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Agenda

• Introduction to the project

• Methodology overview

• Phase 1: Flood Exposure Analysis

• Phase 2: Risk Analysis

• Next steps
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Introduction to the Project

• Motivation: Extreme precipitation is increasing; 
develop a method to efficiently understand 
current and future (climate change-influenced) 
flood risk to MnDOT…

• Bridges

• Bridge-culverts

• Pipes

• Assets to which the method is not applicable

• Bridges on large rivers with drainage areas 
exceeding regression equation maximums

• Small pipes with drainage areas smaller than 
regression equation minimums
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Key Project Outputs

• Flood exposure data by asset

• Flood risk data by asset

• “Do-nothing” lifecycle costs 
through the year 2100
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Potential Use Cases for the Outputs

• Prioritizing assets for facility-level
adaptation assessments

• Development of the transportation asset
management plan (TAMP)

• Informing emergency response planning

• Identifying potential enhancements to
operations and maintenance activities 
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Methodology Overview



A Quantitative Risk Approach
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• Calculate expected costs (risk) to 
assets from climate stressors if no 
adaptation actions are taken

• Costs estimates include

• Damage and repair costs

• Costs to system users



Physical Damage Assessment
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• Estimate damage costs at each asset from projected 
flood events

• Roadway damage model (approaches)

• Pavement delamination

• Embankment erosion

• Culvert damage model

• Loss via embankment erosion

• Outfall erosion

• Bridge damage model

• Pavement delamination

• Deck damage/displacement

• Pier, abutment, & contraction scour



User Impacts Assessment

9

• Estimate costs to the traveling public for 
detouring around a flood-impacted asset 
considerate of…

• Traffic volumes

• Network redundancy

• Estimated outage durations

• Time, fuel, & operating costs

• To be implemented through a custom-
designed detour routing algorithm run in 
GIS



Quantifying Flood Risk
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Key Steps in the Methodology

• Phase 1: Flood exposure analysis

1. Preparation of hydraulic model inputs

2. Running the hydraulic model

3. Incorporating hydraulic model outputs in GIS

• Phase 2: Risk analysis

1. Preparation of risk model asset data inputs

2. Preparation of risk model user data inputs

3. Running the risk models
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Preparation of Hydraulic Model Inputs (Phase 1)

Gregg Cornetski



Required Data

13

• DEM

• MnDOT Stream Crossing Assets

• Bridges, Bridge Culverts, Pipes

• With MnDOT and NBI attributes, particularly the structure dimensions 
and other physical characteristics.

• Road Centerlines

• Stream Flow Lines

• USGS StreamStats raster stream grid converted to stream flow lines

• Land Cover

• Current and Future Precipitation Depth Data

• Supplemental Reference Data

• Aerial Imagery, Oblique Imagery, Google Earth, Google Maps, Google 
Streetview, NHD, MN DNR Hydrography 



Prepare Inputs

14

• MnDOT stream crossing asset as point

• Snap to intersection of the stream flow line it conveys and the road 
centerline it carries.

• Stream slope

• Stream cross section (XS) lines (1 upstream, 1 downstream )

• Stream XS elevation and land cover profile with Manning’s 
Roughness Coefficient

• Road centerline with bridges delineated

• Road centerline elevation profile

• USGS StreamStats current peak flow statistics and drainage area

• At stream crossing asset, US XS, and DS XS. 

• Future peak flow statistics

• Watershed storage series



General Steps
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1. Snap stream crossing asset point to the intersection of the stream it conveys 
and the road it carries

2. Determine slope of the stream conveyed by the asset
3. Create stream XS lines - 1 upstream, 1 downstream
4. Assign stream slope to stream XS lines
5. Create profile along stream XS line that depicts the elevation (from DEM), land 

cover (from land cover source), and Manning’s Roughness Coefficient 
(function of land cover code) at each point along the XS line

6. Create profile along the road centerline carried by the stream crossing asset 
that depicts the elevation (from DEM) at each point along the road

7. Obtain current peak flow statistics and drainage area polygons from USGS 
StreamStats at stream crossing asset, US XS, and DS XS

8. Transform the current peak flow statistics to future peak flow statistics using 
current precipitation depth data and future precipitation depth data from 
climate models.

9. Calculate water storage capacity series in the stream crossing asset’s 
watershed

10. Export stream crossing asset attribute table with current and future peak 
flows; road elevation profile table; stream XS lines attribute table with current 
and future peak flows; stream XS profile table; and watershed storage series

11. Determine flood water elevations and other metrics in the hydraulic model
12. Incorporate results from hydraulic model into GIS and assess the flood 

exposure (e.g. flood depths) at the asset and along its the road



Closer Look: USGS StreamStats and Current Peak Flows
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• Query USGS StreamsStats application 
using its Batch Processing Tool

• Query the location on the stream where 
the asset is located and where its XSs are 
centered

• StreamStats returns peak flow statistics 
and drainage area polygons, among other 
information



Closer Look: Future Peak Flows – The Flow Scaling Technique
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1. Obtain current peak 2, 5, 10, 25, 50, 100, and 500-year stream 
flows from USGS StreamStats

2. Obtain current 24-hour duration 2, 5, 10, 25, 50, 100, 200, and 
500-year precipitation depths in the drainage area. AWM 
precip depths within each drainage area calculated using the 
drainage area polygon from StreamStats and the NOAA Atlas 14 
gridded datasets of current precipitation depths.

3. Associate the current peak stream flows with the current peak 
precipitation depths in the drainage area. 

4. Create a relationship between the current peak stream flows 
and the current peak precipitation depths in the drainage area. 
See graph.

5. Obtain future 24-hour duration 2, 5, 10, 25, 50, 100, 200, and 
500-year precipitation depths in the drainage area for each 
horizon year (early-, mid-, late-century) and each RCP (4.5, 8.5).

6. Estimate future 2, 5, 10, 25, 50, 100, 200, and 500-year peak 
stream flows for each horizon year (early-, mid-, late-century) 
and each RCP (4.5, 8.5). (Table shows only future 100-year peak 
flows for brevity).



Closer Look: Watershed Storage Capacity Series
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• Calculate the water storage capacity (i.e. volume) in the stream crossing asset’s watershed at an incremental 
series of water elevations above and below the elevation of the roadway embankment under which the bridge 
culvert or pipe is located

• Begins at 5 feet above the elevation of the roadway embankment and progresses downward in ½-foot 
increments to the elevation of the roadway embankment, and downward further until the elevation is reached at 
which there is no storage capacity.

• Enables the hydraulic tool to account for upstream storage and its attenuation of peak flows



Running the Hydraulic Model (Phase 1)

Peter Enright



• Automated interface tools build and run HEC-RAS models to predict water surface 
elevations, velocities and other outputs for a range of scenarios

• Three distinct model types for:
o Free flowing rivers
o Bridge structures/obstructions
o Culvert structures/obstructions

• Tools pre-process data and provide user opportunity to validate model inputs

• Model outputs can be reviewed by user before being exported

Interfacing with HEC-RAS Hydraulic Models



Importing Model Inputs and Pre-Processing

• Input Files sheet
 Select Source Data button 

opens File Dialog

• User selects folder where 
all input files are stored

• Refresh input query tables

• Check input data tables
o Cross section geometry
o Asset location and properties
o Flow scenarios



Running Tools to Generate Model Results

• Two Modes:
o Cross Sections Only
o Full Asset Analysis

• Simulation Parameters

• User must specify which cross sections / assets to analyze
“XS WSE” sheet: “Output” sheet:

• Visual Basic > Tools > References > HEC River Analysis System
o HEC-RAS API must be referenced 1

2
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• Cross Section Output Table:
o Left and Right Bank Stations

Review of Model Results and Output 

• Cross Section Report Table:
1. Raw model-predicted WSE
2. Overflow depths (left and right)
3. Adopted WSE (deducts overflow depth)
4. High-level geomorphic output (if run)
5. Management of outliers

1 2 3 4 5



• Asset Output Table:
1. Error messages
2. Abutment geometry
3. Vertical geometry

• Asset Report Table:
1. Base WSE (culverts only)
2. Modified WSE (culverts only)
3. Modified Flow (culverts only)
4. Raw model-predicted WSE
5. Overflow depths (left and right)
6. Adopted WSE (deducts overflow depth)

Review of Model Results and Output Cont.

1 2 3

1 2 3 4 5 6



Exporting Hydraulic Model Outputs

• Once user has reviewed model results, outputs can be exported to GIS

• Query combines all asset outputs into single table on “GIS” sheet

• Export steps:
1. Refresh “Asset_Results_Export” query table 
2. Copy contents of query table to blank workbook
3. Save As a .csv file type



Incorporating Hydraulic Model Outputs in GIS (Phase 1)

Gregg Cornetski



Example of Exposure
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• Join hydraulic model output 
metrics table to GIS data: to 
the stream crossing asset 
point and to its road profile.

• For example, determine the 
depth of flooding at each 
point along the roadway 

• Here the depth during 500-year 
return period flow event, late-
century, RCP 8.5 



Preparation of Risk Model Asset Data Inputs (Phase 2)

Josh Amos



Roadway Physical Characteristics for Costing 

• Lane count and width

• Pavement material and condition (e.g., asphalt, concrete)

• Shoulder type and width (e.g., gravel, curbs, paved)

• Median type and width, (e.g., high-tension flexible cables) 

• AADT, car and truck

• Embankment presence, volume and material 

• Federal functional classification (assists with gap-filling missing 
data)

• Fixed costs (used for debris cleanup and mobilization)
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Geoprocessing routines to attribute roadway 
centerlines with HPMS attributes

*Primarily from HPMS



Culvert and Bridge Physical Characteristics for Costing

• Culverts: 

• Presence of riprap apron

• Barrel count, shape (e.g., box, pipe arch), height, width 

• Material and condition

• Bridges: 

• Main span (e.g., beam span steel, deck girder concrete)

• Structure type (e.g., timber footing pile, concrete footing pile)

• Presence of piers 

• Pavement material and condition 
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*Primarily from MnDOT asset management databases  & NBI



Relate Physical Asset Characteristics to Unit Costs

• Given asset’s physical characteristics,  
estimate a repair and replacement cost 

• Embankment fill example
• Unit cost was estimated to be $13.19 per 

cubic yard.

• Weighted average cost of item numbers 
2106507/00130 (assumed to comprise 10% 
of the embankment volume) and 
2106507/00080 (assumed to comprise 90% 
of the embankment volume)

31* Primarily from MnDOT’s Average Bid Prices for Awarded Contracts by Year (2020)



Approach Roadway Risk Model Costing Preparation

www.dot.state.mn.us/sustainability/ 32

http://www.dot.state.mn.us/sustainability/


Total Replacement Costs: Approach Roadway Risk Model
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Roadway Risk Model Total Replacement Cost



Total Replacement Costs: Bridges, Bridge-Culverts, and Pipes
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Bridges

Pipes

Bridge-culverts



Preparation of Risk Model User Data Inputs (Phase 2)

Tim Grose



Background on Approach

• Development of user impact data relies on a GIS-
based detour routing tool

• Detour tool is implemented with Python scripts

• Uses ArcPy package for ArcGIS functionality

• Requires ArcGIS for Desktop license and ArcGIS 
Network Analyst license 

• Uses free version of ESRI Streets network dataset 
for routing 

• To run the tool, MNDOT assets must be 
associated with segments on a modified version of 
this network dataset (see right).



Running the Detour Tool

• Run mndot_detour_controller_00.py script   
(need to adjust some variable assignments 
in the script, such as folder path)

• This produces detour and non-detour 
routes (green and red shown in example on 
right)

• Manually review 

• Run mndot_detour_postprocess.py script 
(need to adjust some variable assignments 
in the script, such as folder path)

• Manual detours in Google Maps when 
needed

• Output of automated and manual detours 
is incremental detour length and time for 
each asset



Calculation of User Costs



Calculation of User Costs Cont.

• Use 
MNDOT_DetourCost_Inputs_202
11220.xlsx spreadsheet to 
estimate $/minute and $/mile 
costs for auto and truck users 
(see screenshot on previous 
slide)

• Use 
mndot_detours_wformulas.xls 
spreadsheet to apply these to 
AADTs and incremental time and 
distance for each asset

• Final product is table of $/day 
user costs by asset (charted on 
right)



Running the Risk Models (Phase 2)

Tim Grose



Running the Risk Models

• Risk model implemented with Python scripts 
(screenshot shown on right) that leverage 
free, open-source packages

• Inputs are a series of .csv tables read into the 
scripts (copies included in submittal). These 
include exposure, cost data, and several 
lookup tables

• To use the risk model for an asset class, run 
the Climate_Risk_Analysis.py script.
• Make sure .csv input files are updated if running the 

model on new set of assets
• Need to adjust some variable assignments in the 

script, such as asset class name and folder path



Running the Risk Models Cont.

• Road risk model needs to be run before bridges or 
culverts (outputs required for bridge or culvert risk)

• Despite MNDOT using two separate asset classes for 
culverts (pipe culverts and bridge-like culverts), the risk 
model itself does not distinguish between these two 
types of culverts. Thus, some manual renaming of 
input files is needed.

• Risk model tallies cost by damage mechanism by year 
and simulation for each climate scenario and asset. 
These are then discounted (0.07%) and summed across 
years

• Outputs of risk model saved to .csv showing expected 
cost (with confidence intervals), agency cost, user cost, 
etc. by climate scenario and asset.  Join to GIS data.

• Script can also output this as formatted .xlsx (charted 
version of outputs shown on right)



Next Steps

Chris Dorney



Next Steps Cont.

• Phase 2 pilot (2022)
• Goals

• Pilot test the method to develop a per asset level of effort estimate

• Make any necessary enhancement to improve the accuracy of the results

• Focus on District 6

• Proceed county-by-county

1. Dodge

2. Steele

3. Houston

4. Others?

• Statewide implementation (2023 and beyond)
44



Questions?
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