Encroachment of the severe
weather season on late winter

Emerging high-impact events

Pls: Andrea L. Lang (UW), Jonathan E. Martin (UW), Victor Gensini (NIU)
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Need and Industry Relevance

DJFM U.S Billion Dollar Weather & Climate Disasters
(Jan 1980-Jun 2024)

Feb. 9, 2024, A confirmed EF2 tornado northwest of Evansville,
Wis. (Anthony Wahl//The Janesville Gazette, AP)
EVANSVILLE, Wis. (AP) — The first
tornadoes ever recorded in Wisconsin in the
usually frigid month of February caused
more than $2.4 million in damage, officials
said Wednesday.
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Severe convective storms are #1 type of
U.S. billion-dollar disaster in DJFM

An under-researched problem
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U.S. Billion-Dollar Weather and Climate Disasters (2024)
https://www.ncei.noaa.gov/access/billions/
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* 66 confirmed tornados P '1"::’ A
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1) Establish a detailed climatology of cold- 21, bilion in fosses € o)
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season SCS events and compound events. k NOAA/SPC Storm Reports, Feb 5-6 2020
2) Better understand the climate variability . [ et vt ramsT e ooz TGS T oo 200 |\

and trends associated with the processes
that conspire to produce the growing
winter SCS and compound event threat.

3) Explore the probability and uncertainty in
the potential for SCS and compound
events in winter at various prediction
timescales to inform outlooks and §m:“"“ i )
decision making.
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Objectives

1) Create an accessible database of historic

winter SCS events and assess frequency and
trends in compound hazards.

(Liaise with industry to better capture high-impact events)

Assess the synoptic environment, climate
variability, and trends to better understand
the processes that conspire to produce the
growing winter SCS threat.

(Inform interannual assessments)

Quantify changes in probability and
uncertainty in the synoptic-environment,
climate variability, and trends in SCS and
compound events in winter to better
understand future events.

(Assess historic and projected events)

Waeather Valid Tam EST Tue Jan 09 2024 to Tam EST Wed Jan 10 2024
Fronts Valkd Tam EST Tue Jan 08 2024

: —— o~
v
: .y oy
S0 |III .lrf """'-..._-wf ) =15 i
___“E I." ﬁ B
| 58 L s
KS |
|
L bt
o EEERE
H 2N
i H

i RainThunderstorms
.| Rmin
I:l Mixed Pracipilation

Snow
Heavy Snow Possible

B Freezing Rain Possile
## Gevare Thundersmomms Possitle
H Haavy AzinFlash Fiooding Possibla

Lty 8 L
oo 333 AMEST Tus, Jan 08, 2024
DOCHOAANWENEER s ather Pesdiction Cener
Prapaisd by Snall with WH LGSR GNHE o aats

ey - ] | Pronisasd by Euil | S0 8

NOAA/WPC Weather Hazards Map valid Jan 9-10 2024
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Approach

Key point: Unlike the majority of warm season SCS
events, most winter SCS events in the U.S. are
associated with low-CAPE/high-shear conditions, along
with high-amplitude flow at upper levels and an active
low-level jet.

- Consider how environments of winter SCS differ
compared to warm season events.

- Assess variability and trends separate from warm
season diagnostics.

- Analyze key winter SCS and compound event
ingredients in historic and projected data.

DJF composite map of southcentral U.S. tornado outbreaks
Geopotential height & winds at 500 hPa (black) & 850 hPa (orange)

Annotated regions indicating typical 500-hPa geopotential height anomalies
( & ) during La Nifia and AO+ conditions.

" Trend of DJF tornado

frequency
Gensini & Brooks (2018)

. Significantincreases
7, Significant decreases

I%l Adapted from Galway & Pearson (1981)
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Ap p ro a c h The strength of the climate signal

in the stratospheric polar vortex
Related work: is an open area of research

90E BOE

* Winter climate change signal: DJF jet stream waviness is

increasing (Martin 2021) and can impact flow amplitude and Ao ! 225
high-shear regions. 7, % 1% 2
1506 [ Iy 0 E 1:-:_{1{0 %
* Cold season tornado frequency: more closely linked to (1 o 8
extratropical variability (Arctic Oscillation) than ENSO. %}
ART R \ {075 2
. . . 180 | TN AN T T 3 1.00 8
* Other winter extremes: Cold air outbreaks are linked to large- \ __ "= R
scale variability in the stratospheric polar vortex. A type of o iziﬁé
variability that does not exist in the warm season. oow |
g [ — 120W \ """""..;c-w
8 - AR henit The 850-hPa standardized temperature anomaly (fills) and

geopotential height at 500 hPa ( ) and 10 hPa (black) for a
composite of 57 cold air outbreaks between 1959-2021.

; y Timeseries of the “waviness” of the polar and
7 s subtropical jet streams in different reanalysis datasets.
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Outcomes and Deliverables

* Adaptable work plan with input from industry members.
* Prioritize historic events in Y1
* Goals for assessing projections as future work/Y?2.

* Open-source events dataset.
* Catalogue of events including relevant weather & climate diagnostic indices.
* Catalogue of events including population & impact vulnerability metrics.

« Composites of similar events and impact frequency maps in the context of
weather & climate diagnostic indices.

* Open-source code.
 Sample workflows and documentation of code and data.

* Dissemination of results.
* At workshops, conferences, and peer-reviewed publication.

&

Northern Illinois

University




Impacts

* Athorough assessment of winter SCS and
compound events from a climatological

perspective.
* Address an under-researched topic with high impacts

* Afocused analysis and diagnosis of the
wintertime trends of SCS and compound
event ingredients.

* Opportunity for new insights

* The development of an accessible
database of events, documentation, and

code for further analyses.
* Generate a new dataset of future work

Wmter Hazards

-~ NATIONAL WEATHER SERVICE QUAD CITIES
) = OCEANIC AND ATMOSPHERIC ADMINSTRATION

Emerging
Hazard?
Severe Wx
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Climate Modes at CAO Onset

w
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Project Duration & Proposed Budget
Timeline: H i ﬁ H H %
* Year 1 (historic perspective): , N
* Semester 1 - Hire graduate student build winter SCS and 20 + o
compound event database. IOy S
 Semester 2 — Assess synoptic and large-scale variability of Example analysis from work on
events in database. Build accessible dataset. Cold Air Outbreak events
* Summer — Assess trends in variability of historic cases ) @ ol .
30 - e SVE-CAO: ]?i
* Year 2 (climate projection perspective / optional) o % I:H
* Semester 1 - Assess projected winter SCS and compound : Al i

events in select HiIResMIP model runs.
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 Semester 2 — Assess synoptic and large-scale variability of 0 F | Hﬁﬁ g,; I;’ !
events in model ensembles. sh a H .
« Summer — Assess trends in variability of projected cases L e T
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Season-ahead Prediction of Severe Convective
Storms in the US

Lead PI: Paul Block (UW-Madison)

Co-Pls:
Steve Vavrus, Dan Wright, Peng Shi (UW-Madison)
Victor Gensini, Alex Haberlie (NIU)
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Need and Industry Relevance

* The number and intensity of summertime SCS varies from year to year
* Losses can vary spatially by cause of damage (winds, hail, etc.)
* Predictions at season-ahead scales can foster preparedness

U.S. Severe Convective Storms: Annual Insured Loss
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Project Goals

1. Understand the role of large-scale climate features on seasonal SCS variation

2. Forecast SCS season conditions (e.g., active year) and potential damages/losses
* Geographic variation
e Leadtime (1-, 3-, 6-month lead time)

3. Inform insurance industry demands (for future projects)
* Pricing annual re-insurance contracts or parametric insurance products
* Pre-season budgeting, loss reserving, capital management
* Geographically-specific advertising and underwriting
* Signaltoinsured to take preparedness action

I?El NoAR
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Objectives

lha,h N
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1. Characterize historical SCS seasons
* Spring and summer seasons
* Number, type, location (NOAA record)
« Damages/losses (insurance records)
* Regional clustering (storm catalog, Haberlie)

* Attribution: how much of the recent increase in SCS damages Is aresult of the
storms themselves vs. enhanced vulnerability

-
"

s

2. Evaluate the predictability of various SCS related targets at seasonal leads
*  Number of SCS across the summer
* Property damage / losses
* Leadtimevs model performance
* Statistical vs dynamical modeling approaches

51
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Approach (Research Methods)

Large-scale climate features (e.g. ENSQO) partially control the number of seasonal SCSs

Multivariate ENSO Index Version 2

During La Nina, the SCS
season typically starts earlier
and produces more events
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Approach (Research Methods)

* Construct statistical (ML) prediction models conditioned on large scale and local
scale ocean and atmosphere variables for targets of interest (#SCSs, losses, etc.)

e Compare with high-resolution, dynamical models
* Extendto cool season, leveraging Lang and Martin project

* Analyze how SCS seasonal characteristics may evolve in the future (e.g., with CESM)

Unsupervised

Feature Machine Learning

xtractio Algorithm .
Extraction Algorithm Grouping
“~ ) of Objects
»

Supervised

E« - . F'rec;ic.ti\.f-e
B’ g 9

New Data
Annotated Data
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Approach (Research Methods)

Prediction model basics

Predictions

of Feature
L\ Extraction s

8( 1°N

B 0 Laxz
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Outcomes / Deliverables

1. Hindcast of model performance
* Predictions of SCS seasonal characteristics
* Predictions of seasonal damages/losses

2. Open-source code, documentation, and examples (e.g., Github)
3. Define future directions with input from industry members

Northern Illinois WISCONSIN
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Impact

* Basis for developing SCS tailored prediction tools
* |Implications for insurance agencies: pricing, pre-season budgeting, underwriting, etc.

Project Duration

* Timeline: 1-2 years (advanced PhD student or postdoc)

Northern Illinois WISCNSIN

UniVeI‘SitY NNNNNNNNNNNNNNNNNNNN -MADISON




Connecting Weather Patterns to Thunderstorm
Hazard Exposure using Data-driven Methods

Mean 500 hPa GPH for Weather Pattern #1-1 Mean Lo
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Lead: Dr. Alex Haberlie’

Collaborators: Drs. Allison Michaelis?, Victor Gensini', Andrea Lang?, Jon Martin?, and Stephen Strader3
TNorthern Ilinois University; 2University of Wisconsin; 3 Villanova University
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Need and Industrial Relevance

* Reduce uncertainty by Large-scale weather patterns drive small-scale weather
examining a curated dataset patterns that can produce hazardous convective weather
of large-scale weather (HCW)
patterns for thousands of Large-scale Weather Pattern Local HCW Risk

1 ' ( ' l[" 4 6080 1 | 7 ;.; n
HCW events and agsomated ;‘&EE?’%‘!{% - »
estimates of local risk N i |

774

T
5540 &

* Challenge: Extracting

actionable insights from P,
immense weather datasets
requires specialized domain Conditional §j| ﬁ Conditional

knowledge and the use of

data-dri thod Thunderstorms Thunderstorms
ata-driven methods develop in favorable produce
areas within the large- hazards

scale weather pattern
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Need and Industrial Relevance

Reduce uncertainty by
examining a curated dataset
of large-scale weather
patterns for thousands of
HCW events and estimating
local risk

Challenge: Extracting
actionable insights from
immense weather datasets
requires specialized domain
knowledge and the use of
data-driven methods

Large-scale weather patterns drive small-scale weather
patterns that can produce hazardous convective weather

["* Wl ’
> SR

2V

\ N
\7

Conditional%

Thunderstorms
develop in favorable
areas within the large-
scale weather pattern

Develop
statistical
relationships
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Project Goals

Weather Pattern Mean Historical HCW Risk

g MNERE

 (Generate a catalog of
spatiotemporally-relevant weather
variables and risk information
associated with large-scale
weather patterns:

* Event date, location, spatiotemporal
HCW risk, building and population
exposure estimates, and weather
pattern classification oo T e anaon st 42, "sigea's 1, '+ 3, "y 3 e

curren t trainin, g configuration

Data-driven Methods: Self-organizing Maps

Y- 2 Y- 2 cma T
{'data': array([[-2.25137576, -8.2717305 , -8.2018666 , ..., -1.6829506 , -1.665843 , -1.6458105 ], dtype=float32), array([ @.e
M M -1.665843 , -1.64581@5 ], -1.340683 , -1.3228278 ], dtype=float32), array([-1.4
e Data-driven representation of [-2.0890706 | -2.1045786 , -2.120379 , ..., -1.017505% , : » 0.22519572], deype-Floatiz), array([ 0.6
-1.896332 , -1.1508251 ], -1.2464058 , -1.231093 ], dtype=float32), array([1.44!
scanne

[ ©.491440865, 0.47642753, 0.46@79248, ..., -2.8563184 ,

reanalysis variables bpcsregipviy]

[-8.56235075, -8.47209135, -8.44347998, ..., -@.55323505, . L ,
-6.49988458, -0.43796992], prefs = {'var': 'z500°,

* Assess the skill and utility of the B
y -8.21897714, -@.21436653], 'months': list(range(1, 13)),

[-1.0604217 , -1.8745479 , -1.0869249 , ..., -B.36550248, , . o

-8.38636723, -0.39592484]], dtype=float32), som_config': {'x': 3, 'y': 3,

L]
data-driven methods ‘signa’: 1, "random_seed": 42},
.random_order®: True, 'som_train': {'num_iteration®: B
"verbose': True} ' d d v
[ 1eeee / 1eee@ | 1e0X% - @:0@:00 left random_order’: True,

quantization error: 67.78P98845737615 ‘verbose': Truel]

* Provide examples of using the

catalo "
g i
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Project Objectives

Online Datasets

Tabular Searchable
Unprocessed Qua“t;’n%mtml Data Event Catalog
Data .
Preprocessing
| \/-
[
Spatial

1. Download, organize, quality control, Data
and preprocess relevant data Weather
Weather
2. Create data-driven weather pattern Pattern | Pattern
classifications Classification Search
Indexing
3. Generate and assess the utility of the
catalog
4. Demonstrate “real-time” applications
of the catalog M

EE I
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Weather Pattern ClassificationU

se Spatial Features to Generate
and Assign Weather Pattern

7

« Atmospheric data will be used to _ OriginalData [ Codes =
inform the data-driven weather A | g
. . . . [ !.,ﬁ;: A Z
pattern identification process: ..E==§;‘;-‘%;F

T
5540 &

1. Above-surface and surface variables
2. Derivedvariables
3. Spatiotemporal context variables

 Spatiotemporal patterns will be
indexed using feature detectionto  automatically Identify
allow “smart” searching Pertinent Spatial Features

Searchable

 Self-organizing maps and other O Event
clustering approaches will be \/ Suve Numerical Catalog
explored

Representation \/

(Index) in

Ca@lo)g

Northern Illinois
University
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Searchable Catalog Creation

* The catalog will include 4 different types

of data:
1. Spatiotemporal information (coordinates,
time, etc.)
2. Indexed spatiotemporal patterns
3. Local HCW risk (tornado, large hail, etc.)
4. Exposure estimates (e.g., buildings,

population, etc.)

Exposure information will be based on

publicly-available data and overlap with
probabilistic HCW risk that exceeds pre-
defined thresholds:

High-resolution population dataset
Building footprints dataset
Other sources of exposure information

Spatiotemporal data

st stf stn mag inj fat ... f3 f4 fc init date

1996-01-
0 17-
22:33:00

1996-01-
0 17-
22:50:00

1996-01-
0 17-
23:00:00

1996-01-
0 18-
08:05:00

1996-01-

Indexed spatiotemporal

patterns

500 hPa GPH on April 27th 2011
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Search Example

Find the most similar catalog
entries for this high-cost event Catalog entry to check for similarity

500 hPa GPH on April 27th 2011
h ~N
\ 8t I
7\ 6080

5900

5720

GPH (m)

I 5540

Q O Q 5360

% 5180
> ; I
-~
e 5000
o =

b
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Find the most similar catalog

entries for this high-cost event
500 hPa GPH on April 27th 2011

Search Example

Access Spatial Index Catalog entry to check for similarity

&
6080

L 5000

L 5720

L 5540 &
(G]

- 5360

I 5180
5000

N

bex?

o

Northern Illinois
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Search Example

Find the most similar catalog
entries for this high-cost event Catalog entry to check for similarity

500 hPa GPH on April 27th 2011
Y N
\ &t
> T\ 6080

5900

5720

/ 2 L 5540
.

GPH (m)

Q O Q 5360
) 5180
P %\'x\'_)_’ I
mém 5000
- N Compare Spatial
d \O Indexes
/ \ Poor Match

b
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Search Example

Find the most similar catalog

entries for this high-cost event
500 hPa GPH on April 27th 2011

Catalog entry to check for similarity

/ ¢
I 6080
s

-----

o
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Search Example

Find the most similar catalog

entries for this high-cost event | Access Spatial Index Catalog entry to check for similarity
500 hPa GPH on April 27th 2011
. 4 |
6080 7 6080
- 5900 . 5900
L 5720 | D - 5720
E E
5540 & 3 5540 &
- 5360 ’ - 5360
5180 ) 5180
'S - I - Q;\‘"\.v-ﬁ I
5000 mém 5000

b
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Search Example

Find the most similar catalog

entries for this high-cost event T
500 hPa GPH on April 27th 2011 Catalog entry to check for similarity

_— : I
Y 5180
- %i\"_’ I
O Compare Spatial
\ r Indexes
\ - / Good
y 4 Match
N\

&
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Project Outcome / Deliverables

* The overall outcome of this project will be a pre-competitive
catalog of relevant and “plug-and-play” data to be used in
statistical and/or dynamical risk models

* Specifically, the deliverables are as follows:

1.

Catalog of spatiotemporally-relevant weather variables and risk
information associated with synoptic regimes:

 Eventdate, location, spatiotemporal HCW risk, building and population
exposure estimates, and synoptic regime classification

* Data-driven representation of reanalysis variables

Report of prediction skill based on catalog data at various lead
times

Examples of applications

&
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Project Impact

Mean 500 hPa GPH for Weather Pattern #1-1
Y

« The intended impact of this project = I,::
Is to provide a catalog of HCW || ]
events and pertinent information to i 8
be used in decision models | B\TY Im

« Reduced uncertainty would reduce S
near- and long-term losses through l

informed mitigation strategies

* Searchable spatial indexing
simplifies the process of scenario
simulation

IS
Probability of Event (%)

1111111

B 0 LD
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Project Duration

We anticipate the project will take 1 year to
complete:

Data procurement: January 2025

Data preprocessing: February 2025 - April 2025
Data-driven analyses: April 2025 — August 2025

Finalize catalog and assess utility: May 2025 - December

NIU Computing
Resources

- Northern Illinois
{ University




Simulating Historical and Potential Future Hail
Impacts on Exposure Surfaces

1950 1980 2010 2040
[ Jrural [ JExurban [ suburba n B vrban O Hail Swath Scenario After Ashiey et al. 2014

Stephen M. Strader, Ph.D.; Associate Professor; Villanova University

Walker S. Ashley, Ph.D.; Professor; Northern Illinois University
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The Emerging and Escalating Challenge of SCSs

70% of global insured losses driven by SCSs

SCS losses are increasing at an annual rate of 9 to
10%, which is more than double all perils

In 2022 and 2023, $60 billion in SCS losses with hail
comprising over 50% of those losses

Hail the costliest of SCSs

Is hail really a secondary loss?

Northern Illinois
University



Root Causes
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Confidence

in attributing specific perils to climate change

HIGH

LOW

After Kunkel et al. 2013: NAS 2016

Extreme
cold
Extreme
heat

Droughts

Extreme Extreme

M snow rainfall
W & ice

tropical
“vclones
Severe o
convective Wildfires
storms

LOW

Understanding

of effect of climate change on peril type

HIGH — s
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+1.5

Yeaﬂv{.;}wmuntsaﬂheend of the century (RCP 8.5) compared to present day
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Average change in supercell counts per year
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Hailstone Diameter (cm)

Changes in Annual Near-surface Severe (>1”) Hail Days: Historical (HIST) vs. MID and END of 21 century
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Future Ingredient Changes

: c®
eas\“% - -
o Broad increases in

moisture and
instability

Future SCS Populations
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Population more than
doubled the past 80
years

Since 1950, housing
increased nearly 350%

Transitioned
development character

Urban footprint 5X

in 1940, 2.5% of land
developed; by 2100, 18%

/
aaa
i

-
-

Land Use

angg ',

Ashley and
Strader
2016
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Project Goals

* Leverage existing (and new!) tools and datasets—e.g., Monte Carlo tool and weather
simulation outputs—to understand how the hail disaster landscape will change

* Explore how changes in climate system and built-environment will shape future hail
losses over different time horizons

Historical Events

I
Increasing exposure - increasing unacceptable tolerance window
! g
I c
i o
i 2 _
9 : 2%
c ! 2%
1 "
e i g8
g f
- - 1]
. 'I 5
= :
© i
E i
H e @
z :
= : S
=1 ] o
c : L
c i %
< ; | 2
@
. (=)
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Future Hazard Events

More Extremes; Greater Variability

o
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Hail Impact Monte Carlo Model

e/ )

Simulates hail
events atop a
user-defined
domain and
exposure surface
to estimate the
possible impact
on people, the
built-
environment, or
other potentially
vulnerable assets

HailMC Model Workflow

k

Study
Area

SVRGIS Samp]mg
Samp]mg

LI

# Simulation
Years

Ty
Empirical
Methods
Random _
Sampling (" Modeled )
Distribution
Methods
™ Random )
h 4 Placement
Hail Swath Probability
Placement ( Weighted N
Placement
Probability
Clip
Footprints
C‘o, Cost-
St. Extraction
Extraction Method

HailMC
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Sample HailMC simulations atop housing unit density for 1970, 2820, and 2070.
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1.

2.

Assess the influence and
possible consequences of a
changing climate on hail
impact potential across
region of interest

Assess the influence and
possible consequences of a
changing built-
environment or other
exposure surface on hail
impact potential

Develop a more complete
understanding of how hail
disasters have and may
potentially change in the
upcoming decades across
region of interest

Objectives

ain
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Annual Probability of the Total Number of
Homes Impacted by 1"+ Hail Swaths
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Impact . Std. 95th 9gth
Year Median Mean Dev. Percentile | Percentile
2000 64.1 68.4 60.1 187.2 234.3
2020 75.9 805 50.8 200.9 2457
2040 80.3 852 707 228.0 310.6
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Annual Number of Homes Impacted (x1,000)

Modeled total annual number of homes (housing units; x1,000)
affected by 1"+ hail swaths by development year




Sample Results from TorMC

What's driving regional losses? Climate or exposure shifts

Mean annual EF1+ tors (1973-1997) Mean annual EF1+ tors (1998-2021)

Mid-South vs. Southern Plains

0.9 - == = 1980 Southern Plains
== = 1980 Mid-South
“ 2020 Southern Plains
= 2020 Mid-South
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Project Outcomes and Deliverables

* Difference: Our focus is on change, not a
singular slice in time; not a black box; can 1.0
modify to examine user-defined 0.9
hypotheticals '

"""" Likelihood that X housing
units would be impacted in

, , and 2040ifa
——————— significant hail event

14
3

e Qutcomes:

* Employ existing exposure datasets to
assess a user’s current exposure and
potential future exposure should book
change

» Ultimately, generate a better understanding
of drivers of hail losses ... i.e., who is in the
driver seat: climate or exposure?

* Determine geographies where hail impact
potential has and will change the most in
the future
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* Products: POE curves, maps of disaster 0 2000 4000 6000 8000 10000
variables, statistics on potential exposure Housing Units Impacted
and losses, etc. You dream it, we can M P @ b
deliver it. oy @ | ANV
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Impact

* Incorporate both climate mode/change-driven
effects and societal growth

* Quantify future hail loss potential on a variety of
exposed entities

* ldentify areas where resilience building efforts
are in need

* Adjust policies, exposure, premiums, etc., to
reduce potential impacts on bottom line

* Expected project duration is 1 year depending on Py
research questions, geographical extent(s), and
existing inputs

* Work could be expanded to other perils:
* Tornado Impact Monte Carlo Model (TorMC)
* Wind Impact Monte Carlo Model (WindMC)
* Wildland Fires
* Flooding
* Tropical Storms

5 0 #9484
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Stochastic Modeling of Convective Hazards for
Uncertainty Quantification and Climate Projection
Lead PI: Daniel Wright (UW-Madison)

Co-Pls:

Angela Rowe, Kyle Cranmer (UW-Madison)

Victor Gensini, Walker Ashley (NIU)
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Need and Industrial Relevance

Billion Dollar Convective Storm Events by Year
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Convection

Climate and changes in the human environment are driving up
losses from convective storms

* Assessing & pricing risk based on historical experience is becoming PP o
more problematlc -------- Classic resolution
* Insights from physical science-based models are increasingly Convection-permitting

important for lead times of hours to decades
* Despite rapid improvement, these models have considerable
uncertainties, high computational costs, and/or coarse resolution Nerhsmiagis  WISCONSIN
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Project Goals '/ Friri
i [P e
1. Create fast uncertainty quantification (UQ) and [ S et
stochastic downscaling framework for | SEIREERECCCIhin |
convective hazards at decisionmaking scales : 1*-“~—-??-;_; 1} 7
2. Better understand strengths and weaknesses of .

coarse, intermediate, and high-resolution
weather/climate models for prediction of rainfall,
hail, and winds

Convection

3. Help meetother CIRCS projects’dataneeds -~ = e

e anpelinga

NOTE: Seed funding has been provided by American Family Insurancevia Classic resolution
their funding partnership with UW-Madison’s Data Science Institute S R
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Objectives

1. Enhance hazard predictive capability
across model resolutions and types;
working with center members to
prioritize:

* Areas/resolutions of interest: e.g., global vs. USA
* Hazards of interest: e.g., rainfall vs. hail

* Applications: short-term forecasts vs. seasonal
or long-term climate projections

2. Adapt existing open-source StormLab
software™ to maximize flexibility across
applications

3. Support other center projects with UQ and
large “synthetic event sets” TEAMWORK!

WORKING TOGETHER GETS THE GOODS!

*Liu, Y., Wright, D. B., & Lorenz, D. J. (2024). A nonstationary stochastic rainfall generator ‘I%l @ g
conditioned on global climate models for design flood analyses in the Mississippi and other @ !
large river basins. Water Resources Research; https://github.com/lorenliu13/StormLab L s WISCONSIN €IRE S



https://github.com/lorenliu13/StormLab

ERAS ERAS ERAS Precipitation Precipitation

IVT precipitation precipitable AORC realization 1 realization 2

water
Approach
2019-12-29
00:00
Key point: Convective hazards are
fine-scale phenomena embedded =
In larger-scale atmosphere 06:00
* Large scale provides important but
insufficient info on fine-scale 010.12.99
hazards 12:00
* Multiple fine-scale outcomes are
possible for a given large-scale 016.12.95
condition 18:00 -
13 . 9 H . '!;l_lf
* By “learning” what is possible, we p—
can quickly simulate many I T
plausible fine-scale hazard P - ‘H_d'
possibilities based on large-scale arge scale Almosphere  Hazar
model predictions | I
“Learngd” Relationship
@ redi
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(A)
Large-scale Climate

Model Variables:
Large-scale

precipitation

Approach

Recent work: estimating past/present/future
rainfall and flood return periods for Lower
Mississippi River based on a large archive of
climate model projections

Conditional Cumulative
Distribution Functions:
t) ~ filagta, P+ a,PW)
((t) ~ fo(By+ B, P+ 8,PW)

High-Resolution
Rainfall Simulations:

Probability
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Outcomes/Deliverables

1. Large synthetic event sets for 19750131
priority hazards & regions
—->Support member initiatives and other
CIRCS projects
2. Open-source codebase (Github 770!
repository) with examples and
documentation
—->Members and CIRCS Pls can apply in
new contexts 1970%-.%20-01

3. Better understanding of the SCS
“information content” in a range
of weather/climate models

—>Work w/ Data Science Institute on
opportunities for AI/ML enhancement

CESM2 StormLab StormLab
Precipitation Realization 1 Realization 2

15 30 45 60 O 15 30 45 60
mm mm

IRES

0 6 12 18 24 O
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Impact

Flexible, computationally
lightweight tool for members &
broader community

* Examples:

* Estimating changing return periods of
rainfall/floods

* Enriching National Weather Service short
range forecasts by enhancing resolution,
expanding forecast “envelope”, or both

* Lowering parametric insurance basis risk
through better uncertainty quantification

2. Enabling other CIRCS research

* Examples:

* Predicting current/future variability in
spatially-correlated hail losses (Dr. Shi)

* Connecting large-scale weather regimes to
portfolio exposure (Dr. Haberlie)

e Supporting Monte Carlo impact simulation
(Drs. Strader and Ashley)

1.
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Project Duration & Timeline

Timeline: 1 year (Research Scientist) or 2 years (graduate student)

Months 10-12:
finalize analysis
and share
Months 3-6: results;
adapt StormLab Months 6-9: assessing future
code; prepare conduct analysis directions
input data (including AI/ML);
followup with
industry
members

Months 0-3:
refine work plan
with industry
members; adapt

StormLab code

AR
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High-Resolution Modeling Catalogue of Historical
Extreme Convective Events

Lead: Dr. Allison Michaelis’

Collaborators: Drs. Alex Haberlie®, Victor Gensini', Walker Ashley’, Daniel
Wright?, Angela Rowe?, Peng Shi?

Northern Illinois University

2University of Wisconsin-Madison
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Need and Industrial Relevance

e Losses from hazardous convective weather are often concentrated over limited
areas and associated with a specific event or outbreak

* [tisinformative to understand the historical context and peril footprints of
specific events and their associated impacts

Kirkland tornado
damage
(August 2021)

Kirkland tornado
(August 2021)

hakad

NIU

https://www.weather.gov/lot/
2021aug09

Northern Illinois
University




Need and Industrial Relevance

Losses from hazardous convective weather are often concentrated over limited
areas and associated with a specific event or outbreak

It is informative to understand the historical context and peril footprints of
specific events and their associated impacts

The high-resolution modeling and the pseudo-global warming (PGW) approach is
an effective way to perform impact attribution studies tailored to the needs of
CIRCS members for critical events of interest

* What would have been the actualized losses of the Palm Sunday 1965 tornado outbreak?

* Ifthe 1927 Mississippi Flood occurred today, how would portfolios be impacted?

Creating a workflow for high-resolution simulations of historical extreme
convective events fills a critical gap to assessing event significance and
projection onto today’s losses

(NiU/

Northern Illinois
University




Phase | Project Goals & Objectives

* Create an event-based catalogue of simulated extreme convective events of
interest to CIRCS members and actualized footprints of their perils

* Establish a workflow for conducting ensemble high-resolution simulations for
historical events identified by CIRCS members

* Taking an ensemble approach will facilitate assessment of uncertainty

EE T - (
B 6§ & @i
Norghernlinois - WISCONSIN CIRC'S |



Phase | Project Goals & Objectives

* Create an event-based catalogue of simulated extreme convective events of
interest to CIRCS members and actualized footprints of their perils

* Establish a workflow for conducting ensemble high-resolution simulations for
historical events identified by CIRCS members

* Taking an ensemble approach will facilitate assessment of uncertainty

* Create summative statistics and graphics to illustrate findings

* Assess potential losses from historical hazards in today’s world:

* Whatis the footprint of flooding rainfall of the 1927 Mississippi flood and how does it project onto
today’s coverage?

Provides data from 1836-2015 Northern Illinois

University




Phase | Approach

Simulated Tornado Tracks for the 1925 Tri-State Tornado Outbreak Observed Tornado Tracks and Hail Reports
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Simulated Tornado Tracks for the 1925 Tri-State Tornado Outbreak

Phase | Approach
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Phase |l Project Goals & Objectives

* Extend event-based catalogue of extreme convective events to the modern era
(e.g., post-1970s) and quantify footprints of their perils

* Utilize established workflow for conducting ensemble high-resolution simulations
for additional modern-day events identified by CIRCS members

* Taking an ensemble approach will facilitate assessment of uncertainty

* Create summative statistics and graphics to illustrate findings

* Assess potential losses from hazards in alternative scenarios:
* How would potential losses change if the August 2020 derecho initially formed farther south?

ECMWEF Reanalysis v5 (ERAS)

Northern Illinois
University

Provides data from 1950-present




Phase lll Project Goals & Objectives

* Extend event-based catalogue of extreme convective events to alternative
environmental scenarios and quantify footprints of their perils

* Utilize established workflow for conducting ensemble high-resolution simulations
for additional modern-day events identified by CIRCS members

* Taking an ensemble approach will facilitate assessment of uncertainty
« Compute a suite of “delta” fields for various environmental scenarios to facilitate PGW studies

HIST, CTRL > CTRL > CTRL
ECH ERA nterpolate LEC smulate RO
Figure  Limate Y dimate
change 2 A ate
courtesy \ g_ interpolate and “add” £ change
of BI’OglI SECid zignal to reanalysis v I%l
etal. SCEN PG > PGW > PG W
(2023) seu ERA interpolate siE simulate RO Norltjll;?‘rlgrlslilgois



Figure
courtesy
of Brogli

etal.

(2023)

Phase lll Project Goals & Objectives

Extend event-based catalogue of extreme convective events to alternative
environmental scenarios and quantify footprints of their perils

Utilize established workflow for conducting ensemble high-resolution simulations
for additional modern-day events identified by CIRCS members

* Taking an ensemble approach will facilitate assessment of uncertainty

« Compute a suite of “delta” fields for various environmental scenarios to facilitate PGW studies

Create summative statistics and graphics to illustrate findings

* Attribute differences in event evolution and peril footprint to environmental changes:

* How would the areal extent of damaging winds from the 1933 Midwest derecho change under
warmer environmental conditions?
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Phase lll Approach

1925 Tri-State Tornado Outbreak

Historical Tornado Tracks Projected Future Tornado Tracks
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~ Phase lll Approach

1925 Tri-State Tornado Outbreak

Historical Tornado Tracks Projected Future Tornado Tracks
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Outcomes and Deliverables

* CIRCS members will be provided with:

1.

2.

Event set of historical (e.g., pre-satellite era) and contemporary extreme
convective events of interest

Searchable catalogue of simulated historical, contemporary, and future

storms

* Model output will be provided with in raster and/or vector formats

* Model output can be used in collaboration with other CIRCS projects (e.g., exposure
analysis

Summative products communicating results for locations and variables

tailored to the needs of CIRCS members

* e.g.,industry white papers, web-based viewing platforms, peer-reviewed publications

o

Northern Illinois
University
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Project Road Map and Timeline

gcs @ @

Create a catalogue of extreme convective events to quantify peril footprints and

Create catalogue of

historical events

assess potential losses in today’s world

Expand catalogue to include

more modern-day events

Quantify changes in peril
intensity/footprint due to
environmental changes

Establish workflow for
downloading data and
conducting simulations

Utilize established workflow
for simulating additional
events

Produce summative
products for industry-
specific applications

Compute “delta” fields for
various environmental
scenarios

Produce summative
products for industry-
specific applications

Timeline for each project phase is about 1 year

Utilize established workflow
for re-simulating events

Produce summative
products for industry-
specific applications




Remote Sensing-Based Hail Probabilities

.
Lead: Dr. Angela Rowe

Collaborators: Drs. Tristan L’Ecuyer?, John Cintineo?, Victor Gensini?, Stephen Strader3, Peng Shi’
TUniversity of Wisconsin-Madison, ?Northern Illinois University, 3Villanova University

T
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Need and Industrial Relevance

When and where did it hail?

> Known limitations in storm
report databases

»Remote sensing valuable tool
for inferences

When and where will it hail?
> Probabilities

When and where are these
datasets mostreliable?

Storm Reports Legend

N
Norhsca it WISCONSIN

sssssssssssssssss -MADISON

Source: NOAA SPC

IRES o




Came ron

S Masan .;:I Burnet®, /
ro a I _“.'ih E n ‘

Inputs:
Probability that a storm will v geostationary NG A e Ry

produce severe hail in the | satellite

near term (0-60 min) B ; grogn?-based radar
moae

Caldwell «

Austin

*Hun1 .
., . environments —
“*UW-Madison: AOS + NOAA - —— —— :
1 H Verde AN San
Cooperative Institute for edina oL e Mfutﬂpt
Meteorological Satellite Studies Bandera e am e

SR . “Leon - B T K
Ta rpley s Springs Braenf o : vl Waeldfa;‘r Flatoniageshulenburg
(C I M SS) Lakel ills 3 Lo

4 copl : ProbHail: 29% G°”Zales .
Bronito  odus - MESH: 0.76 in. Hallettsvilte

“*NOAA-CIMSS ProbSevere: * “captrovitle A - Flash Rate: 12 fl/min

- Norm. vert. growth rate:

Columbu

. . . . “Lalaveras .
machine learning-based statistical F — ke 2237L 2.2 E;"s‘ﬁi’ﬂerate”ak;m Bzt
.- ancey . - CAPE -10C 30C: 658 J
model to nowcast probability of {oC2)__Devine Floresviiicl PAAT: 1.8 th g
. . "Eri N, 8. Wetbulb OC hgt: 3550 m AGL
severe hail (ProbHail), severe . ovjectDd: 17294 -
. Pleasanton . ‘ Yorktown nomaston ! ha
wind, and tornadoes pearsatl | - s N
Charlotte AN . ~_AMationali-TOR ms Mon 221, '05-Mar.-18
+Ch'"j-5ti'“e Kenedy Natl:::igﬁi‘%\lﬂarnlngslgon %% ‘ gg ::r‘{lﬂw
. Cappbellton AA/e;ussoprobHan Model (%) Mon 22:52 egﬂ %
*»Probabilities are a function of T (el CHRNS Merged i Gomp  Mon 22:527 05 a1

environment and observations

&

N6




ProbHail

» Outputs shapefiles contoured
around radar storm cells (but
can be overlaid on any field) with
model predictability and each
model predictor

» Increased performance with
each version, including reduced
FAR (current: V3)

» Performance linked to:
* Known issues ininput
e Storm tracking
* Machine learning techniques

e Storm types/regions (e.g., low-
topped storms, summer “pulse”
storms remain a challenge)

Feature extraction

Machine-learning
models

Severe hail probability

ProbHail: 29% Conzates)

- MESH: 0.76 in. /

- Flash Rate: 12 fl/min

- Norm. vert. growth rate:
2237Z 2.5%/min (moderate)akun
- EBShear: 50.5 kts N

- CAPE -10C to -30C: 658 J/kg

- PWAT: 1.6 in. . s
- Wetbulb 0C hgt: 3550 m AGL

ObjectID: 17294
58.0dBZ

lYo rktown Thomaston

Source: CIMSS




Project Goals

»Broaden the ProbHail userbase

forward-looking probabilities =2
probabilistic verification database

» Assess ProbHail V3 performance

- where/when it doesn’t do well

» Improvements on input

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
FAR

- Radar (MESH, polarimetric variables) False Alarm Rates for all ProbSevere

[Cintineo et al. 2020]
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Objectives

With industry members, refine focus:

* How to incorporate ProbHail into decision-
making process (usability) or risk
assessments?

* Priority performance (Regional? Seasonal?
Storm types?)

Evaluation of performance beyond storm
report database (industry evaluation?)

Pathway to longevity for further ProbHail
performance improvements (radar-based
input products)

Train students in probabilistic remote- o1 02 03 04 05 0§ o7 o8 09
sensmg.appllcatlons and evaluation False Alarm Rates for all ProbSevere
toward industry needs [Cintineo et al. 2020]
Connecting ProbHail to other industry-
relevant products M .
& \"/F
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Empirical fits compared to hail reports

Radar-based estimate of Maximum o)
Expected Hail Size (MESH) L = 7

T L

 Multi-Radar Multi-Senser (MRMS)
merges operational radar network data,
gridded

* MESH: Known issues in
underestimating hail (highly tilted
storms, left-moving supercells, low-
density dry hailstones) + known
deficiencies of model temperature
Input + empirical relationship sensitivity

2 4 G 8 10 12 14 16 18 20

* Underutilized dual-polarization radar
hail inferences M

RO, geis  WISCONSIN EIRES )
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Project Outcomes

v'Probabilistic hail database across the U.S., day and night,
all year with context-based evaluation

-2 Applying in new contexts, supporting other projects

v'Quantifiable improvements in performance based on
adjustments to radar-based input

= Opportunities to expand on which inputs to prioritize for
continued improvements

***We are open to working with others in the center to
define project directions with this database***

[i
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Project Impact
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13 o - MESH: 0.95 1in.
d o i- Flash Rate: 47 fl/min

&
cel 8 |

L ea 0(&, § g - Norm. vert. growth rate: N/A

w, B T .

g - EBShear: 65 kts
Storm Reports Legend B - CAPE -10C to -36C: 437 J/kg 3
> s - PWAT: 1.9 in. e
HERSL Y - Wetbulb OC hgt: 11.2 kft AGL
b T ObjectID: 144541° -

NO DATA

Probabilistic-based hail verification with greater
reliable coverage

Better understanding of conditions under which
hail probabilities most reliable

woFri 81:20Z 26-Mar-21

Valuable database for supporting other CIRCS
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Project Duration

* A 1-year project: Assessing usability of ProbHail for broader user
base

* Months 0-1: discuss data needs with industry members; student acquires
and familiarizes with ProbHail code with CIMSS collaborator

* Months 2-4: Run code on existing V3 database to iteratively assess output
in context of industry needs

* Months 5-6: Run code on historical period of interest in coordination with
industry partners to assess output usability and assessment

* Months 6-12: Iterative assessment of cases/periods/regions of interest
and utility

* A 2-year project: Allows for evaluation of performance with
Incremental updates to radar-based input

@ ) ! v@ S NSF
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Severe Convective Storm Risk Management:

Post-Event Property-level Assessment and
Prediction

Lead: Peng Shi?

Collaborators: Drs. Daniel Bauer?, Victor Gensinil, Philip Mulder?,
Angela Rowe?, Justin Sydnor?, Daniel Wright?

TNorthern Illinois University, 2University of Wisconsin
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Need and Industrial Relevance

* Rising severe convective storms (SCS) change the risk
landscape of the insurance industry:

e Between 1990 and 2022, SCS increased at an annual rate of
8.9%

» Severe convective storms caused $35 billion — nearly 70% —
in insured losses worldwide in the first half of 2023 (Swiss Re
Institute report)

* Fast and accurate prediction of losses immediately
following SCS events at the granular property-level
would help:

* Prioritize claims adjustment, customer service, etc.
Exercise loss control and minimize further damage
Improve claim management, e.g. fraud detection
Understand risk exposure
Design alternative risk management solutions

R
@ @ @ ", DI,
NerfhsRiiasis  WISCONSIN EIRES -
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1.

Project Goals

Develop a probabilistic framework to Historical Historical
perform post-SCS-event risk assessment at e SCS storm-

into actuarial models to improve insurance . B
Actuarial model development using
dependence structures and Al/ML
property losses |

granular property-level loss data HACKIME &
weather data

Integrate storm-tracking data and models

and risk management practice

Understand, model, and quantify the

dependence pattern of SCS-induced

Use Al/ML to augment traditional actuarial Algorithm for post-SCS event loss

models with complex and multi-modality predictions at local scale

data sources

P
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Objectives

Design, implement, and validate a probabilistic prediction model
using historical property loss data from industry partners paired
with weather readings from SCS events.

ldentify key dependence patterns among property-level losses
and analyze their implications on loss prediction and uncertainty
quantification for

* individual properties

* group of properties in a geographical region

. Testthe Al/ML-augmented models against traditional models,
measuring improvements in predictive accuracy

* Incorporate relevant weather models
* |dentify auxiliary information, e.g. aerial imagery

E 0 @S
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Approach (Research Methods)

A distributional probabilistic prediction
model that features:

* Accommodate complex characteristics
of loss distribution, e.g. extremal events

* Incorporate auxiliary information-both
structured and unstructured-to enhance
existing predictors

* Incorporate spatial dependence among
property losses into the model

* Quantify the uncertainty in the prediction
and its implications in risk management
practice
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Approach (Research Methods)

* Leverage weather dynamic
Some recent work on hail storms: information to enhance claims
prediction and triage

* Quantify spatial-temporal dependence oG
and update loss prediction = 5 §§

Static Information :

¢ o 3040+
39,404 Oy
; - Embedding
o -
. N + _." 8l 0 £ s B P Predicted claim probab
! H + r; N 19,38 -t =
: @ 4 e g4
o 20381 g e Claim £ - —
| - £ ° .
g o =9 E= LT & 04
3 & o b # 1 = Ry . .
: % - 02
9,36 J 30,36
&
M 72 104 70 104 88 10488 10474 104 72 104.70
Longitude Longitude
39.40
Obsarved time to report 30,304 Predicted time to report

10470 1] 04 68 104,72 104.71 104.70
Longitude Lengitude



Outcomes/Deliverables

* Industry White Papers: Develop and disseminate white papers that summarize the
approach, findings, and implications for industry stakeholders.

* Web-Based Application: Subject to additional funding, design and launch a web-
based application to implement the approach, providing users with a practical tool
to apply the developed methodology.

* Conference Presentations: Deliver presentations to industry practitioners at
professional conferences, e.g. SOA and CAS meetings

* Case Studies: Create case studies for both professional education and academic
classroom use, illustrating the application of the methodology in real-world
scenarios.

* Peer-Reviewed Publications: Publish an article in a high-impact peer-reviewed
journal, detailing the methodology, analysis, and significant results.

 Educational Webpage: Subject to additional funding, develop a dedicated webpage
to host educational materials, including tutorials, resources, and supporting
documentation for broader dissemination.

8 0 @98
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Impact

* Provide a practical tool to assist post-event
claim management, examples are

* Triage - prioritize resources allocation (e.g. claim
adjusters)

* Fraud detection

e Set case reserves and facilitate reinsurance
claims

* Longer-run potential impact: when coupled with
outputs from other CIRCS projects that can simulate
future SCS events, this approach can help to:

* Better understand the risk exposure due to SCS and

quantify its financial impact, including the impact on
capital requirements due to correlated losses

* Better design alternative risk management solutions
such as parametric insurance, cat bonds, etc.

N6
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Project Duration

Timeline: ~1 year
* Months 0-3: finalize work plan and prepare data needed for analysis
* Months 3-6: develop methodology and refine models
* Months 6-9: perform simulation and conduct data analysis
* Months 10-12: summarize findings and outline future directors

Data

~

Property

Storm

J\
_l/

/ Modeling & Analysis \ 4 Results &
Communicate
: Al/ML

Actuarial Models Depehdence J\ - Report

- Spatial - Complex e
- Frequency , . . ase
- Severity -Temporal - High-dimensional |/ Studies

- Tail Events - Unstructed Tl

@
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The Effect of Improved Information
about Risk on Flood-Insurance Take-up

Lead: Dr. Philip Mulder’
Collaborators: Drs. Peng Shi’, Justin Sydnor?, Daniel Wright
TUniversity of Wisconsin
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Need and Industrial Relevance

* As 0of 2019, nearly 6 million homes with elevated flood risk
were located outside the official 100-year FEMA floodplain
(Weill 2024%)

* Increasing prevalence of Severe Convective Storms (SCS)

raises risks of heavy-rain induced flooding for properties
without flood insurance.

* Awareness is low:

* Many wrongly believe home insurance policies would
cover flood damage.

* Past experience of no flooding may not align with evolution
of risk due to climate change and development in new
areas.

i (i) @ L
*Weill, Joakim A. (2023) “Flood Risk Mapping and the Distributional Impacts of Climate - 'R§§ 2

NG WISCONSIN
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Project Goals

1.

Partner with industry members to conduct a
randomized test of the impact of providing
improved information about flood risk on the
take-up of flood insurance (NFIP and/or
private-market products).

Test whether the reaction to information about
elevated flood risk is stronger when
information about current flood risk is coupled
with information about how that risk is
changing over time.

Randomization Protocol

Potential Customer

/ N\

____________________________

Treatment Group Control Group
(Information) ' (No Information) |
Share of Treated Share of Control
who insure il whoinsure '

Treatment Effect

N6
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Objectives

Partner with industry member(s) to identify properties without flood insurance coverage.

Leverage UW access to First Street Foundation (FSF) modeling data and relationships with
]Ic:lSF(;eslearch staff to identify uninsured properties with elevated flood risk outside FEMA
ood plain.

Use FSF model data to identify areas where flood risk is changing most. Collaborate with
climate-science colleagues that these estimates are in line with climate models.

E%?_FéeLstband refine risk-communication strategies in survey experiments using the UW
ab.

Partner with industry member(s) to conduct a randomized field test of information
outreach campaigns to improve awareness of flood risk.

Evaluate the impact of the information campaigns on uptake of flood-insurance policies
using administrative data from industry partners.

N g WISCONSIN E/RES T
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Approach (Research Methods)

Difference in number of properties at
substantial flood risk* (FSF) compared to FEMA

Key point: Innovations in modeling, such as
those by First Street Foundation, make it
possible to provide property-level risk
information.

* Important to test whether access to this
information affects insurance decisions.

* We will use expertise in behavioral science
to test ways of best conveying risk.
Specifically focusing on potential to address
overconfidence from limited experience
with floods by providing information about
how risk profiles have changed over time. \Fﬂ

8. 0. MM
Nehermitligsis  WISCONSIN EJRES

PR Find out your
ieeetd home's Flood Factor

NNNNNNNNNNNNNNNNNNNNN -MADISON




Outcomes/Deliverables

* White paper and draft communications informed
by the study results that industry members can
use in materials informing customers about flood
risk (with implications for communicating about
broader risks).

* Estimate of the impact of risk-clarification
outreach campaigns (ROl estimate).

* Academic journal article and conference
presentations disseminating the results.

@
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Impact

* Estimates of impact of risk communication on insurance take-up.
* Informs industry/gov investments in risk communication.

* Benefits of increased take-up of flood insurance products:
* Reducingissues with uncovered claims after flood events.
* May support further development of private-market flood insurance products.

* Understanding of importance of conveying changes in risk.
* Informs the “how” and “who” of targeting information about risk.

N g WISCONSIN E/RES T
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Project Duration

Timeline: 1 year to launch the field experiment plus 6 months of
continued data collection (needs industry partners)
* Months 0-3: identify uninsured properties
Months 3-6: analyze FSF data for risk communication
Months 6-9: develop and pilot test risk communications
Months 10-11: finalize and deliver field experiment with industry partners

Months 12-18: analyze administrative data on flood insurance take-up for
experiment targets; write final reports

Months 10-11 Months 12-18

Months 0-3 Months 3-6 Months 6-9
|dentify Analyze FSF Develop Risk Deliver Observe take-up,

Experiment analyze results

. A
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