Y [, S, | SO Sl S, < [ — R

; Coastal Communities

[ ——

using FEMA’s Hazus Tsunami Model and ESRI Demographic Data

California Tsunami Program

The California Tsunami Program has completed a statewide
tsunami risk assement of 20 coastal counties. Statewide
building loss estimates are greater than $12 billion*.

The California Tsunami Program is a collaboration between the California Governor's Office of Emergency Services and the California Geolog-
ical Survey. We partner with the National Weather Service and other agencies to lead the State's efforts to assess tsunami hazard and risk
throughout California's coastal communities.
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Our Program uses FEMA's Hazus Tsunami Model and demographic data to develop tsunami risk and exposure summary reports for support
of tsunami preparedness, mitigation, and response planning activities statewide and at the county level. Our mission is to make California

FEMA Hazus Tsunami Model is a Valuable Decision-Support Tool

FEMA's Hazus Version 6.0 Tsunami Model is a valuable decision-support tool for use in disaster
risk management. It provides lead agencies and decision-makers a way to estimate potential ca-
sualties, structural losses, and economic impacts from tsunami hazards. In addition to tsunami,
Hazus models impacts for earthquakes, hurricanes, and flooding (coastal and riverine).

TSUNAMI HAZARD COMMUNITY ASSETS

High-resolution NSI 2.0
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Probabilistic Tsunami
Hazard Data for
20 Coastal Counties
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Demographic Data on

The FEMA Hazus building inventory database leverages the U.S. Army Corps of Engineers Nation- AtRisk Population

al Structure Inventory 2022 (NSI). The NSl is enhanced with attributes from parcel data, HIFLD crit-
ical infrastructure, and other local data sources for use in the Hazus model.

Velocity, Momentum-
Flux, and Topobathy Data

Hazus Data and Methods .

Middle America

Hazus study regions were created for each county and aggregated with the building inventory and population data from
FEMA. Hazard data is from California’s 975-year average return period probabilistic tsunami hazard analyses (PTHA).

Building related damages were estimated using Hazus damage functions and tsunami hazard input parameters of
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median momentum flux and median depth. Resulting loss estimates include costs for repair and replacement of dam-
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aged buildings and costs associated with loss of function.

Casualties were estimated using input parameters for first wave arrival and time of tsunami warning and Hazus inte-
grated methods based on the USGS Pedestrian Evacuation Analyst Tool, which evaluates evacuation travel times using
only roads as travel pathways for each Census block. Disaggregated maximum contributing tsunami events from the
PTHA data were used to determine travel times for the first wave arrival input parameter. Parameters used to model the
variation in a population evacuation departure response to a tsunami warning were modified for three different evacua-
tion departure delay times.

(ABOVE) Tsunami sources from 2014
science and/or knowledge. Cascadia
source characterization in line with Na-
tional Seismic Hazard Mapping sources.

Hazus Evacuation Input Parameters

T Evacuation Departure Delay Time (minutes)
| DominamSowce |  Gosd |  Far |  Poor
Alaska Aleutians (LEFT) Evacuation Parameters: Table showing parameters used for input

1Assumes time of earthquake is time of warning (natural warning). to the Hazus Tsunami Model for estimates of pedestrian evacuation for
2Assumes 60 minutes after earthquake before evacuation warning (official warning) is provided to community (e.g, WEA). population exposed to tsunami flood.

The Hazus Tsunami Model does not include estimates for damage and losses for structures associated with ports, harbors, or other maritime related facilities;
damage to infrastructure, roads, or essential facilities; and estimated quantities of debris.

more tsunami resilient by creating tsunami hazard and risk maps, guidance, and educational material for the general public and local officials.

' California Governor’s Office of Emergency Services

? Todd.Becker@caloes.ca.gov
* California Geological Survey

* Federal Emergency Management Agency

Custom Risk Reports and Visualizations

The California Tsunami Program has developed customized reports
and visualizations, for State, County, and other lead agencies to
support science-based emergency management decision-making
strategies for tsunami planning and response.

The tsunami hazard exposure and loss results produced from these assessments are

a first-of its-kind for California and provide consistent population exposure and loss
estimates using the best-available methods and data.

Example County Hazus Tsunami Model Results
5% Chance in 50-years Tsunami (1000-year Average Return Period Tsunami)

Daytime Casualties

(ABOVE) Design concept of an online dashboard created using the Esri Plat-
form. The dashboard will be used to summarize and display Hazus Tsunami
Model results for each of the 20 coastal counties.

DEMOGRAPHIC POPULATION PROFILES

ESRI forecasts for 2023, 2028, 2017-2021, 2023.
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We used Esri’'s Advanced Demographic At-Risk Population Profile data to provide
detailed datasets for each coastal county’s Tsunami Risk Assessment infographic.
The advanced demograhic data includes more up-to-date data and metrics than what
is available through standard demographics, such as Census data. Above we show a
statewide demographic profile of those exposed to tsunami hazards within the
state’s Tsunami Hazard Area extent for Evacuation Planning.
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FEMA's Hazus Tsunami Model is a valuable decision-support tool for us
disaster risk management. It provides lead agencies and decision-makers
way to estimate potential casualties, structural losses, and economic impacts fr
tsunami hazards. These loss and exposure estimates may be used by loc
state, and regional officials to plan and stimulate efforts to reduce risks fro
tsunami and to prepare for emergency response and recovery.

TSUNAMI SCENARIO

The California Tsunami Program is using FEMA’s Hazus building inventory database
that leverages the U.S. Army Corps of Engineers National Structure Inventory 2022.
These building inventory data are used, along with the State’s probabilistic tsunami
hazard analysis data with a 975-year average-return period, to perform Hazus loss
and casualty analyses. Building loss and casualty estimates are then paired with
demographic data to assess risk and exposure at the county level.

FHAZUS BUILDING INVENTORY

Total Damaged Buildings

Building Damage Count ﬁ ﬁ
Affected Destroyed

7,287
FHAZUS CASUALTY ESTIMATIONS

344-minutes Tsunami Travel Time
(Worst-Case Source to County)

Distant-Source Casualty Estimations

) Night Estimates

Evacuation Departure Delay Time (milling time) Evacuation Departure Delay Time (milling time)
5-min 15-min 30-min 5-min 15-min 30-min

0 0 81 0 0 65

* Assumes 60-minutes after earthquake before evacuation warning (official warning) is provided to community.
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(ABOVE) An example Tsunami Risk Assessment infographic that
summarizes Hazus building losses, casualty estimates, and at-risk
demographic information. These 1-page summary sheets will be de-
veloped for all 20 coastal counties in California using results from
this project. Feedback on content and layout from coastal partners
will help us tailor custom infographic summaries that can be used
for tsunami mitigation and response planning.

We would like to thank the NOAA National Tsunami Hazard Mitigation Program for their
support and funding on this project. We'd also like to acknowledge the continued support
from the FEMA Hazus Team, and from the California Tsunami Program partners for their

feedback.
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California Geological Survey
Seismic Hazards | Tsunami Unit

*Hazus Building Loss and Casualty Estimates

Hazus Tsunami Model results were exported using the open
source Hazus Export Tool and Microsoft SQL Server Manage-
ment Studio. Data were summarized and used to create

Total Statewide Loss $12.6 billion

Building Loss by Hazus Occupancy Type

m Residential Commercial Industrial Government Education Religion/Non-Profit = Agriculture

custom reports. Demographic information of the population
exposed to tsunami hazard were summarized from Esri data.

$2,500,000,000
$2,000,000,000

The Hazus Tsunami exposure and loss results produced from (Rt

these analyses are a first-of its-kind for California and provide EERIEEILGLE
consistent population exposure and loss estimates at both the
local and State-level using the best available methods and
data.

The Hazus Tsunami results are paired with demographic data
from Esri to create summary reports and dashboards for each
California County. These reports support planning and re-
sponse at both the local and State-level by providing a snap-
shot of the population and potential building related losses
due to tsunami in California.

(BELOW) Building Damage Counts: The Hazus Tsunami Model pro-
vides estimates of building damage counts for the number of build-
ings whose damages in dollars are classified as Affected, Minor,
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(ABOVE) Building Losses by Hazus Occupancy Type: Graphic
showing the building related losses in dollars for structures ac-
cording to the General Occupancy type as defined in the Hazus
Tsunami Model and the NSI database.

Distant Source Tsunami Casualty Estimations
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Daytime Casualty Estimates | Nighttime Casualty Estimates

Evacuation Departure
Delay Time (minutes)

Maijor, or Destroyed.

Tsunami Travel Time
County (minutes)
249
Sonoma - Outer Coast 255
Sonoma - Inner Coast 399
Marin - Outer Coast 271
Marin - Inner Coast 301
404
379
321
325
417
291
335
287
300
276
277
285
305
330
322
351
344

Casualty Totals

Affected: less than 5%
of value

Minor: 5%-30% of value
Major: 30%-50% of value
Destroyed: more than
50% of value
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* Assumes 60 minutes after earthquake before evacuation warning (official warning) is provided to community (e.g.

These damage classifi- &

Cations can aISO be relat' ' Limited exposure of structures in the tsunami hazard area. Insufficient data for casualty analysis.
ed to tagging nomencla-
ture (red, yellow, green)
used in post-disaster in-
spection of buildings.

Local Source Tsunami Casualty Estimations

Evacuation Departure 2.5 5 10 2.5 5 10
Delay Time (minutes)

Tsunami Travel Time | Daytime Casualty Estimates | Nighttime Casualty Estimates
County (minutes)

Humboldt [ 10 | 360 | s04 [ 724 | 400 | 468 | 540 |
| | = CasualtyTotals] 2008 | 2726 | 3,881 | 1,553 | 1989 | 2981

* Assumes time of earthquake is time of warning (natural warning)

(ABOVE RIGHT) Distant and Local Source Tsunami Casualty Results: Tables summa-
rize casualty estimates from the Hazus Tsunami Model for California counties. Casual-
ties are the sum of projected injuries and fatalities resulting from the population (based
on 2020 census data) exposed to the tsunami flood. The Hazus Tsunami Model esti-
mates a 99% fatality rate and 1% injury rate for the population exposed to tsunami flood
depths of 2 meters or greater and a 50% fatality rate and 50% injury rate for tsunami
flood depths less than 2 meters.

Looking to the Horizon and Beyond

California will continue to update the tsunami loss estimates when Hazus software and data are updated and as California

updates tsunami hazard data.

California Geological Survey is leading efforts to begin the development of methods for estimating tsunami damage and
losses to maritime related structures and assets that could be incorporated into the Hazus Tsunami Model.

California is evaluating methods for improving casualty estimates by refining evacuation route pathways, including tempo-
rary populations, and evaluating evacuation travel times from individual structures.



