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I Model chain

oot @ °- GCM-RCM climate
= model simulations

Partners:
- Multisite, multivariate .
IMAGE stochastic weather generator OASIS LMF
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I OASIS LMF enabled
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I Generation of stochastic meteorological event sets

* 4 regional climate
models
(CORDEX-EU)

2 climate scenarios
(RCP-4.5 & 8.5)

» Historical reference
climate (1971-2000),
current climate
(2006-35) and two
future periods (2020-
49, 2070-99)
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IMAGE
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1. Fluvial flood
hazard
modelling
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I Model chain

SWIM

+ Hydrological model
« PIK Potsdam

CaMa * Hydraulic model
FePEl . PIK Potsdam
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Model domain
SWIM hydrological model
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Observed vs simulated peak discharge (>Q1)

Model calibration

and validation o

e Observations at 44
gauging stations _

«  Multi-objective, " 10%
evolutionary Pareto ot
optimisation E

 Variable observation 5
data availability .

« Historic events

e CatchmentET

compared to MODIS T e e e

Observed HQp [m3s~1!]
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I Model validation
2006 flood season
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I Changes from reference period until 2006-2035

Future reoccurrence of the 100-year flood
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Future peak discharge
Budapest, Hungary

Nagymaros (Danube)
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I CaMa Flood hydrodynamic modelling

Global semi-distributed hydrodynamic model

Here adapted to predefined, high-resolution
subbasins of the hydrological model

Efficient computation at larger domains and L s e e e e s, e, S
StOChaStK: eveﬂt SetS DEM'’s height above river channel (FLDDIF)

Floodplain

Driven by daily runoff piver Channel

Shallow water momentum equation
approximated to a local inertial form

1.5D results are imposed on a high-res DEM

» Considerable preprocessing of elevation data
necessary to fit them to assumptions

Water depth above river channel (FLDDPH)
Yamazaki et al., 2012; 2014
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Simulation without levees

Bavaria, Germany, 2006
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Simulation with levees
Bavaria, Germany, 2006
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2. Pluvial flood
hazard
modelling

.
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I Model chain

- Pluvial flood model
+ DTU Copenhagen flood

MIKE
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I Pluvial hazard model - methodology

2D urban-scale flood model (MIKE by DHI)
- EU-DEM (25-m) Digital Elevation Model (or finer)

» Urban land cover based on high resolution remote sensing estimates (e.g.
Sentinel-2)

» Infiltration based on international soil data base
» Conceptual simulation of urban drainage system

» Rainfall events modelled by “Chicago” design storms (IDF)
 Climate projections based on output from Climate Module
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I 2D Model setup

« MIKE flood model

* Inputs: precipitation, DEM, infiltration,
land cover

» Conceptual urban drainage system
» Urban surface from remote sensing
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I Urban surface from remote sensing

A
A
100 N
N
B
Impervious
surface
fraction (%)
N
N
“~ g
N ol
0 N .
05
Low Vegetation High L
France Austria Denmark France
Strasbourg Vienna Odense Nice
1984 41.4 % 422 % 29.1% 38.1%
2014 53.0% 335% 36.6 % 44.7 %
Change 11.6 % 11.3 % 7.3 % 6.6 %
Table 1: Impervious surface fractions and changes therein during 1984-2014 (2013-2015). Imperviousness is calculated for the area

covered by the urban classes in the CORINE 2012 Land Cover Inventory (CORINE, 2012).
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I Validation of Budapest model

 Historical rain: 23 May 2017

 Current climate: RP2, RP10, RP20,
RP50, RP100

» VValidation carried out In
collaboration with Tibor Racz
from Budapest Sewage Works

* Results are available from Oasis
Hub
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I Budapest model domain

0 i .. 10Klometers
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I Infiltration from pervious surfaces

 The infiltration is modelled as
constant in time and varying in
space

 The infiltration capacity in each
pixel depends on the soll
characteristics, the slope and the
iImpervious surface fraction
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I Conceptual draihage system model

 Design criteria in Budapest:
* 10-100-year rainfall event (main pipes)
* 1-4-year rainfall event (smaller pipes)
* |ssues with man-holes being blocked may reduce capacity

 Calibrating for a 2-year rainfall event (low end)
« Varying the local sewer capacities from 0 to 3000 mm/day (125 mm/hour/pixel)
« Varies with the fraction of imperviousness

« Surface water cannot flow into the river due to the flood defences - only

via the drainage system
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I Cloudburst in Budapest 23 May 2017

0 2250 4500 5000 Meeers 0 5 10 Kilometers
1 1 ]

I . Il
F T 1

Limited flooding in the city centre
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I Cloudburst in Budapest 23 May 2017

CDS 2 year Return Period Comparison of 23rd May 2017 and CDS storm
70 . 7 S]G w100 y1 @vVENt Average 23/05 2 yrevent
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The station ZSIG measured the highest amount of rainfall (73mm) -
which is more than a 2-yr event (43mm), but less than a 100yr event
(123Mmm).
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Simulations for Budapest (present climate)

‘d“- g ¢ b s 17 bl el e . 5 ¥ vl:,

Inundation depth (max cm) with 1000 mm/day sewer capacity
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Inundation depth [cm]
. [ ]1-2
I Details: 100-year event — P

I 60 - 100

I 200 - 2,000

0 375 7.5 Kilometers

0 025 0.5 Kilometers

A Presentation by OASIS | Horizon2020 Insurance

‘ 29 '—
www.h2020insurance.oasishub.co




Inundation depth [cm]
. [ ]1-2
I Details: 100-year event — P

I 60 - 100

I 200 - 2,000

0 05 1 Kilometers
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I Overview

- Probabilistic flood loss model
BN-
FLEMOps N GFZ Potsdam
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I Approach to Model development

gy Post flood event F=ar
Empirical data survey data (4368) )

T Relevant variables for
& flood loss prediction

;'Z‘
>! lll .-,T-I-I-A______- -_I-_

Bayesian network and expert knowledg

Structure from data ,
D) g2 )

European proxy data q ¢
4  Scale transfer for model application o ——i;
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I OASIS Imf implementation

Residential
fluvial flood loss

Building
area

Duration

Residential
pluvial flood

Commercial
fluvial flood loss

N N IS |, T T
I | =
Flood c 1 1o
experience o 1'h
= ! wn
o ! 1 I @
(=g} 1=
= | (@)
= 1 @
f ) . il 1+
Precaution N ) Q
] J 1 m
! 1

peta(a, b)

a=*qo

logistic(f,,,, + Z B K

Number
employees,

Return
period

| !
Asset
values

LOSS MODELLING
FRAMEWORK
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Model features & structure

BN-FLEMOps Flood Resistance

characteristics characteristics
The Bayesian Network - Flood Loss

Estimation Model for the private sector e

depth

Multi-variable

Pl’ObabIlIST[IC o 22??53 Relative DL o,
For the private sector (buildings)

Transferable in location and scale
Predictions also with incomplete data

Asset Building
VEIES area
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Probabilistic loss estimation

Inference from observed values
P(Xi,..., Xn)= | [ P(Xi|parents(X;))
i=1

Water depth et Relative loss

class Plwd) . . class Plwd, rloss)

0.001
0.005
0.013
0.022
0.034
0.156
0.683
0.051
0.025
0.010

10 I

©O© 0o N OO0 b w N
©O© 0o N OO0 b w N

=
(@]
=
(@]

Relative |}
loss
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Probabilistic loss estimation

Inference from observed values

n

., Xa)= | [ P(Xi|parents(X;))

Water depth

Class1 0.0
Class2 00
Class3 0.0

Class4 1.0

/

Relative
building loss |

Return period

Class 1 0.023
Class 2 0.041
Class 3 0271

Class 4 0.665

Class1 00

Class2 10
Class3 0.0
Class4 0.0

Inundation
duration

Class1 00

caass2 10 |

Class3 00

Class4 00

Flood
experience
Class1 1.0
Class2 0.0
Precaution s &
indicator il
Class1 0775
Class2 0.168
Class3 0.057
A Building
type
Class1 0.0
Class2 0.0
Buiiding Class3 1.0 H
area
Class1 0.0
Class2 1.0 _
Class3 0.0
Class4 0.0
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Model data sources

European proxies

Hydraulic
Model

- Water depth
- Return period
» Duration

- European Asset

Map

+ Assets per land use

class

Open
Building
Maps

DFO

Catalogu
e

- Building footprint
- Building location

- Flood experience
- Flood events of the

past 25 years
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Model data sources

European proxies

Building area

Flood experience

(G

Mean residential building
area [m?] per NUTS-3 region

— N

100 250 400

[ Historic flood footprints (1985 - 2015) T (% Damage potential [€/m?]

40 60 80 100 300

G
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Caldogno (IT) Lech (AT) Mulde (DE)

Model validation B~ lech HE
Comparison with reported loss 1.00-
-, 0.75-
o]
O (qv)
S
Reported =1 Reported loss—
loss 7.5 1.9 240 o 0.50-
(Mio €) %
Simulated 0.6 , 136.0 S
loss (3.8 7'213 (3')6' (89.0: §
(Mio €) 18.8) 33 248.2) 0.25-
) Simulations=—>
0.00
0 20 40 600 10 20 30 40 500 200 400 600
Ludtke et al. 2019 (WRR) Aggregated absolute loss to residential buildings in Million Euro
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Implementation to OASIS Imf

Standardized table formats

Exposure

gulsummaryxref
coverage id
summary id
summaryset id

coverage
coverage id
tiv

Hazard

items
e . item id
i areaperil_dict : coverage_id
- areaperil_id pesmsanres areaperil _id
St : vulnerability id
group_id

footprint
event id
areaperil id

Vulnerability

§ vulnerability_dict

-4 vulnerability id

vulnerability
vulnerability id

intensity bin id |—=

probability I b
events
event_id

occurrence
event id
period no
occ_year
occ_month
occ_day

“-iintensity bin id

'intensity_bin_dicté

intensity bin_id
damage bin id

: probability

bin_index
bin_ from

bin to
interpolation
interval type

/’ ===
damage_bin_dict

.
-

vulnerability.csv

vulnerability_id pre_range fe_range
1 0 NA
2 1 NA
3 2 NA
4 NA ]
5 NA I
6 NA 2

ba_range

NA

NA

NA

[8-158)

[8-158)

[8-158)

bt_range

NA

NA

NA

NA

NA

NA

Vulnerability
characteristics

<_Q@

Building
area
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I Testportfolio residential sector Danube region

« Random sample of
10.000 virtual objects
from the Danube
region

 Residential assets
based on CORINE
Land use Land cover

* Exposure 460 M. EUR
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I Testportfolio residential sector Danube region

« Random sample of
10.000 virtual objects
from the Danube
region

 Residential assets
based on CORINE
Land use Land cover

* Exposure 460 M. EUR
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I Results Testportfolio — aggregate exceedence probability

Numerically integrated mean

Ref-period
Exposure value = 27,708,840 EUR
Annual average loss (ref) = 514,525 + 392,501 EUR

N
1

Current future

Exposure value = 29,387,632 EUR
Annual average loss (ref) = 638,317 + 480,162 EUR

Loss [M. EUR]

—
1

10 100 1000
Return period

period @ current future reference
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OQS\S = User Interface

ﬂ
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Summary Plots Files

Specification Value s— AEP
1 exposure location count 10,000 31 e
2 exposure TIV gul (Analytical) 20,387,632 -
C
o
3 exposure TIV gul (Sample) 29,387,632 = b
3 21
Parameters £
wv
o
Specification Value =
‘| -
1 return period file TRUE
2 event set 2006_2035
3 event occurrence id rcp85_2006_2035 0 250 500 750 1000
Return Period
4 eril pluvialflood TRUE
s AAL
5 peril fluvialflood TRUE
Il Mean AAL gul (Analytical)
0.6+
Outputs B Mean AAL gul (Sample)
Specification Value
g
1 Mean AAL gul (Analytical) 638,168 9O 047
2 Mean AAL gul (Sample) 638,317 é
wv
S
-t 0.24
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