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▬ The content of this presentation, the views and opinions expressed are solely the 
author’s and do not reflect that of the clients (Santa Cruz County Regional 
Transportation Commission, SCCRTC or San Luis & Delta-Mendota Water Authority, 
SLDMWA). Information on case study examples is presented for educational and 
knowledge sharing purposes only. The presentation is limited to the estimated 
project benefits. No cost or cost-to-benefit ratio information is included.

Disclaimer
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Resilience is:
▬ “…is the ability to anticipate, prepare for, 

and adapt to changing conditions and 
withstand, respond to, and recover rapidly 
from disruptions…” (FHWA, 2014)

▬ “…the ability to prepare for threats and 
hazards, adapt to changing conditions, and 
withstand and recover rapidly from 
disruptions…” (FEMA, 2023)

▬ “…the ability of a system to provide and 
maintain an acceptable level of service or 
functionality in the face of major shocks or 
disruptions to normal operations…” 
(AASHTO, 2017)

Effects on Transportation System Performance

More Robust System

More Time 
to Prepare

Faster Response 
& Recovery

Steady State Performance

Emergency State 
Performance w/o Project

Emergency State 
Performance with Project
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▬U.S. DOT’s Promoting Resilient Operations for Transformative, Efficient, 
and Cost-saving Transportation (PROTECT) Program

▬California Transportation Commission’s (CTC’s) Local Transportation 
Climate Adaptation Program (LTCAP)

▬FEMA’s Building Resilient Infrastructure and Communities (BRIC) 
Program

▬California Governor’s Integrated Climate Adaptation and Resiliency 
Program (ICARP)

▬Senate Bill 1 (SB1) Sea Level Rise (SLR) Adaptation Program

Current Programs
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Future of IIJA / BIL and IRA Projects is Uncertain

Source: Grist Article by Clayton Aldern dated Feb 13, 2025, Where did billions in climate and infrastructure funding go? Available: https:/ / grist.org/ accountability/ climate-infrastructure-ira-bil-map-tool/  
(accessed on February 19, 2025); Charts by Author

Project Locations in and around California 

?
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IIJA / BIL and IRA Projects Funding Breakdown

Announced Funds by Category (bill. $) % Funded as of February 2025

?

Source: Grist Article by Clayton Aldern dated Feb 13, 2025, Where did billions in climate and infrastructure funding go? Available: https:/ / grist.org/ accountability/ climate-infrastructure-ira-bil-map-tool/  
(accessed on February 19, 2025); Charts by Author
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Benefit Analysis Case Studies

▬Resilience Benefits  of a Transportation Project equated to 
Avoided Consequences of Risks and Vulnerabilities due to a 
Natural Hazard or Climate Threat to a Transportation System

▬Case Studies:
1. Coastal Passenger Rail Project (SC Branch Rail Line between Santa 

Cruz and Pajaro)
2. SR 152 Seismic Strengthening Project (10 miles west of I-5 in Merced 

County)
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Case Study 1 - Coastal Passenger Rail Project (SC 
Branch Rail Line between Santa Cruz and Pajaro)
▬ Agency:  Santa Cruz County 

Regional Transportation 
Commission

▬ Purpose: LTCAP Grant 
Application for Planning Study

▬ Resilience Issues Analyzed:
‐ Flooding (due to changing 

precipitation frequency and 
intensity and sea level rise)

‐ Cliff Retreat (influenced by erosion 
due to wave action and sea level 
rise) Source: https:/ / www.sccrtc.org/ projects/ rail/ zeprt/  (last accessed on February 19, 2025)

https://www.sccrtc.org/projects/rail/zeprt/


Note: Water Level is just below Soffit of Railroad Trestle, 
submergence anticipated under current and future conditions.
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Case Study 1 – Flooding Risk

Harkins Slough Hydrological Study

FEMA Flood Insurance Study - Pajaro Railroad Bridge 
Water Level by Flood Event Type and Stream Distance
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Note: With projected increase in precipitation and sea level rise, 
infrastructure flooding anticipated under future conditions.
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Case Study 1 - Cliff Retreat Risk
Cliff Retreat at Manresa Bluffs under 0.8 Foot Sea Level Rise Conditions

Rail Line
Cliff Retreat Line
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▬ Out of an estimated total of 7,000 daily passenger trips in 2035:

▬ Other benefits analyzed: reduced active transportation on proposed trail, diversions 
of passenger rail trips to bus, and diversion of freight rail to trucks

Case Study 1 – Resilience Benefits

Climate Threat Event
Risk (Annual 
Probability)

% Passenger Ridership Reduced 
(Transportation Impacts)

Est. Duration of 
Impacts (days)

Cliff Retreat at Park Ave Bluffs 0% N/ A 0
Cliff Retreat at Manresa Bluffs 100% 27.9% 365
Flooding at Harkins Slough 40% 0.0% (due to a dominance of impacts 

by Cliff Retreat at Manresa Bluffs 
threat over this threat)

122

Flooding at Pajaro River Rail Bridge 2% 1.1% 43
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▬ Passenger vehicle 
benefits: net of passenger 
rail use reduction and 
auto/ bus use increase

▬ Bike/Pedestrian benefits:  
net of trail use reduction 
and non-trail use increase

▬ Freight vehicle benefits:  
net of freight rail use 
reduction and truck use 
increase

Case Study 1 – Monetized Resilience Benefits
Benefit Category Annual Avg. Undiscounted 

Benefits (in 000s of 2022$)
Travel Time Cost Savings
- Passenger Vehicle
- Bike/ Pedestrian

$880
$106

Operating Cost Savings
- Passenger Vehicle
- Shipper

$1,082
~$2

Accident Cost Savings
- Passenger Vehicle
- Bike/ Pedestrian
- Freight Vehicle

$214
$4,201

<$1

Emissions Damage Cost Savings
- Passenger Vehicle
- Freight Vehicle

$66
<$1

Other Benefits
- Bike J ourney Quality
- Walk Amenity
- Health Biking/ Walking Benefits

$79
~$2

$266

TOTAL BENEFITS ~$6,900
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▬ Agency:  San Luis & Delta-Mendota 
Water Authority and Bureau of 
Reclamation

▬ Purpose: Transportation Benefit 
Identification to Evaluate Project 
Feasibility

▬ Resilience Issues Analyzed:
‐ Embankment Slope Failure (due to Seismic 

Event)

‐ Loss of Evacuation Route for Wildfire 
Incidents

Case Study 2 - SR 152 Seismic Strengthening Project (10 
miles west of I -5 in Merced County)

Source: SLDMWA; CDM Smith’s Tech Memo

SR 152 
Project Site
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Case Study 2 – Seismic Risk and Detour

Detour Routes Identification by Market Segment
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Case Study 2 – Resilience Benefits and Monetization

▬Under a slope failure:
‐ Approx. 3 million daily vehicle miles of 

travel (VMT) would be added to detour 
routes in 2029

‐ Wildfire emergency evacuation capacity 
would reduce by about 19 percent

‐ Impacts would last over a two-year SR 152 
reconstruction period

▬Monetized Benefits Summary (see 
Right)

Benefit
Annual Avg. 

Undiscounted Benefits 
(in 000s of 2021$)

Travel Time Cost 
Savings

$8,700

Vehicle Operating Cost 
Savings

$7,000

Accident Cost Savings $2,200
Emissions Damage Cost 
Savings

$400

TOTAL $18,300
Note: Tourism Revenue Loss Avoided and 
Wildfire -Emergency-Related Accident Costs 
Avoided were also estimated but each of these 
benefits was < $100,000 in value.
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▬Showed the importance of resilience improvement to a transportation 
system

▬Presented current funding programs for resilience-building 
transportation projects and potential future uncertainty

▬Using two case studies in California:
‐ Demonstrated use of data and tools to analyze risks of sea level rise, flooding, 

cliff retreat, seismic event, and wildfire and to quantify consequences

‐ Showed resilience benefit monetization results to support funding applications
‐ Provided meaningful ways to make a “business case” for the continued 

integration of resilience improvements into transportation projects

Summary



Thank You / Questions

Chiranjivi (Chiru) S Bhamidipati, PE, PTOE, PTP

Transportation Planner | CDM Smith

Ph: 415.495.6201

Email: BhamidipatiCS@cdmsmith.com
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