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Event Response Workflow
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From Event to Industry Loss Estimate
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From Event to Industry Loss Estimate
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From Event to Industry Loss Estimate
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Timelines of RMS Event Response

2022-09-28 20:00:00 UTC
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Timelines of RMS Event Response

Landfall

TC track and
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Precipitation Forecasts
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Timelines of RMS Event Response
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Timelines of RMS Event Response
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Hurricane lan — September 2022
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Hazard and Loss Return Periods

Fort Myers 8725520

" Wind Hazard Water Height above Mean Sea Level
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Hazard ¢
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g
Inland Flood Validation _ )
T

RMS surveyed a number of : | | Sy
points for evidence of inland | LA
flooding :
5 |
Survey methods included | g USGS gages in major
geolocated news reports and Ly e ¥ = flooding shown in purple
field survey i aReAE e S ,‘ - | e T |
High resolution MRMS Radar L
Rainfall showed the best St o &
modelled results when e ‘1’
compared to observations : . T S
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Hurricane Ida — August 2021
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lda Rainfall
Pattern

Extreme precipitation in
landfall area

Concentrated between 29th
and 30t of August

Storm moved north producing
rainfall extremes along its path

On September 15
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

Extreme rainfall accumulation [ e ki he LN inches
L _ ey : ; : \ [0 Missing data
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Rainfall Forecast

= |ssued on 29" of August

= |t started to become clear that
the rainfall front would affect 15. 00
Northeast U.S. 10.00

= Forecast high rainfall over PA,
2-day totals of up to 5”

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/NOAANWS/NCEP/WPC
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Forecast

Evolution

= 2 days later

= Forecast issued 31st of Aug 90. 00
15.00

= Up to 5-7” of rainfall 10. 00

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/NOAANWS/NCEP/WPC
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Then it started
raining...

Actual rainfall amounts largely
exceeded NCEP forecasts

Record-breaking rainfall over
NJ, NY, PA, CT

Several records broken for
max hourly rainfall, max daily
rainfall

High resolution MRMS Radar
Rainfall was much higher
than CPC, NLDAS in the
Northeast

p |
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lda Flood Footprint
Validation

Flooding along Schuylkill River in Philadelphia
Pluvial flooding in NYC

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

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

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

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

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

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

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

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

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved.
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California — Atmospheric Rivers
Jan 2023
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2022-12-26 09:00:00 UTC Hourly
> i rainfall
[mm/h]
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Drivers of the flood:
precipitation

= 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

Source: RMS with rainfall data from MRMS
(Multi-Radar / Multi-sensor), NOAA
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Drivers of the flood:
precipitation

= 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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2022-12-25 10:00:00 UTC

Source: RMS with rainfall data from MRMS
(Multi-Radar / Multi-sensor), NOAA

Hourly
rainfall
[mm/h]
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Drivers of the flood:
precipitation

= 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)

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

Angeles between Dec 26 to Jan 9,

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

(4) Central California

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved. 26



Hydrology

Hydrological response after
continuous rainfall; saturated soils

Surface Runoff generation

*  RPs between 50-100yrs in most
affected areas

* Locally exceeding RP > 200yrs

Leads to flooding of smaller streams
and creeks

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

« Eastern tributaries to the Sacramento
River

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (*

Surface Runoff
RP [yrs]

Ll <=2yrs

| 13-30yrs

B 30- 200 yrs
B ;> 200 yrs

Discharge RP
[yrs]
<= 2 yrs
3-30vyrs
B 30 - 200 yrs
B - 200yrs
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Hydrology

Hydrological response after
continuous rainfall; saturated soils

Surface Runoff generation

*  RPs between 50-100yrs in most
affected areas

* Locally exceeding RP > 200yrs

Leads to flooding of smaller streams
and creeks

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

« Eastern tributaries to the Sacramento
River
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Surface Runoff
RP [yrs]

| | <=2yrs

| 13-30yrs

B 30- 200 yrs
B ;> 200 yrs

modelled results when compared
to observations

Discharge RP
[yrs]
<= 2 yrs
3-30vyrs
B 30 - 200 yrs
B - 200yrs
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Fort Lauderdale — April 2023
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DEERFIELD
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Fort Lauderdale

~500mm in 12hr

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

Depth (m)
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APPENDIX — FOOTPRINT VALIDATION

California — Atmospheric Rivers
Jan 2023
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Pajaro River

Pajaro flood caused by levee
breach

AID FILMZ

V| @ 2023 Flood California March
- |v| ¥ us ca
Band 1 (Gray)
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1.0000 - 1.2500
[ 1.2500 - 1.5000
[ 1.5000 - 2.0000
M 2.0000 - 2.5000
1M 2.5000 - 3.0000
3.0000 - 3.5000
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» [ | usca
3 k) Mapzen Global Terrain
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* |v/| B OpenStreetMap
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Pajaro flood caused by
levee breach

Photos from march 11
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gl

Floodingin'a neighbousidod off -~ .
Holohan®R0ad, near Watsonville
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“In Alameda County, there are 20 different sites where the storms caused serious

A | al I l ed a road damage. The damage across the county will probably exceed $30 million to
: r 1 ! repair. Public Works hopes they'll be able to get funding from the state or federal

government to cover a portion of that”.

Cargsubmergedin a
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The: 1
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© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved. and mudshd

39



Monterey

Parific Crove

MONTEREY.

Flood waters inundate a home bysthe
Salinas River-near lar

Sonzales

S ledad

Greenfield

“‘
A
El
L
i
=" 4
3
=
2

3 ; _ — ATV . “,ﬁ"‘ NG Flooded homes and vehicles in San Ardo
Flooding along the Salinas River Flooding of farmlarfd in MQnterey
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APPENDIX - Europe Inland Flood Event Response

Low pressure front
Bernd — July 2021

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved.
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Timeline

 FIELD RECONNAISSANCE 3rd FP/LOSS ES
e e ‘.\; ”’ “’6; Y 3 S ) Pt A "' ‘ﬁ“
: ' | #hersheim t'l;

-

S
o 25

November 1—3. 2021

July 12-18,2021

Dec. Jan. 2022 Feb.

FULL EVENT RECONSTRUCTION

Al "

September 2021-January 2022
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Precipitation per N
Catchment A

= E-OBS precipitation sums
aggregated to the catchments of
the RMS® Europe Inland Flood
HD Models

= Maximum daily observed
precipitation between July 13—
15, 2021

Maximum Daily
Precipitation (mm)
0-20

= Data used as input for the full 28:28

event reconstruction 40 - 50
50 - 60

60 - 70
70 -80
80 -90
90 -100
> 100

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reset
Source: E-OBS gridded dataset data



Full Event
Reconstruction

= Focus on most affacted
areas (e.g., Bavaria,
Saxony excluded)

=  Maximum precipitation
from E-OBS dataset
between July 13-15,
2021

Maximum Daily
Precipitation (mm)
0-20

20-30

= Leveraging components of the Europe = ' : R 4 ¢
Inland Flood HD Models A Gauge Station

= Inclusion of data from roughly 700 gauge | -+ Flood Depth Measurement
stations, mainly along small and medium o2 o8 R fodeIac Flood DaRta
rivers | ' e

= Incorporation of own ~200 flood depth '

measurements inferred from observed
flood marks

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights resery



APPENDIX — EVENT RECONSTRUCTION

Hurricane lda — Northeast US

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved.
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USG5 4842410874072201 Hewark USG5 weather station HJ

Emergency alert: Severe 8.0
Sep 01, 19:35 PM

T h en | t S t al t (o d National Weather Service: A FLASH

FLOOD WARNING is in effect for
rai n i n g this area until 9:45 PM EDT. Thisis a
e dangerous and life-threatening situation.
Do not attempt to travel unless you are
fleeing an area subject to flooding or
under an evacuation order.

Precipitation, total, inches
r
H
@

= Lack of warning made it harder to
anticipate OK 0.0

a8:e8 a6: 08 12:88 18:80 a8:80 a6: 08 12:88 18:80 a8:80
Sep 61 Sep 01 Sep 01 Sep 01 Sep B2 Sep 82 Sep 82 Sep B2 Sep 063

- Record-breaklng I"alnfa” Over NJ’ NY’ PA’ CT 2821 2821 2821 2821 2821 2821 2821 2821 2821

==== Provisional Data Subject to Revision ==--

[,
-
=

|

—
o

= Emergency alerts arrived when it was already raining

=
[ Map Center: -75.453, 40.484 | o | Average Recurrence Interval - 24 hr )|

1..[ 090172021 22:20 UTC

s~ Return
Period

X' [year]

1]

w

= Based on past events, 7.5” in 6h represents
1,000-year RP event

200
100
75
50
40
~ 30
20
10

IIiIII[

QO =2 N W s~ O

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved. y
> Leaflet | ©® OpenStreetMap




USG5 4842410874072201 Hewark USG5 weather station HJ

Emergency alert: Severe 8.0
Sep 01, 19:35 PM .0
T h en | t S t ar t e d National Weather Service: A FLASH 6.0
FLOOD WARNING is in effect for 5.8

Tall this area until 9:45 PM EDT. This is a
rainin g = dangerous and life-threatening situation. 4.9

Do not attempt to travel unless you are
fleeing an area subject to flooding or
under an evacuation order.
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==== Provisional Data Subject to Revision ==--

= Emergency alerts arrived when it was already raining

= Based on past events, 7.5” in 6h represents
1,000-year RP event

= High-intensity, short-duration precipitation over saturated soils

= Led to localized fluvial flooding (e.g. Raritan River, Passaic River, Schuylkill River) and widespread precipitation-induced
flash floods

= Particularly severe in urban areas.
* NYC 100-year hourly rainfall depth 2.87” from backward-looking NOAA Atlas 14 analytics.

* 3.15” max hourly rainfall measured at Central Park during Ida
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APPENDIX — FOOTPRINT VALIDATION

Hurricane lan — Pluvial vs Fluvial

© 2023 Risk Management Solutions, Inc. and/or its affiliates and licensors (“Moody’s RMS”). All rights reserved.

48



Pluvial flooding, Orlando

= Flat topography and shallow
water table

= Requires detailed pluvial
modeling to capture street
level flooding and overflow of
lakes

Surveyed locations

Depth

| Less than 2cm
2cm to 20cm
20cm to 50cm
. 50cmto 1m
" 1mto2m
B 2mto 4m
0 Greater than 4m
+ R « R T




Fluvial flooding on
the Peace River

= Major flooding stage on the
Peace river lasted several
days

= Surveyed damaged locations
validated the extent of the
fluvial inundation

Surveyed locations

Depth

Less than 2cm
9 2cm to 20cm
20cm to 50cm
S0cmto Tm
B 1mto2m
B 2mtodm
B Greater than 4m
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