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Paired event analyses analogous to paired catchment studies:
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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 Bléschl 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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Paired pluvial flood events: 21st July 2012 and 20th July 2016 pluvial floads ReVI ew Styl e re po rts (34 6 p p - ) -
m .
Short description of both events with a focus on impacts I p a CtS b
intensity, duration and spatial coverage. Both storms set historical rainfall records in Beijing.
agriculture, transportation. aviation. etc.). The 2012 storm is the deadliest and costliest weather
counterpart. For instance, there were 380 flights cancelled during the 2016 storm event, loss of 3 )
Descriptions of processes between events with a focus on risk management t h d .
o hazard;
systems are increased, especially for the areas where water-logging is common: (2) urban
during the 2016 storm. In addition. the Chinese government started great investments for flood
2012 (2016) storm. The maximum hourly rainfall is 100 mm/h for the 2012 storm. slightly
propagation. Interactions of the cold vortex and subtropical high promotes strong convergence

in the city of Beijing, China 1 S h . . f h
L Yo ud P T ) ort description of bot
channels with a total length of 1460 km are cleaned up and connected to adjacent lakes/ponds;
prevention and mitigation in urban areas since 2013, the so-called “sponge-city” inifiative. 5)
Event comparison in respect to pluvial flood hazard to Vu I n e ra b i I ity .

J
larger than that of the 2016 storm (57 mm/h). Both storms persist for more than 20 hours, with

! School of Geography and Ocean Science. Nanjing University, China
The 21* July 2012 and 20™ July 2016 storms are two representative cases of extreme flood- 2) Descri ption Of processes
The maximum rainfall accuonmlations (Le., at point scale) for the 2012 and 2016 storms are 372
disaster in Beijing since 1951 with 7 fatalities. economic loss of up to 16 billion RMB, loss 1 k m m t -
of crops for 67,000 hectares, cancellation of more than 500 flights (Sunet al.. 2012; Guoet al.. O n rl S a n a g e e n 3
crops for 2,140 hectares, economic loss of less than 3 billion RMB. No fatalities were reported
The Beyjing government implements several practices for flood mitigation/adaptation after the
(3) 75 pumping stations are re-built through increasing drainage capacities fo prevent ten-year
which increases institutional awareness for urban flooding over the entire country and promotes
The 2012 and 2016 storms are comparable in storm intensity, duration and spatial extent. The
the 2016 storm continuing for approximately 40 hours. Despite the comparable statistics, the
Helmholtz-Zentrum
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Doty g Tigas Uity i events with a focus on
producing storms in the city of Beijing, China. The two storms are comparable in storm
mm and 381 mm_ respectively, with the refurn intervals of approximately 60-80 years. Extreme b t t t h f
rainfall and flooding caused severe damages in many societal and economic sectors (e.g. e Wee n eve n S WI a OCU S
2015). The 2016 storm. on the other hand. did not induce as severe damages/losses as its
cope 2110 Event comparison in respect
2012 storm. Zhang et al. (2017) provided a list of the practices: (1) capacities of drainage 4)
flood events: (4) Additional 47 flood detention sites are set up in Beijing. These engineering t .
measures effectively control imindation and its damages to societal and economic sectors O eXpOS u re y
a favorable environment for collaborative efforts among different agencies.
storm-total rainfall accumulation averaged over the entire city 1s 213 mm (215 mm) for the 6 )
synoptic conditions for the two storms are dramatically different from each other. The 2012 7 R f
storm is associated with the deepening westerly trough (i.e.. cold vortex) and its southward e e re n CeS
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Paired event data — Key data table
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5 1 pluvial flood City of Beijin¢ China 2012|Insufficient d expert judge|NA NR NR NR

6 1 pluvial flood City of Beijing China 2016/ capacities of|scientific stuqsince 2013 thexpert judge{NR NR NR

7 2 riverine flood Kansas catct USA 1951 |The design d|scientific stuqFlood storag¢scientific stu{NR NR NR

8 2 riverine flood Kansas catcl USA 1993|No levee fail|report Flood storag¢report NR NR NR
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Paired event data — indicators-of-change
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Paired event data — indicators-of-change

| Impact II
m“““.“mm oo o000 0 00 0 0o

| Hazard

S R W ]
| Exposure
,..l'.'.lmll.l.'l...,l...l.‘”o.lllll.lllllll

| Vulnerability

TIIIIIIIIIIIII“““”m“@"“lﬁnsmSiI@“e

| Management shortcomings

P P TR
AAAAAGOOOO AAAAAAAAALAALAS 2O A AAAAALASOYOYOYOIOYIOFALALAAADL .,

@<, -

GFZ

H Kreibich: Panta Rhei Benchmark Dataset

Helmholtz-Zentrum
PorsbpAam




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, nttps://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, nttps://doi.org/10.1029/2018WR024128, Schoppa et al. 2022, oor:
10.1080/02626667.2022.2095207

Benchmark the performance of socio-hydrological flood
or drought risk models
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Detailed context specific analysis

Example 2002 and 2013 floods in Germany
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Example: preparedness and warning

10 I 2002 (n = 647)
I 2013 (n =759)

+
|t was totally clear to me |t was totally unc!ear to me
Don't know/Not speaﬁed

30

20

Share of surveyed households [%]
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Comparative analyses: Eight success
: stories of flood(cisk_ red

Germany
Rhine & Elbe/Danube
Population density: 230 pop/km?
GDPlcapita; 47,268 USD

a Warm temperate humid climate
Fluvial floods

Odra { Vistula

Population density: 123 pop/km?
GDF/capita: 26,135 USD

Warm temperate humid climate
Fluvial floods

\ﬁ. Poland

M Bangladesh
Gange / Bramaputra f Meghna

4 Population density: 1,119 pop/km?®
| GDP/capita: 3,332 USD

hot tropical climate

Maonsoon floods

Italy
Fiumarella / Corace

Population density: 201 pop/km?
GDP/capita: 35,897 USD

Warm temperate mediterranean
climate
Flash floods

Mozambique
Limpopo
Population density: 30 pop/km?®
GDPicapita: 242 USD

Hot semi-arid to subtropical
climate

Fluvial floods

Spain
Liobregata f Besos

Population density: 92 pop/km?®
GDP/capita: 34,527 USD

Warm temperate mediterranean
climate

Flash floods

Vietnam
Mekong
Population density: 280 pop/km*
GDP/capita: 6,023 USD

Haot tropical climate

Monsoon floods

(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
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Comparative analyses: Floods & Droughts

38
a \ .27 17
24 \A45
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31 P 21
41 / = ¥ 13 25
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36 2 A 30— 34~ A
42 .
33 0 4 "3 \ 40 At 3
12 16
19
20
14
39
~28
@® Drought 3
A Flood 13
18—
Change in impact 4
37
B | arge Increase (+2) 10
44
Small Increase (+1) 6 ° 35
No Change (0)
Small Decrease (-1)
B  Large Decrease (-2)

(Kreibich et al., 2022)
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Comparative analyses: Floods & Droughts

Flood

Impact
Hazard
Exposure
Vulnerability

Mgmt shortc

Drought
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Mgmt shortc
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Comparative analyses: Floods & Droughts

B +1 } ® Drought
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o A Flood
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Comparative analyses: Floods & Droughts

Box 1

Success stories of decreased
impact despite increased

hazard

The dataset includes two cases in which a lower impact was
achieved despite a larger hazard of the second event, making
these interesting success stories (Fig. 3). Both cases are flood
paired events, but of different types (that is, pluvial and riverine
floods (Table 1)). These cases have in commeon that institutional

changes and improved flood risk management governance were

introduced and high investments in integrated managament wers
undertaken, which led to an effective implementation of structural
and non-structural meassures, such as improved early warning and
emergency response to complement structural measures such as

GFZ

Helmholtz-Zentrum
PoTsbpAm

leveas (Tabla 1.

Table 1| Characteristics and commonalities In flood

management of the two success storles.

Pluvtal floods in Barcelona,  Riverine floods in
pain (1I012) Danube catchment in
Germany and Austria
{ID15)
Event characteristics 1985 208 2002 2013
Hazard (hazard Duration, 4  Duration, 21 2700 12100

Indlicator-of-change +1)

h.average b sverage

mes” peak mes peak
discharge discharge
atgeuge  stgauge

Achleften  Achlefen

Impacts (impact
Indlicator-of-change -1}

event event
precipitation, precipltation,
3amm 45mm
€336 £3 5 million
millian®

€4billon* €2.32
billion

Commonalities in management changes: potential factors of success

Institutional changes,
Improved gowernance

reorganization of early
warning and emengency
response after 1955, with
improwed collsboration
batwesan municipality,

Catalonia and State Agency

of Mateorology

Flood Information
servica (HORA) for
Austria went onling In
200E; recrganization
of flood warning and
EMENgency response
units with improved
collsboration scross
federal states and
transnationally

High Investments
In structural and
nion-structural
MEEsUIEs

About €135 milllior?
invested In structural
miezsures alone, following
the Integrated Sewerage
Plan of Barcelona

Around £3.68 billlon®
invested In flood risk
management betwaen
events on structural
and non-structural
mezsures, Including
new legislztion and
building codes In
Garmany and Austria

Strongly Improved
early warning and
Emargency response

Wesw radar and lightning
nettwork plus operative
mesoscale meteorological
miodals in Catalonia,
real-time control system
basad on rain gauge
network snd water level
maonitoring In Bancelona

Technical
Improvements in
weathes forecasting

in Germnany, much
higher penetration
rateof warnings
and mare effective
flood response actions
among citizens

Common features of success

stories:

1) Institutional changes and
improved flood risk
management governance

2) High investments in
iIntegrated 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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