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1.0Introduction

The Hazus Tsunami loss estimation model provides local, state, and regional officials with a
state-of-the-art decision support software for estimating potential losses from tsunami scenarios.
This loss estimation capability will enable users to anticipate the consequences of future
tsunamis and to develop plans and strategies for reducing risk. The GIS based software can be
applied to study small or large geographic areas with a range of population characteristics and
can be implemented by users with varying technical and subject expertise.

The methodology was originally developed for the Federal Emergency Management Agency
(FEMA) by the National Institute of Building Sciences (NIBS) to provide a tool for developing
earthquake loss estimates. Hazus has been expanded to perform similar loss evaluations for
wind, floods, and tsunamis.

The Hazus Tsunami Model allows practitioners to estimate economic and social losses from
tsunamis. The information provided by the model will assist state and local officials in
evaluating, planning for, and mitigating the effects of tsunamis. 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.

If the Hazus Tsunami Model is applied for areas of tsunami risk across the nation, estimates
also will help guide the allocation of federal resources to stimulate risk mitigation efforts and to
plan for federal tsunami response. The Hazus Tsunami Model is currently available for the five
(5) Very High Risk U.S. states and the five (5) High Risk U.S. territories.

Alaska

Washington

Oregon

California

Hawaii

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

Guam (Tsunami only)

© © N o g > w D

Puerto Rico
10. U.S. Virgin Islands (Tsunami only)

This Hazus Tsunami Model User Guidance document provides the background and instructions
for developing an inventory to complete a tsunami loss estimation study using Hazus. It also
provides information on running the software, and how to interpret and report model outputs.

The Hazus Tsunami Model Technical Guidance, separate accompanying document, details the
default data and documents the methods of calculating losses. Together, these documents
provide a comprehensive overview of this nationally applicable loss estimation methodology.
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1.1 Uses for Hazus

Hazus can be used by various types of users with varying data needs. Local or state
government officials 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. 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 to know how much temporary shelter will be
needed and for how long. Utility company representatives, as well as community planners, will
want to know about the locations and lengths of potential utility outages.

Federal and state government officials may require an estimate of economic losses (both short
term and long term) in order to direct resources toward affected communities. In addition,
government agencies may use loss studies to obtain quick estimates of impacts in the hours
immediately following a tsunami so as to best direct resources to the disaster area. Insurance
companies may be interested in monetary losses so they can assess asset vulnerability.

Loss estimation studies based on tsunami scenarios have a variety of uses for various
departments, agencies, and community officials. As users become familiar with the loss
estimation methodology, they will determine which Hazus methodologies are most appropriate
for their needs, and how to interpret the study results.

The products of Hazus Tsunami Model analyses have several pre-tsunami and/or post-tsunami
applications in addition to estimating the scale and extent of damage and disruption.

Examples of pre-tsunami applications of the outputs may include:

o 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 upgrading existing buildings and the adoption of new building
codes.

e Anticipation of the nature and scope of response and recovery efforts including:
identifying short-term shelter requirements and safe zones.

o Development of community awareness plans to increase preparedness levels.
Post-event applications of the outputs may include:

e Projection of immediate economic impact assessments for state and federal resource
allocation and support including supporting 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.

e Activation of immediate emergency recovery efforts including provision of emergency
housing shelters and initiating clean-up efforts.

e 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.

e Improvement of community-awareness plans to increase preparedness levels
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Once inventory has been collected, making modifications and running new analyses are simple
tasks. The ease with which reports and maps can be generated makes the software useful for a
variety of applications.

1.2 Assumed Level of Expertise of Users

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

Those who are performing the study must, at minimum, have a basic understanding of tsunamis
and their consequences. In many cases, the results will be presented to audiences (e.g., city
councils and other governing bodies) that have little technical knowledge of the tsunami loss
problem.

It is assumed that a loss study will be performed by a team consisting of tsunami experts,
structural engineers or architects, economists, sociologists, emergency planners, and loss-
estimate users. These individuals are needed to develop tsunami scenarios, develop and
classify building inventories, provide and interpret economic data, provide information about the
local population, and provide input as to what types of loss estimates are needed to fulfill the
goals of the loss study. Because tsunamis often are the result of a local earthquake, the team
should also include representatives from the earthquake modeling and analysis community.

If a local or state agency is performing the study, some of the expertise can be found in-house.
Experts are generally found in several departments: building permits, public works, planning,
public health, engineering, seismic and tsunami science, information technologies, finance,
historical preservation, natural resources, and land records. Although internal expertise may be
most readily available, participation of individuals from academic institutions, citizen
organizations, and private industry cannot be underestimated.

1.3 When to Seek Help

The results of a loss estimation study should be interpreted with caution. If default input values
are used, it must be recognized that there is a great deal of uncertainty associated with them. If
the loss estimation team does not include individuals with expertise in the areas described
above, then it is likely that one or more outside consultants may be required to assist with
interpreting the results. It is also advisable to retain objective reviewers with subject expertise to
evaluate and comment on map and tabular data outputs.

A seismic or tsunami engineer will be needed to provide deterministic scenario data, or to
review each scenario’s parameters. Attention should be given to any differences in the
methodology used to define documented scenarios.

If the user intends to modify the default inventory data or parameters, assistance will be
required from an individual with expertise in the subject. For example, if the user wishes to
change default percentages of model building types for the region, a structural engineer with
knowledge of regional design and construction practices will be helpful. Modifications to defaults
in the economic loss models will require input from an economist.
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1.4 Online Help and Technical Support

Technical help for the users of Hazus has been established. Users should contact the technical
support line at the email, or phone provided in this document or in the Hazus application (Help |
Technical Support) for information on technical support. To access more information, including
Frequently Asked Questions (FAQs), software updates, training opportunities, and User Group
activities, visit: https://www.fema.gov/hazus.

Technical assistance is available via the Hazus Help Desk at hazus-support@riskmapcds.com.
The Help menu references the help files for ArcGIS. Given that Hazus is built as an extension to
ArcGIS functionality, knowing how to use ArcGIS and ArcGIS Help Desk assists in Hazus use.

To obtain technical support with any hazard modeled by Hazus, a dedicated link is available for
getting help. Both an email and direct phone number are available and can be retrieved via the
Help | Obtaining Technical Support... option (Figure 1).

Figure 1: Hazus Technical Support

Technical Support @

Hazuz-tH

=

'ou may obtain techrhical assiztance for Hazus by calling 1-877-FEMA MAP
[1-877-336-2627) ar 2ending an email ta: hazus-support@rizkmapods. com.

1.5 Uncertainties in Loss Estimates

Although the Hazus software offers users the opportunity to prepare comprehensive loss
estimates, it should be recognized that, even with state-of-the-art techniques, uncertainties are
inherent in any such estimation methodology. Any region or city studied will have an enormous
variety of buildings and facilities of different sizes, shapes and structural systems constructed
over years under diverse design codes. Similarly, many types of components with differing
seismic and tsunami resistance will make up transportation and utility lifeline systems. Due to
this complexity, relatively little is certain concerning the structural resistance of most buildings
and other facilities.

Further, there simply are not sufficient data from past tsunamis or laboratory experiments to
permit precise predictions of tsunami damage even for specific buildings and other structures.
To deal with this complexity and lack of data, buildings and components of lifelines are
combined into categories based upon key characteristics. Relationships between key features
of water depth and velocity, and average degree of damage with associated losses for each
building category are based on current data and available theories. While the Hazus software is
state-of-the-art in terms of loss estimation, these relationships contain a certain level of
uncertainty.

The results of a tsunami loss study should not be looked upon as a prediction. Instead, they
only give an indication of what the future may hold.
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2.0Introduction to the Tsunami Loss Estimation Methodology

This brief overview of the tsunami loss estimation methodology is intended for local, regional, or
state officials contemplating a tsunami loss study.

Use of the methodology will generate an estimate of the consequences to a county or region of
a "scenario tsunami," i.e., a tsunami with a specified inundation depth, velocity and location. The
resulting "loss estimate" generally will describe the scale and extent of damage and disruption
that may result from the scenario tsunami. 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), casualties, and regional economic impacts.

e Combined Earthquake and Tsunami scenario losses (for near-source earthquake
events)

To generate this information, the methodology includes:

e Classification systems used in assembling inventory and compiling information on the
building stock, as well as 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 default (built-in)
data—in the absence of user-supplied data—useable in calculation of losses.

These systems, methods, and data have been combined in the development of user-friendly
GIS software for this loss estimation application. GIS technology facilitates the manipulation of
data on building stock, population, and the regional economy.

The software makes use of GIS technologies for displaying and manipulating inventory, and
permits losses and consequences to be portrayed on applicable spreadsheets and maps.
Collecting and entering the information necessary for analysis are the major tasks involved in
generating a loss estimate. The methodology permits estimates to be made at several levels of
complexity, based on the level of inventory entered for the analysis (e.g., default data versus
locally enhanced data). The better and more complete the inventory information, the more
accurate the results.

Figure 2 shows the steps that are typically performed in assessing and mitigating the impacts of
a natural hazard such as a tsunami. The methodology incorporates inventory collection and
hazard identification into the natural hazards impact assessment.
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Figure 2: Steps in Assessing and Mitigating Losses due to Natural Hazards

INVENTORY
COLLECTION

NATURAL HAZARDS
IMPACT ASSESSMENT

HAZARD

IDENTIFICATION ENGINEERING

ASSESSMENT

!

[ MITIGATION ]

(RISK EVALUATION &

In a simplified form, the steps include:

Select the area to be studied. The region of interest is created based on Census block,
Census tract, county, NFIP community, or state. The area could include 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 hazard. In the Tsunami Model, the hazard can be specified as a Near
Source or Distant Source tsunami. When a Near Source scenario is selected, the option
of running a combined earthquake and tsunami damage scenario is available. The
results of the earthquake shake damage can be fed into the Hazus Tsunami Model to
produce combined earthquake and tsunami loss estimates for the General Building
Stock (GBS) and User-Defined Facilities (UDF).

Provide additional information describing the building inventory, essential facilities, and
demographics, if available.

Using formulas embedded in Hazus, damage probabilities, expected building losses,
expected contents losses, and expected loss-of-use are computed for different classes
of buildings.

The results of the previous step are used to compute estimates of direct economic loss,
evacuation times, and casualties.

The user plays a major role in selecting the scope and nature of the output of a loss estimation
study. A variety of maps can be generated for visualizing the extent of the losses. Numerical
results may be examined at the level of the census tract or block, or may be aggregated by
county or region.

2.1 Tsunami Hazards Considered by the Methodology

The tsunami-related hazards considered by the methodology in evaluating casualties, damage,
and resultant losses include tsunami inundation depth, and velocity. When working with tsunami
scenarios, it is recommended that tsunami experts be consulted to develop credible tsunami
scenarios that are realistic for the study area. Consideration should be given to repeating loss
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calculations for several scenario tsunamis with different magnitudes and locations, since these
factors are a major source of uncertainty.

2.2 Types of Buildings and Facilities Considered
The buildings, facilities and lifeline systems considered by the methodology are as follows:

e General Building Stock: Hazus Tsunami Model General Building Stock (GBS) does not
directly use the aggregated Census Tract or Block data used by other models. Instead,
the GBS is composed of the U.S. Army Corp of Engineers’ (USACE) National Structure
Inventory (NSI) point data (developed with FEMA). NSI point data creates notional
structures, or “points,” in the developed portion of each census block to represent the
numbers and types of buildings that occur based on size, occupancy type, construction
materials, etc. Although the Census Tract or Block geometries are used to display data,
the modeling is conducted at the point level within that geometry.

o Essential Facilities: Essential facilities, including medical care facilities, emergency
response facilities (police, fire, and emergency operation centers (EOC)), and schools,
are those vital to emergency response and recovery following a disaster. School
buildings are included in this category because of the key role they often play in housing
people displaced from damaged homes. Generally, there are very few of each type of
essential facility in a census tract, making it easier to obtain site-specific information for
each facility. Thus, damage and loss-of-function are evaluated on a building-by-building
basis for this class of structures, even though the uncertainty in each such estimate is
high. At this time, the tsunami loss model capability is not available for essential
facilities, however, essential facilities are integrated into the GBS information and can be
assessed using the UDF capability. Schools data in particular were used to estimate the
population (students) in the inundation zones. Users can evaluate Essential Facilities by
incorporating them as User-Defined Facilities.

e User-Defined Facilities: User-defined facilities are buildings at specific locations that the
user can add to the inventory. Damage is evaluated on a building-by-building basis for
this class of structures, even though the uncertainty in each such estimate is high.
Accurate location of these buildings may substantially reduce uncertainty regarding the
intersection with the hazard input. Some communities have the coastal user-defined
facility data already populated for their study region.

2.3 Casualties

The Hazus Tsunami Model makes use of a USGS methodology (see Chapter 6 of the Tsunami
Model Technical Guidance) for estimating pedestrian evacuation times, incorporating travel and
warning times to estimate potential loss of life and injuries. The Casualty analysis can be
performed for two levels of data. As with other “Level 1" analyses, or Basic analysis, in Hazus,
Casualty Level 1 is considered an estimation tool with minimal requirements for data input. The
Hazus Tsunami Model creates the boundaries required for the Level 1 Casualty analysis: the
Hazard Boundary and the Fatality Boundary. The Hazard Boundary is the inundation hazard
boundary (depth > 0). 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%). This
assumed fatality rate does not account for the potential that some people may find refuge in
buildings that are strong and tall enough to survive the tsunami loads.
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Casualty Level 2, or Advanced analysis, is more comprehensive, and utilizes the travel time
results provided by the USGS Pedestrian Evacuation Analyst Tool. (See Chapter 11, below, for
additional information.)

2.4 Levels of Analysis

To provide flexibility, losses are estimated based on the accuracy of input data. Basic analysis
can be based on default data and parameter data provided within Hazus. Advanced analysis
can be estimated using more accurate data that is specific to the region, hazard, population, etc.
thus improving inventories and/or parameters with user-supplied data. The advanced level also
incorporates data from third-party studies. The appropriate level of analysis must be determined
to meet the needs and resources of the user.

2.4.1 Analysis Based on Default Information

The basic level of analysis uses the default GBS and demographic databases built into the
model. These databases are derived from national-level data sources for building square
footage, building value, population characteristics, costs of building repair, and economic data.
Direct economic and social losses associated with the GBS are computed, as well as
evacuation travel times and casualty estimates. Because the analysis involves only default data
sources, the uncertainties are high.

Other than defining the study region, specifying the hazard, and making decisions concerning
the extent and format of the output, an analysis based on default data requires minimal effort
from the user. As indicated, however, since default rather than actual data are used to represent
local conditions, the uncertainties in the estimated levels of damage and loss are high. This
level of analysis is suitable primarily for preliminary evaluations and for comparisons among
different regions.

2.4.2 Analysis with User-Supplied Inventory

Results from an analysis using only default inventory can be improved greatly with at least a
minimum amount of locally developed input. This is generally the intended level of
implementation. Improved results are highly dependent on the quality and quantity of improved
inventories. The significance of the improved results also relies on the user’s analysis priorities.
The following inventory improvements impact the accuracy of analysis provided by the tsunami
model, as well as applications of the results:

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

e Use of local expertise to modify, primarily by judgment, the databases concerning
percentages of model building types associated with different occupancy classes.

e Preparation of a detailed inventory for all essential facilities.

e Collection of detailed inventory and cost data to improve evaluating exposure of various
transportation and utility lifelines.

e Collection of detailed population and transportation data to improve the evacuation
results.
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Use of locally available data concerning construction costs or other economic
parameters.

Gathering of information concerning high potential loss facilities and facilities housing
hazardous materials.

Synthesis of data for evaluating the economy of the study region used in assessing
indirect economic impacts.

2.5 Methodology updates

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

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

Shelter Requirements
Debris
Indirect economic losses

Note that, at this time, the standalone earthquake model analysis is not complete for the
U.S. territories (except Puerto Rico) and will not run independent of the tsunami
analysis. The functionality to run the standalone earthquake analysis is available for the
territories, but the earthquake specific inventory tables 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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3.0Getting 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 defined and the
analysis carried out. Hazus will prompt the user to create a new region or import a previously
created region. Users can also open, delete, duplicate, backup, or export an existing region.

3.1 Hazus MH-Startup

The first option in the Hazus Startup (Figure 3) is to define a study region. For this example, we
will be creating a new region. Clicking OK activates the window seen in Figure 4. 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 5 where the user can hame the
Region and create a description. Click Next, which will activate the window in Figure 6. Select
Tsunami and click Next.

For users who wish to create combined earthquake and tsunami results, Earthquake should
also be selected.

Figure 3: Hazus Startup Menu — Create a New Region

Hazus-MH Startup
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Figure 4: Create New Region Wizard

Create Mew Region

Welcome to the Create MNew
Region Wizard

This wizand will guide you through the steps needed to create a
new study region.

To continue, click MNext.

< Back Cancel
Figure 5: Study Region Name
Create Mew Region [==]
Study Begion Hame
E ach study region needs to identified with a unique name. m
L}
Enter below a name which uniquely identifies your region. The name canbe upto 18
characters long.
K.abului_HI
Fegion description [optional]:
Tsunarmi 5 cenario -
< Back MHest = Cancel
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Figure 6: Hazard Type

Create Mew Region
Hazard Type
The hazard type controls the type and amount of data that will be aggregated.  The hazard type zelected
affects the analysiz optiohs that will be available

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

[~ Earthquake

[ Flood

[ Huricane

W 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 modified later on, in
other words, you cannot add anather hazard ba it. Alternatively, you may re-create a
similar region with different hazard(s).

3. If pou are creating a Mear Source anly Tsunani region, please alsa check
Earthquake checkbox.

< Back | Mext > | Cancel

3.2 Create New Region

Next, the user can create a new region by State, County, Census tract, Census block, or
Community (NFIP) levels, as seen in Figure 7. To create a region at the county level, the user
first selects the state of the new region found in Figure 8. This will prompt the County Selection
window found in Figure 9. Once a county is selected, click Finish. The program will process
until the region has been created. Click OK. The program will not automatically open the region
at the end of this process.

Figure 7: Create New Region Selection

Create Mew Region

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

'ou can define pour study region at one of the geographic levels. We call this the
aggregation level. Please select below the aggregation level you want to uge.
State

County

Census bact

Census block

Comrmunity [MFIF]

Do el e o) | (e

< Back | Mext » | Cancel
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Figure 8: Create New Region State Selection

Create Mew Region

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

Please select the state[s) for the study region pou want to create.
States [1 selected):
Alazka [ak)] =

American Samoa [TS Only] (A5]
Califomia [Ca)

Morthem Mariana lslands(TS Only] [t
Oregaon [OR]

Puerto Rico [PR)

irgin [zlands US[TS Only) (V1]
wiashington [wid)]

- Show map

< Back | Mext > | Cancel

Figure 9: Create New Region County Selection

Create New Region

County Selection
The county selection defines the county or counties within previously selected state(z). to include in the study w
region. .

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

States: Counties (1 selected):
(Hawai [HI] [P Haaii - Select all counties
Honolulu
K.alawano 5
: Deselect all counties

o
Show map

3

Tatal: 1 I Auto select all

< Back | Mext » | Cancel

3.3 Open Region
Open the newly created Region under the Hazus Startup seen in Figure 10. This will allow the
user to select the study created in the previous steps. Click Next at the Open Region window
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(Figure 11). Select the region that was created in the previous section. Click Next. Then click
Finish. The region will then open.

Figure 10: Hazus Startup Menu - Open a Region
Hazus-MH Startup

W welcome to Hazus-MH.

In order to uze Hazus-MH, you need to define the study region to be
uzed in the analyzis.

Fleaze select the desired option below, and a wizard will guide vou
through the necessary steps.

7 Create a new region

TSUNAMI

* Open a region

Delete a region
Duplicate a region
Export/Backup a region

Import a region

EARTHQUAKE « WIND « FLOOD

Exit

Figure 11: Select a Region
Cpen Region

Select Region
The study region selection sets the region that will be opened. w
L}

Select the study region you want to open from the ligt of study regions vou have created
20 far.

Region | Description 1 Created
E.ahuli HI 4

< Back | Mext » | Cancel
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3.4 Delete Region

The Delete a Region option seen in Figure 12 will not be available until a region has been
created or imported. Select Delete a Region and click OK, this will open the Delete a Region
window seen in Figure 13. Click Delete.

Figure 12: Hazus Startup Menu - Delete a Region
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Figure 13: Delete a Region
Delete Region

Below iz a lizt of the study regions vou have created zo far. Select the region you want to delete.
Right-click mouse far mare ophions.

R egion Dezcription Created

# regions listed: 1 Delete Done
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3.5 Duplicate a Region

The Duplicate a Region option seen in Figure 14 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 15.

Figure 14: Hazus Startup Menu - Duplicate a Region

Hazus-MH Startup

B S8 welcome to Hazus-MH.

I arder to use Hazus-MH, pou need ta define the study region ta be
uzed in the analysis.

Pleaze select the dezired option below, and & wizard will guide you
through the necezsany steps.

TSUNAMI

™ Create a new region
(Open aregion

Delete a region

o e e

Duplicate a region

Ewport/Backup a region

3T

Import a region

EARTHQUAKE * WIND » FLOOD

E it

Figure 15: Duplicate a Region Selection

Duplicate Region

Below iz a list of the study regions vou have created so far. Select the region pou want to duplicate,
and then click 'Tuplizate’ button below,

Region J Description J Created
K.ahului_HI 4/ 01

< L 1 | 3
Region: K.ahului_HI

# regionz listed: 1 Duplicate Done
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3.6 Export Region

The Export/Backup a Region option seen in Figure 16 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/Backup a region by following the instructions at the top of the window seen in Figure 17.

Figure 16: Hazus Startup Menu - Export/Backup a Region
Hazus-MH Startup

8 welcome to Hazus-MH.

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

Fleaze zelect the desired option below, and a wizard will quide you
through the neceszan steps.

1" Create a new region

TSUNAMI

" Open a region

" Delete a region

" Duplicate a region

* Export/Backup a region

™ Import a region

EARTHQUAKE * WIND * FLOOGD

Exit

Figure 17: Export/Backup a Region
Export/Backup Region

Below iz a izt of the study regions you have created so far. Select the region you want to
export/backup, then specify the name of the expart file by clicking ‘Browse', and finally click
‘Export/Backup’ button to start the export.

Region I D escription | Created
Fahului HI

| . I 3

Hegign: Kahului_HI

Export file name: Browse

] Cose |
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3.7 Import a Region

Select Import a Region (Figure 18) 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 19).

Figure 18: Hazus Startup Menu - Import a Region

Hazus-MH Startup

'H Wielcome to Hazus-kH.

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

Fleaze select the desired option belove, and a wizard will guide wou
through the neceszary steps.

" Create a new region

TSUNAMI

" Open a region

£ Delete a region

" Duplicate a region

(" Export/Backup a region

* |mport a region

O
O
O
=
[T
(]
£
b
[59]
"4
<
=
O3
I‘.
'—
& -
>
TR

E wit

= =
-

Figure 19: Imported Region Name

Irmported Region Mame | €3 I

M ame imported region as: 0

e

]Kahului_Hawaii Cancel

D ezcription [optional];

|Impu:urt_Tsunami Scenario

Hazus Tsunami Model User Guidance Page 18



4.0 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 will 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 General Building
Stock (GBS) Analysis and Basic Casualty Analysis.

4.1 Steps to Create and Run a Basic Tsunami GBS Analysis

Open Hazus (Figure 20). This section will involve opening a region. Information on all other
options can be found in Chapter 3: Getting Started: Hazus Start-Up Screen. Select Open a
region and click OK. This will open the Open a Region Wizard (Figure 21).

Figure 20: Open a Region

Hazus-MH Startup

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

Pleasze select the desired ophion below, and a wizard will guide pou
through the neceszary steps.

" Create a new region

TSUNAMI

* Open a region

Delete a region
Duplicate a region
Export/Backup a region

|mpart & regian

(]
@]
Q
by
T
)]
<
bt
W
W
<L
=2
.
I".
i—
o
b
w o,

E it
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Figure 21: Open Region Wizard

Open Region

Welcome to the Open Region
Wizard

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

To continue, click Mext.

< Back VS Cancel

Select Next. In the Open Region | Select Region window (Figure 22), the user can choose the
Region. After choosing, click Next.

Figure 22: Select a Region

Open Region .
Select Region
The study region zelection zets the region that will be opened. w
"

Select the study region you want to open from the list of study regions you have created
g0 far,

Region D escription
K.ahului_HI

4 1]

¢ Back | Mext » I Cancel

This will bring up a review window (Figure 23). Here the user can check that the region selected

and hazard selected are as intended. Select Finish. ArcMap will open with the selected region,
as seen in Figure 24.
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Figure 23: Region Review
Open Region .

Completing the Open Region
Wizard

You have succezsfully completed the Open Reagion YWizard.

“'ou have zelected to open the reqgion;

K.ahului_HI

The hazard pou zelected was:

Tzunami

To close this wizard, click Finizh.

¢ Back l Finizh l Cancel

Figure 24: ArcMap

Q) Hazus-MH: Tsunami-Kahului_HE Current Scenario: Kahului_20ft_scenario oo =
File Edit View Inventory Hazard Analysis Results Bookmarks Insert Selection Geoprocessing Customize Windows Help

T OE& B x & - 1:600,000 - Lﬁ%lﬂ a0 LA POESTH @ =% 2

& QD] 2553 SOk @E MR TR it (- {: g} .

Table OF Contents mEs

BGET

B = Layers

=[] Census Blocks
= O Study Region Tract
=

= @ StudyRegion Boundary
]

oo

-156.95 21.001 Decimal Degrees
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Choose the Hazard drop-down menu from the toolbar, and select Tsunami Hazard Type
(Figure 25).

Figure 25: Hazard Menu

Hazard | Snalysis  Fesults  Boo

Tsunarmi Hazard Type...
User Data

Showe Current

This opens the Tsunami Hazard Type dialog (Figure 26) where the user can choose between a
Near Source (Tsunamigenic source nearby, Earthquake impacts may be expected) or Distant
Source (Tsunamigenic source far away, no Earthquake impacts). Select and click OK. Return to
the Tsunami Hazard Type drop-down menu and select User Data. This will open the User Data
Wizard (Figure 27). Choose the Level 1: Runup Only-Mean Sea Level (MSL) option and click
Next.

Figure 26: Tsunami Hazard Type
Tsunarni Hazard Type Eli_El__!

Study reqgion tzunami hazard type

) Mear Source only

@ Distant Source

QK ] l Cancel

Figure 27: User Data Wizard
User Data 'EIE

Welcome toTsunami User Data
i Wizard

Select Hazard Type
@ Level 1: Runup Only-Mean Sea Level [MSL)
(71 Level 1: Quick Look-Single Maximum Rurup

= Level Z Depth-dbove Ground Level [AGL)
= and Velocity

o~ Level 3 Depth [H] and Momenturn Flus
= HW2)

< Back Mest » ]l Cancel
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In the Level 1: Runup Height Only window (Figure 28), click the Determine required DEM
extent button. This step will locate and extract a DEM for the study region. It may take a few
moments.

Figure 28: Level 1: DEM Extraction
|Jser Data |E| =

Lewvel 1: Runup Height Onhy

Metadata

Height Units: - DEM Wertical Units;

Select dataset(s]

- Browsze Height
Browse DERM

Show Selected

i | g

Remove

Determine required DEM extent ‘

| < Back ” Mext » || Caticel

When the DEM Extent Window appears, click the Download and Unzip All option to save the
DEMs (Figure 29). 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 30).

Figure 29: DEM Extent
DEM Extent =l = ==

Y'our tzunami needs a DEM bounded by these coordinates in decimal degrees

b ax Latitude

Min Longitude M ax Longitude
-157.311 -155.979

Min Latitude 20501

Select NED' Resolution: |‘I Arc-Second &

Click. link to download.

Snho MED Datazet Fiesolution Last Updated
v [ nzwiszzp [1 arc-second [2m7orz7
2 nZ2wl57. zip 1 arc-zecond .2EI‘I 7o1-27
[3 | n21wisszp [1 arc-second 20170127
[+ |nzowiSezp 1 are-secand [2m7orz7
5 |n2lwiSEap [1 arc-second 20170127
L

Flease note: Obtaining the DEM data through Hazus requires an internet connection, «
For a manual warkaround, pleasze visit hitp://msc.fema.gov/ned/ or contact the
Hazus Help Desk at 1-877-336-2627.

Dawnload and Unzip Al | l Cloze
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Figure 30: Save and Unzip DEM

Save and Unzip DEM

=

Download and unzip your DEM were done at
ChHazusDatayHazardInput\ T3DER Kahului_HI

Ok

The model works best if the DEM is clipped to the study region. This can be done using the
Extract by Mask tool (Figure 31) under Geoprocessing on the toolbar (run a search under
Search for Tools). Save the DEM to the same folder as the downloaded DEM. This step will
help reduce processing time. The result should look similar to the example in Figure 32. Note: If
more than one DEM intersects the study region, the user will have to merge the DEMs prior to
clipping. This can be done in ArcGIS under Geoprocessing as well.

Figure 31: Extract by Mask Tool

0|
&3

i Extract by Mask |

Input raster
| qrdnzlwls?_1

L+
0

Input raster or feature mask data
|Study Region Boundary j

Dukpuk rasker
C:\HazusData\HazardInput) TSYDEM K ahului_HIvmasked

0 [

[0]'4 I [ Cancel J [Environments... l l Show Help ==
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Figure 32: Mask DEM to Study Region

@ Hazus-MiH: Tsunami-Kahului_H [ |
File Edit ‘iew Inventory Hezard Analysis FResuls Boockmarks Insert Selection Geoprocessing  Customize ‘Windows Help
S OE& = o . 1200000 PR s, o S - Y e N
CRCY R TR NOE WSS TR Edtore ! .
Table Of Contents o x
Elags
£ £ Layers
= [ Census Blocks
=

= O Study Region Tract

Walue
High : 3050.16

Low: -2.58618

= @ Study Region Boundary
O

|

-156,512 20,912 Decimal Degrees

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 33).

Figure 33: Level 1: Quick Look Option
User Data =] TEI_'

Welcome to Tsunami User Data
Wizard

Select Hazard Type
1 Lewel 1 Punup Only-tean Sea Level MSL)
@ Level 1: Quick Look-Single Marimum Runup

- Level 2 Depthsfbove Ground Level [AGL]
= and Welocity

-~ Level 3: Depth [H] and Momenturn Flus
= [HW2]

< Back MHest » I[ Cancel I
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In the Quick Look window (Figure 34), select the DEM Vertical Units and Maximum Runup Units
from the dropdown menus. Enter a Maximum Runup Height Value (vertical elevation of the
furthest inundation of the tsunami with respect to the initial sea level — see Tsunami Model
Technical Guidance Chapter 4), and Browse DEM to select the masked DEM from Figure 32.
Click OK. A Processing notification will popup (Figure 35). When it vanishes, click Next.

Figure 34: Quick Look Window

IJser Data | = [ = :._“EE [

Lewvel 1: Quick Look Single Maxamum Runup Height n

Select Input Units

DEM Wertical Uritz: | m - | b amiroum Bunup Uit | F - |

|rput Drata and E stimate Yelocity and Flus

Pleaze Enter a Maximum FBunup Height %alue: 20
C:\HazusD atatHazardinput\T S\DEMAK ahului_Hl\masked | Browse DEM |
e
 FRemove
Lok
< Back || et = I l Cancel |

Figure 35: Processing Window

Processing =] = @

Processing Level 1 Quick Look Data...

% Thiz may take a few moments. Pleaze be patient.
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Enter the Tsunami Scenario Name (Figure 36), click Next. The model will now use the DEM and
the entered Maximum Runup Height Value to create a Hazard Boundary (Figure 37) for the
analysis. The boundaries include a Median Inundation Depth (ft) and a Median Momentum Flux
(ft¥/sec?) (Figure 38). The layers are added to the study region (Figure 39). Click OK in the next
window to complete.

Figure 36: Tsunami Scenario Name

Ilser Data '_;| = |E'

Tsunami Scenario Name m

Enter a name for the tzunami event

K.abului_20f_zcenarnio

¢ Back H Mest » l| Cancel

Figure 37: Hazard Boundary Creation

- )

Processing |_?| = .! SE_I

Create Hazard Boundary...

ﬁ Thiz may take a few moments. Pleaze be patient.
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Figure 38: Hazard Layers

3 bedian bMomenturn Flux (ftsec

Walue
High : 8828.67

“Low: 5.96163e-013

= Median Inundation Depth (ft)

YWalue
High : 13,3333

“Loww: 6.10352e-005

Figure 39: Median Inundation Depth (ft)

@) Hazus-MH: Tsunami-Kahului_HE: Current Scenario: Kahului_3ift =R ol <=
File Edit ‘“iew Inventory Hazard Analysis  Results  Bookmarks Insert  Selection  Geoprocessing  Customize  “Windows  Help
oS [ = b - 1e2500 S EEEE ] P @ . [® masked -l E
CYCVRIC R RO MR TR o .

Table Of Contents ox
%ec8E

Median Mormenturn Flus (ft*sec

Walue
High : 8828.67

Lowy : 5.96163e-013
5 B Median Inundstion Depth ()
Walue
High:13.2323
Loy : 6.10352e-005
= [ Census Blocks

=
= [ Study Region Tract

]
= masked
Walue
High: 3050.16

Lo : -2.58618

= Study Region Boundary
=

-156.535 20,93 Decimal Degrees

On the Analysis drop-down menu, select Run (Figure 40). Click OK on the Combined Analysis
notice (Figure 41). The notice refers to the combined Earthquake and Tsunami Analysis for

Near Source events. See Chapter 11 for more information.

Hazus Tsunami Model User Guidance Page 28



Figure 40: Analysis Menu

Analysis | Results  Bookmar

Darnage Functions

Restoration

Parameters 3
Casualty »
Run..

Figure 41: Combined Analysis Window
Combined &nalysis

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

If you weauld like fo run cormbined tsunamifearthquake hazard, please switch
to the earthquake hazard and run analysis based on same earthquake scenario
that generated the current tsunami hazard,

0K

In the Analysis Option — Tsunami window, click Select All (Figure 42), then OK. A processing
notification will appear (Figure 43). This may take a few moments.

Figure 42: Analysis Option — Tsunami Window

Analysis Options - Tsunami

|rventary Wiew

e_neral Building Stack | Select Al

| Direct Damages
irect Economic Loss Deselect Al
zer Defined Facilities

irect Dlarages

/| Functionality and Economic Loss

Mumber of modules selected = 4

1] ‘ l Cancel
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Figure 43: Processing Window

Pracessing = = @

Populating Tzunami M51 GBS Data

% Thiz may take a few momentz. Please be patient.

When the Analysis is complete, a notice will appear (Figure 44). Click OK. Results are viewable
under the Results heading on the toolbar. (See Chapter 8 for more information)

Figure 44: Analysis Completion Notice

Tsunami &nalysis

Tirne taken to process Tsunami Snalysis @ 00k 11165

4.2 Steps to Create and Run a Level 1 Casualty Analysis

Level 1 Casualty estimates can be calculated after the Tsunami GBS Analysis is complete. On
the Analysis drop-down menu, choose Casualty (Figure 45). On the Casualty submenu, choose
TIGER Roadway Network to download the road data. (Note: If a download error occurs, the
road network can be obtained from the TIGER data website on
https://www?2.census.gov/geo/tiger/TIGER2016/ROADS/ based on County FIPS). The model will
save the road network data to the C:\HazusData\HazardInput\TS\TIGER\ folder under the
County FIPS code for the study region.

Figure 45: Casualty Menu

Analysis | Results Bookrmarks  Insert  Selection Genprncessing‘%l
Damage Functions - E’j Gi ]| Fa M -
Festaration E Er _ | Editor~
Pararmeters 3

| Cazualty r Dovvnload TIGER Roaduvay Metwork
Run... Casualty Level 1

% Casualby Lewel 2

Select the Analysis drop-down menu, choose Casualty again, and then Casualty Level 1. In the
Casualty Level 1 window (Figure 47), load the DEM, the roads data, the Hazard Boundary and
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Fatality Boundary data. 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 48). 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 if
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. Figure 46 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 46: Hazard Boundary Error Checking

AN -\¥ T 1 —
DSOS SIS E 1T
933% 2. %9 % % e % | AL
e et - N W (= RS

Once the input data is selected, enter the Casualty Time Parameters in the boxes below. The
model will enter default values once there is a value for Arrival Time (Figure 47). However, the
user should review these and modify as needed. 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 may be entered. Click Next.
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Figure 47: Casualty Level 1 Window

=

Casualty Lewel 1 |£'_.! = |_53_|
Welcome To Casualty Level 1 Wizard

Browsze Input Baster and Wector Data
C:\HazuzData'Hazard nputh T S4DEMY K ahul DEM Data
C:\HazusData\Hazardinputh TSATIGERM_ 2

C:“\HazuzData'R egions F.ahului_Hl\tzHazar
C:\HazusData R egions K ahului_HtsF atalit Boedtizabieisod:

Hazard Boundary
4| n 2 Fatality Boundary |
Enter Cagualty Time Parameters in Minutes
Aurrival Time: 10
Tirne to Masirum Bunup: 15
Wwarning Time; 10
te Intermediate File:
< Back M et J [ Cancel

Figure 48: Study Region Folder

Browse and Open a Hazard Boundary Shapefile...

Look in: [[fl Kahului_HI "] i @ @

S Depthshp

"] depthpaint.shp

El| depthpaly.shp

| DepthPolyDiss.shp
S Flusshp
fluxpaint.shp

E| SBoundary.shp

il tsFatalityBoundany.shp
Bl t:HazardBoundary.shp

Marme:

tsFatalitvBaundary . shp

Shapefile v] [ Cancel J

Showe of bype:

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
49). Click Next. The model then preprocesses the DEM, Roads and Hazard Boundaries (Figure
50). 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.
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SCV less than 1 reduces the capability of the road network to support evacuation. See Chapter
6 of the Tsunami Model Technical Guidance for more information. Click Next.

Figure 49: Process Level 1 Casualty Input
Casualty Level 1 |E| =

Process Lewvel 1 Casualty Input m

Process Steps
Project Inputs to Coordinate Spstem:

< Back || Mext > |l Cancel

Figure 50: Preprocess Data

Casualty Lewvel 1 [= | =
Preprocess DEM. Roadway Metworl. and Hazard Boundaries n

Process DEM, Roadway Metwork, and Hazard Boundaries for Path Distance Inputs

InCellSizex 304 InCelSizey 304 OutCellSize 10

Speed Conzervation Value |1 -

< Back || Mext » |l Cancel

Next, the model calculates the Evacuation Time required at the selected Travel Speed (Figure
51). The default speed is Average Walk. The Maximum Travel Time in Minutes, by default, is
blank. Click Next.
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Figure 51: Evacuation Time

Casualty Level 1 = || =]
Ewvacuation Time Computaions
Steps for Evacuation Time Computations
Travel | Average ‘Walk * | SpeedinMeters/Second  1.22
F axirmum Travel Time in Minutes
< Back || Wext > | l Cancel

Next, the model computes travel time and the probability of casualties (Figure 52). Click Next.

Figure 52: Travel Time and Probability of Casualties

Casualty Lewvel 1 EI' =
Compute Travel Time and Probability of Casualies n

Steps of Casualty Computations

< Back || Nest » ]l Cancel
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This completes the Casualty Level 1 Estimate (Figure 53). Click OK. The results and reports
are accessible under the Results drop-down menu. See Chapter 8 for more information.

Figure 53: Complete Casualty Level 1 Wizard

Casualty Lewel 1 = IEI||é]
& Complete Casualty Level 1 Wizard

¢ Back M et >
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5.0 Tsunami Model: Inventory Menu

5.1 Inventory Menu

The Inventory menu (Figure 54) has a number of inventory types and submenus from which to
choose. These options enable the user to estimate the amount of exposure or potential damage
in the region. This section of the “User Guidance” document explains each selection and

submenu to further the user’s understanding of these options.

Figure 54: Hazus Inventory Menu

InventoryiHazard Analysis  Results  Bookmarks  Insert  Selection  Geoproces

General Building Stock

]

Essential Facilities
High Potential Loss Facilities
Hazardous Material Facilities

ser Defined Facilities

Transportation Systerns

Utility Systerns

Dermaographics

Wiewy Classification

Square Footage

Building Count

Waluation Pararmeters

Dollar Exposure (Replacerment Walue)

5.2 General Building Stock (GBS)

The first option within the Inventory menu is General Building Stock (GBS). The first submenu
option allows the user to see the Square Footage distribution (in thousands of sq. ft.) by Specific
Occupancy Type per census block (or tract) as seen in Figure 55.

Figure 55: Square Footage Table

Square Footage (in thousands of square feet) =
Table
| CenzusBlock | Total | RES1 | RESZ | RES34 | RES3E | RESAC | RESED =
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4 180002070218 233 11 0o oo oo 0o 0.
5 [150030012022005 2043 17ER oo a7 oo na 0.1
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7 [150030310004003 273 27a i} oo i} oo 0.0
g [150030051001008 201 a0 oo oo oo oo 0.0
3 | 180010211011081 103 103 0o oo oo 0o 0.
10 |150030106021002 2320 25571 oo oo 3r 17.0 0.1
11 |150030001141008 a0z w0 oo oo oo oo 0.1
12 |150030303011060 270 14 i} oo oo oo 0.1
13 | 150070405002023 104 oo 0o oo oo 0o 0.
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16 |150030311032008 a0 766 an 56 37 oo 0. ¥
17 | 180030307101 008 1004 a7 oo 5E 74 57 MNex
[ 1 &3
Close | l tap | l Frint
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5.2.1 GBS Building Count

The Building Count inventory in the GBS submenu option (Figure 56) allows the user to review
building count per census unit By Occupancy as well as By General Building Type for both
Specific Occupancy and General Occupancy as seen in Figure 57.

Figure 56: General Building Stock Menu

| General Building Stock

|

Eszential Facilities
High Potential Loss Facilities

Hazardous haterial Facilities

square Footage
Building Count
Valuation Parameters

Dollar Exposure (Replacerment Walue)

Figure 57: Building Count Table
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| fsEanian cnnaeen = 5 = = = = =
Cloze ] [ tap | [ Frint

5.2.2 Valuation Parameters

The Valuation Parameters option (Figure 58) allows the user to review the estimated
Replacement Cost per square foot for each building type (by Occupancy) (Figure 59).

Figure 58: General Building Stock Valuation Parameters Menu

| Gereral Building Stock

'

Essential Facilities
High Potential Loss Facilities

Hazardous bdaterial Facilities

Square Footage
Building Count
Waluation Parameters

Collar Exposure (Replacement Walue)
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Figure 59: Replacement Cost Table

Replacerment Cost = |E|
Table
:Dccupan-:y HazuzDefinition OccupancyExample [MeansModelDesc MeansCost x
1 |RES1 Single Family Dweling | Refer ta hzRESTReplCe Refer to Technical z
2 |RESZ2 tarwfactured Housing | Manufactured Housing | 75% (& 850 5F (Sir 41,97 . |
3 |RES34 Fdulti Family Dwelling | en Duples SFR dwg 2 56, MF 1136905
4 |RES3E rulti Family Dwelling | zn Triplex/Quads SFR Awg 2 St MF 93,95
5 |RES3C Fulti Family Dwelling 1 e 5-3 unitz Apt, 1-3 st 8,000 = 17548
E |RES3D Fdulti Family Dwelling 1o 10-19 units Apt,1-3 ¢, 12,001 1E8.80
7 |RESZE Fulti Family Dwelling 1 lar 20-49 units Apt., 4-7 2., 40,001 184.58
2 |RES3F Fulti Family Dwelling 1 la 50+ units Apt, 47 st 60001 17383
9 |RES4 Temp. Lodging Hatel, medium Hatel, 4-7 <., 1351 183.42
10 |RESH Ingtitutional Darmaitory | D, medium College Darm, 2-3 1 203,96
11 |RESE Mursing Home Mursing home Mursing Home, 2 sl 207.02
12 |COM1 Retail Trade Diept Store, 1 =t Store, Dept., 1 st 103.60
13 |COM2 Wholesale Trade YWarshouze, medium | Warehouse, 30,00 10E.43
14 |COM3 Personal and Repair Ser Garage. Fepair Garage. Repair, 4.1 129.25
15 |COM4 Professional! Technicals Office, Medium Office, 5-10 s, 101 175.24f 7|
16 |COMS Banksz Bank. Bank, 1 st 41005 25394 ¥
17 |COMA Hoszpital Hozpital, Medium Hozpital, 2-3 st., 5% I/EET =
= - == - . : e
Cloge tap Frint

5.2.3 GBS Dollar Exposure

The Dollar Exposure (Replacement Value) inventory option (Figure 60) allows the user to
review building exposure per census block or tract in thousands of dollars. The user can view
Exposure by General Occupancy, Specific Occupancy, and General Building Type for Building

Exposure, Content Exposure, and Total Exposure as seen in Figure 61.

Figure 60: General Building Stock Dollar Exposure Menu

I Gereral Building Stock

d

Essential Facilities
High Potential Loss Facilities

Hazardous Material Facilities

Square Footage
Building Count

Waluation Pararmeters

Dollar Exposure (Replacement Walue)
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Figure 61: Dollar Exposure Table

Dallar Exposure {in thousands of dollars)

Expozure By General Docupancy |

=8 HoR =)

Expozure By Specific Dccupancy |

Exposure By General Building Type
Table type: | Byilding Esposure -
Table
CenzuzBlock Total | ‘wood Steel Concrete Mazonmy =]

1 |[150010218004078 15300 0 2378 6513 £.409 s
2 |150070401033024 4811 1.7 0 0 3o i
3 (1501021002019 1754 0 0 0 1,754 il
4 |150030098023014 443 433 0 209 574
5 |[150010215042108 122339 4834 27126 70343 13,379
& [150010212022729 1595 0 0 0 1,555
7 |150030064022017 8453 2054 0 6,333 1]
8 |150070403001014 03es 0 0 5914 ]
9 |[150010212021 227 97 97 0 0 ]
10 [150010215071108 47a 0 0 0 4,781
11 | 150030084081006 6820 0 0 1.202 5618 |
12 |150010212022503 1276 0 0 0 1,276 -
13 |150030307091003 4432 23585 0 0 1.507 5
14 |15003000200500 26831 204 268 1.015 26,024 |

.‘ e e - - e

Cloze | I Map | l Pririt

5.3 Essential Facilities

5.3.1 Essential Facilities Inventory

Figure 62: Inventory Menu

General Building Stock

Essential Facilities
High Potential Loss Facilities
Hazardous haterial Facilities

User Defined Facilities

Transportation Systermns
Utility Systerms

Dernographics

Wiew Classification

4

Hazus Tsunami Model User Guidance

The Essential Facilities inventory menu (Figure 62) allows the user to view the essential
facilities found in the Hazus Program for the study region. These include Medical Care Facilities,
Fire Stations, Police Stations, Emergency Response Centers, and Schools. 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 63.
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Figure 63: Essential Facilities Inventory Table

Essential Facilities Inventory = |E@
Medical Care Facilities | Emergency Responze | Schools |
Table
| 1D Murber Class Tract | ) M ame =
1 |HIoooam EFHL _=| 15001020300 Acube CF/HMC al
2 |Hloooooz EFHM _=| 15001021402 k.ona CH =
3 |Hioooaoz EFHL _=| 15001020300 Dialyziz Canter/HMC =
4 |HIoooa04 EFHL _=| 15001020300 Extended CF/HMC
5 |HIOO0aa5 EFHM _=| 15001021902 Hale Ho'ola Hamakua
£ |HIOO0a0s EFHL _=| 15001020300 Hale Hoola/HMC
7 |Hlooooay EFHM _=| 15001021902 Hamakua HC
g |Hioooaos EFHM | 15001021402 Infugion Center/K.CH
9 |Hloooao3 EFHS _=| 15001021202 k.au Hozpital
10 |HI0oaomo EFHL _=| 15001020802 Wiy OCAHMC
11 |HIO00a1 EFHM | 15001021402 Special ServicesKCH
12 |HIooom2 EFHM _=| 15001021402 R adiation Oncology/K.CH
13 |HIODOOT3 EFHM | 15001021402 Paychiatric FacilityF.CH
14 HIODOO14 EFHS _=| 15001021202 M aalehu EMS
15 |HIDDOO G EFHL _=| 15001020300 Maintenance Office/HbC 22a)
16 |HIODOO& EFHL _=| 15001020300 Maintenance Building/HMC hd
17 |HIDoam7? EFHL _=| 15001020300 Laundry Building/HMC -
4 n 3 Tl
Claze l | Map l | Print

5.4 High Potential Loss Facilities

The High Potential Loss Facilities (HPLF) menu (Figure 64) allows the user to view and map
the default database for the study region. Damage and loss are not computed for HPLFs in the
present version of the Tsunami Model. Selecting the High Potential Loss Facilities option will
open the table seen in Figure 65. These include Dams and Levees, Nuclear Power Facilities,

and Military Installations.

Figure 64: Inventory Menu

General Building Stock »
Essential Facilities

High Patential Loss Facilities
Hazardous Material Facilities
User Defined Facilities
Transportation Systerns

Ltility Systems

Dermographics

Wiew Classification 3
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Figure 65: High Potential Loss Facilities Inventory

High Potential Loss Facilities Inverntory = | [=]
Dams and Levees | Muclear Power Facilities | Military Inetallations |
Table type: | e - |
Tahle
| 1D Mumber | Class | Tract | Mame
4 m 3
Cloze ] I Map | [ PFrint

5.5 Hazardous Materials Facilities

The Hazardous Materials menu (Figure 66) allows the user to view and map the default
database of the study region. Damage and loss are not computed for Hazardous Materials sites
in the present version of the Tsunami Model. Selecting the Hazardous Materials Facilities option
will open the table seen in Figure 67. Each row in the table represents a separate hazardous
material at a site, so several rows may have the same latitude and longitude.

Figure 66: Inventory Menu

Inuentur}-’|Hazard Analysis  Res

General Building Stock

Eszential Facilities

High Potential Loss Facilities

Hazardous haterial Facilities

User Defined Facilities

Transportation Systerns
Utility Systerns
Dernographics

Wiewy Classification
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Figure 67: Hazardous Materials Facilities Inventory

Hazardous Materials Facilities Inventory o IEI
Table

| HazmatlD | Class | ) Tract | Mame =
1 |Hinoooot HOFLT 15002980300 "HONOLULU wOOD TREATING CO., LTD. & |
2 |Hioooooz HOFLT 15002330300 "HONOLULY wOOD TREATING CO., LTD. 1|
3 |HIooaoo3 HOFLT 15002330300 "HOMOLULU w000 TREATING CO., LTD. |
4 |HIDOo0o4 HOFLT 15009031300 Hatwiall w000 PRESERVING CO.
5 |HI0OO00G HOFLT 15003031300 Hatwiall w000 PRESERVING CO.
£ |HIDOOOOE HOFLT 15005021900 Hatwiall WO0D PRESERVING CO.
7 |Hiooooo? HOFLT 15003007400 PEARL HAREOR Maval COMPLEX
g |HInoooog HOFLT 15003007400 PEARL HAREOR MAWAL COMPLEX

9 |HI00oo0g HODFLT
10 |HIooama HODFLT
11 |HI0O00011 HODFLT
12 |HIooooi2 HOFLT
13 |HI00a03 HODFLT
14 |[HIOO0O14 HODFLT

15003007702 FEPSI-COLA BOTTLING CO. OF HOMOLLIL
15007040700 Kalal ELECTRIC

18007040700 KALLA ELECTRIC

15003580300 BEI - BRE'WER ENVIRONMENTAL INDS. L
18003980300 CHEWVROMN PRODS. CO. - HAWAI REFY.
15003330300 CHEWYROM PRODS. CO. - HAWAI REFY.
15 |HI0OOMG HODFLT 15003920300 CHEVROM PRODS. CO. - HAWAI REFY.
16 |HIDOO0TE HODFLT 180039280300 CHEWVROMN PRODS. CO. - HAWAI REFY.
17 |HIDOOO17 HOFLT =] 15003980300 CHEVROM PRODS. CO. - HAWAI REFY.

4 | ([}

Ll oo e fafefefafefe o fefe o o

4
EREOE

-

Cloze I | M ap J | Frirt

5.6 User Defined Facilities®

User-defined facilities are buildings at specific locations that the user adds to the inventory.
Damage and loss is evaluated on a building-by-building basis for this class of structures.
Selecting the User Defined Facilities option (Figure 68) will open the window seen in Figure 69.

Figure 68: Inventory Menu

Irvventory | Hazard  Analysis Resul

General Building Stock 3

Essential Facilities 3
High Potential Loss Facilities

Hazardous Material Facilities

Uszer Defined Facilities

Transportation Systems
IHility Systermns
Dermographics

Wiews Classification

! Hazus uses the terms “user-defined facilities” and “user-defined structures” interchangeably.
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Figure 69: User Defined Facilities Inventory
User-Defined Structure Inventory i @

Table

[ 1d Mumber Occupancy Tract Mame

Claze | l tap | l Frint

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

5.7 Transportation Systems

Transportation lifelines, including highways, railways, light rail, bus systems, ports, ferry
systems, and airports, are broken into components such as bridges, stretches of roadway or
track, terminals, and port warehouses. Damage and loss are not computed for Transportation
Systems in the present version of the Tsunami Model. Selecting this option from the Inventory
menu (Figure 70) will open the window seen in Figure 71.

Figure 70: Inventory Menu

Irventory | Hazard  Analysis Results

General Building Stock 3

Essential Facilities 3
High Patential Loss Facilities
Hazardous Material Facilities

ser Defined Facilities

Transportation Spsterns

Utility Systems

Dernographics

Wiews Classification
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Figure 71: User Transportation Systems Inventory

Transportation Systems Inventory ) '@
Highway | Fizilvay | Light Fiail | Bz | Prart | Femy | Airpart |
Table type: | Highway Bridges - |
Table
| IDMumber | Class Tract | Mame =
1 |HIDO0om Hw/B10 L] 15003008321 Fal-H2 -
2 |HIDooo0z2 HwB2 _=[15003008921 Fal-H1 =
3 |HInoooo3 HwE10 _=| 15003008703 FARR Hw" [
4 |HIO00004 HwB17 _~| 15003008703 F&RF Hw'
A |HIDOOO0S Hw/B3 LI 15003008200 FARR Hw"
6 |HIODOOOE HwB3 _~| 15003008800 F&RF Hw''
7 |Hiooooo? Hw/B10 LI 15003008702 FARR Hw"
g |HI0Dooog HwEB3 _=| 15003008701 FaRF Hw''
9 |HIDOOo09 HwEB17 _=| 15002008701 Kk Hiw CONMN
10 |[HIOO0OT0 HwE17 _=| 15003008701 Fatd Hiw' COMM
11 [HI000011 HwWBES | 15003007303 WIMEYARD BLVD
12 |HI0000T2 HwBES _=| 15003004100 WINEYARD BLYD
13 |HIO0OO12 HwB10 _~| 15003004100 WIMETARD BLVD -
14 [HIOO00OT4 HwWE3Z _=| 15003006702 ALA-A0LANI ST. ;
15 |HIO00O1S HwB3 _~| 15003008500 LALLANI 5T =
PR Ty L [ a1 n hen awn =1,
[ m 3
Cloze ] [ Map | [ Print

5.8 Utility Systems

Utility lifelines, including potable water, electric power, waste water, communications, and liquid
fuels (oil and gas), are treated in a manner similar to transportation lifelines. Examples of
components are electrical substations, water treatment plants, tank farms, and pumping
stations. Damage and loss are not computed for Utility Systems in the present version of the
Tsunami Model. Selecting this option from the Inventory menu (Figure 72) will open the window

seen in Figure 73.

Figure 72: Inventory Menu

Inventory | Hazard  Analysis " Result

General Building Stock

Essential Facilities
High Potential Loss Facilities
Hazardous Material Facilities

dser Defined Facilities

Transportation Systermns

3

3

Itility Systerns

Dermographics

Wiewr Classification
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Figure 73: Utility Systems Inventory

Utility Systems Inventory

Table

o [E]5]

Puatable W ater | W ashe W ater | il System | Matural Gaz  Electric Puwerl Communication |

1D Humber
|HIoD0ao1
|HIonooo2
|HIo0000z2
|HIo00oo4
| HI00000S
| HIODOOO0E:
|HIo0oooy
|HIO0000&
9 |HI00o00a
10 |[HIDOoo O
11 [HIOOOO11
12 |HI0o0om 2
13 [HIO0Om 2
14 [HIO0OO14
15 |HIO0OO &
16 |HIODOD &
17 |[HIDOom #

4 1

00 = | e L D =

Class
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT
EDFLT

Tract
| 15007040700
_| 15007040700
_| 15002003800
| 1500200800
_| 15002003900
_=| 15003980300
| 15003980300
| 15003980300
_~| 15002007400
| 15002008610
| 15002981000
_| 15002981000
_| 15001020600
_| 15001021507
_| 15001021902
_»| 15009031601
| 15001020 00

[CITIZENS COMMUNICATION COMPANY

Mame

kALLAI ELECTRIC

H E COMPANY

WAlAL GENERATING STATION
Haw/AllAM ELECTRIC COMPANY HONOL
AES Hawall GENERATION PLANT
HOMOLULL RESOURCE RECOVERY VER
KALAELOA COGEMERATION PLANT
USN&WY PEARL HARBOR MAWAL STATII
FAHE GENERATING STATION

FAPAL AUTOMOTIVE SHOP

kAPAL GENERATING PARTHERS

HILL GEMERATIMG STATION
Haw/allaM ELECTRIC LIGHT CO. IMC. KE
HamMak4 ENERGY PARTNERS L.P. HALT
Mall ELECTRIC COMPANY LIMITED MIK ¥ |
HILO COAST PROCESSING COMPANY =

[ » [

2

Cloze l | Pritt

] |

5.9 Demographics

In Hazus, the population statistics are used in estimating several different losses such as
casualties, 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. (See Chapter 6 of the Hazus Tsunami Model Technical Guidance.) Selecting this

option from the Inventory menu (Figure 74) will open the window seen in Figure 75.

Figure 74: Inventory Menu

Inuentory|Hazard Analysis  Result

General Building Stock »

Essential Facilities
High Potential Loss Facilities
Hazardous Material Facilities

User Defined Facilities

Transportation Systerns

»

Utility Systerns

Demographics

Wiewr Classification
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Figure 75: Demographics Inventory

Demographics -|:|.:
Table
| CensusBlock | Population | Household: | GroupQuarters | Maleless16 | M=
1| 150010201 001000 1 1 ] 0 |
2 | 15001 0201001 00 123 54 ] 14 =l
3 [150070201001002 16 7 ] 1 ol
4 [150070201001003 1 5 ] 1]
5 | 150070201001 004 1 1 ] ]
5 | 150070201001005 24 12 ] ]
7| 150070201001 008 27 10 ] 5
g | 150070200 001 007 ] ] ] ]
9 [150070201001003 ] ] ] 1]
10 |150010201001003 ] ] ] 1]
11 1500102000100 ] ] ] ]
12 150010201001011 ] ] ] ]
13 15001 0201001012 ] ] ] ]
14 |150010201001013 ] ] ] ]
15 |150010201001014 ] ] 0 0 o
16 1500102000105 ] ] ] 1] hd
17 1500102000106 3 1 ] 0 =
< [m » B
Cloze | [ tap | [ Print

5.10 View Classification

The View Classification option (Figure 76) allows the user to view definitions of the
classification categories. Selecting this option will open the window seen in Figure 77.

Figure 76: View Classification Menu

Loy
Inventu:nrylHazard SAnalysis  Result

General Building Stock 2

Essential Facilities 3
High Potential Loss Facilities
Hazardous kdaterial Facilities

ser Defined Facilities

Transportation Systerns
Ltility Systerns

Dernographics

| YWiews Classification |
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Figure 77: Inventory Classifications

Building Occupancy Elasses] todel Building Types |

= -5

| General Dccupancy
Agriculture

Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Commercial
Comnmercial
Education
Education
Government
Government
Indusztrial

General Building Stock Classification
Table
Occupancy
1 |AGR1
2 |COM1
3 |COM10
4 |COMZ
5 |COM3
£ |COM4
7 |COMS
g |COME
9 |COM7
10 | COME
11 | COM3
12 |EDUT
13 EDUZ
14 | GOV1
15 |GOY2
16 |IND1
17 |IND2
S 1

Industrial

-Agriculture

Fietail Trade

Farking

Wholezale Trade

Ferzonal and Repair Services
Professional/Technical Services
Barks

Hozpital

Medizal Office/Clinic
Entertainment & Recreation
Theaters

Grade Schools
Colleges/Universities

General Services

Emergency Fesponse

Heawvy

Light

Descrip =

[ » [

[14 [ an] 4

3

Cloze tap

Hazus Tsunami Model User Guidance

Page 47



6.0 Tsunami Model: Hazard Menu

The Hazus Tsunami Model relies on varying levels of user input for the hazard, much like Hazus
Flood Model, this chapter summarizes the Tsunami User Data options under the Hazard menu.

6.1 Tsunami Hazard Type

The Tsunami Hazard Type (Figure 78) submenu allows the user to select a Near Source
(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 79). Select Tsunami Hazard Type in the menu. Choose source type. Click OK.

Figure 78: Hazard Menu

Hazard | Snhalysis  Results  Boo

Tsunarmi Hazard Type..,
User Data

Show Current

Figure 79: Tsunami Hazard Type Menu

Tsunarmi Hazard Type |:|| [=] @

Study region tzunami hazard bype

@ Mear Source only

(71 Digtant Source

| k. ] | Cancel

6.2 Tsunami User Data Wizard

The Tsunami User Data Wizard, accessible under the Hazard Menu (Figure 80), allows the
user to select a Hazard Type (Figure 81) 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 1).
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Table 1: Hazus Tsunami Data Requirements

Hazard Data Required Input Data Files and Formats
1. Maximum Runup height grid in raster
Level 1 Runup Only - Mean Sea | format
Level (MSL) 2. DEM raster (download option for
USGS provided similar to flood model)
Level 1 Quick Look - Single 1. DEM raster and single maximum
Maximum Runup runup value (MSL)
Maximum Depth grid and Velocity grid
Depth Above Ground In raster format
Level 2 Level (AGL) and Velocit —-OR--
Y| Maximum Depth and Velocity NetCDF
NOAA SIFT (.nc) files
Depth AGL (f) and 1. Med!an Depth grid in raster_ fqrmat
Level 3 3 o | 2. Median Momentum Flux grid in raster
Momentum Flux (ft° sec®) format

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

Sample data are available for all levels for the five U.S. states. See Chapter 10 for more
information.

Figure 80: Hazard Scenario Menu

Hazard | Analysis  Results  Boo

Tsunami Hazard Type...
User Data

Showe Current
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Figure 81: Tsunami User Data Wizard

User Data E . |

Welcome to Tsunami User Data
Wizard

s

Select Hazard Tupe
) Lewel 1. Runup Only-Mean Sea Level (M5L)
() Level 1: Quick Laok-Single Maximum Runup

) Level 2: Depth-fbove Ground Level [AGL)
~ and Velocity

= Level 3: Depth [H] and Momentum Flus
! Hv2)

< Back [ Mest = ][ Canicel

6.2.1 Basic Level 1: Runup Only-Mean Sea Level (MSL)
Select the first option, Level 1: Runup Only-Mean Sea Level (MSL) (Figure 82). Click Next.
Figure 82: Tsunami Wizard Level 1 Runup Only
User Data [ e !

Welcome to Tsunami User Data
Wizard

Select Hazard Type
@ Level 1: RBunup Only-Mean Sea Level (M5L)
(71 Lewel 1: Quick Look-Single M aximurm Runup

A Level 2 Depth-dbove Ground Lewel [AGL]
~ and Welocity

=) Level 3: Depth [H] and Momentum Flus
= [HW2)

< Back et > ][ Cancel

The Level 1: Runup Height Only Scenario (Figure 83) requires a Maximum Runup height grid in
raster format and a DEM. A download option for USGS DEMSs is available (similar to the Flood
Model). Click Determine required DEM extent to access the DEM download. The Metadata
drop-down menus are used to identify the units for each dataset.
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Figure 83: Level 1. Runup Height Only Scenario
User Data El =

Lewvel 1: Runup Height Onhy m

Metadata

Height Lnits: m - DEM Yertical Units: ft -

Select datazet(s]

»

Browse Height

Determing required DEM extent |

| < Back ” E ‘| Cancel

The DEM Extent window will appear with a list of related NED Datasets (Figure 84). Click
Download and Unzip All to download the data to the Hazard Input folder (Figure 85).

Figure 84: USGS DEM import tool

DEM Extent =] @ ==
Your tzunami needs a DEM bounded by these coordinates in decimal degrees
Max Latitude
tin Longitude fax Longitude
-157.311 -155.979

Min Latitude 20,501

Select MED Resolution: 1 &rc-Second -

Click link to download.

Sno MED Dataset Fesalution Last Updated
» 121 wl57.zip |1 are-second 2017-01-27
2 | n22wlSizp [1 arc-second [2m7-01:27
3 | n2lwisap 1 arc-second mrm-z7
4 | nzewisaap 1 arc-second [2m17-0127
[5 | nziwiskzp |1 arc-second EE
.

Please note: Obtaining the DEM data through Hazus requires an intemet connection. -«
Fior a manual workaround, please vist http://msc. ferma.gov/ned/ or contact the
Hazus Help Desk at 1-877-336-2627.

Dawnload and Unzip All } [ Close
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Figure 85: DEM Download Location

Save and Lnzip DEM @

Dowenload and unzip your DEM were done at
CiyHazusDatahHazardInputh TEWDEMKahului_HI

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 83). 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 Basic Level 1: Quick Look-Single Maximum Runup
Select the second option, Level 1: Quick Look-Single Maximum Runup (Figure 86). Click Next.
Figure 86: Tsunami Wizard: Level 1 Quick Look
User Dot oo =

N WelcometoTsunami User Data
N Wizard

Select Hazard Type
(7 Level 1: Runup Only-tMean Sea Level (MSL)
@ Level 1: Quick Look-Single Masimum Rurup

-~ Level 2 Depth-2bove Ground Level [AGL)
~ and Velocity

— Level 3: Depth [H] and Momentum Flus
~[HV2)

< Back Mest > ]l Cancel

The Level 1: Quick Look-Single Maximum Runup (Figure 87) 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.
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Figure 87: Level 1: Quick Look-Single Maximum Runup

User Data = _IEI_| £ |

Level 1: Quick Look Single Maxamum Runup Height n

Select Input Units

DEM Wertical Units: D M axirmum Funup Units: [E]

Input Data and Estimate Yelocity and Flus

Pleaze Enter a Masimum Runup Height W alue: 7
C:hHazusData'Hazard nputh TSADE MK abulul_HIsmazked Browse DEM
Show on Map
Remaove

0

< Back ” Mest » ][ Cancel ]

6.2.3 Advanced Level 2: 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 88).

Figure 88: Tsunami Wizard Level 2

User Data | =] @

Welcome to Tsunami User Data
Wizard

Select Hazard Type
(1 Level 1; Runup Only-Mean Sea Level (MSL)
() Level 1: Quick Look-Single Masimum Funup

& Level 2 Depth-Above Ground Level [AGL)
= and Yelocity

= Level 3: Depth [H] and Momentum Fluzx
~[HW2)

< Back Meut » ][ Cancel

The Level 2: Depth-Above Ground Level (AGL) and Velocity (Figure 89) enables users to enter
Maximum Depth grid and Velocity grid data in raster format, or Maximum Depth and Velocity
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NetCDF NOAA SIFT (.nc) files. (Sample data are provided by NOAA. See Chapter 10 for more
information.) The units are defined using the drop-down menus.

Figure 89: Level 2: Depth-Above Ground Level (AGL) and Velocity
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6.2.4 Advanced Level 3: Depth (H) and Momentum Flux (HV2)

The last option is Level 3: Depth (H) and Momentum Flux (HV2) (Figure 90). This option
requires a Median Depth grid in raster format and a Median Momentum Flux grid in raster
format. Level 3 assumes user-provided data are already in required units (Figure 91).

Figure 90: Tsunami Wizard Level 3
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Figure 91: Level 3: Depth (H) and Momentum Flux (HV2)
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7.0Tsunami Model: Analysis Menu

There are three basic classes of analysis functions used in the Hazus Tsunami Model:
e Damage Functions
e Restoration
e Casualty
There are also two types of parameters in the tsunami model:
e Casualty
e Building economic

The menu in Figure 92 shows each the Analysis selection. Functions are described in the
following sections.

Figure 92: Analysis Menu
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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 93).

Figure 93: Building Damage Functions Viewer
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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

94).

7.3 Parameters

Figure 94: Functionality
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The Analysis | Parameters menu (Figure 95) allows the user to define Casualties and Building
Economic parameters.

Figure 95: Analysis Parameters Menu

Restaration

Darnage Functions

Analysis LResuIts Bookrnarks  Insert  Selection  Geopr

I EEEE

: B = | Editar-
| Parameters » Casualties
Casualty i Building Econarnic
Run...

See Chapter 12 for detailed information on each parameter.

7.4 Casualties

The Analysis | Casualty menu (Figure 96) allows the user to download TIGER road data and
set up Casualty Level scenarios.

Figure 96: Casualty Menu
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Hazus Tsunami Model makes use of a USGS methodology (see Chapter 6 of Hazus Tsunami
Model Technical Guidance) 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 model, the user must first run the Tsunami GBS Analysis. Hazus will
prompt the user to do this if it is not already done. View Chapter 12.0 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 97) option to display
the Analysis Options window shown in Figure 98.

Figure 97: Analysis Run Menu
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The Analysis Options window (Figure 98) allows the user to select inventory items. Once
satisfied with inventories, click OK to Run the analysis.

Figure 98: Analysis Options
Analysis Options - Tsunami

Inventary Yiew

| General Building Stock Select Al

| Direct Damages
| Direct Econoric Loss | Deselect &l |
er Defined Facilities

| Direct Damages

] Functionality and E conomic Loss

Mumber of modules selected = 0

]

After the analysis is completed, the user can access the results under the Results menu
outlined in Chapter 8.
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8.0 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 99) 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.

Figure 99: Results Menu
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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 2 summarizes the outputs that can be obtained from an

analysis using the Hazus Tsunami Model.

Table 2: Hazus Tsunami Model Output

Maps of Tsunami Inundation
Median Inundation Depth (ft)
Median Momentum Flux (ft*/sec?)
Inundation/Hazard Boundary (depth > 0)
Fatality Boundary (depth > 2m)

General Building Stock
Damage probabilities by occupancy
Damage probabilities by building type
Cost of building repair or replacement
Loss of contents
Business inventory loss
Loss of rental income
Relocation costs
Business income loss
Employee wage loss

User Defined Facilities

Damage probabilities by occupancy
Damage probabilities by building type
Cost of building repair or replacement
Loss of content

Business inventory loss

Loss of rental income

Relocation costs

Business income loss

Employee wage loss

Casualties

Evacuation Travel Time (Under 65, 65 and Over)
Day and Night Population Exposure
Day and Night Probability of Casualties

Casualties Based on Community Preparedness
Levels
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Examples of pre-event applications of the outputs are as follows:

o Development of mitigation strategies that outline policies and programs for reducing
tsunami losses and disruptions indicated in the initial loss estimation study. Strategies
can involve upgrading existing buildings, the adoption of new building codes, and
relocating essential facilities to areas outside the tsunami inundation area.

e Preliminary investigation of the ideal location of vertical evacuation refuges so as to
minimize the casualties from future tsunami events.

e Anticipation of the nature and scope of response and recovery efforts including:
identifying safe zones for evacuations, locations of essential facilities, and areas where
fatalities may occur.

e 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.

Post-event applications of the outputs would include:

e Projection of 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.

e Activation of immediate emergency recovery efforts including provision of emergency
housing shelters.

e 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.

e Application of lessons learned to improve community response and preparedness

Once inventory data have been collected and imported, making modifications and running new
analyses are simple tasks. The ease with which reports and maps can be generated makes the
software a useful tool for a variety of applications.

8.2 Tsunami Inundation

Tsunami Inundation results (Figure 100) include the median tsunami Depth, median Momentum
Flux, and Inundation Boundary for the scenario. The structural, non-structural, and content
tsunami damage functions are based on the median rather than maximum hazard values. See
the Hazus Tsunami Model Technical Guidance document for details of the methodology. The
tsunami depth is mapped in feet (Figure 101). The tsunami momentum flux is mapped in
ft’/sec® (Figure 102). 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 103. The layer can be
exported as a shapefile or geodatabase feature class.
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Figure 100: Results Tsunami Inundation Menu

ResultsIBookmarks Insert  Selection Geoprocessing  Custornize  WWindowes

| Tsunami Inundation 4 | General Building Stock Hazard
General Building Stock » User Defined Facility Hazard
User-Defined Facilities » Inundation Boundary

Combined General Building Stock  »
Cornbined User Defined Facilities »
Casualties 3

Summary Reports..

Figure 101: Tsunami Depth Results Example
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Figure 102: Tsunami Momentum Flux Results Example
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Figure 103: Tsunami Inundation Boundary Results Example
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8.3 General Building Stock (GBS) Results

The Results | General Building Stock menu (Figure 104) allows the user to view and map the
general inventory damage results either by occupancy or building type. 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.

Figure 104: General Building Stock Menu
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8.3.1 GBS Damage Count by Occupancy Class

Figure 105 shows the GBS Damage Count by occupancy class results 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.
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Figure 105: Damage Count by Occupancy Class
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8.3.2 GBS Damage Count by Building Type

Figure 106 shows GBS Damage by 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.

Figure 106: Damage Counts by Building Type
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8.3.3 GBS Building Stock Damage by (Square Footage) by Occupancy

Figure 107 shows the GBS Damage by square footage by occupancy class results table, which
allows 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 damage by square
footage (in thousands) by occupancy class.

Figure 107: Damage by Square Footage by Occupancy Class
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8.3.4 GBS Damage by Square Footage by Building Type

Figure 108 shows the GBS Damage by square footage by Building Type results table, which
allows the user to view and map the general inventory damage results either by general or
specific building type. The values in the table represent the expected damage by square footage
(in thousands) by Building Type.

Figure 108: Damage by Square Footage by Building Type
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8.3.5 GBS Direct Economic Loss by Occupancy

Figure 109 shows GBS Direct Economic Loss by Occupancy. The user can select and view
direct economic loss values by different general and specific occupancy classes, in thousands
of dollars (US).

Figure 109: Direct Economic Loss by Occupancy
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8.3.6 GBS Direct Economic Loss by Building Type

Figure 110 shows GBS Direct Economic Loss by Building Type. The user can select and view
direct economic loss values by different general and specific building types, in thousands of
dollars (US).

Figure 110: Direct Economic Loss by Building Type
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8.3.7 GBS Total Direct Economic Loss

Figure 111 shows Total Direct Economic Loss for the scenario, in thousands of dollars (US).
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Figure 111: Total Building Economic Loss
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8.4 User Defined Facilities

The User-Defined Facilities (Figure 112) submenu allows the user to view and map the damage
results for individual, user-specified facilities. Results are available for Building Damage State
(structure, non-structural, and content), Building Functionality (probability that the structure is
functional), and Building Economic Losses.

Figure 112: User Defined Facilities Menu

Results|BDkaarks Insert  Selection  Geoprocessing  Custornize  Window

Tsunarmi Inundation L4 E i EDEI o _J_

General Building Stock F oo

r| User-Defined Facilities 3 | Building Damage State
Combined General Building Stock Building Functionality
Combined User Defined Facilities  » Building Economic Losses
Casualties »
Surmmary Reports...

8.5 Combined General Building Stock

The Combined General Building Stock (Figure 113) submenu allows the user to view and map
combined earthquake and tsunami losses computed in the Hazus Tsunami Model incorporating
results computed by the Earthquake Model. Results are available for Damage by Count,
Damage by Square Footage, and Direct Economic Losses. Details on how to run a combined
analysis are outlined in Chapter 11.
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Figure 113: Combined General Building Stock Menu
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8.6 Combined User Defined Facilities

The Combined User Defined Facilities (Figure 114) submenu allows the user to view and map
combined earthquake and tsunami losses computed in the Hazus Tsunami Model incorporating
results computed by the Earthquake Model. Results are available for Combined Building
Damage State, Combined Building Functionality, and Combined Building Economic Losses.
Details on how to run a combined analysis are outlined in Chapter 11.

Figure 114: Combined User Defined Facilities
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8.7 Casualties

The Casualties (Figure 115) submenu allows the user to view and map results for Evacuation
Travel Time and Probability of Casualties.
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Figure 115: Casualty Menu
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The Evacuation Travel Time (Figure 116) 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.

Figure 116: Evacuation Travel Time
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The Probability of Casualties results (Figure 117) 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 < O meters). 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
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level of preparedness of the community: Good, Fair, or Poor. (See Chapter 12 for more
information.)

Figure 117: Probability of Casualties
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8.8 Summary Reports

Various summary reports are available for viewing and printing through the Summary Reports
menu (Figure 118). After selecting a report click the View button and a sample report is shown
(Figure 119), 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 Chapter 11 for more information.)

Figure 118: Summary Reports Menu
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Figure 119: Summary Reports Output Example
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9.0 Advanced Hazus Analysis: User Defined Inventory Data

The Hazus default 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
(UDF), accessible via the option Inventory | User-defined Facilities, enables user specific
datasets to be analyzed through the Hazus methodologies providing more accurate results.

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 Hazus Comprehensive Data
Management System (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 3, and add it to
the UDF tables (hzUserDefinedFlty, 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. Fields
in italics in Table 3 are required for the Tsunami Loss Analysis.

Table 3: UDF Database Tables

hzUserDefinedFlty | eqUserDefinedFlty | flUserDefinedFlty

[UserDefinedFltyld] [egBldgType] [FirstFloorHt]

[Occupancy] [DesignLevel] [foundationtype]

[Tract] [eqUdsClass]

[Name]

[Address]

[City]

[Statea]

[Zipcode]

[Contact]

[PhoneNumber]
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On aggregation, the data will be added to a new tsunami UDF table (tsUserDefinedFlIty) as seen

in Figure 120.

hzUserDefinedFlty

egUserDefinedFIty

flUserDefinedFlty

[YearBuilt]

[Cost]

[BackupPower]

[NumStories]

[Area]

[ContentCost]

[ShelterCapacity]

[Latitude]

[Longitude]

[Comment]

[Shape]
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Figure 120: User Defined Facility Inventory
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The intent is to begin to prioritize facilities requiring further study, as well as to prioritize
mitigation strategies for the impacted communities. It would be potentially misleading to
estimate damage and losses of these structures without 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.

9.1 UDF Required Attributes

The minimum attributes required for analysis of UDF are presented in Table 4. If any of the
attributes are not imported (i.e., mapped), then Hazus will populate with default values using the
CDMS tool. 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 4: UDF Required Attributes

Attribute Description 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 column that is not used: COMMENT
is a good candidate.

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.
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Attribute

Description

Why is it needed?

Occupancy Occupancy type per the Hazus Analyses are based on the
classification. Map it to OCCUPANCY occupancy and/or building type
Building Type | Building type per the Hazus classification. | As above
Map it to BLDGTYPE
Design Level | Seismic Design Level. Map to To assess lateral strength of
DesignLevel. CDMS default is PC. structure — for building damage
First floor Top of Finished Floor Relative to Adjacent | To assess content damage
height Grade (ft). Map to FirstFloorHt. CDMS
default is 1, which represents slab on
grade.
Building Cost ($) to replace the building in case of To assess building economic loss

replacement
cost

damage. Used by economic loss model.
Map it to COST. CDMS will estimate based
on RS Means table.

Content
replacement
cost

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

Issues that can occur are that data collected will have to be adjusted so that the inventory is
classified according to the systems defined in the methodology, including replacement values,
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 Guidance document for more
information.
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10.0 Advanced Hazus Analysis: User Defined Hazard Data

10.1 User Defined Tsunami Grids

Since Hazus Tsunami utilizes authoritative hazard datasets from external providers rather than
creating hazard data, sample data from NOAA 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 5) are prepared for each level of analysis based on data provided for five of

the PMEL forecast inundation model communities: http://nctr.pmel.noaa.gov/sim.html.
Table 5: NOAA PMEL Sample Data

Community | County | Scenario Level 1 Level 2 Level 3
Homer, AK Kenai M 9.2 hom_dem_ft hom_maxdg_ft hom_dg_ft median
1964 hom_maxR_ft | hom_maxv_ftsec | hom_flux_ft3sec2_median
Alaska
Crescent Del M 9.0 crc_dem_ft crc_maxdg_ft crc_dg_ft_median
City, CA Norte 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, Tilla- M 9.0 gar_dem_ft gar_maxdg_ft gar_dg_ft_median
OR mook Cascadia gar_maxR_ft | gar_maxv_ftsec gar_flux_ft3sec2_median
Westport, Grays M 9.0 wes_dem_ft wes_maxdg_ft wes_dg_ft_median
WA Harbor | Cascadia .
wes_maxR_ft | wes_maxv_ftsec | wes_flux_ft3sec2_median

In the table above:

e Level 1: DEMs include post-earthquake ground deformation (feet) for near-source
scenarios; Max runup (maxR, feet) relative to Mean Sea Level (MSL)

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

e Level 3: Depth grids are median depths in feet above ground level; momentum flux is
median values in ft® sec?.

The hazard data (runup and velocity) were developed using NOAA’'s SIFT (Short-term
Inundation Forecasting for Tsunamis) system: http://nctr.pmel.noaa.gov/tsunami-forecast.html.

For additional information, including access to SIFT products see: http://nctr.pmel.noaa.gov.

In addition, each State and Territory supported by the 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 at: http://nctr.pmel.noaa.gov/hazard assessment.html. Note that each state
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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.

The National Tsunami Hazard Mitigation Program (NTHMP) provides a comprehensive list of
state agency partners: http://nws.weather.gov/nthmp/statesandterritories.html as well as official
NTHMP Coordinating Members: http://nws.weather.gov/nthmp/documents/OfficialDesignees.pdf.

10.2 User Defined Casualty Data

The Level 2 Casualty Analysis leverages the output from the USGS Pedestrian Evacuation
Analyst (PED) ArcGIS tool (Figure 121), which assesses evacuation times to high ground.

The tool can be found at: http://geography.wr.usgs.gov/science/vulnerability/tools.html.
Figure 121: USGS Pedestrian Evacuation Analyst ArcGIS tool
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Input data required for the Hazus Level 2 Casualty Analysis include:
o Travel Time to Safe Zone (depth = 0)

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

10.3 Advanced: Post-Earthquake 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. Also if the ground surface elevations relative to sea-level have decreased, the
inundation and losses could be more extensive. See the Tsunami Model Technical Guidance
document for more information.
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11.0 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 6.

Table 6: Combined Earthquake and Tsunami Scenario - User Workflow

Build Multi-Hazard Study Region: Build Multi-Hazard Study Region
Earthquake Model Tsunami Model
e Define/Select Earthquake Scenario | e Select Tsunami Scenario
(using same scenario source that e Define Tsunami Type as Near Source

creates the Tsunami hazard)
¢ Run Analysis
¢ Display Earthquake-Only Losses

e Define Scenario — Level 2 or 3
¢ Run Tsunami Analysis
o Define Casualty Level 2

¢ Display Combined Earthquake and
Tsunami Losses

11.1 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
regions:

o Alaska

e Oregon

e Washington

e California

e Hawaii

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: http://nctr.pmel.noaa.gov/sim.html. See chapter 10 for more information.
The following example uses the data for Garibaldi, Oregon (in Tillamook County) for a Level 2
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 122). Select both Earthquake
and Tsunami and click Next.
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Figure 122: Create New Region Multi-hazard
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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 the
Earthquake Model to run first as shown in Figure 123.

Figure 123: Open Region Earthquake Model
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oh one hazard at a time,
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* Earthquake
~
~

 Taunami

< Back | Mest » | Cancel
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In the Seismic Hazard Type menu, choose to run a scenario using USGS ShakeMap as the
Seismic Hazard Type (Figure 124).

Figure 124: Scenario Wizard — Seismic Hazard Type Selection

Seismic Hazard Type Selection 4]
Defines the type of seizmic hazard

Seismic hazard type:
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() Source evert. .
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< Back |l Mext > I[ Cancel

Use the ShakeMap Download window (Figure 125) to search for available USGS ShakeMaps
or use the Browse grid.xml button to search for previously downloaded ShakeMap. (See
Hazus Earthquake Model User Guidance for instructions on downloading USGS ShakeMaps.)

Figure 125: ShakeMap Download
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Complete the scenario setup and run the Analysis (Figure 126).
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Figure 126: Run Earthquake Analysis
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When the run is complete, choose Switch Hazard under File on the Toolbar. Select Tsunami
(Figure 127) to switch to the Tsunami Model.

Figure 127: Select Hazard Model
Select Hazard
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ag | I Cancel

In the Hazus Tsunami Model, select Tsunami Hazard Type (Figure 128) from the Hazard menu.
Choose Near Source only (Figure 129). Click OK.
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Figure 128: Hazard Menu
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Figure 129: Tsunami Hazard Type
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From the Hazard menu, select User Data. Then, choose Level 2: Depth-Above Ground Level
(AGL) and Velocity (Figure 130).

Figure 130: User Data Menu
User Data I?'@

Welcome to Tsunami User Data
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H¥2)

< Back Mewt > l’ Canicel

As seen in Figure 131, under Select Input Format, choose Rasters and set the units to depth =
ft and velocity = ft/sec. Use the Browse Depth and Browse Velocity buttons to load the
sample data for Garibaldi, Oregon. Click OK to load the data into the analysis. Then click Next.
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Figure 131: Level 2: Tsunami Depth and Velocity
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Enter the scenario name and click Next (Figure 132). Click OK to continue.

Figure 132: Tsunami Scenario Name

ser Data ;' = =]

Tsunami Scenario Name n

Enter a name for the tsunami event

garibaldi_oregon

< Back H Hext > ]I Cancel

In the Analysis menu, choose Run. In the Analysis Option—Tsunami window (Figure 133), click
Select All. Note that the study region for Tillamook, Oregon, has a user defined facility (UDF)
database included in Hazus.
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Figure 133: Analysis Option - Tsunami
Analysiz Options - Tsunami
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Mumber of modules selected = 8

(] | l Cancel

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 Hazus input is
the Travel Time Map output to Safety and Partial Safety of the USGS model as shown in Figure
134.

Hazus Tsunami Model User Guidance Page 84



Figure 134: Pedestrian Evacuation Analyst Workflow Example
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11.2 Casualty — Level 2 Analysis
In the Analysis menu, in the Casualty submenu choose Casualty Level 2.

Figure 135: Casualty Menu

Analysis Enuﬂsiok_ma_rks Insert  Selection  Geoprocessing  Cushy
Darmage Functions - g Gi | Fe ;
Restoration 5 B{ _ | Editor~
Parameters 3
Casualty 4 | Download TIGER Roadway Metwork
Run... Casualty Level 1

Casualty Lewvel 2

In the Casualty Analysis window (Figure 136), 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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Figure 136: Casualty Analysis — Level 2
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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 Chapter 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 results of a combined earthquake and tsunami analysis can be viewed
only in the Tsunami Model.

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 137) on the toolbar for Combined GBS,
Combined User Defined Facilities, and Casualties. See Chapter 8 for additional information.

Figure 137: Results Menu

Results | Bookmarks  Insert  Zelection

Tsunami Inundation 3
General Building Stock »
User-Defined Facilities 3

Combined General Building Stock  »
Combined User Defined Facilities 3
Casualties 3

Surnrary Reports..,
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This section will review the reports, which are located under Summary Reports (Figure 138) on
the Results menu. The Combined Analysis reports are available under the following tabs in the
Summary Report window:

e Losses
o Combined Direct Economic Losses for Building
o Combined User Defined Facility Economic Loss Report by General Occupancy
o Combined User Defined Facility Economic Loss Report by Building Type
e Other
0 Combined Earthquake and Tsunami Global Risk Report

Figure 138: Summary Reports

P =

Hazus-bH Tsunami Surmmary Reports

| [rverbary | Euildingsi Losses | Other |

Pleaze zelect the summary report(z] bo view:

Direct Economic Lozses for Buildings

Uzer Defined Facility Econamic Logz Repart by Building Type

I1zer Defined Facility Economic Loss Report by General Occupancy
LCazualties - Al

LCaombined Direct Economic Lo - for Buildings
Combined Uzer Defined Facility Economic Lozs Report by General Ocoup
Combined Uzer Defined Facility Economic Lozs Report by Building Type

11.3.1 Combined Direct Economic Losses for Buildings

The Combined Direct Economic Losses for Buildings displays the combined losses (in
thousands of dollars US) for:

e Capital Stock Losses
0 Structural Damage
0 Non-structural Damage
o Contents Damage
0 Inventory Loss

e |ncome Losses
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Relocation Losses

Capital Related Losses

© O O

Wage Losses
o0 Rental Income Loss

e Total Loss

Figure 139: Combined Direct Economic Losses for Buildings

HAZUS &) FEMA

EARTHQUAKE - WIND » FLooD J 7.

Combined Direct Economic Losses for Buildings

May 79, 2017 AN values are in trowsznds of dolzrs
| Capital Stock Losses | Income Lo sses
Cost Cost Cost Inventory Loss Relocation |  Capital Wages Rental
Structural | Hon-struct. |Contents Loss Ratio % | |Loss B alated Losses Income: Total Loss
Damage Damage Damage Loss

'Oregon

Tillamook 21242 782,896 508,108 5882 2765 | 126700 50463 105.872 55332 1854763
|nm,| | ‘ 21242 | 7829% | 506,108 5,882 | ‘ 126,768 || 60,463 H 105,972 || 55,332 ‘ | 1,854,763
Region Total 211,242 782,996 506,108 5,882 2765 126,768 60,463 105,972 55,332 1,864,763

Totals anly redectdats for those census tracts/blocks included in the wsers study region and will reflect the entire countystate anly i all of tre census hlocks for that county/states were
selected at the tin & of study region creation.

Study Region : oregon Fage :10f1
Scenario: garibaldi_tsn_comb

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
140) displays the combined exposure and losses by general occupancy for:

e Capital Stock Exposure
o Building Exposure
o Content Exposure
e Capital Stock Losses
0 Building Loss

o Non-Structural Loss
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o Content Loss
0 Total Loss

e Loss Ratio
o Building %

o Content %

Figure 140: Combined User-Defined Economic Loss Report by General Occupancy
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RlskMAP
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Eomm erial 8,837 862 8,835,000 2,280 504 5842431 8,180,064 16231800 82.43% | 9270%
Edugation 505,900 95,800 130,808 564,375 §05,800 1,390 281 00.00% Pk ERAE
Gaysmment 577,890 8,620,600 928 506 4753477 6,428,074 12,111,046 BE.24% | T458%
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Fallal b an Rt 5678104 5.676.400 895,710 33850012 4000512 0735335 83.40% | 88.08%
B sl 187 434677 | 03.522.700 36,112,878 | 137808644  £7.260.380 264181814 02.04% | 83.30%
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Study Regiom: oregoen Page : 1 of1
Scenario: garibaldi_tsn_comb

11.3.3 Combined Earthquake and Tsunami Global Report

The Combined Global Report (Figure 141) 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:
e Combined Building Damage

e Combined Building Losses
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Earthquake specific losses include:

Earthquake Scenario Parameters

Essential Facilities Damage from Earthquake
Transportation and Ultility Lifeline Damage from Earthquake
Debris Generation from Earthquake

Shelter Requirements from Earthquake

Casualties from Earthquake

Transportation and Ultility Lifeline Losses from Earthquake

Tsunami specific losses include:

Tsunami Scenario Parameters
Tsunami Evacuation (Travel Time)

Casualties from Tsunami
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Figure 141: Combined Global Report

HAZLS
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Table 3: Expected Building Damage by Building Type [All Design Levels)
4
Hone Slight Moderate Extensive Complete
Count (%) Count, %) Count %) Count (%) Count %)
Wood 929 |87.54 5583 | 07.23 7.551 T7.73 1.258 1774 2,787 2744
Steel 0| 005 3 0.05 40 041 182 220 s 370
Concrete 1| 0.06 5 0.08 og 0.7 205 2.80 ara 368
Precast 0| 002 2 0.03 A 032 135 1.20 308 am
RM 20| 207 i 1.35 1.001 10.30 332 46.85 4112 40.56
URM 0| 0.00 1 0.01 1 0.11 ar 0.53 22 0ez
MH 3| 026 70 1.23 1.012 1042 1.085 277 2,103 20.70
L Total 952 5721 9,714 7,091 10,156
v
"Muote:
RM Reinforced Masonry
LIRM Unreinforced Masonry
MH Manufactured Housing
Combined Earthquake and Tsunami Global Risk Report Page ® of 28
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12.0 Advanced Hazus Analysis: Modifying Analysis Factors

As previously discussed, the Analysis | Parameters menu (Figure 142) allows the user to define
casualty and building economic loss parameters.

Figure 142: Analysis Parameters Menu

Snalysis | Results Bookmarks Insert  Selection  Geopr
Darnage Functions - i_:_\:fJ (5 [
Restaration 2 W Editore

| Parameters b | Casualties
Casualty : Building Economic
Run...

12.1 Casualty Parameters

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

¢ Community Preparedness Level
¢ Walking Speed
e Walking Speed Reduction

The Community Preparedness Level parameters (Figure 143) 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 loud speakers, 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 (http://www.tsunamiready.noaa.gov/). See the Tsunami Model
Technical Guidance for more information.

Figure 143: Community preparation times following warning based on Community
Preparedness Levels

" Good
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0.10!
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In Figure 144, C,., 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. C,p is used as a multiplier to
the time available (e.g., 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 1/5" 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 145.

Figure 144. Casualty Preparedness Level Parameters
Casualties = |E|

PreparednesslLevel | wialksS peed | ‘wialk SpeedR eduction |
Tahble

PreparednessLevel | Cprep | Cstd
1 |Good 02 03
2 |Fai 0E 05
3 |Poar 1.0 0.8

[ [ ]m

[ ] ] 4

Cloge | Map Frint |

The average Walking Speeds are based on the USGS Pedestrian Evacuation Analyst Tool for
populations under 65 (Figure 145).
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Figure 145: Casualty Walking Speed Parameters

PreparednessLevel WalkSpeedl ' alkSpeedReduction I
Table
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1| Slow walk
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3| Slow un
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A Walking Speed Reduction parameter is included to account for the difference in evacuation
walking speed for population over 65 years old (Figure 146). These can be used to reduce
walking speeds for either category to represent local or post-earthquake conditions.

Figure 146: Walking Speed Reduction Parameters

Preparednesslevel I ‘whalkSpeed WalkSpeedH’educlionl
Table

[ | Underf5 | OverEs
:

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”
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category is not used for Tsunami. 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:
o Cost of repair and replacement of damaged and destroyed buildings
e Costs of damage to building contents
e 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)
¢ Wage losses (consistent with income loss)

¢ Rental income losses (to building owners)

The default economic data can be viewed and modified from within the Building Economic Loss
Parameters window.

12.2.1 Percent Loss

The replacement costs (damage state = complete) were derived from Means Square Foot
Costs, for Residential, Commercial, Industrial, and Institutional Buildings. The Means publication
is a nationally accepted reference on building construction costs, which is published annually.
This publication provides cost information for a humber 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 variation 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 costs from
the Means publication is found in the Hazus Tsunami Model Technical Guidance. Since Means
is published annually, fluctuations in typical building cost can be tracked and the user can insert
the most up-to-date Means typical building cost into the default database. This procedure is
outlined in the Tsunami Model Technical Guidance.

In Hazus, selected Means 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 non-structural repair costs,
those are provided for each occupancy type by damage state (Figure 147).
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Figure 147: Percent Loss Parameters

Building Economic Loss = @@
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12.2.2 Repair Time

The time to repair a damaged building can be divided into two parts: construction and clean-up
time, and time to 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:

o 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

e Contract negotiation with design firm(s)

e Detailed inspections and recommendations

e Preparation of contract documents

¢ Obtaining building and other permits

¢ Bidding/negotiating construction contract

e Start-up and occupancy activities after construction completion

Default building repair and clean-up times are provided within Hazus. These default 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
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additional delays described above. The discussion of these values is found in the Hazus
Tsunami Model Technical Guidance. Default values can be viewed and modified using the
window shown in Figure 148.

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.

Default 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. Default
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, the default business interruption time is short on the assumption that businesses will
find alternate ways of continuing their activities. Churches will generally find temporary
accommaodation 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.
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Figure 148: Repair Time Parameters
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12.2.3 Building Contents

Building Contents are defined as furniture, equipment that is not integral with the structure,
computers, and supplies. Contents (Figure 149) do not include inventory or non-structural
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 default-contents-

damage percentages are the same for all occupancies.
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Figure 149: Content Damage Parameters

Building Econaomic Loss = e @
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[
7
3

[ > [m]w

COkd4 0.050 0.250 1.000

COmS 0.050 0.250 1.000

COmE 0.050 0.250 1.000
3 |COM7? 0.050 0.250 1.000
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12.2.4. Income 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 a number of 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. 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, default values need to be adjusted for local conditions. Default values derived from
information in Table 4.7 of ATC-13. Income Loss Data are Summarized in Figure 150.

Hazus Tsunami Model User Guidance Page 99



Figure 150: Income Loss Data
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12.2.5 Business 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
default 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 default

values are based on judgement as displayed in Figure 151.

Figure 151: Business Inventory Damage
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