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Updates to Modelling
Floods in Europe

Alastair Clarke, PhD
Richard M Yablonsky, PhD
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Agenda

Intfroduction

AIR’s Inland Flood Model for Central Europe

* Updates to the Hazard Component
* Updates to the Vulnerability Component
* Modelled Losses

The Addition of Great Britain Storm Surge to AIR’s

Extratropical Cyclone Model for Europe

* Updates to the Hazard Component
* Hazard Model Validation

* Modelled Losses

* Upcoming Software Changes
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Milestones in Model Development

-

Switzerland,
Austria, Czech
Republic

Poland,
updates to
other
countries

[taly,
Hungary,
Slovakia

2000

2011 2013 2015

Future

&

Great Britain

Great Britain
Vulnerability
Update

Addition of
Great Britain

Storm Surge
to EU ETC
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What Is Driving the Updates?

Recent

Poland and —

updates to other
countries

Additional

Demand Asset
Types

Addition of
Great Britain
Storm Surge
Into EU ETC

Model
Unification
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New
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Domain
Expansion
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New Industry Exposures Modelled at 90-Meftre Resolution

« Utilised best available building
footprint data sets to
accurately locate risks

« Updated construction splits,
replacement costs, coverage
splits, and policy conditions

 Improved automobile
valuation methodology

« |dentified high-value industrial
facilities

)

AIR
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Vulnerability Updates Leverage a Unified
Framework Across Models in Europe

+ Addition of marine B
cargo, marine hull, s L
industrial facilities, wind
turbine, and builder’s risk

* |ncorporation of
unknown damage
functions at CRESTA level

 Updated secondary
damage distributions
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Support for New Secondary Risk Characteristics

Custom Flood Presence of Floor of
Protection Basement Interest

First-Floor Custom
Height Elevation
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Poland Is Now Included In the Model

Addition of:
- Two maqjor river

basins: Oder and T
Vistula [ ™
- 14,470 catchments »',

- More than 86,873 km .
of river network LIS :
“
- More than 110,649 N\ A AN
river cross sections at e /
. - Model Flowlin,
intervals of roughly P E] ot S
500 metres e s B i cies
P {) N
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The Number of Marquee Historical Events Has
Increased

Event Year

2002

2005
2007
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The Precipitation Simulation Initiates the AIR Flood Model

Precipitation
Y-
Define Events Surface »
Runoff
. A
Hydrological
S
Flow J
Fluvial

==
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AIR Has Enhanced the Precipitation Catalogue

Precipitation

* Precipitation downscaling upgraded
for better consistency across country
boundaries leads to more realistic

Define Events footprints for extreme events

 Addition of Poland resulted in

Hydrological redefining of events
Model
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Hazard Is Updated to Reflect Fluvial and Pluvial

« Germany hazard was re-evaluated
based on new information

« Improved pluvial hazard consistencies
across political boundaries

 Updated levee information

Fluvial
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Latest Data Updates Standard of Protection (SoP)

Data Sources

 Naftional and State-Level
Flood Authorities

* Municipal Flood Protection
Authorities

e CORINE Land Cover

Source: Wikipedia
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The Updated Pluvial Module Uses a Statistical Model

Design relative runoff and urban land use are used to estimate
pluvial drainage in urban areas

Legend

nnnnnnn : o - . mm= AIR Modelled River Network
= ;‘\‘ | o Inland Flood Model Lost Cost
: } I‘ ’ Low
4 “ PR | 2 ' |
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B e Braunsbach
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Drainage
JNurnberg Capac“y
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nnnnnnn
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Relative to Residential

Unified and Updated Relative Vulnerabillities

Building

Commercial Building
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Residential and Commercial Daomage Functions
from Claims Data

1
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Probability

Updated Secondary Damage Distributions
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Change Impact

Ground-Up AAL Changes on AlIR’s Industry I
Exposure Database (IED)

<25% 25—50% >50%
Austria Czech Republic
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Historical Event Ground-Up Total Loss Validation
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Poland Insurable Ground-Up Exceedance Probability

Loss

©2019 AIR Worldwide
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Germany Insured Gross Loss Change

Q B Previous
9 I B Updated
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! '
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Gross Insurable AAL Change

Change by Line of Business and CRESTA in Touchstone®

AIR Industry Exposure Database (IED): Germany IED: Gross Insurable AAL Change by CRESTA

Gross Insurable
Loss Change
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Loss Cost Map and Total Modelled Losses

Kalinin

Aggregated Annual Ground-Up Loss by
Country
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Changes in Model Configuration

Previously:

AIR Coastal Flood Model for
Great Britain

2019 Update:

Storm Surge sub-peril in the AIR
Extratropical Cyclone Model
for Europe
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What Is Storm Surge?

Sea Defences

Bathymetry
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Extratropical Cyclones Generate Storm Surge
iIn Great Britain

Historical Storm Tracks
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Storm Anne (2014): West Coast Example*

*another example is Storm Undine (1991)

Historical Events Affect Both the West and East Coasts

Storm Xaver (2013): East Coast Example**

**another famous example is North Sea Flood (1953)

mis

Southerly wind pushes water into Northerly wind pushes water into
Irish Sea the Channel
©2019 AIR Worldwide
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New Hydrodynamic Coastal Flood Model

Hydrodynamic
Domain Coarse
Mesh

Fine Mesh:
[l Current Coverage

Expanded domain covers all
of England and Wales

Uses Delft3D Flexible Mesh

Dynamic simulation of tides
and surge

Driven by wind and pressure
from EU ETC model catalogue

(see Keshtpoor, Carnacina, and Yablonsky, 2019: New Statistical
Approach to Select Coastal Flood-Producing Extratropical
Cyclones from a 10,000-Year Stochastic Catalog. J. Waterway,
Port, Coastal, and Ocean Eng.)

Surge depth at 10-metre
resolution via downscaling
and topography subtraction

I New Coverage

%

N
>
A

©2019 AIR Worldwide Confidential - For European Seminar Attendees Only 38



CORINE Land Use/Land Cover Database

:_111::?;:1.1@:.35 2.3 Pastures 4. Wetlands

. n c 4.1 Inland wetlands
A1 P

- 1.1.1, Continuaus urban fabric I:l 233 Paatunee

[ 4.1, intand marshes
I .2 Poot bogs

- 1.1.2. Discortinuous uban fabric 2.4 Heterogeneous agricultural areas
2.4.1, Annual crops associated with permanent crops
1.2 Industrial, commercia and transport units 420 "
- 1.2.1. Industrial of commercial unis |:| A Compos SN WIoR PR I:]
2% 4.2.1, Sah marshes
4.3, inci i
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s 3.1 Forosts 5. Water bodies
1.3 Mine, dump and construction sites 311, Brosd4eaved st 5.1 Inland waters

- 1.3.1. Mineral extraction sites - 3.1.2. Confferous forest I:I 5.1.1, Water courses
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- 1.3.3. Construction gtes 3.2 Shrub and/or herb getation associations 5.2 Marine waters

1.4 Artificial, non-agricultural ve getated areas D 3.2.1, Natural grassland -] 5.2.1. Coastal lagoons:
ﬁ 1.4.1, Green urban arsas :} 3.2.2. Moors and heathiand I:] 5.2.2. Estuaries

[ ] 1.4.2 Sport and leisure facikies [ 323 Scerophylous vegetation [ ] 523 Sea andocean
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2.1 Arable land

3.3 Open spaces with little or no vegetation
21.1, Nen-irigated arabla land

. | 21.2. Permanently rrigated land

[ ] 213 Rcefens [ 3.3.2. Bare rock

| 3.3.3. Sparsely vegetated areas
2.2 Permanent crops

- 221, Wineyards - 3.3.4, Bumnt areas

| 3.3.5. Glackrs and perpetual snow

; 3.3.1. Beaches. dunes. and sand plains

- 222 Fruit treas and berry plantatons

I 225 owe groves

Confidential - For European Seminar Attendees Only 39

——
—S A
=

(



CORINE Land Use/Land Cover Database

« Data can be mapped to
a Manning friction
coefficient

« Helps to ensure proper
flood extent over land

« Parficularly challenging in
urban areas
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Incorporation of the Latest Levee Data Sources

i N

UK Environment Agency Spatial Flood
Defences Dataset

« 2016 vintage defence data
set for the entire United
Kingdom: defined crest
heights, material, quality
condition, and design type

« Undefined heights were
extracted from 2- 1010-
metre topography (DTM)
SOUrces
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Thames River Defences

 The Thames Barrier was completed
in 1984

« During construction, flood
defences were raised by ~2 metres |
for ~30 km downstream to match
the Barrier

« Defences for ~5 km upstream were
also raised to increase protection
and match protection of Central
London
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Accounting for Breached Levees in Addition to
Overtopping Levees

Joint Defra/EA Flood and Coastal Erosion
Risk Management R&D Programme

Performance and Relit
of Flood and Coastal z HR Wallingford

R&D Technical Report FD2318/1

Reliability of flood defences

Improved generic fragility curves for use in flood risk
analysis

Environment
W Agency

May 2014
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Storm Surge Model Validation at Great Britain

Tide Gauges for Four Storms

Four Storms Combined:
1953, Undine, Xaver, and Anne
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Modelled Pressure, Wind, and Surge During
North Sea Flood of 1953

a) SLP (mb) b) U (m/s)
60 " ’ 1030 v K 20
a) Sealevel pressure i) E AN 020 - | -
_ : 1l 11010 L <
b) West-to-east wind 55 1000 ST 5
speed (U) ~180 metres 990
above ground = 50 980 e -10
O
c) South-to-north wind % 20 d) surge (m) ‘m 2
speed (V) ~180 metfres = 60 @ o Ej’%
above ground . ]
55 0
d) Water level due to 10 r
wind setup (without 50 20
fide) 50 o o 0
Longitude(°) 5302:00:00 Surge _=013m
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Water Level Above Mean Sea Level (Metres)

Modelled Water Level Near Thames Barrier
from a S’rorm L|I<e the 1953 Nor’rh Sea Flood

~7.3 m (height af Thames Barrier)

ﬂ\

Tide Only
Surge Only

Linear Tide & Surge \ ~5.4 m (likg Nort Sea
Total Water Level 1953/storm)
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Flood Extent Validation for the 1953 North Sea
Floomd Eyen’r (Thomes River) -

Fociggivaios
. :
Farkop s b .
ey Pk . : P Golloms
” L' p SO WaRoLo w000 A "

. S Esse ol o @

? ~7 2 X z ;
oping Forest 0 : i o ! "
4 a2 ot WewsuRvPARK b g & jRomford

L =R SRS e Logend |
S . . {31953 Observed Flood Extent | -

i 3 Model Results
/. m — Coastal Defences

Valeotiies

souty
mmmmmmm

ardyse Vs
Gol b

AAAAAA

Woohwich Comman
newen g 45 b
yyyyy

~_Thames
- Borjer &

A
- g, & a h -
,,,,,,,,, 2 S "
0 ot 2.9 5 km o -
s g Royal Blacereatn o Mgl Place X F pishink”
- & Gacdens i Dartford e - 5 -
3 i 5 ) Ewewite o\ ST [T i Oravesend

Northfiost

' Map data © 2015 Google

©2019 AIR Worldwide Confidential - For European Seminar Attendees Only



Flood Extent Validation Along the Humber
Estuary for 2013 Storm Xaver -

I:IXcverObserved Flood Ex’ren’r fa ot
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R SR =
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City of Hull Close Up: Storm Xaverin 2013
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City of Hull Close Up: Storm Xaver “Toddy
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Flood Validation for Storm Xaver in Boston, UK:
Fine Mesh vs Super-Fine Mesh

/ LB 020000 .o 0. g o7 T T erssressiiiE
. Legend : * N -y . Legend ‘
D Xaver Observed Flood Extent =~ ... «¢ _ - O Xaver Observed Flood Extent -+ ..
- » Model Fine Mesh Results fmecveseseedP i N . * Model Super-Fine Results

Insufficient resolution (~220 m)

for water to reach Boston, UK
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Historical Event Loss Validation

B Modelled Ground-Up B Estimated

Losses (GBP Billions)

O — N W N 01 O N 00 O
| !

North Sea Flood (1953 Vintage)

Observed Data Sources: UK Met Office, Munich Re, ABI =
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Historical Event Loss Validation

B Modelled Ground-Up ® Observed
450 -

400 -
350 -
300 -

250 -
200 -
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o _§
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Flood Events
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Observed Data Sources: UK Met Office, Munich Re, ABI
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Exceedance Probability of Insurable Gross Loss

1953 X
X =No Levees
1953 vV V = Vintage Levees
é M = Modern Levees
— \4
vI ‘
|
200 500 1,000 2,000 5,000 10,000
eriod (Years)
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Exceedance Probability of Insurable Gross Loss

1953 M

Loss

V = Vintage Levees

20 ] vV
2013 M

7 I
H _— = I
AOL 2

50
ReTurn Penod (Yeors)
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Insured Aggregate Loss Comparison: Adding Surge

Residential, Commercial, Industrial, Agriculture, and Auto
Lines of Business

® Wind Only

B Wind & Updated
I| Surge
- ... HEN l. II II II II

AAL 2 100 1,000
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Insured Aggregate Loss Comparison: Wind and Surge

Residential, Commercial, and Industrial Lines of Business

B Wind & Previous
Surge

m Wind & Updated
Surge

1,000

Loss
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Functional Changes in Touchstone

Event Set: 10K European AP (2018) - Standard A f
Perils: Earthquake g% Tropical C}rclone* Severe Storm Other Perils:
Earthquake Shake Wind . Severe Thunderstorm i Inland Floed i
Fire Following Storm Surge. # Winter Storm Wildfire/Bushfire
Sprinkler Leakage Precipitation Flood g Terrorsm "
Landslide Coastal Flood
Tsunami

Touchstone 2018

Liquefaction

* Europe Extratropical Cyclone is still categorised as a “Tropical Cyclone” peril in Touchstone®

Event Set: 10K Eurcpean AP (2019 - Standard - "
Perils: Earthquake F Tropical Cyclone * Severs Storm Other Perils:
Earthquake Shake Wind - Severs Thunderstorm i Inland Flood i
Fire Following Storm Surge Winter Storm Wildfire/Bushfire
Sprinkler Leakage Precipitation Flood g Terrorism  *
Landslide Coastal Flood
T=sunami
Liquefaction Touchstone 2019
©2019 AIR Worldwide Confidential - For European Seminar Attendees Only 61

)

5



Summary

The Updated AIR Inland Flood Model for Central Europe:

* Expanded model coverage includes Poland and new historical events
* Updated existing model domain, including standard of protection
* Updated vulnerability for coverage and secondary risk characteristics

The Addition of Storm Surge to the AIR Extratropical

Cyclone Model for Europe:

* Expanded model coverage includes all of England and Wales

* Updated with modern-day levee information to improve surge footprints
 Utilised the Delft3D Flexible Mesh hydrodynamic model

* Used wind and pressure from EU ETC model catalogue to drive surge
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