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Foreword

The research and development and studies that provided the basis for this publication were
conducted pursuant to a contract with the Federal Emergency Management Agency (FEMA) by
the:

The National Institute of Building Sciences (NIBS) is a non-governmental, non-profit
organization, authorized by Congress to encourage a more rational building regulatory
environment, to accelerate the introduction of existing and new technology into the building
process and to disseminate technical information.

Copies of this report are available through the Federal Emergency Management Agency. For
information contact FEMA @ http://www.fema.gov/plan/prevent/hazus/ or:

FEMA Distribution Center
P.O. Box 2012

Jessup, Maryland 20794-2012
Tel.: 1 800-480-2520

Fax: 301-362-5335

HAZUS® is a trademark of the Federal Emergency Management Agency.
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Message to Users

HAZUS is designed to produce loss estimates for use by federal, state, regional and local
governments and private enterprises in planning for risk mitigation, emergency preparedness,
response and recovery. HAZUS comes complete with methodology to analyze earthquakes,
flood and hurricane winds. The methodology deals with nearly all aspects of the built
environment, and a wide range of different types of losses. Extensive national databases are
embedded within HAZUS, containing information such as demographic aspects of the
population in a study region, square footage for different occupancies of buildings, and numbers
and locations of bridges. Embedded parameters have been included as needed. Using this
information, users can carry out general loss estimates for a region. The HAZUS methodology
and software are flexible enough so that locally developed inventories and other data that more
accurately reflect the local environment can be substituted, resulting in increased accuracy.

Uncertainties are inherent in any loss estimation methodology. They arise in part from
incomplete scientific knowledge concerning each of the three hazards and their effects upon
buildings and facilities. They also result from the approximations and simplifications that are
necessary for comprehensive analyses. Incomplete or inaccurate inventories of the built
environment, demographics and economic parameters add to the uncertainty. These factors can
result in a range of uncertainty in loss estimates produced by HAZUS, possibly at best a factor of
two or more.

The methodology has been tested against the judgement of experts and, to the extent possible,
against records from several past earthquakes, floods and hurricanes. However, limited and
incomplete data about damage from these events precludes complete calibration of the
methodology. Nevertheless, when used with embedded inventories and parameters, HAZUS has
provided a credible estimate of such aggregated losses as the total cost of damage and numbers
of casualties. HAZUS has done less well in estimating more detailed results - such as the
number of buildings or bridges experiencing different degrees of damage. Such results depend
heavily upon accurate inventories. Of course, the geographic distribution of damage may be
influenced markedly by local conditions. In the few instances where HAZUS has been partially
tested using actual inventories of structures plus correct local condition maps, it has performed
reasonably well.

Users should be aware of the following specific limitations:

e While HAZUS can be used to estimate losses for an individual building, the results must be
considered as average for a group of similar buildings. It is frequently noted that nominally
similar buildings have experienced vastly different damage and losses during a natural
hazard.

e When using embedded inventories, accuracy of losses associated with lifelines may be less
than for losses from the general building stock. The embedded databases and assumptions
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used to characterize the lifeline systems in a study region are necessarily incomplete and
oversimplified.

e The Flood Model performs its analysis at the census block level with small numbers of
buildings. Damage analysis of these small numbers makes the Flood Model more sensitive
to rounding errors. These results should be used with suitable caution.

HAZUS should still be regarded as a work in progress. Additional damage and loss data from
actual earthquakes, wind or flood events, and further experience in using the software will
contribute to improvements in future releases. To assist us in further improving HAZUS, users
are invited to submit comments on methodological and software issues by letter, fax or e-mail to:

Philip Schneider Eric Berman

National Institute of Building Sciences Department of Homeland Security

1090 Vermont Ave., N.W. Federal Emergency Management Agency
Washington, DC 20005 Mitigation Division

Tel: 202-289-7800 ext. 127 500 C Street, S.W.

Fax: 202-289-1092 Washington, DC 20472

E-Mail: HAZUSGenHelp@nibs.org Tel: 202-646-3427

Fax: 202-646-2787
E-Mail: Eric.Berman@dhs.gov
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Limitations of the HAZUS-MH MR3 Software

Installation

HAZUS-MH MRa3 is certified to run on ArcGIS 9.2 SP2. Tests have shown that
HAZUS-MH MR3 is unable to fully function on the ArcGIS 9.2 platform only, SP1 is
required, but SP2 is preferable. ArcGIS 9.2 SP2 is available from the ESRI website.

HAZUS-MH MRa3 is certified to run on MS Windows 2000 SP2, SP3 and SP 4 and
Windows XP SP1 and SP2. A user is allowed to install HAZUS-MH MR3 on MS
Windows 2000 and XP for Service Packs higher than SP4 and SP2 respectively, but
HAZUS-MH MRa3 is not certified to work flawlessly with those service packs.

HAZUS-MH MR3 must be uninstalled only with the Windows Add/Remove Programs
utility. For details on uninstalling, please consult the User Manuals.

Users who plan to operate HAZUS-MH MR3 in a network environment will be able to
perform HAZUS operations, such as importing, but not study region creation.

Study Region Size

The database management system of HAZUS-MH MR3 is SQL Server 2005 Express
Edition. This system has a size limit of 4 GB per database, which limits the size of the
regions to 90,000 census blocks for a Riverine or Coastal flood analysis. Ninety
thousand census blocks approximates four counties and is equivalent to an area with a
population of about 9 million. For a multi-hazard study region that includes data for all
three hazards, the 4 GB limit will permit an even smaller study region. To work around
this, the full version of Microsoft SQL Server must be used (see Appendix H in the User
Manual).

Multihazard loss analysis capability is limited to the 23 states that experience hurricane,
flood and earthquake hazards and requires that the user first run annualized losses for
each of the three hazards.

To maximize the size of the study region that may be analyzed, set the virtual memory
size from a minimum of 2048 MB to a maximum of 4096 MB. For the earthquake
model, the virtual memory size may be increased from a minimum of 1024 MB to a
maximum of 2048 MB for optimal operation. Here are the steps for setting the virtual
memory size (in Windows XP. See page 2-17 in User Manual for Windows 2000):

1 - Click on Start | Settings | Control Panel | System

2 - Click on the Advanced Tab

HAZUS-MH MR3 Technical Manual
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IMPORTANT: Make sure the path ends with a "\" and do not change any of the other
registry settings.

4 - Close the Registry Editor by choosing Exit from the File menu of the Registry Editor.

Capabilities

Transferring data, including importing study regions, from HAZUS99, HAZUS99-SR1,
HAZUS99-SR2, HAZUS-MH and HAZUS-MH MR1 to HAZUS-MH MR3 will require
the assistance of technical support.

Except for Puerto Rico, inventory data are unavailable for the US held territories.

Due to lack of default data, riverine users in the States of Hawaii and Alaska and Puerto
Rico will be unable to perform hydrologic analyses. These users may still compute
riverine flood hazard; however, options of specific return period and suite of return
periods will be unavailable. Instead specific discharge should be selected.

Components of independently developed data sets in the default inventory data might not
line up on maps, for example, the placement of bridges and roads, and facilities. This
situation can be addressed by updating the default inventory data with user supplied data.

When running the hydrology analysis the recommended limitation is 150-reaches to
ensure function completion.

When running the hydraulic (Delineate Floodplain) analysis, the recommended limitation
is 24-reaches for the suite and 90-reaches for single discharge or single return period,
assuming the machine has 2 GB of RAM.

Running the General Building Stock analysis might require 1 to 3 hours analysis time.
The flood date (Analysis -> Parameters -> Agricultural...) needs to be set before running
the agricultural analysis (Analysis -> Run -> Agricultural Products). Failure to do so will
result in a message during analysis that will require interaction and will likely delay
completing the batch of selected analyses.

The coastal What Ifs, Long-term Erosion and Shore Protection features are disabled.

BIT and INCAST

In the Flood Model, BIT does not allow mapping from specific to general building types.

Since INCAST development predated the development of the Flood Model in HAZUS-
MH, data types used for different types of hazard specific data in INCAST are not
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compatible with those used in HAZUS-MH MR3. Additionally, INCAST does not
capture all hazard specific attributes used in HAZUS-MH MR3.

INCAST can be used to capture flood hazard data which can be imported into HAZUS-
MH MR3 from hzlncast table. However, the following fields should not be imported:
BldgType, Kitchen, Dinning and Sleeping.

Technical Support

e Technical support is available via telephone, e-mail, or FAX. The numbers and addresses
are listed on the HAZUS software package and under the Help menu in the software.
Information on HAZUS updates, software patches, and FAQs are available at
http://www.fema.gov/plan/prevent/hazus/index.shtm/.

Limitations of the HAZUS-MH MR3 Software
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What's New in HAZUS — Flood Model

What’s New in HAZUS-MH MR1

Data

Updated valuations for the general building stock.

Methodology

Optimized riverine and coastal flooding hazard characterization

Other Features

Operation on the new ArcGIS 9.0 SP1 platform

Improved integration with the underlying ArcGIS platform.

Capability to run HAZUS-MH MR1 without administrative rights.

Flood Information Tool (FIT) integrated into the HAZUS-MH MR1 installation.

Capability to utilize third-party tools.

What’s New in HAZUS-MH MR2

Data

2005 valuation data for all occupancy classes.
Means location factors for residential and non-residential occupancies on a county basis.

Updated and validated valuation data for single-family residential housing and manufactured
housing based on comparisons with other national databases.

Zeros substituted for any negative values calculated for the daytime, nighttime, working
commercial, working industrial and commuting populations.

Construction age and values by decade for every census block with floor area (square
footage).

Methodology

Capability to create study regions larger than four counties using the full version of SQL
Server. (The 90,000 census block limit, which approximates four counties, is still applicable
to study regions created with SQL Server MSDE with its 2 GB size limit.)
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Other Features

Keyboard operation of all user interface operations with some exceptions.
Operation on the ArcView 9.1 SP1 platform.
Certified on Windows XP SP2.

Operation on the MDAC 2.8 data access engine from Microsoft.

What’s New in HAZUS-MH MR3

Data

Commercial data updated to Dun & Bradstreet 2006.
Building valuations updated to R.S. Means 2006.

Building counts based on census housing unit counts for RES1 (single-family dwellings) and
RES2 (manufactured housing) instead of calculated building counts.

Methodology

User-supplied flood maps and flood depth grids import into the “quick look” and “enhanced
quick look” functions.

Optimized building analysis.

Revised hazard menu graphic user interface.

Other Features

Operation on the ArcView 9.2 SP2 platform.

Operation on Microsoft SQL Server 2005 Express.

Operation on the MDAC 2.8 SP1 data access engine from Microsoft.
Operation on FarPoint Spread 7 — Spreadsheet.

Operation on Crystal Reports 11.

Enhancements to the existing aggregation routines to reflect improved procedures for
processing study region information.

What’s New in HAZUS — Flood Model
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Chapter 1. Introduction to FEMA Flood Loss Estimation Methodology

1.1 HAZUS: FEMA’s Multi-Hazard Loss Estimation Methodology & Software

In the early 1990’s, FEMA embarked on an ambitious undertaking to expand the Nation’s
capacity to estimate losses from major types of natural hazards, including earthquakes, floods,
and severe winds. This enhanced capacity for estimating losses from natural hazards will be
embodied in HAZUS, an integrated software package. Within HAZUS, there will be a separate
module for estimating the losses from each hazard. The earthquake module is now operational,
and it is undergoing continual improvements. Other modules for floods and wind are currently
under development.

This expanded analytical capacity will assist public officials at all levels of government in
preparing estimates of losses from natural hazards, and in facilitating emergency response,
planning, and hazard mitigation. One can envision numerous private-sector applications as well,
particularly by the insurance and construction industries and others interested in economic
development.

From a natural hazards policy perspective, the capacity of HAZUS to generate consistent loss
estimates for these multiple hazards is particularly significant. To achieve this consistency,
HAZUS, to the extent possible, draws on shared national databases. The national inventory of
housing and commercial and industrial facilities is perhaps the best example of a shared
database. Because of the unique nature of each hazard, however, different attributes of the
shared data are most critical in determining loss estimates from individual hazard. For example,
for flood loss estimation, knowing a building’s first floor elevation and specific location within a
community is more critical than in estimating earthquake losses. In contrast, knowing the height
of the building and certain of its structural characteristics is more critical in estimating
earthquake losses.

Within HAZUS, care is also being taken to guarantee that the loss estimation methodologies are
consistent across modules. The flood and wind committees, for example, are coordinating their
efforts so that the separate methodologies do not double count the losses due to wind and storm
surge during coastal storms.

Another unique feature of HAZUS is its capacity to accommodate additional data and methods
that are often available at the state and local level. It is through this capacity of HAZUS that
localities can use the tool to refine loss estimates for local emergency planning and to determine
the effects of hazard mitigation strategies. Where no current data on the flood hazard exist,
HAZUS can also be used by localities as a platform for increasing awareness of the flood hazard
and for generating interest in estimating losses based on these readily available “default” data
and methods. It provides other states and localities a platform for estimating losses based on
readily available data bases, and can serve to demonstrate effectively the benefits of developing
better data at the local level for hazard loss estimation, emergency response and mitigation
planning. Perhaps in contrast to some other hazards, this capacity within HAZUS is particularly

HAZUS-MH MR3 Technical Manual



1-2

critical for floods, given the local nature of the hazard and the capacity to affect the nature of the
hazard through local structural works.

From a national policy perspective, FEMA is responsible for providing national estimates of
annualized losses due to these various natural hazards. At the most general level, these loss
estimates document the magnitude of the natural hazards problems, as well as provide a
benchmark against which progress toward reducing losses due to natural hazards through public
policy can be assessed. In its first application of HAZUS for this purpose, FEMA published a
report in February 2001 entitled: HAZUS 99: Estimated Annualized Earthquake Losses for the
United States. As other modules in HAZUS become available, FEMA anticipates using HAZUS
to provide estimates of annualized losses from other major hazards on a basis consistent with
those for earthquakes.

1.2 Technical Manual Background

The Technical Manual describes the methods for performing flood loss estimation. It is based on
a multi-year project to develop a nationally applicable methodology for estimating potential
flood losses on a regional basis. The project has been conducted for the National Institute of
Building Sciences (NIBS) under a cooperative agreement with the Federal Emergency
Management Agency (FEMA).

The primary purpose of the project is to develop guidelines and procedures for making flood loss
estimation at a regional scale. These loss estimates would be used primarily by local, state and
regional officials to plan and stimulate efforts to reduce risks associated with flooding and to
prepare for emergency response and recovery. A secondary purpose of the project is to provide a
basis for assessing nationwide risk of flood losses.

The methodology development and software implementation has been performed by a team of
flood loss experts composed of engineers, hydraulic and hydrology modelers, emergency
planners, economists, social scientists, geographic information systems analysts, and software
developers. The Flood Oversight Committee has provided technical direction and review of the
work.

1.3 Technical Manual Scope

The scope of the Technical Manual includes documentation of all methods and data that are used
by the methodology. Loss estimation methods and data are obtained from referenced sources
tailored to fit the framework of the methodology, or from new methods and data developed when
existing methods and data were lacking or not current state of the art.

The Technical Manual is a comprehensive, highly technical collection of methods and data
covering a broad range of topics and disciplines, including hydraulics and hydrology, structural
engineering, floodplain management, social science, and economics. The Technical Manual is
written for readers who are expected to have some degree of expertise in the technical topic of
interest, and may be inappropriate for readers who do not have this background.
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As described in Chapter 2, a separate User Manual describes the flood loss estimation
methodology in non-technical terms and provides guidance to users in the application of the
methodology. The methodology software is implemented using Geographic Information
Systems (GIS) software (specifically ArcGIS 9.2 with SP2 with the Spatial Analyst extension as
developed by Environmental System Research Institute (ESRI)) as described in the Technical
Manual.

1.4 Technical Manual Organization

The HAZUS-MH Flood Model Technical Manual organization has been established by the
existing Earthquake Model Technical Manual and so in some cases, it may not be as clear as a
flood specific organization may have been. This section has been written to help the flood user
wade through the Technical Manual and locate items of interest. The Technical Manual
Chapters are as follows:

Forward: A short paragraph providing legal disclaimers and copyright information regarding
the protection and rights of FEMA and the National Institute of Building Sciences (NIBS) with
respect to this document and the HAZUS-MH model.

Message to Users: This section provides some caution and guidance to the users on how the
results of the three models can be used and issues related to uncertainty resulting from using the
default data and the assumptions necessary to produce functioning methodology.

Acknowledgements: A listing of people and organizations who committed their time and effort
in the development of the HAZUS-MH Flood Model.

Chapter 1: Introduction to FEMA'’s flood loss estimation methodology. This chapter provides
a history of HAZUS and the development of HAZUS. This section introduces the reader to the
Technical Manual’ scope and organization.

Chapter 2: This chapter provides the user with an overview of the HAZUS-MH framework, the
project vision and the objectives. This chapter will provide the reader with an understanding of
key concepts related to HAZUS-MH such as the levels of analysis.

Chapter 3: Chapter 3 provides the reader with a description of the baseline or default data
provided within HAZUS-MH. The chapter is organized to follow the menu organization within
the three models with a discussion of the General Building Stock (GBS), Essential Facilities,
High Potential Loss Facilities, User Defined Facilities, Transportation Systems, and Utility
Systems. The three models share a common valuation discussion and demographics data. The
Flood Model has unique data discussed in the sections on Agriculture Products and Vehicles.

Chapter 4: The Potential Earth Science Hazards (PESH) is the chapter where the user will find
descriptions on hazard methodology. In other words, this section will describe for the user how
the methodology that has been coded within the Flood Model to develop the flood depth grids
that are used in estimating losses. This chapter will address the riverine and coastal hazards and
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the “What-if?” modeling that is available for the user. A brief section will discuss other flood
hazards that may be addressed in future versions of the Flood Model.

Chapter 5: This chapter addresses the heart of the loss estimation methodology, the damage
analysis for the General Building Stock. In this chapter, the methodology for estimating the
losses associated with the depth grids developed from the hazard models discussed in Chapter 4
is described. This chapter includes a discussion of the building damage functions, the function
library and the application of these functions to the occupancy classifications.

Chapter 6: Similar to Chapter 5, this chapter discusses the application of the depth damage
functions to the Essential Facilities. This chapter will discuss the classification of the essential
facilities, the default damage curves, and the facility functionality.

Chapter 7: The reader will find a detailed discussion of the development and application of
damage functions for transportation facilities (Bridges only for the Flood Model) and the utility
systems. As with the previous two chapters, this section will describe the analysis capabilities of
the flood model.

Chapter 8: This chapter provides a detailed discussion on the vehicle damage analysis. Unique
to the flood model, this chapter discusses the development of the damage functions for vehicles
and the application of the functions to the vehicle inventory.

Chapter 9: Another Flood Model unique analysis, this chapter provides a detailed discussion of
the damage methodology for agricultural products. The chapter will provide an overview of the
AGDAM models modified for use within the flood model.

Chapter 10: Although the flood model does not perform any direct analysis for the hazardous
materials inventory, this chapter has been included to remain consistent with the earthquake
model.

Chapter 11: While the earthquake model performs several analyses for induced damages, the
Flood Model only analyzes debris related to building damages. This chapter will describe the
overall process for the debris analysis and the methodology associated with the analysis.

Chapter 12: The Flood Model does not perform any direct analysis in support of casualty
estimation, but this chapter provides a detailed discussion on the research performed for the
HAZUS Flood Model and the resulting document available for the users review.

Chapter 13: Like the earthquake model, the Flood Model provides the user with an estimate of
the shelter requirements. The Flood Model does not make use of all the parameters the
earthquake model does and accounts for the likelihood of evacuations due to flood warning.
This chapter provides a detailed summary of the methodology created for the Flood Model.

Chapter 14: This chapter provides the reader with a detailed discussion on how the flood model
transforms the damages estimated for buildings and contents into direct economic impacts such
as the building, content, and inventory losses.
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Chapter 15: The Indirect Economic Loss Module (IELM) is a standalone module closely
related to the module within the earthquake model. This chapter will provide the user with an
understanding of the IELM and the applied methodology.

Chapter 16: This section provides the reader with a detailed discussion on the capabilities of
the Flood Model and how the user can manipulate both Level 1 and Level 2 data to perform
policy analyses.
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Chapter 2. Overall Approach and Framework of Methodology

2.1 Vision Statement

As stated previously, the overall objective of the HAZUS-MH project is to develop nationally
applicable standardized multi-hazard methodologies for estimating potential wind, flood, and
earthquake losses on a regional basis. The multi-hazard HAZUS is intended to be used by local,
state, and regional officials for planning and stimulating mitigation efforts to reduce losses from
hurricanes, severe floods and earthquakes and preparing for emergency response and recovery
following these events. Depending on the capability built in for each hazard, the multi-hazard
HAZUS may also be used to prepare a real time (rapid loss) estimate following an event.

HAZUS-MH is capable of loss estimation for each of three hazards noted below, and has the
following major features:

1. A Hurricane Preview Model, a complete Flood Model, and a complete Earthquake Model

2. Capability to run both deterministic and probabilistic scenarios. In the case of the flood
model, there is no real distinction between the two as flood return periods are by definition
probabilistic in nature.

3. A single, fully integrated set of functions for scenario creation, default inventory and
reporting functions for the three models

4. Geographic Information System (GIS) functions

5. Capability to receive user-supplied input for all three models to generate more refined loss
estimations

6. Varying degrees of real-time analysis for each hazard

7. State-of-the-Art software, fully documented with metadata and data dictionaries for all
databases

2.2  Project Objectives

The HAZUS-MH Flood Model is being developed for use by floodplain managers and other
users who have the responsibility of protecting citizens and property from the damaging affects
of flooding. It is an integrated system for identifying and quantifying flood risks based on
advanced science and engineering technology. It is meant to provide an analytic, decision
support tool to help communities make informed decisions regarding land use within flood prone
areas.

The overall features and functionality of the Flood Model are, to a large extent, based upon
capabilities found in the HAZUS99 Earthquake Model. Thus, the same general approach to
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applying the overall methodology was used in development of the Flood Model. An overall
schematic of the HAZUS-MH Flood Model methodology is presented in Figure 2.1 below.

Potential Earth Science Hazards

4. Riverine or Coastal Bl
Inundation £

4, Velocity

Direct Physical Damage

5. General 6. Essential Facilities 7. Lifelines: . 8. Agriculture
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IELM

16. Indirect
Economic Losses

Figure 2.1 Flood Model Schematic
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At this time, some features of the flood model are not being implemented because additional
research and development was required to construct effective models. In those cases, the models
are shown in grey boxes and the connections leading to those components are also in grey. As
shown in Figure 2.1, the Flood Model methodology consists of two basic analytical processes:
flood hazard analysis and flood loss estimation analysis. In the hazard analysis phase,
characteristics such as frequency, discharge, and ground elevation are used to model the spatial
variation in flood depth, and velocity. During the loss estimation phase, structural and economic
damage is calculated based on the results of the hazard analysis through the use of vulnerability
curves. Model results can then be conveyed to the user via a series of reports and maps. Those
features that are not implemented in this version of the HAZUS-MH Flood Model are grayed out
in Figure 2.1 including Fire Following Flood, Hazardous Materials Release, and Casualties.

Users will implement the methodology using the GIS-based software application provided by
NIBS. After initial inventory entry, the program will run efficiently on a desktop computer. The
system requirements for the software are defined in the HAZUS-MH MR2 Flood Model User
Manual. The ArcGIS technology provides a powerful tool for displaying outputs and permits
users to "see" the effects of different flood scenarios and assumptions. The Flood Model User
Manual will guide users in program manipulation, input of new data, and changes to existing
data.

Certain users may not wish to use the software application, or may want to augment the results
with supplementary calculations. In such cases, users can refer to the Flood Model Technical
Manual for a complete description of models and data of each module. The Flood Model
Technical Manual is useful to technical experts, such as those engineers and scientists that have
conducted previous flood loss studies, but might be inappropriate for non-technical users.

Both technical and non-technical users are guided in the application of the methodology by the
Flood Model User Manual, which addresses important implementation issues, such as:

1. Selection of scenario floods and other PESH inputs

2. Selection of appropriate methods (modules) to meet different user needs

3. Collection of required inventory data, i.e., how to obtain necessary information
4. Costs associated with inventory collection and methodology implementation

5. Presentation of results including appropriate terminology, etc.

6. Interpretation of results including consideration of model/data uncertainty.

The three project deliverables are shown in Figure 2.2.
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Figure 2.2 Project Deliverables

2.2.1  Accommodation of User Needs

The methodology utilizes a modular approach with different modules addressing different user
needs. This approach avoids the need to decide on who is the designated user. The needs of
most, if not all, users are accommodated by the flexibility of a modular approach.

The GIS technology permits easy implementation by users on desktop computers. The visual
display and interactive nature of a GIS application provides an immediate basis for exchange of
information and dialog with end-users of the results. The Flood Model User Manual provides
appropriate terminology and definitions, and user-oriented descrih 80.010s2 Tstiiate termes(proach. )TJETE
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2.2.4  Uses of Methodology Data

The Flood Model User Manual provides recommendations for collecting inventory data that will
permit use of the data for non-flood purposes. Inventory information will come from databases
supplied with the methodology and/or collected in databases compatible with the software. Such
data will be available to users for other applications.

2.2.5 Accommodation of Different Levels of Funding

The methodology includes modules that permit different levels of inventory collection and
associated levels of funding. For example, the methodology permits simplified (Default Data
Analysis) estimates of damage and loss, using primarily default data supplied with the software
application. These estimates of damage/loss do not require extensive inventory collection and
can be performed on a modest budget. More precise damage/loss (User-Supplied Data Analysis)
estimates require more extensive inventory information at additional cost to the user. The Flood
Model User Manual provides guidance to users regarding trade-offs in cost and accuracy of
results.

2.2.6  Standardization

The methodology includes standard methods for:

1. Inventory data collection based on census block areas or site specific data collection

2. Using database maps of terrain elevations

3. Classifying occupancy of buildings and facilities

4. Classifying building structure type

5. Developing building damage functions

6. Grouping, ranking and analyzing lifelines

7. Using technical terminology

8. Providing output

2.2.7  Non-Proprietary

The methodology includes only non-proprietary loss estimation methods. The software

application is non-proprietary to the extent permitted by the ESRI (ArcGIS) related
requirements.
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2.3 Description of Flood Loss Estimation Methodology

Depending on the expertise of the user, the Flood Model is designed to operate with minimal
user interface and data, or the user can pre-process higher quality data and perform more
rigorous analyses. Users are required to have ESRI’s Geographic Information System (GIS)
called ArcGIS version 9.2 with SP2 and the associated extension Spatial Analyst in order to
perform flood loss estimation. All users will be required to supply a Digital Elevation Model
(DEM) since floods are inherently dependent on the terrain. The Flood Model has been designed
to ease the process of bringing in a DEM. The Flood Model has been designed to allow the user
to easily define the DEM required for their study region and to obtain the National Elevation
Dataset (NED) from the USGS website. The user can also use the information to provide their
own DEM that meets the needs of the model. Once a DEM is supplied, the user can then start
developing estimates of damage and losses due to their flood hazard. A user who may have
better terrain data and improved data that defines their flood hazard may decide to use the Flood
Information Tool (FIT) to pre-process their data and import it into the Flood Model. The FIT
requires the user to have the following data:

e Flood surface data such as Coastal Base Flood Elevations (BFE), digital stream cross
sections attributed with flood elevation, or digitized BFE lines from the Flood Insurance Rate
Map (FIRM). These will need to be in the form of a polyline,

e Digitized floodplain boundaries such as those shown on a FIRM (i.e., a paper map digitized
either in house or by a contractor), a Digital Flood Insurance Rate Map (DFIRM), a Q3 map,
or any other floodplain map. This will be in the form of a polygon,

e Ground elevation in a grid format. This may be built from contours, Triangular Irregular
Networks (TINSs) or other formats that the user may have.

The FIT is designed to operate as an extension within ArcGIS. The FIT allows the user to
produce depth grids for one or more return periods, skew angles, and other data required by the
flood model. Figure 2.3 shows the input data requirements for the FIT, and how the output
results from the FIT is integrated into the HAZUS Flood Model.
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Figure 2.3 Overview of the Integration of the FIT and the HAZUS Flood Model

The Inventory Collection and Survey Tool (INCAST) and the Building Import Tool (BIT) are
tools developed to assist users in collecting and generating building inventory data for the
HAZUS99 Earthquake Model. While every effort has been made to preserve and utilize fields
and data from the existing Earthquake Model, the physical nature of the flood hazard and
differences in damage functions cause differences in data requirements and detail.

The BIT is designed to take existing large format data and import the data into HAZUS. The
user interface for the program is not complex and requires only moderate modifications to
account for different fields necessary for flood loss estimation (such as foundation type and
garage). The BIT itself has been modified to support the proposed HAZUS Software
Architecture and the Flood Model is the first model developed according to the proposed
architecture.

The InCAST program is site specific in nature and is somewhat more suitable to the flood
hazard. InCAST has features that make the collection of data regarding repetitive loss structures
or structures within a particular census block fairly easy. The INCAST tool has several “tabs”
that allow the user to enter data of ever increasing detail into a database file.
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2.3.1 Level of Analysis

Following the HAZUS99 format, the HAZUS-MH Flood Model will permit three levels of
analysis:

Level 1 This is the simplest type of analysis requiring minimum effort by the user as it is based
mostly on input provided with the methodology (e.g., census information, broad regional patterns
of floodplain code adoption, etc.). The user is not expected to have extensive technical
knowledge. While the methods require some user supplied input to run, the type of input
required could be gathered by contacting government agencies or by referring to published
information. At this level, estimates will be crude, and will likely be appropriate only as initial
loss estimates to determine where more detailed analyses are warranted.

Some components of the methodology cannot be performed in a Default Data Analysis since
they require more detailed inventory than that provided with the methodology. The following
are not included in the Default Data Analysis: damage/loss due to ground failure or erosion
(riverine), damage/loss due to earthquake driven flooding such as tsunamis or seiche,
damage/loss due to dam failure. At this level, the user has the option (not required) to enter
information about site-specific facilities such as hazardous materials sites or essential facilities
among others. One week to a month would be required to collect relevant information
depending on the size of the region and the level of detail the user desires.

Level 2 analysis is intended to improve the results from Level 1 by considering additional data
that are readily available or can easily be converted or computed to meet the methodological
requirements. In Level 2, the user may need to determine parameters from published reports or
maps as input to the model. It requires more extensive inventory data and effort by the user than
Default Data Analysis. The purpose of this type of analysis is to provide the user with the best
estimates of flood damage/loss that can be obtained using the standardized methods included in
the methodology. Flood Model users will need to use the FIT to pre-process their flood hazard
data for use in the Flood Model. It is likely that the user will need to employ consultants to assist
in the implementation of certain methods. For example, knowledgeable users of hydrology and
hydraulics models would likely be required to define flood elevations.

All components of the methodology can be performed at this level and loss estimates are based
on locally (user) developed inventories. At this level, there are standardized methods of analysis
included in the software, but there is no standardized User-Supplied Data Analysis study. As the
user provides more complete data, the quality of the analysis and results improve. Depending on
the size of the region and the level of detail desired by the user, one to six months would be
required to obtain the required input for this type of analysis.

Level 3 analysis will require extensive efforts by the user in developing information on the flood
hazard and the measure of exposure. This type incorporates results from engineering and
economic studies carried out using methods and software not included within the methodology.
At this level, one or more technical experts would be needed to acquire data, perform detailed
analyses, assess damage/loss, and assist the user in gathering more extensive inventory. It is
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anticipated that at this level there will be extensive participation by local utilities and owners of
special facilities.

There is no standardized Advanced Data and Models Analysis study. The quality and detail of
the results depend upon the level of effort. Six months to two years would be required to
complete an Advanced Data and Models Analysis. Each subsequent level builds on and adds to
the data and analysis procedures available in previous levels.

Figure 2.4 provides a graphic representation of the various levels of analysis and the subsequent
user sophistication to achieve that level of analysis.

Required user
effort and data
sophistication

3 Input
Detailed
engineering data

Combinations
2 of local and
default hazard,
building, and damage data

1 Default hazard, inventory,
and damage information

Levels of Analysis

Figure 2.4 Levels of Analysis and User Sophistication

The attributes of the model for each level of analysis and examples of typical applications are
presented in Table 2.1.
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Table 2.1 Attributes of the HAZUS Flood Model

Level 1

Level 2

Level 3

Users supply Digital Terrain Model
(DEM), typically the USGS 30-meter
DEM. The Flood Model will use
default hazard data including Hydraulic
Unit Codes, and accumulation

User supplied hazard data pre-
processed in the FIT. User will supply
improved DEM, flood hydraulic and
hydrology results including stream
cross-sections attributed with

Similar to Level 2 although the user
will likely work with Hydraulic models
outside of the flood model and the FIT.

FEZELE methodology to develop approximate |elevations, or lines of BFE. Coastal

stream centerlines. USGS regression  |users will supply polygons attributed

equations and gage records will be used |with the BFE. A flood boundary of

to determine discharge frequency some form is required.

curves.

Present HAZUS default data User supplies inventory data either High quality data re building values,

methodology, enhanced for flood through Tax Assessor data processed |flood vulnerabilities, contents,

needs. Allocation of census block data |through the BIT or via the site surveys |occupancies, etc, extended to industrial
Inventory via statistical analysis, and broad and the INCAST. Users enhance the  |and other high-value facilities.

assumptions for first floor elevation.
General land use, Lifelines,
Agriculture, Vehicles inventory,
Essential facilities

first floor elevation information and
other attributes necessary for flood loss
estimation

Damage Curves

Broad regional default curves
consistent with level of detail of
inventory, based on available FIA or
USACE depth damage curves. Library
of curves available for user selection.
User may create their own using
internal guides.

User provides their own functions or
specifically modifies the existing curve
library for local practices.

User-input curves based on detailed
building surveys, specific crop
conditions etc.

0T-¢



[enuey [edluydal 4N HN-SNZVH

Table 2.1 Attributes of the HAZUS Flood Model (Continued)

Level 1

Level 2

Level 3

Damage
Estimation

Area weighted damage estimates based
on the depth of flooding within a given
census block. Losses developed for
General Building Stock, Vehicles,
Agricultural products, select
transportation and utility features.

Consistent with Level 1, estimation
enhanced by improved hazard data and
detail in inventory data and
modification to damage curves.

Consistent with Level 1, estimation
enhanced by improved hazard data and
detail in inventory data and
modification to damage curves.

Direct Loss/
Impacts

Cost or repair / replacement, human
casualties and shelter needs, temporary
housing, vehicles, crop & livestock
losses.

Consistent with Level 1,estimation
enhanced by improved hazard data and
detail in inventory data and
modification to damage curves

Consistent with Level 1,estimation
enhanced by improved hazard data and
detail in inventory data and
modification to damage curves

Indirect Loss/

Sectoral economic impacts.

Sectoral economic impacts.

Sectoral economic impacts.

Impacts
« Flood mitigation / regulatory policy- |« Planning, zoning, development... « Analysis for essential, cultural, high-
making, regional, state, federal levels|. Mitigation alternatives selection loss potential facilities
— « Pre-feasibility studies « Engineering pre-feasibility studies | Emergency planning and real-time
ypica « Real-time emergency response with i -ti response
Applications gency resp « Emergency planning and real-time

no warning

response
« Environmental impact analysis
« Education

- Mitigation and engineering research
Scientific research

T1-2
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2.3.2  Loss Estimation Analysis

The Flood Model allows the user to utilize a default general building stock to estimate the direct
physical damages to buildings and contents, the exposure of essential facilities to flooding, the
consequential direct economic losses, and the number of people displaced by evacuation and
inundation.

The Flood Model also allows the user to import the tabular results from the FIT and access the
default inventory and valuation data. The model then estimates the resultant damage in terms of
dollars and units impacted as well as the estimation of the number of units impacted by the flood
that would then lead to an estimation of the displaced population. Results are presented in
summary reports aggregated to the study region level and tabular results at the census block or
site specific depending on input data. The Flood Model comes with a suite of damage functions
including most of the available curves from the Federal Insurance Administration (now known as
the Federal Insurance and Mitigation Administration within the Department of Homeland
Security) and the US Army Corps of Engineers.

The Flood Model will be composed of five interrelated components used to estimate flood
losses. These components are:

e Inventory Data

Flood Hazard

Direct Physical Damage

Induced Physical Damage

Economic and Social Impacts

For each of the major components such as flood hazard, inventory, and direct damage, one or
more alternative methods were selected for potential use in the module. Each method was then
employed in one or more of the “proof-of-concept” communities to estimate a parameter
(i.e., results) in as similar a manner as would be done in the HAZUS Level 1 analysis. An
example of parameter (the result) would be depth of flooding in a census block. These results
were then compared to the best available measure of the same parameter (termed *“ground
truth”). Each alternative evaluated and the results of the evaluation are presented in the next
sections. Note that not all alternatives were evaluated in each community.

The following guidelines were used during the proof-of-concept evaluation:
e Where possible, based on the quality of available data, two alternative methods for each

component of the flood loss model were evaluated in each community, with the contingency
to evaluate as many as four;
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e Evaluate at least one alternative method that may be available in the near future, such as the
use of remote sensing (e.g., satellite imagery) to produce inventory data;

e Utilize “what if” scenarios to evaluate the results produced by the various alternatives;

e Explore alternatives that can improve the HAZUS default databases; and

e Follow a general procedure of trial-and-comparison in evaluating each of the alternatives.
The selected alternative was then enhanced and incorporated into the HAZUS Flood Model
methodology.

2.4 Integration of the three HAZUS Loss Estimation Models

The HAZUS release, called HAZUS, will be comprised of a three-tiered framework consisting of
a

e Presentation Layer with the display for user interface and overall control

e Application Layer with the three models for hazard-specific calculations

e Data Access Layer with common and hazard-specific databases and input/editing functions
HAZUS will be supported by component-based implementation for Geographic Information
Systems (GIS) using ArcObjects9.2 or better to handle spatial data and mapping functions. GIS
programs will add the following functionality:

e Query functions for inventory and loss estimation

e Thematic mapping capabilities

e Raster GIS tools for flood hazard characterization

e Potential for future web enablement

Crystal Reports will be used for report generation including detailed numerical and graphical
output and summary reports.

Software in HAZUS will be:
e Implemented to run on an IBM-compatible personal computer
e Written in Microsoft Visual C++, but can use Visual Basic/VVBA as needed

e Documented to industry standards
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e Supported by metadata describing default hazard and inventory databases

e Contained on CDs for each hazard by region. The number of regions for each hazard will
depend on the file size after development of the software

HAZUS-MH manuals will consist of:

e Users’ manuals for the Hurricane Preview, Flood, and Earthquake models will explain each
hazard methodology to local, state, and regional officials and other users. Each manual will
include information on using the HAZUS shell.

e Technical manuals for the Hurricane Preview, Flood, and Earthquake models will describe
the methodologies’ background for use by technical professionals.

Users GIS Environment:

As a result of methodology and product requirements, the software shall be developed using
ESRI’s ArcGIS product. This will require the users to have licenses for ArcView Version 9.2 or
better and Spatial Analyst Version 9.2 or better. ESRI will update ArcObjects and other ArcGIS
related products on a regular basis. Users will need to refer to the current HAZUS-MH MR3
release documentation for the latest ArcGIS version compatibility.

The Flood Model will share a common overall modular software architecture with the
Earthquake and Wind Models. The user interface screens shall vary to some degree for each
model, but have a common look and feel. An overview of the HAZUS architecture and the
various hazard components is provided in Figure 2.5.
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Chapter 3. Inventory Data: Collection and Classification

3.1 Introduction

An important requirement for estimating losses from floods is the identification and valuation of
the building stock, infrastructure, and population exposed to flood hazard i.e., an inventory.
Consequently, the HAZUS Flood Model uses a comprehensive inventory in estimating losses.
This inventory serves as the default when the users of the model do not have better data
available. The inventory consists of a proxy for the general building stock in the continental
United States, Hawaii and the US held Territories. Additionally, the model contains national
data for essential facilities, high potential loss facilities, selected transportation and lifeline
systems, demographics, agriculture, and vehicles. This inventory is used to estimate damage and
the direct economic losses for some elements (i.e., the general building stock) or the associated
impact to functionality for essential facilities.

The Earthquake Model’s general building stock is currently available at the census tract level but
increased resolution is needed to support the Flood Model. The census block was chosen as the
level of aggregation due to its relatively small geographic size and the capability of the census to
identify data at that level of detail. The census only provides information for the development of
the residential structures data. Similar to the Earthquake Model, Dun & Bradstreet (D&B) has
provided data for non-residential structures at the census block level.

3.2  Direct Damage Data — Buildings and Facilities
3.2.1 General Building Stock

The General Building Stock (GBS) includes residential, commercial, industrial, agricultural,
religious, government and education buildings. Damage is estimated in percent and is weighted
by the area of inundation at a given depth for a given census block. The entire composition of
the general building stock within a given census block is assumed to be evenly distributed
throughout the block. The inventory information necessary for determining a given percent
damage for the inundated area is given by relationships between the specific occupancy
classifications and the building types. The square foot occupancy table is the table from which
all the other tables are based.

All three models (Earthquake, Wind and Flood) use key common data to ensure that the users do
not have inventory discrepancies when switching from hazard to hazard. Generally the Flood
Model displays GBS data at the census block while the Hurricane and Earthquake Model
displays GBS data at the census tract level. In order to allow for future alignment between the
Hurricane and Flood Models, the Hurricane Model will display and perform analysis at the
census block level if the user has included the Flood Model in the study region. Whenever the
Flood Model is included in the study region, all three models require the user to edit the common
inventory data at the census block level. The key GBS databases include the following:
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e Square footage by occupancy. These data are the estimated floor area by specific
occupancy (e.g., COML1). For viewing by the user, these data are also rolled up to the general
occupancies (e.g., Residential).

e Full Replacement Value by occupancy. These data provide the user with estimated
replacement values by specific occupancy (e.g., RES1). For viewing by the user, these data
are also rolled up to the general occupancies (e.g., Commercial).

e Building Count by occupancy. These data provide the user with an estimated building
count by specific occupancy (e.g., IND1). For viewing by the user, these data are also rolled
up to the general occupancies (e.g., Government).

e General Occupancy Mapping. These data provide a general mapping for the GBS
inventory data from the specific occupancy to general building type (e.g., Wood). Generally,
all three models will agree, however, a user can modify the general occupancy mapping at
the census block level in the Flood Model thereby requiring them to select an “average”
value at the tract level in the other two models, which will result in variances. This should
not be an issue for users making this type of change.

e Demographics. This table provides housing and population statistics for the study region.
3.2.1.1 Classification

In HAZUS99, 28 specific occupancy classifications were used in the baseline inventory. The
primary purpose of building classifications is to group buildings with similar valuation, damage
and loss characteristics into a set of pre-defined groups for analysis. For example, the damage
and loss models represent a typical response of the occupancy classification to inundation.
During the development of the HAZUS-MH and the Flood Model, it was recommended that the
number of specific occupancy classifications increase from 28 to 33 to allow for an enhanced
classification of the multi-family dwellings. This was accepted by all three HAZUS contractors
and therefore, all three models are using the same specific occupancy classifications.

With respect to classifying buildings by their construction types, where Earthquake Model uses
36 specific construction types (e.g., S1L), the Flood Model uses the five general construction
classifications: Wood, Concrete, Masonry, Steel, and Manufactured Housing (aka Mobile
Home). Table 3.1 shows the resulting specific occupancy classifications and the label used
throughout the HAZUS Flood Model. The table also shows the SIC code classification used in
the development of the non-residential facilities.
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Table 3.1 HAZUS Building Occupancy Classes

HAZUS

Label Occupancy Class Standard Industrial Codes (SIC)

Residential

RES1 Single Family Dwelling

RES2 Mobile Home

RES3A | Multi Family Dwelling - Duplex

RES3B | Multi Family Dwelling — 3-4 Units

RES3C | Multi Family Dwelling — 5-9 Units

RES3D | Multi Family Dwelling — 10-19 Units

RES3E | Multi Family Dwelling — 20-49 Units

RES3F | Multi Family Dwelling — 50+ Units

RES4 Temporary Lodging 70
RES5 Institutional Dormitory
RES6 Nursing Home 8051, 8052, 8059
Commercial
COML1 | Retail Trade 52, 53, 54, 55, 56, 57, 59
COM2 | Wholesale Trade 42,50, 51
COM3 Personal and Repair Services 72,75, 76, 83, 88
COM4 Busipess/ProfessionaI/Technical 40, 41, 44, 45, 46, 47, 49, 61, 62, 63, 64, 65, 67, 73,
Services 78 (except 7832), 81, 87, 89
COMS5 | Depository Institutions 60
COM6 | Hospital 8062, 8063, 8069
COM7 | Medical Office/Clinic 80 (except 8051, 8052, 8059, 8062, 8063, 8069)
COMS8 Entertainment & Recreation 48, 58, 79 (except 7911), 84
COM9 | Theaters 7832, 7911
COM10 | Parking
Industrial
IND1 Heavy 22, 24, 26, 32, 34, 35 (except 3571, 3572), 37
IND2 Light gg 25, 27, 30, 31, 36 (except 3671, 3672, 3674), 38,
IND3 Food/Drugs/Chemicals 20, 21, 28, 29
IND4 Metals/Minerals Processing 10, 12, 13, 14, 33
IND5 High Technology 3571, 3572, 3671, 3672, 3674
IND6 Construction 15, 16, 17
Agriculture
AGR1 | Agriculture |01, 02, 07, 08, 09

Religion/Non-Profit

REL1 |Church/MembershipOrganizations \86
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3.2.1.2  The Default General Building Stock Database
The general building stock inventory was developed from the following information:

e Census of Population and Housing, 2000: Summary Tape File 1B Extract on CD-ROM /
prepared by the Bureau of Census.

e Census of Population and Housing, 2000: Summary Tape File 3 on CD-ROM / prepared by
the Bureau of Census.

e Dun & Bradstreet, Business Population Report aggregated by Standard Industrial
Classification (SIC) and Census Block, May 2002.

e Department of Energy, Housing Characteristics 1993. Office of Energy Markets and End
Use, DOE/EIA-0314 (93), June 1995.

e Department of Energy, A Look at Residential Energy Consumption in 1997, DOE/EIA-
0632(97), November 1999.

e Department of Energy, A Look at Commercial Buildings in 1995: Characteristics, Energy
Consumption, and Energy Expenditures, DOE/EIA-0625(95), October 1998.

The US Census and the Dun & Bradstreet data were used to develop the general building stock
inventory. The three reports from the Department of Energy (DOE) helped in defining regional
variations in characteristics such as number and size of garages, type of foundation, and number
of stories. The inventory’s baseline floor area is based on a distribution contained in the DOE’s
Energy Consumption Report. An approach was developed using the same report for determining
the valuation of single-family residential homes by accounting for income as a factor on the cost
of housing.

Initially the methodology created the opportunity for the user to develop conflicting or discrepant
square footage totals for single-family residential structures within a census block between the
inventory database and the valuation database. The solution was to integrate the regional DOE
distributions with the income factors developed for determining valuation. To do this, default
values for typical square footage per single-family home were developed from Energy
Information Administration (EIA) data on heated floor space. These default data, shown in
Table 3.3, are provided by region and income group. The breakdown reflects not only how
typical housing size varies across the U.S., but also how in general, higher income areas tend to
contain larger single-family homes.

Consequentially, the default typical square footage data was derived from a detailed, unpublished
database provided by the EIA. Only information on families in single-family residences,
aggregated across all foundation/basement types, was used. The raw database included
information on the number of households by region, income category, and housing floor space.
Regional data were available by 9 multi-state census divisions (e.g., New England).
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The very nature of the default data, both in occupancy classifications and extent of coverage
(national) requires the use of a baseline database collected in a consistent manner for the nation.
The data source changes depending on the general use of the inventory being explored. For
example, to determine the total floor area (square feet) of single-family residences by census
block, one uses a data source like the Census data. While sufficient for residential occupancy,
the Census data does not address non-residential occupancy classifications.

The development of the default inventory required two major datasets for the two main elements
of the built environment. To create the default inventory for residential structures, the US
Department of Commerce’s Census of Housing was used. For commercial and industrial
structures, a commercial supplier, Dun & Bradstreet (D&B) was contacted. The project team
performed the aggregation to the census data, while D&B performed the aggregation to their
own data (due to its proprietary nature).

The STF1B census extract at the census block level allows for the quick quantification of the
single-family residential environment. When combined with the STF3A census extract at the
census block group level, the STF1B can provide a better proxy of the multi-family environment
than using one extract alone. In both the single-family and multi-family proxies, the proposed
methodology represents an improvement over using single “average” values similar to the
existing HAZUS99 data.

The STF3A extract also provides information that is useful in developing distributions for the
age of buildings within each census block group as well as valuable demographic data. The age
distribution, for example, can be used to infer the Pre-FIRM and Post-FIRM distribution which
has an impact on the loss estimation.

The D&B provides a realistic representation of the non-residential environment. Based on the
site specific data contained within their database, D&B’s data is used to provide a reasonable
assessment of the non-residential environment. The processing of the D&B data is discussed in
more detail in Section 3.2.1.2.1.

3.2.1.2.1 Specific Occupancy Square Footage by Census Block

Single-Family Residences (RES1)

The following discussion highlights the data development effort for the RES1 square foot values
by block. The Census Extract STF1B provides estimates of the single family attached and
detached housing units on a block-by-block basis. Several other sources of information were
used to develop distributions of square footage relative to the income of the census block group.
The DOE distributions of income factors were used to develop a ratio of the census block group
income (STF3A field POBA001) and the average income for the region (the nine multi-state
census divisions.

The EIA data provided information regarding the heated floor area in relationship to income.
Income was reported in 25 categories (e.g., $20,000-$22,499) that were converted into five
relative income groups for consistency with the inventory valuation methodology. Housing floor
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space data were provided in 7 categories (e.g., 2,000-2,399 sqg. ft.), which, for purposes of
computing typical floor space, were represented by the midpoint of the range (e.g., 2,200 sq. ft.).
This enabled average floor space to be calculated for the 9 census divisions and 5 relative income
categories.

Table 3.3 Typical Square Footage Per Unit (Main Living Area) by
Census Division (R)*

R = New England

Income Ratio: : Basement >
No (j=1) Yes® (j=2)
,<0.5 1300 975
0.5<1,<0.85 1500 1125
0.85<1,<1.25 1800 1350
1.25< k<20 1900 1425
Ik>2.0 2200 1650
R = Middle Atlantic
. Basement
Income Ratio: ; 2
No (j=1) Yes® (j=2)
k<05 1300 975
05<1,<0.85 1500 1125
0.85<1y<1.25 1700 1275
1.25< k<20 1900 1425
Ik>2.0 2200 1650
R = East North Central
Income Ratio: : Basement >
No (j=1) Yes® (j=2)
I, <05 1300 975
0.5<1,<0.85 1600 1200
0.85<1,<1.25 1700 1275
1.25< k<20 1800 1350
Ik>2.0 2500 1875
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Table 3.3 Typical Square Footage Per Unit (Main Living Area) by
Census Division (R)! (Continued)

R = West North Central

. Basement
Income Ratio: ; -
No (j=1) Yes’ (j=2)
1, <05 1300 975
05<1,<0.85 1500 1125
0.85<1,<1.25 1800 1350
1.25<1,<2.0 1800 1350
Ik>2.0 2300 1725
R = South Atlantic
Income Ratio: - Basement >
No (j=1) Yes® (j=2)
,<0.5 1400 1050
0.5<1,<0.85 1600 1200
0.85<1<1.25 1700 1275
1.25< k<20 2000 1500
k=20 2300 1725
R = East South Central
. Basement
Income Ratio: ; 2
No (j=1) Yes® (j=2)
k<05 1300 975
0.5<1,<0.85 1400 1050
0.85<1,<1.25 1700 1275
1.25<1,<2.0 1900 1425
Ik>2.0 2500 1875
R = West South Central
Income Ratio: - Basement >
No (j=1) Yes® (j=2)
,<0.5 1300 975
0.5<1,<0.85 1700 1275
0.85<1