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Executive Summary:
Every year, Federal, State, and local agencies, as well as private 
entities, contribute funding to mitigation projects that will reduce or 
eliminate the long-term risks posed to people, the built environment, 
and the economy by natural hazards. The Department of Homeland 
Security’s Federal Emergency Management Agency (FEMA) awards 
mitigation grants on the basis of whether the proposed mitigation 
projects are cost-effective. 

Tools that have been used by FEMA in the past for determining the 
effectiveness of a project are based on the analysis of a probabilistic 
hazard event, completed prior to project funding and prior to project 
construction. With such significant investment in mitigation being 
made, policy makers have taken great interest in the effectiveness of 
mitigation during actual hazard events. In response, FEMA developed 
methodology using a quantitative approach to assess the performance of 
mitigation projects based on actual post-construction hazard events.

FEMA partnered with the State of Missouri and used this quantitative 
approach to complete a Loss Avoidance Study for multiple acquisition 
projects in eastern Missouri. From 1999 to 2008, Missouri had 14 
Presidential Disaster Declarations due to flooding, representing 
more than one flooding disaster per year. In response to the 
flooding, local governments in Missouri, with Federal and State 
assistance, acquired 4,045 repetitive-loss properties from 1993 to 
2008 at a cost of approximately $75 million. Following the floods 
in the spring and summer of 2008 in the Midwest, FEMA initiated 
a loss avoidance study to assess the effectiveness of the acquisition/
demolition projects for residential buildings in the affected areas in 
eastern Missouri along the Mississippi River and its tributaries. 

FEMA calculated the value of the losses that had been avoided by the 
implementation of the mitigation projects and compared the losses 
avoided with the acquisition costs. The aggregate losses avoided 
were valued at $93.6 million, and the aggregate project cost was 
valued at $44.2 million (both values in 2008 dollars), resulting in a 
return on investment of 212%. The results of the study demonstrate 
the cost-effectiveness of the selected acquisitions. 

The report provides detailed documentation of the methodology 
implemented during the eastern Missouri study and can be used as 
guidance for the preparation of future loss avoidance studies specific 
to acquisition projects. Additionally, it describes considerations and 
recommended practices that were identified during the completion 
of the study. 
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Section One:
introduction

Following the floods in the spring and summer of 2008 in the 
Midwest, the Department of Homeland Security’s Federal Emergency 
Management Agency (FEMA) initiated a loss avoidance study (LAS or 
study) to assess the effectiveness of acquisition/demolition projects 
in the affected areas in eastern Missouri along the Mississippi River 
and its tributaries. Actual flood events were analyzed to determine 
the return on investment (ROI)1 by estimating the losses that were 
avoided and comparing the estimates to the resources that were 
invested in the acquisitions. This report contains a description of the 
general LAS methodology used and the results of the study. 

1.1 background

Mitigation is defined by FEMA as any sustained action taken to reduce 
or eliminate long-term risk to people and property from hazards 
and their effects. Every year, FEMA provides States and communities 
with substantial financial assistance for projects that will reduce or 
eliminate risks from natural hazards through Hazard Mitigation 
Assistance (HMA) grants, which include post-disaster grants under 
the Hazard Mitigation Grant Program (HMGP) and pre-disaster 
grants under the Pre-Disaster Mitigation Program (PDM), the Flood 
Mitigation Assistance Program (FMA), the Repetitive Flood Claims 
Program (RFC), and the Severe Repetitive Loss Program (SRL). 

With significant investment being made in mitigation, demonstrating 
cost-effectiveness is crucial for continued support. In order to evaluate 
the cost-effectiveness of mitigation projects, FEMA has developed a 
methodology for loss avoidance studies. The methodology is based 
on the analysis of actual natural hazard events that have occurred 
in the project study area since the completion of the mitigation 
activity. The methodology provides a way to assess the benefits of a 
mitigation activity in terms of its actual performance. 

Loss avoidance methodology can be applied to the mitigation of 
any type of natural hazard (e.g., flood, wildfire, seismic, wind). 
Flood hazard mitigation is divided into building modification and 
flood control projects. Building modification projects mitigate 
damages by modifying a building to reduce its risk of flooding 

1 An ROI greater than 1 indicates that project benefits have already exceeded 
project costs – therefore a good project. Note the FEMA measure of ROI is not 
the same as a financial ROI. A financial ROI is a measure of net profit, expressed 
relative to the dollars invested.
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through acquisition/demolition, acquisition/relocation, elevation, 
and flood proofing. Acquisition/demolition projects are referred to 
as “acquisition projects,” and acquisition/relocation projects are 
referred to as “relocation” projects. Flood control projects mitigate 
damages by reducing the hazard itself and include stormwater 
drainage system improvements, channel modifications, flood walls/
barriers, and other projects that reduce the severity of flooding. 

This study focuses on the performance of residential acquisition 
projects. However, the LAS methodology used for this study is 
consistent with those used in a flood control LAS in southern 
California (FEMA, 2007a and 2007b) and a flood control and 
elevation LAS in northern California (FEMA, 2008b and 2008c). 

1.2 PurPose

The purpose of the LAS described in this report is to verify the 
effectiveness of flood mitigation projects in nine communities 
throughout eight counties in eastern Missouri, specifically 
residential acquisitions. The study includes a quantification of the 
losses avoided (also known as damage prevented or benefits) due to 
the implementation of the projects through analysis of storm events 
that occurred in 2008. 

1.3 MethodoLogy overview

Losses avoided are determined by comparing damage that would 
likely have been caused by the same storms without the project 
(Mitigation Project Absent [MP

A
]) with damage that actually 

occurred with the project in place (Mitigation Project Complete 
[MP

C
]). The phases of the general methodology for loss avoidance 

studies are illustrated in Figure 1.1. Although Phases 1 and 3 are 

LOSS AVOIDANCE STUDY METHODOLOGY
Phase Overview

PHASE 1
Initial Project Selection

PHASE 2
Project Effectiveness Analysis

PHASE 3
Loss Estimation Analysis

PHASE 1
Initial Project Selection

PHASE 2
Physical Parameter Analysis

PHASE 3
Loss Estimation Analysis

GENERAL FLOOD MITIGATION PROJECTS

Figure 1.1 

Source: FEMA, 2007

The term “acquisition” refers 
only to acquisition/demolition 

projects
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similar regardless of the type of mitigation project, Phase 2 varies 
depending on the type of mitigation project. In flood-related 
studies, Phase 2 is called “Physical Parameter Analysis.” 

This study focuses on the acquisition and demolition of buildings 
in eastern Missouri. Figure 1.2 is a detailed illustration of the LAS 
methodology for acquisition projects.

Phase 1 consists of the development of the initial project list. 
Projects are selected based on criteria determined by the sponsoring 
agency. For acquisition projects, the initial list of buildings in each 
project is screened based on the availability of data required for 
completion of all phases of the study. Buildings with adequate data 
advance to Phase 2 of the study. 

Phase 2 is composed of three distinct analyses—Storm Event Analysis, 
Hydraulic Analysis, and Flood Inundation Analysis. A Storm Event 
Analysis is performed to determine whether a post-construction 
storm event severe enough to have caused damage if the project had 
not been completed (the MP

A
 scenario) has occurred. A Hydraulic 

Analysis is performed to determine the extent and depth of flooding. 
A Flood Inundation Analysis uses the results of the Hydraulic 
Analysis and is conducted to determine the depth of flooding 
inside buildings within the project extents. If the depth or limit 
of inundation determined for the MP

A
 scenario indicates damage 

would have occurred if the project had not been implemented, the 
building advances to Phase 3 for a Loss Estimation Analysis. 

In Phase 3, damages are calculated for the MP
A
 and MP

C
 conditions. 

Once the MP
A
 and MP

C
 damages are estimated, the difference 

between the two scenarios is calculated to determine the losses 
avoided. The ROI is calculated by comparing the losses avoided to 
the project investment. 

The three phases of the LAS and the results of the eastern Missouri 
study are discussed in detail in Sections 3-5 of this report. Section 
6 provides details on the some of the new techniques that were 
used for this study. Appendix B provides depth damage curves used 
to calculate the losses. Appendices C through J provide detailed 
calculations for each community. 
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Section Two:
state of Missouri acquisition initiative

Following the record-setting flooding of the Mississippi River 
in 1993 and 1994, the State of Missouri initiated a campaign to 
acquire buildings prone to repetitive losses from flooding. Shortly 
after the initial voluntary acquisitions were completed, the area 
again experienced substantial flooding (in 1995). The severity of 
the 1995 floods reinforced the need for mitigation and prompted 
additional property owners to volunteer for the program.

2.1 history

From 1999 to 2008, Missouri had 14 Presidential Disaster 
Declarations due to flooding, representing more than one flooding 
disaster per year (FEMA, 2002). Other floods also occurred 
in Missouri during this period but were not severe enough to 
be declared disasters. Table 2.1 shows the Presidential Disaster 
Declarations experienced by each of the eight counties considered 
for this study from 1999 to 2008.  

Presidential Disaster Declarations 
in Missouri Since 1999

County DeClarations

Bollinger

Cape Girardeau

Jefferson

Lewis

Lincoln

Marion

1463, 1748, 1749, 1809

1463, 1748, 1749, 1773, 1809

1328, 1463, 1631, 1749, 1773, 1809

1773, 1809

1631, 1676, 1749, 1773, 1809

1463, 1773, 1809

St. Charles

Wayne

1328, 1676, 1749, 1773, 1809

1748, 1749, 1809

Table 2.1  
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2.2 funding and tiMeLine

In response to the flooding, local governments in Missouri acquired 
4,045 repetitive-loss properties from 1993 to 2008 at a cost of 
approximately $75 million (FEMA, 2002). Property owners were 
given the option of participating in the voluntary acquisition project 
if their properties had been affected by the 1993/1994 or 1995 
floods. Many buildings were acquired before the 1995 flood, and 
many communities therefore experienced an immediate return on 
investment. St. Charles County purchased 1,410 properties, by far 
the highest number for any county.

Table 2.2 lists the number of properties that were acquired in the 
study area by county. Figure 2.1 shows the locations of the acquired 
properties, and demonstrates the number of disasters experienced 
by county in the study area. Section 3 contains a detailed discussion 
of the study area and properties included in this study.

Acquisitions Since 1993
County ProPerties PurChaseD

Bollinger

Cape Girardeau

Jefferson

Lewis

Lincoln

Marion

30

145

499

14

510

181

St. Charles

Wayne

1,427

77

Total 2,885

Table 2.2 
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Section Three:
Phase 1 — initiaL Project seLection and 
screening

This section contains a discussion of Phase 1 (Initial Project Selection) 
for LAS (see Figure 3.1 for an illustration of the Phase 1 process). 
In Phase 1, an initial list of candidate projects is selected, and data 
are collected for analysis of the projects. Buildings are analyzed and 
screened individually within an acquisition project based on the 
availability of the data that are required for Phase 1, and a list of 
buildings advancing to Phase 2 is compiled.

3.1 initiaL Project seLection

The selection of the initial projects is based on criteria defined for a 
particular LAS. The criteria may include but are not limited to:

Area of Interest: •	 The area of interest is the geographic 
boundary of a study. The boundary can be a reach of a river 
or channel, a single community or watershed, a region, 
a jurisdictional boundary (e.g., city, county, state, special 
district), or any other area. The boundary must be defined by 
the agency sponsoring the study. An acquisition project can 
consist of a single building but more often includes multiple 
buildings. Regardless of the number of buildings in a project, 
every building is evaluated individually using the information 
that is available for that building. 

Hazard Type: •	 Projects in an LAS are selected based on the type 
of hazard they are mitigating. Examples of hazard types are 
riverine flood or coastal flood. 

Project Type: •	 Many different project types can be analyzed in 

Figure 3.1 

Discontinue
Analysis

Discontinue
Analysis

Sufficient 
Gage Data?

Storm Event Analysis

Existing 
Hydraulic Model 

Available?

Hydraulic Analysis

Damage to MP
A
?

Loss Estimation Analysis

Present Findings Archive for
Future Studies

Funds 
for New Hydraulic 

Model?

NO

NONO

NO

YES

YES

YES
Success Probable

YES
Lower Confi dence

Success Not Probable

LOSS AVOIDANCE STUDY METHODOLOGY
Acquisition of Buildings

Where MPA = Mitigation Project Absent

Remove
from List

Initial Building Selection

File Data
Adequate?

Compile Phase 2 Building List

Alternate Data
Source Available?

NONO

YES
YES

PHASE 1

PHASE 2

PHASE 3

Flood Inundation Analysis

Include Acquisition Costs in
 Project ROI Calculation
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an LAS. Flood-related projects include elevation, acquisition, 
relocation, floodproofing (called building-modification 
projects), stormwater drainage system improvements, channel 
modifications, flood walls/barriers and other projects that would 
reduce the severity of flooding (called flood-control projects). 

Study Baseline: •	 The study baseline for an LAS is the date the 
mitigation activity was completed. Only the storm events that 
occurred after the study baseline should be evaluated for a 
study. For an acquisition/demolition project, the study baseline 
is the date of demolition for each building. Consequently, it is 
more likely that losses avoided can be assessed for buildings 
with older demolition dates. A mitigation project, which may 
include the acquisition of multiple buildings, is not closed 
until after the acquisition and demolition of each building 
included in the project is complete. Therefore, using the 
demolition date instead of a closeout date is recommended, 
and each building should be evaluated individually.

 3.2 buiLding screening

For acquisition projects, once an initial list of projects has been 
selected, buildings in each project must be analyzed individually. 
Buildings should be removed from the analysis during Phase 1 
if specific, necessary building data are not available or cannot be 
easily estimated. Buildings may also be eliminated based on the 
quality of the available data. 

The data required to complete an LAS for acquisition projects are: 

Actual acquisition costs, including the fair market value of the •	
building paid to the homeowner, demolition costs, legal fees, 
and assessor’s costs 

Demolition completion dates for each building •	

First floor elevations (FFEs) for the MP•	
A
 scenario, preferably in 

the form of FEMA elevation certificates. FFEs can be estimated 
in the absence of surveyed FFEs (see Section 6.1.1)

Building location information in the form of latitude/•	
longitude data, address, and/or assessor parcel number (APN) 

Building information, including building type (i.e., •	
residential, commercial, industrial, or municipal), 
construction type (e.g., wood frame, manufactured), 
basement information (finished versus unfinished and square 
footage), number of floors, living square footage, foundation 
type, number of stories, garage type and square footage, and 
building replacement value (BRV) 

Building Data Required for 
Acquisition LAS

Total acquisition/demolition •	
cost

Demolition completion date•	

First floor elevation•	

Building location information•	

Building characteristics•	

Building replacement value•	
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3.2.1 Project fiLe coMPonents

Hazard Mitigation Assistance (HMA) grant applications are required 
to include certain types of data, and the data are similar to those 
required for an LAS. Therefore, if an acquisition project was funded 
through an HMA grant, the required data should be available in 
the project file. However, the data should be reviewed for accuracy 
because some of the data may be outdated.

Other data that are not required for acquisition grant applications, but 
may still be included in the project files, are hydrologic or hydraulic 
modeling and topographic information. If these data elements are 
needed for the study but are not available in the project files, it 
may be necessary to collect the data through other means, such as 
completing site visits, or collecting data from local governments, 
consulting engineers, resource documents, and third-party vendors.

3.2.2 buiLding Location

The verification of building locations is completed early in the 
study for screening purposes. Buildings that are found to be outside 
the general study area or those for which a location cannot be 
established should be eliminated.

For acquisition projects, the building location information 
contained in the project files, including the address, APN, or 
latitude/longitude, is used to map the building locations. Ideally, 
the mapping is done using a Geographic Information System (GIS). 
Methods for establishing building locations in GIS include: 

Geocoding -•	  Geocoding is the process of using detailed 
street mapping and GIS technology to determine the 
approximate building location from the building’s street 
address and/or latitude and longitude. 

Tax Parcel and GIS Mapping and Databases -•	  GIS and database 
queries based on APN and/or address, if available, can also be 
used to determine a building’s location. Unfortunately, digital 
parcel data are not available for all counties and may require the 
payment of a fee. Some communities may also have a specialized 
database with actual building footprints or point locations. 

Aerial Photography -•	  Aerial photography can be used in 
conjunction with geocoding or APN mapping to locate the 
actual building within a certain area or the parcel boundary. 

Global Positioning System (GPS) or Surveying•	  - The most 
time-consuming method is to conduct a site visit and use GPS 
or surveying methods to establish the building location. 
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3.2.3 initiaL site visit and additionaL data coLLection

An initial visit to the site should be completed for two reasons: (1) 
to meet the appropriate State and local officials and (2) to initiate 
the more detailed data collection required for Phases 2 and 3 when 
all of the necessary data are not provided in the project files. 

The data collection effort depends on the type of data that are 
needed. For example, State and local officials may be able to provide 
specific building data, such as information from archived assessor’s 
data, or a current typical replacement value for buildings in the 
area. Other sources for building replacement costs include quotes 
from local contractors or cost-estimation guides. A field visit is also 
a good source of information about the actual storm events that 
occurred since the buildings were acquired. The community may 
have recorded high water marks (HWMs), or local officials and 
residents may be able to provide eyewitness accounts of the flood 
levels during those events. This information is very useful for the 
Storm Event Analysis and the Flood Inundation Analysis of Phase 
2 because it will provide guidance on which storm events should 
be included in the scope of work for the study and can be used to 
calibrate the modeling of the storm events. 

The initial list of buildings must be evaluated to identify buildings 
that have the data that are needed for the study. If the necessary data 
are not available for a given building or cannot be estimated, the 
building should be eliminated. Additionally, if there are discrepancies 
in the project data that cannot be resolved through site visits or 
additional data sources, or the building is outside the study area, the 
building should be eliminated.

Initial data collection efforts and general project knowledge should 
provide sufficient information for the loss avoidance analyst 
to determine the potential for a building to advance to Phase 2. 
Similarly, the required data might be readily available, but the Phase 
2 analysis may be unfeasible because of the storm event information. 
Structures along particular flooding sources that lack information 
may be eliminated at that stage.

3.3 Missouri study: Phase 1 — initiaL Project 
seLection and screening

After the severe flood events in eastern Missouri during March 
2008 and June and July 2008 (referred to as “spring and 
summer 2008 events” in this report), FEMA Region VII and the 
Missouri State Emergency Management Agency initiated the 
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eastern Missouri LAS. Both events received Presidential Disaster 
Declarations for severe storms and flooding: FEMA-1749-DR-MO 
on March 19, 2008 and FEMA-1773-DR-MO on June 25, 2008. 
The two agencies worked together to develop a project list for the 
study based on the following criteria:

Area of Interest: •	 Counties in eastern Missouri that were affected 
by flooding from the Mississippi River and its tributaries

Hazard Type:•	  Riverine flooding 

Project Type:•	  Residential building acquisition

Study Baseline:•	  Acquisitions that were completed before the 
spring and summer 2008 events 

The initial project list covered eight counties, nine communities, 
20 projects, and 2,049 properties. The properties included 
approximately 1,091 buildings and 958 vacant lots. The communities 
were located in the eastern Missouri counties of Bollinger, Cape 
Girardeau, Jefferson, Lewis, Lincoln, Marion, St. Charles, and Wayne. 
The projects on the initial project list had received funding through 
HMGP under Presidential Disaster Declarations FEMA-995-DR-MO, 
FEMA-1006-DR-MO, FEMA-1023-DR-MO, FEMA-1054-DR-MO, 
FEMA-1403-DR-MO, FEAM-1463-DR-MO, or FMA funding in 
1997, 1998, and 1999. Table 3.1 is a list of the communities and 
project numbers included in the study. Data collection efforts for 
the projects were completed, and some properties were eliminated 
from the analysis, as described below. 

Project cost data

Project cost data were gathered from project final closeout reports, and 
total acquisition costs were obtained for each building. Although the 
acquisition projects were funded through HMGP funds, demolition 
costs were often funded under the FEMA Public Assistance (PA) 
program for the disaster. The demolition costs were often reported 
as a lump sum for the project, and the costs were prorated for each 
building. When possible, the date of final inspection for each building 
was obtained from the project files, indicating that the demolition 
was complete. The total acquisition cost for each building was then 
inflated to 2008 dollars based on that date.

buiLding Location data 

Building location data can be difficult to obtain for acquisition 
projects because the buildings no longer exist. In this study, the 
buildings had been demolished for up to 15 years, making the 
effort especially challenging. Building location data were gathered 
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for Phase 1 using aerial photography, community tax parcel 
databases, and geocoding technology to determine approximate 
building locations from the building street address. Geocoding 
technology uses detailed street mapping and GIS information. In 
most cases, building locations were determined using the address. 
In some special cases, such as mobile home parks, building location 
was based on the locations of private streets and spaced according 
to typical pad sizes. Some parcels contained multiple buildings or 
buildings with multiple units.

Detailed street address data were obtained from Google Maps (www.
maps.google.com) and available databases such as Environmental 

Mitigation Projects Included 
in the Study

Community

Arnold Jefferson

County
Disaster anD 

ProjeCt number

995-0002

1463-0001

FMA-PJ-07MO-1997002

FMA-PJ-07MO-1998002

La Grange Lewis

FMA-PJ-07MO-1999001

995-0027

Cape Girardeau Cape Girardeau 1054-0001

1403-0004

St. Charles County St. Charles 995-0001

Hannibal Marion

995-0017

995-0004

Winfi eld

Piedmont

Lincoln

Wayne

995-0015

995-0045

1006-0007

1023-0005

1054-0008

1403-0008

FMA-PJ-07MO-1997003

FMA-PJ-07MO-1998003

Marble Hill Bollinger 1403-0011

City of St. Charles St. Charles

Table 3.1 
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SystemsResearch Institute’s StreetMap 2008 (www.esri.com/data/
streetmap/index.html). Background GIS data and tax parcel mapping 
were accessed through State and local GIS websites, such as the 
Missouri Spatial Data Information Service (http://msdis.missouri.
edu/). Historical aerial photography was obtained through the U.S. 
Geological Survey (USGS) Seamless Data website (http://seamless.
usgs.gov). When available, mapping included in the project files 
was also used to locate the acquired buildings. 

buiLding inforMation

Obtaining information about buildings that were demolished years 
earlier can be challenging if the information is not available in 
FEMA project files. Very limited building information was provided 
in the project closeout files for the projects in this study. Building-
specific information such as construction type, number of floors, 
and square footage was obtained from tax parcel databases when 
possible, but the data were also found to be limited.

In the absence of data specific to the buildings included in the study, 
data from the 1996 and 2004 surveys of the St. Louis metropolitan 
area (HUD, 2005 and 2007) provided the range of building square 
footage and the types of foundations for single-family homes. 
A statistical analysis was conducted, using the data, to estimate 
building parameters when necessary (see Section 6.1.2 for more 
information). Because no census data were available for mobile 
homes, it was assumed that all mobile homes had a crawlspace 
foundation and no garage when estimating the FFE and the BRV 
of the building. The Residential Cost Handbook (Marshall & Swift, 
2008) was used to approximate 2008 BRVs. 

When surveyed FFEs were not available from project files, 
topographic information was used in conjunction with 
factors of height above grade from Hazards U.S.–Multihazard 
(HAZUS-MH) to estimate the FFE based on the foundation 
type (see Table 3.2). Ground-surface elevations were derived 
from USGS 1/3-arc-second Digital Elevation Models (DEMs) 
that were created through interpolation of topographic maps 
with contour intervals ranging from 10 to 20 feet. For some 
locations along the Mississippi River, higher resolution 1/9-
arc-second USGS DEMs were interpolated from Airborne 
Light Detection and Ranging Systems (LIDAR) data to derive 
ground-surface elevations. The ground-surface elevation 
was found at each building using GIS, and HAZUS-MH 
values were used to adjust the elevation to estimate the FFE. 
This method was used only when other FFE data were not 
available because the results may have a low level of accuracy. 

Estimating Building Data

Building characteristics can be •	
estimated using local Census 
Bureau data such as the 
American Housing Survey.

FFEs can be estimated using •	
high-resolution topographic 
information in conjunction 
with factors of height above 
grade from HAZUS-MH

Buliding location information •	
can be estimated using 
geocoding methods in GIS
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The accuracy could have been improved if higher resolution 
topographic information had been available (see Section 
6.1.1 for more information).

buiLding screening

As noted previously, the initial project list contained 20 projects 
and 2,049 properties. The properties included approximately 1,091 
buildings and 958 vacant lots. Communities often acquire vacant lots 
adjacent to buildings that are being acquired to create a continuous 
open space that will be protected by deed restrictions in the future 
and to ensure that the space will not be used for development that 
would be at risk for flooding. Although vacant lots are not necessarily 
eliminated from the study, there are no avoided losses associated with 
the lots, and they are not analyzed in Phase 2 of the study. However, 
the costs to acquire the lots are included in the final ROI calculation 
because they are part of the total project investment. 

Some of the buildings included in the study were located along the 
Missouri River, a tributary of the Mississippi River. Records from 
2008 showed minimal to no flooding on this tributary, so no losses 
were avoided from these buildings. This assumption was verified 
using stream gage data during Phase 2 (see Section 4.1.6). Buildings 
for Project 995-0001 in St. Charles County did not continue to Phase 
2 if they were located along the Missouri River. Project 995-0017 in 
the City of St. Charles, which included 7 buildings, 1 vacant lot, and 
1 mobile home park, was also not evaluated during Phase 2 because 
the Missouri River was determined to be the major flooding source. 
However, similar to the vacant lots, although no losses were avoided, 
the full cost of the projects were included in the final ROI calculation 
because the costs were part of the total project investment. 

In some cases, a building did not have an address that matched 
available street data and the building location could not be determined 
using GIS. Therefore, the losses avoided could not be accurately 

FFE by Foundation Type

founDation tyPe ffe (ft above graDe) 

Basement

Crawl

Slab

4

3

1

Table 3.2 

Vacant Lots

The total propery list includes 
approximately 958 vacant lots.   

While there are no losses avoided 
for vacant lots, the costs to acquire 

the lots are included in the final 
ROI calculations.
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calculated. These buildings did not continue to Phase 2, and the 
losses avoided were not included in the ROI calculation. However, 
the ROI calculations include the costs to acquire and demolish the 
buildings because they are included in the total project investment.

Buildings were eliminated completely from the study if project files 
showed the buildings had not yet been acquired and demolished. 
The three buildings in Project 1463-0001 in the City of Arnold 
were eliminated because the acquisition and demolition of the 
buildings were not completed prior the spring and summer 2008 
events. Therefore, neither the losses avoided nor the costs of the 
projects were included in any ROI calculations. 

In order for the remaining buildings to proceed to Phase 2, the 
building data had to be available or could be estimated. The buildings 
that were selected to proceed to Phase 2 are listed in Table 3.3. 

Addresses could not be reconciled.
Minimal fl ooding on Missouri River

Minimal fl ooding on Missouri River

Addresses could not be reconciled, vacant lots

Multiple units on some properties

Multiple units on some properties

N/A

N/A

N/A

Address could not be reconciled, vacant lot

N/A

N/A

N/A

N/A

Addresses could not be reconciled

Ungaged fl ooding sources, vacant lots

N/A

Addresses could not be reconciled, vacant lots

Project has not been closed

N/A

N/A

79

0

1

3

6

11

79

2

467

0

90

49

15

19

2

10

10

10

6

26

211

3

1

3

6

12

109

2

1,410

9

144

45

9

19

2

10

12

10

6

26

995-0004

995-0015

995-0045

1006-0007

1023-0005

1054-0008

1403-0008

FMA-PJ-07MO-1997003

FMA-PJ-07MO-1998003

1403-0011

995-0017

1403-0004

995-0001

995-0027

1054-0001

builDings 
ProCeeDing 
to Phase 2

Buildings Proceeding to Phase Two

Community

Arnold Jefferson

County
Disaster anD 

ProjeCt number

995-0002

1463-0001

FMA-PJ-07MO-1997002

FMA-PJ-07MO-1998002

La Grange Lewis

FMA-PJ-07MO-1999001

Cape Girardeau Cape Girardeau

St. Charles County St. Charles

Hannibal Marion

Winfi eld

Piedmont

Lincoln

Wayne

Marble Hill Bollinger

number of 
ProPerties 
iDentifieD

reason for elimination

City of St. Charles St. Charles

Table 3.3 

Three buildings in 1463-0001 in 
the City of Arnold were eliminated 

because the project was not yet 
closed at the time of the study.
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Section Four:
Phase 2 — PhysicaL ParaMeter anaLysis

This section contains a discussion of Phase 2 (Physical Parameter 
Analysis) for acquisition projects (see Figure 4.1). Phase 2 
consists of a Storm Event Analysis, a Hydraulic Analysis, and a 
Flood Inundation Analysis. 

Storm Event Analysis:•	  A Storm Event Analysis is conducted to 
identify potentially damaging MP

C
 storm events and assess data 

availability. Data include HWMs or stream/precipitation gage 
readings. If precipitation gages are used, a hydrologic analysis 
must be completed as part of the analysis to convert rainfall 
data to flow at the project site.

Hydraulic Analysis:•	  A Hydraulic Analysis is used to determine 
how flows move through the project area and the water 
surface elevations (WSEs) from known storm events. For 
building modification projects, if a water surface profile from 
an existing model is available, or enough HWMs to create a 
digital water surface were collected during the Storm Event 
Analysis, this step is unnecessary. 

Discontinue
Analysis

Discontinue
Analysis

Su�  cient Gage
Data Adequate?

Storm Event Analysis

Existing 
Hydraulic Model 

Available?

Hydraulic Analysis

Damage to MPA?

Funds 
for New Hydraulic 

Model?

NO

NONO

NO

YES

YES

YES
Success Probable

YES
Lower Confi dence

Success Not Probable

PHASE 2

Flood Inundation Analysis

Include Acquisition Costs in 
Project ROI Calculations

Figure 4.1 

Discontinue
Analysis

Discontinue
Analysis

Sufficient 
Gage Data?

Storm Event Analysis

Existing 
Hydraulic Model 

Available?

Hydraulic Analysis

Damage to MP
A
?

Loss Estimation Analysis

Present Findings Archive for
Future Studies

Funds 
for New Hydraulic 

Model?

NO

NONO

NO

YES

YES

YES
Success Probable

YES
Lower Confi dence

Success Not Probable

LOSS AVOIDANCE STUDY METHODOLOGY
Acquisition of Buildings

Where MPA = Mitigation Project Absent

Remove
from List

Initial Building Selection

File Data
Adequate?

Compile Phase 2 Building List

Alternate Data
Source Available?

NONO

YES
YES

PHASE 1

PHASE 2

PHASE 3

Flood Inundation Analysis

Include Acquisition Costs in
 Project ROI Calculation
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Flood Inundation Analysis:•	  The Flood Inundation Analysis is 
conducted to determine the depth of flooding that would have 
occurred during known MP

C
 storm events at each building 

location if the building not been acquired. 

4.1 storM event anaLysis

A loss avoidance study for any flood-related project is dependent on 
the occurrence of an MP

C
 storm event severe enough to have caused 

damage in the MP
A 

scenario. When actual HWMs are unavailable, 
storm event data may be collected in the form of stream gage 
discharge data, stream gage stage data, or precipitation gage data. 

Stream gages provide data for a particular channel, whereas 
precipitation gages provide rainfall at a particular point. The stream 
gage should be in or near the study area and have a period of record 
covering the event(s) of interest. Stream gage data may include 
measurements of stage (WSE), discharge (flow rate), or both. When 
no stream gages are available, precipitation gages must be located. If 
no storm event data are available, the project must be eliminated.

Gage data are typically maintained by Federal, State, and local 
agencies, which may include local or regional water agencies or 
flood control districts, State departments of water resources, the 
National Oceanic and Atmospheric Administration’s National 
Weather Service (NWS), USGS, U.S. Army Corps of Engineers 
(USACE), and U.S. Forest Service.

When collecting gage data, the following information must be 
recorded: 

Identification number or code -•	  The identification number 
or code is generally an alphanumeric code used by the agency 
responsible for maintaining the gage for identification and 
recordkeeping purposes. 

Location -•	  The latitude and longitude of the gage are needed 
to determine proximity of the gage to the project location. 

Gage type -•	  The steps of the analysis vary depending on the 
type of gage data available. 

Recording period -•	  If the scope of work requires the analysis 
of only one major storm event, the event could be analyzed using 
gage data for only that event. If an analysis is performed of all storm 
events that could have resulted or did result in damage, stream or 
precipitation gage data must be available for the entire MP

C
 
period, 

based on the earliest study baseline date for any of the buildings in a 
given study. 
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Recording type -•	  Data can be recorded as averages or as peaks 
for a certain time period.

Recording interval - •	 The recording interval is the frequency 
of data readings (e.g., data are event-based, recorded hourly, 
recorded daily).

The scope of work for the study determines whether loss avoidance 
calculations are conducted for a single storm event with the greatest 
rainfall or for all storm events that could have resulted or did result 
in damage. For example, the study sponsor may be interested in 
only a single event; in other cases, several events may be modeled 
for the MP

A
 
scenario. For some buildings, more than one storm 

event may have occurred that could have caused damages (or did 
cause damages) in the study area. A threshold analysis for building 
modification projects (see Section 4.3.3) aides in determining 
whether a building would have been damaged by more than one 
event, thereby having more significant losses avoided and potentially 
yielding a greater ROI.

To determine whether losses were avoided, the study baseline date must 
be known for each building. This date serves as the lower bound of the 
MP

C
 period for which storm event data must be collected. It should 

be noted that buildings in one project may have different demolition 
dates and thus must be analyzed on a building-by-building basis. 

Once the storm event data are collected, the candidate events are ranked 
by severity. Based on the severity of the events that have occurred since 
project completion, a determination can be made as to the likelihood 
of MP

A
 

scenario damage. If data are inadequate or no post-construction 
storm event with the potential to have caused MP

A
 damage has occurred, 

no losses have been avoided, and the Phase 2 analysis is completed. 
(However, the cost of the mitigation activity should be included in the 
ROI as part of the total project investment.) 

4.1.1 data Preference

The type of data available for the Storm Event Analysis determines 
the level of confidence in the estimate of losses avoided. Historical 
flooding data for the storm events of interest, such as HWMs, are 
always preferable for analysis and produce the highest level of 
confidence in the results.

If HWM data do not exist, the locations of gages should be evaluated to 
determine whether they provide data applicable to the study. Figure 4.2 
provides the usual order of preference for gage data. Precipitation gages 
involve the most time-consuming analysis because they require a separate 
hydrologic analysis in order to convert rainfall to runoff (flow). 
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4.1.2 historicaL fLooding data

Historical flooding data of the MP
C
 scenario are always preferred 

because these data provide the best opportunity for the most 
accurate loss avoidance analysis. Historical data may include actual 
recorded HWMs or aerial photographs of flooding extents.

If enough HWMs are available to create a digital water surface using 
GIS, no hydraulic modeling is necessary. The analysis moves to 
Section 4.4 for the analysis of the flood inundation at each building. 
If only a few HWMs were recorded, the analysis is carried out similar 
to the stage data analysis (see Section 4.1.4). Hydraulic Analysis (see 
Section 4.2) will be necessary before the Flood Inundation Analysis 
(see Section 4.3) can be performed.

Aerial photographs of flooding extents can be digitally overlaid 
on detailed topographic data in order to create a digital water 
surface and determine the depth of flooding at each building. No 
hydraulic modeling is necessary. 

4.1.3 streaM gage—discharge data

If the stream gage identified in the study area provides discharge 
data, and if sufficient data are available, the runoff peak can be 

PHASE 2 DATA SOURCE 
PREFERENCE
Flood Mitigation Projects

Preferred Source

Inadequate Data

High Water Marks

Stream Discharge Gage 
in Flooding Source 

Stream Stage Gage 
in Flooding Source 

Stream Discharge Gage 
in Same Watershed 

Stream Discharge Gage in Watershed 
with Similar Characteristics, Affected 
by Same Storm Event, and in Close 
Proximity

Precipitation Gage 
in Same Watershed

Precipitation Gage in Watershed      
Affected by Same Storm Event and    
in Close Proximity

None

Figure 4.2 
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identified for the date of the event(s) of interest. The discharge data 
may represent an average runoff over some interval, such as an hour 
or a day. Depending on the scope of work, statistical methods for 
analyzing data may be required to estimate an instantaneous peak, 
when only time-averaged peak data are available. 

Ideally, a stream gage on the same flooding source affecting the 
buildings is used. If a rating curve is available and the flooding 
source was previously modeled (such as for a FEMA Flood 
Insurance Study [FIS]), peak discharges can be converted to peak 
stages and flood depths can be interpolated for all buildings along 
the modeled flood profile. If the peak discharges can be converted 
and the flood depths can be interpolated, no additional hydraulic 
modeling is necessary and the analysis moves to the Flood 
Inundation Analysis (see Section 4.3). 

If no rating curve is available, two options exist. The first option 
requires a flood profile from a previous hydraulic model, such as a 
FEMA FIS. The gage discharge can be compared to the FIS summary 
of discharges table to determine which return intervals the event falls 
between. The WSE at any location along the flood profile can then 
be interpolated using the previously determined return intervals as 
lower and upper bounds. The second option is to input the gage 
discharge into a hydraulic model (see Section 4.2) before the Flood 
Inundation Analysis (see Section 4.3) is performed. This option is 
more time-consuming and may require an expert to run the hydraulic 
model, but it is a more accurate approach than interpolation. 

Small or remote flooding sources may not have associated stream 
gages. An analysis may be completed using a nearby gage only if the 
watersheds are similar and would have been affected by the same 
storm events. If FIS summary of discharges tables are available for 
both watersheds, then ratios can be used to estimate the discharge 
for the specific event on the ungaged stream. The FIS usually provides 
discharges for the 10-, 50-, 100-, and 500-year storms. Flows for 
the project watershed may be derived using a discharge-per-area 
comparison ratio. This ratio can be applied to the watershed area 
corresponding to the project site to obtain an estimate of the flow 
on the ungaged stream. The flow is used as input into a hydraulic 
model, as explained in Section 4.2. 

In the rare case that the gage is adjacent to the building and a rating 
curve is provided, the peak discharges can be converted to peak 
stages and a Flood Inundation Analysis (see Section 4.3) can be 
performed without the use of hydraulic modeling. However, this 
situation is unlikely to occur very often.



4-6         

Section Four
   

Loss Avoidance Study: Eastern Missouri Flood Mitigation

Part Two

Appendix A, Figure A.1, is a schematic of the methodology for 
Phase 2 (Physical Parameter Analysis) if discharge data are used to 
analyze an acquisition project. 

4.1.4 streaM gage—stage data

As with discharge data, if the stream gage identified in the study area 
provides stage data, and if sufficient data are available, the peak stage 
can be identified for the date of the event(s) of interest. The stage data 
may represent an average river depth over some interval, such as an 
hour or a day. Depending on the scope of work, statistical methods 
for analyzing data may be required to estimate an instantaneous 
peak stage when only time-averaged data are available.

In the rare event that a gage providing stage data is immediately adjacent 
to the subject building, the peak flood elevations can be compared 
directly to the FFE of the building without the Hydraulic Analysis (see 
Section 4.2). In most cases, a gage that is not adjacent to the building 
but located in the vicinity of the study area is used. It should be noted 
that, unlike with discharge data, it is impossible to compare stages of 
similar watersheds because of topographic variability. 

If a flood profile is available from a previous hydraulic study (such 
as an FIS), peak stages can be interpolated for all buildings along the 
flood profile. If no flood profile exists, a provided rating curve must 
be used or one must be created by a qualified professional in order 
to convert stage data to flow data. Flow data must then be input 
into a hydraulic model (see Section 4.2) before a Flood Inundation 
Analysis (see Section 4.3) can be performed.

Appendix A, Figure A.2, illustrates the methodology for Phase 2 
(Physical Parameter Analysis) if stage data are used for the analysis 
of an acquisition project. 

4.1.5 PreciPitation gage 

If stream gages are unavailable, precipitation gage data must be 
analyzed to identify the storm event(s) of interest. The gage must 
have a period of record covering the period of interest, and it must 
be applicable to the watershed in which the study area is located. 
Larger watersheds may require data from multiple gages. 

The precipitation gage data must be assessed to determine peak 
rainfall rates and volumes for multiple precipitation durations. The 
duration of a storm that caused flooding may include periods of no 
rain if those periods were shorter than the time of concentration for 
the watershed. The impact of multiple events must be incorporated 
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because the second or third event in a series may cause the flooding 
if the preceding events saturate the soil. 

Once precipitation data are compiled, a hydrologic analysis must 
be completed to calculate the resulting runoff volumes (flows) 
before moving to Hydraulic Analysis (see Section 4.2) and Flood 
Inundation Analysis (see Section 4.3). 

4.1.5.1 hydroLogic anaLysis

A hydrologic analysis, which is used to determine the amount of 
runoff, or flow rate, for the event of interest, is necessary if only 
precipitation gages are available in the study area. Once the amounts 
of precipitation from the peak events are identified and all the 
necessary watershed parameters have been gathered, a hydrologic 
analysis can be performed. For studies confined to a limited reach of 
a single flooding source, hydrologic modeling may be needed only 
for a single upstream watershed. For larger, multi-reach projects, 
hydrologic modeling of multiple watersheds may be required. If the 
required data and models are not available or cannot be developed, 
then buildings in those areas will not be analyzed further. 

Modifying an existing hydroLogic ModeL

For some project areas, existing hydrologic models may be available. 
When these models are available, they can be modified to simulate 
the event of interest. This may involve simply replacing the original 
rainfall data with new rainfall data. In other cases, only portions of 
the original model may be applicable for use in the study, especially 
if urbanization has increased since the model was completed. The 
degree of difficulty of modifying a model for a given project is highly 
dependent on the model. Hydrologic modeling software tends to 
change over time, so obtaining the original model programs may 
be difficult. Model inputs may require modification so that they are 
compatible with the latest software. These modifications may not 
always provide results consistent with the original model. 

If an existing model was successfully modified, flow outputs 
from the hydrologic model can then be input into a hydraulic 
model (see Section 4.2). 

PerforMing a new hydroLogic anaLysis

Because of the difficulties associated with modifying existing 
hydrologic models, conducting a new hydrologic analysis may 
be less time consuming, even when existing models are available. 
Information needed to perform a new hydrologic analysis generally 
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includes a watershed delineation (usually using topographic data), 
land use, soil type, and ground cover information, and time of 
concentration or lag time calculations.

If reservoirs or hydraulic structures that alter runoff response are 
present, a numerical model must be used to model the system. 
There are numerous models available and specific application 
of numerical models cannot be covered in this report. Guidance 
on FEMA-acceptable hydrologic numerical models can be found 
on FEMA’s web site, www.fema.gov, within the National Flood 
Insurance Program (NFIP) flood mapping guidance.

The Rational Method can be used for small watersheds, generally 
considered to be less than 200 acres. The Rational Method is defined as: 

The runoff coefficient is usually determined from a table based 
on land use, soil type, and land slope, and sometimes storm 
recurrence interval and/or intensity. It varies from zero (no runoff) 
to 1.0 (100% runoff). The Rational Method increases in accuracy 
as basin size decreases and imperviousness and homogeneity of 
basin characteristics increase. To estimate runoff with the Rational 
Method, the rainfall duration should be greater than the time of 
concentration calculated for the basin.

For watersheds larger than 200 acres, numerical models provide 
the more accurate result. If funds to create a new numerical 
model are unavailable, but the recurrence intervals of the collected 
precipitation data can be calculated, regional regression equations 
may be used. FEMA guidelines and specifications for the preparation 
of a Flood Insurance Rate Map (FIRM) allow the use of standard 
regional regression equations to determine peak runoff for specific 
recurrence intervals. This process is based on the assumption that 
the recurrence interval of the actual rainfall event is the same as the 
recurrence interval of the resulting peak flow, which may or may 
not be true. The amount of runoff can be affected significantly by 
antecedent moisture conditions. The regional regression equations 
generally are not very accurate and should be used as a last resort. 
However, the equations can be used with topographic, physical, 
and climatic characteristics of the watershed to estimate peak 
flows at specific recurrence intervals. Interpolation can be used if 
the recurrence interval of the actual peak event falls between the 
standard recurrence intervals. 

Appendix A, Figure A.3, is a schematic of the methodology used for 
Phase 2 (Physical Parameter Analysis) if precipitation data are used 
for the analysis of an acquisition project. 
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4.1.6 Missouri study: storM event anaLysis

The project scope for the eastern Missouri study limited the Storm 
Event Analysis to the spring and summer 2008 events. Table 4.1 
shows the main flooding source affecting each community. 

Stream gages maintained by the NWS, USGS, or cooperatively by 
both, were analyzed to determine whether flooding had occurred 
in the project area during the spring and summer 2008 events. 
However, gages were not available for all of the flooding sources 
included in the study. In particular, gages were not available for 
the flooding sources for Marble Hill or Piedmont, and additional 
analysis was necessary. Table 4.2 shows the gages used for analysis 
and their associated NWS code and USGS identification number, 
where applicable. In all cases, the stream gages provided peak stage 
data, and a recurrence interval was determined for the event. The 
recurrence interval was used to interpolate flood elevations along 
existing water surface profiles from previous FEMA or USACE 
reports at each building location (see Section 4.3.4).

The City of La Grange in Lewis County, approximately 120 miles 
northwest of St. Louis, is subject to flooding from the Mississippi 
River. The closest gaging station to the project site is approximately 
5.7 miles upstream of La Grange at the Canton Lock and Dam 
20. A peak stage of 496.63 feet National Geodetic Vertical Datum 
of 1929 (NGVD 29) was recorded on June 18, 2008. Using the 

Table 4.1 

Flooding Source Information

Community

Arnold

La Grange

Meramec River

Mississippi River

flooDing 
sourCe

flooDing 
Profile sourCe

FEMA FIS

USACE

Cape Girardeau

St. Charles County

Mississippi River

Mississippi River

USACE

USACE

City of St. Charles

Hannibal

Missouri River

Mississippi River

FEMA FIS

USACE

Winfi eld

Piedmont

Mississippi River

McKenzie Creek

USACE

FEMA FIS

Marble Hill Crooked Creek FEMA FIS

FEMA FIS - Federal Emergency Management Agency Flood Insurance Study
USACE - U.S. Army Corps of Engineers
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USACE flood profiles for interpolation, a flood stage of 492.4 feet 
NGVD 29 was estimated at La Grange during the 2008 summer 
event. This event exceeded “major flood stage” by 2.73 feet and was 
estimated to be a 500-year event using USACE’s Flow Frequency 
Query (FFQ) (USACE, 2008).

The City of Hannibal in Marion County is approximately 100 miles 
northwest of St. Louis and is subject to flooding mainly from the 
Mississippi River. An NWS gage on the flooding source at Hannibal 
indicated a peak stage of 441.4 feet NGVD 29. This stage exceeded 
“major flood stage” by 7.54 feet and was the second largest stage 
on record after the flooding of 1993. According to USACE flood 
profiles and the FFQ, the storm had a recurrence interval of 200 
years (USACE, 2008). A second gage was located on Bear Creek but 
was not used in the analysis because it was subject to backwater 
effects from the Mississippi River.

The City of Winfield in Lincoln County lies approximately 38 miles 
northwest of St. Louis. Although Winfield is affected by minor 

Table 4.2 

Data tyPe 
aCQuireD

usgs 
iD number

Gage Information

La Grange

Community
nWs 

gage CoDe

CANM7 5495150 Peak Stage

gage name

Mississippi River at Canton 
Lock and Dam 20

Hannibal HNMM7 N/A Peak StageMississippi River at Hannibal

Hannibal N/A 5502000 Peak StageBear Creek at Hannibal

Winfi eld GAGM7 N/A Peak StageMississippi River at Winfi eld 
Lock and Dam 25

St. Charles County GRIFI2 5587450 Peak StageMississippi River at 
Grafton, IL

St. Charles County ALNI2 5587500 Peak StageMississippi River at Alton 
Lock and Dam 26

St. Charles County SCLM7 6935965 Peak StageMississippi River at 
St. Charles

Arnold ARNM7 7019300 Peak StageMeramec River at Arnold

Cape Girardeau CPGM7 7020850 Peak StageMississippi River at 
Cape Girardeau

Piedmont N/A 7061900 Peak DischargeLogan Creek at Ellington

Marble Hill N/A 7021000 Peak DischargeCastor River at Zalma

NWS - National Weather Service
USGS - United States Geologic Survey
N/A - Not Applicable
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flooding on McLean Creek, the Mississippi River is the major source 
of flooding for this community. An NWS gage at the Winfield Lock 
and Dam indicated a peak stage of 444.17 feet NGVD 29, exceeding 
“major flood stage” by 3.08 feet. According to USACE flood profiles 
and the FFQ, this event had an estimated return interval of 50 years.

St. Charles County is approximately 18 miles northwest of St. 
Louis and lies between the Mississippi and Missouri rivers. Two 
gages were found on the Mississippi River in the vicinity of the 
project. Upstream at Grafton, Illinois, the peak stage, recorded on 
June 30, 2008, was 434.59 feet NGVD 29. Downstream, just above 
the confluence of the Mississippi and Missouri rivers, at the Alton 
Lock and Dam 26, the peak stage recorded on the same day was 
428.56 feet NGVD 29. Interpolating between the two gages along 
the USACE flood profiles yields a flood stage of 429.7 feet NGVD 
29 at the project site and a recurrence interval between 10 and 50 
years. This estimate is approximately equal to “major flood stage” 
on the Mississippi River at this location. 

To verify the study scope assumption that minimal to no flooding 
occurred on the Missouri River, a gage located at the City of St. 
Charles on the Missouri River was analyzed. The gage indicated 
a peak river stage of 442.03 feet NGVD 29 on June 30, 2008. 
According to the FFQ, this was only a 2- to 5-year event for the 
Missouri River. Therefore, the assumption was verified. 

The City of Arnold in northern Jefferson County and approximately 
15 miles south of St. Louis, lies within the 100-year floodplain of 
both the Mississippi and Meramec rivers. Although Arnold is also 
subject to flooding from Pomme Creek, Muddy Creek, Little Muddy 
Creek, and Black Creek, the project area is primarily along the 
Meramec River. The Meramec River gage at Arnold indicated a peak 
stage of 412.56 feet NGVD 29 on March 22, 2008. This exceeded 
the flood category of “major flood stage” by 1.35 feet. According 
to the FIS flood profiles for Arnold, this spring 2008 event had a 
recurrence interval of between 10 and 50 years.

The City of Cape Girardeau is in Cape Girardeau County, approximately 
100 miles south of St. Louis. Although ungaged Sloan Creek and Cape 
La Croix Creek are subject to flooding, the major flooding source 
for this community is the Mississippi River. According to the gaging 
station on the Mississippi River, Cape Girardeau was affected by 
both the spring and summer 2008 events. It is the only community 
studied that was affected by both. On March 24, 2008, a peak stage 
of 345.63 feet NGVD 29 was recorded. This did not exceed the 
“major flood stage” of 346.65 feet but did exceed the “moderate 
flood stage” by 3.98 feet. On July 3, 2008, a peak stage of 346.9 

Losses avoided were not calculated for 
buildings located along the Missouri 

River due to minimal flooding.  

995-0001 St. Charles County •	

995-0017 City of St. Charles•	
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feet NGVD 29 was recorded, which exceeded “major flood stage” 
by 0.25 feet. Using USACE flood profiles, the recurrence interval for 
Cape Girardeau was estimated to fall between 5 and 10 years for the 
spring 2008 event and at 10 years for the summer 2008 event.

The City of Marble Hill in Bollinger County is approximately 
91 miles south of St. Louis and is affected by flooding from 
Crooked Creek. Because there were no stream gages in Marble 
Hill, the nearest stream gage, 12 miles southwest of Mable Hill 
on Castor River at Zalma, Missouri, was used for the analysis. 
A peak discharge of 78,000 cubic feet per second (cfs) was 
recorded on March 19, 2008. FIS drainage sizes of Crooked 
Creek (118 square miles) and Castor River (423 square miles) 
were compared and results in watershed ratio of 0.28. The 
peak discharge on Castor River was multiplied by this ratio to 
determine the peak discharge on Crooked Creek (21,840 cfs). 
According to the FIS for Marble Hill, this peak discharge had a 
recurrence interval between 10 and 50 years. 

The City of Piedmont in Wayne County lies approximately 100 
miles south of St. Louis. The major flooding source for this 
community is McKenzie Creek. The McKenzie Creek drainage area 
at the City of Piedmont is about 33 square miles. Gage data were 
not available for this source but were available for Logan Creek, 15 
miles northwest of Piedmont at Ellington. The drainage area at this 
gage is 139 square miles. Annual peak flow gage data from the full 
period of record on Logan Creek at Ellington were used with the 
Peak Flood Frequency (Peak FQ) software developed by USGS to 
estimate instantaneous annual-maximum peak flows for a range 
of recurrence intervals. Provisional data for the Logan Creek gage 
showed a peak stage of 13.2 feet NGVD 29 on March 19, 2008. 
The peak flow is not yet available from the USGS National Water 
Information System web site. However, the peak stage of 13.22 
feet NGVD 29 that was recorded on May 17, 2002, resulted in a 
peak flow of 16,300 cfs. It is likely that the peak flow on March 
19, 2008, would have been similar. A peak flow of 16,000 cfs 
was assumed for the 2008 event. This value was included with 
the input to the Peak FQ model so that a total of 15 annual peaks 
were analyzed. The output from the Peak FQ model showed that 
a flow of 16,000 cfs would have a return period between about 5 
and 50 years based on the 90% confidence interval. With only 15 
annual peak values, it is more difficult to accurately determine the 
return period for a larger event. 

The Columbia Missourian reported that Ellington and Piedmont 
were two of the towns that had the most severe damage during the 
storm and that the storm had resulted in some of the worst flooding 
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the area had experienced in decades (“At Least Five Dead in Missouri 
Floods,” 2008). This shows that the spring 2008 storm was large 
enough to have affected both watersheds, and it seems more likely 
that the higher return period within the 90% confidence limit for 
the 16,000 cfs on Logan Creek would be more accurate. 

The total amount of rainfall that occurred during the storm also 
indicates that the event might have had an even higher recurrence 
interval than indicated by the statistical analysis of Logan Creek. 
The 100-year, 24-hour precipitation for the City of Piedmont 
was determined to be 7.3 inches (USDA-NRCS, 2003). The USGS 
gage at Clearwater Lake (approximately 5 miles west of Piedmont) 
recorded 15.8 inches in 24 hours on March 18, 2008. Based on the 
above information, it was assumed that the spring 2008 event on 
McKenzie Creek had a 50-year recurrence interval.

Table 4.3 provides detailed information on gages where stage data 
were used for analysis. The table shows the “major flood stage” for 
that gage, peak stage, and date as recorded for the events affecting 
each community, the estimated recurrence interval of the event, 
and the conversion to NGVD 29. Cape Girardeau was the only 
community that was affected by both the spring and summer 
2008 events. The remaining communities were affected only by the 
summer 2008 event with the exception of Arnold and Marble Hill, 
which were affected only by the spring 2008 event. Bear Creek 
at Hannibal was eliminated from the scope of the study before 
gage data were collected because it was determined that the creek 
was subject to backwater effects from the major flooding source, 
the Mississippi River. Therefore, the Bear Creek gage data are not 
included in Table 4.3. Gage data for Piedmont and Marble Hill are 
not included because the analyses used precipitation and discharge 
data, respectively, instead of peak stage. 

Although the USACE locks and dams were not designed as flood-
control measures for the Mississippi River, they retain the ability 
to alter floodwater response. Therefore, variability of the estimated 
recurrence interval for the same storm at different locations exists. 

4.2 hydrauLic anaLysis

A Hydraulic Analysis is usually required to determine the WSE and 
depth of flooding at locations of interest. Hydraulic modeling uses 
discharges determined in the Storm Event Analysis (see Section 4.1) 
in conjunction with detailed topographic data to estimate WSEs at a 
series of cross sections for the peak flow event(s) of interest. A list of 
FEMA-acceptable hydraulic models is available at www.fema.gov. 
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4.2.1 Modifying an existing hydrauLic ModeL

If the flooding source was studied in detail for a FEMA FIRM, for 
example, obtaining a copy of the existing hydraulic model may be 
possible. Modifying the model may involve simply replacing the 
original flow data with new flow data. In other cases, only portions 
of the original model may be applicable for use, especially if the 
channel has migrated since the model was completed. 

The difficulty of modifying a model for a given project is highly 
dependent on the model. Hydraulic modeling software tends to 
change over time, so obtaining the original model programs may 
be difficult. Model inputs may require modification so that they are 
compatible with the latest software. Additionally, newer software 
may use updated modeling techniques, which makes replication 
of older results difficult. For example, the USACE HEC-2 and the 
HEC-RAS models use different bridge routines. Therefore, HEC-RAS 
results may not be consistent with the original model. 

4.2.2 PerforMing a new hydrauLic anaLysis

The parameters required to set up a hydraulic model include cross-
section elevation data, roughness coefficients, boundary conditions, 
inflow (from Storm Event Analysis, Section 4.2), and data for any 
hydraulic structures in the model area. 

If a new hydraulic analysis is necessary, detailed topographic data 
for all river reaches of interest are necessary for channel cross 
sections to be created. Outlier buildings or buildings located where 
adequate topographic data are not available should be removed 
from the building list. The accuracy of the topographic data varies 
depending on the contour intervals. As shown in Figure 4.3, more 
detailed topographic data are preferred for an LAS. 

Flood Mitigation Project

5’1’ 10’ 20’ >20’
Contour

Figure 4.3 

Source: FEMA, 2007
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The source and data collection method for topographic data will 
affect the level of detail and usefulness for hydraulic analysis. Sources 
of topographic data include: 

Photogrammetry -•	  Digital topography produced from aerial 
photogrammetry with ground control and survey. 

LIDAR -•	  Topography generated by Airborne Light Detection 
and Ranging Systems. 

Surveyed and hardcopy topographic data -•	  These 
topographic data often require a significant amount of manual 
data interpretation and adjustment. Channel bottom elevation 
data may be available only through bathymetric surveys. 

USGS DEM -•	  Typically, these data are available on a 30-meter 
grid (in some cases 10-meter) DEM format. While these data 
are readily available across the United States, they are often 
not sufficiently detailed or accurate for hydraulic analysis, 
particularly in areas of flat terrain or areas with significant 
recent floodplain development resulting in changes in 
drainage patterns or channelization. 

The limitations of the LIDAR and photogrammetric surveys are that 
they do not penetrate water so they provide information only on the 
channel invert if the flight occurs during low-flow conditions when 
most of the channel that conveys water during a flood is visible. 

There are numerous tools, mostly GIS-based, for cutting cross 
sections from digital elevation data. The USACE HEC-GeoRAS tool 
can be used with ArcGIS (or ArcView), a commercial GIS software 
package, to set up the geometry for a HEC-RAS model. Other data 
input tools also come with most private vendor software hydraulic 
models. If sufficient digital elevation data are not available, cross 
sections can also be cut by hand using printed contour maps. This 
method is significantly less accurate and more time consuming 
when a large number of cross sections are required. Cross sections 
are commonly placed at locations along a channel where flow 
conditions may change (e.g., before and after a confluence, a bend 
in the channel or a change in channel roughness, the location of 
a hydraulic structure such as a dam, culvert, or bridge). When 
cutting cross sections, it is important to remember the method that 
will be used in the Flood Inundation Analysis (see Section 4.3). If 
GIS software and expertise are available, a larger number of cross 
sections can be cut more efficiently so that a digital water surface 
can be created from the hydraulic model’s water surface elevations. 
If the hydraulic model outputs will be compared directly to FFEs, it 
is important to cut cross sections adjacent to the buildings as well 
as at locations where flow conditions could change.
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As with previous data analyses, any project with insufficient stream 
gage data and/or insufficient hydraulic data is not analyzed further. 
When a new model is needed, lack of sufficiently detailed topographic 
data is often the reason a project cannot be adequately analyzed. 

4.2.3 norMaL dePth Method

When no hydraulic model exists and funds for a new hydraulic 
model are unavailable, normal depth calculations can be performed 
as a last resort. These calculations require the peak event flow rate, 
the channel cross-section geometry at the location of interest, an 
estimation of the channel slope, and Manning’s n value (roughness 
coefficient). The use of software such as FlowMaster (developed by 
Haestad Methods, now part of Bentley) or FEMA’s Quick-2, can aid in 
performing these calculations. It should be noted that this method is 
the least accurate estimation and should be avoided when possible.

4.2.4 Missouri study: hydrauLic ModeLing

Existing models, in the form of FEMA FISs, were available for all 
communities and were supplemented with the 2004 Mississippi River 
Flood Report Study (USACE, 2004) to determine the recurrence intervals 
corresponding to the flood stages for the spring and summer 2008 
events for each community, as shown in Table 4.3. New hydraulic 
modeling was therefore not necessary. For each community, the 
location of the gage was located along the flood profile, and it was 
noted which recurrence intervals the stage fell between. The recurrence 
intervals were used as upper and lower bounds later (see Section 
4.3.4) to interpolate flood depths at each building location. Flood 
profile data used for each community are provided in Table 4.4.

4.3 fLood inundation anaLysis

Whether buildings would have been affected by the peak storm 
event or events is determined in the final step of Phase 2, the 
Physical Parameter Analysis. The step involves comparing the WSEs 
of the subject storm events to the FFEs. For an acquisition project, 
it is necessary only to evaluate the depth for the MP

A
 scenario.

 

A threshold analysis can also be completed in this step to determine 
the smallest storm event that could have caused damages. The 
threshold analysis can aid in determining the overall losses 
avoided since the completion of the project if the scope of work 
calls for total loss calculations.
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4.3.1 direct water surface eLevation coMParison

If cross sections in the hydraulic model are adjacent to the buildings 
used in the analysis, interpolated water surface elevations can be 
compared directly to the FFEs to determine the depth of flooding in the 
building. Similarly, if the building is near a cross section, the distance 
to the cross section can be measured along the mapped streamline, 
and this distance can be used to find the location of the building on 
the flood profile and the corresponding interpolated flood depth. This 
process is tedious when the number of buildings is large.

4.3.2 digitaL fLood surface MaPPing

A digital representation of the flood water surface can be created 
using a series of HWMs if available. However, if hydraulic 
modeling was necessary, the cross sections can be digitized and 
attributed with peak WSEs. The flood elevations from multiple 
cross sections can then be interpolated and converted to a water 
surface layer to account for flood elevations in all areas between 
cross sections. 

Most flood analysis and mapping are conducted using GIS 
software. Within these software environments, flood elevation 
data can be represented in a number of different formats; 
these data are usually presented in either raster or Triangular 
Irregular Network (TIN) formats. In raster format, elevations 
are represented by “cells” of certain predetermined resolutions, 
such as 10 meters by 10 meters. When using the raster format, 
the resolution must provide detail that is sufficient to calculate 
an accurate flood depth. TIN-based methods maintain the 
resolution of the source data better than raster-based methods 
and are ideal for WSE modeling but often require more 
specialized software and staff expertise. 

When FFE data are available for acquisition projects, comparing 
the WSE to the FFE directly can greatly reduce analysis time by 
eliminating the need to compare the ground-elevation and flood-
elevation surfaces. The need for topographic data is also eliminated. 
To determine the depth of flooding in a building for the MP

A
 

scenario, the FFE is simply subtracted from the WSE determined at 
each building using GIS. The depth of flooding for each building is 
exported in table format. 

When the FFE is unknown, detailed topographic information can be 
used to estimate the FFE (see Section 6.1.1 for additional methods). 
The flood depth of the building is calculated by first calculating the 
flood depth between the ground and the WSE. The flood depth at 
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the building is then calculated by subtracting an assumed height 
above grade, based on the building’s foundation type or building 
photography, from the overall flood depth. 

4.3.3 threshoLd anaLysis

The scope of work may require a threshold analysis, which can aid 
in determining the overall losses avoided since the date of mitigation 
activity completion (study baseline). This analysis is performed to 
determine all of the peak MP

C
 flood events that could have been 

damaging in the MP
A
 scenario. Once a list of possible peak events 

are compiled from the Storm Event Analysis (see Section 4.1), they 
should be ranked in ascending order according to magnitude. The 
most severe storm should be analyzed first. The Flood Inundation 
Analysis determines how many buildings would have been affected 
by the event. Once this is complete, the second most severe storm 
event should be analyzed. This process should be continued in order 
of decreasing magnitude until the event that would not have caused 
damage to any building is reached. 

When this method is used, the demolition dates for each acquisition 
should always be noted, and only the buildings for which demolition 
was complete at the time of the event in the analysis of that particular 
event should be included. 

4.3.4 Missouri study: fLood inundation anaLysis

During the Flood Inundation Analysis, the flood depth that would 
have occurred inside each building had the building not been 
acquired was calculated. FEMA FIS and USACE flood profiles were 
used for the analysis. 

First, for each community, cross sections from the FIS were digitized 
in GIS. Cross sections between those provided in the FIS were 
interpolated digitally to facilitate creating a smooth water surface. 
Next, stream gage stage data (see Section 4.1.5) was input at the cross 
section corresponding to the gage location, and it was noted which 
recurrence intervals the stage fell between using the FIS or USACE 
flood profiles (see Table 4.1). WSEs at the remaining cross sections 
along the profile were interpolated through hand calculations using 
the appropriate recurrence intervals as lower and upper bounds. 
These WSEs were input into GIS and converted to water surface 
layers for each event affecting the community to account for flood 
elevations in all areas between the cross sections. 

For the analysis of the City of Marble Hill, discharge data were 
used instead of stage data. The lower and upper bounding 
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recurrence intervals were determined from FIS discharge tables. 
The elevation corresponding to the recurrence interval was 
found on the FIS flood profile for each cross section, and a water 
surface layer was created.

Once flood surfaces were digitally created for the storm affecting 
the community, the flood depth at each building location 
(measured from the WSE to the ground) was extracted and 
exported in table format. Ground-surface elevations were derived 
from USGS 1/3-arc-second DEMs that were created through 
interpolation of topographic maps with contour intervals ranging 
from 10 to 20 feet. It is important to consider that although a 
DEM is a continuous representation of the ground surface, its 
elevation detail is only as good as its source data, which in this 
case are topographic contours with 10- or 20-foot intervals. Any 
variations in elevation within these contour intervals will likely 
not be represented in the DEM and consequently not in the final 
analysis. Some study locations along the Mississippi River used 
higher resolution 1/9-arc-second USGS DEMs interpolated from 
LIDAR data to derive ground-surface elevations. The flood depth 
inside each building was determined by adjusting the flood depth 
based on the FFE (actual or estimated with an above-ground offset 
using HAZUS-MH standard values, as shown in Table 3.2).

Appendices C through J provide detailed tables of the depths of 
flooding calculated at each building and figures showing the 
extents of flooding. Table 4.4 provides an overview of the number of 
damaged buildings in each project. Because the scope of the study 
included only two events, no threshold analysis was necessary. 
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31 (Spring)

1 (Spring)

3 (Spring)

2 (Spring)

11 (Summer)

17 (Spring), 37 (Summer)

2 (Spring), 1 (Summer)

403 (Summer)

78 (Summer)

45 (Summer)

15 (Spring)

16 (Spring)

2 (Spring)

10 (Spring)

10 (Spring)

10 (Spring)

6 (Spring)

79

1

3

6

11

79

2

467

90

49

15

19

2

10

10

10

6

995-0004

995-0015

995-0045

1006-0007

1023-0005

1054-0008

1403-0008

FMA-PJ-07MO-1997003

FMA-PJ-07MO-1998003

1403-0004

995-0001

995-0027

1054-0001

Buildings Analyzed/Damaged

Community

Arnold

Disaster anD 
ProjeCt number

995-0002

FMA-PJ-07MO-1997002

FMA-PJ-07MO-1998002

La Grange

FMA-PJ-07MO-1999001

Cape Girardeau

St. Charles County

Hannibal

Winfield

Piedmont

number of 
builDings 
analyzeD

number of 
builDings 
DamageD

Table 4.4 

0 (Spring)261403-0011Marble Hill
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Section Five: 
Phase 3 — Loss estiMation anaLysis 
The final phase of a loss avoidance study consists of estimating the 
losses avoided based on the effectiveness of the mitigation project 
during the MP

C
 storm events. This section provides a synopsis of 

Phase 3, the Loss Estimation Analysis, for an acquisition project. The 
methodology is illustrated in Figure 5.1. 

There are two major tasks in Phase 3:

Calculating Losses Avoided•	

Calculating the ROI•	

The approach used to estimate flood damages is based on the FEMA 
Benefit-Cost Analysis (BCA) Version 4 software (FEMA, 2008a) and 
technical guidance unless stated otherwise. What Is a Benefit? (FEMA, 
2001) also provides a basis for calculating losses. The values in the 
2001 publication have been updated since 2001, but the referenced 
methodology is still current.

5.1 caLcuLating Losses avoided 
For Phase 3, the dollar value estimate of the damage that would have 
occurred had the mitigation project not been completed (MP

A
) and the 

damages that did occur after demolition (MP
C
) must be determined.

In Phases 1 and 2 of an acquisition study, the following information 
is determined: 

The MP•	
C
 storm/flow events that would have caused damages 

in the MP
A

 
scenario 

The number and type of buildings affected by the storm events •	

Figure 5.1 

Discontinue
Analysis

Discontinue
Analysis

Sufficient 
Gage Data?

Storm Event Analysis

Existing 
Hydraulic Model 

Available?

Hydraulic Analysis

Damage to MP
A
?

Loss Estimation Analysis

Present Findings Archive for
Future Studies

Funds 
for New Hydraulic 

Model?

NO

NONO

NO

YES

YES

YES
Success Probable

YES
Lower Confi dence

Success Not Probable

LOSS AVOIDANCE STUDY METHODOLOGY
Acquisition of Buildings

Where MPA = Mitigation Project Absent

Remove
from List

Initial Building Selection

File Data
Adequate?

Compile Phase 2 Building List

Alternate Data
Source Available?

NONO

YES
YES

PHASE 1

PHASE 2

PHASE 3

Flood Inundation Analysis

Include Acquisition Costs in
 Project ROI Calculation
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being analyzed in the MP
A
 scenario 

The flood depth at each building in the MP•	
A
 scenario, 

estimated from the Flood Inundation Analysis 

The losses (damages) are calculated for the MP
A

 
scenario using 

the flood depth at each building for MP
C
 storm/flow events. 

Losses avoided (in dollars) are then calculated by subtracting MP
C

 
damages from the MP

A
 
damages, per the formula presented in 

Figure 5.2. However, for acquisition projects, there are no MP
C
 

damages because the building no longer exists. Therefore, losses 
avoided are equal to MP

A
 damages.

When losses are calculated, all of the losses should be presented as 
present-day values.1 Therefore, if historical losses from similar events 
are used as estimates, they should be adjusted to present-day values. 

5.1.1 Loss categories 
Once the Flood Inundation Analysis is complete and potentially 
affected buildings have been identified, flood damages must be 
evaluated. As shown in Table 5.1, potential damages are divided into 
loss categories. Loss categories generally include physical damage, 
loss of function, and emergency management costs, all of which 
contain multiple loss types. The calculation of the losses avoided for 
building modification projects, such as acquisition projects, differs 
from flood-control projects in that only the loss types that apply to 
buildings can be used in calculating losses. 

Emergency management costs are not expected to change and 
therefore are generally not included in loss avoidance studies for 

1 Present-day value is the current value of past, present, or future payments that 
are adjusted to a base period by a discount or inflation rate.

Figure 5.2 

Source: FEMA, 2007
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acquisition projects. Acquisition of a single residential building, 
small groups of buildings, or groups in scattered locations is 
unlikely to reduce a community’s emergency management 
costs because the area affected by a disaster is not decreased 
and the total population affected by disaster is not substantially 
decreased (FEMA, 2001). Therefore, emergency management 
costs should be considered only when a large group of adjacent 
buildings is acquired. 

dePth-daMage functions 

Established depth-damage relationships are commonly used for 
determining losses caused by flood hazards. These relationships, 
which have been developed by FEMA, USACE, and other agencies 
using observed data from historical events, generally help identify 
the loss that is likely to occur at certain intervals (e.g., flood 
depths). For example, FEMA and USACE have published depth-
damage curves that relate depth of flooding to potential building 
damage, which is a value based on a percentage of the BRV. The 
flood depth-damage relationships are either published estimates or 
are estimated from local damage information and should be used 
with an interpolative calculation. 

loss estimation Categories anD tyPes

loss tyPes loss Category

Physical Damage

Buildings*

Contents*

Roads and Bridges

Infrastructure

Landscaping

Environmental Impacts

Vehicles/Equipment

Loss of Function

Displacement Expense*

Loss of Rental Income*

Loss of Business Income*

Lost Wages*

Disruption Time for Residents*

Loss of Public Services*

Economic Impact of Utility Loss

Economic Impact of Road/Bridge Closure

Emergency Management
Debris Cleanup

Governmental Expense

* Loss Types that apply to building acquisition projects.

Table 5.1 

Source: FEMA, 2007
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The FEMA BCA methodology was developed to standardize 
determinations of cost-effectiveness for mitigation projects and 
includes damage curves for determining damage based on the 
severity of an event. The damage curves included in FEMA’s BCA 
Version 4 software can be adapted to LAS (FEMA, 2008a). For 
the flood module of the BCA Version 4 software, default depth-
damage functions are included for various residential, public, and 
commercial types of buildings based on information from FEMA’s 
Federal Insurance Administration, HAZUS-MH, USACE, and Expert 
Elicitation Panels. The modules include curves for the following:

Building Damage:•	  Curves used to calculate physical damages 
to the building

Contents Damage:•	  Curves used to calculate damages to the 
building contents

Displacement Time:•	  Curves used to calculate displacement 
time for residents and/or the loss of rental income

Loss of Public Services:•	  Curves used to calculate stoppage or 
delay for the loss of business income and the loss of public 
services

No standardized curve currently exists in the FEMA BCA Version 
4 software for disruption time for residents, and the time must 
therefore be estimated.

Depth-damage relationships are also used to estimate physical damage 
costs in the HAZUS-MH (FEMA, 2006) flood module. Also, if resulting 
damages are known for at least 3 flood depths in the study area from 
another source, a depth-damage relationship can be constructed for 
the study area to estimate the total damages for any event.

5.1.2 PhysicaL daMages

For an acquisition study, physical damage is limited to the direct 
damage to the building and its contents. Physical damages can be 
estimated using either:

FEMA BCA Version 4 depth-damage functions•	

Historical damages from events of similar size•	

When available, actual repair costs (or replacement costs if the 
building was substantially damaged) should be used to estimate 
losses, if similar flood events have occurred in the past. Historical 
damage data may be obtained from various sources such as 
homeowner insurance claims, flood insurance claims, the NFIP 
BureauNet database, Small Business Administration load application 

Physical Damage Data 
Sources

Depth-damage curves •	
obtained from HAZUS-MH or 
USACE

Insurance information•	

HMGP or FMA project files •	
and BCAs

Public Assistance program •	
Project Worksheets

Historical flood damage •	
information
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databases, local contractors, and homeowner interviews. The BCA 
that was performed for the funding application of the mitigation 
project may also contain historical damage data. Additionally, for 
events in which there was a disaster declaration, FEMA may have 
provided grant funds under the PA Program for repairs to buildings 
owned by public entities and certain private non-profit organizations. 
Damage and repair information may be obtained from Damage 
Survey Reports or Project Worksheets (PWs) that FEMA prepared to 
document eligible costs under the PA Program. If this information 
is not available, the losses must be estimated.

5.1.2.1 buiLding daMages

To evaluate the building damages, the following steps must be taken 
for each building:

An inventory of the building must be completed to determine •	
characteristics such as type of building, living area, number of 
floors, and FFE. This type of information is generally obtained 
from project files, site visits, or by researching community 
databases, such as tax assessment and parcel data.

A determination of the BRV for each inundated building must •	
be made. Only the BRV, and not the fair market value of the 
building, should be used. The BRV can be estimated based on 
values provided by local officials or local contractors or by 
using nationally recognized cost-estimating guides.

Once the value of the building is known, damages for various 
flood scenarios can be estimated using the flood depth-damage 
relationships discussed previously. To do so, the following steps 
should be taken:

A selection of the appropriate depth-damage relationship for •	
the building type must be made. Then, the flood depth must 
be correlated with the appropriate percent damage ratio using 
an interpolative calculation from the depth-damage curve to 
estimate the percent damage to each building.

The percent damage ratio must be multiplied by the BRV to •	
calculate the building damages for the flood event.

Appendix B, Table B.1, contains the depth-damage curve that is 
used in the FEMA BCA Version 4 software to calculate damages to 
residential buildings based on various flooding scenarios. If the 
percent damage determined from the depth-damage curve exceeds 
50% for a typical building, the building should be assumed to be 
substantially damaged and would be replaced rather than repaired. 
In those instances, the entire BRV should be used to calculate the 
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losses. It should be noted that the substantial damage threshold 
can vary. For example, if the building is extremely substandard, 
the threshold would be lower, or if the building is historic, the 
threshold may be higher.

5.1.2.2 contents daMages

A similar process is used to calculate damage to contents within 
each building. 

The value of the contents may be determined through owner interviews, 
insurance information, and tax records. When the actual value of the 
contents is unknown, damage to the contents can be estimated based 
on the replacement value of the building and an appropriate content-
to-building ratio. Various content-to-building ratios can be found in 
the FEMA BCA Version 4 software based on the building type.

Once the value of the contents is known, damages for various flood 
scenarios can be estimated using the flood depth-damage relationships, 
as was done with building damages. Appendix B, Table B.2, contains 
the depth-damage curve that is used in the FEMA BCA Version 4 
software to calculate damages to contents for residential buildings. 

5.1.3 Loss of function

For an acquisition study, loss-of-function damages are the economic 
impacts to an individual or the community that occur because of 
the physical damage to the building. Loss-of-function damages can 
vary extensively depending on the type of building. For example, 
loss-of-function costs associated with damage to a residence could 
be costs associated with moving to and renting another residence 
while flooding subsides and repairs occur. Loss-of-function costs 
associated with damages to a business could be lost business, 
temporary relocation to another building, and lost wages for 
employees. Loss-of-function costs resulting from damages to public 
buildings could be the loss of critical public services, such as police 
and fire departments.

For acquisition studies, loss of function includes displacement 
expense, loss of rental income, loss of business income, lost wages, 
disruption time for residents, and loss of public service.

Loss-of-function costs are based on the amount of time a building 
is not functional after a flood because of the amount of destruction 
to the building and the value of the particular function. The amount 
of time a building cannot be used in its normal capacity increases 
with the severity of damage to the building.
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As with physical depth-damage relationships, published 
relationships between flood depth and loss-of-function time 
can be used to calculate these costs. For example, the FEMA BCA 
Version 4 software contains methodologies and values that can 
be used to calculate loss of function. The HAZUS-MH Technical 
Manual (FEMA, 2006) contains methods similar to the FEMA BCA 
Version 4 software, with regional adjustments to various loss-
of-function methods. Additionally, USACE publications on post-
disaster impacts from flooding contain information about loss of 
function from specific locations. 

Communities may also provide costs from past events that 
demonstrate the impact of the events. In these cases, local values 
provide a more accurate representation of a project area than the 
national or regional values from tools such as the FEMA BCA 
Version 4 software or HAZUS-MH.

5.1.3.1 disPLaceMent exPense 

Displacement time is “the time period during which occupants are 
displaced from a building in order for repairs to be made” (FEMA, 
2001). Therefore, the loss is associated with the cost of renting a 
temporary space during the period of displacement. Displacement 
should be included in the analysis only if a temporary alternate 
location is necessary to continue the function of the damaged 
building while it is being repaired.

The FEMA BCA Version 4 software is used to calculate displacement 
time as a function of the building damage and therefore flood depth. 
Appendix B, Table B.3, provides the standard curve provided by the 
software for displacement time.

The losses associated with displacement can be calculated once a 
determination of per unit costs for the displacement of occupants 
is made. The FEMA BCA Version 4 software provides standard values 
that can be used to calculate costs for displacement, based on a 
national average of rental costs per unit area. The costs for residential 
displacement include rental costs for temporary facilities, which are 
estimated as $1.44 per square foot per month, and one-time costs 
such as utility hookup fees and round-trip moving costs, estimated 
to be $500. If area-specific rental costs are available, they will 
produce a more appropriate estimate of the actual displacement 
expense and should be used. Area-specific values can be determined 
through historical information, information from real estate agents 
and rental companies, or from emergency assistance organizations, 
such as the American Red Cross.

Loss of Function 
Required Data

Factors used in HAZUS-•	
MH for loss of function 
calculations

FEMA BCA loss of function •	
calculations

Individual Assistance program •	
documentation

Public Assistance program •	
Project Worksheets

Net income from business •	
owners

Annual operation budget from •	
local agencies

Population served by critical •	
facilities and distance to next 
available facility

Historical flood damage •	
information
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A correlation of the flood depth with the appropriate displacement 
time in the depth-damage curve (Appendix B, Table B.3) must be 
made and the number of displaced days must be multiplied by the 
displacement expense for each day to calculate the loss. 

5.1.3.2 Loss of rentaL incoMe

The owner of residential or commercial rental property may lose 
income when tenants of a rented property are displaced because 
of damages resulting from flood losses. Loss of rental income 
should be calculated on a site-by-site basis. To calculate the loss, 
a determination of the rental income for the units with potential 
to flood must be made. Next, the flood depth must be correlated 
with the appropriate displacement time in the depth-damage curve 
(Appendix B, Table B.3). Finally, the number of displaced days must 
be multiplied by the rental loss for each day.

Counting the displacement expense for the renter and the full loss 
of rental income for the owner is incorrect because it double counts 
benefits. If rental income losses are counted, the displacement 
expense for the renter should be included only when the rent at 
the temporary location is an increase above the previous rent. In 
this situation, only the difference in rent, rather than the total cost 
of rent at the temporary residence, should be included. Most often, 
the loss of rental income is not calculated; instead, displacement 
expense is estimated for all tenants of a property.

5.1.3.3 Loss of business incoMe

A loss of business income may occur for commercial buildings 
when damage is severe enough to result in temporary loss of 
function of a building. According to What Is a Benefit? (FEMA, 2001), 
the proper measure of loss of business income is the net income, 
not the gross income, because expenses, as well as receipts, are 
lower when a business is closed.

Business losses can be estimated using the following methods. 
The results should be validated through field observation and 
discussion with local representatives.

The economic impact of each lost day of operation must be •	
calculated by dividing annual net income by 365.

The number of days the business would be interrupted because •	
of flooding must be estimated. The standard curve for loss-of-
function time provided in the FEMA BCA Version 4 software 
(Appendix B, Table B.3) can be used to calculate business 
interruption. The HAZUS-MH Technical Manual (FEMA, 2006) also 
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provides guidance for determining business interruption time 
based on percentage of building damage.

The number of days the business would be interrupted must •	
then be multiplied by the economic impact of each lost day.

5.1.3.4 Lost wages

Wages can be lost when there is a loss of function for any building 
where people are employed. Similar to the loss of business income 
for the owner, hourly employees can experience a loss of wages 
when a business closes. In accordance with What Is a Benefit? (FEMA, 
2001), lost wages are counted only for short-term losses due to 
temporary business closure and only for hourly employees. Wages 
are not counted for salaried employees unless employees are laid off 
without pay, or for public employees.

Lost wages are calculated by adding the employee’s base pay and 
benefits. FEMA BCA Version 4.0 software lists the national average 
for wages and benefits as $28.11 per hour. In place of the national 
average, regional or local averages can also be used. To calculate total 
lost wages for employees of an affected business, various types of 
information are required, including:

Per-hour average wages and benefits, based either on national •	
averages or local data

Number of places of employment in the affected area •	
(generally available from local officials)

Number of hourly personnel employed by each affected •	
employer (generally available from local officials or from 
the employer directly)

Once the daily value of the lost wages is determined, an estimation 
of the amount of time lost based on the type of building damaged 
must be made.

If the employer is a public agency or a commercial business, •	
estimate the period of time for loss of wages using the loss-of-
function curve (Appendix B, Table B.3). The loss-of-function 
period can also be determined using the HAZUS-MH Technical Manual 
data (FEMA, 2006a) or historical losses from similar events.

If the employee is employed at a residence and would not •	
be employed while the residents are displaced, estimate the 
period of time for the loss of wages using the displacement 
time curve (Appendix B, Table B.3) 

Multiply the period of time for the loss of wages by the value •	
of the wages lost per day.
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5.1.3.5 disruPtion tiMe for residents 

Assessing the value of lost time is straightforward and consistent 
with economic theory applied in a variety of fields, including 
recreational and transportation economics. Lost time can be incurred 
by individuals who must take pre-disaster preventive measures, 
evacuate their homes or business, clean up or repair damage, 
manage insurance claims, and deal with other disaster-related 
matters. The basic economic concept is that personal time has value, 
regardless of formal employment compensation. Therefore, it can 
be estimated that one hour of work is equal to one hour of leisure 
time because the “opportunity cost”2 of a leisure hour is equal to 
the wage earned for an hour of work time. To compute disruption 
time the following steps should be followed: 

The average employee per-hour wage and benefits amount is used. 
The recently updated FEMA methodology provides a national 
average for wages and benefits at $28.11 per hour (FEMA, 
2008a). However, in place of the national average, regional or 
local averages can be used. 

The number of disrupted residents is determined. If the •	
number of residential buildings affected is known, the 
average number of adults per household (from Census data 
or community demographic data) can be used to estimate the 
total number of residents disrupted. 

The time of disruption is determined. Although the FEMA •	
BCA modules do not provide a standardized curve, previous 
loss avoidance studies estimated disruption time to be 40 
hours for any amount of flooding, plus an additional 8 hours 
for every 1% of damage to the building (FEMA, 2008b and 
2008c). The calculated disruption time should be used for 
each adult in the household. 

The number of lost hours due to disruption is multiplied by •	
the value of average wages for all affected residents. 

5.1.3.6 Loss of PubLic service

If the acquired building is a public building that would temporarily 
close in a flooding event, there is a potential for a loss of public 
service. Even if the function of the building would be relocated 
to a temporary facility, there may be loss of function until the 
temporary facility is activated. Public services include public 

2 Opportunity cost is the cost of an alternative that must be forgone in order 
to pursue a certain action (i.e., the benefits received by taking an alternative 
action).
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works departments, police stations, fire departments, and libraries. 
Additionally, private non-profit organizations, such as schools and 
hospitals that are essentially providing public services, are classified 
as public services. Similar to displacement times, the FEMA BCA 
version 4 software includes a standard curve that correlates loss of 
function and the depth of flooding. Appendix B, Table B.3, shows 
FEMA’s standard curve for loss of function.

According to What Is a Benefit? (FEMA, 2001), FEMA makes the 
assumption that at a minimum, non-critical public services are 
worth what it costs to provide the services to the public. Therefore, 
the following steps are necessary to calculate the loss of function 
to a public building:

The economic impact of each lost day of operation must be •	
established. A loss of public service is assigned an economic 
value that is equal to the costs necessary to provide that 
public service. The daily cost of services is estimated from 
the annual operating budget for the agencies occupying a 
building. According to What Is a Benefit? (FEMA, 2001), the 
annual operating budget includes all of the direct costs 
necessary to provide the public services, including salaries and 
benefits, materials, supplies, utilities, equipment costs, and 
rent or the annual cost of owning the building. Local officials, 
or the operators of private non-profit entities, can provide 
information on the annual operating budget. This information 
may also be available on the agency’s website.

The flood depth (found during the Flood Inundation •	
Analysis, Section 4.3) must be correlated with the 
appropriate loss-of-function time in the depth-damage curve 
(see Appendix B, Table B.3). 

The number of lost days must then be multiplied by the •	
economic impact of the loss of public service. 

FEMA BCA Version 4 software also provides guidance for 
calculating loss of function for critical services (FEMA, 
2008a). Within this guidance, the estimation of the value to 
society of lost police services has two main components. The 
first component is to measure how a reduced police presence 
would affect the population of the affected area. The second 
component is to assign a dollar value to those effects. For fire 
and medical services, this guidance assumes that one nearby fire 
station or hospital can substitute for another if one is unable to 
function. Many evaluations of public safety functions are based 
on response time: a faster response is assumed to lead to a better 
outcome. Closed stations and longer response times should thus 
lead to increased fire and medical losses. 
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5.1.4 eMergency ManageMent costs

Emergency management costs are costs related to response and 
recovery activities conducted by Federal, State, and local, government 
agencies as a result of a hazard event. For example, the community 
experiences costs for ensuring public safety. In accordance with What 
Is a Benefit? (FEMA, 2001), groups of buildings at scattered locations 
do not significantly reduce a community’s emergency management 
costs because the area affected by a disaster is not decreased, and 
the total population affected by the disaster is not decreased, or 
not decreased significantly. Therefore, emergency management 
costs should be considered for a loss avoidance study only when a 
large group of adjacent buildings is acquired. The costs are obtained 
primarily from historical damage records, such as PWs prepared 
by FEMA during declared disaster events under the PA Program. If 
actual costs from previous events are known, they should be used. If 
FEMA previously provided PA Program funds for emergency work, 
PWs prepared to document emergency work costs may provide 
relevant information. The following steps can be used to calculate 
the impacts of other emergency response measures:

Local representatives can be interviewed to identify the •	
types of services required and the level of effort required in 
delivering those services.

The duration of the flood and the appropriate salary categories •	
can be used to estimate the costs for first responders.

The estimated flood recovery time and the appropriate •	
salary categories can be used to estimate the impact to other 
municipal employees. The impact may include cleanup and 
costs associated with implementing repairs.

If acquiring a large number of buildings in one area significantly 
reduces the emergency management costs, the benefits of reduced 
emergency management costs should be counted. 

5.1.5 Missouri study: caLcuLating Losses avoided

All buildings included in the Missouri study are residential. 
Therefore, of the loss categories listed in Section 5.1.1, only the 
following were considered for the study:

Physical Damage – Building and Contents and•	

Loss of Function – Displacement Expense and Disruption Time •	
for Residents

While some of the buildings may have been rental properties, 
Loss of Rental Income was not included for two reasons. First, no 

Emergency Management 
Data Sources

Public Assistance program •	
Project Worksheets for 
emergency work

Interviews with local public •	
safety officials

Historical flood damage •	
information
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data were readily available for which buildings were occupied by 
renters or on the actual rental income for the properties. Second, as 
explained in Section 5.1.3.2, counting both displacement expenses 
and rental income loss is doubly counting benefits. Also, avoided 
emergency response costs were considered for the study, but it was 
determined that the costs would be negligible. As noted in Section 
5.1.4, groups of buildings at scattered locations do not significantly 
reduce a community’s emergency management costs. Although 
the Missouri study included a large number of structures, they are 
scattered over a fairly large area. Therefore, this loss category was 
not included in the loss calculations.

5.1.5.1 Missouri study: PhysicaL daMages

The methodology described above was used to calculate MP
A
 damages 

for all communities in this study. As explained previously, no MP
C
 

damages exist because all buildings were demolished. Physical 
damages were limited to building and contents damage and were 
estimated based on the flood depths above FFE, calculated during the 
Flood Inundation Analysis (see Section 4.3.4). Depth-damage curves 
from FEMA’s BCA Version 4 software were used (see Appendix B).

Project files contained information on most of the building 
characteristics, such as type, number of stories, foundation type, 
finished or unfinished basement, and garages. Where necessary, 
values were estimated for single-family homes based on the 
American Housing Survey for the St. Louis metropolitan area (HUD, 
2005 and 2007). For more information, see Section 6.1.2. Table 5.2 
presents a breakdown of each community by building type.

The BRV for each building was based on Marshall & Swift 
(2008), which takes into account information specific to the 
living space, basement, and garage to estimate a cost per square 
foot to replace the building. 

The USACE generic building damage curves and the Federal 
Insurance Administration mobile home damage curves (FEMA, 
2008a), were used to calculate damages to the building and 
contents for single-family homes and mobile homes, respectively. 
Since present-day BRVs were estimated, and damages are a function 
of the BRV, it was not necessary to inflate the damage estimates to 
2008 dollars. Based on methodology established in the FEMA BCA 
Version 4 software and the damage curves, the content values were 
estimated to be 100% of the BRV for single-family homes and 50% 
of the BRV for mobile homes.
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5.1.5.2 Missouri study: Loss of function

Physical damage to buildings and their contents resulted in 
displacement and disruption time for the residents. Because all 
buildings acquired were residential, loss of business income, lost 
wages, and loss of public service damages were not calculated.

FEMA BCA Version 4 software guidance for displacement time 
was used to estimate the repair time in days for each building. 
Displacement cost was estimated based on the repair time and the 
default values of a $500 one-time displacement costs and $1.44/
square foot/month rental costs.

For disruption, FEMA BCA Version 4 software guidance provides 
a national average wage of $28.11 per hour per person. The time 
of disruption was calculated using the estimate that each adult 
occupant is disrupted 40 hours plus 8 hours for every 1% in 
building damage (FEMA, 2006). Assuming a conservative estimate 
of two adults per building, these standards were used to calculate 
the disruption time for residents.
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5.1.5.3 Missouri study: totaL Losses avoided

After calculating the losses avoided for each building for the spring 
and summer 2008 events, the cumulative amount of losses avoided 
for each structure were calculated for both the MP

A
 and MP

C
 

scenarios. The total losses in the MP
C
 scenario were then subtracted 

from the total losses in the MP
A
 scenario for each building to 

determine the total losses avoided. However, as previously noted, 
no losses were calculated for the MP

C
 scenario because the buildings 

no longer existed. As shown in Table 5.3, the total losses avoided for 
communities were valued at $93,626,111.

Appendices C through J provide detailed tables of damages by 
building in each project. 

5.2 caLcuLating return on investMent

Calculating the ROI is the final task in determining losses avoided. 
The results vary depending on the number of events evaluated for 
each building and the resulting level of damage. Figure 5.3 provides 
an illustration of the formula used in calculating ROI.

The denominator, Project Investment (PI), is the total project 
investment for the project being evaluated, or in the case of acquisition 
projects, the fair market cost to acquire and demolish the building 
and restore the property. Project investment does not represent the 
Federal investment alone. Rather, it is the total investment for the 
project made by all parties involved. The investment total must be 
representative of the acquisition costs. Also, all of the losses avoided 

Figure 5.3 

Source: FEMA, 2007
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are calculated in present-day values; therefore, the actual costs to 
acquire each building should also be adjusted to present-day values.

The numerator, Losses Avoided (LA), represents the total losses 
avoided for the mitigation project being evaluated. The ROI may be 
calculated for one or many MP

C
 flood events. If a storm event did 

not occur that was large enough to have caused damage in the MP
A
 

scenario, the losses avoided are zero. If multiple events are being 
evaluated for each mitigation project, then the LA would represent 
the total losses avoided for all the flood events. Therefore, the ROI 
would represent the cumulative ROI. 

An ROI can be calculated for each individual building, for a mitigation 
project (which could include multiple buildings), by storm event, or 
for the whole study area (which could include multiple projects). If 
an ROI is calculated for multiple buildings, taking an average of the 
ROI for each building is not appropriate. The total losses avoided 
for all of the buildings should be added together and divided by 
the total construction costs. This is referred to as aggregation.

5.2.1 Missouri study: caLcuLating return on investMent

Appendices C through J contain a comparison of the losses avoided 
and the original project investment for each building. The actual 
project investment may have come from several sources. The 
amounts shown in Table 5.3 reflect the combined investment from 
all sources, inflated to current day values. 

For the projects in the study, ROI ranged from 0 to 600%. Although 
not all projects in the study had an ROI greater than 100%, the ROI 
reflects only the losses avoided for the spring and summer 2008 
events for each project and will increase as additional storm events 
occur. The total losses for the spring 2008 event were $15,152,736 
with an ROI of 34%, while the total losses for the summer 2008 
event were $78,483,375 with an ROI of 178%.

The ROI is influenced by data quality, storm severity, and the relative 
costs of properties. The use of an above-ground offset versus an 
FFE in conjunction with sparse topographic information was the 
most significant contributor to differences in ROI. However, in 
general, communities with a more severe event (lower recurrence 
interval) yielded higher ROIs. The relative costs of properties also 
have a major impact on the ROI. In addition, some communities 
such as Arnold had a large number of vacant lots (or empty mobile 
home pad) purchases, which do not include losses avoided but 
increase the project investment. Similarly, the communities in St. 
Charles County and Marble Hill included properties that did not 
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experience flooding in 2008 that would have caused damages in 
the MP

A
 scenario. Therefore, there were no losses avoided for those 

buildings, but the acquisition and demolition costs are included in 
the ROI calculation. All these factors influence the final ROI. 

Table 5.4 shows that the aggregate ROI for all eight communities 
in the eastern Missouri study was 212%, using the combined 
losses avoided of $96,636,111 and a combined project investment 
of $44,153,436. The ROI reflects only the losses avoided for the 
spring and summer 2008 events for each project and will increase 
as additional storm events occur. 
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Section Six:
considerations and recoMMended Practices

This section is a summary of the special considerations and 
recommended practices that have resulted from of the study. 
The information is provided so that it can be used in future loss 
avoidance studies. The information is divided into data collection 
and availability and analysis methodology.

6.1 data coLLection and avaiLabiLity

Multiple types of data are collected throughout a loss avoidance 
study. The availability and quality of the data can affect the 
accuracy of the study significantly. The following sections describe 
the data-related challenges that were encountered in the eastern 
Missouri study and the recommendations for data collection in 
future loss avoidance studies.

6.1.1 first fLoor eLevations

Obtaining surveyed FFEs, ideally in the form of FEMA elevation 
certificates, is always a challenge for a loss avoidance study, especially 
when analyzing acquisition projects in which the buildings have not 
been in existence for many years. In this study, when FFEs were not 
available, detailed topographic data were collected and a standard 
HAZUS-MH offset of feet above ground was used depending on 
the building’s foundation type (see Table 3.2). This method made 
it possible to analyze each building so that no properties had to be 
removed because of lack of FFE data. However, the lack of accuracy 
in the topographic data may have greatly affected the results.

The recommendation for future studies when FFE data are not 
readily available is to exhaust all options before using theoretical 
data. This approach should be used only as a last resort and if the 
study sponsor accepts the approach.

A trained structural engineer or surveyor can estimate the FFE (in feet 
above grade) visually from a photograph by counting the number 
of steps or concrete blocks used for the building’s foundation. A 
moderate level margin of error exists, and this method would be 
time-consuming in projects with a large number of buildings. 

Following a flood-related disaster, FEMA often tasks USACE with 
recording HWMs, which can be digitized in GIS to create a 
flood surface. The National Emergency Management Information 
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System (NEMIS) stores water depth inside buildings as part of the 
information that is used to record and assess FEMA’s Individual 
Assistance program applications following a federally declared 
disaster. Once the location of a building is found on the NEMIS 
and HWM list, the FFE for a specific building can be reconstructed 
by deducting the water depth inside the building from the HWM 
elevation for that property. This method can be implemented quickly 
because all calculations are completed within the GIS environment.

6.1.2 buiLding data

As part of Phase 3, some building data had to be estimated because 
an appraisal was not available and the project file did not contain 
detailed information. One Census Bureau data source not used in 
past studies was the American Housing Survey (HUD, 2005 and 
2007), which covers different metropolitan areas. The surveys are 
conducted in major metropolitan areas in the United States every 
5 to 10 years and collect more detailed housing characteristic 
data than other census surveys. For the eastern Missouri study, the 
2004 and 1996 surveys of the St. Louis metropolitan area provided 
statistical data for single-family homes as a supplement when actual 
data were not available. The statistical analysis can be done in several 
ways. The survey data provide information on many characteristics 
for the total number of buildings in the survey. A measure of central 
tendency, such as the mean or median, can be determined and used 
for all buildings with unknown characteristic. Measures of factor 
distribution (e.g., standard deviations, maximums, minimums) 
or quartiles can also be used to generate characteristic values to 
approximate the distribution of the unknown characteristics. 

Statistical Building Foundation 
Type Percentages

founDation tyPe

Basement

Crawl

Slab

85%

7.20%

7.80%

single-family home

Table 6.1 

Source: American Housing Survey Table 1-2, Height and Condition of Building and Table 1-1, Introductory 
Characteristics
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The foundation type of a building was a characteristic that affected the 
assumed above-ground offset, which was used in lieu of an FFE. Table 6.1 
indicates the statistical distribution of buildings with each foundation 
type. For buildings with a basement foundation, it was assumed that 
50% had finished basements and 50% had unfinished basements.

Number of stories, square footage of the building, and the building 
type are all characteristics that affected the depth-damage curve used 
in the analysis. According to guidance from HUD (2005 and 2007), 
it was assumed that 17% of the acquired single-family homes were 
one-story buildings and 83% had two or more stories. Tables 6.2 
and 6.3 show the statistical distributions of building square footages 
and the presence of garages (used in square footage calculations).

For the eastern Missouri study, if the statistical approach showed 
that a single-family home had a basement, 800 square feet was 
the assumed basement area. The statistical approach was used to 
determine whether a single-family home had a garage and whether 
the garage was attached or detached and one- or two-car. To calculate 
the garage area, 400 square feet per car was assumed.

The recommendation for future studies is to use a statistical approach 
as described above when insufficient actual data exist. Actual data 
may be available in tax assessor information from the demolished 
buildings. The theoretical approach should be used only as a last 
resort. If statistical data are needed, American Housing Surveys may 
provide more detailed data than nationwide or regional sources.

Table 6.2 

Statistical Building Square 
Footage Quartiles

Quartile

0%

25%

50%

600

1,365

2,012

single-family home 
(sQ ft)

75% 2,924

100% 4,600

Source: American Housing Survey Table 2-24, Units in Structure by Selected Characteristics
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6.2 anaLysis MethodoLogy

All analysis methods used for the eastern Missouri study have 
been used in previous loss avoidance studies with the exception of 
USACE flood profile data. 

6.2.1 use of fLood ProfiLe data

Past loss avoidance studies were conducted primarily for communities 
with flooding sources smaller and less complex than the Mississippi 
River. In the eastern Missouri study, five communities were affected 
by flooding from the Mississippi River, which is managed by USACE 
through a series of locks and dams in Missouri. USACE provides detailed 
flood profile data that reflect the locks and dams and are more recent 
and comprehensive than FEMA FISs for individual communities. 

The recommendation for future studies involving large flooding 
sources is to first gather any available hydraulic modeling 
information that is more recent and up-to-date than a FEMA FIS. 
Where more recent modeling is not available, USACE data can be 
used as a supplement or replacement for a FEMA FIS.

Statistical Percentages of 
Buildings With or Without garages

garage

With

Without

63.8%

36.2%

single-family home

Source: American Housing Survey Table 1-6, Housing and Neighborhood Quality

Table 6.3 
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Table B.3

LOSS OF FUNCTION/
DISPLACEMENT DEPTH-

DAMAGE DATA 
builDing 

tyPe
resiDential 

FLOOD DEPTH 
(IN FEET) 

LOSS OF FUNCTION/
DISPLACEMENT (DAYS)

-2 0

-1 0

0 0

1 45

2 90

3 135

4 180

5 225

6 270

7 315

8 360

9 405

10 450

11 495

12 540

13 585

14 630

15 675

16 720

Source USACE Generic 
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Appendix E   Loss Avoidance Study: Eastern Missouri Flood Mitigation
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Appendix E   Loss Avoidance Study: Eastern Missouri Flood Mitigation

Part Two
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Loss Avoidance Study: Eastern Missouri Flood Mitigation
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Acronyms:
aPn  

assessor parcel number 

bca 
Benefit-Cost Analysis

brv 
building replacement value

cfs  
cubic foot (feet) per second

deM 
Digital Elevation Model

feMa 
Department of Homeland Security’s Federal Emergency Management Agency

ffe 
first floor elevation

ffq  
Flow Frequency Query

firM  
Flood Insurance Rate Map

fis 
Flood Insurance Study

fMa 
Flood Mitigation Assistance

gis 
Geographic Information System

gPs  
Global Positioning System

haZus-Mh 
Hazards U.S.–Multihazard

hMa 
Hazard Mitigation Assistance

hMgP 
Hazard Mitigation Grant Program

hwM 
high water mark

La 
Losses Avoided
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Las 
loss avoidance study

Lidar  
Light Detection and Ranging Systems

Mo 
Missouri

MPa 
Mitigation Project Absent

MPc 
Mitigation Project Complete

neMis 
National Emergency Management Information System

nfiP 
National Flood Insurance Program

ngvd 29 
National Geodetic Vertical Datum of 1929

nws  
National Weather Service

Pa 
Public Assistance 

Peak fq  
Peak Flood Frequency 

Pw 
Project Worksheet

PdM 
Pre-Disaster Mitigation 

rfc 
Repetitive Flood Claims

Pi 
Project Investment

roi 
Return on Investment

sPring and suMMer 2008 events 
severe flood events that occurred in eastern Missouri during 
March 2008 and June and July 2008

srL 
Severe Repetitive Loss
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study 
Loss Avoidance Study

tin 
Triangulated Irregular Network

usace 
U.S. Army Corps of Engineers

usgs 
U.S. Geological Survey

wse 
water surface elevation
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