
Ƀ ɇɞɡɟɘůɛɧɠ əŬɘ ɖ ȾɞɘɜɤɜɑŬ ůŮ 

ˊŮɟɑɞŭɞ ȾɚɘɛŬŰɘəɐɠ Ⱦɟɑůɖɠ

ɉɟɐůŰɞɠ Ɇ. ȻŮɟŮűɧɠ

ũŮɜɘəɧɠ ũɟŬɛɛŬŰŮɨɠ Űɖɠ ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ

Ⱥɗɜɘəɧɠ Ⱥəˊɟɧůɤˊɞɠ ɔɘŬ Űɖɜ ȾɚɘɛŬŰɘəɐ ȷɚɚŬɔɐ

Ɇɡɜɏŭɟɘɞ ɆȺɇȺ 2023: çReframing Tourismè

ɋŭŮɑɞ ȷɗɖɜɩɜ, 12 ȹŮəŮɛɓɟɑɞɡ2023



Without the greenhouse gases the average temperature of the Earth would be 

about -19oC, whereas today it is about +14.5ɞC





Zerefoset al., 2021



ʊˎˋʽˁʷˌ 
ɼʰˍʰˋˍˊˇ˒ʷˌ



USA





Hadley Centre

Summer 2003 saw the UK 
maximum temperature 
record broken. Europe 
wide there were 11,000 
excess deaths in France 
and 4,000 in Italy, 
Agricultural losses into 
billions of Euro and 5-10% 
of ice volume lost from 
European glaciers.

We estimate with a high 
probability that half the 
blame for the summer 
2003 heatwave can be 
assigned to human 
activities. 

Heat waves in Europe ï August 2003

oC



European 2003 summer temperatures: 
normal by 2040s, cool by 2060s
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ɇɞ ŪŮɟɛɧŰŮɟɞ 

əŬŰŬɔŮɔɟŬɛɛɏɜɞ 

Ūɏɟɞɠ ůŰɖɜ 

ȽŬˊɤɜɑŬɠ 

ɄɞɚɚŬˊɚɎ 

əɨɛŬŰŬ 

əŬɨůɤɜŬ ɛŮ 

ɘůŰɞɟɘəɎ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ

ȷəɟŬɑŬ 

ŪŮɟɛɧ Ūɏɟɞɠ

ŪŮɟɛɧŰŮɟɞɠ Ƚɞɨɚɘɞɠ-

ɆŮˊŰɏɛɓɟɘɞɠ ůŰɘɠ 

əŬŰŬɔɟŬűɏɠ

ȾɨɛŬŰŬ 

əŬɨůɤɜŬ Űɞ 

ɀɎɟŰɘɞ əŬɘ 

Űɞɜ 

ɆŮˊŰɏɛɓɟɘɞ

ȷəɟŬɑŬ 

ȻɏůŰɖ əŬŰɎ 

Űɞɜ ȷˊɟɑɚɘɞ 

əŬɘ Űɞ ɀɎɘɞ

ȷəɟŬɑŬ Ɋɡɢɟɧɠ ȽŬɜɞɡɎɟɘɞɠ ůŮ 

ŰɛɐɛŬŰŬ Űɖɠ ɅɤůɑŬɠ əŬɘ Űɖɠ ȸȷ ȾɑɜŬɠ
2023: ɄŬɔəɧůɛɘŬ ŪŮɟɛɞəɟŬůɑŬ 



ɆɖɛŬɜŰɘəɎ ɈɔɟɧŰŮɟɞ 

Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ

ɆɖɛŬɜŰɘəɎ ɂɖɟɧŰŮɟɞ 

Ŭˊɧ Űɞ ɛɏůɞ ɧɟɞ

Source: Global Precipitation Climatology Centre (GPCC), Deutscher Wetterdienst, Germany

4oůɡɜŮɢɧɛŮɜɞ

ɏŰɞɠ ɛŮ ɝɖɟŬůɑŬ

ȾŬəɞəŬɘɟɑŬDaniel. ɄɚɖɛɛɨɟŮɠ ůŮ ȽŰŬɚɑŬ, 

ȾɟɞŬŰɑŬ, ɆɚɞɓŮɜɑŬ, ȺɚɚɎŭŬ, ȿɘɓɨɖɆɡɜŮɢɘɕɧɛŮɜɖ 

ɂɖɟŬůɑŬ

ȺəŰŮŰŬɛɏɜŮɠ ůɡɜɗɐəŮɠ 

ɂɖɟŬůɑŬɠ

ɂɖɟŬůɑŬ əŬɘ ŮəŰŮŰŬɛɏɜŮɠ 

ɄɡɟəŬɔɘɏɠ ůŰɞɜ ȾŬɜŬŭɎ

ɂɖɟɧŰŮɟɞɠ 

ɆŮˊŰɏɛɓɟɘɞɠ 

ůŰɘɠ əŬŰŬɔɟŬűɏɠ

ɄɞɚɡŮŰɐɠ 

ɝɖɟŬůɑŬ

ȽŭɘŬɑŰŮɟŬ Ɉɔɟɧɠ 

ɉŮɘɛɩɜŬɠ əŬɘ ȯɜɞɘɝɖ

ɁɏŬ ȻɖɚŬɜŭɑŬ

ȷəɟŬɑŮɠ 

ȸɟɞɢɞˊŰɩůŮɘɠ 

əŬɘ ɄɚɖɛɛɨɟŮɠ 

əŬŰɎ Űɞɜ 

ȽŬɜɞɡɎɟɘɞ-

ūŮɓɟɞɡɎɟɘɞ

2023 



A sample of high impact events in 2023

12

1

л

н

п

с

у

мл

мн

мп

мс

му

нл

мфуо мфуу мффо мффу нлло нллу нлмо нлму нлно

!
Ǌ
Ŝ
ŀ
 
ō
ǳ
Ǌ
ƴ
Ŝ
Ř
 

όƳ
ƛ
ƭ
ƭ
ƛ
ƻ
ƴ
 
Ƙ
ŀ

ύ

¸ŜŀǊ

!ƴƴǳŀƭ ŀǊŜŀ ōǳǊƴŜŘ ƛƴ /ŀƴŀŘŀ мфуоπнлно

5ŀǘŀ ŦǊƻƳ /LCC/ ƘǧǇǎΥκκǿǿǿΦŎƛũŎΦŎŀ

2 3 4 5

Wildfires in 

Hawaii, Canada, 

Europe 

Floods in Greece, 

Bulgaria, T¿rkiye, 

Libya 

Heatwaves in 

southern Europe, 

North Africa

Drought in 

Argentina, 

Uruguay

Tropical Cyclone 

Freddy in 

Mozambique, 

Malawi 



What Happened?

ɮˏ˅ʹˋʹ ˍʹˌ ɸʶˊ˃ˇˁˊʰˋʾʰˌ ˍʹˌ ɸʱ˂ʰˋˋʰˌ ˋˍˇ˄ ɮˍ˂ʰ˄ˍʽˁˈ 
ʍˁʶʰ˄ˈ ˁʰʽ ˍʹ ɾʶˋˈʴʶʽˇ ɸʱ˂ʰˋˋʰ ˍˇ ɸʷˊˇˌ ˍˇˎ нлно

ERA5 SST-August 2023 anomaly from 1971-2000 

Zerefoset al., 2023



Temperature anomalies for July ςAugust in 2023
Reference period: 1971 - 2000

Zerefoset al., 2023



ʄʶˁˈˊˎ˕ʹ˂˗˄ʻʶˊ˃ˇˁˊʰˋʽ˗˄ ˋˍʹ 
ɾʶˋˈʴʶʽˇ ˍˇ нлно

ʆˇ˄ ɹˇˏ˂ʽˇ ˁʰʽ ɮˏʴˇˎˋˍˇ ˍˇˎ 2023 ˁʰˍʰʴˊʱ˒ʹˁʰ˄ ˇ ̔˃ʷʴʽˋˍʶˌ 
ˍʽ˃ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ 1950-2023 ˋ ʁˈ˂ʹ ˍʹ˄ 
ʰ˄ʰˍˇ˂ʽˁʺ ˁʰʽ ʵˎˍʽˁʺ ˂ʶˁʱ˄ʹ ˍʹˌ ɾʶˋˇʴʶʾˇˎ (ɰ. ɮ˒ˊʽˁʺ,
ɹˋˉʰ˄ʾʰ,ɳ˂˂ʱʵʰ,ʆˇˎˊˁʾʰ ɾʷˋʹ ɮ˄ʰˍˇ˂ʺ,ɰʰ˂ˁʱ˄ʽʰ) Zerefoset al., 2023



Land

Sea

SST andERA5 SST and T2m anomalies in the Mediterranean [1950-2023] [JA]
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Zerefoset al., 2023



2023 Greece wildfires

нлно ɲʰˋʽˁʷˌ
ʃˎˊˁhɹʽʷˌ ˋˍʹ 
ɾʶˋˈʴʶʽˇ

CAMS/Copernicus



Wildfires rage in Lahaina, Maui Hawaii. 
Credits: U.S. Coast Guard



6-h

Daniel Omega Block and Cold Pool Daniel 6-h Accumulated Precipitation

Zerefoset al., 2023



IANOS

Karditsa
Farsala

Evoia

DANIEL

>200 mm / 6h

WRF model ςAcademy of Athens: Accumulated Precipitation mm/6h

Evoia

Farsala
Karditsa

Zerefoset al., 2023



ɾʶˋˇʴʶʽʰˁˈˌ 
ɼˎˁ˂˗˄ʰˌ 

Daniel





ʅʶ˄ʱˊʽʰ ʶ˅ʷ˂ʽ˅ʹˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ɮʶˊʾ˖˄ ˍˇˎ ɸʶˊ˃ˇˁʹˉʾˇˎ

ʁʽ ɳˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˍˇˎ ˁ˂ʾ˃ʰˍˇˌ ˋˍˇ ˃ʷ˂˂ˇ˄ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ʴʽʰ ˍʹ ɾʶˋˈʴʶʽˇ ˁʰʽ 
ˍʹ˄ ɳ˂˂ʱʵʰ ʷʴʽ˄ʰ˄ ˃ʶ ʲʱˋʹ 2 ɻ ʽʰ˒ˇˊʶˍʽˁʱ ʅʶ˄ʱˊʽʰ ˍʰ RCP4.5 όˋʶ˄ʱˊʽˇ ˃ʶˍˊʽʰˋ˃ˇˏύ, ˁ ʰʽ
RCP8.5 ό˃ʹ ʵˊʱˋʹύΦ 



RCP45: Change Between 2071-2100 and 1971-2000 RCP85: Change Between 2071-2100 and 1971-2000

Ensemble Mean of 15 RCMs from EU CORDEX Project

ɮˏ˅ʹˋʹ ɾʷˋʹˌ ɳˍʺˋʽʰ ɸʶˊ˃ˇˁˊʰˋʾʰˌ

RCP45: Change Between 2031-2060 and 1971-2000 RCP85: Change Between 2031-2060 and 1971-2000

Zerefoset al., 2021Zerefoset al., 2021



ɾʶˍʰʲˇ˂ʺ ɸʶˊ˃ˇˁˊʰˋʾʰˌ ɸʷˊˇˎˌ όoC)
2031-2060 ς 1971-2000 (RCP4.5)

ɾʶˍʰʲˇ˂ʺ ɸʶˊ˃ˇˁˊʰˋʾʰˌ ɸʷˊˇˎˌ όoC)
2071-2100 ς 1971-2000 (RCP8.5)

ɮ˄ʰʻ. ʆΦʆΦɳ, 2023



ɾʶˍʰʲˇ˂ʺ ɰˊˇ˔ˈˉˍ˖ˋʹˌ ʇʴˊʺˌ ʃʶˊʽˈʵˇˎ ό҈ύ
2031-2060 ς 1971-2000 (RCP4.5)

ɾʶˍʰʲˇ˂ʺ ɰˊˇ˔ˈˉˍ˖ˋʹˌ ʇʴˊʺˌ ʃʶˊʽˈʵˇˎ ό҈ύ
2071-2100 ς 1971-2000 (RCP8.5)

ɮ˄ʰʻ. ʆΦʆΦɳ, 2023



ɳɮɲʁΣ ɮɼɮɲɶɾɹɮ ɮɸɶɿʍɿΣ нлно



ɾʶˍʰʲˇ˂ʺ ɮˊʽʻ˃ˇˏ ʹ˃ʶˊ˗˄/ʷˍˇˌ ˃ʶ FWI>45
2071-2100 ς 1971-2000 (RCP4.5)

ʃɮʄɳɽɸʁɿΣ ʃɮʄʁɿ ɼɮɹ ɾɳɽɽʁɿ ʆɶʅ ɼɽɹɾɮʆɹɼɶʅ ɮɽɽɮɱɶʅ 
ʅʆɶɿ ɳɽɽɮɲɮ ɼɮɹ ɶ ʅʋɳʅɶ ʆɶʅ ɾɳ ʆɮ ɲɮʅɹɼɮ ʁɹɼʁʅʇʅʆɶɾɮʆɮ - ʃˎˊˁʰʴʽʷˌ

ɾʷˊʶˌ ˃ʶ ɮˁˊʰʾˇ ɼʾ˄ʵˎ˄ˇ ˉˎˊˁʰʴʽʱˌ

ʃʶˊʾˇʵˇˌ 2031-2060 όʶʴʴˏˌ ˃ ʷ˂˂ˇ˄ύ

ɾʽˁˊʷˌ ʰˎ˅ʺˋʶʽˌ ʰ˄ʱ ˍʹ˄ ɳ˂˂ʱʵʰ ʷ˖ˌ 10 ʹ˃ʷˊʶˌκʷˍˇˌΣ ˋˍʰ ʵ ʁˉˇ˂ˏ 

ˇˊʶʽ˄ʱ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ˔˗ˊʰˌ ˇˎˋʽʰˋˍʽˁʱ ˃ʹʵʶ˄ʽˁʷˌ. ɳ˂ʰ˒ˊ˗ˌ 

˃ʶʴʰ˂ˏˍʶˊʶˌ h ˎ˅ʺˋʶʽˌ ɹ ʽʰ ̱  ̌ˋʶ˄ʱˊʽˇ RCP8.5 όˋʶ ̀ ˔ʷˋʹ ˃  ʁˍ ̌RCP4.5) ˃  ʁ

ʰˎ˅ʹˋʶʽˌ ˋˍʰ h ˄ʰˍˇ˂ʽˁʱ ́ ˉʶʽˊ˖ˍʽˁʱ ̱ ˃ʺ˃ʰˍʰ ̱ ʹˌ ˁ ʰʽ ˋˍʹ˄ ɼˊʺˍʹ ̫ ˖ˌ ˁ ʰʽ 

15 ́ ˃ʷˊʶˌκʷˍˇˌ

ʃʶˊʾˇʵˇˌ 2071-2100 όʰˉ˗ˍʶˊˇ ˃ ʷ˂˂ˇ˄ύ

ʃˇ˂ˏ ʶ˄ˍˇ˄ˈˍʶˊʹ ʰˏ˅ʹˋʹ ʴʽʰ ˍ ̌ʰˉ˗ˍʶˊˇ ˃ʷ˂˂ˇ˄ ˎˉˈ ˍ ̌ˋʶ˄ʱˊʽˇ 

RCP8.5.  ʅˍʹ˄ ʰ˄ʰˍˇ˂ʽˁʺ ʅˍʶˊʶʱΣ ˋˍʹ˄ ɮˍˍʽˁʺΣ ˋˍʹ˄ ɮ˄ʰˍˇ˂ʽˁʺ 

ʃʶ˂ˇˉˈ˄˄ʹˋˇ ˁʰʽ ˋˍʹ˄ ɼˊʺˍʹΣ  ́ʰˏ˅ʹˋʹ ˅ʶˉʶˊ˄ʱ ˍʽˌ 35 ʹ˃ʷˊʶˌ. ʅˍʹ˄ 

ˎˉˈ˂ˇʽˉʹ ʹˉʶʽˊ˖ˍʽˁʺ ˔˗ˊʰΣ ˁʰʽ ˋˍʰ ˄ʹˋʽʱ ˍˇˎ ɮʽʴʰʾˇˎΣ ʰˏ˅ʹˋʹ ˃ʶˍʰ˅ˏ 

25 - 35 ʹ˃ʷˊʶˌ ʰ˄ʱ ʷˍˇˌ ˁʰʽ ʴˏˊ˖ ˋˍʽˌ 20 ʹ˃ʷˊʶˌκʷˍˇˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˋˍʰ 

˄ʹˋʽʱ ˍˇˎ ɹˇ˄ʾˇˎ. ɮˎ˅ʺˋʶʽˌ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ʰˁˈ˃ʰ ˁʰʽ ˋˍʹ˄ ˇˊˇˋʶʽˊʱ ˍʹˌ 

ʃʾ˄ʵˇˎ ˁ ʰʽ ̱  hˎ ˉˈ˂ˇʽˉʰ ̄ ˇ˂ˏ ̌ ˊʶʽ˄ʱ ̱ ˃ʺ˃ʰˍʰ ̱ ʹˌ ɳ˂˂ʱʵʰˌ.

ɾʶˍʰʲˇ˂ʺ ɮˊʽʻ˃ˇˏ ʹ˃ʶˊ˗˄/ʷˍˇˌ ˃ʶ FWI>45
2031-2060 ς 1971-2000 (RCP4.5)

ɾʶˍʰʲˇ˂ʺ ɮˊʽʻ˃ˇˏ ʹ˃ʶˊ˗˄/ʷˍˇˌ ˃ʶ FWI>45
2071-2100 ς 1971-2000 (RCP8.5)

ɾʶˍʰʲˇ˂ʺ ɮˊʽʻ˃ˇˏ ʹ˃ʶˊ˗˄/ʷˍˇˌ ˃ʶ FWI>45
2031-2060 ς 1971-2000 (RCP8.5)

ɳɮɲʁΣ ɮɼɮɲɶɾɹɮ ɮɸɶɿʍɿΣ нлно



RCP45: Change Between 2071-2100 and 1971-2000 RCP85: Change Between 2071-2100 and 1971-2000

from EU CoastAlRiskProject

ɯ˄ˇʵˇˌ ʅˍʱʻ˃ʹˌ ˍʹˌ ɸʱ˂ʰˋˋʰˌ (m)

RCP45: Change Between 2031-2060 and 1971-2000 RCP85: Change Between 2031-2060 and 1971-2000



ǤȄǾȉȓȆȑ PET (Physiological 
Equivalent Temperature)

PET(ÁC)
ǨȄȐȋȈȉǽ ȀǾȒȇȆȒȆ 

(Thermal sensation )

ǢȀȇȋțȑ ȇȄȐȋȎ-ȕȔȒȈȎȊȎȂȈȉǽȑ ȄȏȈȁǻȐȔȌȒȆȑ 

(Physiological stress level )

<4
ǰǻȐȀ ȏȎȊȜ ȉȐȜȎ              

(Very cold )
ǡȉȐȀǾȀ ȗȔȖȐǽ ȄȏȈȁǻȐȔȌȒȆ(Extreme cold stress)

4-8 ǪȐȜȎ (Cold) ǩȒȖȔȐǽ ȗȔȖȐǽ ȄȏȈȁǻȐȔȌȒȆ(Strong cold stress)

8-13 ǤȐȎȒȄȐț (Cool) ǬǼȓȐȈȀ ȗȔȖȐǽ ȄȏȈȁǻȐȔȌȒȆ(Moderate cold stress)

13-18
ǥȊȀȕȐǻ ȃȐȎȒȄȐț              

(Slightly cool )
ǥȊȀȕȐǻ ȗȔȖȐǽ ȄȏȈȁǻȐȔȌȒȆ(Slight cold stress)

18-23
ǨȄȐȋȈȉǻ ȎȔȃǼȓȄȐȎ 

(Comfortable)

ǤȄȌ ȔȏǻȐȖȄȈ ȇȄȐȋȈȉǽ ȄȏȈȁǻȐȔȌȒȆ 

(No thermal stress)

23-29
ǥȊȀȕȐǻ ȇȄȐȋț 

(Slightly warm )
ǥȊȀȕȐǻ ȇȄȐȋȈȉǽ ȄȏȈȁǻȐȔȌȒȆ (Slight heat stress)

29-35 ǨȄȐȋț (Warm) ǬǼȓȐȈȀ ȇȄȐȋȈȉǽ ȄȏȈȁǻȐȔȌȒȆ (Moderate heat stress)

35-41 ǦȄȒȓț (Hot ) ǩȒȖȔȐǽ ȇȄȐȋȈȉǽ ȄȏȈȁǻȐȔȌȒȆ (Strong heat stress)

>41
ǰǻȐȀ ȏȎȊȜ ȅȄȒȓț                    

(Very hot )
ǡȉȐȀǾȀ ȇȄȐȋȈȉǽ ȄȏȈȁǻȐȔȌȒȆ (Extreme heat stress)



ɾʱ˂ˍʰ ɶˊʱˁ˂ʶʽˇ ɽʶ˃ʶˋˈˌ ɮˍˍʱ˂ʶʽʰ ɼʱʿˊˇ

ʃʰˊˈ˄ ɼ˂ʾ˃ʰ
1971-2000

ɼˇ˄ˍʽ˄ˈ ˃ʷ˂˂ˇ˄
2021-2050

RCP4.5

ɾʰˁˊʽ˄ˈ ˃ʷ˂˂ˇ˄
2071-2100

RCP8.5

ɾʰˁˊʽ˄ˈ ˃ʷ˂˂ˇ˄
2071-2100

RCP4.5

ɼˇ˄ˍʽ˄ˈ ˃ʷ˂˂ˇ˄
2021-2050

RCP8.5


