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Overview

What is Damage Modeling?

Structural Damage Calculation Overview

Consideration in a Structure Damage Calculation

Software and Damage Comparisons

Other Damages to consider

Other Project Benefits



Who is in 
our 
Audience?

Engineers or Community 
Managers?

Federal, State, Local, Consultants?

Experienced Damage Modeling?

Why are you in this session?



What is 
Damage 

Modeling & 
When its used

• Economic evaluation of impacts due to flooding

What do we mean by Damage Modeling

• Evaluating flood improvement options
• Improving operations of water control facilities
• Assessing impacts of an actual or theoretical flood 

event
• Mitigation / Buyout evaluations
• Flood response and evacuation planning

Purposes of Damage Modeling



Cost and Benefit Categories

Lifecycle

Land Rights

Remediation

Construction Costs

Operation

Maintenance

Resiliency

Property Damage 
Reduction

Reduction of 
causalities & Injuries

Reduced 
Displacement Costs

Reduced 
Transportation Costs

Reduce Utility 
Vulnerability

Environmental

Improve Ecosystems

Reduce Utility Use

Noise Levels

Climate Change

Air Quality

Water Quality

Urban Heat Island 
effects

Social / 
Community 

Development

Volunteer 
Engagement

Mental Health

Physical Health

Recreation

Cultural Value

Greater Housing 
Affordability

Reduce Suffering

Economic 
Revitalization

Property Values

Reduced Impacts to 
Businesses

Local Jobs from 
Construction

Indirect Job Creations 
Post Construction

Tourism



Damage Calculation 
Overview

Data Needed:
• Water surface 

probability 
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Damage Calculation 
Overview

Data Needed:
• Water surface 

probability 
• Structure Survey Data

• First Floor
• Low Water Entry
• Min Flood Elev.

• Structure Type
• Damage Curve Data
• Structure Value



Lifecycle Costs 
– Useful Life



Average Annual Damage (AAD) and 
Capitalized Costs Calculation

Interest Rate: 2.25%
Term 50 years
Capitalized: $173,577

Multiplier =
1 + 𝑟𝑟 𝑡𝑡 − 1
𝑟𝑟 1 + 𝑟𝑟 𝑡𝑡



Why Small Flood Events Matter

Frequency Probability Damage
inf 0.00 $248,550

100 0.01 $248,550
50 0.02 $220,950
25 0.04 $171,780
10 0.1 $110,153
5 0.2 $51,450
2 0.5 $7,254

1.5 0.667 $1,123
1 1.0 n/a

Range Prob Inc. AAD
100 - Inf. 0.01 $2,485.50
50 - 100 0.01 $2,347.50
25 - 50 0.02 $3,927.30
10 - 25 0.06 $8,457.98
5 - 10 0.1 $8,080.12
2 - 5 0.3 $8,805.60

1.5 - 2 0.167 $698.08
1 – 1.5 0.333 $0
SUM 1.00 $34,415.9

$248,550

$220,950

$171,780

$110,153

$51,450

$7,254 $1,123
$0 $0$0

$50,000

$100,000

$150,000

$200,000

$250,000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Average Annual Damages

ADD w/o Small Events = $16,832
vs.
ADD w/ Small Events = $34,415

Capitalized w/o Small Events = $502,435
vs.
Capitalized w/ Small Events = $1,027,287



Damage Model Inputs

• H&H Modeling Water Surface Elevations
• FEMA’s Risk MAP depth grids
• Probabilistic flood scenarios

Hazard Data

• General Building Stock (HAZUS)
• Assessor Building Data
• Survey Data (First Floor Elevations)
• Baseline inventory dataset including vulnerability

Inventory

• Damage = Value of Damage ($)
• Fragility = Likelihood (% damage)

Damage and Fragility Functions



Damage Curve Comparison



Damages 
Software

FEMA: HAZUS-MH Multiple Events

FEMA: BCA   Single Structure

USACE: HEC-FDA    Multiple Events

USACE: HEC-FIA Single Event

IDNR Damages Multiple Events



FEMA: HAZUS-MH

Advantages

• Has Direct Damages to 
• Transportation - Bridges Scour, Traffic
• Utilities equipment - Water, electric, 

Sewer, Gas, Comm. 
• Vehicles -Inundation
• Essential facilities 

• Considers Induced Damages, Debris, Fire, 
HazMat

• Considers Social loses of  Casualties, 
Family Relocation, Rentals, Wage and 
Business Income

• Can Start with minimal/census Data
• Can handle multiple Reaches

Limitations

• HEAVY ArcGIS use with Spatial Analyst 
and a DEM

• Gridded water depths required
• Structure values based on $/sqft (level 1 

from R.S. Means)Substantial training 
would be required

• AAD requires 5 return periods - 10, 25, 
50, 100, 500 events. Excludes lower 
return frequencies.  

• No initial damages frequency determined
• Can have long compute times



FEMA: BCA

Advantages

• Considers Displacement
• Considers Demolition Threshold at 

50% damaged
• Can modify frequency of events 
• Gives BCR per Structure
• Can handle multiple reaches
• Has Direct Damages to: 

• Transportation - Bridges Scour, 
Traffic

• Utilities equipment - Water, electric, 
Sewer, Gas, Comm. 

• Vehicles -Inundation
• Critical facilities analysis

Limitations

• Single Structure Analysis
• No initial damages frequency 

determined
• Structure values based on $/sqft 
• Enter water surface manually for each 

structure
• Can only enter 5 flood events



USACE: HEC-FDA

Advantages

• Considers Uncertainty in 
H&H with Monte Carlo Sim.

• Up to 8 events
• Handles Multiple Reaches
• Utilizes an existing and 

future scenario
• Stand alone program
• Can be utilize for Vehicle 

inundation

Limitations

• Requires Uncertainty data 
– excessive effort

• Future scenario less than 
ideal for multiple 
alternatives

• Individual structure data 
not easily accessible

• Not intuitive for new users



USACE: HEC-FIA

Advantages

• Can Compute Agricultural 
damages

• Includes Vehicle Damages
• Estimates Loss of Life
• Indirect Damages (loss of 

income)
• Good for emergency 

planning
• Uses Monte Carlo to add 

uncertainty 

Limitations

• Single run events
• Utilizes Point Shapefiles
• Grid water surface required
• Not well suited for a steady 

flow analysis



IDNR Damages

Advantages

• Unlimited flood events can be 
evaluated

• More accurate calculation -> 
Evaluates frequency when 
damages begins

• Immediate computation time
• Greater Data Output options
• Can utilize for Vehicle 

inundation
• Standalone Program

Limitations

• Is a Single Reach Profile based 
damage assessment.

• Only can evaluate damages 
based on flood depth

• Internally Developed by OWR 
in contract with USGS.



Comparison of Software

Program System Event Inputs Non 
Structural 

Hydraulic 
Input

Recommend

FEMA Hazus GIS Multiple (5) Yes Grid (2D) 2D Multi event

FEMA BCA Stand 
alone 

Multiple (5) Yes Manual Buyouts

USACE FDA Stand 
alone 

Multiple (8) No Profile (1D) Uncertainty

USACE FIA GIS Single (1) No Grid (2D) 2D Single Event

IDNR 
Damages

Stand 
alone 

Multiple (Any) No Profile (1D) 1D Multi Event



Average Annual Damage (AAD) and 
Capitalized Costs Calculation

Interest Rate: 2.25%
Term 50 years
Capitalized: $173,577

Multiplier =
1 + 𝑟𝑟 𝑡𝑡 − 1
𝑟𝑟 1 + 𝑟𝑟 𝑡𝑡



Comparison of Computations

No Minimum Damages
Min damage set at 
provided frequency

$297,076
$297,076

$227,338

$53,426

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

0 0.01 0.02 0.03 0.04 0.05

D
am

ag
es

 ($
)

1/RI

$297,076
$297,076

$227,338

$0$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

0 0.01 0.02 0.03 0.04 0.05

D
am

ag
es

 ($
)

1/RI

Min damage set at 
computed frequency

$297,076

$297,076

$227,338

$222,610

$0$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

0 0.01 0.02 0.03 0.04 0.05

D
am

ag
es

 ($
)

1/RI

AAD = $10,003 AAD = $7,866 AAD = $5,818



Damage Output types - GIS



Non-Structural Benefits



From BCA 
Reference 
Guide



More from 
BCA 

Reference 
Guide

• FEMA Standard Values for Loss of Service for 
roads: 
• Loss of road/bridge service: 

$38.15/vehicle/hour 
• Mileage: Use current Federal Mileage Rate

Transportation

• FEMA Standard Values for Loss of Service for 
utilities: 
• Loss of electric power: $126/person/day 
• Loss of potable water: $88/person/day 
• Loss of wastewater: $41/person/day 

Utility



Transportation Time

Source: Tiger Benefit Cost Analysis Resource Guide (www.transportation.gov)



Environmental - Emissions

Source: Tiger Benefit Cost Analysis Resource Guide (www.transportation.gov)

1 Gallon of Gas burned = 
17.7 pounds of CO2



Injuries

Source: Tiger Benefit Cost Analysis Resource Guide (www.transportation.gov)



Holistic view for resiliency project

Resilience 
Benefits

Environmental 
Benefits

Social
Benefits

Economic
Benefits
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