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Section 1. Introduction to FEMA Tsunami Loss Estimation
Methodology

1.1 Background

The Hazus Tsunami Loss Estimation Methodology provides state, local, tribal, and territorial
(SLTT) officials with a decision support software for estimating potential losses from tsunami
events. This loss estimation capability enables users to anticipate the consequences of tsunamis
and develop plans and strategies for reducing risk. The Geographic Information Systems (GIS)
based software can be applied to study geographic areas of varying scale with diverse population
characteristics and can be implemented by users with a wide range of technical and subject matter
expertise.

This Methodology has been developed, enhanced, and maintained by the Federal Emergency
Management Agency (FEMA) to provide a tool for developing tsunami loss estimates for use in:

e Anticipating the possible nature and scope of the emergency response needed to cope with
a tsunami-related disaster.

e Developing plans for recovery and reconstruction following a disaster.
e Mitigating the possible consequences of tsunamis.

The Hazus Tsunami Model provides the capability to quantify potential building impacts and
losses, as well as casualties. The model analyzes the potentially catastrophic tsunami scenarios
associated with near-source tsunamis by combining tsunami and earthquake losses, as well as
distant-source tsunamis.

The current capability addresses High to Very High Tsunami Risk States and U.S. territories, as
defined by the National Tsunami Hazard Mitigation Program (NTHMP). The Tsunami Model itself
was developed and implemented from the Tsunami Methodology developed by FEMA in 2013, but
is not completely congruous with that methodology, having been modified based on newer
developments or for software development. Estimates can also help guide the allocation of federal
resources to stimulate risk mitigation efforts and to plan for a federal tsunami response.

The Hazus Tsunami Model is currently available for the five Very High Risk U.S. states and the five
High Risk U.S. territories.

o Alaska

e Washington

e Oregon

e California

e Hawaii

¢ Northern Mariana Islands (Tsunami only)
e American Samoa (Tsunami only)

e Guam (Tsunami only)

e Puerto Rico

e U.S. Virgin Islands
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This Hazus Tsunami Model User Guidance outlines the background and instructions for developing
a Study Region and defining a scenario to complete a tsunami loss estimation analysis using
Hazus. It also provides information on how to modify inventory, improve hazard data and analysis
parameters for advanced applications, and guidance on calculating and interpreting loss results.

The Hazus Tsunami Model Technical Manual (FEMA, 2021) documents the methods used in
calculating losses. A companion document, the Hazus Inventory Technical Manual (FEMA, 2021),
provides more detailed methodology and data descriptions for the inventory shared by each hazard
model. Together, these documents provide a comprehensive overview of this nationally applicable
loss estimation methodology.

1.2 Hazus Uses and Applications

Hazus can be used by various types of users with a wide range of informational needs. A state,
local, tribal, or territorial government official may be interested in the costs and benefits of specific
mitigation strategies, and thus may want to know the expected losses if mitigation strategies have
(or have not) been applied. Health officials may want information regarding the demands on
medical care facilities and may be interested in the number and severity of casualties for different
tsunami scenarios. Emergency response teams may use the results of a loss study in planning and
performing emergency response exercises. In particular, they might be interested in the operating
capacity of emergency facilities such as fire stations, emergency operations centers, and police
stations. Emergency planners may want estimates of temporary shelter requirements for different
tsunami scenario events. Federal and state government agencies may conduct a loss analysis to
obtain quick estimates of impacts in the hours immediately following a tsunami to best direct
resources to the disaster area. Insurance companies may be interested in the estimated monetary
losses so they can determine asset vulnerability.

Tsunami loss estimation analyses have a variety of uses for various departments, agencies, and
community officials. As users become familiar with the loss estimation methodology, they are able
to determine how to use it to best suit their needs, and how to appropriately interpret the study
results.

The products of Hazus analyses have several pre- and post-tsunami applications in addition to
estimating the scale and extent of damage and disruption. Examples of pre-tsunami applications of
the outputs include:

¢ Development of tsunami hazard mitigation strategies that outline policies and programs for
reducing tsunami losses and disruptions indicated in the initial loss estimation study.
Strategies can involve rehabilitation of hazardous existing buildings (e.g., unreinforced
masonry structures), building code enforcement, development of appropriate zoning
ordinances for land use planning in tsunami inundation zones, and the adoption of
advanced building codes.

o Development of preparedness (contingency) planning measures that identify alternate
transportation routes, planning tsunami preparedness, and education seminars.

e Anticipation of the nature and extent of response and recovery efforts including the
identification of alternative housing; the location, availability and scope of required medical
services; and the establishment of a priority ranking for restoration of water and power
resources.

Post-tsunami applications of the outputs include:
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¢ Projection of immediate economic impact assessments for state and federal resource
allocation, and support for state and/or federal disaster declarations by calculating direct
economic impact on public and private resources, local governments, and the functionality
of facilities in the area.

o Activation of immediate emergency recovery efforts including search and rescue
operations, rapid identification and treatment of casualties, provision of emergency housing
shelters, and rapid repair and availability of essential utility systems.

e Application of long-term reconstruction plans that include the identification of long-term
reconstruction goals, implementation of appropriate wide-range economic development
plans for the impacted area, allocation of permanent housing needs, and the assessment of
land use planning principles and practices.

1.3 Assumed User Expertise

Users can be divided into two groups: those who perform the analysis and those who use the
analysis results. For some analyses, these two groups occasionally consist of the same people,
but generally this will not be the case. However, the more interaction that occurs between these
two groups, the better the analysis will be. End users of the loss estimation analysis need to be
involved from the beginning to make results more usable.

Any risk modeling effort can be complex and would benefit from input from an interdisciplinary
group of experts. A tsunami loss analysis could be performed by a representative team consisting
of the following:

o Geologists

e Geotechnical engineers

e Structural engineers

o Coastal engineers

e Architects

o GIS specialists

e Economists

e Social scientists

e Emergency planners

e Policy makers

The individuals needed to perform the study can provide valuable insight into the risk assessment
process and depend on the desired level of analysis, explained in greater detail in Section 2.3. In
addition to subject matter expert involvement, at least one GIS specialist should participate on the
team.

If a state, local, tribal, or territorial agency is performing the analysis, some of the expertise may be
found in-house. Experts are generally found in several departments: building permits, public works,
planning, public health, engineering, information technologies, finance, historical preservation,
natural resources, and land records. Although internal expertise may be most readily available, the
importance of the external participation of individuals from academic institutions, citizen
organizations, and private industry cannot be underestimated.
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1.4 When to Seek Help

The results of a loss estimation analysis should be interpreted with caution because baseline
values have a great deal of uncertainty. Baseline inventory datasets are the datasets that are
provided with Hazus. Further information on these can be found in the Hazus Inventory Technical
Manual (FEMA, 2021). If the loss estimation team does not include individuals with expertise in the
areas described above, it is advisable to retain objective reviewers with subject matter expertise to
evaluate and comment on map and tabular data outputs.

If an expert is not available to assist in the selection of tsunami flood depth, velocity, and
momentum flux, the user should defer to readily available data provided by the USGS. This will
allow users to take advantage of USGS subject matter expertise when defining their deterministic
tsunami scenario.

If the user intends to modify the baseline inventory data or parameters, assistance from an
individual with expertise in the subject will be required. For example, if the user wishes to change
percentages of specific building types for the region, collaborating with a structural engineer with
knowledge of regional design and construction practices will be helpful. Similarly, if damage-motion
relationships (fragility curves) need editing, input from a structural engineer will be required.

1.5 Technical Support

Technical Support contact information is provided in the Hazus application at Help|Obtaining
Technical Support; technical assistance is available via the Hazus Help Desk by email at
FEMA-Hazus-support@fema.dhs.qgov (preferred) or by phone at 1-877-FEMA-MAP (1-877-336-
2627). The FEMA Hazus website also provides answers to Frequently Asked Questions, and
information on software updates and training opportunities.

FEMA-provided resources also include the Hazus Virtual Training Library, a series of short videos
arranged into playlists that cover various Hazus topics, from an introduction to Hazus
methodologies, to targeted tutorials on running Hazus analyses, to best practices when sharing
results with decision makers. This easily accessible learning material provides quick topic-
refreshers, free troubleshooting resources, and engaging guides to further Hazus exploration.

The application’s Help menu references the help files for ArcGIS. Since Hazus was built as an
extension to ArcGIS functionality, knowing how to use ArcGIS and ArcGIS Help Desk will help
Hazus users.

Technical support on any of the four hazards is available in the contacts shown via
Help|Obtaining Technical Support.

1.6 Uncertainties in Loss Estimates

Although the Hazus software offers users the opportunity to prepare comprehensive loss
estimates, it should be recognized that uncertainties are inherent in any estimation methodology,
even with state-of-the-art techniques. Any region or city studied will have an enormous variety of
buildings and facilities of different sizes, shapes, and structural systems that have been built over a
range of years, under diverse design codes.

Due to this complexity, there is inherent uncertainty in modeling the structural resistance of most
buildings and other facilities. Further, there are not sufficient data from past tsunamis to determine
precise estimates of damage based on known momentum flux and tsunami depths, even for
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specific buildings and other structures. To deal with this complexity and lack of data, buildings and
components of infrastructure systems are grouped into categories based upon key characteristics.
The relationships between key tsunami features and average degree of damage with associated
losses for each building category are based on current data and available theories.

The results of a tsunami loss analysis should not be looked upon as a prediction. Instead, they are
only an estimate, as uncertainty inherent to the model will be influenced by quality of inventory data
and the hazard parameters. This is particularly true in areas where tsunami events are infrequent
or where recorded data is scarce.
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Section 2. Introduction to Tsunami Loss Estimation
Methodology

This brief overview of the Tsunami Methodology is intended for SLTT officials contemplating a
tsunami analysis.

The Hazus Methodologies will generate an estimate of the consequences of a scenario tsunami
event to a coastal city, county, or region. The resulting "loss estimate" will generally describe the
scale and extent of damage and disruption that may result from the modeled tsunami event. The
following information can be obtained:

¢ Quantitative estimates of losses in terms of direct costs for repair and replacement of
damaged buildings, direct costs associated with loss of function (e.g., loss of business
revenue, relocation costs), and casualties.

e Functionality losses in terms of loss of function and restoration times for user-defined
facilities provided by the user.

To generate this information, the Methodology includes:

o Classification systems used in assembling inventory and compiling information on the
General Building Stock (GBS), demographic, and economic data.

e Standard calculations for estimating type and extent of damage, and for summarizing
losses.

¢ National and regional databases containing information for use as baseline (built-in) data
useable in the calculation of losses, if there is an absence of user-supplied data.

These systems, methods, and data have been combined in a user-friendly GIS software for this
loss estimation application.

The Hazus software uses GIS technologies for performing analyses with inventory data and
displaying losses and consequences on applicable tables and maps. The Methodology permits
estimates to be made at several levels of complexity, based on the level of inventory data entered
for the analysis (i.e., baseline data versus locally enhanced data). The more concise and complete
the inventory information, the more accurate the results.

The following figure provides a graphic representation of the modules that the Hazus Tsunami
Model Methodology is comprised of, and their interrelation in deriving estimates.
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Figure 2-1 Hazus Tsunami Model Methodology Schematic

While Figure 2-1 shows the conceptual relationships, the steps used in the Hazus Tsunami Model
are as follows:

Select the area to be studied: The Hazus Study Region (the region of interest) is created
based on Census block, tract, or county level aggregation of data. The area generally
includes a city, county, or group of municipalities. It is generally desirable to select an area
that is under the jurisdiction of an existing regional planning group.

Specify the tsunami hazard scenario: In developing the scenario tsunami, consideration
should be given to the availability of data including median momentum flux, median depth,
and median velocity grids using NOAA and other datasets, or subject matter experts.

Integrate local inventory data: Include user-defined facilities and updates to GBS
characteristics.

Use the formulas embedded in Hazus: Compute probability distributions for damage to
different classes of buildings, facilities, and infrastructure system components. Then,
estimate the loss of function.

Compute estimates of direct economic loss and casualties using the damage and
functionality information.

The user plays a major role in selecting the scope and nature of the output of a loss estimation
analysis. A variety of maps can be generated for visualizing the extent of the losses. Generated
reports provide numerical results that may be examined at the level of the Census tract or
aggregated by county or region.

Hazus Tsunami Model User Guidance

Page 2-2



2.1 Tsunami Hazards Considered in the Methodology

The Hazus Tsunami Methodology consists of three basic analytical processes: hazard analysis,
damage assessment, and impact analysis. In the hazard analysis phase, source characteristics,
and bathymetry data are used to model the spatial variation in flood depth, velocity, and
momentum flux. During the damage assessment phase, structural, nonstructural, and content
damage is calculated based on the results of the hazard analysis using fragility curves. The impact
phase translates the severity of tsunami and damage assessment into social and economic losses.

The tsunami-related hazards considered by the Hazus Methodology in evaluating damage,
resultant losses, and casualties are collectively referred to as potential tsunami hazards (PTH).
Most damage and loss caused by a tsunami is directly or indirectly the result of water velocity and
depth. Thus, Hazus evaluates the geographic inundation as a result of a specific tsunami scenario
and expresses tsunami characteristics using several quantitative parameters (e.g., median
momentum flux, median velocity, and median depth). Most casualties result from drowning and
trauma associated from being in the water.

The following two features of tsunamis can cause structural damage and loss of life:

e Tsunami Momentum Flux: The transport of momentum acting in the direction of the water
flow and is equal to the force per unit area. This tsunami parameter drives the structural
damage.

e Tsunami Depth: This is the median depth of the tsunami and drives the contents losses and
casualty estimates.

2.2 Definitions of Structures

There are differences between terminology used to designate distinctions between types or
categories of structures. The term “structure” refers to all constructions, such as a building, bridge,
water tank, shed, carport, or other man-made thing that is at least semi-permanent. A building is a
structure with a roof and walls that is intended for use by people and/or inventory and contents,
such as a house, school, office, or commercial storefront. A facility corresponds to a particular
place, generally a building, with an intended purpose such as a school, hospital, electric power
station, or water treatment facility. Some facilities are defined as ‘essential facilities’ meaning the
facility is critical to maintaining services and functions vital to a community, especially during
disaster events. The buildings, essential facilities, and transportation and utility systems considered
by the Methodology are as follows:

e General Building Stock: The key General Building Stock (GBS) databases in Hazus include
square footage by occupancy and building type, building count by occupancy and building
type, building and content valuation by occupancy and building type, and general
occupancy mapping. Most of the commercial, industrial, and residential buildings in a region
are not considered individually when calculating losses. Buildings within each Census block
are aggregated and categorized. Building information derived from Census and
employment data are used to form groups of 36 specific building types and 33 occupancy
classes (additional information on the Hazus baseline GBS inventory data is provided in the
Hazus Inventory Technical Manual (FEMA, 2021). Degree of damage is computed for each
grouped combination of model building type and occupancy class.

o User-Defined Facilities (UDFs): Destruction of critical coastal structures could cause
significant increase in losses, even if residents were evacuated to safe areas. Critical
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coastal structures can include schools, hospitals, fire and police stations, shelters and
Emergency Operation Center’s (EOC). Since Hazus Tsunami does not yet provide an
Essential Facility loss model, these facilities can be modeled as UDFs. Modeling as UDFs
will provide the user with direct economic losses for both tsunami only, as well as combined
earthquake and tsunami losses.

Specific data can be used to estimate potential damage and hazard effects using the UDF module,
which is addressed in Section 9.

2.3 Levels of Analysis

Hazus is designed to support two general types of analysis (Basic and Advanced), split into three
levels of data updates (Levels 1, 2, and 3). Figure 2-2 provides a graphic representation of the
various levels of analysis. These are generally defined in the Hazus Tsunami Model based on the
guality of the input hazard data, although improvement of inventory data should always be
considered. The hazard data available for tsunami loss modeling frequently does not include
velocity data, which is the critical driver of all structural losses in tsunami. Therefore, if the input
hazard data lack user supplied velocity, the term Level 1 (Basic) is used. Level 2 (Advanced) is
used where both inundation depth and velocity data exist, and Level 3 (Advanced) when
momentum flux and depth are provided directly by the user. In addition, the casualty model
(Section 6) provides only two levels of analysis, Level 1 (Basic) and Level 2 (Advanced).

Momentum flux and
runup determined from
numeric models.

Combinations of local and baseline
hazard, inventory, and damage
information.

Velocity and runup determined
from numeric models.

Baseline hazard, inventory, and damage

‘;.(" information.
Q)?

Tsunami velocity is estimated from the
empirical runup relationship.

Figure 2-2 Levels of Analysis
2.3.1 Analysis Based on Baseline Information

Level 1 (Basic) analysis uses only the baseline databases built into the Hazus software and
Methodology on building square footage and value, population characteristics, costs of building
repair, and certain basic economic data. In a Level 1 (Basic) analysis, tsunami hazard velocity grid
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data are developed using an empirical relationship, and as little as a single observation of runup
height may be used. This is an important limitation to note with Level 1 (Basic) data, since in Hazus
tsunami all building structural losses are driven based on velocity information (non-structural and
content losses are based on inundation depth alone). The user is not expected to have extensive
technical knowledge. While the methods require some user-supplied input to run, the type of input
required could be gathered by referring to published information. At this level, estimates will have
much greater uncertainty than Levels 2 or 3 (Advanced) and will likely be appropriate only as initial
loss estimates to determine where more detailed analyses are warranted.

2.3.2 Analysis with User-Supplied Inventory

Results from an analysis using only baseline inventory data can be improved greatly with at least a
minimum amount of locally developed input. Improved results are highly dependent on the quality
and quantity of improved inventory data. The significance of the improved results also relies on the
user’s analysis priorities. This level of advanced analysis is commonly referred to as a Level 2 or
Level 3 (Advanced) analysis. The following inventory improvements impact the accuracy of Level 2
and Level 3 (Advanced) analysis results:

e Use of locally available data or estimates of the square footage of buildings in different
occupancy classes.

o Use of local expertise to modify the mapping scheme databases that determine the
percentages of specific building types associated with different occupancy classes.

e Preparation of a detailed inventory of all essential facilities (integrated as user-defined
facilities).

e Use of locally available data concerning construction costs or other economic parameters.

The Level 2 (Advanced) tsunami hazard analysis is defined by having both velocity as well as
runup grid information provided from an external hazard model. The purpose of this type of
analysis is to provide the user with the best estimates of tsunami damage/loss that can be obtained
using the methods included in the Methodology. All components of the Hazus Methodology can be
performed at this level. In addition, loss estimates based on user-developed local inventories could
further improve this level of analysis. As the user provides more complete data, the quality of the
analysis and results improve. Depending on the size of the region and the level of detail desired by
the user, as well as user experience, the required input for this type of analysis could take weeks to
months to develop.

The Level 3 (Advanced) tsunami hazard analysis is defined by including both momentum flux, as
well as runup grid provided from an external numeric tsunami hazard model. At this level, one or
more technical experts could further improve the analysis by acquiring data, performing detailed
analyses, assessing damage/loss, and assisting the user in gathering more extensive inventory. It
is anticipated that at this level there will be extensive participation by local utilities and owners of
at-risk facilities that could provide more accurate inventories and attributes.

There are no standardized procedures for conducting an advanced data and models analysis
study. The quality and detail of the results depend upon the level of effort. Advanced data
development and models analysis studies could take six months to two years to complete. Each
subsequent level builds on and adds to the data and analysis procedures available in previous
levels.

Hazus Tsunami Model User Guidance Page 2-5



2.4 Model Limitations

The current version of the Hazus Tsunami Model does not estimate the following:

o Damage, loss, and functionality estimations for Essential Facilities and Lifeline
Infrastructure

e Shelter Requirements
e Debris
e Indirect economic losses

Note that, at this time, the standalone earthquake model analysis is not complete for the U.S.
Pacific territories, and will not run independently of the tsunami analysis. The functionality to run
the standalone earthquake hazard analysis is available for these territories, but the building and
infrastructure inventory tables specific to earthquake have not been completed.

For Combined Earthquake and Tsunami Losses Global Report, casualties are calculated and
presented separately for earthquake and tsunami at this time, so there is some potential for double
counting. However, it is possible that injuries as a result of the earthquake would slow evacuation
times for those persons and anyone who remains to assist them, which could result in an increase
in casualties caused by the tsunami.
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Section 3.  Getting Started: Hazus Start-Up Screen

The start-up screen is the first screen the user sees when Hazus is launched. Before running a
loss estimation analysis, users must define a Study Region. The Study Region, in Hazus
terminology, is the geographic extent for which data are aggregated, the hazard is defined, and the
analysis is carried out. Hazus will prompt the user to create a new region or import a previously
created region. Users also can open, delete, duplicate, backup, or export an existing region.

3.1 Hazus Startup

The first option in the Hazus Startup (Figure 3-1) is to define a Study Region. For this example, we
will be creating a new region. Clicking OK activates the window seen in Figure 3-2. In this wizard,
the user selects the Study Region’s tsunami hazard type for the analysis.

Click Next to start. This will activate the window seen in Figure 3-3, where the user can name the
Study Region and create a description. Click Next, which will activate the window in Figure 3-4.
Select Tsunami and click Next. For users who wish to create combined earthquake and tsunami
results, Earthquake should also be selected. Additional information regarding the combined
earthquake and tsunami scenario in Section 11.

Hazus-MH Startup >

PSRN Welcome to Hazus-MH.

[n order to uze Hazus-tH, pou need to define the study region to be
uzed in the analysis.

Pleasze zelect the desired option below, and a wizard will guide pau
through the necesszany steps.

...............................................

TSUNAMI

" Open aregion

" Delete a region

(" Duplicate a region

" Export/Backup a region

" Import a region

O
O
O
=
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£
2
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o
<
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o
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Exit

Figure 3-1 Hazus Startup Menu - Create a New Region
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Figure 3-2 Create New Region Wizard
Create New Region *

Study Region Name
Each study region needs to be identified with a unigue name.

Enter below a name which uniquely identifies your region. The name can be up to 18
characters long.

Kahalui_HI

Region description (optional):

Tsunami Scenariol

< Back Mext = Cancel

Figure 3-3 Study Region Name
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Create Mew Region >

Hazard Type -
The hazard type cortrols the type and amount of data that will be aggreqgated. The hazard type selected w
affects the analysis options that will be available. 5

Your study region can include one or more of the following hazards. Check below the
hazard(s) you are interested in.

[ Earthquake
[ Food
[ Humicane

[+ Tsunami

Motes:
1. Selection of hazards listed above depends upon the hazard modules installed.

2. Once a study region is built with a given hazard(s), it cannot be modffied later an, in
other words, you cannot add another hazard to it. Atematively, you may recreate a
similar region with different hazardis).

3. F you are creating a Near Source only Tsunami region, please also check
Earthquake checkbox.

< Back | Mext = | Cancel

Figure 3-4 Hazard Type

3.2 Create New Study Region

Next, the user can create a new Study Region by state, county, Census tract, Census block, or

Community levels, as seen in Figure 3-5. To create a Study Region at the county level, the user
first selects the state of the new Study Region found in Figure 3-6. This will prompt the County

Selection window found in Figure 3-7.

Once a county is selected, click Finish. The program will process until the Study Region has been
created. Click OK. The program will not automatically open the Study Region at the end of this
process.
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Create New Region

Aggregation Level
The agaregation level defines the procedure by which the study is defined.

You can define your study region at one of the geographic levels. We call this the
aggreqation level. Please select below the aggreagation level you want to use.

(" State

+ County

(" Census tract
(" Census block

" Community (MFIP)
r~

< Back Next =

Cancel

Figure 3-5 Create New Study Region Selection
Create Mew Region

State Selection
The state selection namows down the location of the region to be created to specific state(s).

Please select the state(s) for the study region you want to create.
States (1 selected):

AMaska (AK)

American Samoa (TS Only) (AS)
Califomia (CA)

Guam (TS5 Only) (GU

Northern Mariana lslands(T5S Cnly) (!
Qregon (OR)

Puerto Rico (FR)

Virgin Islands US(TS Only) (V1)
‘Washington (WA)

Show map

< Back Next =

Cancel

Figure 3-6 Create New Study Region State Selection
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Create New Region d

County Selection :
The county selection defines the county ar counties within previously selected state(s), to include in the study w
L]

region.

Please select the county or counties for the study region you want to create.

States: Counties (1 selected):

Hawai (D Hawail Select all counties
Honolulu

Kalawao _

Kauai Deselect all counties

Show map

Total: 1 [ Auto select all

< Back Mext = Cancel

Figure 3-7 Create New Study Region County Selection

3.3 Open Region

Open the newly created Study Region under the Hazus Startup screen in Figure 3-8 by selecting

Open aregion and then clicking OK. This will allow the user to select the Study Region created in
the previous steps. Click Next at the Open Region window (Figure 3-9). Select the Study Region

that was created in the previous section. Click Next. Then click Finish. The Study Region will then
open.
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Hazus-MH Startup >

8 welcome to Hazus-MH.

In order to use Hazuz-MH, you need to define the study region to be
uzed in the analysis.

Fleaze zelect the desired option below, and a wizard will guide you
through the necessary steps.

TSUNAMI

(" Create a new region

* Open a region

-

Delete a region

-

Duplicate a region

-

Export/Backup a reqion

-

Irmpart a region

EARTHQUAKE * WIND +« FLOOD

E it

Figure 3-8 Hazus Startup Menu - Open a Region

Open Region =

Select Region :
The study reqgion selection sets the region that will be opened. w
L]

Select the study region you want to open from the list of study regions you have created

so far.
Region | Description | Created
Juneau_LIDF 7972019 12:58:
SC_lancaster 111372019 2:0:
SC_York 1141372019 2:05
Cumberand 12116,2015 5:30
TU_WI TAET 020 3:30:

Act103 /272020 4:18:

Tsunami Scenario

< Back Mext = Cancel

Figure 3-9 Select a Region
3.4 Delete Region

The Delete a region option seen in Figure 3-10 will not be available until a region has been created
or imported. Select Delete a region and click OK, this will open the Delete Region window seen in
Figure 3-11. Select a region from the list and click Delete to permanently delete the region.
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Hazus-MH Startup

TSUNAMI

EARTHQUAKE - WIND - FLOOD

S EH Welcome to Hazusz-MH.

It order to uge Hazus-MH, you need ta define the study region to be

uzed in the analysis.

Pleaze select the desired ophion below, and a wizard will guide you

through the neceszary steps.

" Create a new region

" DOpen a region

* Delete a region

" Duplicate a region

(" Export/Backup a region
~

Irmpart & region

Euit

Figure 3-10 Hazus Startup Menu - Delete a Region

Delete Region x
Below iz a list of the study regions pou have created =o far. Select the region pou want to delete.
Right-click mouze for more options.

Region Description Created
Juneaw_LIDF 79420191 2-58:1F
SC_Lancaster 1132019 202
SC_ Yok, 111342009 208
Cumberland 12A6/2019 5:30:(
TU_WI FA2T2020 3305
Act103

F.ahalui_HI

# regionz listed: ¥

3.5 Duplicate a Region

T zunami Scenario

Delete

FAEFA2020 4:18:2:

Dane

Figure 3-11 Delete a Region

The Duplicate a region option seen in Figure 3-12 will not be available until a region has been
created or imported. Select Duplicate a region and click OK. The selected region can be
duplicated as seen in Figure 3-13. Select the region from the list to be duplicated. Click Duplicate.
A duplicate region confirmation window will appear, click Yes to duplicate or No to return to the
Hazus Startup screen seen in Figure 3-14. The Duplicate Region Name dialog will appear as
seen in Figure 3-15. Enter the name of the new region (18-character limit, with no spaces and
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cannot begin with a number.) and a brief description. Click OK. A progress bar will appear, see
Figure 3-16. It will close once the region has been successfully duplicated. This may take several
minutes depending on the size of the region and the speed of the computer. A duplicate region
completion notification, Figure 3-17, will appear to notify the user that the region has been
duplicated. Click OK to return to the Duplicate Region list as seen in Figure 3-18. Click Done to
return to the Hazus Startup screen.

Hazus-MH Startup >

WEE  wWelcome to Hazus-MH.

In order to uge Hazus-tH, you need to define the study region to be
uzed in the analysis.

Pleaze zelect the desired ophion belov, and a wizard will guide you
throvgh the neceszsany steps.

(" Create a new region

TSUNAMI

" Open a region

" Delete a region

* Duplicate a region

" Expart/Backup a region

" Import & region

O
O
O
-
T8
(&
£
b
[ F¥]
b
<
2
o
b
i—
e«
>
w

Exit

Figure 3-12 Hazus Startup Menu - Duplicate a Region
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Duplicate Region

Below iz a ligt of the study regions vou have created zo far, Select the region wou want to duplicate,
and then click 'Duplicate’ button below.

Reqgion

Dezcription

£

R egion:

F.ahalui_HI

T zunami Scenano

K.ahalui_HI

# reqgions listed: 1 Cruplicate Dane

Figure 3-13 Duplicate a Region Selection

Warning

:l You selected to duplicate region [Kahalui_HI] Proceed?

Yes Mo

Figure 3-14 Duplicate Warning

Duplicate Region Mame

MHame duplicated region as:

*
|Kahalui_HI_2'| Cancel |

Dezcription [optional]:

Figure 3-15 Duplicate Region Name
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Hazus-MH n
Creating copy of region Kahalui_HI 53% ...

Figure 3-16 Duplicate Region Progress Bar

Hazus -

Region duplicate completed.

Figure 3-17 Duplication Complete

Duplicate Regicn X

Below iz a lizt af the study regions pou have created =o far. Select the region you want to duplicate,
and then click 'Duplicate’ button below,

Region | Dezcription Created
Juneau_UDF 7492019125818
SC_Lancaster 111342019 202
SC_ork 11413/2019 2:05:
Cumberland 1262013 5:30:0
R FLETS2020 2:30:5
Actiia

K.ahalui_HI
K.ahali_HI_2

Tzunami Scenario

< >

Region: K.ahalui_HI_2

# regionz listed: 7 C'uplicate | Daone

Figure 3-18 Duplicate Region

3.6 Export Region

The Export/Backup a region option seen in Figure 3-19 will not be available until a region has
been created or imported. Select Export/Backup a region and click OK. The user can then export
or backup a region by following the instructions at the top of the window seen in Figure 3-20.
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Hazus-MH Startup >

SWEN  welcome to Hazus-MH.

In order to use Hazus-MH, pou need to define the study region to be
uzed in the analyziz.

Pleaze select the desired option below, and a wizard will guide you
through the necessam steps.

TSUNAMI

(" Create a new region

(" Open aregion

" Delete aregion

" Duplicate a region

{* Export/Backup aregion

" Impart a region

EARTHQUAKE + WIND + FLOOD

E it

Figure 3-19 Hazus Startup Menu - Export/Backup a Region

Export/Backup Region >

Below iz a ligt of the study regions you have created o far. Select the region you want to
export/backup. then specify the name of the export file by clicking ‘Browse', and finally click
'E=port/B ackup’ button to start the export.

Reagion | Description | Created

SC_Lancaster 111342019 202
SC_“ork 11413/2019 2:08:
Curnberland 1241642019 5300

Act]03 VA2T2020 4152

K.ahalui_HI T sunami Scenaro 7/

Region: K.ahalui_HI

E xport file name: | Browvsze

| Cloge |

Figure 3-20 Export/Backup a Region

3.7 Import a Region

Select Import a region (Figure 3-21) and click OK. File explorer will open. Select an export Hazus
file (.hpr). The Imported Region Name window will open and prompt the user to name the
imported region (Figure 3-22).
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Hazus-MH Startup >

SEE  Welcome to Hazus-kH.

[ order to uge Hazus-MH, vou need to define the study region to be
uzed in the analyzis.

Pleasze select the desired option below, and a wizard will guide wou
through the necessany steps.

TSUNAMI

(" Create a new region

" Open a region

" Delete a region

(" Duplicate a region

" Export/Backup a region

* |mpart a region

O
O
O
=1
T
(&
<
=<
(FT
o
<
=
6
o b,
=
o
e
T

Figure 3-21 Hazus Startup Menu - Import a Region

Exit
Imported Region Mame *

M ame imparted region as:

|Kahu|ui_H awail Cancel

Dezcrption [optional);

|Im|:u:|rt_T sunami_5cenarid

Figure 3-22 Imported Region Name
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Section 4.  Tsunami Model: Basic Hazus Analysis

The Hazus Tsunami Model allows practitioners to estimate the economic and social losses from
tsunami impacts. The information provided by the model might assist state and local officials in
evaluating, planning for, and mitigating the effects of tsunami impacts. The Hazus Tsunami Model
provides practitioners and policy makers with a tool to help reduce tsunami damage, reduce
disaster payments, and make wise use of the nation’s emergency management resources. The
following example will allow the user to run a Basic Tsunami GBS Analysis and Basic Casualty
Analysis.

4.1 Steps to Create and Run a Basic Tsunami GBS Analysis

This section will involve opening a Study Region. Open Hazus (Figure 4-1). Information on all other
options can be found in Section 3: Getting Started: Hazus Start-Up Screen. Select Open a region
and click OK. This will open the Open Region Wizard (Figure 4-2).

Hazus-MH Startup >

S EH  welcome to Hazus-hH.

[n order to uge Hazus-tH, you need to defing the ztudy region to be
uzed in the analysiz.

Pleaze zelect the desired option below, and a wizard will guide pou
through the necessary steps.

TSUNAMI

" Create a new region

*' Open aregion

Delete a region
Duplicate a region
Ewport/Backup a region

Irmpart a region

O
O
O
=
(.
(]
£
p<
(¥ 9]
W
<
|
Q
x
i_
o
>
w

Exit

Figure 4-1 Open a Region
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Open Region

* IAVYNOHLIYY3

=
-_—
o

aoo

NNSL *

Welcome to the Open Region
Wizard

This wizard will help you select a study region from among the
regions you have already created.

To continue, click Next.

Cancel |

Figure 4-2 Open Region Wizard

Select Next. In the Open Region > Select Region window (Figure 4-3), choose the region. After

choosing, click Next.

Open Region

Select Region

The study region selection sets the region that will be opened.

ol

L

so far.

Select the study region you want to open from the list of study regions you have created

Region

| Description | Created

Kahalui_HI

F/28/2020 2:13:

Tsunami Scenario

< Back Mext = Cancel

Figure 4-3 Select a Region
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This will bring up a review window (Figure 4-4). Here the user can check that the Study Region and
hazard selected are as intended. Select Finish. ArcMap will open the selected region, as seen in
Figure 4-5.

Open Region X

Completing the Open Region
Wizard

You have successfully completed the Open Region Wizard.

You have selected to open the region:

* PVYNOHLIYY3

Kahalui_HI

=
e
(.

The hazard you selected was:

Tsunami

doo14

To close this wizard, click Finish.

NASL *

Cancel I

Figure 4-4 Region Review

@ Hazus-MH: Tsunami-Kahalui_HI - [m] X

File Edit View Inventory Hazard Analysis Results Bookmarks |Insert Selection Geoprocessing Customize Windows Help

;QUS LB X 0 C & [EE |« EIRED anon EE e s 'y
& E B[T@|2:5l =) NOE SRS ST R Snapping= O B O o

Table Of Contents & x ~

5 < Layers
= [] Census Blocks

O
= O Study Region Tract

|

Study Region Boundary
| :

Figure 4-5 ArcMap

yaieas G

E M
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Choose the Hazard drop-down menu from the toolbar and select Tsunami Hazard Type (Figure

4-6).
Hazard | Analysis Results Boo

Tsunami Hazard Type...
User Data

Show Current

Figure 4-6 Hazard Menu

This opens the Tsunami Hazard Type dialog (Figure 4-7) where the user can choose between a
Near Source only (tsunamigenic source nearby, earthquake impacts may be expected) or Distant
Source (tsunamigenic source far away, no earthquake impacts). Select Distant Source and click
OK. Return to the Hazard drop-down menu and select User Data. This will open the User Data
Wizard (Figure 4-8). Choose the Level 1: Runup Only-Mean Sea Level (MSL) option and click
Next.

Tsunami Hazard Type = — x

Study region tsunami hazard type
(") Mear Source only
(®) Distant Source

0K Cancel

Figure 4-7 Tsunami Hazard Type

User Data - X

Welcome to Tsunami User Data Wizard

Select Hazard Type
at (® Level 1: Runup Only-Mean Sea Level (MSL)

< Back Next > Cancel

Figure 4-8 User Data Wizard

In the Level 1: Runup Height Only window (Figure 4-9), click the Determine required DEM
extent button. This step will locate and extract a digital elevation model (DEM) for the Study
Region. It may take a few moments.
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User Data

Level 1: Runup Height Only

Metadata
Height Units: e DEM Vertical Units: e
Select datasetis)
Browse Height
Browse DEM
Show Selected
Remaove
Determine reguired DEM extent
< Back Meat = Cancel

Figure 4-9 Level 1 (Basic) DEM Extraction

When the DEM Extent window appears, click the Download DEM option to save the DEMs
(Figure 4-10). The NED Resolution menu allows the user to select the resolution of the DEMs

(vertical units for NED data will be meters). When complete, a dialog will pop up with the location of
the saved DEM (Figure 4-11).
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DEM Extent = X

Your tsunami needs a DEM bounded by these coordinates in decimal degrees

Min Longitude Max Longitude

-157.311 -155.979
Min Latitude |20.501

Select NED Resolution: 1 Arc-Second v
Click link to download.

Sno NED Dataset Resolution Last Updated
b USGS 1 n21wl57tf  |lacsecond | 2020-03-03
2 |USGS 1 n22w1574f  |larcsecond  |2020-03-03
'3 |USGS 1 n21w158tf  |lacsecond | 2020-03-03
'4  |USGS 1n22w158tf  |lacsecond | 2020-03-03
5 |USGS 1 n21wiSétf  |lamsecond | 202003403

Please note: Obtaining the DEM data through Hazus requires an intemet connection.
For a manual workaround, please contact the Hazus Help Desk at hazus-
support @riskmapcds.com.

Download DEM Close

Figure 4-10 DEM Extent

Save and Unzip DEM >

Download and unzip your DEM were done at
C\HazusData\Hazard Input\TS\DEM\Kahului_HI

Figure 4-11 Save and Unzip DEM

Once the files have been downloaded and unzipped, the DEMs should be merged into a single
DEM which will be easier to process. Additionally, the model works best if the DEM is ‘clipped’ to
the on-land inundation areas where the Hazus modeled losses will occur in the Study Region. This
can be done in two steps using two ArcGIS raster geoprocessing tools in Arc Toolbox. Note that
the Spatial Analyst extension is required to use the following two tools.

The first step is to mosaic all the discrete DEM rasters into one raster. The tool used is the Mosaic
to New Raster found in Arc ToolBox under Data Management Tools > Raster > Raster Dataset >
Mosaic to New Raster (see Figure 4-12). Add all downloaded DEM files to this tool as input and
give it a new name with .tif as the file extension.
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#, Mosaic To New Raster = O X
Input Rasters
l =]
<»USGS_1_n21w156. tif o+
<»USGS_1_n21w157.tif
<HUSGS_1_n21w158. tif X
< »USGS_1_n22w157.6if
<HUSGS_1_n22w158.tif 1
@ Output Location
| | |
Raster Dataset Name with Extension
| Maui_mosaic |
Spatial Reference for Raster (optional)
| | [&F
Pixel Type (optional)
| 8_BIT_UNSIGNED v]
Cellsize (optional)
Number of Bands
| 1]
Mosaic Operator (optional)
| LasT g|
Mosaic Colormap Mode (optional)
| FIRST v|
Cancel Environments... Show Help >>

Figure 4-12 Mosaic to New Raster Tool

The second step is to ‘clip’ the DEM generated in the previous step to the land area of the Study
Region. This step helps to reduce processing time. The tool used is Extract by Mask, which
extracts the cells of a raster that correspond to the areas defined by a mask, in this case the Study
Region boundary. The tool can be found in Arc Toolbox under Spatial Analyst Tools > Extraction >
Extract by Mask (see Figure 4-13). The tool takes two datasets as inputs (the raster created in the
previous step and the Study Region boundary file) and creates one output raster with .tif as the file
extension. The result should look like the example in Figure 4-14.
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*\ Extract by Mas} — O

Input raster -
| Maui_mosaic LI ’E‘
Input raster or feature mask data SR
| Study Region Boundary LI \BJ
Output raster -
I C:\HazusData\HazardInput\DEM\HI_TS_ManualTest\Maui_mosaic_c | [B}

| OK || Cancel | |Environments... | = ShowHelp >> |

Figure 4-13 Extract by Mask Tool
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Q Hazus Tsunami-ts_kahului; Current Scenario: Kahului_20ft_scenario

File Edit View Inventory Hazard Analysis Results Bookmarks Insert Selection Geoprocessing Customize Windows Help

= Study Region Boundary

YL R RIS s w— 1L TP

QEeQSQIlles - I kOF ZNDLD Ry @D 6 EE [ IR ISycy =)
Table Of Contents & x @
EEECEIE z
= = layers =
= [ CensusBlocks [_
O =
= O Study Region Tract Ei
O )
=
= mask 2
Value ]
High : 3050.16 '[j
(9]
Low: -2.76151 2
s
a
=
w
[}
=
2
=]

2.

Figure 4-14 Mask DEM to Study Region

Return to the Hazard drop-down menu, select User Data again. Choose the Level 1: Quick Look-
Single Maximum Runup option and click Next (Figure 4-15).
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User Data - X

Welcome to Tsunami User Data Wizard

Select Hazard Type
@ (O Level 1: Runup Only-Mean Sea Level (MSL)

. (® Level 1: Quick Look-Single Maximum Runup
(O Level 2: Depth-Above Ground Level (AGL) and Velocity
(O Level 3: Depth (H) and Momentum Flux (HV2)

< Back ‘ Next > Cancel

Figure 4-15 Level 1 Quick Look Option

In the Quick Look window (Figure 4-16), select the DEM Vertical Units and Maximum Runup
Units from the dropdown menus, please note that USGS DEM vertical units are in meters. Enter a
Maximum Runup Height Value (vertical elevation of the furthest inundation of the tsunami with
respect to the initial sea level — see Hazus Tsunami Model Technical Manual (FEMA, 2021),
Section 4 and Browse DEM to select the masked DEM from Figure 4-14. Click OK. A processing
notification will popup (Figure 4-17). When it vanishes, click Next.
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Level 1: Quick Look Single Maximum Runup Height

Select Input Units

DEM Vertical Units: m | Maximum Runup Units: m w
Imput Data and Estimate Velocity and Flux

Plezse Enter a Maximum Runup Height Value: 20 |

C:%HazusData“Hazard Input 4 TS W Kahului_HI'"masked | I Browse DEM I

Show an Map
Remove
CK
< Back Mext = Cancel
Figure 4-16 Quick Look Window
Processing — >

Processing Level 1 Quick Look Data...

rr!]—” This may take a few moments. Please be patient.

Figure 4-17 Processing Window

Enter the tsunami scenario name (Figure 4-18), click Next. The model will now use the DEM and
the entered maximum runup height value to create a hazard boundary (Figure 4-19) for the
analysis. The boundaries include a median inundation depth (ft) and a median momentum flux
(ft¥/sec?) (Figure 4-20). The layers are added to the Study Region (Figure 4-21). Click OK in the

next window to complete.
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User Data — >

Tsunami Scenano Name

Enter a name for the tsunami event
Kahaului_20ft_scenario

< Back Mext = Cancel

Figure 4-18 Tsunami Scenario Name

Processing — >

Create Hazard Boundary...

E This may take a few moments. Please be patient.

Figure 4-19 Hazard Boundary Creation

= Median Momentum Flux (ft*/sec?

YWalue
High : 8828.67

“Low: 5.96163e-013

= Median Inundation Depth (ft)
Yalue
7 High: 13,3333

“Low: 6.10352e-005

Figure 4-20 Hazard Layers
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Q Hazus-MH: Tsunami-Kahalui_HI; Current Scenario: Kahaului_20ft_scenario

File Edit View Inventory Hazard Analysis Results Bookmarks Insert Selection Geoprocessing Customize Windows Help
S eE& B o b - ([12016M Vi EERERE 100 f =
Ra® MQ2ill @« AOE ZADR TR Snapping~ O B O o

Table Of Contents 1 x
EEELLIE

| = Layers ~

= Median Inundation Depth (ft)

Value
High : 43,7446

>
yaseas G

“Low:0

= masked
Value
High : 3030.16

Low:-2.76151

= Median Momentum Flusx (ft/s

Value
High: 759369

“Low: D0

=[] CensusBlocks

O
= [ Study Region Tract
= v
< > |2l en < >

-156.526 21.01 Decimal Degrees

Figure 4-21 Median Inundation Depth (ft)

On the Analysis drop-down menu, select Run (Figure 4-22). Click OK on the Combined Analysis
notice (Figure 4-23). The notice refers to the Combined Earthquake and Tsunami Analysis for Near
Source events only. If a Distant Source event tsunami is selected, no earthquake damages will be

modeled. See Section 11 for more information.

Analysis | Results Bookmar

Damage Functions

Restoration

Parameters »
Casualty »
Run...

Figure 4-22 Analysis Menu
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Combined Analysis >

Earthquake results for this study region are not up to date for GBS and
UDF,

If you would like to run combined tsunami/earthquake hazard, please
switeh

to the earthquake hazard and run analysis based on same earthquake
SCEnario

that generated the current tsunami hazard.

Figure 4-23 Combined Analysis Window

In the Analysis Option — Tsunami window, click Select All (Figure 4-24), then OK. A processing
notification will appear (Figure 4-25). This may take a few moments.

Analysis Options - Tsunami ot
Inventory View

|?_I--|Z_|General Building Stock Select Al
¢ [ ] Direct Damages

. [ _]Direct Economic Loss Deselect All
=] User Defined Facilties

.. Direct Damages

----- [ ] Functionality and Economic Loss

Mumber of modules selected =0

Figure 4-24 Analysis Option — Tsunami Window

Processing — et

|Updating Tsunami Direct Damage Values

@ This may take a few moments. Flease be patient.

Figure 4-25 Processing Window
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When the analysis is complete, a notice will appear (Figure 4-26). Click OK. Results are viewable
under the Results heading on the toolbar. See Section 8 for more information.

Tsunami Analysis >

Time taken to process Tsunami Analysis : 00h:03m:57s

Figure 4-26 Analysis Completion Notice

4.2 Steps to Create and Run a Level 1 (Basic) Casualty Analysis

Level 1 (Basic) casualty estimates can be calculated after the tsunami GBS analysis is complete.
On the Analysis drop-down menu, choose Casualty (Figure 4-27). On the Casualty submenu,
choose Download TIGER Roadway Network to download the road data®. The model will save the
road network data to the C:\HazusData\HazardInput\TS\TIGER\Roads folder under the county
FIPS code for the Study Region.

Analysis | Results Bookmarks Insert  Selection Geoprocessing%l
Damage Functions - g} Gi B | e &9 2
Restoration 5 xG')( _  Editor~
Parameters >

| Casualty , Download TIGER Roadway MNetwork
Run... Casualty Level 1
) ” Casualty Level 2

Figure 4-27 Casualty Menu

Select the Analysis drop-down menu, choose Casualty again, and then Casualty Level 1
(Basic). In the Casualty Level 1 (Basic) window (Figure 4-28), load the DEM, the roads data, the
hazard boundary and fatality boundary data.

1 Note: If a download error occurs, the road network can be obtained from the TIGER data website based on County
FIPS.
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https://www2.census.gov/geo/tiger/TIGER2016/ROADS/

Casualty Level 1 — >

Welcome To Casualty Level 1 Wizard

Browse Input Raster and Vector Data

C:\HarzusData“Hazard Input ' T5%Kahului_HIY DEM Data
C\HazusData“\Hazard Input\ TSYTIGER\Roz
C\HazusData“\Regions'Kahalui_HI"t=Hazan Roadway Network

C:\HazusData“Regions\Kahalui_H|t=Fatalit Hazard Boundary

Fatality Boundary

€ > Remove

Enter Casualty Time Parameters in Minutes

Arrival Time: |1D |

Time to Madmum Runup: |15 |

Warning Time: |1I]I |
< Back Mext > Cancel

Figure 4-28 Casualty Level 1 Window

The hazard boundary and fatality boundary are processed by the model and can be located in the
Regions folder under the Study Region folder (Figure 4-29). The hazard boundary is the
inundation hazard boundary (depth > 0), and the fatality boundary is the portion of the inundation
hazard where the flood depths are expected to be 2 meters or greater in depth (Fatality Rate =
99%). Users should review the boundaries to determine whether slivers along the coast or other
small pockets that intersect the road network might result in areas that would not be considered
safe for evacuation, (where the slivers intersect roadways) and remove them. If the sliver does not
intersect a roadway, the user does not have to remove it, as it will not be identified by the model.

Browse and Open a Fatality Boundary Shapefile... .y

Look in: 7 Home - Regions\Kahalui_HI | AR ﬁ} LE| % v| ﬁ| Bl s @j
Ed| DepthPoly.shp

Ed| DepthPolyDiss.shp

Ed| DepthPolyDissProj.shp

Ed| teFatalityBoundary.shp

Ed| teHazardBoundary.chp

“JtsHazMsiGhs_Termn.shp

“*JtsHazMsiGhs_TemnClean.shp

MName: | | | I Select

Show of type: | ghapefie W Cancel

Figure 4-29 Study Region Folder
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To assist in evaluation analysis, the USGS developed the Pedestrian Evacuation Analyst software
to aid in pedestrian evacuation from sudden-onset hazards. The software assists in evacuation
analysis by managing the data files and providing an orderly path through the processing. The goal
is to provide a research tool for exploratory analysis of evacuation potential on the landscape.
Results are intended to initiate risk-reduction and preparedness discussions within communities.
The USGS Pedestrian Evacuation Analyst methodology document is available online.

To determine if slivers exist, add the Hazard Boundary and Fatality Boundary layers to the
ArcMap and compare with the TIGER roads data from the step above.

If gaps overlap with the road data, the model will read this as a safe place for evacuation
(represented in the image — see blue arrow in Figure 4-30). If the gap does not overlap with a road,
it will not be considered in the calculation. For this scenario, there are gaps at the Kahului Harbor.
To fix the layer, use the Editor toolbar. In the drop-down menu, select Start Editing. Select the
Fatality Boundary layer and use the Edit Vertices option. Click on the green square and drag
the polygon to cover the road. When finished elect Stop Editing from the drop-down menu and
click Save to save the edits. Repeat these steps with the Hazard Boundary layer.

Figure 4-30 shows a point along the coast intersecting a road segment that would be identified as
“safe” if left within the hazard boundary. Road segments are represented as polygons in the figure.
Note that the model did run with this sliver left in the hazard boundary but produced erroneously
low evacuation times for the area denoted by the arrow, which is shown in the figure for polygon
segments for that portion of the roadway.

Figure 4-30 Hazard Boundary Error Checking

Once the input data is selected, enter the casualty time parameters in the boxes below. The model
will enter baseline values once there is a value for Arrival Time (see back to Figure 4-28).
However, the user should review these and modify as needed. This data is able to be viewed and
opened (see back to Figure 4-29). Note: Warning time cannot exceed arrival time; if values are
entered that are inconsistent with this, Hazus will prompt the user to change them. In addition, for a
near source event where the ground shaking provides the trigger for warning, a warning time value
of 0 minutes (recommended) may be entered. Click Next.

Hazus Tsunami Model User Guidance Page 4-17


https://pubs.usgs.gov/tm/11/c09/pdf/tm11-c9.pdf

The next few steps are processed by the model, beginning with the processing of the Level 1
Casualty Input. This step projects the data into the same projected coordinate system (Figure
4-31). Click Next. The model then preprocesses the DEM, roads and hazard boundaries to ensure
consistent projections and reproject if necessary (Figure 4-32). The default output cell size is 10
meters. The Speed Conservation Value (SCV) default is 1, which assumes that road networks
have no reduction in the capability to support evacuation. SCV less than 1 reduces the capability of
the road network to support evacuation (see USGS Pedestrian Evacuation Analyst Tool for more
information). Click Next.

Casualty Level 1 — >
Process Level 1 Casualty Input n
Process Steps
Project Inputs to Coordinate System: WGES_1984_UTM_Zone_4N |
< Back Mext = Cancel

Figure 4-31 Process Level 1 Casualty Input

Casualty Level 1 — x

Preprocess DEM. Roadway Network. and Hazard Boundanes n

Process DEM, Roadway Network, and Hazard Boundaries for Path Distance Inputs
In CallSize X In CellSize ¥ Out CellSize

Speed Conservation Value 1 w

< Back Next > Cancel

Figure 4-32 Preprocess Data
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Next, the model calculates the evacuation time required at the selected travel speed (Figure 4-33).
The baseline speed is Average Walk. The Maximum Travel Time in Minutes, by default, is
blank. The maximum travel time available for pedestrian evacuation will set all values in the travel
time map raster that exceed the maximum. This could be useful if longer pedestrian travel times do
not impact the results of the analysis, such as a local tsunami with very little travel time available
before maximum inundation. Click Next.

Casualty Level 1 — x

Evacuation Time Computations n

Steps for Evacuation Time Computations

Travel Average Walk w Speed in Meters/Second
Maximum Travel Time in Minutes |:|

< Back Meat = Cancel

Figure 4-33 Evacuation Time

Next, the model computes travel time and the probability of casualties (Figure 4-34). Click Next.
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Casualty Level 1 — *

Compute Travel Time and Probability of Casualties

Steps of Casualty Computations

< Back Mext = Cancel

Figure 4-34 Travel Time and Probability of Casualties

This completes the Casualty Level 1 Estimate (Figure 4-35). Click OK. The results and reports
are accessible under the Results drop-down menu (see Section 8 for more information).

Casualty Level 1 — X

Complete Casualty Level 1 Wizard

< Back Next > 0K

Figure 4-35 Complete Casualty Level 1 Wizard
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Section 5. Tsunami Model: Inventory Menu

5.1 Inventory Menu

The Inventory menu (Figure 5-1) has several inventory types and submenus from which to
choose. These options enable the user to estimate the amount of exposure or potential damage in
the Study Region. This section explains each selection and submenu to further the user’s
understanding of these options. Additional information can be found in the Hazus Inventory
Technical Manual (FEMA, 2021).

Inventory | Hazard Analysis  Results Bookmarks Insert Selection  Geoproces:

| General Building Stock » Square Footage
Essential Facilities Building Count
High Potential Loss Facilities Valuation Parameters
Hazardous Material Facilities Dollar Exposure (Replacement Value)

User Defined Facilities

Transportation Systems
Utility Systems

Demographics

View Classification »

Figure 5-1 Hazus Inventory Menu
5.2 General Building Stock (GBS)

The first option within the Inventory menu is General Building Stock. The first submenu option
allows the user to see the square footage distribution (in thousands of square feet) by specific
occupancy type per Census block (or tract) as seen in Figure 5-2.

Square Footage (in thousands of square feet) O *
Table

CensusBlock Tatal | REST | RES2 | RES3a | RES3E | RES3C | RES3D | =

1 [150090315031003 3539 1276 0o 14 74 227 00 al

2 |150030315022062 237 200 0.0 a7 oo 0.0 0.0,

3 |150030303032010 217 123 0.0 0o ar 5.7 0.0
4 |150030307031003 269 249 0.0 56 ar 0.0 1.4
5 | 150030305011035 10,00 100 0.0 0o oo 0.0 0o
£ |150030315023004 1731 1005 0.0 0o 18.6 341 1.4
7150030307 002004 176.0 1483 0o 1.2 1.2 0o nao
g [150050301 001026 a7 a7 0o n.a 1] 0o n.a
3 |150030308001047 1000 100 0o 0.0 1] 0o 0.0
10 | 150030303012019 1071 5837 0.0 19 oo 0.0 0o
11 |150030318012174 15 15 0.0 0o oo 0.0 0o
12 |150030318012010 7.3 0o 0.0 0o oo 0.0 0o
13 | 150030308002016 2837 2570 0.0 74 oo 0.0 0o
14 | 150030316011253 93 33 0.0 0o oo 0.0 0o

16 | 150030304024001 £21  &03 1.0 37 a7 0o 00 7

16 | 150030304024003 261 242 0o 14 1] 0o 0o _¥|

17 1500303100027 103 0o 0.0 0.0 oo 0.0 0o =

< >
Close Map Prirt

Figure 5-2 Square Footage Table
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The Square Footage data dialog (Figure 5-2 Square Footage Table) uses an interface and
functionality that are common to all the Hazus dialogs. The key aspects are as follows:

o Data are organized (as needed) in separate tabs. For square footage data, the two major
groups are By Occupancy and By Building Type.

o

Within each tab, if a lower hierarchy is needed, combo-boxes are used. For square
footage data, the combo-box provides two options: view the data by general
occupancy and view it by specific occupancy.

The data are always shown initially in read-only mode, which is reflected by blue
text color.

The browser’s context menu (right-click mouse) always has eight options that are
enabled or disabled automatically based on context.

The Start Editing option is used to start editing data. Text color will change from
blue to black for the attributes that can be modified by the user; non-editable
attributes will remain in blue.

The Stop Editing option is used when the user is finished editing data and wants to
save. Hazus will prompt for a confirmation on saving the data. The prompt will also
occur if the user closes the dialog without selecting the Stop Editing option.

If the data support adding new records, the Add New Record option is selectable.
This option will be disabled if the data do not support the addition of new records.
Adding new block data is disabled because the link between the tabular data and
their geospatial attributes would be missing. The new block must have its polygon
boundary defined—a complex task that is challenging for the average user. The link
to the other datasets that are aggregated by census block would also be missing
(e.g., building count, occupancy mapping).

To delete a record (if the functionality is not applicable to the current data, the option
will be disabled), the entire record to be deleted is selected by clicking its record
number on the left, right-clicking to get the context menu, and then selecting Delete
Selected Records. After confirmation, the record is deleted. The same process
applies if multiple adjacent records are to be deleted. To select multiple records,
select the first record in the set, and while holding the Shift key, select the last
record in the set. Note that the browser does not support the selection of non-
adjacent records.

The Add New Record option is not practical when many records are to be added to
the table. If the data have been converted (outside Hazus) to a personal
geodatabase (.mdb) file, it can be imported automatically by Hazus through the
Import option. After selecting the input .mdb file, the user will be prompted for the
exact table name within the geodatabase and then to map the attributes/fields from
the input data to the target data. Once that is completed, data are imported into (i.e.,
appended onto) the current dataset. If the intent is to replace the existing data with
the imported data, the existing data will need to be deleted as discussed above.

The Export option allows the user to export the current data to a delimited text file.
By baseline, the TAB is used as a delimiter, but users can select another delimited
format (e.g., comma delimited) if preferred.
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o The Data Dictionary option provides a detailed snapshot of the data schema. The
schema consists of the list of fields, their exact name, type, and size. The number of
records and the name of the index (if any) are also provided. The table is stored in
an SQL server 2014 database?.

o The Metadata option opens a document that has all the metadata information for the
selected table. The metadata structure in Hazus follows the Federal Geographic Data
Committee (FGDC) standard. The metadata document is editable by the user. The
metadata document is needed in the scenario if the user has updated (or completely
replaced) the baseline data with another source that, although in the same format, have
origins that are different and that must be reflected in the corresponding metadata
document?,

5.2.1 GBS Building Count
The Building Count inventory in the General Building Stock submenu option (Figure 5-3) allows

the user to review building count per Census block by occupancy for both specific occupancy and
general occupancy, as well as by general building type, as seen in Figure 5-4.

Inventory | Hazard Analysis  Results Bookmarks  Insert  Selection  Geoproce

General Building Stock k | Square Footage

Essential Facilities | Building Count

High Potential Loss Facilities Valuation Parameters

Hazardous Material Facilities Dollar Exposure (Replacement Value)

Uzer Defined Facilities

Transportation Systems

Utility Systerns
Demographics

Yiew Classification *

Figure 5-3 General Building Stock Building Count Menu

2 All of the Hazus tables are accessible directly (outside Hazus) if SQL Server Management Studio is installed and
available to the user. Direct access to the tables is not recommended unless the user has experience with the process
and is familiar with the data structure in Hazus.

3 All metadata documents are stored in a Microsoft Word compatible format (.rtf). The user has the flexibility of editing the
metadata document in Word if desired instead of the Hazus interface.
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Building Count (# of buildings)

By Occupancy | By General Building Type

Table type: | Number of Buildings per SpecficOccupancy ~
Table
CenzusBlock Tatal | RES1 | RESZ? | RES34A | RES3E | RES3C | RES3D | =

1 | 150090215031008 a5 G2 I} 1 2 4 I} z
2 18009021 5022062 14 12 I} 2 I} 0 0.
3 180090203032010 2 5 I} 0 1 1 0]
4 1500902070931 003 2 2 I} 3 1 0 1
5 | 150030205011035 5 5 I} 0 I} 0 I}
£ | 1500302715023004 72 a4 I} 0 a E 1
7180030201 002004 101 a3 I} E 3 0 I}
& |150090301001 026 2 2 i 0 i 0 i
9 | 150090308001047 g g i 0 i 0 i
10 |15003030301 2019 55 a0 i} 1 i} 0 i}
11 |150030318012174 1 1 i} 0 i} 0 i}
12 |150030318012010 1 i} i} 0 i} 0 i}
13 |150030308002016 148 138 i} 4 i} 0 0 -
14 |150030316011259 5 5 i} 0 i} 0 i} ;
15 | 150030304024001 33 27 1 2 1 0 0

< > |

Close Map Prirt

Figure 5-4 General Building Stock Building Count Table

5.2.2 Valuation Parameters

The Valuation Parameters option (Figure 5-5) allows the user to review the estimated
replacement cost per square foot for each type of building occupancy (Figure 5-6).

Inventory | Hazard Analysis Results Bookmarks Insert  Selection  Geoproces:

General Building Stock

a

Essential Facilities

High Potential Loss Facilities
Hazardous Matenial Facilities
User Defined Facilities
Transportation Systemns
Utility Systerns
Demographics

Yiew Classification

Sguare Footage
Building Count

Valuation Parameters

Dollar Exposure (Replacement Value)

Figure 5-5 General Building Stock Valuation Parameters Menu
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Replacement Cost O x
Table
Occupancy HazusD efinition Occup: =
1 |REST Single Family Dwelling Refer o hzRESTReplCost a
2 |RESZ2 M anufactured Houzing td anufactured Houzing i
3 |RES3A kulti Farmily Dowelling 1 zniall Duples e
4 |RES3E tulti Family Dwelling 1 small Triplex/Muads
5 |RES3C Fuilti Family Dwelling 1 medium 5-9 unitz
E |RES3D kulti Family Delling 1 redium 10-15 units
7 |RES3E kulti Farmily Dwelling | large 20-49 unitz
2 |RES3F bdulti Family Diwelling 1 large A0+ units
3 |RES4 Temp. Lodging Haotel, medium
10 |RESH Institutional Darmitary Drorm, medium
11 |RESE Murzing Home Hurzing borne
12 |COM1 Fietail Trade Dept Stare, 1 st
13 |COM2 Wholezale Trade W arehouge, medium
14 |COM3 Perzonal and Repair Services Garage, Repair
15 |COM4A Profezzional! Techhical/Buzsiness S ervice Office, b edium I~
16 |COMS Banks Bank Fl
17 |COME Hozpital Hospital, Medium x
< > |
Close Map Print

Figure 5-6 General Building Stock Replacement Cost Table
5.2.3 GBS Dollar Exposure

The Dollar Exposure (Replacement Value) inventory option (Figure 5-7) allows the user to review
building exposure, content exposure, or total exposure per Census block in thousands of dollars.
The user can view exposure values by General Occupancy, Specific Occupancy, and General
Building Type as seen in Figure 5-8.

Inventory | Hazard  Analysis  Results  Bookmarks  Insert  Selection  Geoproces:

General Building Stock 3 Square Footage

Essential Facilities Building Count

High Potential Loss Facilities Valuation Parameters

Hazardous Material Facilities Dollar Exposure (Replacement Value)

User Defined Facilities
Transportation Systems
Litility Systemns
Dermographics

Wiew Classification 3

Figure 5-7 General Building Stock Dollar Exposure Menu
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Dollar Exposure (in thousands of dollars) *
Exposure By General Occupancy ] Exposure By Specific Occupancy ]
Exposure By General Building Type
Tabletype: | Bujilding Exposure
Table
CensuzBlock Total Wwiood Steel Concrete Mazonme M=
1 [150090315031008 THEEY  1.225 409 25.419 48,814 N
2 (150090307091 003 4314 3200 ] 0 1.713 T~
3 [150090315022062 47 I 0 A1 3476 |
4 |150090303032010 4894 o 1.33%F 0 3557
5 [150090306011035 1738 I ] 0 1.738
E [150090301001026 791 791 0 0 I
7 [150090315023004 IEEIB 3FF 8443 24,405 263
g [150090308001047 1738 I ] 0 1.738
9 [150090301 002004 29872 I 268 28172 1432
10 |150030318012174 213 213 0 0 1]
11 |150090303012019 2247 1128 ] 15,784 1.407
12 |150030318012010 1028 1.028 0 0 I |~|
13 |150090316011253 1978 1978 0 0 I =
14 |150030308002016 R97E 210 954 R7.70E 911 =
< oo — N
Close Map Printt

Figure 5-8 General Building Stock Dollar Exposure Table

5.3 Essential Facilities

The Essential Facilities inventory menu selection (Figure 5-9) allows the user to view the
essential facilities found in Hazus for a Study Region. These include Medical Care Facilities,
Emergency Response facilities (i.e., police stations, fire stations, EOCs), and Schools. Please
note that damage and loss are not computed for essential facilities in the present version of the
Tsunami Model. Selecting this option will open the table seen in Figure 5-10.

Inventnr}rl Hazard Analysis Result

General Building Stock k

Eszential Facilities

High Potential Loss Facilities

Hazardous Patenal Facilities

User Defined Facilities

Transportation Systems

Utility Systems

Derncgraphics

View Classification 3

Figure 5-9 Essential Facilities Inventory Menu
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Essential Facilities Inventory O *

Medical Care Facilili] Emergency Response | Schools

Table

1D Murnber Class Tract Wame x
1 |HIOOoo14 EFHS _~| 15009031900 F.ahului Ambulance “al
2 |HI0Do020 EFHS j 150030307100 Hana Highwway Ambulance =
3 |HIoooo21 EFHS _| 150030316m Lanai City Ambulatce [
4 |HIOOoo22 EFHL _| 15003031000 W aui Memarial Hospital
5 |HIOOOO23 EFHM _| 15003030301 Fula Hozpital
£ |HIOOOO24 EFHS | 150030316m Lanai CH
7 |[HIODo025 EFHS | 15003031700 olok ai GH - Phase 1
& |HIN0ooz2E EFHS _~| 15009031700 tolok ai GH - Phase 2

Hionooz7? EFHS _=| 15009031500 Lahaina CC Center
HIONo023 EFHM  _v| 1500903030 Fula Hospital - Clinic
HIONo023 EFHWM  _v| 15009030301 Fula Hospital - MFE
HIONo030 EFHWM | 15008031300 “Wailuku Health Center

w

=z
4|4

-
ra

A

[ ] 4

~
W

Close Map Print

Figure 5-10 Essential Facilities Inventory Table
5.4 High Potential Loss Facilities

The High Potential Loss Facilities (HPLF) menu selection (Figure 5-11) allows the user to import,
view and map the data for the Study Region. Selecting the High Potential Loss Facilities option
will open the table seen in Figure 5-12. These include Dams and Levees, Nuclear Power
Facilities, and Military Installations. Damage and loss are not computed for HPLFs in the
Tsunami Model.

Inventory | Hazard Analysis  Results

General Building Stock k[

E=zential Facilities

High Potential Loss Facilities

Hazardous Material Facilities

User Defined Facilities
Transportation Systemns
Utility Systems
Demographics

WView Classification 3

Figure 5-11 High Potential Loss Facilities Inventory Menu
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High Potential Loss Facilities Inventory O *
Dams and Levees | MNuclear Power Facilities Miltary Installations
Tabletype: | pams -
Table
1D Number Class Tract Marne
< >
T

Figure 5-12 High Potential Loss Facilities Inventory Table
5.5 Hazardous Materials Facilities

The Hazardous Materials menu selection (Figure 5-13) allows the user to view and map the
baseline database of the Study Region. Selecting the Hazardous Materials Facilities option will
open the table seen in Figure 5-14. Each row in the table represents a separate hazardous
material at a site, so several rows may have the same latitude and longitude. Damage and loss are
not computed for hazardous materials sites in the Tsunami Model.

Inventory | Hazard Analysis  Result:

General Building Stock k[

Eszential Facilities

High Potential Loss Facilities

Hazardous Material Facilities

User Defined Facilities

Transportaticon Systems
Utility Systems

Demographics

View Classification 3

Figure 5-13 Hazardous Materials Facilities Inventory Menu
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Hazardous Materials Facilities Inventory O *

Table

HazmatlD Class Tract M ame
Hiooooo4 HDFLT  _| 15009031300 Harfall WwWO0D PRESERVING CO.
HI0o0005 HDFLT  _| 15009031300 Harsfall WwWO0D PRESERWING CO.
HIoooo0s HDFLT  _| 15009031900 Harsfall WwWO0D PRESERWING CO.
HIODO0ES HDFLT  _| 150039031900 FAHULUI GEMERATIMG STATION
HIODOogs HDFLT  _| 15009031900 FaHULUI GEMERATIMG STATION
Hlooaozo HDFLT  _»| 15009031102 Mall PINEAPPLE CO. LTD.
HIooad7 4 HDFLT  _| 15009032000 MaslAES GEMERATING STATIOMN

| » || »

i L= S R R TR R R

[ 14 ] 4] 4

~
L

Close Map Pririt

Figure 5-14 Hazardous Materials Facilities Inventory Table
5.6 User-Defined Facilities

User-Defined facilities are buildings at specific locations that the user adds to the inventory.
Damage and loss are evaluated on a building-by-building basis for this class of structures.
Selecting the User Defined Facilities option (Figure 5-15) will open the window seen in Figure
5-16.

Section 9 discusses Advanced Hazus Analysis: User-Defined Inventory Data, which allows custom
data to be imported into Hazus.

Inventory | Hazard Analysis  Results

General Building Stock (|

Essential Facilities
High Potential Loss Facilities

Hazardous Material Facilities

User Defined Facilities r

Transportation Systems
Utility Systems
Demographics

Wiew Classification 3

Figure 5-15 User-Defined Facilities Inventory Menu
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User-Defined Structure Inventory O x
Table
Id Mumber Ooocupancy Tract MHame =
1 | ORO0000 GOW1 _| 41057360400 QR 000001 410579604006050 |
2 |ORO00002 RES1 _v| 41057360400 QR 000002 410579504006067 |
3 |ORO0000Z AGR1 _| 41057380400 QR 000003 A10579604006087 |
4 | ORO00O04 GO _| 41057380400 OR 000004 410579604001 006
5 |ORO0OO0OS GO _| 41057380400 OR 000005 410579604 006064
£ |OROO0O0E RES1 _| 41057380300 QR 000006 A10579603001187
7 |ORO000O7 RES1 _r| 41057360300 QR 000007 A10579603001187
4 |ORO0000S RES1 _v| 41057380300 QR 000003 410579603001187
9 |ORO00O09 AGR1 _| 41057380300 OR 000003 410579603001187
10 |OROOOOT0 AGR1 _| 41057380300 OR000010 410579603001187
11 |ORO0O07T1 RES1 _| 41057360300 ORO00011 A10579603001187
12 |0OROO0OO12 RES1 _r| 41057360300 OR00007 2 A10579603001187
13 |OROO0OO13 RES1 _r| 41057380300 OR000073 410579603001187
14 |0OROOOO14 AGR1 _| 41057380300 OR 000014 410579603001187
15 |OROOOO1S RES1 _| 41057380300 OR 000015 410579603001187
16 |OROOOOTE G041 _»| 41057960300 OR00001& A10579603001178
17 |OROOOO17 RES1 _r| 41057360300 OR00001 7 A10579603001157
18 |ORO0OCTE AGRT _r| 41057380300 OR00007 8 410579603001197
19 |OROOOOTS RES1 _| 41057380300 OR00001S 410579603001197  _F
20 |0RO000Z0 RES1 _| 41057380300 ORO00020 410679603001197 =
£ >
Close Map Prirt

Figure 5-16 User-Defined Facilities Inventory Table
5.7 Transportation Systems

Transportation systems, including highways, railways, light rail, bus systems, ports, ferry systems,
and airports are broken into components such as bridges, stretches of track, terminals, and
facilities. Selecting the Transportation System option from the Inventory menu (Figure 5-17) will
open the window seen in Figure 5-18. Damage and loss are not computed for transportation
systems in the Tsunami Model.

Irwentory | Hazard  Analysis  Results

General Building Stock [

Essential Facilities *
High Potential Loss Facilities
Hazardouws Material Facilities

ser Defined Facilities

Transportation Systerms

Litility Systerns

Dermographics

Wieny Classification

Figure 5-17 Transportation Systems Inventory Menu
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Transportation Systems Inventory O *
Highway l Railway I Light Rail I Bus I Port I Femy ] Airport ]
Table type: Highway Bridges w
Table
10 Mumber Class Tract M ame =]
1 |OROOO144 HwE10 | 41057360400 UST01[HWwW'003] a
2 |ORDOO158 HwE19 | 41057960800 UST01[Hw'009] =
3 |OROOOT7D HwE22 | 41057360100 UST01[Hw'003] [
4 |0OROO01595 HwB3 _| 41057960100 U510 [Hwr004]
F |DORDODZ26 HwB3 | 41057360800 UST0T[Hw'009]
£ |OROO0230 HwB3 | 41057960100 OR 53 [Hw' 048]
7 |DRDOOA2 HwEB17 | 41057960100 UST01[HwW'009]
g |OROO0357 HwEl | 41057360100 OR 53 [HWwY' 048]
9 |0OROO0359 HwEB19 | 41057950300 UST01[Hw'009]
10 |ORO0OD380 HwE17 | 41057360100 OR 53 [Hw"' D4E)
11 |ORO00409 HwEB10 _v| 41057960300 US101[Hw'009]
12 |OROO0410 HwE3 | 41057360500 UST01[Hw'003]
13 |ORO00411 HwEB10 _| 41057960500 U510 [Hw009] -
14 |ORO0OD492 HwB28 | 41057960800 Hwt' 130 =|
15 |ORO00493 HwE15 | 41057960400 OR & [Hw" 037) =
m Trrannane T PP yeve———" [ —— 1
£ >

Figure 5-18 User Transportation Systems Inventory Table

5.8 Utility Systems

Utility systems, including potable water, wastewater, liquid fuels (oil and gas), electric power, and
communication facilities, are treated in a manner similar to transportation systems. Examples of
components are electrical substations, water treatment plants, tank farms, and pumping stations.
Selecting the Utility Systems option from the Inventory menu (Figure 5-19) will open the window
seen in Figure 5-20. Damage and loss are not computed for utility systems in the Tsunami Model.

Inventory | Hazard .ﬂmalg.-'sis”J Result

General Building Stock 3

Essential Facilities

3

High Potential Loss Facilities

Hazardous Material Facilities

dser Defined Facilities

Transportation Systermns

Itility Systerns

Dermographics

Wiewr Classification

Figure 5-19 Utility Systems Inventory Menu
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ped

Utility Systems Inventory O
Potable Water Waste Water | Oil System | MNatural Gas Blectric Power Communication ]
Tabletype: | waste Water System Facilties ~
Table
|0 Murmnber Class Tract M ame =
1 |[DROOOOTS WwDFLT | 41057960300 By CITY CITY OF a
2 |OROO0D42 WDFLT | 41057950800 CLOVERDALE SAMITARY DISTRICT =
3 |ORO00DE4 wOFLT | 41057950200 GARIBALDI CITY OF |z
4 |0ROO00OS5 wDFLT _»| 41057950700 HEBO "WATER & SAMITARY ALTH
5 |DROOO1Z3 wDFLT | 41057960100 MEHALERM B wWisSTEWATER AGEMCY
E |[OROOOT24 WDFLT =] 41057950800 MESKOWIN RGHL SAMITARY ALJTH
7 |OROOO125 WwDFLT | 41057950500 METARTS-OCEAMSIDE SAMITARY DST
g |0R000135 wDFLT _»| 41057950700 PACIFIC CITY WATER-SAMITARY
9 |DRO00150 wDFLT | 41057960200 ROCKAMWAY BEACH CITY OF
10 |ORO00T73 WDFLT =] 41057950400 TILLAMOOE, BAY PORT OF
11 |ORO00174 wDFLT | 41057950500 TILLARMOOE, CITY OF POTWw
12 |ORO0O0177 wWDFLT =] 41057950100 TN ROCES SANITARY DISTRICT
< > |

5.9 Demographics

Figure 5-20 Utility Systems Inventory Table

In the Hazus Tsunami Model, the population statistics are used to estimate casualties. The
combined Hazus Tsunami and Earthquake Models can also estimate losses for displaced
households and shelter needs. Population location, as well as ethnicity, income level, age, and
home ownership are needed to make these estimates. The 2010 Census data are included within
Hazus. The user may be able to obtain updated information from the Census Bureau or from a
regional planning agency. The present version of the Tsunami Model uses the demographic data
and NSI location in calculating evacuation travel time and casualties (USGS Pedestrian Evacuation
Analyst Tool). Selecting this option from the Inventory menu (Figure 5-21) will open the window

seen in Figure 5-22.

Inwentory | Hazard  Analysis  Result:

General Building Stock 3
Essential Facilities

High Potential Loss Facilities
Hazardous Material Facilities

User Defined Facilities

Transpottation Bysterns

Ltility Systerns

3

Dermographics

Wiewr Classification

Figure 5-21 Demographics Inventory Menu
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Demographics

Figure 5-22 Demographics Inventory Table

5.10 View Classification

Table
CensuzBlock, Population Hougehalds GroupQuarkers Male = |
1 | 410573601001000 15 4 I s
2 | 410579601001001 1 1 I =
3 |410573601001002 5 3 I (=
4 |410573601001003 15 4 I
5 |410573601001004 3 2 I
E |410573601001005 1E 7 I
7 [410573601001006 E 2 I
g |4105736071001007 1 1 I
9 |410573601001008 100 B2 I
10 | H10575601001009 11 4 I
11 | H0575E01001010 il 29 I
12 | 0575801001011 a9 4 I
13 | H0575E01001012 11 5 I
14 | H0575601001013 1 1 I
15 | H10575601001014 E 4 I 1
16 |H10579601001015 13 g I =
17 | 0579601001016 13 g 0 b4
ST
Close Map Print

The View Classification option (Figure 5-23) allows the user to view definitions of the
classification categories. Selecting this option will open the window seen in Figure 5-24.

Inventory | Hazard Analysis  Results Bookmarks  Insert  Selection  Ge

General Building Stock (] V| =’ Gi %
Essential Facilities &2 H rxj Er ;
High Potential Loss Facilities
Hazardous Material Facilities
User Defined Facilities
Transportation Systems
Utility Systerns
Demographics
View Classification * General Building Stock
Essential Facilities
andation Depth (ft) High Potential Loss Facilities
£0.926 Transpertation Systems
Utility Systerns

Figure 5-23 View Classification Menu
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General Building Stock Classification O
Building Occupancy Classes| Model Buiding Types
Table
Decupancy General dooupancy Descrip =

1 |AGRT Agriculure Agriculture “al
2 |[COM1 Cormmerncial Retail Trade N
3 |COKI0 Carnrnercial Parking [
4 |COmM2 Corrmercial Wwholezale Trade
5 |COM3 Commercial Perzonal and Repair Services
E |COm4 Commercial Profezsional/Technical Services
7 |COmA Cormmercial Bank
g2 |COME Cornrmercial Hoszpital
9 |COM7 Commercial tedical Office,/Clinic
10 |COME Commercial Entertainment & R ecreation
11 |COmM3I Cormmercial Theaterz
12 |EDUT E ducation Grade Schools
13 |EDUZ E ducation Collegesz/Universities
14 |GOVT Gowernment General Services
15 |GOVZ Gavernment Ermergency Responze ihd
16 |IND1 Industrial Heawy Fl
17 |IND2 Industrial Light x

< > |

Close Map Prirt

Figure 5-24 General Building Stock Inventory Classifications
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Section 6. Tsunami Model: Hazard Menu

The Hazus Tsunami Model relies on varying levels of user input for the hazard, much like the
Hazus Flood Model. This section summarizes the Hazard menu, including Tsunami Hazard Type
and User Data input under the Hazard menu.

6.1 Tsunami Hazard Type
The Tsunami Hazard Type submenu (Figure 6-1) allows the user to select Near Source only
(required for a combined earthquake + tsunami scenario) or Distant Source (tsunami scenario

only) tsunamigenic event. It is accessible under the Tsunami Hazard Type menu (Figure 6-2).
Select Tsunami Hazard Type in the menu. Choose source type. Click OK.

Hazard | Analysis Results Boo

Tsunami Hazard Type...
User Data

Show Current i

Figure 6-1 Hazard Menu

Tsunami Hazard Type  — >

Study region tsunami hazard type
(®) Near Source only
() Distant Source

Q0K Cancel

Figure 6-2 Tsunami Hazard Type Menu
6.2 Tsunami User Data Wizard

The Tsunami User Data Wizard, accessible under the Hazard menu (Figure 6-3), allows the user
to select a Hazard Type (Figure 6-4) based on the level of data available to the user. This section

will provide a brief description of each. The first two (both with names beginning with “Level 1”) are
basic level tsunami model scenarios and the last two are advanced level tsunami model scenarios
(Table 6-1).

Table 6-1 Hazus Tsunami Data Requirements

- Hazard Data Required Input Data Files and Formats

Maximum Runup height grid in raster format
Runup Only - Mean Sea Level
Level 1 (MSL) ---AND---
DEM raster (download option for USGS provided)
Level 1 Quick Look Rfr']rllgple Maximum DEM raster and single maximum runup value (MSL)
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Hazard Data Required Input Data Files and Formats

Maximum Depth grid and Velocity grid in raster format
Level 2 Depth Above Ground Level —-OR---

(AGL) and Velocity ) . .

Maximum Depth and Velocity NetCDF NOAA SIFT (.nc) files
Median Depth grid in raster format
Level 3 | DePth AGL (ft) and Momentum - AND---
Flux (ft3 sec2) ) -
Median Momentum Flux grid in raster format

In the Tsunami User Data Wizard, users have the flexibility to specify the units for the files they
import, depending on analysis level. Level 3 (Advanced) assumes user-provided data are already
in the required units. No system validation of units is performed by Hazus.

Sample data are available for small, selected cities in the five U.S. states. See Section 10 for more
information.

Hazard | Analysis Results Boo

Tsunami Hazard Type...
User Data

Show Current

Figure 6-3 Hazard Scenario Menu

User Data — X

Welcome to Tsunami User Data Wizard

Select Hazard Type
(O Level 1: Runup Only-Mean Sea Level (MSL)

1
g i

(O Level 1: Quick Look-Single Maximum Runup

~|

; (O Level 2: Depth-Above Ground Level (AGL) and Velocity
(O Level 3: Depth (H) and Momentum Flux (HV2)

< Back Cancel

Figure 6-4 Tsunami User Data Wizard
6.2.1 Level 1 (Basic): Runup Only-Mean Sea Level

Select the first option, Level 1: Runup Only-Mean Sea Level (MSL) (Figure 6-5). Click Next.
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User Data

Welcome to Tsunami User Data Wizard

Select Hazard Type

4 (@ Level 1: Runup Only-Mean Sea Level (MSL)

O Level 1: Quick Look-Single Maximum Runup

: (O Level 2: Depth-Above Ground Level (AGL) and Velocity

(O Level 3: Depth (H) and Momentum Flux (HV2)

< Back

Next >

Cancel

Figure 6-5 Tsunami Wizard Level 1 Runup Only

The Level 1: Runup Height Only scenario (Figure 6-6) requires a maximum runup height grid in
raster format and a DEM. A download option for USGS DEMs is available (similar to the Hazus
Flood Model). Click Determine required DEM extent to access the DEM download. USGS DEMs
are typically in height and vertical units of meters. If using a DEM from another source, ensure the
correct height and vertical units are used. These can usually be found in the metadata for the

DEM.

User Data

Level 1: Runup Height Only

— x

Metadata
Height Units: m

Select datasetis)

~ DEM Vertical Units:

Determine reguired DEM extent

Browse Height
Browse DEM
Show Selected

Remaove

< Back

Mext >

Cancel

Figure 6-6 Level 1 Runup Height Only Scenario

The DEM Extent window will appear with a list of related datasets from the National Elevation
Dataset (NED) (Figure 6-7). Click Download and Unzip All to download the data to the Hazard

Input folder (Figure 6-8).
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DEM Extent = X

Your tsunami needs a DEM bounded by these coordinates in decimal degrees
Max Latitude
Min Longitude Max Longitude

-157.311 -155.979
Min Lt

Select NED Resolution: 1 Arc-Second v
Click link to download.

| Sno NED Dataset Resolution Last Updated
» K USGS 1 n21wl574f  |lacsecond  |2020-0303

2 |USGS 1n22wl574f  |larcsecond  |2020-03-03

'3 |USGS 1 n21w1584f  |lacsecond  |20200303

4 |USGS 1n22w1s8tf  |larcsecond  |20200303

5 |USGS 1n21wlsétf  |lamsecond  |20200303

Please note: Obtaining the DEM data through Hazus requires an intemet connection.
For a manual workaround, please contact the Hazus Help Desk at hazus-
support @riskmapcds.com.

Download DEM Close

Figure 6-7 USGS DEM import tool
Save and Unzip DEM >

Download and unzip your DEM were done at
C\HazusData'\Hazard Input\TS\DEM Kahului_HI

Figure 6-8 DEM Download Location

The metadata drop-down menus are used to identify the units for each dataset. (Note: The USGS
NED vertical units are always in meters.) The user-defined tsunami height grid is added using the
Browse Height button (Figure 6-6). The DEM is added using the Browse DEM button. The Show
Selected button will map the imported user rasters. Click OK to create the velocity grid, and
hazard and fatality boundaries.

6.2.2 Level 1 (Basic): Quick Look-Single Maximum Runup

Select the second option, Level 1: Quick Look-Single Maximum Runup (Figure 6-9). Click Next.
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User Data . X

Welcome to Tsunami User Data Wizard

Select Hazard Type
O Level 1: Runup Only-Mean Sea Level (MSL)

(@ Level 1: Quick Look-Single Maximum Runup
3 O Level 2: Depth-Above Ground Level (AGL) and Velocity
(O Level 3: Depth (H) and Momentum Flux (HV2)

« Back ‘ Next > Cancel

Figure 6-9 Tsunami Wizard - Level 1: Quick Look-Single Maximum Runup

The Level 1: Quick Look-Single Maximum Runup Height (Figure 6-10) requires a DEM
(download option available in the previous section), and a single maximum runup value. The
Select Input Units drop-drown menus are used to identify the units of the DEM and the height
value. Refer to Section 4.1 for the remaining steps.

User Data — >

Level 1: Quick Look Single Maximum Runup Height n

Select Input Units
DEM Vertical Units: m w | Maximum Runup Units: m w

Input Data and Estimate Velocity and Flux

Please Enter a Maximum Runup Height Value: |71
C:\HazusData“Hazard Input ' TS Kahului_HI'masked Browse DEM
Show on Map
Remove
oK
< Back Mext > Cancel

Figure 6-10 Level 1 Quick Look Single Maximum Runup Height
6.2.3 Level 2 (Advanced): Depth-Above Ground Level (AGL) and Velocity

The next two options are advanced level options. The first is Level 2: Depth-Above Ground Level
(AGL) and Velocity (Figure 6-11).
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User Data - X

Welcome to Tsunami User Data Wizard

= Select Hazard Type
a4 O Level 1: Runup Only-Mean Sea Level (MSL)

< Back Net> | | Cancel

Figure 6-11 Tsunami Wizard - Level 2: Depth-Above Ground Level (AGL) and Velocity

The Level 2: Depth-Above Ground Level (AGL) and Velocity (Figure 6-12) enables users to
enter maximum depth grid and velocity grid data in raster format, or maximum depth and velocity
NetCDF NOAA SIFT (.nc) files. (Sample data are provided by NOAA. See Section 10 for more
information.) The units are defined using the drop-down menus.

User Data — *
Level 2: Tsunami Depth and Velocity n
Select Input Format and Units
(® Rasters Diepth Units: m w
(O NetCDF NOAA SIFT Welocity Units: ft/sec w~
Select dataset(s)
| Browse Depth |
Browse Velocity
Show Selected
Remaove
< Back Mext = Cancel

Figure 6-12 Level 2 Depth-Above Ground Level (AGL) and Velocity

6.2.4 Level 3 (Advanced): Depth (H) and Momentum Flux (HV2)

The last option is Level 3: Depth (H) and Momentum Flux (HV2) (Figure 6-13). This option
requires a median depth grid in raster format and a median momentum flux grid in raster format.
Level 3 (Advanced) assumes user-provided data are already in required units (Figure 6-14).
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User Data = X

Welcome to Tsunami User Data Wizard

Select Hazard Type
8 (O Level 1: Runup Only-Mean Sea Level (MSL)

cBack | Net> | | Cancel |

Figure 6-13 Tsunami Wizard - Level 3: Depth (H) and Momentum Flux (HV2)

User Data — x
Level 3: User-Provided Median Depth (feet) and Median y
Momentum Flux (feet*sec?) w

Select dataset(s)
| BrowseDepth |
| Browse Flux |
| ShowSelected |
| Remove |
(i

| <Back | MNedt> | | Cancel |

Figure 6-14 Level 3 (Advanced) Depth (H) and Momentum Flux (HV2)
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Section 7.  Tsunami Model: Analysis Menu

There are three basic classes of analysis functions used in the Hazus Tsunami Model:

e Damage Functions
e Restoration
o Casualty
There are also two types of parameters in the Tsunami Model:

o (Casualty
e Building economic

The menu in Figure 7-1 shows each option in the Analysis selection. Functions are described in
the following sections.

Analysis [ Results Bookmar

Darage Functions

Restoration

Parameters »
Casualty »
Run...

Figure 7-1 Analysis Menu
7.1 Damage Functions

The Analysis > Damage Functions option displays tables of the probabilities of damage states for
building type as a function of tsunami inundation depth (for contents) and flux (for structural)
(Figure 7-2). The structural, nonstructural, and content tsunami damage functions are based on the
median rather than maximum hazard values. See the Hazus Tsunami Model Technical Manual
(FEMA, 2021) document for details of the Hazus Methodology.
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Buildings Damage Functions O H
Structural Damage | MNon Structural Damage Content Damage
Table type: High-Code w
Table
BldgType Moderatetedian ModerateBeta Extensivetedian Ex|
1wl 454.0 0.740 434.0 -
2 w2 1.371.0 0730 1.371.0 Tal
3 |51L 3930 0740 39130 [
4 |51M 39130 0730 9,656.0
5 |51H 39130 0790 13,706.0
F |52 4.407.0 0.600 4.407.0
753 4.407.0 0670 12.491.0
a8 |53H 4.407.0 0670 158.855.0
9 |53 8230 0600 B23.0
10 |54L 45830 0640 4.583.0
11 |54 45830 0,700 12.574.0
12 |54H 45830 0700 158,939.0
13 |55L 1.170.0 0740 1.170.0 -
14 |5EM 1.170.0 0730 27240 S|
15 |56H 1.170.0 0200 3.838.0 =
B - e A P =

Figure 7-2 Building Damage Functions Viewer
7.2 Restoration

The Analysis > Restoration option displays tables of the expected number of days to restore the
function of each building type as a function of tsunami inundation depth and velocity (Figure 7-3).

Uzer Defined Facilities O *
Table

Days elapzed Frobability of being functional if slight damage Prabability of being = |
1 1 (0.5000000 a
2 3 07475075 =
3 7 09772439 el
4 10 0.9586501
5 14 0.9339327
g i 1.0000000
7 E0 1.0000000
g a0 1.0000000
9 120 1.0000000

[ ] ]

~
W

Cloze Map Prirt

Figure 7-3 User-Defined Facilities Functionality
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7.3 Parameters

The Analysis > Parameters menu (Figure 7-4) allows the user to define Casualties and Building
Economic parameters.

Damage‘Functlons v L:‘j m @ =
Restoration B e _  Editor~
’ Parameters 4 ‘\ Casualties
Casualty X Building Economic
Run...

Figure 7-4 Analysis Parameters Menu

See Section 12 for detailed information on each parameter.

7.4 Casualties

The Analysis > Casualty menu (Figure 7-5) allows the user to download TIGER road data and set
up Casualty Level 1 and Casualty Level 2 scenarios.

Analysis | Results Bookmarks Insert  Selection Geoprocessing%
Darnage Functions v :-:w‘ Gl | gpa ¥ =
Restaration 5 xov _ | Editor~
Parameters »

’ Casualty 4 ’ Download TIGER Roadway Netwark
Run... Casualty Level 1
H Casualty Level 2

Figure 7-5 Casualty Menu

The Hazus Tsunami Model makes use of a USGS methodology (see USGS Pedestrian Evacuation
Analyst Tool) for estimating pedestrian evacuation times, arrival, warning times, and community
preparedness levels to estimate potential loss of life and injuries. Prior to running the casualty
module, the user must first run the tsunami GBS analysis. Hazus will prompt the user to do this if it
is not already done. See Section 12 for detailed information.

7.5 Run
When the Study Region inventory, hazard, and analysis parameters have been specified, the user
is ready to run an analysis. Select the Analysis > Run menu (Figure 7-6) option to display the

Analysis Options - Tsunami window shown in Figure 7-7.

Analysis | Results Bookmar

Damage Functions
Restoration
Parameters »

Casualty »

Run...

Figure 7-6 Analysis Run Menu
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The Analysis Options - Tsunami window (Figure 7-7) allows the user to select inventory items.

Once satisfied with inventories, click OK to run the analysis.

Analysis Optiens - Tsunami

Inventory View

5--|:_|General Building Stock
- +[]Direct Damages

B|:| User Defined Facilties
i~ Direct Damages

----- [JFunctionality and Economic Loss

MNumber of modules selected =0

Cancel

Select All

Deselect All

Figure 7-7 Analysis Options

After the analysis is completed, the user can access the results under the Results menu outlined

in Section 8.
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Section 8. Tsunami Model: Results Menu

The output from the analysis is available in the form of result tables, maps, and reports produced
by the Hazus Tsunami Model. The items discussed are accessed via the Results menu (Figure
8-1) after running a tsunami GBS scenario and casualty analysis. This section will describe the
outputs associated with each menu selection including: Tsunami Inundation, General Building
Stock, User-Defined Facilities, Combined General Building Stock, Combined User-Defined
Facilities, Casualties, and Summary Reports.

Resuli:LBookmarks Insert  Selection 1

Tsunami Inundation »
General Building Stock »
User-Defined Facilities »

Comnbined General Building Stock  »
Combined User Defined Facilities >

Casualties »

Surmmary Reports...

Figure 8-1 Results Menu

8.1 Model Outputs

Hazus provides the user with a series of outputs for each model. The outputs can be in a numerical
or graphical form. Table 8-1 summarizes the outputs that can be obtained from an analysis using
the Hazus Tsunami Model.

Table 8-1 Hazus Tsunami Model Output

Model Output Description of Output

Maps of Tsunami Inundation

Hazus determines the depth of flooding in feet and the momentum flux
in (ft/sec?) at each NSI point.

Hazus determines the depth of flooding in feet and the momentum flux
in (ft¥/sec?) at each UDF point.

Inundation Boundary Hazus determines the area impacted by the tsunami.

General Building Stock Hazard

User-Defined Facility Hazard

General Building Stock
Hazus determines how many buildings are in a specific damage state
(None, Moderate, Extensive, Complete) by general occupancy,
specific occupancy, general building type, and specific building type.
Hazus determines how much square footage is in a specific damage
state (None, Moderate, Extensive, Complete) by general occupancy,

Damage by Count
(actual values)

Damage by Square Footage

(thousands) specific occupancy, general building type, and specific building type.
Hazus determines the loss (structural, non-structural, building,

Direct Economic Loss contents, inventory, relocation, income, rental, wage, output, total) by

(thousands $) general occupancy, specific occupancy, general building type, and

specific building type.
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Model Output

Description of Output
User-Defined Facilities

Building Damage State
(% damaged)

Hazus determines the structural, non-structural, and content damage
(none, moderately, extensive, complete, exceeds moderate, exceeds
extensive) to a UDF.

Building Functionality
(actual values)

Hazus determines the number of buildings that are functional on 1 day,
3 days, 7 days, 14 days, 30 days, and 90 days after the tsunami.

Building Economic Losses
(dollars)

Combined Building Damage
State (% damaged)

Hazus determines the economic losses (structural, no-structural,
structural loss ratio, contents, content loss ratio and economic loss) for
each UDF.

Combined User Defined Facilities

Hazus determines the structural, non-structural, and content damage
(none, moderately, extensive, complete, exceeds moderate, exceeds
extensive) to a UDF.

Combined Building
Functionality (actual values)

Hazus determines the number of buildings that are functional on 1 day,
3 days, 7 days, 14 days, 30 days, and 90 days after the tsunami.

Combined Building Economic
Losses (dollars)

Combined Damage by
Count (actual values)

Hazus determines the economic losses (structural, no-structural,
structural loss ratio, contents, content loss ratio and economic loss) for
each UDF.

Combined General Building Stock

Hazus determines how many buildings are in a specific damage state
(None, Moderate, Extensive, Complete) by general occupancy,
specific occupancy, general building type, and specific building type.

Combined Damage by
Square Footage (thousands)

Hazus determines how much square footage is in a specific damage
state (None, Moderate, Extensive, Complete) by general occupancy,
specific occupancy, general building type, and specific building type.

Combined Direct Economic
Loss (thousands $)

Evacuation Travel Time

Hazus determines the loss (structural, non-structural, building,
contents, inventory, relocation, income, rental, wage, output, total) by
general occupancy, specific occupancy, general building type, specific
building type, and total.

Casualties

Hazus determines the travel times by category (Day population under
65, Day population over 65, Day population total, Night population
under 65, Night population over 65, Night population total, Travel
partially safe 65 (mins), Travel partially safe over 65 (mins), Travel
safe under 65 (mins), Travel safe over 65 (mins)).

Probability of Casualties

Probability of injuries and fatalities based on community preparedness
levels and times of day for different age groups.

Note: The two sections labeled "Combined" require both earthquake and tsunami results and can only be found in

the Tsunami Model.

Examples of pre-event applications of the outputs are as follows:

¢ General Building Stock Loss and Damage Probability outputs can aid in the development of
mitigation strategies that outline policies and programs for reducing tsunami losses and
disruptions. Strategies can include upgrading existing buildings, the adoption of new
building codes, and relocating essential facilities to areas outside the tsunami inundation

area.

e Evacuation Travel Time and Casualties outputs can support preliminary investigations of
the ideal location of vertical evacuation refuges to minimize the casualties from future

tsunami events.
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Maps of Tsunami Inundation outputs can provide information to support the scope of
response and recovery efforts including identifying safe zones for evacuations, locations of
essential facilities, and areas where fatalities may occur.

Casualties Based on Community Preparedness Levels and Pedestrian Evacuation Travel
Time Maps (minutes) outputs can support development and implementation of community
preparedness outreach programs to increase community readiness especially targeted in
areas where longer pedestrian evacuation times occur, and populations may be
concentrated.

Examples of post-event applications of the outputs would include:

8.2

Business Inventory and Income Loss outputs can be used to project immediate economic
impact assessments for state and federal resource allocation and support for actions
including the declaration of a state and/or federal disaster by calculating direct economic
impact on public and private resources, local governments, and the functionality of the area.

Day and Night Population Exposure outputs can be used in immediate emergency recovery
efforts including provision of emergency housing shelters.

Business related outputs can be used in the application of long-term reconstruction plans
including the identification of long-term reconstruction goals, the institution of appropriate
wide-range economic development plans for the entire area, allocation of permanent
housing needs, and the application of land-use planning principles and practices.

Any of the model outputs can be used in the application of lessons learned to improve
community response and preparedness.

Tsunami Inundation

Tsunami Inundation results (Figure 8-2) include the Median Tsunami Depth, Median Momentum
Flux, and Inundation Boundary for the scenario. The Tsunami Depth is mapped in feet (Figure 8-3).
The dots represent the depth at each structure. The Tsunami Momentum Flux is mapped in ft¥/sec?
(Figure 8-4). The dots represent the momentum flux at each structure. Each map shows similar
patterns with the highest depth and flux values are along the coastline, with progressively lower
values going inland from the coast until the values go to zero at the limit of the Tsunami Inundation.
The Tsunami Hazard Boundary is the extent of the tsunami inundation and is mapped as shown in
Figure 8-5. The layer can be exported as a shapefile or geodatabase feature class.

”Raii'sl Bookmarks Insert Selection Geoprocessing Customize Windows
‘ Tsunarmi Inundation >7J General Building Stock Hazard

General Building Stock | User Defined Facility Hazard

User-Defined Facilities > Inundation Boundary

Combined General Building Stock  »
Combined User Defined Facilities »

Casualties >

Summary Reports..,

Figure 8-2 Results Tsunami Inundation Menu
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@ Hazus: Tsunami-ts_kshului: Current Scenario: Kahului_20ft_scenario
File Edit View Inventory Hazard Anclysis Results Bookmarks Insert Selection Geoprocessing Customize Windows Help
- Bxocib-izw | EEEEO
Q@ il kOB MAS S Bl S
Of Contents 3 x
B £ Layers
= M tsHazNsiGbs Depth
Depth
© 0.0061-2.2273
© 22273 - 44485
@ 44485 - 6.6697
@ 66697 - 8.8909
© 28000 11121

L] & B

[m} -
= [ Census Blocks

[}

= O Study Region Tract
O

= [ Study Region Boundary
O

[usieas gl boreies ]| [xoaioorosy

-156446 20925 Decimal Degrees

Figure 8-3 Tsunami Depth Results Example
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@ Hazus: Tsunami-ts_kahului; Current Scenario: Kahului_20ft_scenario

File Edit View Inventory Hazard Analysis Results Bookmarks Insert Selection Geoprocessing Customize Windows Help

QES B G-z A EEEED

M@rxill e k@BE MBS =) [} oD -
Table Of Contents 2x B
E
= B tsHezNsiGbs_Flux
Flux
@ 0.0000-1,100.5050 ES
© 11005050 - 2,201.0100 g
@ 2.201.0100 - 3,301.5150 g
@ 33015150 - 44020200
@ 4,402.0200 - 5,502.5250 F
@ 55025250 - 6,602.0200 o
[ tsHazlsiGbs_Depth =
= [ Census Blocks e
o @
= [ Study Region Tract @
=] 3

= M Study Region Boundary
O

Figure 8-4 Tsunami Momentum Flux Results Example

-156.421 20.92 Decimal Degrees
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Q Hazus-MH: Tsunami-Kahalui_HI; Current Scenario: Kahaului_20ft_scenario — O e
Edit View Inventory Hazard Analysis Results Bookmarks Insert Selection Geoprocessing Customize  Windows Help
L QEEI L ER x| o b2 ViZEERRE piaanthBRE® .
RQARON @i« W-OINOEIMAS DR, Snapping~ O B O o
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Figure 8-5 Tsunami Inundation Boundary Results Example
8.3 General Building Stock Results

The Results > General Building Stock menu (Figure 8-6) allows the user to view and map the
general inventory damage results (by Census block) either by occupancy or building type.*

ResultslBookmarks Insert Selection Geoprocessing Customize Windows

Tsunami Inundation » | pa SP:0 | FLe A
l General Building Stock » l Damage by Count

User-Defined Facilities » Damage by Square Footage

Combined General Building Stock  » Direct Economic Loss

Combined User Defined Facilities >
Casualties >

Summary Reports...

Figure 8-6 General Building Stock Menu

4 Note: the values for damage are building counts aggregated by damage state probabilities. This may lead to “counts” of
damaged buildings with decimals, giving the appearance that fractions of buildings were counted. This provides more
accurate aggregated damage counts since no fractions are discarded
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8.3.1 GBS Building Damage Count

Figure 8-7 shows the Building Damage Count by Occupancy Class table, allowing the user to
view and map the general inventory damage results either by general or specific occupancy class.
The values in the table represent the expected number of buildings in each damage state.
Fractions are used to provide more accurate aggregated building counts.

Building Damage Count O >
By General Building Type By Specific Building Type ]
By General Occupancy By Specific Occupancy ]
Table type: | RESIDENTIAL “
Tabi RESIDENTIAL
€ |COMMERCIAL

INDUSTRIAL Complete a

1 |150AGRICULTURAL 11 0.004 =
RELIGION —

2 |150 B04 10.470 -

3 |15 B R 70 T.267 =

4 |150TOTAL Juli] 41.515

5 | 150030307002004 1481 0.000 h.0VE 18112

£ |1500303070310715 1.872 0.000 1.974 12154

7 |150030314041007 0.000 0.000 0.000 E.000

g | 150090:319003001 3628 0.000 3.825 23.547

9 | 150090301001 046 11.186 0.000 a1z 1.301

10 15009031 9003005 1.756 0.000 1.851 12.354

11 [150090315031015 4.845 0.000 0.537 0614

12 (15003031 700020 INRI 0.000 0123 0.760 Jd

13 [150030307074002 90595 0.000 9577 B0 324 5

14 15003030707 4000 18012 0.000 18124 80,864 =

< E—— —— P — 3T

Figure 8-7 Damage Count by Occupancy Class

Figure 8-8 shows Building Damage Count by General Building Type, which allows the user to
view results by the General Building Type and Specific Building Type. The values in the table
represent the expected number of buildings in each damage state.
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Building Damage Count O H
By General Occupancy ] By Specific Occupancy ]
By General Building Type l By Specific Building Type ]
Table type: WooDn V
WooD
Table  |sreec

CONCRETE uctDimagCnt ExtStruc =
1|15 MASONRY 0.000 T
> |15 MANUFACTURED HOUSING 0.000 =
L Ol s amm— o BT =

4 | 150030301001103 0.000 0.000

5 |180030301001137 0.0ao 0000

£ |150030301001139 0.000 0.000

7 |150030302024023 0.003 0.000

g | 150030303032002 0.0aa 0.000

9 | 150030303032003 0.000 0.000

10 |150090303032005 0.0 0.000

11 1500903030320 5 0.003 0.000
12 [150090303032018 0.001 0.000 -
13 [150030303032020 0.0aa 0.000 =
14 |[150090303032024 07583 0.000 =l
< >7 |

Figure 8-8 Building Damage Count by Building Type
8.3.2 GBS Building Stock Damage by Square Footage by Occupancy

Figure 8-9 shows the Building Damage Count by Square Footage by Occupancy class results
table, which allows the user to view and map the general inventory damage results either by
General Occupancy or Specific Occupancy class. The values in the table represent the
expected damage by square footage (in thousands of square feet) by occupancy class.

Building Damage Count O bt
By General Building Type By Specific Building Type ]
By General Occupancy By Specific Occupancy ]
Tabletype: | RESIDENTIAL ~
RESIDEMTIAL
Table  |cOMMERCIAL

INDUSTRIAL Carmplete =

1 |150AGRICULTURAL 011 0.004 =
RELIGION —

2 [150 BO4 10.470 -

3 |15 COVERNMENT 70 7267 B

4 [150TOTAL i} 41.515

5 [150090301002004 14,811 0.000 5.076 15.112

§ [150090307081015 1.872 0.000 1.974 12154

7 [1500903140471007 0.000 0.000 0.000 E.000

8 [150030313003001 3628 0.000 3.825 23547

9 [150090301001046 11.186 0.000 0512 1.3

10 |150090319003005 1.756 0.000 1.851 12,394

11 [150090315031015 4,843 0.000 0537 0614

12 |150080317001020 0117 0.000 0123 0.7E0 Ad

13 |150090307074002 3.093 0.000 9577 ED.324 s

14 |150090307074000 18.012 0.000 18.124 00,864 =

< E— — - ST

Figure 8-9 Damage by Square Footage by Occupancy Class
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8.3.3 GBS Damage by Square Footage by Building Type

Figure 8-10 shows the Damage by Square Footage by Building Type table, which allows the
user to view and map the general inventory damage results either by General Building Type or by
Specific Building Type. The values in the table represent the expected damage in square footage
for each damage state (in thousands of square feet) by general and specific occupancy class.

Building Damage Count O X
By General Occupancy ] By Specific Occupancy ]
By General Building Type ] By Specific Building Type ]
Table type: WooD "
WooD
Table  |svee
CONCRETE LctD gt ExtStruc = |
1 [160MASCNRY 0.000 s
2 |15 MANUFACTURED HOUSING 0.000 —
3 158M 0000 =]
4 |150030301001103 0.000 0.000
5 |150030301001137 0.000 0.000
£ |150030301001133 0.000 0.000
7 |150030302024023 0.003 0.000
g |150030303032002 0.000 0.000
9 |150030303032003 0.000 0.000
10 |150030303032005 0.0 0.000
11 |150030303032015 0.003 0.000
12 |150030303032018 0.0 0.000 hd
13 |150030303032020 0.000 0.000 s
14 |150030303032024 0,753 0.000 =
< Bl R e N

Figure 8-10 Damage by Square Footage by Building Type
8.3.4 GBS Direct Economic Loss by Occupancy

Figure 8-11 shows GBS Direct Economic Loss by Occupancy . The user can select and view
direct economic loss values by general and specific occupancy classes in thousands of dollars
(US). Hazus determines the losses to structural components, non-structural components, building,
contents, inventory, relocation costs, income, rental, wage, output, and total of all of these.
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Direct Economic Loss O *
By General Ocu.mr.:yl By Specific Occupancy ] By General Building Type ] By Specific Building Type ] Total ]
Table type: | RESIDENTIAL ~
Tabl
€ [COMMERCIAL
IMDUSTRIAL Moh Struct Lozs(thous. §] =
1 |[150AGRICULTURAL F03ETR Ta|
RELIGION —
21150 OVERNMENT 121928 4|
3 NS0 EpuUCATION 1.962.878
4 150 TOTAL 4,853,215
5 |150090301001036 152111 216.952
E |150090301001039 70.158 114.414
7 1150090301001044 1,292,609 4 166567
2 |150090301001045 236.409 577 6852
9 |150090301001046 144 216 451917
10 | 1500390301001089 0.0z24 33.278
11 | 1800390301001088 1595.025 355,391
12 | 180030301001089 92.240 547.874
13 | 180030301001102 92,629 288.445 -
14 | 180030301001103 92 629 287129 Bl
15 |150090301001108 369.086 1045269 =1
P e e e -

Figure 8-11 Direct Economic Loss by Occupancy
8.3.5 GBS Direct Economic Loss by Building Type

Figure 8-12 shows GBS Direct Economic Loss by Building Type. The user can select and view
direct economic loss values by general and specific building types in thousands of dollars (US).

Direct Economic Loss O *

By General Occupancy ] By Specific Occupancy By General Building Typel By Specific Building Type ] Total ]

Table type: WooD w
Table STEEL

CONCRETE Mon Struct Lozs(thous. §) =
1 | 150 MASONRY 365,391 “a|
> [150 II\_"IQ_IF‘JJELFACTUHED HOUSING 200,446 i
3 | 1500S0E0TOn T TS FZ 62T 287128 s

4 |1500903071007109 92629 Z76.407

5 [150090301001137 92,629 280,628

E [150090301007139 92512 220414

7 [150030302024029 224312 514.6E3

g |1500303030:32002 120114 92,969

9 |150090303032003 119.997 235,463

10 |150030303032005 52721 137.520

11 | 180090303032015 3E32 137 20754913

12 |180050303032018 129461 247
13 | 150050303032020 119,997 2737 -
14 |150030303032024 455,971 1,175,397 El
15 |150030303033008 50,504 127.846 =
i P e Frery——— ST

Figure 8-12 Direct Economic Loss by Building Type
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8.3.6 GBS Total Direct Economic Loss

Figure 8-13 shows Total Direct Economic Loss for the scenario, in thousands of dollars (US).

Direct Economic Loss O *
By General Occupancy ] By Specific Occupancy ] By General Building Type ] By Specific Building Type Total
Table

Census Block Struct Loss[thous. §) Mon Struct Loss(thous. §] =

1 |150030315031008 1.158 0.076 al

2 |150030315022062 724618 1.936.834 =

3 [150030307031003 B36.770 36593764 [l

4 15003031 5023004 5118938 19.417.437

5 |150030301002004 1196512 3.257.316

£ [150030307051015 830,759 2513316

7 15003031 4041007 1.951.033 7.003.543

8 |150030313003001 1.743.373 5.168.442

9 |150030301001046 144218 481.917

10 |150090319003005 872485 2,448,865

11 |150090315031015 106.003 389.974

12 |150090317001020 40935 90.108

13 |150090307074002 8.084.0428 34.E54.423

14 |150090311032002 218656 1.160.360

15 |150030307074000 9792462 46 576.070 |

16 |150030317005003 8.257.134 24 865.103 d

17 |150090315022000 E.697.756 27.502.009 4
< > |

Close Map Print

Figure 8-13 Total Building Economic Loss
8.4 User-Defined Facilities

The User-Defined Facilities (Figure 8-14) submenu allows the user to view and map the damage
results for individual, user-specified facilities. Results are available for Building Damage State
(structure, nonstructural, and content), Building Functionality (probability that the structure is
functional), and Building Economic Losses.

[ Resulﬂ Bookmarks Insert Selection Geoprocessing Customize Window
TsunamiInundation » E | e M g
General Building Stock » for~ 7

I User-Defined Facilities » ’ Building Damage State
Combined General Building Stock  » Building Functionality
Combined User Defined Facilities  » Building Econormic Losses
Casualties »
Surmary Reports...

Figure 8-14 User-Defined Facilities Menu
8.5 Combined General Building Stock

The Combined General Building Stock (Figure 8-15) submenu allows the user to view and map
combined earthquake and tsunami losses computed in the Hazus Tsunami Model incorporating
results computed by the Hazus Earthquake Model. Results are available for Damage by Count,
Damage by Square Footage, and Direct Economic Losses. Details on how to run a combined
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analysis are outlined in Section 11. For additional information on how results were derived, please
refer to the combined methodology in the Hazus Tsunami Technical Manual (FEMA, 2021).

m Bookmarks Insert Selection Geoprocessing Customize  Windows
Tsunami Inundation » E | e & .1J_
General Building Stock » for~ .
User-Defined Facilities »
Combined General Building Stock  » ‘ Damage by Count
Combined User Defined Facilities » Damage by Square Footage
Castialtias » Direct Economic Loss
Summary Reports...

Figure 8-15 Combined General Building Stock Menu
8.6 Combined User-Defined Facilities

The Combined User-Defined Facilities (Figure 8-16) submenu allows the user to view and map
combined earthquake and tsunami losses computed in the Hazus Tsunami Model incorporating
results computed by the Hazus Earthquake Model. Results are available for Combined Building
Damage State, Combined Building Functionality, and Combined Building Economic Losses.
User-Defined Inventory Data is presented in Section 9. Details on how to run a combined analysis
are outlined in Section 11.

Results | Bookmarks Insert Selection Geoprocessing Custormize Windows Help

Tsunami Inundation » a e O
General Building Stock » lor~
User-Defined Facilities >

Combined General Building Stock  »

Combined User Defined Facilities > Combined Building Damage State
Casualties » Combined Building Functionality
Summary Reports... Combined Building Economic Losses

Figure 8-16 Combined User-Defined Facilities
8.7 Casualties

The Casualties (Figure 8-17) submenu allows the user to view and map results for Evacuation
Travel Time and Probability of Casualties.
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Results | Bookmarks Insert Selection Geoprocessing Custormize  Windc

Tsunami Inundation » a ] 3’0 MU
General Building Stock » for~
User-Defined Facilities »

Combined General Building Stock  »

Combined User Defined Facilities »

Casualties DJ Evacuation Travel Time

Summary Reports... Probability of Casualties

Figure 8-17 Casualty Menu

The Evacuation Travel Time (Figure 8-18) estimates the total population evacuated for
Population Under 65, Population Over 65, and Total Population for Day (population at school, at
work, and in commercial buildings); and Night (population at home). Estimates are also calculated
in minutes for Travel to Partial Safety (water depth is <2 meters), and Travel to Safety (out of
inundation zone) for Population Under 65 and Population Over 65 and Total Population.

Evacuation Travel Time O X
Table
CBFips PopD aylInderth PopD apOwerEh PopDauT otal PopMightlJnderEs PopMightOwerEh =
1 | 150050320002000 1 0 1 5 1 2]
2 |150090307082002 48 5 51 28 34
3 150050313001 006 0 0 0 0 (i
4 1500903190019 93 17 116 5 1
5 | 150050313001023 0 0 0 0 1]
£ |150090307073002 887 18 935 504 49
7 | 15005030707 3008 21 4 25 51 5
g | 150090307074002 303 33 336 335 34
9 | 150035031 9001007 108 21 129 246 43
10 [150090319001033 4 1 5 4 1
11 |150090313001016 a1 14 95 4 1
12 15009030707 3007 29 5 34 51 A
13 [150030315001005 10 2 12 11 2z
14 |150090319001003 5 1 [ 7 2
15 [150030315001034 13 3 16 17 37
16 15009030707 3004 28 4 32 52 5 *|
17 | 15009031 6011024 0 0 0 0 0=
< >
Close Map Pririt

Figure 8-18 Evacuation Travel Time

The Probability of Casualties results (Figure 8-19) estimate the percentage of the Population
Under 65 and Over 65 to survive by reaching Partial Safety (water depth <2 meters) or Total Safety
(water depth <0 meter). These results also provide an estimate of injuries for population Under 65,
Over 65, and total number of injuries, as well as fatalities for population Under 65, over 65 and total
fatalities. The estimates are provided for both Day (population at school, at work, and in
commercial buildings); and Night (population at home), by the estimated level of preparedness of
the community: Good, Fair, or Poor. See Section 12 for more information.
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Casualties

DayGood] DayFair ] DayPoor ] NightGood ] MightFair | MightPoor

Table
CBFips RsurvivePartial | Rsurvive| Rsurvivell | Rzurvive | InjurpDlapl nderE | InjurpD apB5E InjurpDapT =
1 [150030320002000 0.0000000000000000 000000000 000000000 0.0 0.00 al
2 |[150030307062002 0. 000000000 0000000 000000000 0oa0a0000 0.23 0.03 I~
3 |150030313001006 0.000000000)0000000 000000000 000000000 0.0o 0.0o 1
4 [150030313001019 0.0000000000000000 000000000 000000000 050 0.0s
5 |150030313001023 0.0000000000000000 000000000 000000000 0.0o0 0.00
£ |150030307073002 0.0000000000000000 000000000 000000000 4.44 0.24
7 |150090307073008 0.0000000000000000 000000000 000000000 011 n.oz
g |150030307074002 0.0000000000000000 000000000 000000000 152 017
9 |1500303130071001 0.0000000000000000 000000000 000000000 0.54 011
10 | 150030319001 033 0. 000000000 0000000 000000000 0oa0a0000 n.nz 0.0
11 |150030319001 016 0. 000000000 0000000 000000000 0oa0a0000 0.41 0.0
12 [150030307073007 0. 000000000 10000000 000000000 000000000 015 0.03
13 [150030319001005 0. 000000000 10000000 000000000 000000000 005 0.01
14 |150030319007008 0.0000000000000000 000000000 000000000 0.3 0.01
15 |150030319001034 0.0000000000000000 000000000 000000000 ooz 0.0z 1)
16 |150030307073004 0.0000000000000000 000000000 000000000 014 0.0z =
17 [150030316011024 0.0000000000000000 000000000 000000000 0.0 0.00 b4
< > |
Close Map Print

8.8 Summary Reports

Figure 8-19 Probability of Casualties

Inventory  Buildings

Hazus-MH Tsunami Summary Reports

Losses Other

Please select the summary report(s) to view:

Evacuation Travel Time Summal
Tsunami Global Risk Report
Combined Earthquake and Tsunami Global Risk Report

Wiew

Cloze

Figure 8-20 Summary Reports Menu

Various summary reports are available for viewing and printing through the Summary Reports
menu (Figure 8-20). After selecting a report click the View button and a sample report is shown
(Figure 8-21), where the bars are shown as pairs where the day population under 65 is shown on
the left (and is usually the greater value) and 65 and over is shown on the right. The combined
reports are only available if a combined earthquake and tsunami scenario has been completed.
See Section 11 for more information.
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Figure 8-21 Summary Reports Output Example
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Section 9. Advanced Hazus Analysis: User-Defined
Inventory Data

The Hazus baseline data inventory provides datasets that can be used for immediate assessment,
but in certain areas (particularly for tsunamis) there may be the need to use a custom data set that
is more relevant to the Study Region being analyzed. User-Defined Facilities, accessible via the
option Inventory > User-Defined Facilities, enables user-specific datasets to be analyzed
through the Hazus methodologies providing more accurate results. Users should utilize the Hazus
Comprehensive Data Management System (CDMS) to import their User-defined point data into the
State Database before building their Study Region. This also allows the combination of tsunami
and earthquake loss potential in the case of near-source earthquakes (where the region is
impacted by both earthquake ground shaking, and the earthquake generated tsunami).

Within Hazus, the UDF table is empty and it is the responsibility of the user to populate the table
with data specific to the area being analyzed using the CDMS. The assumption is that the user will
obtain custom data from another source, such as parcel data, organize it into the format seen in
Table 9-1, and add it to the UDF tables (hzUserDefinedFIty, eqUserDefinedFlty, and
fluserDefinedFlty) in the State Database in Hazus, using the enhanced CDMS UDF interface. The
design of tsunami UDF utilizes attributes that are already part of the earthquake- and flood-specific
UDF tables.

Table 9-1 State Database User-Defined Facility Tables and Required Attributes

User-Defined Facility Required for Tsunami Losses
General Table (hzUserDefinedFIty)

[UserDefinedFltyld] A unique ID Yes
[Occupancy] Specific Occupancy Type Yes
[Tract] No
[Name] No
[Address] No
[City] No
[Statea] No
[Zipcode] No
[Contact] No
[PhoneNumber] No
[YearBuilt] No
[Cost] Structural Replacement Cost ($USD) Yes
[BackupPower] No
[NumStories] No
[Area] Building Area (sqft) Yes
[ContentCost] Content Replacement Cost ($USD) Yes
[ShelterCapacity] No
[Latitude] Yes
[Longitude] Yes
[Comment] No
[Shape] No
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User-Defined Facility Required for Tsunami Losses
Earthquake Specific Table (eqUserDefinedFlty)

[eqBldgType]

Specific Earthquake Building Type

Yes

[DesignLevel]

Seismic Design Level

Yes

[eqUdsClass]

[FirstFloorHt]

Yes

No, but required for EQ model
functionality loss

Flood Specific Table (flUserDefinedFlty)

Top of Finished Floor Relative to
Adjacent Grade (feet)

[foundationtype]

FirstFloorHt

No, but useful in estimating

On aggregation, the data will be added to a new tsunami UDF table (tsUserDefinedFlty) as seen in

Figure 9-1.
User-Defined Structure Inventory O *
Table
|d Mumber Occupancy Tract Marme Address =
1 |ORO00007 G0V | 41057960400 ORO00001 410573604006050 Tillamook County |
2 |ORO00002 RES1 _| 41057960400 ORO00002 410579604006067 Tillamoak County |
3 |ORO0000: AGR1 | 41057960400 ORO00002 410573604006067 Tillamook County 7|
4 |ORO00004 G0 _| 41057960400 ORO00004 410573604001 006 Tillarmoak, Caunty
5 |ORO0000S [E{uy | 41057360400 OR00000S 410573604006064 Tillamook, County
g [OROO0006 RES1 | 41057960300 ORO0000& 4106579603001187 Tillarmoak, Caunty
7 |ORO000O7 RES1 | 41057360300 QROQ00oy 410873603001187 Tillamook, County
g |ORO00002 RES1 | 41057960300 ORO0000: 4106579603001187 Tillarmoak, Caunty
9 |ORO00009 AGR1 | 41057360300 ORO0000S 410579602001187 Tillamook, Caunty
10 |OROOOCA O AGR1 | 41057960300 OROOO00 4106579603001187 Tillarmoak, Caunty
11 |ORO000T RES1 | 41057360300 ORO00011 410579602001187 Tillamook, Caunty
12 |OROOOOT2 RES1 | 41057960300 oRoooo 2 4106579603001187 Tillarmoak, Caunty
13 |0ORO0007 3 RES1 | 41057360300 OR0o0m 2 410579602001187 Tillarmook, Caunty
14 |OROOOCT 4 AGR1 | 41057960300 ORO00014 4106579603001187 Tillarmoak, Caunty
15 |OROOO0TS RES1 | 41057360300 OROO0MS 410579602001187 Tillarmook, Caunty
16 |OROOOOTE G0 | 41057960300 OROOOME A10579603001178 Tillarmoak, Caunty
17 |ORO0001 7 RES1 | 41057360300 aRoaom s 410579602001197 Tillamook Caunty
18 |OROOOOTS AGR1 | 41057960300 ORO00o S 41065796030011597 Tillamook County "=
19 |OROOOO0TS RES1 | 41057360300 OROO0MS 410579602001197 Tillamaok County =]
(F\.ﬁ [nimininlnlniniyl mareA _l EENul=ar/nlntalnlyl [miminlnlnininiyl EENn = /nlnlntalulak ik Nalrd i | [SSpER i"'-....l...} e
Close Map Print

Figure 9-1 User-Defined Facility Inventory

The intent is to begin to prioritize facilities requiring further study, as well as to prioritize mitigation
strategies for the impacted communities. Losses and performance by building types are based on
averages across large sets of buildings. Care should be used when reporting site specific results
since the actual losses and performance for each could vary significantly. The UDF results should
not been used as a substitute for a detailed engineering analysis performed with the agreement of
the facility owner. The general approach is to call attention to these facilities, include their locations
in the inventory, and indicate a potential for loss in the final report.

Hazus Tsunami Model User Guidance Page 9-2



9.1 UDF Required Attributes

The minimum attributes required for analysis of UDF are presented in Table 9-2. It is
recommended that CDMS be utilized to import the UDF data into the Hazus State database. If any
of the attributes are not part of the user’s dataset, then Hazus will populate them with default
values using the CDMS tool provided that the user supplies occupancy type and building area.
While it is possible to edit those values later through the Hazus interface, it is not practical to edit
for larger datasets; therefore, it is more time-efficient to have the correct values in the imported file.

Table 9-2 UDF Required Attributes

Attribute Why is it needed?

Record
Identifier (ID)

A unique identifier for each record. Hazus will
create its own primary key (it does not prompt
the user for one since there is no guarantee it
is unique). Map this identifier to any field that is
not used: The COMMENT field is a good field
to use to populate this attribute.

Hazus will output all results keyed by
the ID it generates on import. If a join
to the original data is needed, this
attribute will be the only way to link
the results to the original data.

Occupancy type per the Hazus classification.

Analyses are based on the

Occupancy Map it to OCCUPANCY. occupancy and/or building type.
Building Tvoe Building type per the Hazus classification. Map | Analyses are based on the
9 1yp it to BLDGTYPE. occupancy and/or building type.
. Seismic Design Level. Map to DesignLevel. To assess lateral strength of
Design Level

CDMS default is PC.

structure — for building damage

First floor height

Top of Finished Floor Relative to Adjacent
Grade (ft). Map to FirstFloorHt. CDMS default
is 1 foot.

To assess content damage

Building
replacement
cost

Cost ($) to replace the building in case of
damage. Used by economic loss model. Map it
to COST. CDMS will estimate based on
RSMeans table (Section 12).

To assess building economic loss

Content
replacement
cost

As above (in Building replacement cost)
relating to building content. Map to Content
Cost. CDMS will estimate based on percent of
building replacement.

To assess content economic loss

Location

The location of the structure/facility can be
supplied as latitude/longitude (in that case,
Hazus will create the geospatial points), or
directly when the table imported is a feature
class.

Hazus needs location of structure to
calculate the hazard. Hazus uses the
location at import time to filter the
points that do not fall within the
Study Region (i.e., discarding any
point that falls outside the Study
Region).

9.2 User-Defined Facilities Inventory

User-Defined inventory can require significant dedicated work to prepare. The extent of preparation
and data compilation work involved depends on the condition and completeness of existing
information, required data conversions, and the contributions of subject expertise. The greatest
impact from enhanced inputs are produced both by editing the basic inventory and updating the
model parameters. Strategic planning is required to estimate and execute the level of effort
required to produce the useful analysis outputs.
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The most detailed type of analysis incorporates the results from completed loss studies. For
example, it is possible to include the output of loss estimates performed using locally developed
assessments. Reviews and updates to the vulnerability ratings for each model building type will
also produce more accurate analysis results.

It is advisable to run a baseline analysis for comparison with results after introduction of user-
supplied data. Sensitivity of the loss estimation methodology under local conditions is measured
best by review of outputs after inclusion of each enhanced inventory. Good record-keeping and
inventory of documentation are essential.

Data collected may need to be adjusted so the inventory is classified appropriately. The inventory
should align to the systems defined in the methodology, including replacement values and
locations as points rather than polygons. In addition, a school may have two building wing
additions that were constructed over the forty-year lifetime of the structure. Each era of
construction used improved materials, but the best materials were used to construct the smallest
addition. The individual responsible for assigning the building type of the school according to the
Hazus Methodology will need to define and document the criteria applied to classify the structure.
The easiest approach is to break the facility into different entries, i.e., two separate records. Refer
to the Hazus Tsunami Model Technical Manual (FEMA, 2021) and Hazus Inventory Technical
Manual (FEMA, 2021) for more information.
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Section 10. Advanced Hazus Analysis: User-Defined Hazard
Data

10.1 User-Defined Tsunami Grids

Since the Hazus Tsunami Model utilizes authoritative hazard datasets from external providers,
sample data from NOAA’s Pacific Marine Environmental Laboratory (PMEL) are provided so that
users can review and understand input requirements for all three levels of analysis.

Sample data (Table 10-1) are prepared for each level of analysis based on data provided for five of

the PMEL forecast inundation model communities.

Table 10-1 NOAA PMEL Sample Data

. . Level 1 Level 2
(advanced) | _-€ve 3 Aavanced

wes_maxR_ft

Homer, AK Kenai M9.2 hom_dem_ft hom_maxdg_ft hom_dg_ft_median
1964 hom_maxR_ft | hom_maxv_ftsec |hom_flux_ft3sec2_median
Alaska
Crescent City, | Del Norte |M 9.0 crc_dem_ft crc_maxdg_ft crc_dg_ft_median
CA Cascadia | crc_maxR_ft |crc_maxv_ftsec | crc_flux_ft3sec2_median
Kahului, HI Maui M 9.0 kah_dem_ft kah_maxdg_ft kah_dg_ft_median
Cascadia | kah _maxR_ft |kah _maxv_ftsec |kah_flux_ft3sec2_median
Garibaldi, OR | Tillamook |M 9.0 gar_dem_ft gar_maxdg_ft gar_dg_ft_median
Cascadia |gar maxR_ft |gar_maxv_ftsec gar_flux_ft3sec2_median
Westport, WA | Grays M 9.0 wes_dem_ft wes_maxdg_ft wes_dg_ft _median
Harbor Cascadia wes_maxv_ftsec | wes_flux_ft3sec2_median

In the table above:

o Level 1 (Basic): DEMs include post-earthquake ground deformation (ft) for near-source
scenarios; Max runup (maxR, ft) relative to MSL

o Level 2 (Advanced): Depth grids are maximum depths (maxdg) in feet above ground level;
maximum velocity (maxv) in ft/sec.

o Level 3 (Advanced): Depth grids are median depths in feet above ground level; momentum

flux is median values in ft® sec?.

The levels of analysis noted above are not the same levels of analysis denoted in other Hazus
models (refer to Section 2 for more information).

The hazard data (runup and velocity) were developed using NOAA’s Short-term Inundation
Forecasting for Tsunamis (SIFT) system. For additional information, including access to SIFT

products visit the PMEL website.

In addition, each state and territory supported by the Hazus Tsunami Model has also developed or

are actively working on the development of tsunami hazard data. Many of these datasets are

available online or can be obtained through state contacts. A summary of some of the state efforts

is available online. Note that each state provides hazard data in different GIS formats and units.
Although the Hazus GUI helps provide the ability to convert units, the input needs to be in either
ArcGRID or NetCDF NOAA SIFT output format.
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The National Tsunami Hazard Mitigation Program (NTHMP) provides a comprehensive list of state
agency partners as well as official NTHMP Coordinating Members.

10.2 User-Defined Casualty Data

The Level 2 (Advanced) Casualty Analysis leverages the output from the USGS Pedestrian
Evacuation Analyst ArcGIS tool (Figure 10-1), which assesses evacuation times to high ground.
The preparation of Level 2 (Advanced) input and use of the USGS tool requires review and input of
available land use data, imagery and could require mapping in the field. Unlike Level 1 (Basic) that
includes a road only approach, Level 2 (Advanced) supports the ability of providing pedestrian
evacuation travel times across fields or other more direct routes to safety. However, development
of the Level 2 (Advanced) data needs to incorporate a more detailed data analysis to ensure that
no obstructions, such as fencing, or canals are ignored in providing the most expedient routes for
evacuation. In addition, the Level 2 (Advanced) analysis can better incorporate current or proposed
vertical evacuation structures. Detail on the USGS Pedestrian Evacuation Tool Methodology is
available from the USGS.

The tool can be found online.

Land-cover Time Graphs and
preprocess map charts

Path
distance

Portfolio
management

Safe-zone
merge

U@ LC A\ POESTHMVE &b 3 il
| 1 |

DEM Evacuation Population
preprocess surface
Hazard-zone Vertical
preprocess evacuation

Figure 10-1 USGS Pedestrian Evacuation Analyst ArcGIS tool

Input data required for the Hazus Level 2 (Advanced) Casualty Analysis include:

e Travel Time to Safe Zone (depth = 0)
e Travel Time to Partially Safe Zone (depth <2 meters)

10.3 Advanced: Post-Earthquake Ground Deformation DEM

In the case of a tsunami analysis involving a Near Source earthquake, it is recommended that the
DEM used in the scenario be based on deformed (post-earthquake) topography. This will allow for
more accurate inundation modeling by factoring in any ground deformation caused by the
earthquake. For numerical modeling, such as that performed by PMEL, the deformed DEM is
usually available. The deformed DEM is available in the FEMA MSC sample data for the local
Cascadia scenario. It can be a critical input if the ground surface elevations relative to sea-level
have decreased, the inundation and losses could be more extensive. See the Hazus Tsunami
Model Technical Manual (FEMA, 2021) document discussion of hydrodynamic models combined
with seafloor deformation and coastal topography for more information.
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Section 11. Advanced Hazus Analysis: Combined Earthquake
and Tsunami Scenario with Level 2 Casualty
Analysis

In order to run a combined earthquake and tsunami analysis, the user needs to build a multi-
hazard (earthquake and tsunami) Study Region that includes a shoreline (i.e., must be a coastal
region) following the workflow outlined in Table 11-1.

Table 11-1. Combined Earthquake and Tsunami Scenario — User Workflow

Build Multi-Hazard Study Region: Build Multi-Hazard Study Region
Hazus Earthquake Model Hazus Tsunami Model

¢ Define/Select Earthquake Scenario e Select Tsunami Scenario
using same scenario source that . .
E:reatgs the Tsunami hazard) e Define Tsunami Type as Near Source

« Run Analysis e Define Scenario — Level 2 or 3
(Advanced)

e Display Earthquake-Only Losses « Run Tsunami Analysis

e Define Casualty Level 2 (Advanced)

e Display Combined Earthquake and
Tsunami Losses

11.1 Steps to Create and Run a Combined Earthquake and Tsunami
Analysis

The combined earthquake and tsunami scenarios are available for Near Source tsunami hazards,
where the earthquake ground shaking impacts the Study Region for the following locations:

o Alaska
e Oregon

Washington

California
Hawaii

US Virgin Islands
e Puerto Rico

Sample data for all levels of analysis have been provided for a selected community for each of the
five U.S. states and is accessible from the PMEL website (See Section 10 for more information).
The following example uses the data for Garibaldi, Oregon (in Tillamook County), for a Level 2
(Advanced) Analysis based on a Magnitude 9.0 Cascadia Subduction Zone earthquake.

To run a combined analysis, the Study Region must be created for both earthquake and tsunami
hazard analysis. Start with Create a New Region wizard (Figure 11-1). Select both Earthquake
and Tsunami and click Next.

Hazus Tsunami Model User Guidance Page 11-1


http://nctr.pmel.noaa.gov/sim.html

Create Mew Region >
Hazard Type -
The hazard type controls the type and amourt of data that will be aggregated. The hazard type selected w
affects the analysis options that will be available. -

Your study region can include one or more of the following hazards. Check below the
hazard(s) you are interested in.

¥ Earthquake
" Food
I Humicane

W Tsunami

MNotes:
1. Selection of hazards listed above depends upon the hazard modules installed.

2. Once a study region is buitt with a given hazard(s), it cannot be modffied later on, in
other words, you cannot add ancther hazard to it. Atematively, you may re-create a
similar region with different hazardis).

3. i you are creating a Mear Source only Tsunami region, please also check
Earthquake checkbiox.

< Back Mext = Cancel |

Figure 11-1 Create New Region Multi-hazard

Specify the Study Region for Tillamook, Oregon, and finish the Create New Region wizard. Open
a region and select the new multi-hazard region (created above). When prompted, select
Earthquake to run first as shown in Figure 11-2.

Open Region >
Study region hazards selection )
If a region has data for muttiple hazards, one only can be worked on at a time, and w

needs to be selected before the regions is opened.

The region you have selected has data for the hazards listed below. You can only work
on one hazard at a time.

You can always switch hazards at any time from the study region menu.
Please select the hazard to be cument when your region is opened.

{* Earthguake
r

~

" Tsunami

< Back Mext = Cancel

Figure 11-2 Open Region Earthquake Model
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In the Seismic Hazard Type Selection menu, choose to run a scenario using USGS ShakeMap
as the seismic hazard type (Figure 11-3).

Scenario Wizard >
Seismic Hazard Type Selection
Defines the type of seismic hazand
Seismic hazard type:
Deterministic hazard:

(O Historical epicenter evert...
() Source event...

() Arbitrary event...

() Probabilistic hazard...

(") Usersupplied hazard...

(®) USG5 ShakeMap...

| <Back || Net> | | Cancel |

Figure 11-3 Scenario Wizard — Seismic Hazard Type Selection

Use the ShakeMap Download window (Figure 11-4) to search for available USGS ShakeMaps or
use the Browse for Existing ShakeMap Grid Data button to search for a previously downloaded
ShakeMap (See Hazus Earthquake Model User Guidance (FEMA, 2020) for instructions on
downloading USGS ShakeMaps).

ShakeMap Download *
(®) ShakeMap Events Online ShakeMap Search Parameters
(O ShakeMap Scenarics Rectangle Earthquake Magnitude
Select from Available ShakeMap Events Max Latitude [45.783500370000 Min Magnitude Max Magnitudel8.5 |
¥ t.vailable Earthquake Data Min Longitude Max Longitude Earthquake Time Frame
124018081588 | [123.299169596 | Start Time: Today Minus Days
450455763 1T000 Earthquake Direction
i Litde
" vy Gare
Study Region Upload Options
[] Exclude Grideells Outside Study Region [-] Overwrite Existing ShakeMap Grid Data
Selected ShakeMap Properties

Selected ShakeMap Details

Dovwnlozd Selected StizkelMzp Grid Datz | Browse for Existing ShakeMap Grid Data | | Cancel |

Figure 11-4 ShakeMap Download
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Complete the scenario setup and run the analysis (Figure 11-5).

Analysis Options

Irventony Wiew Select Al

+ [ ] General Buildings
+ [ | Essertial Facilities
+-[_] Military Installation
[] Advanced Engineering Bldg Maode
+ [ Uzer-defined Structures
+[] Transportation Systems
+ [ Utility Systems
+ [ ] Induced physical damage
+ [ | Direct Social Lozzes
[]Indirect economic impact
+[_] Contour maps

Dezelect Al

]S

Cancel

Murnber of modules selected = 0 |

Blue test indicates modules which need to be (re-] analyzed since they are nat
curent viz-a-viz the hazard zcenario and/or the analysis parameters.

Figure 11-5

When the run is complete, choose Switch Hazard under File on the toolbar. Select Tsunami
(Figure 11-6) to switch to the Tsunami Model.

Select Hazard X

The region you have selected haz data for the hazards listed below. Y'ou can only wark,
on one hazard at a time.

Y'ou can always switch hazards at any time from the study region menL.
Pleaze zelect the hazard to be curment when pour region iz opened.
() Earthquake
Flood
Hurricane

(® Tsunami

Carcel

Figure 11-6 Select Hazard Model

In the Hazus Tsunami Model, select Tsunami Hazard Type (Figure 11-7) from the Hazard menu.
Choose Near Source only (Figure 11-8). Click OK.
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Hazard l Analysis  Results Boo

Tsunami Hazard Type..,
User Data

Show Current

Figure 11-7 Hazard Menu

Teunami Hazard Type  — >

Study reqion tsunami hazard type
(®) Mear Source only
() Distant Source

OK Cancel

Figure 11-8 Tsunami Hazard Type

From the Hazard menu, select User Data. Then, choose Level 2: Depth-Above Ground Level
(AGL) and Velocity (Figure 11-9).

User Data - X

Welcome to Tsunami User Data Wizard

Select Hazard Type
(O Level 1: Runup Only-Mean Sez Level (MSL)

& (O Level 1: Quick Look-Single Maximum Runup
(® Level 2: Depth-Above Ground Level (AGL) and Velocity
(O Level 3: Depth (H) and Momentum Flux (HV2)

cBack || Net> || Cancel |

Figure 11-9 User Data Menu

As seen in Figure 11-10, under Select Input Format and Units, choose Rasters and set the units to
depth = ft and velocity = ft/sec. Use the Browse Depth and Browse Velocity buttons to load the
Level 2 (Advanced) sample data for Garibaldi, Oregon. Click OK to load the data into the analysis.
Then click Next.
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User Data

Level 2: Tsunami Depth and Velocity

Select Input Format and Units
(® Rasters

Depth Units: ft w
() NetCDF NOAA SIFT Velocity Units: ft/zec e
Select dataset(s)
CMGIS_DatatActivity10.3orig\GaribalditLevel2 gdb\gar_maxdg_ft Browse Depth
CMGIS_DatadActivity10.3erig\GarbalditLevel2 gdb\gar_maxv_ftzec Par el
Show Selected
Remaove
< > oK
< Back Next = Cancel

Figure 11-10 Level 2 (Advanced) Tsunami Depth and Velocity
Enter the scenario name and click Next (Figure 11-11). Click OK to continue.

User Data - *

Tsunami Scenano Name

Enter a name for the tsunami event

garibaldi_oregan|

< Back Mext = Cancel

Figure 11-11 Tsunami Scenario Name

In the Analysis menu, choose Run. In the Analysis Option—-Tsunami window (Figure 11-12),

click Select All. Note that the Study Region for Tillamook, Oregon, has a user-defined facility
(UDF) database included in Hazus. Click OK.
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Analysis Options - Tsunami >

Inventary View
=-[]General Building Stock Select Al
-] Direct Damages
-] Direct Economic Loss Deselect All

=-f]Combined General Building Stock
[« Direct Damages

-] Direct Economic Loss

=[] User Defined Facilties

[« Direct Damages

-[«] Functionality and Economic Loss
=-[+]Combined User Defined Facilities
[« Direct Damages

-[«] Functionality and Economic Loss

MNumber of modules selected =8

Ok Cancel

Figure 11-12 Analysis Option - Tsunami

The next step requires output data from the USGS Pedestrian Evacuation Model. The USGS
model includes the capability for more detailed analysis using land-use layers, and safe-zone
validation, as well as the ability to incorporate vertical evacuation. The Level 2 (Advanced) Hazus

input is the Travel Time Map output to Safety and Partial Safety of the USGS model as shown in
Figure 11-13.
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Pedestrian Evacuation Analyst Workflow
Step 1: Create/set a portfolio for the study area L.J_J

Step 2: Preprocess data

Preprocess j Preprocess PTEDFOCESSB Validate  (Manual
DEM = e —/ Hazard Safe Zone Step)

Step 3: Create surfaces and maps

Calculate Path [| Create Evacuation || Determine max {Manual  Create Time
Distance L] Surface time value Step) Map

Step 4: Process vertical evacuation sites (optional)

Process Vertical VE Merge Safe [,
Evacuation Sites Zones @

Step 5: Population Processing
Level 2 — Import to Hazus

Step 6: Charts and Graphs iJ

Figure 11-13 Pedestrian Evacuation Analyst Workflow Example

11.2 Casualty — Level 2 Analysis

In the Analysis menu, in the Casualty submenu (Figure 11-14) choose Casualty Level 2.

Analysis lvReiglf:f_ggio‘kfwafks Insert  Selection Geoprocessing Cust
Damage Functions v @ m i 5"’ ﬂ‘ =
Restaration 5 )8 s Editor~
Parameters >
Casualty 4 ‘ Download TIGER Roadway Network
Run... Casualty Level 1

Casualty Level 2

Figure 11-14 Casualty Menu

In the Casualty Analysis window (Figure 11-15), load the Safe Zone data and the Partially Safe
Zone data from the USGS Pedestrian Evacuation Analyst Tool. Click on Load to SQL Database
to add to Hazus. Enter an Arrival Time of 20 minutes. The rest will fill in with default values of a
Time to Maximum Runup of 25 minutes and a Warning Time of 10 minutes. Click on Analysis.
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Casualty Analysis X

Browse and Load E vacuation Time Data for Ages Under 65

\\MODEL-DATA\Models\Hazus4_0\CaseStudy_Processing-201 [ Safe Zone ]
\AMODEL-DATAMModels\Hazus4_0\CaseStudy_Processing-201

[ Partially Safe Zone ]

<« 0 ) [ Load to SOL Database ]

Travel Time View - Casualty Model: Rollup of NSI population points at block level, travel time in
minutes summarized from 2 inputs for time to safety and time to partial safety

OBJE Cens PopC PopC Popl Poph Poph Poph Trav. Trav, Trav. Trav. 4

Enter Casualty Time Parameters in Minutes

Arrival Time: 2d

Time to Maximum Runup: 25

Warning Time: 10
| Analsis | | Cancel |

Figure 11-15 Casualty Analysis — Level 2 (Advanced)

The output will be available to view as tables, map layers, and reports. The next section will focus
on the combined reports (earthquake and tsunami). See Section 8 for additional information
regarding the result reporting options.

11.3 Reports

Tsunami losses that occur with near-source earthquakes occur typically in narrow coastal zones. In
Hazus, the smaller tsunami region losses are incorporated into the larger earthquake Study Region
losses. The entire Study Region will likely be affected by a near source earthquake, compared to
the narrow coastal zone for tsunami. The results of a combined earthquake and tsunami analysis
can be viewed only in the Tsunami Model.

Table 11-2 Tsunami Summary Reports

Tsunami Summary Reports Description of Output

Inventory

Hazus displays the inventory by general occupancy and total
(all occupancies combined) for the study region in thousands
of dollars.

Buildings
Hazus displays the number of buildings damaged by state

(none, moderate, extensive, complete and total) by general
occupancy.

Building Stock Exposure by General
Occupancy

Building Damage by Count by General
Occupancy
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Tsunami Summary Reports

Description of Output

Building Damage by General
Occupancy

Direct Economic Losses for Buildings

Hazus displays the square footage distribution by damage
state (none, moderate, extensive, and complete) by square
footage (thousands square feet).

Losses

Hazus displays the direct economic loss (in thousands) by
capital stock losses (structural, non-structural and contents
damage, inventory loss) loss ratio, and income losses
(relocation, capital related, wages, and rental income) and
total losses.

User Defined Facility Economic Loss
Report by Building Type

Hazus displays the UDF economic losses (in US $) by capital
stock exposure (building and contents) capital stock losses
(structural, non-structural, contents, and total) and loss ratio
(building % and content %).

User Defined Facility Economic Loss
Report by General Occupancy

Hazus displays the UDF economic losses (in US $) by capital
stock exposure (building and contents) capital stock losses
(structural, non-structural, contents, and total) and loss ratio
(building % and content %).

Casualties - All

Hazus displays the potential casualties by community
preparedness level (good, fair, poor) by night and day.

Combined Direct Economic Losses for
Buildings

Hazus displays economic losses (thousands $) by capital
stock losses (structural, non-structural and contents damage,
inventory loss) loss ratio, and income losses (relocation,
capital related, wages, and rental income) and total losses.

Combined User Defined Facility
Economic Loss Report by General
Occupancy

Hazus displays the UDF economic losses (in US $) by capital
stock exposure (building and contents) capital stock losses
(structural, non-structural, contents, and total) and loss ratio
(building % and content %).

Combined User Defined Facility
Economic Loss Report by Building Type

Evacuation Time Travel Summary

Hazus displays the UDF economic losses (in US $) by capital
stock exposure (building and contents) capital stock losses
(structural, non-structural, contents, and total) and loss ratio
(building % and content %).

Hazus displays the daytime population and travel time to
safety and nighttime to safety by age under 65 and over 65. It
also displays the nigh time population and travel time to
safety for ages 65 and over and 65 and under.

Tsunami Global Risk Report

Hazus displays a report consisting of a description of the
region, tsunami scenario parameters, direct tsunami damage,
social impact (evacuation travel time and casualties),
economic losses (building losses), an appendix for county
data and regional population and building value data.

Combined Earthquake and Tsunami
Global Risk Report

Hazus displays a report that contains a building and lifeline
inventory, earthquake and tsunami scenario parameters,
combined earthquake and tsunami damage, induced
earthquake damage, social impact, economic loss and two
appendixes.

The output can be viewed in the form of results tables, maps, and reports. The tables and map

layers are accessible from the Results menu (Figure 11-16) on the toolbar for Combined General
Building Stock, Combined User-Defined Facilities, and Casualties. See Section 8 for additional
information.
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_REE1 Bookmarks Insert  Selection

Tsunami Inundation »
General Building Stock »
User-Defined Facilities >

Combined General Building Stock  »
Combined User Defined Facilities »

Casualties >

Surmmary Reports...

Figure 11-16 Results Menu

This section will review the reports, which are located under Hazus MH Tsunami Summary
Reports (Figure 11-17) on the Results menu. The Combined Analysis reports are available under
the following tabs in the Summary Report window:
e | 0sses
o Combined Direct Economic Losses for Building
o Combined User-Defined Facility Economic Loss Report by General Occupancy
= These results will only appear if there are UDF inventory in the Study Region.
o Combined User-Defined Facility Economic Loss Report by Building Type
e Other
o Combined Earthquake and Tsunami Global Risk Report

Hazus-MH Tsunami Summary Reports *

Inventory Buildings Losses  (Cther

Please select the summary report(s) to view:

Direct Economic Losses for Buildings

lser Defined Facilty Economic Loss Repart by Building Type

lser Defined Facility Economic Loss Repart by General Occupancy
Casualties - All

Combined Direct Economic Losses for Buildings

Combined Lser Defined Facilty Economic Loss Report by General Ocoup
Combined User Defined Facility Economic Loss Report by Building Type

Wiew

Close

Figure 11-17 Hazus MH Tsunami Summary Reports
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11.3.1 Combined Direct Economic Losses for Buildings

The Combined Direct Economic Losses for Buildings (Figure 11-18) displays the combined losses
(in thousands of dollars US) for:
o Capital Stock Losses
o Structural Damage
o Nonstructural Damage
o Contents Damage
o Inventory Loss
e Income Losses
o Relocation Losses
o Capital Related Losses
o Wage Losses
o Rental Income Loss

e Total Loss
[ 3 b
AT IS
[ & - | _I
EARTHQUAKE » WIND » FL00D J 71
RiskMAP
Inereosag Resilence Together
Combined Direct Economic Losses for Buildings
May 19, 2017 All values ave in thousands of dollars
| Capital Stock Losses | Income Losses
Cost Cost Cost Inventory Loss Relocation |  Capital Wages Rental
Structural |Hon-struct. |Contents Loss Ratio % | [Loss Related Losses Income Total Loss
Damage Damage Damage i Loss
Oregon
Tillamook 211,242 782,996 506.108 5882 27685 | 126768 60,453 105,872 56332 1854763
[Total | ([ 2m2a2 ][ 782996 506,108 5882 | | J| 126788 [ soass |[ 105972 ||| 85332 | | 1,854,763
Region Total 211,242 782,996 506,108 5,882 2765 126,768 60,463 105,972 55,332 1,854,763

Totals only reflect data for those census tracts/blocks included in the user's study region and will reflect the entire countystate only if all of the census hlocks for that county/states were
selected at the tim e of study region creation.

Study Region : oregon Page :10f1
Scenario : garibaldi_tsn_comb

Figure 11-18 Combined Direct Economic Losses for Buildings

11.3.2 Combined User-Defined Facility Economic Loss Report by General
Occupancy

The Combined User-Defined Facility Economic Loss Report by General Occupancy (Figure 11-19)
displays the combined exposure and losses by general occupancy. These results will only appear
if there are UDF inventory in the Study Region.
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o Capital Stock Exposure
¢ Building Exposure
o Content Exposure
o Capital Stock Losses
o Building Loss
o Nonstructural Loss
o Content Loss
e Total Loss

o Loss Ratio
o Building %
o Content %

HAZS

EARTHQUAKE + WIND + FLOOD JV_J"_I

&) FEMA

i A
Combined User Defined Facility Economic Loss{USD$) Report by General Occupancy R&S;lui!!l .qg.!:

Friday, May 19, 2017

Capital Stock Exposure I l Capital Stock Losses I | Loss Ratio
Building Contents Building Loss | NonStructural | Contents Loss | TOTAL Loss Building | Content %
Exposure Exposure Loss %
General Occupancy I
Aurcutluze 1,884,680 1,879,400 744628 889,843 1,664,153 3,208 624 86.72% | 88.55%
Commercial 8,837 862 8,835,000 2280504 5,342,431 8,180,964 16,331,900 92.13% | 8270%
Education 695,900 595,800 130,806 564375 695,300 1,390 981 90.00% FRRE#RE
Reusmmant 3,577,890 8,620,600 928 596 4,753 477 6.428.974 12,111,046 66.24% | 7458%
Industrial
3528206 5,201,550 267,101 1,500,831 2742362 4519284 50.36% | 51.83%
Biellglon/Non:Fiofit 5678.194 5,676,400 885710 3,850,012 4909 612 9735336 83.40% | 88.08%
Residential
187,134,677 | 93522700 38,112,878 | 137308644 87260380 261,181,911 9294% | 0330%
Scenario Total 216,337,499 124,521,450 41,369,224 155,218,612 111,981,244 308,569,081 90.87% 89.93%
Study Region: oregon Page : 1 0f1
Scenario: garibaldi_tsn_comb

Figure 11-19 Combined User-Defined Economic Loss Report by General Occupancy

11.3.3 Combined User-Defined Facility Economic Loss Report by General Building
Type

The Combined User-Defined Facility Economic Loss Report by General Building Type (Figure 11-
20) displays the combined exposure and losses by general building type for:

e Capital Stock Exposure
o Building Exposure
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o Contents Exposure
o Capital Stock Losses

o Structural Loss

o Non-Structural Loss

o Contents Loss

o Total Loss
e Loss Ratio

o Building %

o Content %

HAZUS

EARTHQUAKE - WIND . FLOOD  © TSUNAMI

Combined User Defined Facility Economic Loss(UWSD$) Report by General Building Type

Tuesday, July 28, 2020

Capital Stock Exposure Capital Stock Losses Loss Ratio
Building Lontents. SBtrustural Loss Mo nBtrustural Contents Loss TOTAL Building Tontent %
Exposure Exposure Loss. Loss{USDS} %
General Building Type 1
C = Concrete 10, 7408, 72D 10,214,856 1,521 ,824] 7,102,821 8,718,585 17,344 538] 8a530% | 8537
G = Cancrate 22,620 123,500 1,245 55,545] 123,508 204,193 oT1% | 109.00%
G = Goncrete 863,620 737,550 201,541 861,018 737,550 | 150&@ 99.52% | 109.00%
11 = Manutactured Heusing 10,382,483 5,188,808 2,467 46| 7821171 5,188 800 | 155?&437' 98.96% | 100.00%
G = Concrete 245,087 245,004 3% 5271 204,308 245,652 EREEED o7.86% | 100.00%
C = Canarets 2,160,506 3,067,750 257 252) 1,138,880 2,157,082 |m| s466% | ToI%
m = Masonry 1,483,577 1,484,050 284,850 1,184,157 1,472,471 |m| 97.33% | swzo%
Study Region Actd Page: 102
Scenario Cascadia

Figure 11-20 Combined User-Defined Economic Loss Report by General Building Type
11.3.4 Combined Earthquake and Tsunami Global Report

The Combined Global Report (Figure 11-20) provides a 25-page report with text, tables, and
graphics displaying earthquake and tsunami losses for the scenario. The sections unique to
earthquake or tsunami are labeled to show that the losses refer to the specific hazard only.

Combined earthquake and tsunami losses include:

¢ Combined Building Damage
e Combined Building Losses
Earthquake specific losses include:

o Earthquake Scenario Parameters
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Essential Facilities Damage from Earthquake
Transportation and Utility Lifeline Damage from Earthquake

Debris Generation from Earthquake

Shelter Requirements from Earthquake

Casualties from Earthquake

e Transportation and Utility Lifeline Losses from Earthquake
Tsunami specific losses include:

e Tsunami Scenario Parameters

e Tsunami Evacuation (Travel Time)

e Casualties from Tsunami
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Combined Building Damage

Combined Earthquake and Tsunami Building Damage

Hazus estimates that about 26,061 buildings will be at least moderately damaged. This is over 8000 % of the buildings in
the region. There are an estimated 9,467 buddings that will be damaged beyond repair. The definition of the ‘damage

states’ 5 provided in Volume 1:
by general buiding type.

Chapter 5 of the Hazus technical manual. Table 3 below summarizes the expected damage

000
7000
€000
@ B None
S000 —
[ Slight
i | B pogerate
3000 — B Extensive
. ]
2000 . Complete
1000 [——
0 :l —mil —m ™ | i
Wood Steel Concrete Precast RM URM MH
Table 3: Exp d Building Damage by Building Type (All Design Levels)
-
None Slight Moderate Extensive Complete
Count (%) Count (%) Count (%) Count (%) Count (%)
Wood 020 9754 5563 | 97.23 7.551 77.73 1,258 17.74 2,787 2744
Steel 0| 005 3 0.05 40 041 162 220 375 370
Concrete 1| 0.08 5 0.09 &2 071 205 280 373 3.68
Precast 0| 0.02 2| 003 31 032 135 1.20 308 3.01
RM 20 207 77 1.35 1,001 10.30 3320 46.85 4119 40.56
URM 0 0.00 1 0.01 1 0.11 37 0.53 a3 0az2
MH 3| 028 70 1.23 1012 1042 1,965 2771 2,103 20.70
\Total 952 5721 9,714 7,091 10,156 )
“Note:
RM Reinforced Masonry
URM Unreinforced Masonry
MH Manufactured Housing
Combined Earthquake and Tsunami Global Risk Report Page 9 of 26

Figure 11-20 Combined Global Report
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Section 12. Advanced Hazus Analysis: Modifying Analysis
Factors

The Analysis > Parameters menu (Figure 12-1) allows the user to define casualty and building
economic loss parameters.

Analysis | Results Bookmarks Insert  Selection Geopn

Damage Functions v 'L::'/J Gl i
; Restoration B XOY 8 Editor~
-l > L
! Parameters » } Casualties

Casualty % Building Economic

Run...

Figure 12-1 Analysis Parameters Menu
12.1 Casualty Parameters

The Casualties window allows the user to view and edit the parameters that effect the casualty
analysis. These include:

o Community Preparedness Level
¢ Walking Speed
¢ Walking Speed Reduction

The Community Preparedness Level parameters (Figure 12-2) are based on FEMA’s methodology,
concerning the time required between the warning and the evacuation of the community. The
classifications of Good, Fair, or Poor are based on tsunami hazard preparedness level. This can be
determined based, for example, on the condition of shore-protection structures, emergency
loudspeakers, preparation of evacuation routes and signs, a community’s risk management level,
and/or the education level for tsunami awareness. A community rated “good,” for example, could
be one that is designated “Tsunami Ready” by the National Weather Service. See the Hazus
Tsunami Model Technical Manual (FEMA, 2021) for more information.

o Good

0.15}

0.10}

005!

t (min)

Figure 12-2 Community preparation times following
warning based on Community Preparedness Levels
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In Figure 12-3, Cprep refers to the amount of preparation time needed after the initial warning is
given (including the natural cue = ground shaking). The Community Preparedness Level (Good,
Fair, or Poor) grading defaults are 0.2, 0.6 and 1.0 respectively. Cprep is used as a multiplier to the
time available (i.e., travel time — warning time) and represents the median where half the
community has begun evacuating and half have not. Using 0.2 for a well-prepared community
implies that the community median will need one-fifth the time available to react to the warning
compared with a community with Poor grading. The model also considers Community
Preparedness Level standard deviation values with defaults of 0.3, 0.5 and 0.8 representing the
shape of the curves shown in Figure 12-2.

Casualties | *
Preparednesslevel | WalkSpeed ] Walk SpeedReduction
Table
PreparednessLevel Cprep | Cstd =]
1 |Good nz 0.3 -
2 |Fair 0§ 05§ N
3 |Poor 1.0 0.4 —
£ > T
Close Map Print

Figure 12-3 Casualty Preparedness Level Parameters

The average Walking Speeds are based on the USGS Pedestrian Evacuation Analyst Tool for
populations under 65 (Figure 12-4).
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Casualties O x

Preparednesslevel WalkSpeed ‘."a'alkSpeedHeductiDn]

Table
PedeztianT ravel Speeds [meterssecand) x
1 | Slow walk 1.10 “a
2 |Fast walk 1.52 M
3 |Slow run 1.79 B
4 |Fastun 185

| 14 | an | 4

]
L

Close Map Print

Figure 12-4 Casualty Walking Speed Parameters

A Walking Speed Reduction parameter is included to account for the difference in evacuation
walking speed for population over 65 years old (Figure 12-5). These can be used to reduce walking
speeds for either category to represent local or post-earthquake conditions. Various local and post-
earthquake conditions could potentially impact walking speed such as potential dispersion of
evacuees, safety conditions of sidewalks or roadways, roadway segments defined as impassable
areas, rendering aid to the injured, or age of local population. Additional details related to potential
walking speed reductions are discussed in detail within the Hazus Tsunami Model Technical
Manual (FEMA, 2021).
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Preparednesslevel WalkSpeed WalkSpeedReduction
Table
|Inders5 Owersh =]
1 1.00 n4a ™
< > |
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Figure 12-5 Walking Speed Reduction Parameters
12.2 Building Economic Parameters

Economic losses are based on a summation of the damage state probabilities and repair cost ratio.
This methodology closely follows the earthquake methodology, except that the “Slight” category is
not used for Tsunami only losses. In the case of Combined Earthquake and Tsunami losses, the
Slight category is considered. Estimates of damage to the built environment are converted to dollar
loss in this model. Direct economic losses begin with the cost of repair and replacement of
damaged or destroyed buildings. However, building damage will result in a number of
consequential losses that, in Hazus, are defined as direct.

Losses that are directly derived from building damage:
e Cost of repair and replacement of damaged and destroyed buildings
e Costs of damage to building contents
¢ Losses of building inventory (contents related to business activities)

Losses that are related to the length of time the facility is non-operational (or the immediate
economic consequences of damage):

¢ Relocation expenses (for businesses and institutions)
e Capital-related income losses (a measure of the loss of productivity, services, or sales)

e Wage losses (consistent with income loss)
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¢ Rental income losses (to building owners)

The baseline economic data can be viewed and modified from within the Building Economic
Loss Parameters window (Figure 12-6).

Direct Economic Loss O it
By General Building Type ] By Specific Building Type ] Tuotal ]
By General Occupancy l By Specific Occupancy ]
Tabletype:  cOMMERCIAL v
Table
Rental Logs(thous. §] YWage Lozs(thous. §] Output Lozs(thau: = |
1 0.003 0.004 ~
2 35164 52 476 Tl
3 3343 59 665 [
4 27036 200,737
5 26.533 44 054
G 2526 11618
v 0.470 2440
a 8.048 12756
g 1.385 369
10 11.958 B 646
11 32.343 51.231
12 10.433 17383 |~
13 3623 16661 =
14 0.000 Q.00 =
£ T C > M

Figure 12-6 Building Economic Loss Parameter
12.2.1 Percent Loss

The replacement costs (e.g., where damage state = complete) were derived from “RSMeans
Square Foot Costs for Residential, Commercial, Industrial, and Institutional Buildings.” The
RSMeans publication is a nationally accepted reference on building construction costs, which is
published annually. This publication provides cost information for a number of low-rise residential
model buildings, and for 70 other residential, commercial, institutional, and industrial buildings.
These are presented in a format that shows typical costs for each model building, showing
variations by size of building, type of building structure, and building enclosure. One of these
variations is chosen as “typical” for this typical model, and a breakdown is provided that shows the
cost and percentages of each building system or component. A description of how to estimate
losses based on replacement costs from the RSMeans publication is found in the Hazus Tsunami
Model Technical Manual (FEMA, 2021). Since RSMeans is published annually, fluctuations in
typical building cost can be tracked and the user can insert the most up to date RSMeans typical
building cost into the baseline database. For more information on replacement cost values see
Section 6 in the Hazus Inventory Technical Manual (FEMA, 2021).
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In Hazus, selected RSMeans models have been chosen from the 70 plus models that represent
the 33 occupancy types. The wide range of costs shown, even for a single model, emphasize the
importance of understanding that the dollar values shown should only be used to represent costs
of large aggregations of building types. If costs for single buildings or small groups (such as a
college campus) are desired for more detailed loss analysis, local building-specific cost estimates
should be used. Since a building has both structural and nonstructural repair costs, those are
provided for each occupancy type by damage state (Figure 12-7). Complete Structural Damage
and Complete Non Structural Sensitive Damage is equal to 100% loss.

Building Economic Loss O >
Percent Loss] Repair Time ] Content Damage ] Income Loss Data ] Business Inventory Damage ]
Table type: | structural Damage ~
Structural Damage
Table MNan Structural Sensttive Damage
Ococupancy toderate Eutensive Complete a

1 |AGR1 00480000 023100000 04820000 i
2 |COM1 0.0230000 014700000 02340000 N
3 |COM10 00810000 030400000  0.B0S0000 [ |
4 |COM2 0.0320000 016200000 03240000
5 |COM3 0.0160000 0010000 01620000
E |COM4 0.0150000 00960000 01920000
7 |COM5 00140000 00830000 01380000
g |COME 0.0140000 007000000 01400000
9 |COM7? 0.01 40000 007200000 01440000
10 |COME 0.01 00000 00500000 07000000
11 |COM3 [0.0120000 008100000 01220000
12 |EDIN 0.01 50000 00950000 01830000
13 |EDUZ 0.0110000 00850000, 01100000 -
14 |GOVT 0.0120000 00900000 01790000 B
15 |GOV2 0.0150000 007700000 01530000 B

i i P ———— A rannonnl o areoono 3T

P

Figure 12-7 Percent Loss Parameters
12.2.2 Repair Time

The time to repair a damaged building can be divided into two parts: construction time (including
clean-up) and additional tasks that increase repair time (i.e. obtain financing, permits, and
complete a design). For the lower damage states, the construction time will be close to the real
repair time. At the higher damage levels, a number of additional tasks must be undertaken that
typically will considerably increase that actual repair time. These tasks, which may vary
considerably in scope and time between individual projects, include:

¢ Decision-making (related to businesses of institutional constraints, plans, financial status,
etc.)

Negotiation with FEMA (for public facilities), Small Business Administration, etc.

Negotiation with insurance company, if insured

Obtaining financing

Contract negotiation with design firm(s)
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Detailed inspections and recommendations

Preparation of contract documents

Obtaining building and other permits

Bidding/negotiating construction contract
e Start-up and occupancy activities after construction completion

Baseline building repair and clean-up times are provided within Hazus. These baseline values are
broken into two parts: construction time and extended time. The construction time is the time to do
the actual construction or repair. The extended time includes construction plus all of the additional
delays described above. The discussion of these values is found in the Hazus Tsunami Model
Technical Manual (FEMA, 2021). Baseline values can be viewed and modified using the window
shown in Figure 12-8.

Building Economic Loss O X

Percent Loss  Repair Time | Content Damage ] Income Loss Data ] Business Inventory Damage ]

Table type: | Repair Time Parameters (Time in days) ~

Table epair Time Parameters (Time in days)

Recovery Time Parameters (Time in days)

0| Construction Time Modifiers ir Tirme: Extensi =
AGR1
CObd1

Cam10
Comz2
COM3
Com4
COME
COME
3 |COmM7?
10 |COmME
11 |COM3
12 |[EDUT
13 |EDUZ
14 | GOYT
16 |GOYZ

M

[e it e RS ) [ S PR L
[» ]

e Y O s T s s R s o e R e O e O s O e s R s [ e |
=
o

[ ] 4

]
L

Close Map Print

Figure 12-8 Repair Time Parameters

Repair times are presented as a function of both amount of damage and occupancy class. Clearly
there can be a great deal of variability in repair times, but these represent estimates of the median
times for actual cleanup and repair. This window is accessed from the Analysis Parameters —
Building Economic menu. To modify these values, right click inside the menu and choose Start
Editing. Enter new values and then right click and choose Stop Editing. A prompt will request that
changes be confirmed.

Baseline values of the extended building cleanup and repair times that account for delays in
decision-making, financing, inspection, etc., are viewed by clicking on the desired table. Baseline
extended estimates also can be modified.

Application of the interruption multipliers to the extended building cleanup and repair times results
in average values for business or service interruption. For low levels of damage, the time loss is
assumed to be short with cleanup by staff, and work can resume while slight repairs are being
done. For most commercial and industrial businesses that suffer moderate or extensive damage,
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the baseline business interruption time is short on the assumption that businesses will find
alternate ways of continuing their activities. Churches will generally find temporary accommodation
quickly, and government offices will also resume operating almost at once. It is assumed that
hospitals and medical offices can continue operating, perhaps with temporary rearrangement and
departmental relocation, after sustaining moderate damage. However, with extensive damage their
loss of function time is assumed to be equal to the total time for repair. This applies to residential,
entertainment, theater, parking, and religious facilities whose revenue or continued service is
dependent on the existence and continued operation of the facility.

The median value of repair time applies to a large inventory of facilities. At moderate damage,
some marginal businesses may close, while others will open after a day’s cleanup. Even with
extensive damage some businesses will accelerate repair, while a number of others will close or be
demolished. For example, one might reasonably assume that an unreinforced masonry (URM)
building that suffers moderate damage is more likely to be demolished than a newer building that
suffers moderate or even extensive damage. If the URM building is a historic structure, its
likelihood of survival and repair will probably increase. There will also be a small number of
extreme cases: the slightly damaged building that becomes derelict, or the extensively damaged
building that continues to function for years with temporary shoring, until an expensive repair is
financed and executed.

12.2.3 Content Damage

Building Contents are defined as furniture, equipment that is not integral with the structure,
computers, and supplies. Contents (Figure 12-9) do not include inventory or nonstructural
components such as lighting, ceilings, or mechanical and electrical equipment and other fixtures.
The damage to contents is expressed in terms of the percentage of damage to the contents based
upon the depth of water at the building relative to the finished floor. The contents-damage
percentages are based upon the assumption that for the complete damage state some percentage
of contents, 50%, can be retrieved in the event of an earthquake. For tsunamis, as the saturated or
washed away contents are less likely to be salvaged, it is assumed that 100% of the contents for
complete damage states are lost. The baseline-contents-damage percentages are the same for all
occupancies.
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Table
Ococupancy tdoderate Cnt Repair Extensive Crnt Repair Cor =}
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Figure 12-9 Content Damage Parameters
12.2.4Income Loss Data

Relocation costs may be incurred when the level of building damage is such that the building or
portions of the building are unusable while repairs are being made. While relocation costs may
include several expenses, Hazus only considers disruption costs that may include the cost of
shifting and transferring and the rental of temporary space. Relocation expenses are assumed to
be incurred only by building owners and measured in dollars per square foot per month. A renter
who has been displaced from a property due to earthquake damage will cease to pay rent to the
owner of the damaged property and will only pay rent to the new landlord. Therefore, the renter
has no new rental expenses. It is assumed that the owner of the damaged property will pay the
disruption costs for his renter. If the damaged property is owner occupied, the owner will have to
pay for his own disruption costs in addition to the cost of rent while he is repairing his building.
Relocation expenses are therefore a function of the floor area, rental costs per day per square foot,
disruption costs, and the expected days of loss of function for each damage state.

Capital-related income is a measure of the profitability of a commercial enterprise. Income losses
occur when building damage disrupts commercial activity. Income losses are the product of floor
area, income realized per square foot, and the expected days of loss of function for each damage
state, and a recapture factor reflecting the business’ ability to make-up for lost production. The U.S.
Department of Commerce’s Bureau of Economic Analysis reports regional estimates of capital-
related income by economic sector. Capital-related income per square foot of floor space can then
be derived by dividing income by the floor space occupied by a specified sector. Income will vary
considerably depending on regional economic conditions. Therefore, baseline values need to be
adjusted for local conditions. For more information on methodology refer to Section 7.5 of the
Hazus Tsunami Technical Manual (FEMA, 2021). Baseline values derived from information in
Table 4.7 of ATC-13. Income Loss Data are summarized in Figure 12-10.
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Figure 12-10 Income Loss Data
12.2.5Business Inventory Damage

Business inventories vary considerably with occupancy. For example, the value of inventory for a
high-tech manufacturing facility would be very different from that of a retail store. Thus, the
baseline values of business inventory for this model are derived from annual gross sales by
assuming that business inventory is some percentage of annual gross sales. These baseline
values are based on judgement as displayed in Figure 12-11.
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Figure 12-11 Business Inventory Damage
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