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Event Response Workflow
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From Event to Industry Loss Estimate
A\ Insured Exposure (IED)
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Inland Flood models Loss Estimates

Schadenanteil
0-0.1%
01-1%

mi-2%

E2-3%

Wl 3-4%

W 4-5%

M >5%

E 2023 Risk Management Solutions, I nc. and/or its affiliates and |icensors (fiMoodyodés RMSo). Al rights reservad.



From Event to Industry Loss Estimate

A\ Insured Exposure (IED) AWorkforce transfer
A Capital allocation

Alnsurance Claims
Reserve

A1 week after the event

Europe Inland / US
Inland Flood models

Loss Estimates

i "
Hoch Schadenanteil
0-0.1%
= Kei 01-1%

.
uuuuuu ¢ mi-2%
: R, < E2-3%
g S " Ml 3-4%
L\
=3 AV Ml 4-5%
P F (Euskichon M >5%
i )
7 {Adof
: ’"L‘gf'mm (ﬁmn
426!l Kan \Bad Mnsterelfel| = " gad Neuenahranrweler,
B Z g ’
ASchierien E: e faterbug
5, Bumential ", Netors heim ’)}é Al
) e 9
| )
ﬁ.“wf 75 3 e e St N
2 7 2 TR e ——————
0 Km e I

E 2023 Risk Management Solutions, I nc. and/or its affiliates and |icensors (fiMoodyodés RMSo). Al rights reservéd.



From Event to Industry Loss Estimate

Insured Exposure (IED
A\ P (IED)

Event Europe Inland / US

Reconstruction Inland Flood models ~eEs [EsilliielEs
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Timelines of RMS Event Response
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Timelines of RMS Event Response
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Timelines of RMS Event Response
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Timelines of RMS Event Response
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Hurricane lan T September 2022
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Hazard and Loss Return Periods

A Wind Hazard

A 100+ year RP from Venice to south of 1.00
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Inland Flood Validation

A RMS surveyed a number of
points for evidence of inland
flooding

A Survey methods included
geolocated news reports and
field survey

A High resolution MRMS Radar
Rainfall showed the best
modelled results when
compared to observations

A Both CPC (quasi-real time) and
NCEP forecasts strongly
underestimated the flood
extent and flood depths.
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Hurricane Ida 1 August 2021
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Data: NOAA, QPE

lda Rainfall
Pattern

7 days cumulative rainfall
to Thu Sept 2nd 2021

inches

[ Missing data
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[]0.5t01

I 1t01.5

Bl 1.5t02

[ ]2to3

[ 13to4

[ J4t05

I 5t0 6

Bl 6to8

Bl 8 to 10

[ ]10to 15

] 15t0 20

[ ] Greater than 20

A Extreme precipitation in
landfall area

A Concentrated between 29th
and 30t of August

A Storm moved north producing
rainfall extremes along its path

A On September 1st
unprecedented rainfall
extremes over Mid-Atlantic
and Northeast regions
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Data: NOAA, QPE

Landfall Area

24 hours cumulative rainfall
to Mon Aug 30th 2021
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Rainfall Forecast

A Issued on 29t of August

A It started to become clear that

the rainfall front would affect i‘;; 33
10.00

Northeast U.S. i

. : : 5.00

A Forecast high rainfall over PA, 4.00
2day totals of >peg t

9K 48-Hour Day 4-5 QPF
- Valid 00Z Wed Sep 01 2021

- 10 1 Thr, 00Z Fri Sep 03 2021

01 ||gsued; 2034Z Sat Aug 28 2021
Forecaster: HURLEY
DOC/NOAA/NWS/NCEP/WPC
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Forecast
Evolution

A 2 days later

A Forecast issued 31st of Aug 20.00

AUpto57606 of rainf%Il L
; .00 .
A Also affecting NJ, NY, CT

9K 48-Hour Day 1-2 QPF
- Valid 00Z Wed Sep 01 2021
- 10 1 Thr, 00Z Fri Sep 03 2021
01 |\gsued: 22147 Tue Aug 31 2021
Forecaster: WPC
DOC/NOAA/NWS/NCEP/WPC

E 2023 Risk Management Solutions, I nc. and/or its affiliates and |icensors (fiMoodyodés RMSo). Al rights reservi8d.

SO O R
[t
&n




Data: NOAA, QPE
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lda Flood Footprint
Validation

A Flooding along Schuylkill River in Philadelphia
A Pluvial flooding in NYC

A ~70% of reported locations within 100m radius
from modeled inundation in the map

A High resolution MRMS Radar Rainfall
showed the best modelled results when
compared to observations
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Summary & Conclusions
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Summary and Conclusions

A Using high resolution MRMS Radar Rainfall as model input produces the best modelled
results when compared to observations (flood extent and flood depths)

A MRMS tends to resolve well very localised, short duration high intensity rainfall events
A Relevant when the main driver of loss is pluvial flooding in urban areas (or fluvial in small catchments)

A NLDAS rainfall works well for large areal estimates but tends to underestimate short duration high
intensity rainfall events

A Best product when the main driver of loss is fluvial flooding in middle to large sized catchments

A Both CPC (quasi-real time) and NCEP forecasts strongly underestimated the flood extent
and flood depths.

A Other examples in the appendix: California Atmospheric Rivers (Jan 2023), Fort Lauderdale
(April 2023), Low pressure front Bernd (July 2021, Germany and Belgium)
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California’ Atmospheric Rivers
Jan 2023



Drivers of the flood:
precipitation

A One of the most distinguishing features

of the recent California floods is the
clustering pattern of ARs, from

December 25, 2022 to January 12. The

most heavily impacted areas include:

(1) San Francisco Bay Areas: 12+ inches
in San Francisco and Oakland between

Dec 26 to Jan 9

(2) Sacramento Valley: 8+ inches in
Sacramento, and 4+ inches in Los
Angeles between Dec 26 to Jan 9,

(3) Southern California: 16+ inches in

Ventura and Santa Barbara counties.

(4) Central California
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Drivers of the flood:
precipitation

A One of the most distinguishing features
of the recent California floods is the
clustering pattern of ARs, from
December 25, 2022 to January 12. The
most heavily impacted areas include:

Selected Precip Totals
(from 12Z Dec 26 to 12Z Jan 6 only)
11.15” Lake Tahoe Airport, CA
10.60” Downtown San Francisco
10.43” Oakland, CA

8.84” SFOIntl Airport, CA
6.75” Redding, CA

6.54” Eureka, CA San Francis
6.26” Sacramento Airport, CA :
3.86” Reno, NV

(1) San Francisco Bay Areas: 12+ inches
in San Francisco and Oakland between
Dec 26 to Jan 9

QEATHe
(2) Sacramento Valley: 8+ inches in ] % f==
. . &, )

Sacramento, and 4+ inches in Los Vane®

Precipitation Accumulation (Inches)

Angeles between Dec 26 to Jan 9, Total Precipitation

Atmospheric River Series

4 AM PST December 26, 2022 to
4 AM PST January 6, 2022

NWS Stage IV Precip Analysis
Gridded Analysis: water.weather.gov
Image made by NWS Weather Prediction Center

(3) Southern California: 16+ inches in
Ventura and Santa Barbara counties.

(4) Central California
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Hydrology

A Hydrological response after
continuous rainfall: saturated solils

A Surface Runoff generation

A RPs between 50-100yrs in most
affected areas

A Locally exceeding RP > 200yrs

A Leads to flooding of smaller streams
and creeks

A Riverine flooding in large rivers
A Only locally RPs > 30yrs
A Salinas River / Monterrey County

A Eastern tributaries to the Sacramento
River

E 2023 Risk Management Solutions,
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Fort Lauderdale i April 2023
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Fort Lauderdale

A ~500mm in 12hr

A Catchment aggregation makes the
max Precip decrease to 180mm/d
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Final Footprint

Depth (m)
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APPENDIX T FOOTPRINT VALIDATION

California’ Atmospheric Rivers
Jan 2023
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Pajaro flood caused by levee
breach

E 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (fiMoodydéds RMSo). All rights reserv3dd.



