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Introduction

▪ What makes an event extreme ?

Van der Wiel et al (2020)
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Introduction

▪ For an extreme event to be a 
disaster (high-impact event) :
▪ Hazard

▪ Exposure

▪ Vulnerability

▪ The case of heatwaves :
▪ Most deadly events

▪ Large consensus on the increasing
intensity and frequency

▪ Heatwaves classification :
▪ 1D index

▪ Temperature conditions

▪ Demographic parameters

IPCC (2012)
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Heatwaves in EM-DAT 4



Heatwaves in EM-DAT 5



GHS-POP

▪ GHS-POP :
▪ 1975 - 2020, every 5 years

▪ 1km resolution

▪ Regridded to 0.1° resolution grid for E-OBS

▪ Regridded to 0.25° resolution grid for ERA5
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E-OBS & ERA5 temperature dataset

▪ 1950 – 2021

▪ Resolution and patial coverage :
▪ E-OBS : 0.1° ; 25°N-71.5°N x 25°W-45°E

▪ ERA5 : 0.25° ; 

▪ Variable : Daily mean temperature
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Methodology
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Connected components algorithm
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Luo et al (2022)



Results of the scanning process and overlap analysis

▪ 374 heatwaves detected in ERA5

▪ 18 EM-DAT heatwaves not detected (10 
after merge)

▪ After merging, 359 heatwaves, including
23 extreme heatwaves
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▪ 387 heatwaves detected in E-OBS

▪ 16 EM-DAT heatwaves not detected (9 
after merge)

▪ After merging, 376 heatwaves, including
24 extreme heatwaves

▪ 88 heatwaves in EM-DAT (Europe, JJA, 1950-2021)



Heatwaves not detected

Affected 
countries

Total 
Deaths 

Year

Greece 20 1985

Greece 56 1988

Romania 16 1996

Croatia 40 2000

Albania, 
Macedonia, 
Romania

45 2004

Romania 26 2006

Italy 10 2011

Belgium, 
Great Britain

188 2019
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Illustration of the worst and best cases : E-OBS
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Global_mean Multi_index_Russo



Illustration of the worst and best cases : ERA5
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Global_mean Multi_index_Russo



APPENDICES
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Derived indices
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▪ Global_mean : The daily mean temperature anomaly averaged over every grid point that is part of the given 
heatwave (time and spatial average)

▪ Spatial_extent : Sum of the area of every affected grid cell (every grid cell is considered only once, time is not 
accounted for)

▪ Duration : number of days of the given heatwave

▪ Max : Maximum of the daily mean temperature anomaly over the whole heatwave (time and space)

▪ Max_spatial : Max multiplied by Spatial_extent

▪ Temp_sum : Sum of the daily mean temperature anomaly on every grid point that is part of the given heatwave 
(time and spatial integration)

▪ Pseudo_Russo : Spatial integration of an index adapted from the HWMId defined in Russo et al (2015)

▪ Pop_unique : Total affected population

▪ Multi_index_Russo : Pseudo_Russo weighted with population density

▪ Multi_index_temp_NL : Temp_sum weighted with population density and we use a 1000 ppl/km² threshold



Index evaluation method

▪ Correlation coefficient between index 
and impact for extreme heatwaves

▪ Area Under the Receiver Operating 
Characteristic Curve (AUROCC)
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Undetected heatwaves :

1985-0257-GRC 

1998-0204-ITA 

1996-0362-ROU 

2003-0391-CHE, 2003-0391-HRV, 2003-0391-CZE, 2003-
0391-GBR, 2003-0391-LUX, 2003-0391-SVK

2004-0333-ALB, 2004-0333-ROU, 2004-0333-MKD

2004- 361-ESP

2006-0348-ROU

2007-0235-ITA

2013-0549-GBR

2019-0296-BEL, 2019-0296-GBR
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1985-0257-GRC 

1998-0204-ITA 

1996-0362-ROU 

2003-0391-CHE, 2003-0391-HRV, 2003-0391-CZE, 
2003-0391-GBR, 2003-0391-LUX, 2003-0391-SVK

2004-0333-ALB, 2004-0333-ROU, 2004-0333-MKD

2004- 361-ESP

2006-0348-ROU

2007-0235-ITA

2019-0296-GBR

88 heatwaves in EM-DAT (Europe, JJA, 1950-2021)ERA5 E-OBS



Impact predictor
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Indices scores
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Connected components algorithms
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Luo et al (2022)



Illustration : crop yield in Netherlands Van der Wiel et al (2020)
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Van der Wiel et al (2020)



Russo et al (2015) : HWMId
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