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Unit Objectives  
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1) Understand documentation requirements for use of the 
FTA HMCE tool. 

2) Understand the key inputs of the tool.  

3) Identify the sources of documentation necessary to 
support key inputs.  

4) Provide examples of “acceptable” and “unacceptable” 
documentation. 

5) Successfully complete a FTA HMCE Tool BCA using a 
case study demonstration. 

 



HMCE Tool - Documentation Issue 
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 Issue: The FTA HMCE Tool is based on the DFA 
module used in FEMA’s BCA software. FEMA hazard 
mitigation project BCAs prepared using the DFA module 
sometimes do not meet program requirements due to 
insufficient or incorrect documentation of event 
damages, service losses, and recurrence intervals. 
Therefore, we anticipate this may be an issue for 
resilience projects prepared using the HMCE Tool. 

 Potential Solution: An understanding of techniques to 
document event damages, service losses, and 
recurrence intervals may result in more cost-effective 
transit resilience projects. 

 



Documentation Guidance and Resources 
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Refer to Appendix D of the User Guide and the HMCE Data 
Documentation Template for additional guidance on documentation 



Key Inputs in the HMCE Tool 
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The DFA Module requires documentation of the following 
key data: 

 Project Costs 

 Event Damages 
 Event Service Losses 
 Event Recurrence Intervals (RIs) 
 Post-Resilience Damages and Losses (Project 

Effectiveness) 



Documenting Project Costs 
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 The five-step process for estimating the resilience 
project costs was discussed in Unit 2 

 Project Cost elements: 
• Initial project cost – includes pre-construction, 

construction (base/hard), and ancillary (contractual) costs 
• Operation & maintenance (O&M) costs 
• Estimated service interruption costs 

 Project Cost documentation sources: 
• Local historic cost data 
• Current contractor bids 
• Published unit costs  



Documenting Event Damages 
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 Event damages (Unit 2) may include Physical Damages 
to Fixed Structures and Rolling Stock, Response and 
Recovery costs, and Other Damages 

 There are two types of damage events (Unit 3): 
1) Historic Damages  

• Based on records from actual past disaster events 
• Need a minimum of one known RI events or three unknown 

RI events occurring in different years 

2) Expected Damages 
• Based on damages predicted from a theoretical model or 

engineering analysis. 
• Need a minimum of one or more known RI event  



Documenting Historic Damages 
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Historic Damage 
documentation sources: 
 Disaster damage worksheets 

- FEMA Project Worksheets 
(PWs) 

 FTA’s 28-day and 60-day 
Damage Assessment 
Reports 

 Insurance Claims 
 Repair Records 
 News articles citing credible 

sources 



Documenting Expected Damages 
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Expected Damage documentation sources will vary based 
on the structure type and hazard to be mitigated. 

1) Building Damages tied to FEMA BCA software or 
HAZUS-MH 

• Flood Depth Damage Functions 

• Hurricane Wind Damage Functions 

2) Facility Damages tied to Engineering Studies 



Documenting Historic Service 
Losses 
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 Types of Historic Service Losses: 
1) Loss of Rail or Ferry Service 
2) Loss of Bus Service 
3) Passenger Vehicle Delays 

 Remember that for each type of service loss, 
documentation must be provided for…  
• cost of lost transit service – based on value of passenger 

time ($/passenger/hour),  
• delay or extra travel time (hours), and 
• actual loss of function (LOF) durations for each historic 

event (days). 



Historic Service Losses - Examples 
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Source: Metropolitan Transportation Authority Source: Metropolitan Transportation Authority 



Historic Service Losses – Examples  
(continued) 
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Documenting Expected Service 
Losses 
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 Types of Expected Service Losses – Same as Historic 
Service Losses: 
1) Loss of Rail or Ferry Service 
2) Loss of Bus Service 
3) Passenger Vehicle Delays 

 As with historic losses, the following documentation must be 
provided for each type of service loss…  
• cost of lost transit service – based on value of passenger 

time ($/passenger/hour),  
• delay or extra travel time (hours), and 
• actual loss of function (LOF) durations for each historic 

event (days). 



Documenting Event Recurrence 
Intervals (RIs) 
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1) Historic Damages: Analysis based on… 
• One or more events with known recurrence 

intervals; 
• Three or more events of unknown recurrence 

intervals; or  
• A combination of three or more known and 

unknown recurrence intervals. 

2) Expected Damages: Analysis based on one or more 
known recurrence interval events.  



Historic Damage Events – Known 
Recurrence Intervals (RIs) 
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Approaches for Estimating Recurrence Intervals 

1) Flood Elevations or Discharges Tied to Identified 
Flood RIs 

2) Determined by Hydrologist or Other Qualified 
Agency/Expert 

3) Estimated using Climatological Data 

4) Estimated Using Rain Gauge Data 

5) Other Approaches 



Flood Elevations or Discharges Tied 
to Identified Flood RIs - Examples 
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Determined by Hydrologist or Other 
Qualified Expert - Example 
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 How to Use the FTA 
HMCE Tool User Guide, 
Appendix C, provides 
guidance on estimating 
storm surge flood 
recurrence intervals for 
Hurricane Sandy in New 
York and New Jersey 

 
 
 
 

 

 

 

 



Historic Damage Events – Unknown 
Recurrence Intervals (RIs) 
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HMCE Tool Requirements When Using Historic Events 
with Unknown RIs 

1) Minimum of three hazard events occurring in different 
years where either: 
• The RIs of all events are unknown, or 
• The RIs of up to two events are known and have 

total damage values that exceed the total damage 
values of all the other unknown RI events  

2) Analysis Duration based on the age of the structure 
or a minimum of 10 years; whichever is greater 



Historic Damage Events – Unknown 
Recurrence Interval (RIs) (continued) 
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Documentation must include the historic event damages and 
the Year Built for the facility to be mitigated 

Documentation Sources 
 Historic hazard event damages/losses can be documented 

using approaches and sources listed previously for other 
historic damage events 

 Year Built can be documented using tax records or facility 
records provided from public/transit agency representative 
or included in a signed letter from a transit agency official 

NOTE: For facilities with multiple structures of different construction 
dates, the construction date of the oldest structure in the group must 
be used for the Year Built 



Historic Damages with Unknown RIs 
– Analysis Duration Adjustments 
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The Analysis Duration is a key component to determine RIs 
for unknown RI events, and can present difficulties for 
facility(ies) that are older or where the Year Built is unknown 

Adjustments to Analysis Duration 
A User Input Analysis Duration may be used when one of 
the following situations apply 
1) Discontinuities in Damage Records 
2) Replacement of Facility 
3) Change in Local Flow Conditions 
4) Use 50-year Project Useful Life 
 



Notes Regarding Analysis Duration 
Adjustments 
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Important Reminders: 

 The HMCE Tool uses a minimum Analysis 
Duration of 10 years 

 Significant documentation requirements apply for 
User Input Analysis Durations less than 30 years 

 No historic events that occur before the start of the 
adjusted Analysis Duration may be included in the 
analysis  

 Inflation calculations do not go back before a Year 
Built of 1908. 



Change in Local Flow Conditions - 
Examples 
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BEFORE 

AFTER 



Expected Damage Events – Known 
Recurrence Intervals (RIs) Only 
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Approaches for Estimating Recurrence Intervals 

1) Estimated Event RIs from Engineering Studies 
2) Estimated Flood Event RIs based on FEMA BCA 

Flood Module 
3) Other Approaches for Wind Events 

• Hurricane wind event RIs based on FEMA BCA 
Hurricane Wind Module 

• Wind event RIs from ASCE 7 



Impact of Sea Level Rise (SLR) on 
Event Recurrence Intervals 
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 Transit resilience projects may consider the impacts of 
sea level rise (SLR) 

 In December 2013, FEMA released information on 
incorporating SLR into BCA on the FEMA website 
(http://www.fema.gov/media-library/assets/documents/89659) 
which can be applied to HMCE analysis of resilience 
projects 

 SLR impacts reduce coastal flood/surge RIs for Historic or 
Expected Damage Events, thereby increasing pre-
resilience damages and losses for the same event(s) 

http://www.fema.gov/media-library/assets/documents/89659


Sea Level Rise (SLR) Documentation 
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SRL may be documented 
using government- produced 
or academic/peer-reviewed 
sources, including: 
 NOAA Center for Operational 

Oceanographic Products and 
Services’ Mean Annual SLR 
Trend Data  

 USACE Climate Change 
Adaptation Sea Level Change 
Curves 

 Globalchange.gov; which 
provides more information 
specific to New Jersey and 
New York 

Source: NOAA - Sea Level Trends Data 



Post-Resilience Damages and 
Losses (Project Effectiveness) 
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Remember that very few resilience projects are 100% effective at 
reducing all future damages and losses - nearly all projects have 
some residual risk/damages 
Post-Resilience damages and losses will depend on the project 
type and the design level of effectiveness. Refer to the HMCE 
Tool User Guide for details. 
Project Effectiveness – Documentation Sources 
 Engineering or Technical Report – Good documentation source 

to indicate design level or effectiveness and estimate post-
Resilience project damages service loss durations; provide 
complete copy of the report 

 Detailed project scope with plans and specifications 



Documentation Dos and Don’ts 
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Documentation DOs 
1) DO provide all necessary supporting documentation 

for event damages, losses and RIs 
2) DO provide complete technical support data 
 Best available hazard data 
 Recurrence interval estimates 
 Transit studies and engineering reports 

3) DO Explain justification and provide documentation for 
data that supersedes standard or default values. 

4) DO Organize the supporting data documentation using 
a list of file attachments identified in the HMCE Tool. 

 
 

 

 



Documentation Dos and Don’ts 
(continued) 
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Documentation DON’Ts 
1) DON’T forget to include explanation of any 

assumptions made 
2) DON’T use unreliable or non-credible documentation 

sources 
3) DON’T assume that the grant reviewer has access to 

all of the same date that the you do 
 

 Standard for Good Documentation: 
Someone other than the original analyst 
can readily verify and re-create the data 

inputs and results in the HMCE Tool. 



DFA Documentation Review –  
Project Costs 

Acceptable Documentation 
 Initial project costs that 

include pre-construction, 
construction and ancillary 
costs 

 Maintenance costs estimated 
by transit agency 

 Project costs based on local 
historic costs, current 
contractor bids, or  published 
unit costs 

Unacceptable Documentation 
 Hard construction costs that 

do not reflect pre-construction 
costs or contractual costs 

 Lump sum estimates 

 Old project cost estimates that 
have not been updated to 
reflect current conditions and 
costs 
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DFA Documentation Review –  
Event Damages 

Acceptable Documentation 
 Disaster Damage 

Worksheets such as FEMA 
Project Worksheets 

 Insurance claims or damage 
repair records from the 
transit agency 

 Damages estimated based 
on FEMA BCA or HAZUS-
MH damage functions 

Unacceptable Documentation 
 Extrapolated damages 

 Transit system maintenance 
costs not tied to damage 
events 

 Newspaper articles that do not 
cite credible sources (i.e., 
other than homeowner 
accounts) 
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DFA Documentation Review –  
Event Service Losses 

 For FEMA standard values for services, refer to FTA HMCE 
Tool and User Guide 

Acceptable Documentation 
 Transit agency records of 

average daily ridership  

 Transit agency service losses 
for lines/systems to be 
addressed by the project 

 DOT traffic counts and detour 
time estimates with maps 
(passenger vehicles) 

Unacceptable Documentation 
 Population/census data not 

correlated to transit service area 

 Global ridership and service 
losses not connected to the 
specific project 

 “Ballpark” estimates of  traffic 
counts/detour times without maps 
(passenger vehicles) 
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DFA Documentation Review –  
Event Recurrence Intervals (RIs) 

Acceptable Documentation 
 Copies of engineering/ 

technical expert reports 
 RIs linked to documented 

FIS data and USGS stream 
gage data or NOAA data 

 Using unknown event RI 
data with supporting 
documentation of Analysis 
Duration 

Unacceptable Documentation 
 Assuming all recurring 

damage events occur at the 1-
year RI 

 Extrapolated event RIs 
 Using unknown event RI data 

with no supporting 
documentation of User Input 
Analysis Duration 
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DFA Documentation Review –  
Post-Resilience Damages and Losses 

Remember most resilience projects do not eliminate all 
future damages and losses (except acquisition/relocation) 

Acceptable Documentation 
 Engineering or technical 

report 

 A detailed project scope that 
clearly indicates the level of 
effectiveness 

 Plans or specifications 

Unacceptable Documentation 
 Assuming no post-Resilience 

damages or losses for non-
acquisition projects 

 Poorly-defined project scopes 
with no clear level of 
effectiveness 
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Case Study Demonstration 
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 Case Study Demonstration resilience project involves 
protection of a commuter railroad tunnel from the 500-
year storm event. 

 Case Study Demonstration will be reviewed in two parts: 

• Part 1: Expected Damages  

• Part 2: Historic Damages 
NOTE: Case Study Demonstration materials provided to allow 
webinar and in-class participants the opportunity to gain some 
“hands-on” experience with the HMCE Tool 

 



4-35 

Case Study Demonstration, Part 1: 
Tab 2: Sections I and II 



Tab 2: Section III 
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Tab 2: Section IV 
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Tab 2: Section IV (continued) 
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Tab 3: Section I 
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Tab 3: Section II 
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Tab 3: Expected Damages, Part A 
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Tab 3: Expected Damages, Part B 
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Tab 4: Section I 
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Tab 4: Post-Resilience Damages, Part A 
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Tab 4: Post-Resilience Damages, Part B 
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Tab 5: Analysis Results 
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Case Study Demonstration, Part 2: 
Tab 2: Sections I and II 



Tab 2: Section III 
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Tab 2: Section IV 
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Tab 2: Section IV (continued) 
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Tab 3: Section I 

4-51 



Tab 3: Section III 
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Tab 3: Historic Damages, Part A 
(Unknown Recurrence Interval) 
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Tab 3: Historic Damages, Part B 
(Unknown Recurrence Interval) 
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Tab 3: Historic Damages, Part C 
(Known Recurrence Interval) 
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Tab 3: Historic Damages, Part C 
(Known Recurrence Interval) 
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Tab 4: Post-Resilience Damages, Part A 

4-57 



Tab 4: Post-Resilience Damages, Part B 
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Tab 5: Analysis Results 
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Review of Unit Objectives  
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1) Understand documentation requirements for use of the 
FTA HMCE tool. 

2) Understand the key inputs of the tool.  

3) Identify the sources of documentation necessary to 
support key inputs.  

4) Provide examples of “acceptable” and “unacceptable” 
documentation. 

5) Successfully complete a FTA HMCE Tool BCA using a 
case study demonstration. 

 



Course Conclusion - Purpose  
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The purpose of the course was to provide participants 
with an understanding of the Hazard Mitigation Cost 
Effectiveness (HMCE) methodology and tools 
necessary to assess the cost effectiveness of transit 
resilience projects for Competitive Resilience awards 
submitted under the FTA Public Transportation 
Emergency Relief Program. 



Course Conclusion – Objectives 
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The course was intended to assist grantees with… 

1) Estimating resilience project costs. 

2) Computing resilience project benefits. 

3) Understanding how to use FTA’s HMCE Tool. 

4) Identifying, gathering, and analyzing documentation 
required in the FTA Competitive Resilience grant 
application process. 

5) Determining the benefit-cost ratio for a hypothetical 
resilience project using the FTA HMCE Tool. 

 



Questions and Answers  
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