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Definition of Resilience
UDOT has not adopted an 
official definition of Resilience.

Resilience Primer for 
Transportation Executives
NCHRP Report 976

https://drive.google.com/file/d/125L_0Ynhsn55d1aJ2KobvZj576mmdqgz/view?usp=sharing
https://drive.google.com/file/d/125L_0Ynhsn55d1aJ2KobvZj576mmdqgz/view?usp=sharing


“Traditional risk management 
focuses on planning and 
reducing vulnerabilities. 
Resilience management puts 
additional emphasis on 
speeding recovery and 
facilitating adaptation.” 
Resilience presentation

Dr. Igor Linkov - USACE

Risk and Resilience

After Linkov et al, Nature Climate Change 2014

https://www.agci.org/sites/default/files/pdfs/lib/main/RiskResiliencAspenDec15Distr.pdf


Risk Studies
US-40 FHWA Extreme Weather 

and Durability Grant
2020

I-15 Corridor Risk and 
Resilience Pilot

2017

UDOT Efforts
Ongoing



RAMCAP

Data Driven Focus + Institutional Knowledge

Risk Management 
Working Group



UDOT Focus

Identify threat asset pairs

Compute the risk     Risk = Impact * Probability * Vulnerability

Compute criticality

Risk Priority = Risk * Criticality     

Display on GIS map



● Asset location and condition (vulnerability)
● Threats and probabilities at the location
● Criticality
● Physical characteristics for Replacement Cost (Owner)
● User Cost

○ Dertour Times and Lengths
○ Traffic and Truck volumes

Data for risk Calculations



Part A - Asset Data and Owner Costs
● Roadway Geometry: UPLAN service UDOT Linear Reference System
● Bridge Deck and Approaches

○ Geometry: PONTUS database
○ Replacement Cost: UDOT Asset Owner and Cost Estimating Support Staff (Jason Henrie)

● Box Culverts
○ Geometry: PONTUS database
○ Replacement Cost: UDOT Asset Owner and Cost Estimating Support Staff

● Pipe Culverts
○ Geometry: Complex GIS
○ Replacement Cost: UDOT Asset Owner and Cost Estimating Support Staff

● Road Surface
○ Geometry: UPLAN service FI Surface Area
○ Replacement Cost: UDOT Asset Owner and Cost Estimating Support Staff

Data for risk Calculations

https://maps.udot.utah.gov/arcgis/rest/services/LRSRoutes/MapServer
http://maps.udot.utah.gov/arcgis/rest/services/FI_SurfaceArea/MapServer


Part B - Natural Hazard Threat Data
● Flood Risk

○ Geometry: FEMA flood risk data
○ Risk probability: FEMA flood zones

● Rockfall Risk
○ Geometry: Utah State University Study (Pack et al.)
○ Risk probability: UDOT, Ari Menitove

● Avalanche Risk
○ Geometry: Utah Avalanche Center, Avalanche locations
○ Risk probability: Based on observed avalanche frequencies

●  Earthquake Risk (bridges only)
○ Geometry and Impact: UDOT, Rebecca Nix
○ Risk probability: Utah Earthquake Probabilities report

Data for risk Calculations

https://ugspub.nr.utah.gov/publications/misc_pubs/mp-16-3/mp-16-3.pdf


Part B - Natural Hazard Threat Data Cont…
● Debris Flow Model

○ Geometry:
■ Stream centerline, catchment basins: National Hydrography Dataset
■ Precipitation: NOAA Hydrometeorological Design Studies Center
■ Soil: USDA and NRCS’s Gridded National Soil Survey Geographic Database 

(gNATSGO) 
■ Forest Cover: National Land Cover Database (NLCD) 2016
■ Slope: AGRC 30-meter statewide digital elevation model
■ Wildfire Threat: Utah Division of Natural Resources’ Wildfire Risk Assessment Portal 

○ Risk probability: United States Geological Survey (Stevens et al., 2008)

●

Data for risk Calculations

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcseprd1464625
https://wildfirerisk.utah.gov/
https://pubs.usgs.gov/sim/3009/
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Part C - User Costs
● System Redundancy (delay/reroute times): BIO-WEST Network Analysis
● Hourly User Time (passenger vehicle and trucks): UDOT Traffic Management Division
● AADT: UDOT traffic counts
● Asset Temporary Fix Estimates: UDOT engineering judgment through coordination with the 

Risk Management Workshop Group

Data for risk Calculations



Risk = Impact * Probability * Vulnerability

Degradation Curves



Threat-Asset Matrix



Criticality AADT 26%
Truck Traffic 18%
Redundancy 56%



Risk Priority = Risk * Criticality

https://uplan.maps.arcgis.com/apps/MapSeries/index.html?appid=fab82e27ca6047fc855bb97976ea0d41


Map Risks are Relativistic

● Based on available threat data
● Risk values are relative -- not absolute
● Asset design sets our risk tolerance
● Risk increases with asset deterioration
● Risk increases with climate change



Resiliency Calculation

Resiliency   = 
1

Risk * Criticality
= 

1

Risk Priority

Risk = Impact * Probability * Vulnerability

Risk Priority = Risk * Criticality



Resilience
The four R’s of resilience

Source: Minsker, Barbara & Baldwin, Lily & 
Crittenden, John & Kabbes, Karen & Karamouz, 
Mohammad & Lansey, Kevin & Malinowski, 
Patricia & Nzewi, Emmanuel & Pandit, Arka & 
Parker, John & Rivera, Samuel & Surbeck, 
Cristiane & Wallace, William & Williams, John. 
(2015). Progress and Recommendations for 
Advancing Performance-Based Sustainable 
and Resilient Infrastructure Design. Journal of 
Water Resources Planning and Management. 
141. A4015006. 
10.1061/(ASCE)WR.1943-5452.0000521. 

https://www.researchgate.net/figure/Four-Rs-of-resilience_fig1_277977874
https://www.researchgate.net/figure/Four-Rs-of-resilience_fig1_277977874
https://www.researchgate.net/figure/Four-Rs-of-resilience_fig1_277977874
https://www.researchgate.net/figure/Four-Rs-of-resilience_fig1_277977874


Resiliency Component Measures
Rapidity:
• Measured by user cost
• Unit is difference from standard 

response time

• Reduces Impact

Resourcefulness:
• Measured by user costs and tied 

to rapidity

• Reduces Impact
• May also reduce criticality

Redundancy: 
• Set benchmark based on travel 

demand model redundancy 

• Track yearly change in benchmark
• Reduces Criticality

Robustness: 
• Hardening of the asset
• Reduces Vulnerability



Resiliency

Time

With asset deterioration = higher 
vulnerability

and with asset value increase

Ideal with asset management 
strategies targeting risk

Asset value from expansion brings an 
increase in risk value which has a direct 
relationship to resiliency decline

Resiliency Performance Measure

Resiliency  = 
1

Risk ($) * Criticality

Robustness 
Rapidity

Resourcefulness

Redundancy 
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