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* Provide a measuring stick for assessing how
bad and how likely a disaster could be

e Serve as a disaster mitigation Expedia for
selecting and justifying physical and planning
adaptations

* Serve as an actuary for calculating potential
insurance losses and premiums

* Provide a tool for assessing safe routes for
evacuation

* Serve as a ChatGPT tool for generating
emergency response plans
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Leveraging Earth Observation
Data and Products to create a
Comprehensive Tsunami Loss
Estimation Platform — Impacts in
a Changing Climate

Diego Melgar, Ron Eguchi, Shunichi
Koshimura, Brendan Crowell, Kevin Kwong,
Yajie Lee, Charlie Huyck, Shubharoop Ghosh,
Georgiana Esquivias, ZhengHui Hu, David
Ssmall, and Sean Santellanes
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Knowledge gaps addressed by this study

* A probabilistic framework for modeling future tsunami
hazards and risks

* A comprehensive view of the financial and societal impacts
of tsunamis

* How to build and update data and models for exposure and
impacts of climate change analysis using remote sensing

* How to incorporate physics-based models of earthquake
generation and tsunami inundation into loss estimation

* A unified methodology (using geodesy) that can inform
tsunami risk assessments in real-time
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Project Deliverables

* An operational model for scenario-based and probabilistic
risk/loss estimates at short, decadal and long-time scales

= Pilot study results for the U.S. West Coast that demonstrate the
use of the methodology.

» Case studies of how the platform is used to assess the efficacy
of possible adaptations to reduce future risks to property and
people




Project Deliverables

* An operational model for scenario-based and probabilistic
risk/loss estimates at short, decadal and long-time scales

= Pilot study results for the U.S. West Coast that demonstrate the
use of the methodology.

» Case studies of how the platform is used to assess the efficacy

of possible adaptations to reduce future risks to property and
people

Another priority for project --- meaningful outreach and end-user
engagement
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Pre-Award Demonstration Study ...

il

Cascadia Earthquake Study Area Study Products: Intended Users
M 9.0 Cascadia Subduction Ocean Shores, Western Loss estimates (S) for Local and Regional Govts
Zone Washington residential & commercial NOAA — rapid post-
6-hour duration construction earthquake loss estimation
Casualty estimates using FEMA — flood insurance
different assumptions re. program

community preparation &

evacuation times Re/Insurance companies

The Public
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—arthquake sources

* As part of the NASA DISASTERS
work, we've produced a code that
can efficiently generate thousands of
realistic earthquake sources on any
fault and for any magnitude range

* Methodology is being applied to the
US but can be extended globally

» Next step to focus on probabilistic
modeling to capture comprehensive
assessment of future risks
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Earthquake sources

* This allows you to empirically characterize the potential distribution of
near-source tsunami inundations simply by modeling the tsunamis for all
these earthquakes
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Inundation Model Example (M9)
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Structural and Contents Damage by Flow Depth
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Financial Losses, including Downtime

Building Footprints &
Tsunami Inundation

Building and Population Exposure

Time Buildings | Population |Total Pop.| Pop.%
10 892 1,034 1,034 14%
20 1,484 1,720 2,754 38%
30 1,941 2,250 5,004 70%
40 1,358 1,574 6,578 92%
50 469 544 7,122 99%

120 30 35 7,157 100%

Structural + Non-
Structural Contents Total

Exposure $4,768,293,803  $2,384,146,901 $ 7,152,440,704
n

LEEE [ SEe DR $3,426,620,607 $1,644,658,161 $1,133,660,175 $ 6,204,938,943

Function"

Loss per HAZUS Tsunami $3,167,237,250  $1,999,256,884 $1,056,111,316 $ 6,222,605,450

Damage Functions
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Estimation of Number of Injuries and Deaths from M9.0
Scenario

Tsunami Arrival Time Map Evacuation Time Map Scenario Comparisons - Number of Casualty and Fatality

8000

7167 7167 7167
6841

6575

7034
5973

7000
6524
6000
5000
4000
3000
2000
1000 I

Slow Walk, Tw=20 min, Poor ~ Average Walk, Tw=5 min, Fair Fast Walk, Tw=0 min, Good
Preparedness Preparedness Preparedness

5339

e

e e S
g e

i
Number of People

I

Evacuation Time
(in minute)
[Jo-s

[ ]5-10
_J10-

I s

b

e

=
A

o

" Total Population m Casualties m Fatalities ™ Injured

A Tower Berm Cascadia MW 9-0 SimUIation

27




Casualty Modeling, including Evacuation Times

Scenario Comparisons - Rates of Casualty and Fatality
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Preliminary results of pedestrian evacuation time required to reach full-safety based
on a slow walk (1.1 meters/sec) scenario to fast walk (1.52 meters/sec) scenario.
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Adaptation planning
framework for reducing
vulnerabilities and
enhancing coastal resilience

Physical Adaptation and
Policy Planning

Financing and Financial
Instruments for Adaptation

00
F oo

1/(00
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Climate-Proofing

Wholesale & Retall
Buildings

fpooo|

=

Training, Capacity Building,
Knowledge Transfer for
Climate Adaptation &

Business Continuity Planning
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Six Main Work
Packages:

1. EQ Source Modeling &
Tsunami Inundation

2. Impact Analysis

3. Forecasting Impacts:

. Long-Term,
Probabilistic &
Climate Change

i.  Real-Time

Platform

Development

5. Validation & Pilot
Studies

6. Outreach & End-User
Engagement

Workshops & Advisory
Panel meetings

WP1:
EQ Source Modeling
& Tsunami Inundation

WP2:
Impact Analysis

WP3:

3a. Forecasting Impacts
Long-term, Probabilistic
& Climate Change

3b. Forecasting Impacts
in Real-Time

WP4:
Platform Development

WP5:
Validation & Pilot Studies

WP6:
Outreach & End-User
Engagement

Post-EQ

Probabilistic

Real-Time

USGS NSHM Data | ,| Detailed oredicted ¢ : Color Key
f redicted Coasta
Stochastic Bathymetry Data ; i [
Rupture Catal > Inundation for each Databases
upture Catalog I : 5
CMT/Magnitude/ E— Rupture Simulation
Finite Fault sl erenc? Models
#| Wave Propagation
Model
Analyses or
Development
v
Loss Models: Tsunami Catastrophe Loss Model -
S Simulated Results &
-US Building Exposure (T-CAT): p ¥
-Building Fragilities p| -Calculation Engine > Irnp:;ts ;om Deliverables
each Rupture
-Evacuation/Travel Time -Parametric Analysis Algorithm Scenaﬁup T
-Casualty Estimation -What if capability Project Activities
Stochastic T-CAT— Multi-Event Consequence Risk Profiles:
| Exceedance Probability #| - Vulnerable Populations

Rupture Catalog

Model

Earthquake

Magnitude &
Location

v

A

Climate
Change

Long-Term Changes:
-Geodetic
-Sea-Level Rise
-Building Exposure
-Population Growth

Distributions

- Impactful Scenarios

h 4

Risk Metrics for Decision

Coastal Inundation
Model

A

Real-time GNSS
Earthquake Data

GFAST Inversion
Algorithm

Form External
Advisory Panel

Field Observations:
-GNSS, InSAR, LIDAR,
Optical Imagery

T-CAT Platform

A

Sensitivity Analysis,

Making Parametric Studies &
Efficacy of Risk
Mitigation
_ T-CAT —Single
Event Model R
4 ~#| Impacts from

Real-time Event

U I t T-CAT Platf -
Rser _npu ; > L atform » Development & IE;CJ:T Platfl:rm
equirements g Testing eploymen
A A
Workshop to identify
user needs &
priorities
Collect Historical
Run T-CAT for Perform Calibration & Select Pilot Study Run T-CAT for Pilot
Tsunami Damage & —P it Bes validation Studi A Study A
Impact Data istorical Events alidation Studies reas udy Areas

A

A

Create Exposure Models

Advisory Panel to
Review Initial
Validation Results

Form Community
Partners to Help
Guide Pilot Studies

Community Partners &

Advisory Panel to Review the
Results of the Pilot Studies
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NSI data- building specific data set for risk

assessment

* National Structure Inventory
from USACE

* An amalgamation of building
footprints and assessor data
nationwide

e Data fusion process often leads
to errors.

* Many assumptions required for
use in risk modeling

National Structure Inventory

Structural Inventory Attribute Table

US Army Corps
of Engineers »

National Nonstructural Committee

Structure Data

Data Definition

Building Identification Number

Spacific to Structure (geo referenced, coordinates, alc.)

Structure Address

Specific Postal Location of Structure

Cniical Facility

Yes ! No

Lowest Adjacent Ground Elevation

Elevation of Lowest Ground at Structure

First Floor Elevation

Elevation of Finished First Floor

Structure Category

Residential, Commercial, Indusinal, Public

Structure Use

What is tha Specific Use of Structure

Total Stories

Total Number of Floors Above Grade

Structure Foolprint

Total Squars Foot Area of Al-Grade Floor

Number of Structural Comers

Total Number of Comars in Penmeler

Structure Foundation Type

Slab, Reinforced Slab, CMU, Piers, Columns, Posts, Stone

Structure Perimeler Distanca

Total Length of All Exterior Sides of Structure

Exterior Wall Construction

Wood, Masonry, Brick, Melal, Stone, Concrete, Other

Structure Visual Conditien

Good [ Fair{ Poor

Garage Attached, Detached, None
Doorways Number of Pedesinan Doorways
Basement Full Basemenl, Half, Crawl Space, None

Structure Photos

Photograph of Four Sides of Structure

Utiliies Location

Elecincal, Gas, Waler, Sewer, Oil, Propane, Coal, Other

Structura Valus Assessad Value of Structur
Fireplace Yos / No
Structure Owner Who Owns the Structure

Yoar Structure Built

Year Sinuclure was Constnucled (Any Histonc Significance)

Water Surface Elevation

Elevation or Depth of Water at Structure (H&H activity)

Water Velocity Erasive Polential of Flood Walers (H&H activity)
Note: Bold/Shaded cells represent most pertinent data requirements.
Formore infarmation, please cortact the NNC Chavman ot sy mil

or visit the NFPC website 3t hitp Jeww usace lanning/nfo: aspx

0 NS User Guides

0 About Us



Washington EMD improvements

_ _ Building Value within ASCE Tsunami Hazard Zone
 Labor intensive update of the
$14 B EMD WA

data for areas in the tsunami s improved
risk zone HAZUS WA

$10
S8
S6
sS4

52 I
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 Distribution of exposure varies - B
Significantly. Occupancy

* 30 to 40% less building value in
the ASCE tsunami hazard zone.

Total Value (in Trillions)



Example: llwaco, Washington (South of Long Beach)

* Added exposure at the marina

\ \
@ WAEMD Improved

bl @ WA HAZUS Default




Example: llwaco, Washington (South of Long Beach)

* Added exposure at the marina

 Removed exposure where
fences of other factors create
illusion of buildings
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Example: llwaco, Washington (South of Long Beach)

Building Value Total
* Added exposure at the marina

 Removed exposure where
fences of other factors create
illusion of buildings

 Remove “Stacked” buildings
from NSI

Stack:
.1
@:
(O F]
Q4
Os
@s
@17
@

@ 1 - Single Record per location

WA HAZUS Default WA EMD Improved



Example: llwaco, Washington (South of Long Beach)

* Added exposure at the marina

 Removed exposure where
fences of other factors create
illusion of buildings

 Remove “Stacked” buildings
from NSI

* Remove out-buildings :wnwmmpmved
WA HAZUS Default
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Example: llwaco, Washington (South of Long Beach)

* Added exposure at the marina

 Removed exposure where
fences of other factors create
illusion of buildings

 Remove “Stacked” buildings
from NSI

a &2 STORIES

: NoR
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e . 3

- o % " .4
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WA HAZUS Default WA EMD Improved

* Remove out-buildings
e Adjust attributes



Application of EO

e Estimation of regional story
heights

* Checking volumetric estimates of
buildings against NSI to identify
“stacked” buildings of regions of
under-estimation

e “Outlying building factor” for rural
areas

* Addressing faulty attribute data

o Y
\ y BEN'AROUS " i S s 5

= L

Example of urban development patterns in Tunisia,
used to build exposure data



Example: Crescent City

e Suspicious “Exterior Wall”
identification

* Hazus uses “Exterior Wall” and
occupancy to infer vulnerability
by region

e Brick is much more robust than
wood frame.

* Random sample of 100 buildings
reveals classitication of Masonry

Exterior Wall o R NN B B R e | g 8008, Tee e

exterior is primarily stucco @ Concrete

C|adding @ Mobile Home
— @ Masonry

Determmatclon — Count @ Steel

No Streetview or visibility issues. 5 O Wood

Brick or Brick Veneer 1

Stucco 78

Siding- wood or vinyl. 16




Example: Crescent City

Moderate resolution remote
sensing data and interpreted data
sets used to identify “Development
patterns”

Using engineering expertise, NSI can
be updated probabilistically based
on these zones

Example illustrates preliminary work
extracting regions with primarily
residential development, and reseent
update of structure type for HAZUS WADEM
Modeling.

Percentage

Analysis captures significantly more
vulnerability in Crescent City.

False color image used to accentuate urban development patterns
EARTH SCIENCE Red: mostly light residential. Yellow: Light ur
APPLIED SCIENCES

N
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7 ImageCat, Inc.
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rte@imagecatinc.com

www.imagecatinc.com
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