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History of AIR’s Coastal Flood Model for Great Britain

Addition of

Great Britain

Storm Surge
to EU ETC

Great Britain Great Britain
Great Britain Exposure Vulnerability
Update Update

=
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Changes in Model Configuration

2019 Update:

Previously:

AIR Coastal Flood Model for
Great Britain

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

W)
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What Is Storm Surge?

Sea Defenses

Bathymetry
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Extratropical Cyclones Generate Storm Surge
iIn Great Britain

Historical Storm Tracks
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Historical Events Affect Both the West and East Coasts

Storm Anne (2014): West Coast Example* Storm Xaver (2013): East Coast Example**

*another example is Storm Undine (1991)

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

Lat (°)

Southerly wind pushes water into Northerly wind pushes water into
Irish Sea the Channel
©2019 AIR Worldwide CONFIDENTIAL—FOR WEBINAR ATTENDEES ONLY 8 ?—'—-:" AI R

(



©2019 AIR Worldwide

CONFIDENTIAL—FOR WEBINAR ATTENDEES ONLY

)



New Hydrodynamic Coastal Flood Model

Hydrodynamic
Domain Coarse
Mesh

Fine Mesh:
[l Current Coverage

I New Coverage

Expanded domain covers all
of England and Wales

Uses Delft3D Flexible Mesh

Dynamic simulatfion of tides
and surge

Driven by wind and pressure
from EU ETC model catalog

(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-meter
resolution via downscaling
and fopography subtraction
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CORINE Land Use/Land Cover Database

Corine land cover classes

1. Artificial surfaces
1.1 Urban fabric
I .. contnuous wten v

- 1.1.2. Discorthuous urban fabrc

12 | and units

I 2 1. iusivial o commercial unis

I .22 Root ard rail atworks and sssociond tand
[ ] 123 Portareas

[ 124 Arpons

1.3 Mine, dump and construction sites

- 1.31. Mineral extraction sites

B 2 oumpsies

- 1.3.3. Construction sites.

1.4 Artificial, non-agricultural ve getated areas
ﬁ 1.4.1. Green urban ansas

[ 142, spon ana eisure tacities

2. Agricultural areas
2.1 Arable land

[ ] 211 Nonmigated arabia tana
21.2. Permanently Frigated land

[ ] 213 Roefiens

2.2 Permanent crops

I 221 vineyercs

[ 222 Futrees and bery planiatans

[ 223 cive groves

2.3 Pastures
[ ] 231 Pastures

2.4 Heterogeneous agricultural areas

2.4.1. Annual crops assoclated with permanent crops

l:l 2.4.2. Complex culivation patterms
l:l 24.3, Land principally occupied by agricuturs
l:l 244, Agro-fonestry areas

3. Forest and seminatural areas
3.1 Forests

.1.1, Broad-leaved famst
I .12 coniterous forest
[ 3.1.3. et fovest

3.2 Shrub andlor

[ ] 321, Maturai grassiang

[ 2:22. Moors and heatriand

[ ] 223 scemprylous vegetation
: 324, Transitional woodand shrub
3.3 Open spaces with Iittie ar no vegetation
[ 2:21. Beaches. dunes. and sand plains
[ ] 332 Barereex

[ ] 335 sparsety vegesedt areas
| EETR e

[ ] 325 Glacers and perpetuai snow

4. Wetlands

4.1 Inland wetlands

[ 411, intandt marshes

B <02 st bogs

4.2 Coastal wetlands

[ 21, sanmarsnos

[ ] 422 saines

[ 423, interticl ats

5. Water bodies
5.1 Inland waters

5.1.1. Water courses

i
5.1.2. Water bodies

5.2 Marine waters

n 5.2.1. Coastal lagoans
[ 1522 Esares
[ 523 seaandocean

1

—
s—

]



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 g
INn urban areas o
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Incorporation of the Latest Levee Data Sources

UK Environment Agency Spatial Flood
Defences Dataset

« 2016 vintage defense data |
set for the entire United
Kingdom: defined crest -4
heights, material, quality
condition, and design type

« Undefined heights were
extracted from 2- 1010-
meter topography (DTM)
sources i

©2019 AIR Worldwide CONFIDENTIAL—FOR WEBINAR ATTENDEES ONLY




Thames River Defenses

« The Thames Barrier was completed
in 1984

« During construction, flood defenses
were raised by ~2 meters for ~30
km downstream to match the
Barrier

« Defenses 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

MCS0941-RT002-R05-00 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

9
o Total water level
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Modeled Pressure, Wind, and Surge During
North Sea Flood of 1953

a)

o)

a) SLP (mb)

Sea level pressure 60
West-to-east wind 55
speed (U) ~180 meters
above ground 5= 50

(0]

©
South-to-north wind =
speed (V) ~180 meters = €0
above ground

55

Water level due to
wind setup (without 50

tide)
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Modeled Water Level Near Thames Barrier
from a S’rorm L|I<e the 1953 Nor’rh Sea Flood
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Flood Extent Validation for the 1953 North Sea
Floomd Eyen’r (Thomes River) -
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Flood Extent Validation Along the Humber River
for 2013 STQrm Xaver
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City of Hull Close Up: Storm Xaverin 2013
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City of Hull Close Up: Storm Xaver “Todoy
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Flood Validation for Storm Xaver in Boston, UK:
Fine Mesh Versus Super-Fine Mesh

ooooo
------------

. ‘The Hoven River Qx0T -
» | . . E ’:. o0 o0
.Legend 3 E E E E E E . Legend
= Xaver Observed Flood Extent =~ .o eseee o O Xaver Observed Flood Extent =~ .
- * Model Fine Mesh Results fmecveseseedP i N L. E MQdeI Super-Fine Results
Insufficient resolution (~220 m) Sufficient resolution (up to 35 m)
for water to reach Boston, UK for water to reach Boston, UK
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Component-Level Damage Functions
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Building and Component Damage
Functions for a Retail Shop

= = «Byilding Structure
eeeseServices

= = o Fixtures and Fittings

= Overall Building Coverage

Mean Damage Ratio




Reduction in Commercial Building Vulnerability
Relative to Residential

m Residential m Commercial
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Vulnerability Updates Leverage a Unified
Framework Across Models in Europe

« Addition of marine
cargo, marine hull,
industrial facilities, wind
turbine, and builder’s risk

* |Incorporation of
unknown damage
functions at CRESTA level

« Updated secondary
damage distributions
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6/K Claims from Four Historical Floods Inform
the Latest Secondary Uncertainty Distributions

m Previous mUpdated

Damage Ratio

Mean Damage >
Ratio =
s> <
O
O
(a1
Flood Depth Damage Ratio
Distinct secondary uncertainty * Inthe new model, there is lower
distributions for Residential and probability of zero or full
Commercial risks damage
©2019 AIR Worldwide CONFIDENTIAL—FOR WEBINAR ATTENDEES ONLY 29 ?t;:-' AI R

(



Support for New Secondary Risk Characteristics

Custom Flood Foundation Floor of
Protection Type Interest

First-Floor Custom
Height Elevation
©2019 AIR Worldwide CONFIDENTIAL—FOR WEBINAR ATTENDEES ONLY 30

)

(



A

B

A

New Industry Exposures Modeled at 90-Meter Resolution
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Utilized best available building
footprint data sets to
accurately locate risks

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

Improved automobile
valuation methodology

|ldentified high-value industrial
facilities
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New Industry Exposures Modeled at 90-Meter Resolution
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New Industry Exposures Modeled at 90-Meter Resolution
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Historical Event Loss Validation

B Model Ground-Up  mEstimated

Losses (GBP Billions)

O — NN W M 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

450
400
350
300
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200
150
100

50

Losses (GBP Millions)

®m Model Insured m Observed

Undine (1991) Xaver (2013 Vintage)
Flood Events

Observed Data Sources: UK Met Office, Munich Re, ABI
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Exceedance Probability of Insurable Gross Loss

1953 X
X =No SoP
1953 vV V = Vintage SoP
2 M = Modern SoP
= v
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 V = Vintage SoP
A
o)
—
2013 M
7 I
B _ = I
AOL 2 4 100
ReTurn Penod (Yeors) .
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Insured Aggregate Loss Comparison: Adding Surge

® Wind Only
B Wind & Updated
Surge

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

Loss

mEm .. HEHBE ll II II II II I| ‘l
5 10 20 25 50 100 200 500

AAL 2 1,000
Return Period (Years)
=2
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Insured Aggregate Loss Comparison: Wind & Surge

B Wind & Previous
Surge

B Wind & Updated
Surge

1,000

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

Loss

me= __ mm HBE Il II II II II ||
10 20 25 50 100 200 500

AAL 2 5
Return Period (Years)
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Functional Changes in Touchstone

Event Set: 10K European AP (2018) - Standard A f
Perils: Earthquake » Tropical -I:}rch:jne* Severe Storm Other Perils:
Earthquake Shake Wind X Severe Thunderstorm i Inland Flood i
Fire Following Storm Surge Winter Storm Wildfire/Bushfire
Sprinkler Leakage Precipitation Flood g Terrorsm "
Landslide Coastal Flood
Tsunami
Liquefaction Touchstone 2018
* Europe Extratropical Cyclone is still categorized as a “Tropical Cyclone” peril in Touchstone
Event Set: 10K Eurcpean AP (2019 - Standard - f
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=umami
Liquefaction Touchstone 2019
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Bonus Features in Touchstone and CATRADER/Touchstone Re

1) Eventsin the Database are tagged as either
Extratropical Cyclone (E), Surge (S) or Combined (C).
2) In Touchstone® 2019, you can run the previous and new
versions of the GB storm surge model|
3) Users can apply financial terms on combined wind and
1%6 losses in Touchstone and CATRADER®/Touchstone

4) CATRADER/Touchs’rone Re users can also get losses for
the GB surge-only catalog

5) Exported CLFs will be for European ETC (even storm
surge-only runs)

W)
>
0
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Summary

Added the storm surge sub-peril as part of
AlIR’'s Extratropical Cyclone Model for Europe

Expanded model coverage to include all of
England and Wales

Updated with modern-day levee information
to improve surge footprints

Enhanced damage functions using claims
and peer-reviewed literature

Greater selection of primary and secondary
characteristics to represent your risk
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