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Resiliency vs Sustainability

Sustainability – systemic evaluation of future options 
and devising strategies to obtain a desired outcome

Resiliency – adaptive capacity and robustness to 
gracefully weather inevitable but unspecified shocks
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Resiliency – Transportation Sector
• Network Behavior of the transportation system
– Bridges, Detour Route, & Fragility
– Evacuation Route & Emergency Access
– Operational performance and mode shifts 
– The Advent of Superusers
– The need for Hardened Corridors

• Interdependencies & Hyper-connectivity
– Other lifelines & access for assessment / recovery
– Transportation / Power / Internet - cascading effects

• Non-stationarity 
– Changing return periods & deterministic design
– Demographic shifts and unexpected behavior
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Network Performance & Fragility



NIST Community Resilience
Interdependencies



Functional vs Operational Fragility

• Disruption Time
– Operational – measured in minutes / hours
– Functional – Days/Weeks/Months

• Network Investment Strategies
– Route flexibility – network redundancy / modal 

redundancy
– Corridor enhancement – increased throughput
– Selective de-commissioning



Superusers – Trucking Logistics

• Route Optimization
• Telematics & Instantaneous Feedback
• Durable Dataset
• How to Engage Trucking Industry to
– Determine Investment Needs
– Project Definition
• Weight / Geometry / Robustness in Corridors

– Influence not so super-users



Explosion of Logistics Companies



Influence not so super-users
thought experiment

• Is our commute time or are children any less 
valuable than our amazon package?

• What if bus routing was as sophisticated as 
UPS, USPS, Fedex?

• How to incentivize coordination between 
competing users

• How to better game repetitive trips, like our 
commute.  

• Does this need to be fee based?



Pathways to Disruption

Markolf et al, Journal of Transport Policy, Nov 2018 Transportation resilience to 
climate change and extreme weather events – Beyond risk and robustness



Transportation Research Board
Forecasting & Extreme Events



Built Environment – Beyond Code 
Investment in Buildings



Emerging Trends - Large Fire Risk
Evacuation & Emergency Response



Coastal vs Inland Flood Risk



Extreme Precipitation Frequency & Bridge Risk



Inland Flooding & VTrans
Hurricane Irene – August 28th 2011

• 13 communities 
inaccessible for days

• State Highway System
– 500 miles of roadway
– 200 bridges

• Municipal System
– 2000 roadway segments
– 280 bridges
– 960 culverts



Hurricane Irene
Airlift resources to isolated towns



Hurricane Irene
Rapid Road Reconstruction Efforts



Hurricane Irene
Extensive Bridge Damage Throughout State



Hurricane Irene
How should we have built it?

How do we build it back?

• Post Damage Reconstruction
–Need for speed, replace in kind

• Riverine corridor improvements?
–Hydraulics & bridge damage
– Emergent Risk with Climate Change
–Bridge as dam & property damage



Operational Decision-Making & Blowover Risk
Severe Convective Systems



Severe Convective Systems (High Winds)
Operational Decision-making & Blowover Risk



Severe Convective Systems (High Winds)
Operational Decision-making & Blowover Risk

  
a) Test on a Double-Deck Suspension Bridge 

  
b) Test on Confederation Bridge, NB to PEI, Canada 

Figure 5. Photographs of the Wind Tunnel Tests 
 



Severe Convective Systems (High Winds)
Operational Decision-making for Transit Systems



Adaptive strategies



Resiliency in Transportation

• Operational Decision-Making Driving Needs Assessment
– Evacuation Routes & Timing + Emergency Response
– Disaster Logistics, Preplacement of Key Assets
– Network Performance & Hardened Corridors

• Enhanced Infrastructure Robustness
– Damage tolerant structural systems
– Design for Repairability

• Emergency Bridge Replacement Designs
– Dramatic Reduction in Time to Fabricate, Ship & Erect
– Modularity & One-size fits all


