
Memo 
Date: Friday, February 22, 2019 

Project: Cedar Rapids Stormwater Master Plan, FY18 Update 

To: City of Cedar Rapids 

From: Jeremy Cook 

Subject: Cedar Rapids Flood Damage Assessment Model 

Overview 
HDR has developed a benefit cost analysis (BCA) model for the City of Cedar Rapids, Iowa. The 

model is designed to: 

1. Evaluate the cost effectiveness of flood reduction projects; and 

2. Support the rapid development of FEMA Hazard Mitigation Grant Applications for cost 

effective projects.  

The BCA utilizes an MS Excel based spreadsheet to estimate the present value stream of 

expected annual benefits and costs for projects over a project life of 50 years.  The model is built 

around input values documented in the US Federal Emergency Management Agency (FEMA) 

BCA Toolkit guidelines as well as US Office of Management and Budget (OMG) discount rates 

(OMB Circular A-94).    

The model is designed to evaluate physical damages to structures and contents, as well as 

displacement costs and building loss of function.  The model is set to estimate damages for the 

10, 50, 100, and 500-yr return periods which are then converted to an average annual damage.  

Additional benefits noted in FEMA guidance can be added as part of a FEMA BCA application on 

an as needed basis (utility and roadway loss of service, emergency response impacts, and other 

critical infrastructure damage.) 

The model is broken into separate spreadsheet files for each of the major watersheds in Cedar 

Rapids. 

The primary inputs used to develop the model are as follows: 

 Structure data (building type, value, and elevation) 

 Depth-Percent Damage Functions 

 Hydrologic and Hydraulic(H&H) 

The data assembly and steps to run the model are described below. 



Model Development 

Flood Damage Methodology 

The BCA model was developed in 3 steps. First structure inputs were developed. Following 

completion of the structure inventory data, the model was assembled with depth-percent damage 

functions gathered from the FEMA BCA toolkit, and worksheets allowing for input of H&H data.  

Structure Information 

Data about each structure was obtained from Cedar Rapids Parcel and Assessors Data. Data 

building type (residential, non-residential); foundation type; number of stories; non-residential 

building type; building size (square feet); and assessed value. The Cedar Rapids GIS coverage 

of parcels provided structure information, valuation, and square footage.  

Additional data was needed related to the elevation of structures including surveyed finished floor 

elevations and ground elevations. The 2008 FEMA study: Solicitation of Expert Opinion Depth-

Damage Function Calculations for the Benefit-Cost Analysis Tool, contained values for most likely 

foundation heights for structure categories. Then LiDAR data was used to assign each structure 

a ground elevation. 

Depth-Percent Damage Functions 

Depth-damage functions form the link between the H&H data inputs and the structure and 

contents values and elevations to determine the monetary value of flood damages. These 

functions identify the percentage of damage to the structure and contents for each stage of 

flooding. Functions for residential and non-residential structures were compiled from the FEMA 

BCA toolkit. 

Hydrologic and Hydraulic Data 

H&H data is necessary to compute flood damages. For the flood damage model, the model is 

set to estimate damages for the 10, 50, 100, and 500-yr return periods. The H&H team will 

develop H&H model outputs preferably in the form of depth raster for each return period. 

Next Steps 
The model is complete and may be used to evaluate projects. To conduct an analysis the 

following inputs will be needed 

 Finalized set of H&H outputs preferably in the form of depth rasters for each of the four 

return periods noted above. 

 Project Capital Costs 

 Estimated annual operations and maintenance costs 

 Determination of other benefits the project may perform (to be developed after 

discussion between economics and engineering teams). 

The model will produce a benefit-to-cost ratio after all data is input. Projects with BCR’s greater 

than 1.0 may be suitable for FEMA grant funding.  



Should the city choose to submit a project for a FEMA Grant, the estimated damages by return 

period, and associated project costs should be input into the FEMA BCA Toolkit using the 

Damage Frequency Analysis (DFA) module. Additional benefits may be included at that time. 

The BCA toolkit will regenerate the BCR which should match the value generated by the MS 

Excel worksheet. The MS Excel worksheet should then be attached to the FEMA BCA Toolkit 

model as documentation of the analysis. 


