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45 paired events
(26 flood & 19 drought) 

Paired event analyses analogous to paired catchment studies:

 Risk management 
generally reduces the 
impacts of floods and 
droughts, but faces 
difficulties in reducing 
the impacts of 
unprecedented events of 
a magnitude not 
previously experienced

Kreibich et al. (2022) Nature, 
https://doi.org/10.1038/s41586-022-04917-5

1) detailed review style 
reports 

2) key data table of 
management, 
hazard, exposure, 
vulnerability

3) indicators-of-change



Paired event concept
 Paired events, i.e. consecutive droughts or floods that occurred in 

the same region (analog to ’Paired catchment studies’ Brown et al., 2005)

 Trading-space-for-time approach, understanding of spatial 
variability between case studies, which cover only change between 
two points in time, can provide a first order assessment of potential 
long term temporal change (Wagener et al. 2010)

 Comparative analysis, by analyzing a (large) set of case studies to 
find general patterns (analog to PUB approach Blöschl et al., 2013)
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Paired event data
Open access: https://doi.org/10.5880/GFZ.4.4.2023.001

Data paper: Kreibich et al. 2023, ESSD, https://doi.org/10.5194/essd-2022-330
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Review style reports (346pp.):
1) Short description of both 

events with a focus on 
impacts; 

2) Description of processes 
between events with a focus 
on risk management; 

3) Event comparison in respect 
to hazard; 

4) Event comparison in respect 
to exposure; 

5) Event comparison in respect 
to vulnerability;

6) Summary
7) References 

https://doi.org/10.5880/GFZ.4.4.2023.001


Paired event data – Key data table
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Paired event data – indicators-of-change
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Paired event data – indicators-of-change

H Kreibich: Panta Rhei Benchmark Dataset



Paired event analyses
 Detailed context- and location-specific assessments and 

impact attribution studies: suggestions for the attribution 
of changes in drought and flood impacts are provided by 
Kreibich et al. 2019, https://doi.org/10.1080/02626667.2018.1558367

 Comparative analyses, semi-quantitative based on 
indicators-of-change, examples: Kreibich et al. 2017, 
https://doi.org/10.1002/2017EF000606, 2022, https://doi.org/10.1038/s41586-022-04917-5 

 Development and calibration of socio-hydrological 
models, individually per paired event, examples: Barendrecht
et al. 2019, https://doi.org/10.1029/2018WR024128, Schoppa et al. 2022, DOI: 
10.1080/02626667.2022.2095207  

 Benchmark the performance of socio-hydrological flood 
or drought risk models
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3-day max event
precipitation

Antecedent
catchment wetness

Streamflow return
period

Detailed context specific analysis

Example 2002 and 2013 floods in Germany 

Event Hydrological 
severity

Loss 
[billion €]

2013
75

45% of river 
system affected

7

2002
35

19% of river 
system affected

15

(Schröter et al., 
2015, HESS)



Example: preparedness and warning 
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Comparative analyses: Eight success 
stories of flood risk reduction

(Kreibich et al., 2017)



Pattern of 
paired flood 

event analyses
 Across different socio-

economic and hydro-
climatic contexts 
vulnerability reduction 
is key for successful 
risk management 

(Kreibich et al., 2017



Comparative analyses: Floods & Droughts
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Comparative analyses: Floods & Droughts
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Comparative analyses: Floods & Droughts
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Comparative analyses: Floods & Droughts

Common features of success 
stories:
1) Institutional changes and 

improved flood risk 
management governance

2) High investments in 
integrated management 

3) Effective implementation of 
structural and non-structural 
measures, such as improved 
early warning and 
emergency response

(Kreibich et al., 2022)
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