧŰŮɟɞ Ŭˊɧ 

15% Űɤɜ ɓɟɞɢɞˊŰɩůŮɤɜ Űɤɜ ŬˊɞɔŮɡɛŬŰɘɜɩɜ ɤɟɩɜ ŮɑɜŬɘ ɗŮɟɘɜɏɠ). 
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(ɓ) 
Ɇɉȼɀȷ 4: ɀɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ əŬŰŬɜɞɛɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɓɟɞɢɧˊŰɤůɖɠ Ůˊɑ Űɞɘɠ ŮəŬŰɧ 

(ůɨɜɞɚɞ 24-ɩɟɞɡ: 100%) ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ (1970-2004) ɔɘŬ: (Ŭ) Űɞ ɏŰɞɠ əŬɘ (ɓ) Űɘɠ 

ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ.  
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Ɇɉȼɀȷ 5: ȼ ˊɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɓɟɞɢɧˊŰɤůɖɠ ůŰɘɠ ŰɏůůŮɟɘɠ Ů́ ɞɢɏɠ, ɔɘŬ 

əɎɗŮ ɩɟŬ Űɖɠ ɖɛɏɟŬɠ. 

 

3.3 ȵɟŬ ɏɜŬɟɝɖɠ ï ɚɐɝɖɠ ɓɟɞɢɐɠ 
 

ɆŰɞ ɆɢɐɛŬ 6, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɏɜŬɟɝɖɠ 

əŬɘ ɚɐɝɖɠ Űɖɠ ɓɟɞɢɐɠ (Ůˊɑ Űɞɘɠ ŮəŬŰɧ). ũɘŬ Űɞ ɏŰɞɠ (ɆɢɐɛŬ 6Ŭ), űŬɑɜŮŰŬɘ ɧŰɘ Ŭˊɧ Űɘɠ 

00:00 ɛɏɢɟɘ Űɘɠ 7:00 ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɏɜŬɟɝɖɠ ɡˊŮɟŰŮɟɞɨɜ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɚɐɝɖɠ 

ɓɟɞɢɐɠ. ɇɞ ɑŭɘɞ ůɡɛɓŬɑɜŮɘ əŬɘ ůŰɞ ŭɘɎůŰɖɛŬ 12:00-17:00. ȷɜŰɘɗɏŰɤɠ, Ŭˊɧ Űɘɠ 17:00 ɤɠ 

Űɘɠ 24:00 əŬɘ Ŭˊɧ 07:00 ɏɤɠ 09:00 ɡˊŮɟŰŮɟɞɨɜ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɚɐɝɖɠ. ũɘŬ Űɞ ɉŮɘɛɩɜŬ 

(ɆɢɐɛŬ 6ɓ) ŭŮ űŬɑɜŮŰŬɘ əɎˊɞɘŬ ůɡůŰɖɛŬŰɘəɐ ŭɘŬűɞɟɎ, ɛŮ ŮɝŬɑɟŮůɖ Űɞ ŭɘɎůŰɖɛŬ 07:00-
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09:00 ɧŰŬɜ ɚɐɔɞɡɜ ɞɘ ɓɟŬŭɘɜɏɠ ɓɟɞɢɞˊŰɩůŮɘɠ. ȷɜŰɑɗŮŰŬ, Űɞ ȾŬɚɞəŬɑɟɘ (ɆɢɐɛŬ 6ŭ), ɖ 

ɓɟɞɢɐ űŬɑɜŮŰŬɘ ɜŬ ŬɟɢɑɕŮɘ ɤɠ Űɘɠ 07:00 əŬɘ Ŭˊɧ Űɞ ɛŮůɖɛɏɟɘ ɤɠ Űɘɠ 18:00 əŬɘ ɜŬ ɚɐɔŮɘ 

Ŭˊɧ Űɘɠ 07:00 ɤɠ Űɞ ɛŮůɖɛɏɟɘ əŬɘ Ŭˊɧ Űɘɠ 18:00 ɤɠ ŰŬ ɛŮůɎɜɡɢŰŬ. ȼ ȯɜɞɘɝɖ (ɆɢɐɛŬ 6ɔ) 

űŬɑɜŮŰŬɘ ɜŬ ɓɟɑůəŮŰŬɘ ˊɘɞ əɞɜŰɎ ůŰɞ əŬɚɞəŬɑɟɘ (ɚɧɔɤ Űɞɡ ɀŬȶɞɡ) Ůɜɩ Űɞ ūɗɘɜɧˊɤɟɞ 

(ɆɢɐɛŬ 6Ů), ůŰɞ ɉŮɘɛɩɜŬ. ũŮɜɘəɎ, ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɖɠ 

ɓɟɞɢɐɠ ůŰŬ ȽɤɎɜɜɘɜŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŭɨɞ ɓŬůɘəɞɨɠ Űɨˊɞɡɠ: ɇɞ ɗŮɟɘɜɧ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮɘ ŭɡɞ ɛɏɔɘůŰŬ əŬɘ ŭɨɞ ŮɚɎɢɘůŰŬ əŬɘ Űɞ ɢŮɘɛŮɟɘɜɧ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɚɚŬˊɚɎ 

ɛɏɔɘůŰŬ əŬɘ ŮɚɎɢɘůŰŬ ɛŮ ˊɟɞŮɝɎɟɢɞɜ Űɞ ɛɏɔɘůŰɞ Űɖɠ ɚɐɝɖɠ 07:00-09:00. 
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Ɇɉȼɀȷ 6: ɀɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɖɠ ɓɟɞɢɐɠ (Ůˊɘ 

Űɞɘɠ ŮəŬŰɧ) ůŰŬ ȽɤɎɜɜɘɜŬ (1970-2004) ɔɘŬ: (Ŭ) Űɞ ɏŰɞɠ, (ɓ) Űɞ ɉŮɘɛɩɜŬ, (ɔ) Űɖɜ ȯɜɞɘɝɖ, (ŭ) Űɞ 

ȾŬɚɞəŬɑɟɘ əŬɘ (Ů) Űɞ ūɗɘɜɧˊɤɟɞ. 

 

3.4 Ⱥɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ ɏɜŰŬůɖɠ ɓɟɞɢɐɠ 
 

ȼ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ɓɟɞɢɐɠ ɔɘŬ Űɞ ɏŰɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɎɚɚɞɜ 

Ŭˊɚɐ ɛŮ ɏɜŬ Ůɡɟɨ ɛɏɔɘůŰɞ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɖɛɏɟŬɠ əŬɘ ɏɜŬ Ůɡɟɨ ŮɚɎɢɘůŰɞ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ɜɨɢŰŬɠ. ɇŬ ŮɡɟɐɛŬŰŬ ɓɟɑůəɞɜŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ ŬɡŰɎ Űɤɜ Kutiel əŬɘ 

Sharon (1980) ɔɘŬ Űɞ ȽůɟŬɐɚ. Ƀɘ ɛɏůŮɠ Űɘɛɏɠ Űɖɠ ɏɜŰŬůɖɠ (mm/h), əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 0,96 

mm/h (07:00-08:00), ɏɤɠ 1,67 mm/h (15:00-16:00) (ɆɢɐɛŬ 7Ŭ). 

ȺɝŮŰɎɕɞɜŰŬɠ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ˊɞɟŮɑŮɠ ɔɘŬ Űɘɠ 4 Ůˊɞɢɏɠ Űɞɡ ɏŰɞɡɠ (ɆɢɐɛŬ 7ɓ) 

ŭɘŬˊɘůŰɩɜɞɡɛŮ ŰŬ Ůɝɐɠ: ɋɠ ˊɟɞɠ Űɖɜ ɏɜŰŬůɖ, əŬŰɎ Űɘɠ ˊɟɤɘɜɏɠ ɩɟŮɠ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ 
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Űɘɛɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ Űɞ ūɗɘɜɧˊɤɟɞ (ˊŮɟɑ ŰŬ 1,40 mm/h) Ůɜɩ əŬŰɎ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ Űɞ 

ȾŬɚɞəŬɑɟɘ (ɏɤɠ 3,20 mm/h). ȺɜŭɘŬűɏɟɞɜ ŮɑɜŬɘ ɧŰɘ Ŭˊɧ Űɘɠ 14:00 əŬɘ ɛŮŰɎ ɞ ɢŮɘɛɩɜŬɠ, 

ˊŬɟɧŰɘ ŰŬ ˊɞůɎ ɓɟɞɢɐɠ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŬ, ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ɛɘəɟɧŰŮɟŮɠ ŮɜŰɎůŮɘɠ (ˊŮɟɑ Űɞ 

1mm/h). ɋɠ ŬɜŮɛɏɜŮŰɞ, ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ əɨɛŬɜůɖ Űɖɠ ɏɜŰŬůɖɠ, Űɞ əŬɚɞəŬɑɟɘ 

ˊŬɟɞɡůɘɎɕŮɘ ɘůɢɡɟɧ ɛɏɔɘůŰɞ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ, Ůɜɩ Űɞ ɢŮɘɛɩɜŬ ɏɜŬ ŬůɗŮɜɏůŰŮɟɞ 

Űɘɠ ˊɟɞ-ɛŮůɖɛɓɟɘɜɏɠ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ ɛɏɔɘůŰɞ Űɞɡ əŬɚɞəŬɘɟɘɞɨ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŭɘˊɚɧ 

ɛŮ ɛɘŬ ŭŮɡŰŮɟŮɨɞɡůŬ əɞɟɡűɐ 13:00-14:00. ȼ ŭŮɡŰŮɟŮɨɞɡůŬ ŬɡŰɐ əɞɟɡűɐ ŮɛűŬɜɑɕŮŰŬɘ 

ŬůɗŮɜɏůŰŮɟɖ əŬɘ ůŰɞ ɨɣɞɠ Űɖɠ ɓɟɞɢɐɠ (ɆɢɐɛŬ 1ɓ). Ƀɘ ɎɚɚŮɠ ŭɡɞ ɛŮŰŬɓŬŰɘəɏɠ Ůˊɞɢɏɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ɛɘəŰɐ ŮɘəɧɜŬ.  
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Ɇɉȼɀȷ 7: ɀɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ (mm/h) ůŰɖɜ ˊŮɟɘɞɢɐ 

Űɤɜ ȽɤŬɜɜɑɜɤɜ (1970-2004) ɔɘŬ: (Ŭ) Űɞ ɏŰɞɠ, (ɓ) Űɘɠ ŰɏůůŮɟɘɠ Ůˊɞɢɏɠ, (ɔ) Űɞɡɠ ɢŮɘɛŮɟɘɜɞɨɠ, (ŭ) 

Űɞɡɠ ŮŬɟɘɜɞɨɠ, (Ů) Űɞɡɠ ɗŮɟɘɜɞɨɠ əŬɘ (ůŰ) Űɞɡɠ űɗɘɜɞˊɤɟɘɜɞɨɠ ɛɐɜŮɠ. 

 

ɆŰŬ ɆɢɐɛŬŰŬ 7ɔ-ůŰ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ˊɞɟŮɑŮɠ ŬɜɎ ɛɐɜŬ. ȺɑɜŬɘ 

ŮɛűŬɜɏɠ ɧŰɘ, ɞɘ ɓŬůɘəɏɠ Ůɜŭɞ-ɖɛŮɟɐůɘŮɠ ˊɞɟŮɑŮɠ ɏɜŰŬůɖɠ ɓɟɞɢɐɠ ŮɑɜŬɘ ŭɨɞ ɛɧɜɞɜ, ɖ 

ɢŮɘɛŮɟɘɜɐ əŬɘ ɖ ɗŮɟɘɜɐ. Ƀ ůɡɛɓŬŰɘəɧɠ ɞɟɘůɛɧɠ Űɤɜ Ůˊɞɢɩɜ ŭŮ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɞ 

ɘŭŬɜɘəɧɠ ɔɘŬ ɛɘŬ ɚŮˊŰɞɛŮɟɐ ɛŮɚɏŰɖ Űɞɡ ɗɏɛŬŰɞɠ Ŭűɞɨ ůŰɖɜ ɑŭɘŬ Ůˊɞɢɐ ˊŬɟŬŰɖɟɞɨɛŮ 

ɛɐɜŮɠ ɛŮ ŰŮɚŮɑɤɠ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ. ȷɡŰɧ ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ŮɛűŬɜɏɠ Űɖɜ 

ȯɜɞɘɝɖ (ɆɢɐɛŬ 7ŭ) ɧŰŬɜ ɞɘ ɗŮɟɛɘəɏɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ əŬŰŬɘɔɑŭŮɠ Űɞɡ ɀŬȶɞɡ ŭŮɑɢɜɞɡɜ ɧŰɘ 

ɤɠ ˊɟɞɠ Űɖɜ ɏɜŰŬůɖ Űɖɠ ɓɟɞɢɐɠ, ŰɞɡɚɎɢɘůŰɞɜ, ɞ ɀɎɘɞɠ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ 
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əŬɚɞəŬɘɟɘɜɧɠ ɛɐɜŬɠ. TŬ ŬɜɤŰɏɟɤ ŮɡɟɐɛŬŰŬ ŮɡɟɑůəɞɜŰŬɘ ůŮ ůɡɛűɤɜɑŬ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

Űɖɠ ɛŮɚɏŰɖɠ Űɤɜ Nesbitt and Zipser (2003) ɔɘŬ Űɖɜ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ɏɜŰŬůɖɠ 

Űɖɠ ɓɟɞɢɐɠ. 

 

 

4. ɆɈɀɄȺɅȷɆɀȷɇȷ  
 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛŮɚŮŰɐɗɖəŮ ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɤɜ ɓŬůɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ɓɟɞɢɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ ȽɤŬɜɜɑɜɤɜ (ɨɣɞɠ, ůɡɢɜɧŰɖŰŬ, ɏɜŬɟɝɖ, 

ɚɐɝɖ, ɏɜŰŬůɖ). ȹɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ɖ ɛɏůɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɞɡ ɨɣɞɡɠ Űɖɠ ɓɟɞɢɐɠ 

ˊŬɟɞɡůɘɎɕŮɘ ŭɘˊɚɐ əɨɛŬɜůɖ, ɛŮ ŮɝŬɑɟŮůɖ Űɞ ȾŬɚɞəŬɑɟɘ ˊɞɡ ɖ əɨɛŬɜůɖ ŮɑɜŬɘ Ŭˊɚɐ. 

ȹɘˊɚɐ ŮɑɜŬɘ əŬɘ ɖ Ůɜŭɞ-ɖɛŮɟɐůɘŬ əɨɛŬɜůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ɓɟɞɢɐɠ, ɛŮ ɘůɢɡɟɧŰŮɟɞ 

Űɞ ŬˊɞɔŮɡɛŬŰɘɜɧ ɛɏɔɘůŰɞ əŬŰɎ Űɞ ȾŬɚɞəŬɑɟɘ əŬɘ Űɞ ˊɟɤɘɜɧ ɛɏɔɘůŰɞ əŬŰɎ Űɞ ɉŮɘɛɩɜŬ. 

ȷˊɧ Űɖ ɛŮɚɏŰɖ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɤɜ ɓɟɞɢɩɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ɖɛɏɟŬɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ, ɔɘŬ Űɞ ɏŰɞɠ, ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɏɜŬɟɝɖɠ ɓɟɞɢɐɠ ɡˊŮɟŰŮɟɞɨɜ Űɤɜ 

ˊŮɟɘˊŰɩůŮɤɜ ɚɐɝɖɠ Űɘɠ ˊɟɩŰŮɠ ˊɟɤɘɜɏɠ əŬɘ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ. ɆŰɖ ŭɘŬɛɧɟűɤůɖ 

ŬɡŰɐɠ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ, ůɡɛɓɎɚŮɘ ˊŮɟɘůůɧŰŮɟɞ Űɞ ȾŬɚɞəŬɑɟɘ. ɇɏɚɞɠ, ɛŮɚŮŰɩɜŰŬɠ Űɖɜ 

Ůɜŭɞ-ɖɛŮɟɐůɘŬ ˊɞɟŮɑŬ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ ɓɟɞɢɐɠ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ Űɖ ɗŮɟɛɐ ˊŮɟɑɞŭɞ Űɞɡ 

ɏŰɞɡɠ ɞɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ (əŬŰɎ Űɘɠ ŬˊɞɔŮɡɛŬŰɘɜɏɠ ɩɟŮɠ) ŮɛűŬɜɑɕɞɜŰŬɘ ůɢŮŭɧɜ ŭɘˊɚɎůɘŮɠ 

Ŭˊɧ ŬɡŰɏɠ Űɤɜ Ɏɚɚɤɜ Ůˊɞɢɩɜ. 
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ɆȺɁȷɅȽȷ ɀȺɇȷȸɃȿɋɁ ɇɋɁ ȷȾɅȷȽɋɁ ŪȺɅɀɃȾɅȷɆȽɋɁ ɆɇȼɁ ȷɁȷɇɃȿȽȾȼ 

ɀȺɆɃũȺȽɃ ɀȺɉɅȽ ɇȷ ɇȺȿȼ ɇɃɈ 21
ɃɈ

 ȷȽɋɁȷ 

 

Ⱥ. ɅɃɈɆȼ, Ⱦ. ɇɃȿȽȾȷ, ɉ. ȷɁȷũɁɋɆɇɃɄɃɈȿɃɈ, Ʉ. ɀȷɉȷȽɅȷɆ 
 

ɇɞɛɏŬɠ ɀŮŰŮɤɟɞɚɞɔɑŬɠ əŬɘ ȾɚɘɛŬŰɞɚɞɔɑŬɠ, ɇɛɐɛŬ ũŮɤɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɞɜɑəɖɠ  
 

ɄȺɅȽȿȼɊȼ 
Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɞɡ ŮɡɟɤˊŬɥəɞɨ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ENSEMBLES, ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ ɛɏɢɟɘ ŰŬ 

Űɏɚɖ Űɞɡ 21
ɞɡ

 ŬɘɩɜŬ.  

ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ŮɚɎɢɘůŰɖɠ əŬɘ ɛɏɔɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, ɧˊɤɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ɏɜŬ ůɨɔɢɟɞɜɞ ɛɞɜŰɏɚɞ ŭɡɜŬɛɘəɞɨ 

ɡˊɞɓɘɓŬůɛɞɨ əɚɑɛŬəŬɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ RACMO2 Űɖɠ ȸŬůɘɚɘəɐɠ ɀŮŰŮɤɟɞɚɞɔɘəɐɠ ɈˊɖɟŮůɑŬɠ 

Űɖɠ ɃɚɚŬɜŭɑŬɠ (KNMI) ˊɞɡ ɏɢŮɘ ůŬ çɔɞɜɏŬè Űɞ ɛɞɜŰɏɚɞ ɔŮɜɘəɐɠ əɡəɚɞűɞɟɑŬɠ ECHAM5. ɇŬ ŭŮŭɞɛɏɜŬ 

əŬɚɨˊŰɞɡɜ Űɖ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1960-2100 əŬɘ ɔɘŬ ŰŬ ɛŮɚɚɞɜŰɘəɎ ůŮɜɎɟɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ůŮɜɎɟɘɞ 

Ůəˊɞɛˊɩɜ ȷ1ȸ Űɞɡ IPCC. ȼ ɢɤɟɘəɐ ŬɜɎɚɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ 25x25km əŬɘ əŬɚɨˊŰŮɘ Űɞɜ ŮɡɟɤˊŬɥəɧ 

ɢɩɟɞ ɛŮ 114 ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ əŬŰɎ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ əŬɘ 124 əŬŰɎ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ. ȷˊɧ ŰŬ 14136 

ŬɡŰɎ ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ ŮˊɘɚɏɢɗɖəŬɜ ŮəŮɑɜŬ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ŬɜŬŰɞɚɘəɐɠ 

ɀŮůɞɔŮɑɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ɢɟɞɜɞůŮɘɟɏɠ Űɞɡɠ ɔɘŬ Űɘɠ ŬəɟŬɑŮɠ ɗŮɟɛɞəɟŬůɑŮɠ.     

  ɇŬ ˊɟɩŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɡˊɎɟɢŮɘ ɛɘŬ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɧůɞ Űɤɜ 

ŮɚɎɢɘůŰɤɜ, ɧůɞ əŬɘ Űɤɜ ɛɏɔɘůŰɤɜ ɗŮɟɛɞəɟŬůɘɩɜ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ˊɘɞ ɏɜŰɞɜɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŰŮɚŮɡŰŬɑŬɠ 30ŮŰɑŬɠ Űɞɡ ˊŬɟɧɜŰŬ ŬɘɩɜŬ. Ⱥˊɑůɖɠ, űŬɑɜŮŰŬɘ ˊɤɠ ɖ Ŭɨɝɖůɖ ŮɑɜŬɘ ŮɜŰɞɜɧŰŮɟɖ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɞɡ əŬɚɞəŬɘɟɘɞɨ ůŮ ůɢɏůɖ ɛŮ ŮəŮɑɜɖ Űɤɜ ɡˊɧɚɞɘˊɤɜ Ůˊɞɢɩɜ.      
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ABSTRACT 
The aim of this paper, which is part of the ENSEMBLES EU project, is to study the changes in the 

temperature regime at the eastern Mediterranean through the end of the 21
st
 century. 

Daily minimum and maximum temperature data derived from one of the most updated Regional 

Climate Models, the RACMO2 developed by the Royal Netherlands Meteorological Institute (KNMI) 

with the GCM ECHAM5 as a çparentè model, have been used. For the future climate projections the 

SRES A1B scenario is used. The spatial resolution of the model is 25x25km and the data cover the whole 

European area. Of the 14136 grid points of the domain, the ones that correspond to the eastern 

Mediterranean have been chosen and their maximum and minimum temperature daily time series were 

analyzed.    

The main results of the study show that both parameters will increase in the future, especially during 

the last 30 years of the 21
st
 century. The temperature increase was found to be higher in summer than in 

the other seasons.  

 

 

1. ȺȽɆȷũɋũȱ 
 

Ƀɘ əɚɘɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ əŬɘ ɖ ůɢɏůɖ Űɞɡɠ ɛŮ Űɖɜ ˊɟɞɞŭŮɡŰɘəɐ Ŭɨɝɖůɖ Űɤɜ 

ɗŮɟɛɞəɖˊɘəɩɜ ŬŮɟɑɤɜ ŬˊɞŰɏɚŮůŬɜ əŬɘ ůɡɜŮɢɑɕɞɡɜ ɜŬ ŬˊɞŰŮɚɞɨɜ ŬɜŰɘəŮɑɛŮɜɞ 

ˊɞɚɡɎɟɘɗɛɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ɛŮɚŮŰɩɜ. ɇɧůɞ ɞɘ ɛɏɔɘůŰŮɠ, ɧůɞ əŬɘ ɞɘ ŮɚɎɢɘůŰŮɠ 
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ɗŮɟɛɞəɟŬůɑŮɠ, űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕɞɜŰŬɘ ɎɛŮůŬ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ɗŮɟɛɞəɖˊɘəɩɜ 

ŬŮɟɑɤɜ əŬɘ əɡɟɑɤɠ Űɞɡ CO2 əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ 

ŬəɟŬɑɤɜ ɗŮɟɛɞəɟŬůɘɩɜ əɟɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ. 

Ƀɘ ˊɟɞůɞɛɞɘɩůŮɘɠ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ əɚɑɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ 

ɀɞɜŰɏɚɤɜ ũŮɜɘəɐɠ ȾɡəɚɞűɞɟɑŬɠ (General Circulation Models-GCMs), ŰŬ ɞˊɞɑŬ 

ˊŬɟɏɢɞɡɜ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɘəɟɐɠ əɚɑɛŬəŬɠ, ˊɞɡ ŮɑɜŬɘ ɢɟɐůɘɛŬ ɔɘŬ Űɖ ɛŮɚɏŰɖ ůŮ ŮˊɑˊŮŭɞ 

ɖɛɘůűŬɘɟɑɞɡ ɐ ˊɚŬɜɖŰɘəɧ (Noguer et al., 1998). ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɧɛɤɠ ˊɞɡ əɎˊɞɘɞɠ ɗɏɚŮɘ 

ɜŬ ɛŮɚŮŰɐůŮɘ Űɘɠ əɚɘɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ ůŮ ɛɘəɟɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ, ɖ ŰɟŬɢŮɑŬ ŬɜɎɚɡůɖ Űɤɜ 

GCMs Űɞ əŬɗɘůŰɎ ŬŭɨɜŬŰɞ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ ɚŮɔɧɛŮɜɞɠ 

ɡˊɞɓɘɓŬůɛɧɠ əɚɑɛŬəŬɠ, ˊɞɡ ɢɟɖůɘɛŮɨŮɘ ůŰɖɜ ŮɝŬɔɤɔɐ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ŭŮŭɞɛɏɜɤɜ 

Ŭˊɧ ŰŬ GCMs. ɈˊɎɟɢɞɡɜ ŭɡɞ ɓŬůɘəɏɠ əŬŰɖɔɞɟɑŮɠ ɛŮɗɧŭɤɜ ɡˊɞɓɘɓŬůɛɞɨ əɚɑɛŬəŬɠ, ɞɘ 

ůŰŬŰɘůŰɘəɏɠ ɐ ŮɛˊŮɘɟɘəɏɠ əŬɘ ɞɘ ŭɡɜŬɛɘəɏɠ (Jones et al., 1995). ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ ɄŮɟɘɞɢɘəɧ ȾɚɘɛŬŰɘəɧ ɀɞɜŰɏɚɞ (Regional Climate Model-RCM), 

ˊɞɡ ŬˊɞŰŮɚŮɑ ˊŬɟɎŭŮɘɔɛŬ ŭɡɜŬɛɘəɞɨ ɡˊɞɓɘɓŬůɛɞɨ əɚɑɛŬəŬɠ (Gallardo et al., 2001). ɇɞ 

ɛɞɜŰɏɚɞ ŬɡŰɧ ŮɑɜŬɘ Űɞ RACMO2 Űɖɠ ȸŬůɘɚɘəɐɠ ɀŮŰŮɤɟɞɚɞɔɘəɐɠ ɈˊɖɟŮůɑŬɠ Űɖɠ 

ɃɚɚŬɜŭɑŬɠ (KNMI) əŬɘ ɏɢŮɘ ůŬ çɔɞɜɏŬè Űɞ GCM ECHAM5. ũɘŬ Űɘɠ ɛŮɚɚɞɜŰɘəɏɠ 

əɚɘɛŬŰɘəɏɠ ˊɟɞɓɞɚɏɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ůŮɜɎɟɘɞ Ůəˊɞɛˊɩɜ ȷ1ȸ Űɞɡ IPCC. ȼ ɢɤɟɘəɐ 

ŬɜɎɚɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŮɑɜŬɘ 25x25km əŬɘ əŬɚɨˊŰŮɘ Űɞɜ ŮɡɟɤˊŬɥəɧ ɢɩɟɞ ɛŮ 114 

ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ əŬŰɎ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ əŬɘ 124 əŬŰɎ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ (White, 

ed, 2002, Lenderink et al., 2003). ȷˊɧ ŰŬ 14136 ŬɡŰɎ ůɖɛŮɑŬ ˊɚɏɔɛŬŰɞɠ ŮˊɘɚɏɢɗɖəŬɜ 

ŮəŮɑɜŬ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ɢɟɞɜɞůŮɘɟɏɠ Űɞɡɠ ɔɘŬ Űɘɠ ŬəɟŬɑŮɠ ɗŮɟɛɞəɟŬůɑŮɠ.         

 

 

2. ȹȺȹɃɀȺɁȷ ȾȷȽ ɀȺŪɃȹɃȿɃũȽȷ 
 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɖɛŮɟɐůɘŬ ŭŮŭɞɛɏɜŬ ŮɚɎɢɘůŰɖɠ əŬɘ 

ɛɏɔɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŬɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ-ŰŬ ɧɟɘŬ Űɖɠ ɞˊɞɑŬɠ 

əŬɗɞɟɑůŰɖəŬɜ Ŭˊɧ Űɞɡɠ ůɡɔɔɟŬűŮɑɠ ɤɠ 19
o
-37

o
 ŬɜŬŰɞɚɘəɧ ɔŮɤɔɟŬűɘəɧ ɛɐəɞɠ əŬɘ 33

ɞ
-

42
ɞ
 ɓɧɟŮɘɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ (ɉɎɟŰɖɠ 1)-ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ 

RACMO2. ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ŮˊɞɢɘŬəɏɠ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬɡŰɩɜ ɔɘŬ 

ŰɟŮɘɠ ˊŮɟɘɧŭɞɡɠ 30 ŮŰɩɜ, 1961-1990 (ˊɞɡ əŬɚŮɑŰŬɘ əŬɘ ˊŮɟɑɞŭɞɠ Ůɚɏɔɢɞɡ), 2021-2050 

əŬɘ 2071-2100, əŬɗɩɠ əŬɘ ɞɘ ŭɘŬűɞɟɏɠ (2021-2050) ï (1961-1990) əŬɘ (2071-2100) ï 

(1961-1990).    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɉȷɅɇȼɆ 1. ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ: ȷɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞɠ. 
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3. ȷɄɃɇȺȿȺɆɀȷɇȷ 
Ⱥŭɩ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ ɢɎɟŰŮɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖ ůɨɔəɟɘůɖ 

Űɤɜ Űɘɛɩɜ Űɖɠ ɛɏɔɘůŰɖɠ əŬɘ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɘɠ ŭɨɞ ɛŮɚɚɞɜŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ, 

2021-2050 əŬɘ 2071-2100, ɛŮ Űɘɠ Űɘɛɏɠ Űɖɠ ˊŮɟɘɧŭɞɡ Ůɚɏɔɢɞɡ 1961-1990. ȳɚŮɠ ɞɘ 

ɢɟɞɜɞůŮɘɟɏɠ ŬˊɞŰŮɚɞɨɜ ˊɟɞůɞɛɞɘɤɛɏɜŮɠ ɢɟɞɜɞůŮɘɟɏɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ RACMO2.  

ȼ ɛŮɚɏŰɖ ɏŭɤůŮ ůɖɛŬɜŰɘəɏɠ ŮɜŭŮɑɝŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖ ůˊɞɡŭŬɘɧŰɖŰŬ Űɖɠ ˊŮɟɘɧŭɞɡ 

ɛŮɚɏŰɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ ůŬűɩɠ ɛŮɔŬɚɨŰŮɟɖ əŬŰɎ Űɖ ŭŮɨŰŮɟɖ ɛŮɚɚɞɜŰɘəɐ ˊŮɟɑɞŭɞ, ůŰɞ Űɏɚɞɠ 

ŭɖɚŬŭɐ Űɞɡ ŬɘɩɜŬ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɖ ɛɏɔɘůŰɖ əŬɘ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ɔɘŬ əɎɗŮ Ůˊɞɢɐ. 

  

3.1. ɀɏɔɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ  

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ 

ŮˊɞɢɘŬəɐ ɓɎůɖ ůŰɞɡɠ ɢɎɟŰŮɠ Űɞɡ ůɢɐɛŬŰɞɠ 1.  

ȾŬŰɎ Űɞ ɢŮɘɛɩɜŬ ɞɘ ŭɘŬűɞɟɏɠ ˊɞɡ ůɖɛŮɘɩɗɖəŬɜ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 1,1
ɞ
C ɏɤɠ 2,2

ɞ
C 

ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2021-2050 əŬɘ Ŭˊɧ 2,9
ɞ
C ɏɤɠ 5,7

ɞ
C ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2071-2100. Ƀɘ 

ŭɘŬűɞɟɏɠ ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘɧŭɞɡɠ Űɘɠ ɛɘəɟɧŰŮɟŮɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ ɔɘŬ Űɖɜ ˊŬɟɎɛŮŰɟɞ Űɖɠ ɛɏɔɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ȳůɞɜ ŬűɞɟɎ ůŰɖ 

ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ, ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, əɡɟɑɤɠ ŭɖɚŬŭɐ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɇɞɡɟəɑŬ.  

ȾŬŰɎ Űɖɜ Ɏɜɞɘɝɖ ůɖɛŮɘɩɜɞɜŰŬɘ ɞɘ ŬˊɧɚɡŰŬ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ Ŭɨɝɖůɖɠ Űɖɠ ɛɏɔɘůŰɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ, ɑůŮɠ ɛŮ 0,9-2,6
 ɞ
C əŬɘ 3-6,8

 ɞ
C, ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘɧŭɞɡɠ ŬɜŰɑůŰɞɘɢŬ. ɄɟɏˊŮɘ 

ɧɛɤɠ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ˊŬɟɧɚɞ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɞɘ 

ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ, ɖ ůɡɢɜɧŰɖŰŬ Űɤɜ ɛŮɔɎɚɤɜ Űɘɛɩɜ ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɐ, ˊɟɧəŮɘŰŬɘ 

ŭɖɚŬŭɐ ɔɘŬ ɛŮɛɞɜɤɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɟɘůɛɏɜɤɜ ůɖɛŮɑɤɜ ˊɚɏɔɛŬŰɞɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ůŰɖ ɜɞŰɘɞŬɜŬŰɞɚɘəɐ ɇɞɡɟəɑŬ.  

ɇɞ əŬɚɞəŬɑɟɘ ŮɑɜŬɘ ɖ Ůˊɞɢɐ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŬɜŬɛɏɜɞɜŰŬɘ, ůɨɛűɤɜŬ ɛŮ Űɞ ɛɞɜŰɏɚɞ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, ˊɞɚɨ ɛŮɔɎɚŮɠ Űɘɛɏɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ˊŮɟɘɞɢɐ 

ɛŮɚɏŰɖɠ. Ƀɘ ŭɘŬűɞɟɏɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ əɡɛŬɑɜɞɜŰŬɘ ůŰɞɡɠ 1,4-2,4
ɞ
C əŬɘ 3,3-6,6

ɞ
C ɔɘŬ Űɘɠ 

ŭɨɞ ɛŮɚɚɞɜŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ ŬɜŰɑůŰɞɘɢŬ. ȾŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɞɘ ˊɘɞ ŬəɟŬɑŮɠ Űɘɛɏɠ 

ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ əɡɟɑɤɠ ŬɜŬŰɞɚɘəɎ Űɤɜ 

30
ɞ
 ɔŮɤɔɟŬűɘəɞɨ ɛɐəɞɡɠ.  

ɇɏɚɞɠ, əŬŰɎ Űɞ űɗɘɜɧˊɤɟɞ ˊɟɞɏəɡɣŮ ɛɘəɟɧŰŮɟɞ Ůɨɟɞɠ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɞɟɩɜ Ŭˊô 

ɧ,Űɘ ůŰɘɠ ɎɚɚŮɠ Ůˊɞɢɏɠ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ůɡɜŮˊɩɠ ɛɘŬ ůɢŮŰɘəɐ ɞɛɞɘɞɛɞɟűɑŬ ůŰɖɜ 

ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ˊŮɟɘɧŭɞɡɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɑɜŬɘ ˊɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 2021-2050, ɧˊɞɡ ɞɘ ŭɘŬűɞɟɏɠ ɝŮəɘɜɞɨɜ Ŭˊɧ Űɞɡɠ 1,2
 ɞ

C əŬɘ űŰɎɜɞɡɜ 

Űɞɡɠ 2,1
ɞ
C, Ůɜɩ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2071-2100 ɞɘ ŭɘŬűɞɟɏɠ ŮɑɜŬɘ Ŭˊɧ 3,3 ɏɤɠ 5,4

ɞ
C. 

 ɆɡɜɞɣɑɕɞɜŰŬɠ, əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 2021-2050 ɞɘ ŭɘŬűɞɟɏɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɖ 

ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 0,9
ɞ
C ɏɤɠ Űɞɡɠ 2,6

ɞ
C. ȸɏɓŬɘŬ ɡˊɎɟɢɞɡɜ 

ŬɟəŮŰɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Űɧůɞ ɛŮŰŬɝɨ Űɤɜ Ůˊɞɢɩɜ, ɧůɞ əŬɘ Ŭˊɧ 

ɔŮɤɔɟŬűɘəɐɠ Ɏˊɞɣɖɠ. ɆɢŮŰɘəɎ ɛŮ Űɖɜ ŮˊɞɢɘŬəɐ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬűɞɟɩɜ, ɞɘ 

ɛŮɔŬɚɨŰŮɟŮɠ ůɖɛŮɘɩɜɞɜŰŬɘ əŬŰɎ Űɖɜ Ɏɜɞɘɝɖ əŬɘ Űɞ əŬɚɞəŬɑɟɘ, Ůɜɩ ɧůɞɜ ŬűɞɟɎ ůŰɖ 

ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ 

ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ, ˊɞɡ əŬɚɨˊŰŮɘ Űɖ 

ɜɞŰɘɞŬɜŬŰɞɚɘəɐ ɇɞɡɟəɑŬ. ȷɜŰɑůŰɞɘɢŬ ŮɑɜŬɘ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖ ŭŮɨŰŮɟɖ 

ɛŮɚɚɞɜŰɘəɐ ˊŮɟɑɞŭɞ 2071-2100, ɛɧɜɞ ˊɞɡ ɖ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ 

ɛŮɔŬɚɨŰŮɟɖ, ɛŮ Űɘɠ ŭɘŬűɞɟɏɠ ɜŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 2,8
ɞ
C ɏɤɠ Űɞɡɠ 6.8

ɞ
C. ȺɘŭɘəɎ 
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əŬŰɎ Űɞ əŬɚɞəŬɑɟɘ, ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŬɡɝɖɗŮɑ əŬŰɎ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 5
ɞ
C 

ɔɘŬ Űɞ ůɡɜŰɟɘˊŰɘəɎ ɛŮɔŬɚɨŰŮɟɞ ŰɛɐɛŬ Űɖɠ ɇɞɡɟəɑŬɠ, ŬɚɚɎ əŬɘ ɔɘŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ 

ȺɚɚɎŭŬɠ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɇɉȼɀȷ 1. ȺˊɞɢɘŬəɐ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ɛɏɔɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɘɠ 

ŭɨɞ ɛŮɚɚɞɜŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ 2021-2050 (ŬɟɘůŰŮɟɎ) əŬɘ 2071-2110 (ŭŮɝɘɎ) ůɢŮŰɘəɎ ɛŮ  Űɖɜ 

ˊŮɟɑɞŭɞ Ůɚɏɔɢɞɡ 1961-1990.  
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3.2. ȺɚɎɢɘůŰɖ ŪŮɟɛɞəɟŬůɑŬ  

 

ɆŰɞɡɠ ɢɎɟŰŮɠ Űɞɡ ůɢɐɛŬŰɞɠ 2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ ŮˊɞɢɘŬəɐ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ. 

ȾŬŰɎ Űɞ ɢŮɘɛɩɜŬ ɞɘ ŭɘŬűɞɟɏɠ Űɖɠ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ Ůɚɏɔɢɞɡ 

1961-1990, ŮɑɜŬɘ Ŭˊɧ 1-2,1
ɞ
C ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2021-2050 əŬɘ 1,9-4,5

ɞ
C ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 

2071-2100. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ 

ɛŮɚɏŰɖɠ.  

ɇɖɜ Ɏɜɞɘɝɖ ɞɘ ŭɘŬűɞɟɏɠ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 0,8 ɏɤɠ Űɞɡɠ 1,7
 ɞ
C əŬɘ Ŭˊɧ 2,5-4,5

ɞ
C 

ɔɘŬ Űɘɠ ŭɡɞ ˊŮɟɘɧŭɞɡɠ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ŭɘŬűɞɟɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ɞɘ ɛɘəɟɧŰŮɟŮɠ ɛŮŰŬɝɨ Űɤɜ 

Ůˊɞɢɩɜ, ŬəɞɚɞɡɗɞɨɛŮɜŮɠ Ŭˊɧ Űɘɠ ŭɘŬűɞɟɏɠ Űɞɡ ɢŮɘɛɩɜŬ.  

ȾŬŰɎ Űɞ əŬɚɞəŬɑɟɘ ůɖɛŮɘɩɜɞɜŰŬɘ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ 

ˊŮɟɘɧŭɞɡɠ, ɔŮɔɞɜɧɠ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ əŬɘ ůŰɖ ɛɏɔɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ. Ƀɘ ŭɘŬűɞɟɏɠ ŮɑɜŬɘ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 1,5-2,3
 ɞ

C ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2021-2050 əŬɘ Űɤɜ 3,5-6
 ɞ

C ɔɘŬ Űɖɜ 2071-

2100. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ əŬɘ ˊɎɚɘ əŬŰɎ ɛɐəɞɠ Űɖɠ əŮɜŰɟɘəɐɠ əŬɘ 

ɜɧŰɘŬɠ ŬɜŬŰɞɚɘəɐɠ ɇɞɡɟəɑŬɠ.  

ɆɖɛŬɜŰɘəɐ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ əŬŰɎ Űɞ 

űɗɘɜɧˊɤɟɞ, ɞˊɧŰŮ əŬɘ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬűɞɟɏɠ ɛŮŰɎ Ŭˊɧ ŬɡŰɏɠ Űɞɡ 

əŬɚɞəŬɘɟɘɞɨ. Ƀɘ Űɘɛɏɠ ŮɑɜŬɘ 1,3-2,2
 ɞ

C əŬɘ 3-5,3
 ɞ

C ɔɘŬ Űɘɠ ŭɨɞ ɛŮɚɚɞɜŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ 

ŬɜŰɑůŰɞɘɢŬ.   

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɞɘ ŭɘŬűɞɟɏɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ ɗŮɟɛɞəɟŬůɑŬ 

ɏɢɞɡɜ ɛɘəɟɧŰŮɟɖ ŭɘŬůˊɞɟɎ Ŭˊɧ ŬɡŰɏɠ Űɖɠ ɛɏɔɘůŰɖɠ. ȼ Ŭɨɝɖůɖ ˊŬɟŬɛɏɜŮɘ, ɧˊɤɠ ɐŰŬɜ 

ŬɜŬɛŮɜɧɛŮɜɞ, ůɖɛŬɜŰɘəɎ ɛŮɔŬɚɨŰŮɟɖ ɧŰŬɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ Űɞ Űɏɚɞɠ Űɞɡ ŬɘɩɜŬ. ũɘŬ 

Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ 2021-2050 ɖ Ŭɨɝɖůɖ Űɖɠ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 

Űɞɡɠ 0,8
ɞ
C ɏɤɠ Űɞɡɠ 2,3

 ɞ
C  əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 2071-2100 Ŭˊɧ Űɞɡɠ 2

ɞ
C ɏɤɠ Űɞɡɠ 6

 ɞ
C. 

ȺˊɞɢɘŬəɎ, ɖ ɛŮɔŬɚɨŰŮɟɖ Ŭɨɝɖůɖ ŬɜŬɛɏɜŮŰŬɘ əŬŰɎ Űɞ əŬɚɞəŬɑɟɘ əŬɘ Ŭəɞɚɞɨɗɤɠ əŬŰɎ Űɞ 

űɗɘɜɧˊɤɟɞ. ȳůɞɜ ŬűɞɟɎ ůŰɖ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ŮɚɎɢɘůŰɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ, ŬɡŰɐ ŬəɞɚɞɡɗŮɑ ŰŬ ɑŭɘŬ ˊɟɧŰɡˊŬ ɛŮ Űɖ ɛɏɔɘůŰɖ, ŭɖɚŬŭɐ ɖ Ŭɨɝɖůɖ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ůŰɞ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ ŰɞɛɏŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ.    
 

 

4. ɆɈɀɄȺɅȷɆɀȷɇȷ 
 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ ɄŮɟɘɞɢɘəɧ ȾɚɘɛŬŰɘəɧ ɀɞɜŰɏɚɞ 

ɡɣɖɚɐɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ (25x25km) ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ Ůɝɏɚɘɝɖɠ Űɞɡ 

əɚɑɛŬŰɞɠ ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɀŮůɧɔŮɘɞ.  

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, əɡɟɑɤɠ ɖ ɛɏɔɘůŰɖ, ŬɚɚɎ əŬɘ ɖ ŮɚɎɢɘůŰɖ 

ɗŮɟɛɞəɟŬůɑŬ, ŬɜŬɛɏɜŮŰŬɘ ɜŬ Ŭɡɝɖɗɞɨɜ ůɖɛŬɜŰɘəɎ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ. ȼ Ŭɨɝɖůɖ 

ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɖ ɧŰŬɜ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ ŰŬ Űɏɚɖ Űɞɡ ŬɘɩɜŬ, Ůɜɩ 

ɖ Ůˊɞɢɐ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ Ŭɨɝɖůɖ ŮɑɜŬɘ Űɞ əŬɚɞəŬɑɟɘ, ɧˊɞɡ ɞɘ 

ŭɘŬűɞɟɏɠ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ Ůɚɏɔɢɞɡ ɝŮˊŮɟɜɞɨɜ Ŭəɧɛɖ əŬɘ Űɞɡɠ 6
ɞ
C. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŬɡŰɎ ůɡɛűɤɜɞɨɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ ŬˊɞŰŮɚɏůɛŬŰŬ Ɏɚɚɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŮɚŮŰɩɜ, 

ɧˊɤɠ ŬɡŰɏɠ Űɤɜ Giannakopoulos et al. (2009), Giorgi and Lionello (2008) əŬɘ 

Goubanova and Li  (2007). ũŮɤɔɟŬűɘəɎ, ɖ ůɖɛŬɜŰɘəɧŰŮɟɖ Ŭɨɝɖůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ 

ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ɇɞɡɟəɑŬɠ əŬɘ əɡɟɑɤɠ ůŰɞ ɜɧŰɘɞ əŬɘ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɖɠ. ȾɎŰɘ 

ŬɜŰɑůŰɞɘɢɞ ˊŬɟŬŰɖɟɐɗɖəŮ əŬɘ Ŭˊɧ Űɞɡɠ Giannakopoulos et al. (2009), ɞɘ ɞˊɞɑɞɘ 

ůɖɛŮɘɩɜɞɡɜ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ɖˊŮɑɟɞɡ Ŭˊô ɧ,Űɘ ůŰŬ ˊŬɟɎɚɘŬ, ɚɧɔɤ Űɖɠ ŬŭɟɎɜŮɘŬɠ ˊɞɡ 

ɢŬɟŬəŰɖɟɑɕŮɘ Űɖ ɀŮůɧɔŮɘɞ ɗɎɚŬůůŬ, ɖ ɞˊɞɑŬ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŬɚɚŬɔɏɠ ɜŬ 
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ůɡɜŰŮɚɞɨɜŰŬɘ ˊɘɞ ŬɟɔɎ ůŰɘɠ ˊŬɟŬəŮɑɛŮɜŮɠ ˊŮɟɘɞɢɏɠ. ȼ ɛŮɔɎɚɖ ŭɘŬűɞɟɎ Ŭɨɝɖůɖɠ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ɖˊŮɑɟɞɡ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ Űɖɠ 

ɧɢɘ əŬɚɐɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɖɠ ɓɚɎůŰɖůɖɠ əŬɘ Űɞɡ ɡɣɞɛɏŰɟɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ, ɔŮɔɞɜɧɠ ˊɞɡ 

ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮəűɟɎɕŮŰŬɘ əŬɘ Ŭˊɧ ůűɎɚɛŬŰŬ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɇɉȼɀȷ 2. ȺˊɞɢɘŬəɐ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɖɠ Ŭɨɝɖůɖɠ Űɖɠ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɘɠ 

ŭɨɞ ɛŮɚɚɞɜŰɘəɏɠ ˊŮɟɘɧŭɞɡɠ 2021-2050 (ŬɟɘůŰŮɟɎ) əŬɘ 2071-2110 (ŭŮɝɘɎ) ůɢŮŰɘəɎ ɛŮ  Űɖɜ 

ˊŮɟɑɞŭɞ Ůɚɏɔɢɞɡ 1961-1990.  

ɉŮɘɛɩɜŬɠ

ȾŬɚɞəŬɑɟɘ

ūɗɘɜɧˊɤɟɞ

ȯɜɞɘɝɖ

20 25 30 35

35
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20 25 30 35
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40

20 25 30 35
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40
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   0.8  to  1.1

   1.1  to  1.4

   1.4  to  1.7

   1.7  to  2

   2  to  2.3
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   2  to  2.8

   2.8  to  3.6

   3.6  to  4.4

   4.4  to  5.2

   5.2  to  6
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ɆɡɜŮˊɩɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɞɜɘůŰŮɑ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ɛɞɜŰɏɚŬ ˊŬɟɞɡůɘɎɕɞɡɜ Űɧůɞ 

ůɡůŰɖɛŬŰɘəɎ, ɧůɞ əŬɘ ŰɡɢŬɑŬ ůűɎɚɛŬŰŬ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ əɚɘɛŬŰɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ˊŮɟŬɘŰɏɟɤ ŬɜɎˊŰɡɝɖ əŬɘ 

Ŭɝɘɞɚɧɔɖůɐ Űɞɡɠ, ɛŮ ůŰɧɢɞ Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ˊɖɔɩɜ Űɤɜ ůűŬɚɛɎŰɤɜ Űɞɡɠ (Moberg 

and Jones, 2004). ũɘŬ ɜŬ ɗŮɤɟɖɗŮɑ ɞɚɞəɚɖɟɤɛɏɜɖ ɖ ɛŮɚɏŰɖ Űɤɜ ɛŮɚɚɞɜŰɘəɩɜ ůŮɜŬɟɑɤɜ 

Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ůˊɘˊɚɏɞɜ ůɨɔəɟɘůɖ Űɤɜ 

ˊɟɞůɞɛɞɘɤɛɏɜɤɜ ɢɟɞɜɞůŮɘɟɩɜ Űɤɜ ɛɞɜŰɏɚɤɜ ɛŮ ˊɟŬɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ůŰŬɗɛɩɜ ɐ ɛŮ 

ŭŮŭɞɛɏɜŬ ŬɜŬŭɟɞɛɘəɐɠ ŬɜɎɚɡůɖɠ (reanalysis data). Ⱥˊɑůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɢɟɐůɖ 

ůŰɞɘɢŮɑɤɜ əŬɘ Ŭˊɧ ɎɚɚŬ ŭɡɜŬɛɘəɎ əɚɘɛŬŰɘəɎ ɛɞɜŰɏɚŬ əŬɘ ůɨɔəɟɘůɖ ŬɡŰɩɜ. ȰŰůɘ ɗŬ 

ɛˊɞɟɞɨůŮ əɎˊɞɘɞɠ ɜŬ ɞŭɖɔɖɗŮɑ ůŮ ˊɘɞ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ 

ɢɟɐůɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ, ŬɚɚɎ əŬɘ ɞˊɞɘɞɡŭɐˊɞŰŮ ɛɞɜŰɏɚɞɡ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ɛŮɚɚɞɜŰɘəɩɜ əɚɘɛŬŰɘəɩɜ ůŮɜŬɟɑɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮ ɛŮɔɎɚɖ ˊɟɞůɞɢɐ əŬɘ 

ŮˊɘűɨɚŬɝɖ.  
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ȷɂȽɃȿɃũȼɆȼ ɇȼɆ ɄȿȺũɀȷɇȽȾȼɆ ȸȷɆȼɆ ȹȺȹɃɀȺɁɋɁ ȸɅɃɉȼɆ TRMM  

ũȽȷ ɇȼɁ ɄȺɅȽɃɉȼ ɇȼɆ ȺȿȿȷȹɃɆ 
 

Ʉ. Ū. ɁȷɆɇɃɆ
1
, Ƚ. ȾȷɄɆɋɀȺɁȷȾȼɆ

2
 ȾȷȽ Ⱦ. ɀ. ūȽȿȷɁȹɅȷɆ

2 

 
1
ȺɟɔŬůŰɐɟɘɞ ȾɚɘɛŬŰɞɚɞɔɑŬɠ əŬɘ ȷŰɛɞůűŬɘɟɘəɞɨ ɄŮɟɘɓɎɚɚɞɜŰɞɠ, ɇɛɐɛŬ ũŮɤɚɞɔɑŬɠ əŬɘ 

ũŮɤˊŮɟɘɓɎɚɚɞɜŰɞɠ, Ⱥɗɜɘəɧ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 
2
ȾɏɜŰɟɞɜ ȺɟŮɨɜɖɠ ūɡůɘəɐɠ Űɖɠ ȷŰɛɧůűŬɘɟŬɠ əŬɘ ȾɚɘɛŬŰɞɚɞɔɑŬ, ȷəŬŭɖɛɑŬ ȷɗɖɜɩɜ  

 

ɄȺɅȽȿȼɊȼ 
ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɔɑɜŮŰŬɘ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɚŮɔɛŬŰɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɓɟɞɢɐɠ TRMM 

(Tropical Rainfall Measuring Mission) 3B-43 ɛŮ ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɓɟɞɢɐɠ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ 

ŭŮŭɞɛɏɜŬ ŮˊɘɔŮɑɤɜ ůŰŬɗɛɩɜ ɔɘŬ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ȺɚɚɎŭɞɠ. ȼ ɢɤɟɘəɐ ŬɜɎɚɡůɖ Űɤɜ ˊɚŮɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ TRMM 3B-43 ŮɑɜŬɘ 0.25ÁĬ0.25Á əŬɘ ɏɢɞɡɜ ɛɖɜɘŬɑŬ ɢɟɞɜɘəɐ ŬɜɎɚɡůɖ əŬɚɨˊŰɞɜŰŬɠ Űɖɜ 

ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 1998 ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ (ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖɜ 

11ŮŰɑŬ 1998-2008). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɎɛŮůɖ ůɨɔəɟɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ TRMM ɛŮ ŰŬ 

ŭŮŭɞɛɏɜŬ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ, ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ůŰŬɗɛɩɜ (~70 ůŰŬɗɛɞɑ) ŬɜɐɢɗɖůŬɜ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ ůŰŬŰɘůŰɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ Kriging, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ɡɣɧɛŮŰɟɞ 

Űɞɡ ůŰŬɗɛɞɨ, ůŮ ˊɚɏɔɛŬ ɑŭɘŬɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ŬɡŰɧ Űɤɜ TRMM 3B-43 (0.25ÁĬ0.25Á). ȺɝŮŰɎɕŮŰŬɘ ɖ 

ɛɏůɖ ŮŰɐůɘŬ əŬɘ ɛɏůɖ Ůˊɞɢɘəɐ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŭɘŬűɞɟɩɜ ɛŮŰŬɝɨ Űɤɜ TRMM ŭŮŭɞɛɏɜɤɜ əŬɘ Űɤɜ 

ɚ́ŮɔɛŬŰɘəɩɜ ŮˊɑɔŮɘɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ əŬɘ Ůˊɑůɖɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɞɘ 

ɢɤɟɘəɏɠ əŬŰŬɜɞɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ˊɚŮɔɛŬŰɘəɩɜ ɓɎůŮɤɜ ůŮ ŮŰɐůɘŬ əŬɘ 

Ůˊɞɢɘəɐ ɓɎůɖ. 
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ABSTRACT 
The goal of this study is the assessment of the reliability of the TRMM (Tropical Rainfall 

Measuring Mission) 3B-43 gridded precipitation estimates over Greece. The evaluation was made using 

gridded precipitation data based on data from meteorological stations for the wider region of Greece. The 

TRMM gridded estimates are on a calendar month temporal resolution and 0.25ÁĬ0.25Á spatial resolution 

concerning the 11-year period 1998-2008. In order to compare directly the TRMM with the observational 

data, the data from the meteorological stations (~70 stations) were upscaled to exactly the same resolution 

as the TRMM data, using Kriging spatial interpolation method, taking into account the height of the 

meteorological stations. The annual and seasonal spatial distribution of the differences between the two 

datasets along with the spatial distribution of the correlation coefficients are presented and analyzed.    

 

 

1. ȺȽɆȷũɋũȼ 
 

ȷˊɧ ɧɚŬ ŰŬ əɚɘɛŬŰɘəɎ ůŰɞɘɢŮɑŬ ɖ ɓɟɞɢɐ ŮɛűŬɜɑɕŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ 

Űɧůɞ ůŮ ɢɤɟɘəɐ ɧůɞ əŬɘ ůŮ ɢɟɞɜɘəɐ ɓɎůɖ, Ůɜɩ ŰŬ ɓɟɞɢɞɛŮŰɟɘəɎ ŭŮŭɞɛɏɜŬ 

ˊŮɟɘɞɟɑɕɞɜŰŬɘ ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ ůŮ ˊŮɟɘɞɢɏɠ ɛɏůɞɡ ɡɣɞɛɏŰɟɞɡ, ɛŮ ŮɝŬɑɟŮůɖ ɚɑɔɞɡɠ 



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

25 ɀ 28/5/2010, PATRAS, GREECE   674 

 

ɓɟɞɢɞɛŮŰɟɘəɞɨɠ ůŰŬɗɛɞɨɠ ůŮ ɛŮɔɎɚŬ ɡɣɧɛŮŰɟŬ, ɞɘ ɞˊɞɑɞɘ ɧɛɤɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůɢŮŰɘəɎ 

ɛɘəɟɐ ˊŮɟɑɞŭɞ ɚŮɘŰɞɡɟɔɑŬɠ. Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ ŬɡŰɞɑ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɏɜŰɞɜɖ Űɞˊɘəɐ 

ɞɟɞɔɟŬűɑŬ ŭɖɛɘɞɡɟɔɞɨɜ ŭɡůəɞɚɑŮɠ ůŰɖɜ ɛŮɚɏŰɖ Űɧůɞ Űɖɠ ɢɤɟɘəɐɠ ɧůɞ əŬɘ Űɖɠ ɢɟɞɜɘəɐɠ 

əŬŰŬɜɞɛɐɠ Űɖɠ ɓɟɞɢɐɠ. ȼ ȺɚɚɎŭŬ ŮɑɜŬɘ ɛɘŬ ɢɩɟŬ ɛŮ ŰɞˊɞɔɟŬűɑŬ, ˊɞɡ ůɡɜŰŮɚŮɑ ůŰɖ 

ŭɘŬɛɧɟűɤůɖ ɛɤůŬɥəɞɨ əɚɘɛɎŰɤɜ ˊɎɜɤ Ŭˊɧ Űɖɜ ɢɩɟŬ, ɧˊɞɡ ůŮ ɛɘŬ ŬˊɧůŰŬůɖ ˊŮɟɑˊɞɡ  

350 km ɖ ŮŰɐůɘŬ ɓɟɞɢɧˊŰɤůɖ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 2000 mm ůŰɘɠ ɞɟŮɘɜɏɠ 

ˊŮɟɘɞɢɏɠ Űɖɠ ɓɞɟŮɘɞŭɡŰɘəɐɠ ȺɚɚɎŭŬɠ ɤɠ ɚɘɔɧŰŮɟɞ Ŭˊɧ 400 mm ůŰɖɜ ȷŰŰɘəɐ əŬɘ Űɘɠ 

ŭɡŰɘəɏɠ ȾɡəɚɎŭŮɠ, Ůɜɩ ɖ ŭɘŬɢɟɞɜɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ ŮɑɜŬɘ ɡɣɖɚɐ 

Ůˊɑůɖɠ. ȼ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɓɟɞɢɧˊŰɤůɖɠ əŬɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɖɠ 

ɓɟɞɢɧˊŰɤůɖɠ ůŰɖɜ ȺɚɚɎŭŬ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ Ŭˊɧ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ (Repapis, 1986; 

Nastos, 1993; Metaxas et al., 1999; Maheras and Anagnostopoulou, 2003; Nastos and 

Zerefos, 2008; 2009; Feidas et al., 2007; ɁɎůŰɞɠ, 2008). ȼ ŬɜŬɔəŬɘɧŰɖŰŬ ɧɛɤɠ ɔɘŬ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɓɟɞɢɐɠ ůŮ ɡɣɖɚɐ ɢɤɟɘəɐ əŬɘ ɢɟɞɜɘəɐ ŬɜɎɚɡůɖ, ɘŭɘŬɑŰŮɟŬ ůŮ ˊŮɟɘɞɢɏɠ 

ɛŮ ɏɜŰɞɜɖ ɞɟɞɔɟŬűɑŬ əŬɘ ŮɜŬɚɚŬɔɐ ɝɖɟɎɠ - ɗɎɚŬůůŬɠ, ŬɚɚɎ əŬɘ ˊɎɜɤ Ŭˊɧ ɤəŮŬɜɞɨɠ, 

ɞŭɐɔɖůŮ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ ůŰɖɜ ɛŮɚɏŰɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ɓɟɞɢɐɠ Ŭˊɧ ŭɞɟɡűɞɟɘəɎ 

ŭŮŭɞɛɏɜŬ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ɧˊɤɠ ŮɑɜŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɇɅɀɀ (Tropical Rainfall 

Measuring Mission) ɛŮ ɢɤɟɘəɐ ŬɜɎɚɡůɖ 0.25ÁĬ0.25Á əŬɚɨˊŰɞɜŰŬɠ Űɖɜ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

Ŭˊɧ Űɞ 1998 ɛɏɢɟɘ ůɐɛŮɟŬ (Kummerow et al., 2001; Huffmann et al., 2007; Yang and 

Smith, 2008; Mehta and Yang, 2008). 

Ƀ ůəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɚŮɔɛŬŰɘəɐɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ ɓɟɞɢɐɠ TRMM (Tropical Rainfall Measuring Mission) 3B-43 ɛŮ ˊɚŮɔɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ ɓɟɞɢɐɠ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ ŮˊɘɔŮɑɤɜ ůŰŬɗɛɩɜ ůŰɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɖɠ ȺɚɚɎŭŬɠ. 

 

 

2. ȹȺȹɃɀȺɁȷ ȾȷȽ ɀȺŪɃȹɃȿɃũȽȷ 
 

 ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɓɟɞɢɐɠ TRMM 

(Tropical Rainfall Measuring Mission), ɓŬůɘůɛɏɜŬ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ 3B-43, ɛŮ ɢɤɟɘəɐ 

ŬɜɎɚɡůɖ 0.25ÁĬ0.25Á əŬɘ ɛɖɜɘŬɑŬ ɢɟɞɜɘəɐ ŬɜɎɚɡůɖ əŬɘ ɛɖɜɘŬɑŬ ŭŮŭɞɛɏɜŬ 

ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ (~70 ůŰŬɗɛɞɑ), ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɖɠ ȺɚɚɎŭɞɠ, Ŭˊɧ Űɖɜ 

Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ, Űɞ ȽɜůŰɘŰɞɨŰɞ ȹŬůɘəɩɜ ȺɟŮɡɜɩɜ, Űɞ ɈˊɞɡɟɔŮɑɞ 

ũŮɤɟɔɑŬɠ əŬɘ Ŭˊɧ Űɖɜ ɓɎůɖ Monthly Climatic Data for the World. ɀŮ ůəɞˊɧ Űɖɜ ɎɛŮůɖ 

ůɨɔəɟɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ TRMM ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ, ŰŬ 

ŭŮŭɞɛɏɜŬ Űɤɜ ůŰŬɗɛɩɜ ŬɜɐɢɗɖůŬɜ, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛŮɗɞŭɞɚɞɔɑŬ 

ůŰŬŰɘůŰɘəɐɠ ˊŬɟŮɛɓɞɚɐɠ Kriging, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ɡɣɧɛŮŰɟɞ 

Űɞɡ ůŰŬɗɛɞɨ, ůŮ ˊɚɏɔɛŬ ɑŭɘŬɠ 

ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ŬɡŰɧ Űɤɜ 

TRMM 3B-43 (0.25ÁĬ0.25
ɞ
. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ŬɜŬɚɨɞɜŰŬɘ ɞɘ ɢɤɟɘəɏɠ 

əŬŰŬɜɞɛɏɠ Űɤɜ ůɡůɢŮŰɑůŮɤɜ əŬɘ 

Űɤɜ ŭɘŬűɞɟɩɜ Űɤɜ ɛɏůɤɜ Ůˊɞɢɘəɩɜ 

əŬɘ ɛɏůɤɜ ŮŰɐůɘɤɜ ˊɚŮɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ  Ŭˊɧ Űɘɠ ŭɨɞ 

ŮɝŮŰŬɕɧɛŮɜŮɠ ˊɚŮɔɛŬŰɘəɏɠ ɓɎůŮɘɠ 

(TRMM əŬɘ ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ 

ůŰŬɗɛɩɜ). 

0

300

600

900

1200

1500

10 15 20 25 30 35

32

34

36

38

40

42

44

46

 150 

 1
50

 

 150 

 150 

 150 

 150 

 150 

 1
50

 

 150 

 150 

 300 

 300 

 3
0
0
 

 450 

 4
5
0
 

 450 

 4
50

 

 600 

 600 

 750 

 750 

 750 

 750 

 900 

 900 

 900 

 900 

 1050 

 1050 

 1050 

 1
2
0
0
  1350 

 1
50

0 

 
Ɇɉȼɀȷ 1.  ũŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ Űɤɜ 

ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ůŰɖɜ ŬɜɎɚɡůɖ, ɛŬɕɑ ɛŮ Űɖɜ ɞɟɞɔɟŬűɑŬ Űɖɠ ŮɡɟɨŰŮɟɖɠ 

ˊŮɟɘɞɢɐɠ. 
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3. ȷɄɃɇȺȿȺɆɀȷɇȷ ȾȷȽ ɆɈȻȼɇȼɆȼ 
 

3.1 ɄɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɓɟɞɢɐɠ Ŭˊɧ ɛŮŰŮɤɟɞɚɞɔɘəɞɨɠ ůŰŬɗɛɞɨɠ Űɖɠ ȺɚɚɎŭɞɠ  
 

ɇŬ ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ Űɤɜ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ Ŭɜɖɔɛɏɜɤɜ ůŮ ˊɚɏɔɛŬ 

ɑŭɘŬɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ŬɡŰɧ Űɤɜ TRMM 3B-43 (0.25ÁĬ0.25Á), ůŰɖɜ ȺɚɚɎŭŬ, ɔɘŬ 

Űɖɜ ˊŮɟɑɞŭɞ 1998-2008, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2. ȼ ɞɛɞɘɧɛɞɟűɖ ɔŮɤɔɟŬűɘəɐ 

əŬŰŬɜɞɛɐ Űɤɜ ůŰŬɗɛɩɜ (~70) ůŮ ɧɚɖ Űɖɜ ɢɩɟŬ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ əŬɚɐ ɢɤɟɘəɐ 

əŬŰŬɜɞɛɐ Űɖɠ ɛɏůɖɠ ŮŰɐůɘŬɠ əŬɘ ɛɏůɖɠ Ůˊɞɢɘəɐɠ ɓɟɞɢɐɠ Ŭəɧɛɖ əŬɘ ůŮ ˊŮɟɘɞɢɏɠ ɛŮ 

ɛŮɔɎɚɞ ɡɣɧɛŮŰɟɞ (ɞɟɞůŮɘɟɎ Ʉɑɜŭɞɡ, əŮɜŰɟɘəɐ ɄŮɚɞˊɧɜɜɖůɞɠ), ŬˊɞŭɑŭɞɜŰŬɠ ŬɟəŮŰɎ 

əŬɚɎ Űɘɠ ɞɟɞɔɟŬűɘəɏɠ ɓɟɞɢɏɠ 

 

3.2 TRMM  ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɓɟɞɢɐɠ 
 

ɇŬ ́ɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ TRMM 3B-43 (0.25ÁĬ0.25Á) ŬɜŬˊŬɟɘůŰɞɨɜ ŬɟəŮŰɎ əŬɚɎ 

Űɖɜ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɖɠ ɛɏůɖɠ ŮŰɐůɘŬɠ əŬɘ ɛɏůɖɠ Ůˊɞɢɘəɐɠ ɓɟɞɢɐɠ (ɆɢɐɛŬ 3), ɘŭɘŬɑŰŮɟŬ  

ůŰɘɠ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ ɛŮ ɛŮɔɎɚɞ ɡɣɧɛŮŰɟɞ. ȷəɧɛɖ əŬɘ ůŰɘɠ ɛŮŰŬɓŬŰɘəɏɠ Ůˊɞɢɏɠ (ȯɜɞɘɝɖ, 

ūɗɘɜɧˊɤɟɞ) ɖ ɛɏůɖ Űɘɛɐ Űɖɠ ɓɟɞɢɐɠ ŬˊɞŭɑŭŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ ŭŮɑɢɜɞɜŰŬɠ ɧŰɘ ŰŬ 

ŭŮŭɞɛɏɜŬ TRMM 3B-43 ˊŬɟŬəɞɚɞɡɗɞɨɜ ɘəŬɜɞˊɞɘɖŰɘəɎ Űɘɠ ɛŮŰŬŰɞˊɑůŮɘɠ Űɤɜ 

ɓɟɞɢɞɛŮŰɟɘəɩɜ ůɡůŰɖɛɎŰɤɜ.   

 

3.3 ɆɡůɢɏŰɘůɖ Űɤɜ ŭɨɞ ˊɚŮɔɛŬŰɘəɩɜ ɓɎůŮɤɜ 
 

ȼ ůɡůɢɏŰɘůɖ Űɤɜ ŭɨɞ ˊɚŮɔɛŬŰɘəɩɜ ɓɎůŮɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4, ɧˊɞɡ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɔŮɜɘəɎ ɡɣɖɚɏɠ ůɡůɢŮŰɑůŮɘɠ, ɔŮɔɞɜɧɠ ˊɞɡ ůɖɛŬɑɜŮɘ ˊɤɠ ŰŬ TRMM 3B-43 

Ŭˊɞŭɑŭɞɡɜ ˊɞɚɨ əŬɚɎ Űɖɜ ɢɟɞɜɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ŮŰɐůɘŬɠ əŬɘ Ůˊɞɢɘəɐɠ ɓɟɞɢɐɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɞɜ ɢŮɘɛɩɜŬ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡůɢɏŰɘůɖɠ ŮɑɜŬɘ ɛŮɔɎɚɞɠ (>0.8) 

ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɢɩɟŬ, ɛŮ ɛɘəɟɏɠ ŮɝŬɘɟɏůŮɘɠ ůŰŬ ɓɞŮɘɞŭɡŰɘəɎ ɞɟɞˊɏŭɘŬ, ɧˊɞɡ ɖ 

ůɡůɢɏŰɘůɖ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ Ůˊɞɢɏɠ, ɛɘəɟɏɠ ůɡůɢŮŰɑůŮɘɠ ŮɛűŬɜɑɕɞɜŰŬɘ 

ůŰɘɠ ɓɧɟŮɘŮɠ əŬɘ ɓɞɟŮɘɞŭɡŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɡɣɖɚɞɨ ɡɣɞɛɏŰɟɞɡ (ɞɟɞůŮɘɟɎ Ʉɑɜŭɞɡ) əŬɗɩɠ 

əŬɘ ůŰɖɜ əŮɜŰɟɘəɐ ɞɟŮɘɜɐ ɄŮɚɞˊɧɜɜɖůɞ. ũŮɜɘəɎ ɖ ɏɚɚŮɘɣɖ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ůŰŬɗɛɩɜ 

ůŮ ɛŮɔɎɚŬ ɡɣɧɛŮŰɟŬ ŮɑɜŬɘ ɖ ˊɘɗŬɜɐ ŬɘŰɑŬ Űɤɜ ŬɜɤɛŬɚɘɩɜ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖ 

ůɡůɢɏŰɘůɖ Űɤɜ ŭɨɞ ˊɚŮɔɛŬŰɘəɩɜ ɓɎůŮɤɜ. 

 

3.4 ȹɘŬűɞɟɏɠ Űɤɜ ŭɨɞ ˊɚŮɔɛŬŰɘəɩɜ ɓɎůŮɤɜ 
 

ɇŬ ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ TRMM 3B-43 əŬŰɎ Űɞɜ ɢŮɘɛɩɜŬ ɡˊŮɟŮəŰɘɛɞɨɜ ŬɟəŮŰɎ 

(>50mm) Űɖɜ ɓɟɞɢɐ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ ɄŮɚɎɔɞɡɠ, ůŰɘɠ ŬəŰɏɠ Űɖɠ 

ɀɘəɟɎɠ ȷůɑŬɠ, əŬɘ ɚɘɔɧŰŮɟɞ (>20 mm) ůŰɖɜ ŬɜŬŰɞɚɘəɐ ɆŰŮɟŮɎ ȺɚɚɎŭŬ əŬɘ ůŰɞ 

ɛŮɔŬɚɨŰŮɟɞ ŰɛɐɛŬ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ, Ůɜɩ ɡˊɞŮəŰɘɛɞɨɜ Űɖɜ ɓɟɞɢɐ ůŰɘɠ əŮɜŰɟɘəɏɠ 

ɞɟŮɘɜɏɠ (Ʉɑɜŭɞɠ) əŬɘ ɓɧɟŮɘŮɠ ˊŮɟɘɞɢɏɠ, ůŰɞ ɜɧŰɘɞ Ƚɧɜɘɞ ɄɏɚŬɔɞɠ əŬɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɖɠ ȾɟɐŰɖɠ. ɇɖɜ Ɏɜɞɘɝɖ, ŮɛűŬɜɑɕŮŰŬɘ ɑŭɘŬ ŮɘəɧɜŬ ɛŮ ŮəŮɑɜɖ Űɞɡ ɢŮɘɛɩɜŬ, ŬɚɚɎ 

ŰɩɟŬ ŰŬ TRMM 3B-43 ŭŮŭɞɛɏɜŬ ɡˊɞŮəŰɘɛɞɨɜ Űɖɜ ɓɟɞɢɐ ůŰɞ ůɨɜɞɚɞ ůɢŮŭɧɜ Űɖɠ 

ɖˊŮɘɟɤŰɘəɐɠ ȺɚɚɎŭŬɠ, Ůɜɩ ɡˊŮɟŮəŰɘɛɞɨɜ (>20 mm) Űɖɜ ɓɟɞɢɐ ůŰɘɠ ɗŬɚɎůůɘŮɠ ˊŮɟɘɞɢɏɠ. 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɗŮɟɘɜɐɠ ˊŮɟɘɧŭɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ɛɘəɟɏɠ ɗŮŰɘəɏɠ əŬɘ ŬɟɜɖŰɘəɏɠ 

ŬɜɤɛŬɚɑŮɠ, Ůɜɩ Űɞ űɗɘɜɧˊɤɟɞ ɞɛɞɘɎɕŮɘ ˊŮɟɘůůɧŰŮɟɞ ɛŮ Űɖɜ Ɏɜɞɘɝɖ ŬɚɚɎ ɛŮ 

ɛŮɔŬɚɨŰŮɟŮɠ ɗŮŰɘəɏɠ ŬɜɤɛŬɚɑŮɠ (>50 mm) ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ 

ɄŮɚɎɔɞɡɠ, ůŰɞ Ƚɧɜɘɞ əŬɘ ůŰɖɜ ɄŮɚɞˊɧɜɜɖůɞ (ɆɢɐɛŬ 5). ũŮɜɘəɎ, ɞ ˊŬɟɎɔɞɜŰŬɠ Űɞɡ 

ɡɣɞɛɏŰɟɞɡ űŬɑɜŮŰŬɘ ɧŰɘ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Űɤɜ ˊɚŮɔɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ TRMM 3B-43 ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ ɓɟɞɢɐɠ ˊɎɜɤ Ŭˊɧ ɗɎɚŬůůŬ ɐ ɞɟɞˊɏŭɘŬ. 
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ŪȺɅɃɆ (ȽȽȷ) ūŪȽɁɃɄɋɅɃ (ɆɃɁ) 

  
ȺɇɃɆ 

 
Ɇɉȼɀȷ 2. ɀɏůɖ Ůˊɞɢɘəɐ əŬɘ ɛɏůɖ ŮŰɐůɘŬ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɖɠ ɓɟɞɢɐɠ Ŭˊɧ ˊɚŮɔɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ ůŰŬɗɛɩɜ, Ŭɜɖɔɛɏɜɤɜ ůŮ ˊɚɏɔɛŬ ɑŭɘŬɠ ɢɤɟɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ ŬɡŰɧ Űɤɜ TRMM 3B-43 

(0.25ÁĬ0.25Á), ůŰɖɜ ȺɚɚɎŭŬ, ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1998-2008. 
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ŪȺɅɃɆ (ȽȽȷ) ūŪȽɁɃɄɋɅɃ (ɆɃɁ) 

  
ȺɇɃɆ 

 
Ɇɉȼɀȷ 3. ɀɏůɖ Ůˊɞɢɘəɐ əŬɘ ɛɏůɖ ŮŰɐůɘŬ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɖɠ ɓɟɞɢɐɠ Ŭˊɧ TRMM 3B-43 

(0.25ÁĬ0.25Á) ˊɚŮɔɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ůŰɖɜ ȺɚɚɎŭŬ, ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 1998-2008. 

 


