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› Generally very difficult to determine
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What causes extreme impacts?

› Generally very difficult to determine

› Typically multiple causes – what are the most important ones?

› Requires “backward assessment” / “bottom-up assessment”

› Very common in vulnerability assessment, e.g. when analyzing 
causes of individual disasters (“poor man’s analysis”)

› But: difficult to generalize from individual events

› how to derive general relationships?



Forward and backward assessment

Zscheischler (2014) PhD thesis



Applicable methods

› Variable selection

› Compositing/Superposed Epoch Analysis (SEA)

› Classification

› Factorial model simulations 

› …



Impact varies with 
combination of drivers

e.g. fire risk

e.g. human 
heat stress



Extreme drivers vs. extreme impacts

Van der Wiel et al. (subm.)



Examples

› Climate drivers of the 2016 yield failure in France



Yield anomalies in France

Ben-Ari et al. (2018) Nature Communications



Climate conditions in 2016

Ben-Ari et al. (2018) Nature Communications



Logistic regression

logit(𝑝𝑖) = 𝛽0 + 𝛽1𝑥𝑖 + 𝛽2𝑥𝑖 + …

Selected best predictor variables: 

1) #days with Tmax between 0 
and 10°C in December

2) November precipitation

3) Minimum June temperature

4) AMJJ precipitation

5) Interaction between 1) and 3)

6) Interaction between 3) and 4)

Ben-Ari et al. (2018) Nature Communications



Examples

› Climate drivers of the 2016 yield failure in France

› Drivers behind disasters 



Bottom-up assessment of disasters

−0.4 −0.2 0.0 0.2 0.4

−
0

.4
−

0
.2

0
.0

0
.2

0
.4

Droughts (n=590)

Standardized temperature anomaly

S
ta

n
d
a
rd

iz
e
d

 p
re

c
ip

it
a

ti
o

n
 a

n
o
m

a
ly

a)

−0.4 −0.2 0.0 0.2 0.4

−
0

.4
−

0
.2

0
.0

0
.2

0
.4

Heat waves (n=150)

Standardized temperature anomaly

S
ta

n
d
a
rd

iz
e
d

 p
re

c
ip

it
a

ti
o

n
 a

n
o
m

a
ly

b)

−0.4 −0.2 0.0 0.2 0.4

−
0
.4

−
0
.2

0
.0

0
.2

0
.4

Droughts (n=560)

Standardized temperature anomaly

S
ta

n
d
a
rd

iz
e
d
 p

re
c
ip

it
a
ti
o
n
 a

n
o
m

a
ly

c)

−0.4 −0.2 0.0 0.2 0.4

−
0
.4

−
0
.2

0
.0

0
.2

0
.4

Heat waves (n=124)

Standardized temperature anomaly

S
ta

n
d
a
rd

iz
e
d
 p

re
c
ip

it
a
ti
o
n
 a

n
o
m

a
ly

d)

Tschumi & Zscheischler (in press) Climatic Change

Non-disaster 
years

Disaster 
years

Disaster data: EM-DAT 
Climate data: CRU
Time period: 1950-2015

Averaged over 
entire years and 
countries.



Relevance of vulnerability

› Climate anomalies during disaster 
years are larger in developed countries

➢ Climate anomalies in rich countries 
need to be very large to cause a 
disaster

Tschumi & Zscheischler (2019) Climatic Change



Examples

› Climate drivers of the 2016 yield failure in France

› Drivers behind disasters

› Drivers of the 2010 Russian heatwave



Factorial model simulations

Hauser et al. (2016) Earth’s Future



Examples

› Climate drivers of the 2016 yield failure in France

› Drivers behind disasters

› Drivers of the 2010 Russian heatwave

› Coastal flood impacts (see next lecture)



Thank you

Bart.vandenHurk@deltares.nl
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Compound weather 
and climate events:

Coastal areas
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Analysing compound return periods

1/yr level

5% highest 
values used for 
copula definition

Bevacqua et al. (2019) Sci. Adv.

Example for Venice



Intermezzo: some info on copulas
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Joint cumulative density function

𝐹(𝑥1, 𝑥2, . . . , 𝑥𝑝) = 𝐶{𝐹1(𝑥1), 𝐹2(𝑥2), . . . , 𝐹𝑝(𝑥𝑝)}

This allows us to separate the modeling of the marginal distributions

from the dependence structure, which is expressed by the copula.

Copulas are useful because of Sklar’s Theorem:

For any p random variables with joint cumulative density function (c.d.f.)

𝐹(𝑥1, 𝑥2, . . . 𝑥𝑝) = 𝑃(𝑋1 ≤ 𝑥1, 𝑋2 ≤ 𝑥2, . . . 𝑋𝑝 ≤ 𝑥𝑝)

and marginal c.d.f.s

𝐹𝑗(𝑥) = 𝑃(𝑋𝑗 ≤ 𝑥)𝑗 = 1,2, . . . , 𝑝

there exists a copula such that
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Configuration of compound coastal flood events

Bevacqua et al. (2019) Sci. Adv.



1/yr 1d precipitation and storm surge (ERA-int)

Bevacqua et al. (2019) Sci. Adv.



Return time of 1/yr combined precipitation and 
storm surge

Bevacqua et al. (2019) Sci. Adv.



Return time of 1/yr combined precipitation and 
storm surge – climate change

Bevacqua et al. (2019) Sci. Adv.



Effect of change in compound structure

Bevacqua et al. (2019) Sci. Adv.
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Extreme sea level rise

› Sea level rise may reduce return 
time of extremes considerably

SROCC (Fig 4.12)

mid 21st century               end 21st century



Memory effects for combined river/surge

Khanal et al. (2019) Atmosphere

Snowfall



Memory effects for combined river/surge

Khanal et al. (2019) Atmosphere

Soil moisture
Summer Winter



Memory effects for combined river/surge

Khanal et al. (2019) Atmosphere

Soil moisture



Memory effects for combined river/surge

Khanal et al. (2019) Atmosphere

Atmosphere



Thank you

Bart.vandenHurk@deltares.nl


