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AASHTO Adopted Definition

Resiliency:

“The ability to prepare and plan for, 
absorb, recover from, or more 

successfully adapt to adverse events.”



The 4 Rs: Attributes of Resiliency

 Robustness – the strength of an asset or system to 
withstand relevant threats

 Redundancy – the presence of a backup system or plan

 Resourcefulness – ability to identify, diagnose and treat 
problems with available resources

 Rapidity – ability to restore functionality in a timely way

Source: The Multidisciplinary Center for Earthquake Engineering Research



Physical and Organizational Resiliency

Resiliency for a DOT can be:

Physical – the ability of the physical assets to perform to an 
acceptable level when subject to a hazard event;

and/or

Organizational – an organization’s capacity to make 
decisions and take actions to plan and respond to a hazard 
event to achieve a desired result. 

Both are important!

Source: Bruneau – 2003



How Events Disrupt our System

Events disrupt 
how our system 
works. 

Building resiliency 
into how we do 
things minimizes 
the disruption.

Source: AASHTO CTSSR – Steering Committee



CDOT Lessons Learned

1976 and 2013 floods in Colorado destroyed many of the same facilities



What can we do now... to avoid this in the future?
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New CDOT Tools and Policies:
Measuring Vulnerability 

and Risk



CDOT Resiliency Program

 Created in 2018, with Policy 
Directive 1905.0 – the vision for 
resilience at CDOT

 Works to integrate resilience in 
CDOT functions

 Coordinates resilience activities 
at CDOT

 Conducts research to support 
resilience 

 Provides resilience knowledge 
and resources to CDOT staff Integrating Resiliency at CDOT: Maintenance & Operations



I-70 Corridor Risk & Resilience Pilot

• “Pilot” the data, assumptions, and methodology 
needed to quantify:

• What are CDOT’s assets?
• Location, value, condition, criticality

• What are relevant physical threats?
• Likelihood and location

• What impact would they have on our system?
• Consequences and vulnerability

• What are the optimal investments we can make now to 
improve resiliency in advance of future events?

BUILDS ON THE 7-step RAMCAP MODEL USED IN FLOOD 
RECOVERY



Some Roadways are more Critical than Others

Usage:   AADT + Roadway Classification

Economic Impact:   Freight ($) + Tourism ($)

Social Impact:   SoVI

System Impact:   System Redundancy

SOCIAL     ENVIRO     ECON

✓ ✓ ✓

✓
✓

✓ ✓ ✓

Criticality Map for System Resilience

AADT 16.7%
ASHTO Road Classification    16.7%
Freight $ (County) 16.7%
Tourism $ (County) 16.7%
SoVI 16.7%
Redundancy 16.7%

Equal Weight
53.8% Low
25.5% Moderate
20.7% High



Result – Annualized Risk ($ per threat-asset pair)

Given the worst reasonable 
event, what are the 
consequences? ($)

Owner Cost
• Asset Replacement Cost

User Cost
• Value of time 

(delay/detour)



I-70 Pilot Results

$6,136,494 

$164,667,186 
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Risk and Resiliency Standard Manual

 Published August 2020 --
https://www.codot.gov/programs/planni
ng/cdot-resilience-program

 Refines and Standardizes
the data, assumptions, and 
methodology for conducting 
risk assessment

 Step by step “Cookbook” on 
how to calculate risk

 Flood
 Rockfall
 Fire / Debris flow



New Excel Templates
Based on Standard Model and Assumptions

• Insert slide about the excel 
templates

Enter data 
here

Calculates output risk 
data here

Spreadsheet tabs for each threat asset pair



Calculating Reduced Risk and Benefit Cost

Run the risk model twice
 Once to determine the existing condition and establish baseline risk costs
 A second time to analyze the risk reduction of the mitigation proposed
 Estimate cost of proposed mitigation
 Those values can be used to determine a Benefit to Cost ratio



Excel Templates - Challenges

 Some input data is not readily 
available 

 Detour routes and times 
not available statewide

 No easy way to “batch” process 
many locations at once in an 
automated way.

 E.g Water flow (from 
Streamstats – need to 
batch process)



Detour Times are a Critical Input
Using the State-wide Travel Demand Model for Detours

 Minimize travel time (weekday 24-hour 
average)

 Limit detours to state highways
 Colorado
 Neighboring states

 Travel each highway route in each direction
 One at a time, close each link and find 

the new minimum-time path



I-76 Test for the Detour Model



I-76 Test for the Detour Model



Batch Process – Risk and Resiliency Automation

With In-house staff expertise:

 Time consuming manual process previously 
performed on a culvert-by-culvert basis has 
been refined to a two input automated tool

 Can be used by anyone with access to an 
ArcGIS Pro license and takes two shapefiles as 
input: culverts and detours

 Exports results to a single spreadsheet for all 
culverts
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Using the Data and Tools 
to Make Decisions:

Prioritizing Which Risks 
to Mitigate



Resiliency Integration Project

 Kicked Off  - February 2020
 Goal – Demonstrate how to drive the ideas of resilience into CDOT day-to-

day activities
 5 case studies – proof of concept
 Asset Management – Twice Damaged Assets UNDER WAY
 M & O – Flood Mitigation Plans for Minor Culverts KICKED OFF LATE JULY
 Planning and Project Prioritization
 Environmental Documents
 Project Scoping and Engineering

 Project Completion – 18 months – late 2021

Coming Soon



Twice Damaged Assets Case Study



Twice Damaged Assets Case Study

November 2020 Deadline
CDOT must prepare evaluations of twice damaged assets before including in 
the STIP.

Why are we doing this?
23 CFR 667 – Evaluations of Facilities Repeatedly Requiring Repair and 
Reconstruction from Emergency Events
 Conserves federal resources, protects public safety
 DOTs must conduct periodic evaluations to identify road, highway, and 

bridge assets with repeated repair and reconstruction stemming from 
emergency events since 1997

 Must determine if reasonable alternatives exist to mitigate risk, prevents 
repeated investment in assets facing recurring damage



Draft Process Flow: Twice Damaged Assets

Trigger: Asset 
identified as 
2x damaged 

AND recorded 
as potential 
project in 

STIP
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Twice Damaged Assets Case Study

Locations to analyze:

 US 34 Big Thompson Canyon - Pavement/roadway loss

 I-25 in El Paso County (MP 144 and 155) - Culverts/bridges 

 Glenwood Canyon – Rockfall resulting in pavement/bridge damage

 Dowd Canyon Landslide Complex

 US 24 Waldo Canyon - Debris Flow systems, pavement @ debris flow 

systems, drainage systems including pavement/roadway loss

 SH 71 (2013 and 2015 events) – Pavement damage



Culvert Mitigation Planning



Small Culvert Risk Mitigation Planning Case Study
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Small Culvert – Risk Mitigation Planning Project

4 Step Process:

Step 1. Identify a high-risk subset of culverts 

Step 2. Culvert Field inspection

Step 3. Develop a prioritized Region treatment plan

Step 4. Calculate risk and potential risk reduction.  Recommend to the EMT 
a list of risk mitigation projects for culverts that meet the target B/C



Step 1. Prioritizing At-Risk Culverts

 With just under 65,000
culverts under 4 feet 
across the state, which 
subset should we focus 
on first?

Proposal: 

 Focus first on culverts in 
poor condition that are 
also on critical routes

 500 – 1,000 culverts 
statewide

Criticality

53.8% Low
25.5% Moderate

20.7% High



Step 2. Culvert Inspection

This fall, over 35 identified 
maintenance staff will inspect the 
culverts with field visits and 
standardize condition data using: 

• ESRI Collector App – NEW

• Staff Bridge Rating Guide for 
Small Culverts and Drainage 
Structures



Step 3. Risk Mitigation Plans

Develop Region Treatment Plan and Prioritize 
Potential Mitigation Projects



Step 4. Propose Small Culvert Improvements 
Where they Make Sense

GOAL: 
Based on solid, standardized data, recommend a 
project list and funding for culvert improvements 

that meet a justifiable benefit cost (B/C) in 
order to reduce CDOT risk.



Potential Next Steps — 2020-2021 Projects

 Finish the 5 case studies –
baking resiliency into day to day CDOT business

 Revise manuals, etc to memorialize new procedures
 Develop Performance Measures for Resiliency
 New Redundancy measure – and statewide detour map
 Prepare for Federal Resiliency Funding! (if and when it comes)



Colorado’s Road to Resiliency
2019 TRB Resiliency Conference

Thank You! For more information:
Lizzie Kemp, Resiliency Program Manager

elizabeth.kemp@state.co.us | 303-829-0274

mailto:elizabeth.kemp@state.co.us


Extra Slides



Flood Recovery – FHWA and CDOT:
Partnership to Build Back Better

 Agreement on methodology was key – RAMCAP
 Used flexibility allowed in the Emergency Relief Program
 Quantitative demonstration of how building back better 

made sense from a $$ B/C standpoint.

Of note:  flexibility in ER program has not been the case in many 
other parts of the country



CDOT/FHWA Risk Review Process:
Agreement to Use the 7-Step RAMCAP Model

 How likely is it that future events will happen?

 Which routes are most “critical” for us?

 How vulnerable are our facilities?

 How much will it cost?  consequences ($)

 Will “betterments” reduce future risk? 

 What’s the cost of betterments compared to 

reduced risk?  B/C?

 Demonstrate to FHWA that building back better 

makes good long-term financial sense (Benefit –

Cost analysis)



Step 2. ESRI Field Collector App

Culvert Condition App
It uses ESRI Collector for ArcGIS to 
collect culvert condition data.
 User selects/clicks on a culvert of 

interest.
 Show culvert information.
 A set of forms allow users to fill 

out general and inlet/outlet 
culvert conditions information.

 Submit data during collection 
time or later.
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Hot Topic:
Post-Fire/Flood and 

Debris-Flow Mitigation



CDOT 2019 Fire/Flood & Debris-Flow 
Mitigation Planning



Risk and Resiliency Standard Manual

 Published last week – available 
on the CDOT Resiliency 
Program Website!
https://www.codot.gov/programs/planning/c
dot-resilience-program

 Includes Post-fire / Flooding 
and Debris-flow as one of the 
standardized risk calculations.

https://www.codot.gov/programs/planning/cdot-resilience-program


Resiliency Standard/Manual



Resiliency Standard/Manual
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