JOB AID
Benefit-Cost Analysis for Erosion and Landslide Mitigation Projects

Background

This Job Aid provides guidance for potential subappplicants when performing benefit-cost analysis (BCA) for
proposed erosion or landslide 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 several types of stabilization mitigation projects that reduce
the risk of landslides or erosion. Some of the project types include decreasing slope angles, installing
vegetation buffer strips, slope anchoring (such as rip-rap), and property acquisition. These project types reduce
the risk to structures or infrastructure.

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 landslides (or other natural
hazards). Landslide or erosion mitigation projects may address any of these three risk/benefit categories.
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 landslide or erosion, and either stops functioning or does not function at full capacity because of
the damage. Injuries and deaths may occur as a result of landslide, 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.

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 S1M.

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.



Mitigation Project Costs and Annual Maintenance Costs

Analysts (which include both subapplicants or their consultants) must include accurate project and
maintenance costs in BCAs. Project costs are usually developed by engineers or whoever designed a project.
However, in many cases costs are preliminary, particularly when projects are phased, and the first phase is
intended to develop specifications and accurate costing and scheduling. In cases where project costs are
preliminary or estimated, it is still important to make them as accurate as possible, and provide credible
documentation. Maintenance costs must be used in project benefit-cost analyses in all cases. They may be
estimated, but must come from a valid source with knowledge of the project type and maintenance
requirements/costs. These costs must be documented. Note that in some cases maintenance costs may be
provided as “life cycle” costs, i.e. a total for the entire life of a proposed project. The FEMA BCA software
requires that the costs are provided as an annual value, and in this case the total cost may simply be divided by
the number of years in the life cycle (which should match the FEMA Project Useful Life) to determine an annual
number. The annual maintenance costs for landslide-related mitigation projects (structure acquisition) are
zero. The annual maintenance cost must be estimated for erosion mitigation projects.

Benefit-Cost Ratio

The benefit-cost ratio (BCR) is a numerical expression of the total benefits of a proposed project divided by the
total cost. Based on the analyst’s inputs (described below and in the hazard-/project-specific job aids), the
FEMA software will calculate the benefits and costs, and produce a ratio. If the inputs are correct and well
documented, then a ratio of 1.0 or greater indicates a cost-effective project, whereas a ratio of less than 1.0
indicates a project that is not cost-effective. It is always desirable to have “extra ratio” (i.e. more than the
minimum 1.0, and preferably above 1.5 in most cases) so that if reviewers identify problems in an analysis and
the benefits are reduced, then the result will still indicate a cost-effective project. This is not to say that
benefits should not be artificially increased or costs decreased, but that an effort should be made to maximize
the benefits within reason.

BCA Methodology

There are two basic methodologies for landslide or erosion projects, depending on the nature of the hazard.
One methodology for landslides is described as imminent failure and the other is based on calculating the
average annual rate of erosion. In both cases, the hazards are non-recurrent, i.e. occur only once, so BCAs are
based on determining the “time-to-event” and relating that to the damages and/or loss of function. The
Modeled path of the software is used for landslide projects that are based on imminent failure. Erosion
projects use the Damage-Frequency Assessment (DFA) methodology. Both methodologies are described in
more detail below.

BCA Methodology — Landslide

A landslide is rock, soil or other materials moving down a slope. Landslides can be caused by various natural
hazards including excessive rain, earthquakes, volcanoes, or changes to the geomorphology. They can strike
with little or no warning and move at a rate between 55-100 mph. The BCA methodology for landslide projects
is based on imminent risk of failure. FEMA defines imminent risk as a period of five years and for landslides is
applicable only to acquisition projects (this cannot be the basis for other project types like slope stabilization).
The FEMA BCA Toolkit includes a methodology for calculating the benefit cost ratio (BCR) for the acquisition of
properties in landslide hazard areas where there is an immediate threat of catastrophic slope failure (within



five years of application development). The BCA calculation is based on a single event, with the “recurrence
interval” based on the time to failure. The term recurrence interval is in quotes here because there is an
implied probability for the event (as above), but it is non-recurrent. Figure 1 shows the Project Configuration
section of the BCA Toolkit for landslide projects. The modeled damages path is selected for the BCA (radio
button at bottom of screen).

Figure 1
BCA Toolkit — Project Configuration

Project Configuration

Project Title Landslide - Sample Project

Property Location Seattle, Washington

47.603229 -122.33028
98104 Washington v | King

Property Structure Type: Residential Building e

azard Type Landslide v

Mitigation Action Type: Acquisition ™

Acquisition @ Seattle, Washington

Damage and Frequency Relations ased o _ — — .
Damage and Frequency Relationship based on (® Modeled Damages () Historical Damages () Professional Expected Damages

In addition to completing the BCA in the FEMA software, a report or study must be provided from a qualified
professional such as a geotechnical specialist or engineer that supports the imminent risk of failure within five
years. This report is required by FEMA and is typically the most difficult part of the supporting BCA documents
to provide.

BCA Methodology — Erosion

As noted above, erosion projects use the DFA methodology. This methodology is based on establishing one or
more points where a relationship can be determined between the erosion frequency and the damage it will
cause. Within the general DFA methodology there are two sub-paths (Historical Damages and Professional
Expected Damages). Since damages have not yet occurred to the structure (or infrastructure), the Professional
Expected Damages path is used for BCAs for erosion mitigation projects.

The BCA methodology for erosion projects is based on identifying the number of years before total failure of
the structure or infrastructure occurs. The years before failure is determined by establishing an average annual
erosion rate or an event of a specific recurrence interval that would reach the structure or infrastructure and
damage it catastrophically. If the rate is used, it must be documented by either comparing historical aerial
images, typically included as part of a technical report, or identified as part of an engineering study that
establishes the rate of erosion. Figure 2 shows a sample aerial image identifying the shoreline recession of
Graveyard and Empire Spit along the coastal area of Washington between 2009 and 2020. If the single-event
approach is used, this too must be based on a valid engineering study or opinion that establishes a recurrence
interval (probability) for the event that would cause catastrophic damage (non-recurrent). This would typically
be based on discharge and/or water surface elevations in a river or stream environment, or through an
analysis of coastal storm/tide probabilities in conjunction with a geotechnical evaluation. These are mandatory
components of such an analysis, and must be documented.



Figure 2
Sample Aerial Image Showing Shoreline Regression between 2009 and 2020
Source: USACE Coastal Engineering Analysis for a Dynamic Revetment on
Graveyard Spit, (June, 2022)

The most common approach to determining the time-to-failure (which is a proxy for the probability) is to
determine the annual erosion rate, then estimate (based on that) how long it would take for the source of the
erosion to reach the subject structure/infrastructure. The calculated number of years until failure is then
entered as the recurrence interval in the Damages Before Mitigation table of the BCA. Once the erosion
reaches the facility, damages or possibly complete failure of the structure or infrastructure occurs. If it is
determined that complete failure would occur, the replacement value of the structure or infrastructure is
entered in the “Optional” damages category of the BCA. For utility infrastructure projects there would also
likely be loss of function (or impact days) entered in this section of the BCA. The loss of function calculation(s)
are based on data entries that are determined by the type of function (utility or roads/bridges, which is
presented in a drop list), the number of individual customers (or trips, in the case of road/bridge losses), and
the duration of the losses. FEMA has not issued any guidance on how to determine loss of function duration
for catastrophic events, so subapplicants must determine this based on knowledge of the specific situation, i.e.
how long it would take to recover the function if the infrastructure or road could not/would not be rebuilt in
the same place.



Data Requirements and Sources

This subsection is intended as a general summary of data requirements for BCAs that use the modeled
landslide path and erosion projects that use the DFA approach, not a comprehensive explanation of how to
complete an analysis. Modeled BCAs for these hazard types are generally used only in the case of landslide
acquisitions, when the specific data is available.

Landslide — Acquisitions (structures)

A landslide BCA most commonly uses the modeled path in the BCA software. A BCA for a landslide mitigation
project (structure acquisition) using the modeled methodology requires the following data, at a minimum

1. Project cost and annual maintenance cost.

2. Square footage of the structure(s). This can be obtained from assessor data, building department,
drawings, or other similar sources.

3. 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.

4. Number of building occupants. The number of persons per household can be estimated from the US
Census QuickFacts.

5. How many of the residents work (accepted FEMA default is one)

6. Emergency response costs (This may not always be applicable)

Please note again that this is not intended as a detailed or comprehensive list of data that may be appropriate
for a BCA.

Erosion Projects (Structures and Infrastructure)
The DFA approach is used for erosion projects. This type of BCA requires the following data:

1. An established recurrence interval (time-to-failure) that is based on annual historic erosion rates (this
is the number of years until the erosion reaches the structure or infrastructure, as determined via the
analysis discussed above). Common data sources for identifying the recurrence interval for historical
erosion rates includes a geotechnical study, the United States Geological Survey (USGS), the US Army
Corp of Engineers (USACE), or other qualified professionals that can calculate the average historical
erosion rate, then extrapolate this to determine the time to failure. The average rate may be
determined in several ways, depending on what resources and data are available. For example, in
some cases historical aerial images may be available that provides a timeline that can be used to
establish an average rate of erosion. If not available, a geotechnical study may establish an average
annual erosion rate. The methodology for establishing the recurrence interval must be documented in
a report or study.

2. Direct damages to residential and non-residential structures. This includes structural damages,
contents, and displacement costs. For these structures the building replacement value (BRV) is entered



since complete failure of the structure occurs based on the calculated years to failure (or recurrence
interval). As noted above, 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 S/SF BRV. If other sources are used, they
must be documented.

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. For theses infrastructure categories the replacement value of the components impacted are
entered since complete failure of the infrastructure occurs based on the calculated years to failure (or
recurrence interval). This category also includes documented loss of function times (the value of a
service that is interrupted by failure of the system). The loss of function time entered is the period of
time required to either replace the infrastructure or establish temporary service. The loss of function
time may be estimated, but the analysis materials must include a detailed explanation of how the
duration was estimated.

The design performance of the proposed project, i.e. provides protection from erosion to a specific
probability. This is expressed as a recurrence interval and entered in the Damages After Mitigation
section of the BCA. Typically, a small amount of damages and/or loss of function is included at the
design frequency to account for the possibility of minor damages.



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 landslide mitigation
projects is five years. This is based on the period of imminent risk and is a default value in the software that
can’t be modified. The PUL for erosion projects is set to match the recurrence interval (or number of years
until failure) entered in the Damages Before Mitigation section of the BCA. The PUL matches the recurrence
interval since the structure will experience complete failure once erosion reaches the structure. The structure
is considered destroyed, and cannot be damaged again after this time period.

Example of a BCA for a Landslide Project

The following narrative and screen captures show the standard sequence of data entries for a coastal erosion
project BCA. The proposed mitigation is to install a dynamic revetment along with other nature based solutions
to restore and protect Graveyard Spit and a portion of SR-105 along the coast of Washington State. This
example uses the DFA approach. Note that there are many possible variations when performing a BCA for an
erosion project, and this is intended only to explain the reasoning and processes involved. Figure 3 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 protects a road, so Roads and Bridges is selected for the property
structure type. The analysis is based on Professional Expected Damages (radio button at bottom).

Figure 3
Project Configuration Screen — Erosion Mitigation Project

Project Configuration

Project Title WSDOT | Graveyard Spit Dynamic Revetment and Dune R...
Property Location 98590, Tokeland, Washington Use Property Location? (:.::3 Yes
OR

46.7100200 -123.9948999

98590 Washington Pacific v
Property Structure Type Roads & Bridges v
Hazard Type: Coastal A Flood N
Mitigation Action Type Floodplain and Stream Restoration e
Property Title Floodplain and Stream Restoration @ 98590, Tokeland, W...
Damage and Frequency Relationship based on: () Historical (®) Professional

- Damages ) Expected Damages

The lower part of the same BCA screen is used to enter the Project Useful Life (PUL), 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 revetment. It is entered as an annual value. Note that for this
example the PUL is set to nine years. This is the number of years until road failure occurs, calculated based on
the average annual erosion rate for the BCA. The PUL matches the time horizon of when damages would occur
to the infrastructure (SR 105) to be protected by the proposed mitigation.



Figure 4
Project and Maintenance Cost Screen — Erosion Mitigation Project

Cost Estimation

Discount Rate (%): Use Default? (@ ) Yes
Enter the Project Useful Life (years) 9

Enter the Initial Project Costs (%) 27,135,417

Enter the Number of Maintenance Years: 9 Use Default? ‘i:.::t‘ Yes
Enter the Annual Maintenance Costs ($) 173,340

Total Mitigation Project Cost ($) 28,478,789

After entering the project cost and maintenance cost, use the Next button to proceed to the next screen.
Figure 5 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 revetment example, Figure 5 below has calculated a daily value of $185,677 for road closure time,
based on the 1,885 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 6).

Figure 5
Roads and Bridges Properties Screen — Erosion Mitigation Project

Roads and Bridges Properties

Estimated Number of One- c Detour Trips per Day: 1,885

Additional Time per One-Way Detour Trip (minutes) 85

Number of Additional Miles: 69.3

Federal Rate (§) 0.655 Use Default? @ ) ves

Economic Loss Per Day of Loss of Function ($) 185,677

The next screen in the software is the pre-mitigation damage-frequency table, as shown in Figure 6. Pre-
mitigation means the direct damages and losses of function that would occur in the present configuration and
erosion rate at the Graveyard spit, as determined by an engineer or flood study.



Figure 6
Pre-Mitigation Damage-Frequency Screen — Erosion Control Mitigation Project

Professional Expected Damages Before Mitigation

Damages Before Mitigation

ROADS AND BRIDGES OPTIONAL DAMAGES VOLUNTEER COSTS TOTAL
SELECT RECURRENCE INTERVAL
=] (YEARS)

m] 9 10 492,363 0 0 0 0 2,349,132

IMPACT (DAYS) Road/Embankmen. Category 2 ($) Category 3 ($) NUMBER OF VOLUNTEERS NUMBER OF DAYS DAMAGES ($)

The first column “Recurrence Interval” is entered by the analyst based on the years to failure identified from
the average erosion rate included in a USACE Coastal Engineering Analysis. In this example a recurrence
interval of nine years is entered based on the number of years to failure. 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 impacts that would result from erosion. The loss of function value must be documented from past
events or estimated by a traffic engineer or similar professional. The USACE analysis indicated that at the
current rate of erosion, the coastline will be eroded back to SR-105 by 2031, a period of nine years at the time
of the analysis in 2022. Once erosion reaches SR-105 it will begin to destabilize the embankment and roadway.
At this point WSDOT would close the road to prevent further damage and it estimated to take ten days to
complete the design and permanent repairs needed to stabilize the road and reopen to traffic. 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 6 as Road/Embankment 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 7. Again, in this case, the analysis requires a report or study that addresses the design level of
the project. Engineers are normally designing the performance of erosion control mitigation projects to a
specific level of protection (i.e. to a 50-year storm event, etc.), so usually this input is fairly easy to determine
for the BCA. In many case, however, erosion or landslide mitigation projects may be 100% effective, and in that
case there will be zero damages entered in the post-mitigation DFA table.

The post-mitigation DFA table (Figure 7) indicates reduced direct damages (in the Optional Damages,
Road/Embankment Damage column, and impact days (for the loss of function). For this example, a variety of
sources (USACE simulated storm scenarios, FEMA Flood Insurance Study, etc.) were used to determine the
estimated 1,000-year design frequency. Note that the impact days after mitigation associated with the 1,000-
year event has been reduced to five days. This five-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 1,000-year event compared to the pre-mitigation values at the nine-year
recurrence intervals. For this example, not all of the damages are eliminated at the design frequency.



Figure 7
Post-Mitigation Damage-Frequency Screen — Erosion Control Mitigation Project

Professional Expected Damages After Mitigation

Damages After Mitigation =
+ AddRow
ROADS AND BRIDGES OPTIONAL DAMAGES VOLUNTEER COSTS TOTAL

SELECT RECURRENCE INTERVAL
)

(VEARS) IMPACT (DAYS) Emergency Repairs. Road Repairs/Deto. Category 3 ($) NUMBER OF VOLUNTEERS NUMBER OF DAYS DAMAGES ($)

[m] 1,000 5.00 185,000 0 0 0 0 1,113,385

View Annualized Results

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 8 shows the results field in the BCA software.

Figure 8
BCA Results — Erosion Control Mitigation Project

Benefit-Cost Summary

Discount Rate (%) 3.1

Total Standard Mitigation Benefits ($) $ 102,486,859
Total Mitigation Project Benefits (€35 $ 102,486,859
Total Mitigation Project Cost ($): $ 31,078,144
Benefit-Cost Ratio - Standard 330
Benefit-Cost Ratio - Standard + Social: 330

Note that the example above is only one of many possible situations where the DFA flood approach can be
used. There are many combinations of slope stabilization or erosion project types 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 expected damages methodology, i.e. that the analysis must establish one or more points
where both frequency and damages can be estimated.

Project Effectiveness

Project effectiveness is the extent to which a mitigation activity reduces future damages. For landslide
projects, the Modeled path in the BCA software automatically calculates the project effectiveness since
acquisition projects are 100 percent effective at eliminating future damages. For erosion 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 erosion project BCAs
(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. For
landslide projects the default values typically include the project useful life (5 years) and the number of
residents that work (one worker). The other values such as the square footage and building replacement value
must be well documented.

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:

® |ntroduction: 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 erosion and landslide
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 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 an erosion mitigation project, a lower
bound analysis could be based on assuming minimal erosion 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

FEMA Fact Sheet 5.3: Earth Slope Stabilization - March, 2022

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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