
JOB AID 
Benefit-Cost Analysis for Flood Mitigation Projects 

 
 

Background 

This Job Aid provides guidance for potential subappplicants when performing benefit-cost analysis (BCA) for 
proposed flood mitigation projects submitted through one of FEMA’s mitigation grant programs, including the 
HMA (Hazard Mitigation Assistance programs, which include the Hazard Mitigation Grant Program (HMGP), 
the annual Building Resilient Infrastructure and Communities (BRIC) and Legislative Pre-Disaster Mitigation 
Program (LPDM)). There are many types of flood mitigation projects that fall in this general category, including 
flood barriers, floodproofing, stream bank modifications, drainage improvements, and elevations and 
acquisition/demolitions, among many others.  

BCAs compare risk from natural hazards before a proposed project is initiated to after a project is completed. 
Risk is an important concept in benefit-cost analysis, and it is defined as expected future losses from natural 
hazards. Losses are monetized in BCAs, meaning they are expressed in terms of dollars – this is so there is a 
basis to compare them to other projects, and to the project cost. Risks fall into three general categories.  

1. Direct damages 
2. Loss of function 
3. Injuries and deaths 

 
These risks become benefits when a project eliminates or reduces them during floods (or other natural 
hazards). Flood mitigation projects may address any of these three risk/benefit categories, although direct 
damages and loss of function predominate. Direct damages are fairly self-explanatory, and refer to the cost to 
repair or replace physical elements after they are impacted by natural hazards. Loss of function occurs when a 
building or infrastructure element is damaged by a flood, and either stops functioning or does not function at 
full capacity because of the damage. Injuries and deaths may occur as a result of flooding, but FEMA policy 
guidance and BCA procedures provide only very limited guidance on this, so analysts are responsible for 
determining the best methodologies if this risk is evident. Historically, FEMA has approved very few flood BCAs 
with life safety components because they are not generally considered to be low-warning events. There is 
more information about this in the sections below.  

Note that starting in 2023 (via the BRIC and FMA programs) FEMA established a policy whereby subapplicants 
may opt to submit a narrative and quantitative data for proposed mitigation projects under $1M total project 
cost. This policy was expanded to the HMGP and FMA programs in a 2024 guidance document. See the 
bibliography at the end of this document for a link that provides additional information about projects less 
than $1M.  

 

BCA Software 

In most cases, FEMA requires the use of its software to complete benefit-cost analyses of proposed mitigation 
projects (as noted above, cost effectiveness determinations for projects under $1M may be addressed via a 
narrative that is supported with quantitative data). The end section of this document includes a link where 
users can download the software. The FEMA BCA software is based on MS Excel, which may be run via the on-
line version of MS Office or in the desktop environment. Users who encounter difficulties downloading or 
installing the program should contact FEMA’s BC Helpline at the email address or the telephone number listed 
below. In some (rare) cases, system administrators will want to discuss potential security issues prior to 
allowing the software to be installed. This is best addressed by having the system administrator work directly 
with the BC helpline.  



 

BCA Methodology – Drainage Improvement Projects 
 
Drainage improvement projects are broadly defined as measures that decrease flood risk by lowering water 
levels in an area via increased drainage, conveyance, storage and/or pumping. This is a very common project 
type in FEMA’s grant programs, and there are many different types of projects and combinations of measures 
that achieve the objective of reducing flood risk. Common drainage improvement projects include the 
following 

 
 Retention ponds 
 Pump stations 
 Drainage channels 
 Culvert upsizing 
 Increased channel capacity  
 Erosion control 

 
There are two BCA methodologies for drainage improvement projects: the Modeled flood approach, and the 
Damage-Frequency Assessment (DFA) approach. The modeled methodology uses a specific range of 
information to determine existing flood risks and the benefits of mitigating them. This approach has the 
advantage that the software incorporates a range of default data, which can make it easier on the analyst to 
complete the BCA. However, the software is not flexible in terms of the data that is required, and often it is 
simply not available. The modeled approach is rarely used in evaluating drainage improvement projects, 
because of the complexity involved developing appropriate data, and because the type of flood risks addressed 
through drainage improvements are usually not related to overbank flooding, which is the primary use of the 
modeled approach.  
 
The DFA approach is the most commonly used methodology because it is flexible, allowing analysts to use a 
wide range of data. Such analyses may be based on historical hazard data or projected future hazard data, or a 
combination of these. The basis of a DFA analysis is establishing a series of points of known correspondence 
between the frequencies of flood events and the damage they have caused, or may cause in the future. It is 
important to understand that because the methodology can be based on a range of different data (and sources 
of data), all the inputs and the ways that they are derived must be fully explained and documented in the 
materials submitted to WAEMD as part of the subapplication package.  
 
 

Data Requirements and Sources 
 
This subsection is intended as a general summary of data requirements for BCAs that use the modeled flood 
path and DFAs (the two types of BCAs), not a comprehensive explanation of how to complete an analysis. 
Modeled BCAs are generally used only in the case of overbank flooding from rivers and streams, when the 
specific data is available.  
 
Modeled Flood Approach 
 
The most common flood mitigation project types that use the modeled BCA methodology are elevation and 
acquisition projects, but occasionally the approach can be used for drainage projects. A BCA for a flood 
mitigation project using the modeled methodology requires the following data, at a minimum  
 

1. Project cost and annual maintenance cost.  



2. Finished floor elevations (FFEs) for the structures included as part of the BCA or protected by the 
proposed mitigation. This data is critical to the analysis, and must come from a valid, documented 
source. Sources include a National Flood Insurance Program (NFIP) Elevation Certificate, professional 
surveyor, or estimated from guidance provided in Section 2.2.2 of the Supplemental BCA Reference 
Guide. 

3. Building type (or types, if multiple buildings are included in the analysis), number of stories, and 
foundation type (i.e. single family residential, 1-story, slab on grade, etc.) 

4. Square footages of each structure. This can be obtained from assessor data, building department, 
drawings, or other similar sources. 

5. Building replacement value (BRV). The FEMA default BRV is $100/square foot. This value tends to be 
somewhat low, and other source of the information can be used. If an alternative to the $100/s.f. 
default value is used, it must come from a legitimate source and be documented. Sources for the BRV 
can include cost estimating resources such as the Craftsman Guide, RS Means or Marshall and Swift. 
The BRV can also be estimated by a local contractor and a signed letter provided that identifies the 
estimated $/SF BRV. If other sources are used, they must be documented. Note that there can be 
considerable variation in BRV based on construction type, size and quality. NOTE that the building 
replacement value is not the same as appraised, tax or market value. These must never be used in a 
BCA. 

6. Flood hazard data, including a full series of probability/water surface elevation relationships. These will 
typically come from a FEMA Flood Insurance Study (FIS), but other legitimate sources are acceptable if 
documented (usually a hydraulic study engineering study that is based on modeling such as HEC-RAS 
or SWMM).  

7. Stream bottom elevation of the flood source. This is identified in the FIS or engineering study.  
8. The design performance of the proposed project, i.e. provides flood mitigation to a specific flood 

elevation or probability, or decreases water surface elevations due to the project increasing 
conveyance or temporarily detaining water. Note that this is required only when using the modeled 
path for drainage projects (rarely used). This is not needed for elevation or acquisition projects. 

9. Annual operating budget. This is only needed for non-residential structures that are either elevated or 
acquired. 

 
Please note again that this is not intended as a detailed or comprehensive list of data that may be appropriate 
for a BCA.  
 
 
Damage Frequency Assessment (DFA) Approach 
 
The DFA approach is most often used for drainage improvement projects, although it is adaptable to any 
situation or project, if the right data can be obtained. This type of BCA requires the following data: 
 

1. An established flood recurrence interval or series of recurrence intervals that are based on either 
historical flood events or expected damages. Common data sources for identifying the recurrence 
interval for historical flood events include the United States Geological Survey (USGS), the National 
Oceanic and Atmospheric Administration (NOAA), engineering reports, National Weather Service 
(NWS) or Atlas 14 precipitation frequency estimates (NOAA). The frequencies of such events may be 
determined in several ways, depending on what resources and data are available. For example, if flood 
damages are related to extreme rainfall events, it is usually possible to use rainfall records and NOAA 
probability tables (Atlas 14) to derive event frequencies; in such a case it is necessary to know the 
date(s) of flood events, and their locations. It is also possible in some cases where there are numerous 
historical floods to simply divide the period of record by the number of events, although doing so 
requires an understanding of statistics so that unequal events are not combined.  Recurrence intervals 



for expected events are typically based on statistical flood modeling (such as HEC-RAS) that is included 
as part of a Hydrology and Hydraulic (H&H) study or similar report.  

2. Direct damages to residential and non-residential structures or other infrastructure. This includes 
structural damages, contents, and displacement costs. Data sources differ for historical damages vs. 
expected damages. Damages may be observed and documented historical damages or “expected” 
damages, i.e. calculated based on non-historical data. The type of data can vary considerably based on 
the specific flood risk. For example, when using professional expected damages, developing data for a 
floodprone residential structure may involve estimating flood depths using GIS technology and FEMA 
damage functions (statistical depth-to-damage relationships that are based on large-scale studies, and 
are related to specific structure types), whereas data for a drainage improvement project will often 
involve the use of site-specific flood modeling.  

3. Infrastructure damages. Direct damages to critical infrastructure such as potable water systems 
(treatment, distribution), wastewater facilities (treatment, influent and effluent lines), or roads and 
bridges. This category also includes documented loss of function times (the value of a service that is 
interrupted by a flood) from historical events or estimated values when using expected damages.  

4. The design performance of the proposed project, i.e. provides flood mitigation to a specific flood 
elevation or probability, or the extent to which it reduces water surface elevations and flood damage 
for the same set of frequencies as used in the pre-mitigation frequency-damage table. 

 
Drainage improvement projects are very often intended to reduce flooding to roadways by increasing culvert 
and related conveyance capacity – in such cases, the primary flood risk is often loss of road function. The BCA 
software provides a specific path (Roads and Bridges structure type) that can be used to incorporate 
information to calculate the value of the road function (and the benefits of reducing the frequencies and 
durations of floods that cause detours). When including the Roads and Bridges category, analysts will need 
traffic counts, estimated detour durations, and maps that identify both the typical route and detour distances 
in miles (and time). 
 
 

Project Useful Life 
 
Project Useful Life (PUL) is simply the period over which a project is effective. FEMA has established specific 
values based on the project type and certain characteristics of the type. The PUL for flood mitigation projects 
can be found by selecting the “i” icon (Information, i.e. help function) within the Cost Estimation section. 
Figure 1 below is a screen capture of the Flood Section of the PUL table. The PUL varies for different flood 
project types including acquisition, elevation (varies by building type), and infrastructure projects.  The PUL is 
manually entered in the BCA software. The standard value is considered the default. Documentation is 
required for PULs entered in the BCA that exceed the default, but are within the acceptable limits.  
 
  



Figure 1 
Project Useful Life Table – Flood Section 

 

  



Example of a BCA for a Drainage Project 

The following narrative and screen captures show the standard sequence of data entries for a drainage 
improvement project BCA that replaces an undersized culvert with a bridge. This example uses the DFA 
approach.  Note that there are many possible variations, and this is intended only as a generic example. Figure 
2 is the initial Project Configuration section of the software. The analyst enters the Project Title, Location 
(address or latitude/longitude), Structure Type (selected from the dropdown list), Hazard Type (drop list), and 
Mitigation Action Type (drop list). This example is for a culvert upgrade, so Roads and Bridges is selected for 
the property structure type. The analysis is based on professional expected damages.  
 

Figure 2 
Project Configuration Screen – Culvert Upgrade Mitigation Project 

 

 
 

The lower part of the same BCA screen is used to enter the Project Useful Life, Project Cost and Maintenance 
Cost. The project cost must include all construction and soft costs including engineering, design and 
permitting, and must match exactly the figures used in the budget section of the subapplication. If there are 
grant management costs, these can be excluded from the total project cost entered in the BCA. The 
maintenance cost is the cost to maintain the bridge that replaced the culvert. It is entered as an annual value.  
 

Figure 3 
Project and Maintenance Cost Screen – Culvert Upgrade Mitigation Project 

 

 
 

After entering the project cost and maintenance cost, use the Next button to proceed to the next screen. 
Figure 4 shows the data entry fields for the Roads and Bridges Properties. This section calculates the economic 
loss per day that results from the section of road closed due to flooding. Note that the help buttons (italicized 
“i” in the white circles) include details about the values within this section. The value entered for the number 
of one-way traffic detour trips per day must be supported with documentation. This is typically provided by a 
source such as the Washington Department of Transportation (WADOT), the local DOT or a traffic study that 
includes average annual traffic count data. The additional time per one-way trip and additional miles must be 
documented with a map that identifies both the additional distance and time that would result from the road 



closure. Note that in some cases, there will be no available detour route where a section of the community 
may be cut off from road access. In this case, the number of daily trips is based on the number of one-way trips 
per day with a delay time entered of 12 hours. The number of additional miles would be entered as zero. In 
this scenario, a map must be provided that clearly demonstrates there is no detour route available.  
 
For the culvert example, Figure 4 below has calculated a daily value of $124,062 for road closure time, based 
on the 17,254 one-way traffic detour trips per day and the other values entered in this section. This 
information will be incorporated into the calculations based on user inputs for loss of function duration in a 
later screen (See Figure 5).  
 

Figure 4 
Roads and Bridges Properties Screen – Culvert Upgrade Mitigation Project 

 

 
 

The next screen in the software is the pre-mitigation damage-frequency table, as shown in Figure 5. Pre-
mitigation means the direct damages and losses of function that would occur in the present configuration and 
condition of the culvert, as determined by an engineer or flood study.  
 

Figure 5 
Pre-Mitigation Damage-Frequency Screen – Culvert Upgrade Mitigation Project  

 

 
 

The first column “Recurrence Interval” is entered by the analyst based on a report or a Hydrology and 
Hydraulic (H&H) Study that evaluates flood scenarios that include specific recurrence intervals. In this example 
standard flood recurrence intervals of 10, 25, and 100 years are entered as the recurrence intervals. The next 
step is to enter the number of impact days in the second column. This is the expected number of road closure 
days based on the estimated depth of flooding. The loss of function value must be documented from past 
events or estimated by a traffic engineer or similar professional. The last step in entering data in this table is to 
determine the direct damages. These are entered by the user as dollar values in the third column, labeled in 
Figure 5 as Road Damages under the general category of Optional Damages. Here again, the values must be 
determined by a qualified source (typically an engineer) and must be documented. These costs can include 



labor, materials, inspections, design, contracting and so forth – anything that is required as part of the physical 
repairs to restore the service.  

The next step is to enter the Post Mitigation Damages and Impact Days values. The post-mitigation table is 
shown in Figure 6. Again, in this case, the analysis requires a report or H&H study that would document how 
the proposed mitigation would perform that is described in the scope of work. Engineers are normally 
designing the performance of flood mitigation projects to a specific level of protection (i.e. to a 50-year flood 
event, etc.), so usually this input is fairly easy to determine for the BCA.  

The post-mitigation DFA table (Figure 6) indicates reduced direct damages (in the Optional Damages, Road 
Damage column, and impact days. Note that the impact days after mitigation associated with the 100-year 
event has been reduced to one day. This one-day loss of function is included because (based on the design 
performance) the site may still experience some flooding at the design frequency, although this would be less 
than the pre-mitigation damages in the same event. The direct road damages have also been significantly 
reduced at the 100-year event compared to any of the pre-mitigation values at the 10-, 25-, and 100-year 
recurrence intervals. For this example, not all of the damages are eliminated at the design frequency.  

 
Figure 6 

Post-Mitigation Damage-Frequency Screen – Culvert Upgrade Mitigation Project 
 

 
 
 

Results 
 
When these post-mitigation inputs are completed, the software compares the pre-mitigation damages to the 
post-mitigation damages (which include loss of function), then compares this difference (the benefits) to the 
cost to calculate a benefit-cost ratio. If the ratio is 1.0 or greater, the project is considered cost effective. 
Figure 7 shows the results field in the BCA software.  
 

Figure 7 
BCA Results – Culvert Upgrade Mitigation Project 

 

 
  



Note that the example above is only one of many possible situations where the DFA flood approach can be 
used. There are so many combinations of flood risk, project type and effectiveness that it is not possible to 
discuss them all in a single document. However, the same principles will apply to any BCA that is using either 
the historical or expected damages methodology, i.e. that the analysis must establish one or more points 
where both flood frequency and damages can either be documented (historical) or estimated (expected). In 
some cases these approaches can also be combined.  

 
Project Effectiveness 

 
Project effectiveness is the extent to which a mitigation activity reduces future damages. For structure 
elevation projects, the Modeled flood path in the BCA software automatically calculates the project 
effectiveness based on the values entered in the Hazard Probability Parameters section of the BCA. For 
infrastructure projects, the DFA methodology is used and the project effectiveness must be determined by the 
analyst (Damages After Mitigation table), consulting with an engineer familiar with the design. The project 
effectiveness is determined based on its design, which is normally expressed as a frequency.  
 
 

Benefit-Cost Analysis Documentation 
 
It is important to document all inputs entered in the BCA that are not default values. For flood BCAs (when 
using the DFA methodology) there are very few default values (these are related to economic loss per 
person/per day for utility categories and road closures). All other values must be documented or the source 
provided and explained. If any of the defaults are overridden, documentation must be provided for these 
inputs as well. 
 

Benefit-Cost Analysis Technical Report 
 
WAEMD recommends that subapplicants prepare a BCA technical report that explains the methodologies and 
supporting documentation used in the analysis. The technical report is typically structured to match the 
general subsections of the BCA. Recommended sections of the report include the following: 
 
 Introduction: Brief explanation of the project, from the Scope of Work.  
 Project Useful Life (PUL): Brief explanation or indicate FEMA standard value was used. 
 Project Cost: Indicates the total project cost and references documents that support the project cost 
 Annual Maintenance Cost: Provide basis of the cost, refer to documentation.  
 Pre- and Post-Mitigation Damage and Loss of Function Methodology: For flood mitigation projects this 

will vary for the Modeled approach vs. the Damage Frequency Assessment (DFA). For the post-
mitigation element, this will describe the basis of the design and flood performance level of protection 
for the proposed mitigation action, and how this decreases both the direct damages and loss of 
function.  

 Number of customers served: Include this section if the BCA is completed for a utility infrastructure 
project. Include data sources and references to documentation.  

 Number of one-way trips per day: Include this section if the BCA includes the Roads and Bridges 
category. This section would explain how the number of one-way trips per day was calculated and the 
identified detour route. 

 BCA Results: Summarize the results of the analysis and BCR. 
 

  



Pre-Testing Cost-Effectiveness 
 
It is important to pre-test projects for cost effectiveness early in the subapplication development process. 
Pre-test BCAs are often described as bounded analyses wherein the minimum and maximum possible 
benefits are estimated based on preliminary or partial data. For a flood mitigation project, a lower bound 
analysis could be based on assuming minimal flood damages and loss of function or an event frequency 
that is lower (i.e. a higher recurrence interval). If, based on these under-estimated inputs, the result is a 
benefit-cost ratio over the required 1.0 (the minimum to show cost-effectiveness), then when more 
accurate data used, the results will only increase. An upper bound analysis is based on the opposite 
principle, i.e. to use over-estimated data about these inputs, and if the result is a benefit-cost ratio of less 
than 1.0, then obtaining and inputting more accurate data would only decrease the ratio. It is important to 
recognize that if a lower bound analysis yields a BC ratio of less than 1.0, this is not definitive, and the 
analyst must proceed with more data collection. The opposite is the case with an upper bound analysis, i.e. 
if the result shows a benefit-cost ratio of greater than 1.0, then more analysis is required.  

  



Links to FEMA Software and Benefit-Cost Analysis Guidance 

Starting point for software and guidance documents 
https://www.fema.gov/grants/tools/benefit-cost-analysis 
 
Help with the software or BCA technical questions (the helpline will not review BCAs) 
bchelpline@fema.dhs.gov 
Or 1-855-540-6744 
 
Link to download the BCA software 
https://www.fema.gov/grants/tools/benefit-cost-analysis#toolkit 
 
Training materials 
https://www.fema.gov/grants/tools/benefit-cost-analysis/training 
 
Pre-calculated benefits (hospital generators, certain categories of flood mitigation projects, post-wildfire 
mitigation actions – see the long table) 
https://www.fema.gov/grants/guidance-tools/benefit-cost-analysis/streamlined-bca#pre-calculated-
benefits 
 
Note that the Pre-Calculated Benefits link above includes information and links to various parts of the 
FEMA HMA Program and Policy Guide that address cost-effectiveness subjects and most other aspects of 
the different mitigation grant programs.  
 
2024 streamlined BCA guidance 
https://www.fema.gov/sites/default/files/documents/fema_policy-206-23-001-bca-discount-rate-and-
streamlined-approaches_april-24-2024.pdf 
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