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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 floodproofing. 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	

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. 
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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 Data Collection and Screening

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 
an LAS. Flood-related projects include elevation, acquisition, 

Figure 3.1	
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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.

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 that are 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) 

For acquisition projects, once an initial list of projects has been 
selected, buildings in each project must be analyzed individually. 
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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 that are 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) 

FFEs are important because they provide the basis for the damage 
calculations. Damages are calculated in Phase 3 based on the depth 
of flooding inside the building. Due to the sensitivity of the damage 
calculations, even 0.5 feet of difference in FFE can result in large 
variations in calculated damages. Therefore, ideally, surveyed FFEs 
should be used.

3.2 Missouri Study: Phase 1 Summary

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 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

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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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, 

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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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 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 
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. 
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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 

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

FFE by Foundation Type

founDation tyPe ffe (ft above graDe) 

Basement

Crawl

Slab

4

3

1

Table 3.2	
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may have a low level of accuracy. 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 
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. 

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.

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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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	
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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. For some projects, more than 
one storm event may have occurred during the project’s lifetime 
that could have caused damages. 

The purpose of the Storm Event Analysis is to determine what 
storm event data are available. Data for the Storm Event Analysis 
may be collected in the form of historical flooding data, stream 
gage discharge data, stream gage stage data, or precipitation 
gage data (see Figure 4.2). If no historical flooding data were 
recorded, the availability of sufficient stream gage data should be 
determined, since this is the best source of data for the analysis. 
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 (water-surface 

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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elevation), discharge (flow rate), or both. When no stream gages 
are available, precipitation gages must be located. If no storm 
event data are available, the buildings along that flooding source 
must be eliminated. A list of peak events since the first building 
was acquired can be compiled from the gage data during this 
phase if the scope of the study calls for the analysis of more than 
one event. 

4.1.1	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.

Although ungaged Sloan Creek and Cape La Croix Creek are 
subject to flooding, the major flooding source for the City of 
Cape Girardeau is the Mississippi River. Buildings affected by 
the ungaged flooding sources were removed from the analysis. 
Gage data on the Missouri River in the City of St. Charles, 
indicated that the 2008 flooding was between a 2- and 5-year 
event. Therefore, the study scope assumption that flooding 
along the Missouri River was minimal was verified. 

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

Table 4.1	

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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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.

If the flood source was studied in detail, for example, for a FEMA 
Flood Insurance Rate Map, obtaining a copy of the existing hydraulic 
model may be possible. Results from the existing model in the Flood 
Insurance Study (FIS) may be used to interpolate actual storm events, 
or modifying the model may be possible simply by replacing the 
original flow data with the event of interest. However, only portions 
of the original model may be applicable for use, especially if the 
channel has migrated since the model was completed. 

When an existing hydraulic model is not available, the parameters 
required to set up a new model include cross section elevation data, 
roughness coefficients, boundary conditions, inflow (from Storm 
Event Analysis), and data for any hydraulic structures in the model 
area. A list of FEMA acceptable hydraulic models is available at www.
fema.gov. 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. Figure 4.3 demonstrates the appropriate detail of 
topographic data for use in hydraulic modeling.

Buildings that are located on flooding sources with existing 
hydraulic modeling available or on flooding sources that can be 
modeled with appropriate methods will proceed to the Flood 
Inundation Analysis.

4.2.1	Missouri Study: Hydraulic Modeling

Existing models, in the form of FEMA FISs, were available for 
all communities and were supplemented with the 2004 Upper 

Flood Mitigation Project

5’1’ 10’ 20’ >20’
Contour

Figure 4.3	
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Mississippi River System Flow Frequency Study (USACE, 2004) to determine 
the recurrence intervals corresponding to the flood stages 
for the spring and summer 2008 events for each community. 
Therefore, new hydraulic modeling was not necessary and no 
buildings were eliminated during the Hydraulic Analysis. 

4.3 Flood Inundation Analysis

To determine whether buildings would have been affected by 
the peak storm event or events, the final step of Phase 2, the 
Flood Inundation Analysis, requires mapping the flood surface 
and comparing the water surface elevations to the MP

A
 FFEs. 

Most flood analysis and mapping is conducted using GIS 
software. The cross sections from the hydraulic model can be 
digitized and attributed with peak water surface elevations for the 
events of interest. Flood elevations can then be interpolated and 
converted to a water surface layer to account for flood elevations 
in all areas between the cross sections. From this surface, a peak 
WSE at each building can be exported in table format. 

When MP
A
 FFE data are available for acquisition projects, 

extracting the WSE from the flood elevation surface directly 
can greatly reduce analysis time by eliminating the need to 
compare the ground elevation and flood elevation surfaces. 
To determine the depth of flooding in the building for 
MP

A
 scenario, the FFE is simply subtracted from the WSE 

determined at each building. 

When the FFE is unknown, detailed topographic information 
is needed. The flood depth is calculated by determining the 
flood depth between the ground and the WSE. The flood depth 
at 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. 

4.3.1	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. 
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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 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 4.2 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 4.2	

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 

Loss Estimation Analysis

Present Findings Archive for
Future Studies

PHASE 3

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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The number and type of buildings affected by the storm events •	
being analyzed in the MP

A
 scenario 

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

ed 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 

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.

MP  - MP  = LA A C

Where MP = Mitigation Project Absent
Where MP = Mitigation Project Completed
Where LA = Losses Avoided

A

C

LOSS ESTIMATION ANALYSIS 

Figure 5.2	
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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. 

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 
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 

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

Source: FEMA, 2007
* Loss Types that apply to building acquisition projects.

Table 5.1	

Physical Damage Data 
Sources

Depth-damage curves ob-•	
tained from HAZUS-MH or 
USACE

Insurance information•	

HMGP or FMA project files •	
and BCAs

Public Assistance program •	
Project Worksheets

Historical flood damage infor-•	
mation
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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.

Standardized damage curves relating depth of flooding to building 
and contents damage (calculated as a percentage of the BRV) are 
available from FEMA and the USACE. 

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.

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. 

Loss of Function 
Required Data

Factors used in HAZUS-MH •	
for loss of function calcula-
tions

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 infor-•	
mation
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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.

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. It is important to note 
that emergency management costs should be considered only for 
a loss avoidance study 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 deliver-
ing 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 mu-
nicipal 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. 

5.1.2	Missouri Study: Calculating Losses Avoided

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). Physical 
damage to buildings and their contents resulted in displacement 

Emergency Management 
Data Sources

Public Assistance program •	
Project Worksheets for emer-
gency work

Interviews with local public •	
safety officials

Historical flood damage infor-•	
mation
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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.

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

The acquired buildings in all of the studied eastern Missouri 
communities were scattered over a large area. Emergency 
management costs were therefore not estimated for this study.

5.1.2.1 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, 



Section Five   
   

			   5-7

Phase 3: Loss Estimation Analysis
   

Part One

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.

5.1.2.2 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.

5.1.2.3 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 
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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 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 

$ LA 

Where LA = Losses Avoided
Where PI = Project Investment
Where ROI = Return on Investment

RETURN ON MITIGATION INVESTMENT 

= % ROI 
$ PI 

Figure 5.3	
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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 ROI

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 5.2 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 
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. 
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Table 5.3 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



Section Six   
   

			   6-3

Consideration and Recommended Practices
   

Part One

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.

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

Table 6.2	

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

Table 6.3	

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

Benefit-Cost Analysis

BRV	
building replacement value

DEM	
Digital Elevation Model

FEMA	
Department of Homeland Security’s Federal Emergency Management Agency

FFE	
first floor elevation

FIS	
Flood Insurance Study

FMA	
Flood Mitigation Assistance

GIS	
Geographic Information System

HAZUS-MH	
Hazards U.S.–Multihazard

HMA	
Hazard Mitigation Assistance

HMGP	
Hazard Mitigation Grant Program

HWM	
high water mark

LA	
Losses Avoided

LAS	
loss avoidance study

MO	
Missouri

MSEMA	
Missouri State Emergency Management Agency

MPA	
Mitigation Project Absent

MPC	
Mitigation Project Complete
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NEMIS	
National Emergency Management Information System

NFIP	
National Flood Insurance Program

PA	
Public Assistance 

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

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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