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Transportation Network Climate Change Resiliency Assessment
Background
Santa Barbara County’s multi-modal transportation system is utilized by over a half million people and
hundreds of businesses daily. It includes highways and roads, railways, airports, transit, and walking and
biking networks. In addition to providing access to destinations, this network is critical to emergency
response, regional employment patterns, and essential delivery of goods and services.
Planning, designing, operating, and maintaining the regional transportation system is the shared
responsibility of federal agencies and state agencies, the County, cities, transit authorities, SBCAG,
special districts, tribes (such as the Chumash) and private entities. Transportation planning requires
frequent collaboration amongst these various agencies and jurisdictions. SBCAG’s mission is to provide
collaborative leadership, planning, projects and services that serve regional and local needs to improve
mobility and promote sustainable communities in Santa Barbara County. 1
The SBCAG Multi-Modal Transportation Network Vulnerability Assessment (February 2019) identified
regional facilities that will be affected by climate hazards in the next 50-100 years. The purpose of this
document, the Multi-Modal Transportation Network Resiliency Assessment, is to recommend
overarching regional adaptation strategies and identify potential resilience measures that local
jurisdictions, Caltrans, and other partners can implement to minimize the effect of future climate
hazards. SBCAG, in its role as a regional planning agency, is uniquely positioned to foster collaboration
amongst our local partners and state agencies and work collaboratively to implement solutions to the
challenges identified in the Vulnerability Assessment and to fulfill the project vision (identified below).
The strategies identified in this Assessment will be carried over into the next cycle SBCAG Regional
Transportation Plan.

Project Vision
The Transportation Network Climate Change Resiliency Assessment exists to further development of
climate-smart transportation infrastructure, ensure that it is robust to current and future climate change
impacts, and commit to holistic infrastructure solutions that will allow everyone in Santa Barbara County
to move freely, transport important goods, and receive crucial services that support our communities’
needs – even during emergencies and natural disasters.

Climate Resiliency Team Guidance
In preparing this study, SBCAG worked with the Community Environmental Council (CEC) to facilitate a
discussion with a Climate Resiliency Team (CRT) around climate adaptation issues in the region. SBCAG
worked closely with CEC to form the CRT, which consisted of local, regional, and state government staff,
transit agencies, tribal representatives, emergency service providers, community-based organizations,
healthcare providers, and local schools. The CRT met twice during the study preparation phase, in
December 2018 and in March 2019. The CRT provided guidance on the project vision, potential public
outreach options, and input on the Vulnerability Assessment.
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Methodology
Energetics conducted an extensive review of resilience and adaptation case studies, assessment reports,
guidebooks, and other resilience literature. Using these literature sources, Energetics completed a
Resilience Measures Inventory (RMI) of 93 unique resilience measures to address the vulnerabilities
identified in the Santa Barbara Transportation Network Climate Change Resilience Assessment. The
measures are not prescriptive, rather, a portfolio of resilience measures is provided for each mode and
hazard type and these measures are intended to serve as a reference and point of discussion for
SBCAG’s partners. The complete RMI is included in Appendix A.
The RMI includes details for each resilience measure, including:
•
•
•
•
•

Name
Description
Relevant climate change vulnerabilities and impacts addressed by the measure
Transportation sector and infrastructure addressed by the measure
Relevant sources for additional information

For highly-relevant measures, additional characterization was provided to aid planners, engineers and
decisionmakers, including:
•
•
•
•
•
•

Type of measure (i.e., hardening, relocation, planning, or operational)
Cost of measure (illustrative examples of cost, where available)
Effectiveness of each measure (examples from past implementations, where available)
Barriers to implementation
Co-benefits associated with implementation
Examples of implementation

Using the resilience measures identified in the RMI and the high-priority climate change vulnerabilities
described in the SBCAG Transportation Network Climate Change Vulnerability Assessment (VA),
Energetics developed five key resilience strategies that compose the Climate Smart Transportation
Network vision. Each strategy is composed of down-selected (i.e., highly-relevant) resilience measures
options, oriented around a common resilience goal.
These five strategies include:
1.
2.
3.
4.
5.

Safeguard coastal infrastructure from flooding and erosion
Create a long-term plan for the airport
Ensure access and mobility during emergencies
Conduct targeted hazard analyses of critical threats
Engage in regional collaboration to identify potential solutions

Each strategy can be accomplished with one or several individual measures – many of which carry
different costs and co-benefits. This assessment does not make specific recommendations. These
strategies represent the most critical and highest-reward approaches toward assuring climate
preparedness in Santa Barbara County, and represent milestones towards ensuring climate change is
mainstreamed into the county’s transportation planning process going forward.
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Key Resilience Strategies for a Climate Smart Transportation Network
The strategies identified below are intended to be a first step for the region in fulfilling the project vision
identified for the project. They are intended to be implemented over the long-term as opportunities
arise in collaboration with our regional partners.

1. Safeguard coastal infrastructure from flooding and erosion
A sizable portion of the County’s population, economy, built infrastructure, and transportation systems
are located within the coastal region, and are subject directly or indirectly to coastal vulnerabilities.
Although rising sea levels, storm surge, and erosion pose significant threats to these systems,
comprehensive strategies to build resilience can minimize risk over the coming century. Using climate
hazard projections, policymakers can protect transportation systems from the most likely and highest
risk hazards by hardening or relocating vulnerable systems, updating operational procedures to respond
to disruptions, and by planning new transportation systems out of harm’s way.
Elevate, protect, or relocate US 101 in key areas
The Vulnerability Assessment noted a number of “hotspots” where sea level rise would affect the US
101 corridor in the coastal zone over the next 50-100 years. SBCAG can work proactively with Caltrans to
monitor the corridor and determine where and how soon future improvements may be necessary. RMI
options focused on protecting the existing US 101 corridor from flooding are primarily hardening
measures, with the additional option of relocation. Hardening measures include a range of approaches,
including construction of barriers, protection of beaches, and use of biological control measures.
Elevation of the roadway above flood hazard zones is a primary means by which to ensure periodic
flooding (either related to tides, storm surges, or fluvial flooding) do not disrupt traffic on the key
corridor. In some areas likely to see significant flooding, permanent flood barriers such as levees (also
called dikes or sometimes called seawalls) may also be considered. In both cases, construction costs are
likely to be significant, although in the case of levees co-benefits may extend to nearby property owners.
Protection of US 101 and the railroad from cliff and beach erosion can also reduce coastal flooding
hazards by extending the shoreline and dispersing wave energy.
Measures to protect infrastructure from erosion hazards may be most successful in South Coast
locations, particularly along the Gaviota Coast and/or erosion is associated with near-term sea level rise
hazards. Hardening measures to protect the highway from erosion (including the use of seawalls,
revetments/riprap, jetties, dune construction or beach nourishment) all include significant costs and
ecological and economic disbenefits which must be considered against the cost of relocation or
abandonment.
Identify zones for retreat
Beyond the hazards to the US 101 corridor infrastructure itself, much of the transportation network
depends on connections to the highway for integration into the region’s transportation system. Where
these surface streets and arterials are also vulnerable to coastal flooding and erosion, the
neighborhoods and stakeholders they serve may also consider long-term retreat.
Move on from the railroad
West of Goleta and Isla Vista, US 101 – and especially the railroad – face extensive long-term coastal
erosion hazards which must be considered against the long-term cost of relocation or abandonment.
The railroad is among the most at-risk transportation systems evaluated in the VA. Although less
5
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prohibitive than in the populated areas of the South Coast, relocation of the railroad along the
unpopulated stretches of coastline may still be prohibitively expensive relative to anticipated revenues.
Because the railroad is privately-owned, central coastal communities, including Santa Barbara must
anticipate the long-term loss of the railroad as a transit link to greater Los Angeles and points north.
Utilize wetlands for storm surge abatement
Biological approaches to erosion and flooding control are promising alternatives to hardening measures
that do not carry the same significant ecological disbenefits. Biological erosion control involves the use
of onshore or offshore vegetation to strengthen soils and absorb wave energy. Onshore biological
erosion and flooding control can be accomplished with wetlands consisting of grasses and other plants
that disperse wave energy, especially during storm surges. This effect reduces the height of floodwaters
and the hazard area and reduces the soil loss to floodwaters. Wetlands are already a crucial part of
storm surge protection in the Goleta and Devereux Sloughs, as well as in the Carpinteria Salt Marsh
Reserve. Restoration of wetlands in the Santa Ynez estuary should also be explored as an approach to
erosion control near Ocean Beach State Park. Offshore biological erosion control has been proposed off
the Goleta coast. This project would restore giant kelp forests which previously existed. Natural kelp
forests have been demonstrated to reduce the wave energy that makes it to shorelines. However, no
constructed kelp forests have been demonstrated as effective erosion control projects.

2. Create a long-term plan for the airport
Alongside the railroad and the US 101 corridor, the Santa Barbara Municipal Airport is the most at-risk
individual transportation asset evaluated in the Vulnerability Assessment. The low-lying airport is
subject to flooding from projected sea level rise and fluvial flooding impacts in the near-term, and in the
long-term, disastrous flooding is likely without any changes.
Hardening approaches
Because the airport is so low-lying, both fluvial and coastal flood hazards pose serious threats to the
asset’s uninterrupted operation during extreme weather, and to the long-term usability of the asset
under sea level rise scenarios. Traditional hardening approaches including closing the slough inlet and
construction of a levee and/or seawall along the coast may protect airport assets from coastal flooding
associated with storm surge. However, this hardening approach would require significant expansion to
address fluvial flooding hazards during winter months (directing flood waters out of the slough to the
ocean), and ongoing maintenance as rising sea levels increase the loading of the levee system. Likewise,
construction of physical boundaries would carry significant impacts for the ecology of the Goleta Slough
wetlands. Another approach, hardening the airport by elevating vulnerable facilities – including
terminals, runways, tarmac, general aviation hangars and services, commercial hangars and services,
fuel storage tanks, parking areas, and access roads to the terminal (including the MTD bus stops) – could
decrease flooding risks, but would also be extremely costly as most infrastructure would need to be
rebuilt. Alternative hardening approaches could focus on accelerating recovery rather than resisting
flood waters, hardening the soils underlying runways, tarmac, and roadways, and waterproofing
structures (including terminals, hangars, fuel storage tanks, mechanical plant equipment, etc.). These
measures would reduce the damage of intermittent floods by preventing erosion and buckling under
load bearing surfaces, by preventing costly damage to structure interiors and airport equipment from
flooding, and by reducing the likelihood of environmental damages associated with hazardous material
leaks.
6
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Relocation or abandonment
If hardening measures are not deemed feasible, either for reasons of cost or related impacts, either
relocation or abandonment should be considered. Relocation of the airport would likely face significant
challenges in the South Coast communities, where development is subject to additional constraints of
land price and scarcity, and because the environmental impacts of a new airport (including noise, traffic,
air pollution, etc.) on existing residents and businesses could prove untenable. The costs of relocating
the airport are likely significantly higher than elevating existing airport infrastructure.
Abandoning the airport would include using the airport until flood hazards become too frequent or
damaging to justify recovery. An important caveat to an abandonment approach is that it should be
used alongside limited hardening of fuel and hazardous material storage facilities so that a significant
flooding event does not lead to a major environmental release. Abandonment may be the lowest cost
resilience approach in terms of direct costs, but may create significant indirect economic losses that
would not be directly accounted for. Abandonment would shift reliance of the community to other
airports (such as Los Angeles airports or upgraded Oxnard or Santa Maria airports), as well as other
forms of mass transit (including bus transit and Amtrak). Plans to abandon the airport must address the
simultaneous coastal flooding threats to Amtrak and the highways.

3. Ensure access and mobility during emergencies
Resilient transportation systems must be both resistant and adaptive to damage and disruption from
climate hazards. Adapting operational plans to respond to climate-driven disruptions is key to protecting
the County’s residents during disasters and accelerating recovery periods. Using the climate vulnerability
projections in the VA, evacuation routes, transit systems, and traffic management operations should be
reviewed and updated to incorporate climate hazards.
Ensure emergency evacuation plans account for hazard areas
Evacuation route plans should reflect up-to-date understanding of flood, landslide, and fire hazard
areas. While the VA provides hazard areas for fluvial and coastal flooding and fire threat areas, updated
fluvial flood zones based on projected future precipitation and updated landslide hazard maps would
provide additional critical information for evacuation route planning.
In the wake of the January 2018 debris flow event in Santa Barbara, which closed US 101 for almost two
weeks and severed vehicular connectivity between Ventura and Santa Barbara counties, SBCAG has
partnered with the Ventura County Transportation Commission (VCTC) to develop a Transportation
Emergency Preparedness Plan (TEPP), scheduled for adoption by both agencies in 2020. The TEPP
evaluates a variety of natural and man-made disasters that could significantly impact transportation
systems in each county and connecting the two counties, develops a best practice response using an allhazards approach for all types of events, and recommends institutional and structural tools and
mechanisms for how to effectively utilize, create, or reestablish transportation services in a timely
manner prior to, during and after emergency events.
Stage emergency supplies
With an improved understanding of hazard areas, storage locations of emergency supplies (including
road construction and clearing equipment, sandbags and bagging equipment, communications
equipment, signage, etc.) should take hazard areas into account, ensuring that response times are not
impaired by transportation issues.
7
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ITS, connectivity, and signaling
Coordination of the county (and regional) Intelligent Transportation Systems (ITS) is critical to ensuring
efficient movement and emergency access during periods of transportation disruption. As a part of the
evacuation route planning, signaling should be adapted to reroute traffic around anticipated hazard
areas.
Utilize public and private transit
Coordinate planning between SBCAG (Clean Air Express), MTD, SMAT, COLT, SYVT, Guadalupe Transit,
Easy Lift, SMOOTH, and private transportation providers, as well as LOSSAN (the agency that operates
and manages the Pacific Surfliner rail service) and Santa Barbara County Office of Emergency
Management to ensure access for community members who rely on transit during evacuations,
emergencies, or significant transportation network disruptions.

4. Conduct targeted hazard analyses of critical threats
The VA provides comprehensive hazard assessment using the best available data. However significant
gaps in hazard data exist, particularly for landslides and fluvial flooding. Long-term transportation
planning should include additional hazard analysis to upgrade these hazard projections.
Complete county-wide landslide hazard assessment
Existing landslide hazard assessments are based on the Santa Barbara County Comprehensive Plan’s
Seismic Safety & Safety Element. 2 The limitations associated with this resource are both geographic and
technical in scope. Current landslide hazard safety maps are not available in a digitized format, which
presents a barrier to their dissemination and use, as the scanned versions available through the
Comprehensive Plan are low resolution and difficult to read. Additionally, outside of populated areas,
the landslide hazard assessment is not slope specific, and only presents a general problem ranking for
large areas where transportation infrastructure may be threatened.
An updated county-wide landslide hazard assessment should identify slopes, soil and vegetation types,
and areas for potential landslides, mudslides, rockfalls, and debris flows relevant to transportation
system (and other infrastructure system) disruption. The assessment should focus on direct landslide
hazards to existing infrastructure corridors. For example, on the South Coast west of Goleta, the existing
landslide hazard maps indicate areas of high hazard, however the resolution of the map is insufficient to
distinguish hazard on south-facing slopes (threatening the US 101 and railroad corridor) or on east-west
slopes of mountain ridges.
Develop updated hydrological modeling and flood zone hazard maps
Update fluvial flooding hazard zones using climate-driven hydrological parameters, including using
downscaled hydrological projections from the Santa Barbara Area Coastal Ecosystem Vulnerability
Assessment (CEVA). 3 The CEVA report provides downscaled hydrological projections, including changes
to peak streamflow in future climate scenarios. These peak streamflow conditions can be used to
identify prospective expanded flood hazard which may threaten additional infrastructure beyond those
at-risk systems identified in the VA.

2
3

County of Santa Barbara 2015
Myers et al. 2017

8

SBCAG Transportation Network Resiliency Assessment
Adopt high resolution fire threat hazard layer
Existing Fire Hazard Severity Zones (FHSZ) supplied by Cal Fire are used in the VA. 4 An alternative
approach to fire hazard screening is presented by the West Wide Wildfire Risk Assessment, which used
high-resolution mapping of vegetation, probability of fire occurrence, fire behavior, the effectiveness of
fire suppression, and other factors to create a Fire Threat Index. 5 The Fire Threat Index has a highenough resolution to indicate areas of high hazard down to the individual intersection or facility,
allowing much greater control over fire hazard when planning and managing infrastructure.
Integrate high-resolution hazard assessments into land use and development planning
Future hazards are dictated by the locations of both existing and future transportation systems. New
transportation investments will follow investments in development across the county, so climate
hazards should be considered at the land use level as well. Like relocation and retreat, integrating
climate hazards into land use planning avoids hazards rather than mitigates them. By avoiding future
damage and disruption without the need for costly hardening investments, integration of climate
hazards into land use planning can be one of the most cost effective approaches to resilience.

5. Engage in regional collaboration to identify potential solutions
Many of the hazards identified in the Vulnerability Assessment do not adhere to jurisdictional
boundaries and require careful, deliberative and comprehensive approaches to begin a process to
identifying solutions. Conducting resilience efforts collaboratively with county governments and
agencies, interjurisdictional partners, and interested stakeholders will both ensure the maximum impact
of resilience investments, as well as help to mainstream resilience within planning culture. Key
components of regional collaboration are outlined below:
Incorporate Resiliency Assessment Strategies in the SBCAG
Regional Transportation Plan
The strategies and recommendations identified in this
Resiliency Assessment will be incorporated into the next
cycle SBCAG Regional Transportation Plan (RTP) whereby
the RTP will consider the nexus between climate hazards,
the regional transportation network, and potential
strategies to confront climate challenges in the long-range
plan. Incorporating resilience planning into the RTP will
also allow for climate change hazards, impacts,
vulnerabilities and the potential solutions to be given a
public airing through the robust RTP public outreach
process.
Support Local and Regional Adaptation Planning Efforts
Several local adaptation planning efforts are already
underway in the region, particularly among the coastal
jurisdictions, and especially focused on incorporating sea-

4
5

Cal Fire 2008
Oregon Department of Forestry 2013
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What is the Regional Transportation Plan?
The RTP is a collaborative planning process,
led by the regional planning agency
(SBCAG), that is widely participated in by
federal, state, local, and tribal
governments/agencies, as well as other key
stakeholders and the general public. The
process is designed to foster involvement
by all interested parties, such as the
business community, tribal governments,
community groups, environmental
organizations, the general public, and local
jurisdictions through a proactive public
participation process conducted by the
MPO in coordination with the state and
transit operators.
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level rise projections into their Local Coastal Programs. SBCAG will continue to support these efforts and
work collaboratively with our local partners.
Work with Local and Regional Climate Committees
SBCAG staff will continue to work with the various organizations in the county (such as the County
Climate Collaborative) to foster collaboration on climate change adaptation issues and solutions moving
forward.

Discussion and Conclusions
The challenges presented by climate change threaten significant disruptions and dangers for Santa
Barbara County, its infrastructure systems, and the communities that rely on them. The climate
vulnerabilities and risks identified in the SBCAG Multi-Modal Transportation Network Vulnerability
Assessment make the work of building resilience into the County’s infrastructure and communities
imperative. Planning for a resilient regional transportation network is a crucial step toward achieving a
climate-smart transportation network. SBCAG’s role is at the core of facilitating collaboration between
the County’s governments, federal and state agencies, system owners and operators, and communities.
The SBCAG Vulnerability Assessment relied upon planning assumptions in past adaptation planning
efforts that had been done by other entities in the region such as the Goleta Slough Management
Committee, the County of Santa Barbara, the City of Carpinteria, the City of Santa Barbara, and the City
of Goleta. Because of the array of stakeholders and planning agencies involved, the strategies outlined
above should be approached in a collaborative manner. Individual entities and jurisdictions will need to
work with stakeholders and the public to decide on context-sensitive adaptation strategies (for example
hardening, managed retreat, or relocation). Furthermore, because climate hazards do not adhere to
jurisdictional boundaries, opportunities for knowledge sharing and regional funding may also benefit
from a collaborative or regional approach.
The strategies and resilience measures identified in this assessment can be integrated into
transportation network planning beyond the specific vulnerabilities addressed here. The vulnerabilities
addressed by these strategies are the highest-priority elements of building a climate-smart
transportation network in the county, but there are many additional opportunities to mitigate climate
hazards throughout the county’s transportation system. The Vulnerability Assessment addresses the full
breadth of at-risk locations and infrastructure systems throughout the County. Implementation of the
key strategies by county and local planners should focus on identifying best practices and implementing
these lessons for future resilience efforts.
Planning for climate change necessitates taking actions without complete knowledge, and without the
ability to predict outcomes with complete confidence. Planning in uncertainty is a perennial challenge
for building resilience because of the inherent uncertainty in assumptions made about future behaviors,
demographics, investments, emissions, and climate change outcomes. Further study of climate hazards
(particularly for flooding and landslide hazards) is an essential element of climate preparedness in the
County. As with the mainstreaming of climate resilience planning within county planning agencies,
partners and stakeholders, efforts to improve understanding of climate hazards should be shared with
as wide a community as possible.
As the Vulnerability Assessment makes clear, a “do-nothing” approach to climate change is not an
option. Climate change impacts are likely to damage the transportation infrastructure in our region,
10

SBCAG Transportation Network Resiliency Assessment
causing costly disruptions to the health and safety of County communities, the movement of people and
goods, community interactions, and commerce. In most cases, investment opportunities in resilience
that outweigh the costs of inaction are available. With an eye towards fulfilling the vision of the Climate
Resiliency Assessment, the overarching regional adaptation strategies will be incorporated into SBCAG’s
next cycle Regional Transportation Plan.
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Appendix A: Complete List of Resilience Measures
Airport-specific resilience measures
Resilience Action
Name

Description

Water-proofing
structures

Waterproof exterior envelopes of structures (e.g.,
airport terminals or transit centers, mechanical
rooms, or fuel storage facilities) to resist
floodwaters below design flood elevation; includes
water-tight doors and windows, backflow
preventers in drainage systems, and sandbagging
plans for flooding events)

Climate Change Vulnerabilities
Primary
Impact
Fluvial
flooding

Primary Vulnerability

Additional Impacts

Flooding of airport

Storm surge
flooding

Dry waterproofing includes structures built so that
any area below flood levels is flood resistant with
walls or temporary flood barriers that are
substantially impermeable to the passage of water,
includes walls, floors, flood shields and other
temporary flood barriers designed and constructed
to resist hydrostatic, hydrodynamic, and other
flood related loads, including the effects of
buoyancy; soil or fill adjacent to the structure
compacted and protected against erosion and
scour; sump pumps; evaluation by a structural
engineer. Measures include watertight shields on
doors, windows, louvers, permanently closing or
sealing windows, using membranes and sealants to
reduce seepage through walls, slabs, foundations;
install drainage collection systems and sump
pumps, install early warning systems; install backflow preventer valves on drainage and sanitary
sewers, install pressure relief valves in floors,
exterior perimeter flood walls, and barriers.
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Transportation
Sector
Sector
Airport

Sub-sector
Structures

Measure Type
Type
Harden
ing

Sub-type
Barrier
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Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary Vulnerability

Additional Impacts

Transportation
Sector
Sector

Sub-sector

Measure Type
Type

Sub-type

Relocation or
abandonment
of airport

Relocation of airport to new site or abandonment
of site

Storm surge
flooding

Flooding of runways,
terminal, hangars,
vehicles &
equipment fleet, fuel
storage and
distribution system

Storm surge
flooding; Nuisance
Flooding; Fluvial
flooding

Airport

All

Relocat
ion

Relocation

Construction or
raising of
protective
levees to
protect airport
infrastructure

Use of levees within airport grounds to protect
infrastructure from flooding

Fluvial
flooding

Flooding of runways,
terminal, hangars,
vehicles &
equipment fleet, fuel
storage and
distribution system

Storm surge
flooding; nuisance
flooding

Airport

All

Harden
ing

Barrier
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Resilience Action
Name
Flood
hardening of
terminals,
hangars, and
other facilities

Description
Flood hardening (wet waterproofing) of structures
and facilities to reduce damage associated with
periodic flooding, even if water ingress into
buildings is inevitable; includes flood damageresistant materials below flood levels, raise utilities,
life-safety systems, and other critical infrastructure
above flood levels, install and configure electrical,
telecommunications, mechanical, and other
systems to allow for easy isolation of system
components located below the DFE, facilitate
repairs, and minimize disruptions due to flood
damage; Install flood openings or using other
methods to equalize the hydrostatic pressure
exerted by floodwaters to prevent structural
damage to walls and floors; Provide pumps
(permanent or temporary) to gradually remove
floodwater from basements and non-draining
areas; Design tie-down systems for fuel tanks
below the DFE to resist buoyant forces caused by
submersion.

Climate Change Vulnerabilities
Primary
Impact
Fluvial
flooding

Primary Vulnerability

Additional Impacts

Flooding of airport
buildings

Storm surge
flooding; nuisance
flooding
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Airport
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All

Measure Type
Type

Sub-type

Harden
ing

Improveme
nt
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Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary Vulnerability

Additional Impacts

Transportation
Sector
Sector

Sub-sector

Measure Type
Type

Sub-type

Improvement
of drainage
systems

Increase drainage capacity and improve drainage
systems supporting runways and other paved
surfaces

Fluvial
flooding

Flooding of runways,
terminal, hangars,
vehicles &
equipment fleet, fuel
storage and
distribution system

Storm surge
flooding; nuisance
flooding

Airport

All

Harden
ing

Improveme
nt

Elevation of
runways and
tarmac

Elevation of airport facilities above design flood
level

Fluvial
flooding

Flooding of runways

Storm surge
flooding; nuisance
flooding

Airport

All

Harden
ing

Elevation

Install
floodgate/surg
e barriers at
mouth of
Goleta Slough

Installation of a movable floodgate to block flow
into/out of Goleta Slough for flood management
during storm surge periods

Storm surge
flooding

Flooding of airport

Fluvial Flooding;
Nuisance Flooding

Airport

All

Harden
ing

Barrier
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Road, rail, and transit-specific resilience measures
Resilience Action
Name

Description

Construct Sea
walls

Construction or improvement of physical
barriers (usually made from concrete or
other rigid materials) to prevent coastline
erosion (either beach or cliff); seawalls are
typically vertical or near-vertical

Elevate
roadway
surface

Climate Change Vulnerabilities
Primary
Impact

Transportation Sector
Sector

Sub-sector

Type

Sub-type

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Coastal
erosion

Erosion of
Roadbed

Nuisance
flooding;
storm surge
flooding

Flooding of
roadways

Roads

All

Hardening

Barrier

Elevation of roadway surfaces to prevent
inundation from flooding

Storm
surge
flooding

Flooding
of
roadways

Nuisance
flooding;
fluvial

Flooding of
roadways

Roads

All

Hardening

Replacement

Relocating
roadway

Relocation of vulnerable roadways to
higher elevations to prevent inundation or
erosion

Coastal
erosion

Erosion of
Roadbed

Nuisance
flooding;
storm surge
flooding;
landslides

Flooding of
roadways;
obstruction
of roadways

Roads

All

Relocation

Relocation

Coastal
armoring with
revetments or
riprap

Construction or improvement of sloped
physical barriers to absorb and disperse
wave energy; usually constructed from
piles of large rigid rock or concrete blocks
(riprap), fixed slats, sandbags, or other
construction which allows the permeation
and dispersal of wave energy to prevent
coastline erosion

Coastal
erosion

Erosion of
Roadbed

Nuisance
flooding;
storm surge
flooding

Flooding of
roadways

Roads

All

Hardening

Buffer

Offshore
biological
erosion
control

Use of marine plant life (including giant
kelp forests) to disperse wave energy and
reduce erosion rates

Coastal
erosion

Erosion of
Roadbed

Nuisance
flooding;
storm surge
flooding

Flooding of
roadways

Roads

All

Hardening

Buffer

Jetties for
erosion
control

Structures built from the coastline out into
a body of water designed to fix a shoreline
point in place, usually for an inlet, harbor,
or point; commonly built from riprap or
rigid structures such as concrete, wood, or
steel

Coastal
erosion

Erosion of
Roadbed

Roads

All

Hardening

Buffer
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Infrastructure

Measure Type

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Beach
nourishment

Placement of new sand on beaches to
restore sand lost to erosion

Coastal
erosion

Erosion of
Roadbed

Storm surge
flooding

Flooding of
roadways

Roads

All

Hardening

Buffer

Sand dune
protection
and
restoration to
resist erosion

Restore sand dunes and beach grass,
construct sand fences, and/or reduce
development, recreational use, walking
and driving around sand dunes which
causes deterioration of beach grass and
other vegetation that helps to trap and
hold the sand in place. Sand dunes absorb
the impact of storm surge and high waves,
preventing or delaying flooding of inland
areas and damage to inland structures.
They are also sand storage areas that
supply sand to eroded beaches during
storms and buffer windblown sand and
salt spray. Beach grass has adapted to
being buried by the sand and it makes its
way to the new surface as it gets buried.
Beach grass is hardy but brittle and snaps
easily when trampled.

Coastal
erosion

Erosion of
Roadbed

Storm surge
flooding

Flooding of
roadways

Roads

All

Hardening

Buffer

Restoration,
expansion, or
improvement
of wetlands

Use of natural wetland habitats to buffer
storm surge or fluvial flooding; wetlands
disperse flood waters and can reduce the
effective flood height inland; wetlands
also disperse wave kinetic energy,
protecting infrastructure from erosion
effects

Storm
surge
flooding

Flooding
of
roadways

Coastal
erosion;
fluvial
flooding

Flooding of
airport

Roads

All

Hardening

Buffer

Stockpiling of
flood barrier
materials
(e.g.,
sandbags)

Stockpiling of materials needed for
temporary flood protection barriers,
including sand and sandbags, sand
bagging machines and equipment

Fluvial
flooding

Flooding
of
roadways

Storm surge
flooding

Flooding of
roadways

Roads

All

Planning

Manage-ment
practice
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SBCAG Transportation Network Resiliency Assessment
Resilience Action

Climate Change Vulnerabilities

Transportation Sector

Name

Description

Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Construction
or
improvement
of
levees/dikes

Construction of physical barriers (usually
made from earth) to flooding to prevent
inundation; improvement can mean
strengthening levees to resist greater
kinetic energy of water, or heightening to
resist greater water levels. Sometimes
called seawalls or flood walls; unlike
seawalls for erosion protection,
levees/dikes are intended to hold back
water either permanently or
intermittently, rather than fix a shoreline.

Nuisance
flooding

Flooding
of
roadways

Storm surge
flooding,
fluvial
flooding

Flooding of
roadways

Roads

All

Hardening

Barrier

Add or
expand
drainage
canals

Expanding drainage canals near coastal
routes to accommodate flood waters
during coastal flooding events

Storm
surge
flooding

Coastal
and inland
tidal zone
flooding

Nuisance
flooding

Flooding of
roadways;
erosion of
roadbeds

Roads

All

Hardening

Improvement

Relocation of
roads around
hazard areas

Relocation of vulnerable sections of
roadways further inland or to higher
elevation to avoid permanent inundation

Nuisance
flooding

Coastal
and inland
tidal zone
flooding

Storm surge
flooding

Flooding of
roadways;
erosion of
roadbeds

Roads

All

Relocation

Relocation

Protection of
bridge piers
and
abutments
with riprap

Construction of physical barrier (usually
large stones, engineered blocks, or
recycled concrete) to armor bridge
infrastructure against erosion associated
with flood stage flows through channels
crossed by bridges. Riprap is a
recommended countermeasure for
existing bridges which may face future
scour.

Fluvial
flooding

Bridge
Scour

Nuisance
flooding;
storm surge
flooding

Erosion of
bridge
infrastructur
e; erosion of
roadways

Roads

Bridges

Hardening

Structural
improvement
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Sector

Sub-sector

Measure Type

Infrastructure

Type

Sub-type

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Retrofit/raise
existing
bridges

Raise or improve bridge decks and
sub/superstructures for increased flood
heights and greater kinetic energy from
floodwaters

Fluvial
flooding

Bridge
Scour

Nuisance
flooding;
storm surge
flooding;
fluvial
Flooding

Erosion of
bridge infrastructure;
erosion of
roadways

Roads

Bridges

Hardening

Improvement

Relocate
existing
bridges (and
supporting
routes)

Relocate bridges for increased flood
heights and kinetic energy in water

Fluvial
flooding

Bridge
Scour

Nuisance
flooding;
storm surge
flooding;
fluvial
Flooding

Erosion of
bridge infrastructure;
erosion of
roadways

Roads

Bridges

Relocation

Relocation

Elevate
railroad

Enhancement of railways to prepare for
rising sea levels and avoid inundation.

Storm
surge
flooding

Railroad
flooding

Nuisance
flooding

Degradation
of railway
infrastructure,
erosion of
railway bed

Rail

Railroad

Hardening

Improvement

Relocate
sections of
track

Relocation of sections of rail way further
inland or to higher elevation to avoid
inundation

Storm
surge
flooding

Railroad
flooding

Nuisance
flooding

Degradation
of railway
infrastructure,
erosion of
railway bed

Rail

Railroad

Relocation

Relocation

Upgrade road
drainage
system

Increase the standard drainage capacity
for new infrastructure to ensure low
points and culverts do not block roadways
during extreme precipitation periods

Fluvial
flooding

Flooding
of
roadways

Nuisance
flooding;
fluvial
flooding

Erosion of
roadbeds;
public safety

Roads

All

Planning

Design
standards

Increase
culvert
capacity

Increase the capacity of culverts at known
or projected pooling locations to
accommodate greater flows (avoiding
local roadway flooding) and increased

Fluvial
flooding

Flooding
of
roadways

Fluvial
Flooding

Erosion of
roadbeds;
public safety

Roads

Hydraulic
structures

Hardening

Improvement
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SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

kinetic energy of water (avoiding
washouts at culverts)

Increase
stormwater
retention (wet
storage) and
detention (dry
storage)
capacity in
flood-prone
basins

Add or increase the capacity of
stormwater retention and detention
systems where fluvial flooding hazards are
based on high hourly precipitation rates.
Water retention (ponds that fluctuate in
capacity) and detention (dry basins that fill
during precipitation) ponds slow the rate
at which surface runoff flows into a
stream system, evening out extreme
precipitation episodes that might
otherwise contribute to flash floods.

Fluvial
flooding

Flooding
of
roadways

Fluvial
Flooding

Erosion of
roadbeds;
public safety

Roads

All

Hardening

Improvement

Wetland
construction
for
stormwater
retention

Wetlands can be constructed to operate
as retention basins, holding stormwater
runoff and slowing the flow of stormwater
into stream channels, reducing the risk of
flash flooding during extreme storms

Fluvial
flooding

Flooding
of
roadways

Fluvial
Flooding

Erosion of
roadbeds;
public safety

Roads

All

Hardening

Improvement

Bioswales for
stormwater
retention

Bioswales use small surface areas
(typically covered with highly permeable
soils and vegetation) and deep storage
capacity to operate as detention basins,
slowing runoff and reducing the risk of
flooding during extreme storms.

Fluvial
flooding

Flooding
of
roadways

Fluvial
Flooding

Erosion of
roadbeds;
public safety

Roads

All

Hardening

Improvement

Porous/perme
able paved
surfaces

Permeable hard surfaces reduce runoff
associated with extreme precipitation,
reducing the risk of fluvial flooding in
flood zones

Fluvial
flooding

Flooding
of
roadways

Fluvial
Flooding

Erosion of
roadbeds;
public safety

Roads

All

Hardening

Hardening

Protect critical
evacuation
routes

Identify critical evacuation routes and
ensure that hazard areas (flood zones,

All
Hazards

All Impacts

Roads

All

Operational
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SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

high fire threat areas, landslide zones) are
protected or alternative routes exist.
Require
landslide
(rockfall,
debris flow,
mudslide)
mitigation
measures for
new projects
in vulnerable
areas

Introduce design standard to require the
identification and mitigation of high-risk
landslide areas for new projects

Landslide

Road
washouts

Ensure
adequate
drainage on
road surfaces
and shoulders

Ensure roadways have sufficient grading
and shoulders have sufficient drainage
capacity to prevent pooling during
extreme precipitation events; pooling can
cause congestion on key roadways,
impairing evacuation during
flooding/landslide events

Fluvial
flooding

Flooding
of
roadways

Increase base
elevation of
railway

Enhancement of railways to prepare for
increased level and kinetic energy of
water

Storm
surge
flooding

Railroad
flooding

Upgrade rail
drainage
systems

Ensure railroads have sufficient drainage
capacity to prevent pooling during
extreme precipitation events

Fluvial
flooding

Railroad
flooding

Landslide

Nuisance
flooding;
fluvial
Flooding
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Debris
deposition

Degradation
of railway
infrastructure,
erosion of
railway bed

Roads

All

Planning

Design
standards

Roads

All

Hardening

Improvement

Rail

All

Hardening

Replacement

Rail

All

Hardening

Improvement

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Deploy early
warning and
advisory
systems for
railroad
dispatch and
train crews

Utilize AAR's early warning system to
ensure that all rail users are made aware
of track and equipment maintenance
advisories and failures; prevent disruption
of rail traffic by centralizing awareness of
disruptions

Storm
surge
flooding

Railroad
flooding

Nuisance
flooding;
fluvial
Flooding

Public
safety,
degradation
of railway
infrastructure,
erosion of
railway bed

Rail

Emergency
response

Operation
al

Management
practice

Design for
higher
maximum
temperatures
in new and
replacement
rail
infrastructure

Design new and upgraded tracks to
include high temperature use scenarios
(including extreme heat wave
temperatures) and extreme temperature
non-use scenarios (including wildfire
burnovers) to prevent rail buckling

Wildfire

Rail
buckling

Extreme
heat

Rail buckling

Rail

Railroad

Planning

Design
standards

Incorporate
rockfall
protection for
roads below
unstable
slopes

Barriers, embankments, and other
strengthening and support structures that
provide rockfall protection during periods
of high soil saturation and runoff

Landslide

Damaged
road infrastructure

Landslide

Railroad
washouts

Roads

All

Hardening

Mechanical
reinforcement

Slope
stabilization
by removing
loose rocks or
boulders from
exposed rock
surfaces
(scaling)

Lessen risk of rockfall through manual
removal

Landslide

Damaged
road infrastructure

Landslide

Railroad
washouts

Roads

All

Hardening

Mechanical
reinforcement
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SBCAG Transportation Network Resiliency Assessment
Resilience Action

Climate Change Vulnerabilities

Transportation Sector

Name

Description

Primary
Impact

Primary
Vulnerability

Slope
stabilization
via surface
water
drainage,
diversion,
control or use
of
impermeable
membranes

Surface water drainage, diversion, control
or use of impermeable membranes.

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

Runoff
reduction
through
revegetation

Vegetate a slope to provide improved
drainage (plants slow down infiltration
and prevent runoff). (Biotechnical slope
protection)

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Mechanical
stabilization
of slopes
using
compaction,
grouting, or
binding

Modify the mechanical characteristics of
slope using compaction from surface,
deep compaction (vibrocompaction/replacement/or
displacement), mechanical deep mixing
with lime and/or cement, low-pressure
grouting with cementitious or chemical
binder, jet grouting, or modification of
ground water chemistry (e.g., lime piles)

Landslide

Road
washouts;
Rail
washouts

Landslide

Slope
stabilization
through deep
drainage using
trenches, subhorizontal
drains, wells,
and tunnels

Modify the groundwater regime using
deep drainage such as shallow or deep
trenches filled with free-draining material,
sub-horizontal drains using conventional
or directional drilling, wells using pumps,
siphons, or gravity drainage, or drainage
tunnels, galleries with secondary drains or
as outlets for wells.

Landslide

Road
washouts;
Rail
washouts

Landslide

Additional
Impacts
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Type

Sub-type

All

Hardening

Mechanical
reinforcement

Roads;
Rail

All

Hardening

Biomechanical

Railroad
washouts

Roads;
Rail

All

Hardening

Mechanical
reinforcement

Railroad
washouts

Roads;
Rail

All

Hardening

Improvement

Additional
Vulnerabilities

Sector

Sub-sector

Measure Type

Infrastructure

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Slope
stabilization
to reinforce
soil using
vegetation

Vegetate slope surface to provide soil
reinforcement (root systems provide
structural support to the topsoil).
(Biotechnical slope protection)

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Hardening

Biomechanical

Slope
stabilization
through
increasing
resistance or
strength of
failure surface
using piles,
barrettes,
caissons, etc.

Slope stabilization through increasing
resistance of sliding mass or mechanically
strengthening potential failure surface;
transfer loads to more competent strata
using piles, barrettes (diaphragm walls),
cassions - mechanical effects, soil nailing,
dowels and harnessing, rock bolting, or
strand anchors or counterfort drains
(trench drains intersecting basal shear
plane).

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Hardening

Mechanical
reinforcement

Retaining
structures
using
reinforced soil
structure,
gabion walls,
crib walls,
reinforced
concrete stem
walls, etc.

Retaining structures to modify slope
geometry and/or transfer stress to
competent layer using reinforced soil
structure, gabion walls, crib walls,
drystack masonry walls, mass concrete or
masonry walls, or reinforced concrete
stem walls.

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Hardening

Mechanical
reinforcement

Containment
or diversion
measures for
landslide
debris

Build walls, berms, ditches and catchment
basins (e.g., increase available area
between the base of the slope and
transportation infrastructure, e.g., widen
ditches to contain landslide debris);
Proactively clear catchment areas, Explore
options for long-term debris disposal plan

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Hardening

Mechanical
reinforcement
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SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Climate Change Vulnerabilities

Transportation Sector

Description

Primary
Impact

Primary
Vulnerability

Evaluate
options for
debris
disposal,
consider
beach
nourishment

Evaluate options for long-term debris
disposal plan; Evaluate beach
nourishment as an option to remove slide
debris. The strategy seeks to improve
near-shore habitat and ecological
function, as well as to reduce the amount
of landslide debris to be removed offsite,
this would require collaboration with
other agencies for permitting.

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Planning

Cost
mitigation

Add sitespecific
monitoring
(e.g.,
landslidewarning
(slide) fences)

Add monitoring equipment, e.g., ground
movement and ground water-pressure
sensors, and slide fences that warn of
debris and potential for debris (when the
wires of a slide fence are severed by
landslide debris), information provided to
the railway dispatcher and train crews are
signaled accordingly

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Operational

Maintenance
practices

Develop
regional realtime landslide
warning
system

Develop a monitoring/warning system
based on relations between rainfall
intensity and duration and thresholds for
landslide initiation, geologic
determination of areas susceptible to
landslides, real-time monitoring of a
regional network of rain gauges, and
National Weather Service precipitation
forecasts.

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Operational

Maintenance
practices

Increased
monitoring of
slope stability
in vulnerable
areas

Identify areas that are both vulnerable to
slide activity and are located in the
wildfire-prone or vulnerable areas. Plan
and develop guidelines for conducting
assessments of slopes immediately
following a wildfire event. Proactive
cleanout of available catchment
areas, routine observation and
assessment of slope conditions, landslide-

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Operational

Maintenance
practices

Additional
Impacts
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Additional
Vulnerabilities

Sector

Sub-sector

Measure Type

Infrastructure

Type

Sub-type

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

warning (slide) fences, monitoring slope
and weather instrumentation and
preemptive closures.

Redistrict
development
in landslideprone areas

Remove or convert existing development
or discourage or regulate new
development in unstable areas. Consider
acquisition of additional right-of-way or
long-term maintenance/construction
easements on adjacent property in
landslide-prone section

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Relocation

Abandonment

Education &
outreach to
adjacent
landowners to
improve slope
management
practices

Develop education and public outreach to
adjacent landowners to improve slope
management practices

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Operational

Information
provision

Incentivize
drainage
improvement
by adjacent
landowners

Provide a drainage improvement
incentive, such as reduced permit fees
from railway, to adjacent landowners.
Develop a permit process for
improvements to private residential land
adjacent to and/or above the track area,
and identify a funding source or sources to
implement improvements.

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Planning

Incentives
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SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Develop
landslide and
runoff-smart
codes for
excavation,
construction,
and grading

Excavation, construction, and grading
codes have been developed for
construction in landslide-prone areas

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Planning

Design
standards

Identify
alternative
routes and
deployment
plan for
routes that
utilize high
landslide
hazard roads

Develop response to a landslide
occurrence in which roadway or railway
track (alternatives unavailable in SB
County) is blocked, e.g. alternate routes
for roadways, automatic 48-hour
moratorium on passenger rail service
through the impacted segment of the
corridor and alternate bus service is then
deployed for railway riders.

Landslide

Road
washouts;
Rail
washouts

Landslide

Railroad
washouts

Transit;
Rail

All

Planning

Emergency
plans

Change shape
of slope to be
more resistant

Reform the shape of the slope, via
flattening, excavation, re-compaction of
soil. (Geometric methods)

Landslide

Road
washouts

Landslide

Railroad
washouts

Roads;
Rail

All

Hardening

Mechanical
reinforcement

Protect critical
routes to
hospitals and
emergency
centers, and
evacuation
routes

Priority plans that maintain access to
hospitals and emergency stations; Define
priority routes of road clearance in case of
large-scale impacts; Identify alternative to
vulnerable and critical routes; Removal of
traffic bottlenecks on critical evacuation
routes and building of more system
redundancy; Evacuation route planning;
reduce speed limits and enforce; broad
communication on disruptions and
alternatives;

Fluvial
flooding

Flooding
of
roadways

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Disruption
of
emergency
routes

Roads

All

Planning

Emergency
plans
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SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Review of
maintenance
contracts and
procedures
for flexibility
and quick
response

Review of maintenance contracts and
procedures to make them flexible and
effective under rapidly changing weather
conditions; establish stand-by contracts
for rapid responses in case of extreme
event; Include or enhance provisions in
standard and specialized contracts so that
project contractors can be put to work
quickly to supplement maintenance forces
in the wake of extreme weather damage
to the transportation; changes in
maintenance practices will be phased in as
emergencies become more routine and
the current approaches no longer meet
the needs of the transportation system.

Stockpile
materials and
equipment
and stage
them prior to
emergencies

Stockpile equipment (e.g., generators,
chain saws, traffic control devices) and
materials (e.g., culvert pipe, temporary
bridge components, fuel, sandbags,
concrete blocks, wooden beams) and
stage them in strategic areas prior to
extreme weather events. Conduct
inspections of equipment before
predicted extreme rainstorms; review
equipment needs related to extreme
weather response.

Climate Change Vulnerabilities
Primary
Impact

Transportation Sector

Additional
Vulnerabilities

Sector

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Disruption
of
emergency
routes

Roads;
Rail

Emergency
response

Planning

Emergency
plans

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Disruption
of
emergency
routes

Roads;
Rail

Emergency
response

Operational

Preparation

Primary
Vulnerability

Additional
Impacts

Fluvial
flooding

Flooding
of
roadways

Fluvial
flooding

Flooding
of
roadways
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Sub-sector

Measure Type

Infrastructure

Type

Sub-type

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Incorporate
climate
change
factors into
transportation
asset
management
system

Incorporate climate change considerations
into asset management goals and policies;
map infrastructure assets in vulnerable
areas; inventory assets that are
susceptible to climate change impact;
monitor asset condition in conjunction
with environmental conditions (e.g.,
temperature, precipitation, winds) to
determine if climate change affects
performance; incorporate risk appraisal
into performance modeling and
assessment; identify high-risk areas and
highly vulnerable assets; Include
alternatives that use probabilistic design
procedures to account for the
uncertainties of climate change; possibly
apply climate change–related evaluation
criteria, smart materials, mitigation
strategies, and hazard avoidance
approaches; Incorporate climate change
considerations into activities outlined in
short- and long-range plans; incorporate
climate change into design guidelines;
establish appropriate mitigation strategies
and agency responsibilities; Include
appropriate climate change strategies in
program implementation;
determine if agency is actually achieving
its climate change adaptation/monitoring
goals; Monitor asset management system
to ensure that it is effectively responding
to climate change; possibly use climate
change–related performance measures;
use “triggering” measures to identify
when an asset or asset category has
reached some critical level.

Climate Change Vulnerabilities
Primary
Impact
Fluvial
flooding

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Flooding
of
roadways

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Railway
flooding,
landslide
road and rail
washout,
damaged
road and rail
infrastructure
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Transportation Sector
Sector

Roads

Sub-sector

All

Infrastructure

Measure Type
Type

Planning

Sub-type

Capital
planning

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Install
automated
system to
better
manage traffic
in extreme
weather
events

Install traffic management system that
automatically adjusts signal timing to
traffic conditions on major arterials and
key detour routes during extreme weather
events, detects stoplights affected by
power outages.

Install battery
backups at
key
intersections
in case of
power outage

Climate Change Vulnerabilities
Primary
Impact

Transportation Sector
Sector

Infrastructure

Type

Emergency
response

Traffic
manageme
nt systems

Hardening

Smart
systems

Roads

Emergency
response

Traffic
manageme
nt systems

Hardening

Smart
systems

Roads

Emergency
response

Traffic
manageme
nt systems

Hardening

Barrier

Roads

Bridges

Expansion
joints

Hardening

Heat
resistance

Primary
Vulnerability

Additional
Impacts

Additional
Vulnerabilities

Fluvial
flooding

Flooding
of
roadways

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Railway
flooding,
landslide
road and rail
washout,
damaged
road and rail
infrastructure

Roads

Install battery backups at all intersections
that would require a traffic officer if there
was an outage

Fluvial
flooding

Flooding
of
roadways

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Railway
flooding,
landslide
road and rail
washout,
damaged
road and rail
infrastructure

Protect
sensitive
electronic
equipment
from flooding

Harden areas around sensitive electronic
equipment by raising transformer control
cabinets, sealing conduits, moving vents,
adding watertight doors, installing drains
and valves, and installing high capacity
flood pumps.

Fluvial
flooding

Flooding
of
roadways

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding

Railway
flooding,
landslide
road and rail
washout,
damaged
road and rail
infrastructure

Upgrade
bridge and
highway
expansion
joints for heat
resistance
during
maintenance

Replace bridge and highway expansion
joints with joints designed to withstand
wildfire burnover temperatures to
mitigate structural and deck damage due
to extreme heat

Wildfire

Damaged
road and
bridge
infrastructure
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Sub-sector

Measure Type
Sub-type

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Climate Change Vulnerabilities
Primary
Impact

Primary
Vulnerability

Upgrade
roads using
heat resistant
road surfaces

New asphalt/concrete mixture, overlay
with more rut-resistant asphalt, or more
use of concrete that would be able to
withstand extreme heat

Wildfire

Damaged
road infrastructure

Use of heat
resistant
enclosures to
protect
electrical,
communicatio
ns, and
control
equipment
from wildfires

Add heat resistant materials to protect
electrical equipment from fire in
vulnerable locations

Wildfire

Damaged
road infrastructure

Vegetation
management

Maintain a defensible space directly
adjacent to or near critical transportation
assets in which vegetation, debris, and
other types of combustible fuels have
been treated, cleared, or reduced to slow
the spread of fire and to actively prevent
wildfire hazards and risks

Wildfire

Incentivize
vegetation
management
on adjoining
private lands

Develop incentive programs for
homeowners, businesses, and insurance
companies to actively prevent and
mitigate fire risks near critical
transportation assets

Increase fire
prevention
awareness,
knowledge,
and actions

Educate landowners, businesses, residents
on how to actively prevent and mitigate
fire risks

Additional
Impacts

Additional
Vulnerabilities

Transportation Sector
Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Roads

Roads

Road
surfaces

Hardening

Heat
resistance

Damaged
rail
infrastructur
e

Roads

Communicatio
ns and control
equipment

Traffic
manageme
nt systems;
road
furniture

Hardening

Heat
resistance

Damaged
road infrastructure

Rail
buckling;
damaged
rail infrastructure

Roads;
Rail

Highways;
Streets

All

Operation
al

Maintenance
practices

Wildfire

Damaged
road infrastructure

Rail
buckling;
damaged
rail infrastructure

Roads

Highways;
Streets

All

Planning

Incentives

Wildfire

Damaged
road infrastructure

Rail
buckling;
damaged
rail infrastructure

Roads

Highways;
Streets

All

Planning

Information
provision
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SBCAG Transportation Network Resiliency Assessment
Resilience Action

Climate Change Vulnerabilities

Transportation Sector

Name

Description

Implement
post-fire
assessments
and programs
to minimize
future wildfire
risk

Encourage rapid assessment to determine
risks within and downstream of fire
perimeter from flooding, debris flows, and
excessive surface erosion; work with
stakeholders to design rehabilitation
actions to restore functioning ecosystems
and accomplish restoration and protection
activities, refine fire treatments as needed
for affected areas, and update emergency
response plans including stockpiling plans,
evacuation plans, and coordination plans.

Wildfire

Damaged
road infrastructure

Rail
buckling;
damaged
rail infrastructure

Roads

Highways;
Streets

All

Planning

Emergency
plans

Hazardous
fuels
management

Areal vegetation management to reduce
wildfire fuels through mechanical
(thinning, mastication) prescribed fires,
chemical (herbicide, pesticide), biological
(grazing, seeding, etc.) or a combination
thereof; reduction of fuels prior to fires
reduces fire temperatures, intensity, and
rate of spread

Wildfire

Damaged
road infrastructure

Rail
buckling;
damaged
rail infrastructure

Roads

Highways;
Streets

All

Operational

Maintenanc
e practices

Cost recovery
for hazardous
fuels
management

Identify economic opportunities (timber
markets, biomass) for vegetation
harvested through hazardous fuels
management and post-fire salvage

Wildfire

Damaged
road infrastructure

Rail
buckling;
damaged
rail infrastructure

Roads

Highways;
Streets

All

Planning

Incentives

Add track
temperature
sensor
technology

Add track temperature sensor technology
to inform and focus track restrictions to
specific locations to minimize delays

Wildfire

Rail
buckling

Extreme
heat

Damaged
rail infrastructure

Rail

Railroad

Hardening

Smart
systems

Track
protection
strategies for
extreme heat

Use shorter trains, lighter loads, and lower
speeds to shorten braking distance and
reduce risk of buckling of rail due to
excessive heat; curtail train traffic during
extreme heat

Wildfire

Rail
buckling

Extreme
heat

Damaged
rail infrastructure

Rail

Railroad

Operational

Scheduling

Primary
Impact

Primary
Vulnerability

Additional
Impacts
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Additional
Vulnerabilities

Sector

Sub-sector

Measure Type

Infrastructure

Type

Sub-type

SBCAG Transportation Network Resiliency Assessment
Resilience Action

Climate Change Vulnerabilities

Transportation Sector

Name

Description

Increase track
monitoring
and
maintenance
schedules

Improved and more frequent monitoring,
inspection, and repair of tracks (e.g.,
condition, temperature), track sensors
and signals

Fluvial
flooding

Damaged
rail infrastructure;
Railway
flooding

Wildfire,
extreme
heat

Rail buckling

Rail

Railroad

Installation of
redundancy
and
emergency
capacity
(operation on
opposite lane)

Maintain redundant capacity in
emergency events through retaining
redundant tracks (e.g., maintain older,
seldomly used tracks as back up, likely
limited opportunities throughout county)
or through cooperation among railroads
to share tracks to continue or rapidly
resume operation.

Fluvial
flooding

Damaged
rail infrastructure;
Railway
flooding

Wildfire,
extreme
heat

Rail buckling

Rail

Railroad

Require
hydraulic
structures
meet updated
stormwater
capacity
(culverts,
drainage, etc.)

Improved entrance hydraulics for culverts
and other structures enhances the
structure’s capacity to handle more
extreme precipitation events (e.g. install
wing walls or head walls, construct a berm
across the low side of a ditch-line pipe or
basin to increase head over the inlet); use
projected changes to regional hydrology

Fluvial
flooding

Flooding
of
roadways,
tracks

Storm Surge
Flooding,
Nuisance
Flooding

Flooding of
roadways

Roads;
Rail

Hydraulic
structures

Variable
speed limits
(VSL) and
enhance
speed limit
enforcement
during storms,
flooding

Manage traffic with variable speed limits
and enhanced speed limit enforcement
across road network to ensure traffic flow
and prevent collisions resulting in
additional closures (similar to wet weather
conditions)

Storm
surge
flooding

Flooding
of
roadways

Fluvial
Flooding;
Nuisance
Flooding

Closure of
roadways

Roads

Communications and
control
equipment

Elevate
vulnerable
electrical
equipment

Elevate signaling equipment and
electricity circuits to protect in case of
flooding

Fluvial
flooding

Flooding
of
equipment

Storm Surge
Flooding;
Nuisance
Flooding

Flooding of
equipment

Roads;
Rail

Communications and
control
equipment

Primary
Impact

Primary
Vulnerability

Additional
Impacts
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Additional
Vulnerabilities

Sector

Sub-sector

Infrastructure

Rails

Traffic
manageme
nt systems

Measure Type
Type

Sub-type

Operational

Maintenance
practices

Planning

Capital
planning

Planning

Design
standards

Operational

Hardening

Elevation

SBCAG Transportation Network Resiliency Assessment
Resilience Action

Climate Change Vulnerabilities

Name

Description

Abandon or
relocate
coastal
transportation
system west
of Goleta
(including
Railroad and
US 101)

Managed retreat and abandoning of
certain transport infrastructure in the mid
to long term.

Storm
surge
flooding

Flooding
of
roadways

Reduce or
eliminate
development
in coastal
flood plains

Use legislative authorities to prohibit new
development and relocate existing
development in current and future
floodplains

Storm
surge
flooding

Buyouts of
vulnerable
properties

Incorporate climate change scenarios into
right-of-way acquisitions for the purpose
of flood storage for tidal and/or
precipitation events. The US Army Corps
of Engineers has an established record of
purchasing wetlands and flood plains to
prevent such areas from being developed
and exacerbating flooding through
increased impervious surfaces.

Use of axle
counters
instead of
track circuits

Upgrade to railroad control system;
replacement of track circuits in areas
vulnerable to flooding with the use of axle
counters to reduce the vulnerability of the
signaling system; Axle counters are not
affected by flooding of track or poor
maintenance of tracks unlike the track
circuit, which is highly susceptible to these
conditions.

Transportation Sector

Additional
Vulnerabilities

Sector

Nuisance
Flooding;
Fluvial
Flooding;
Coastal
erosion

Flooding of
roadways;
erosion of
roadbeds

Roads;
Rail

All

Relocation

Abandonment

Flooding
of
roadways

Nuisance
Flooding;
Fluvial
Flooding;
Coastal
erosion

Flooding of
roadways;
erosion of
roadbeds

Roads;
Rail

All

Relocation

Abandonment

Storm
surge
flooding

Flooding
of
roadways

Nuisance
Flooding;
Fluvial
Flooding;
Coastal
erosion

Flooding of
roadways;
erosion of
roadbeds

Roads;
Rail

All

Relocation

Abandonment

Fluvial
flooding

Railroad
flooding

Nuisance
Flooding;
Storm surge
flooding

Railroad
flooding

Rail

Communications and
control
equipment

Operational

Primary
Impact

Primary
Vulnerability

Additional
Impacts
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Sub-sector

Measure Type

Infrastructure

Type

Sub-type

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Accelerated
maintenance
and
monitoring of
road and rail
culverts and
hydraulic
structures

Additional inspection of hydraulic
structures, including drainage inlets,
ditches, basins, culverts, etc.; checking of
vegetation and trees susceptible to falling
in extreme weather;

Alternative
emergency
bus routes

Prepare alternative bus routes to avoid
anticipated hazard areas and resulting
road disruptions and traffic; coordinate
alternative route planning with
stakeholders to ensure mobility; distribute
routes to transit agencies and emergency
planning authorities, develop a
communication plan for affected
customers about temporary changes in
routes and stops, and provide real-time
detour rout information to drivers during
incidents

Climate Change Vulnerabilities
Primary
Impact

Sector

Sub-sector

Infrastructure

Measure Type
Type

Sub-type

Primary
Vulnerability

Additional
Impacts

Fluvial
flooding

Road and
railroad
flooding

Nuisance
Flooding;
Storm surge
flooding

Road and
railroad
flooding

Roads

All

Operational

Maintenance
practices

Fluvial
flooding

Flooding
of
roadways

Landslides,
Wildfire,
Storm Surge
Flooding,

All
disruptions

Transit

Bus

Planning

Emergency
plans
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Additional
Vulnerabilities

Transportation Sector

SBCAG Transportation Network Resiliency Assessment

Additional measures
Resilience Action
Name
Abandonment of
transportation
facility

General emergency
response planning,
preparation, and
practice
coordination among
transportation and
transit agencies

Description
Abandoning a transportation facility
involves closing and decommissioning
the facility (e.g., airport, roadway,
rail, etc.), and replacing the facility's
capacity elsewhere in the
transportation network
Coordination of emergency plans
amongst transport modes and
networks (standardization of weather
information & hazard warnings;
Provide evacuation routes, Issuance
of education, informational materials,
and plans on emergency cases,
planning and maintenance to related
authorities); Preparation of logistics
plans to deploy equipment and spare
parts in case of hazards; Establish
chain of command, establish criteria
for declaration of emergency state;
Enhance inter-agency coordination to
promote establishment of resourcesharing agreements and information
sharing about plans, initiatives, risks,
and resources (e.g., include key
stakeholders in routine
communications to streamline
process during emergency events);
Emergency planning and preparation
with fire brigade and other
emergency services; practice
emergency plans for severe weather
events; Integrate real-time citizen
road condition reporting and video
feeds into operating decisions;

Climate Change Vulnerabilities
Primary
Impact
All
Hazards

Primary
Vulnerability
All Impacts

All
Hazards

All Impacts

Additional
Impacts

Additional
Vulnerabilities

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding,
Fluvial
Flooding

Railway flooding,
landslide road and rail
washout, damaged road
and rail infrastructure,
fire disruptions
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Transportation
Sector

Sector

Sub-sector

Measure Type
Type

Sub-type

All Infrastructure

Relocation

Abandon
-ment

All Infrastructure

Planning

Emergency
plans

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Harden emergency
telecommunication
s systems

Communications redundancy (two
separate power grids, two separate
telephone companies), protect
electrical systems at hubs and nodes,
diverse fiber connectivity, backup
generator power for control centers

Improve
technologies for
monitoring and
tracking of
infrastructure
assets

Use “smart” technologies to monitor
the health of infrastructure assets
and receive advance warning of
potential failures due to water levels
and currents, wave action, winds, and
temperatures exceeding what the
infrastructure was designed to
withstand; Tie work orders to GIS
coordinates so that problem sites can
be more easily and systematically
identified, mapped, monitored, and
treated to prevent failures; Keep
electronic records of maintenance
activities including specific location;
Keep electronic records of road
closures due to flooding

Climate Change Vulnerabilities
Primary
Impact
All
Hazards

Primary
Vulnerability
All Impacts

Additional
Impacts
Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding,
Fluvial
Flooding

Additional
Vulnerabilities
Railway flooding,
landslide road and rail
washout, damaged road
and rail infrastructure

All
Hazards

All Impacts

Wildfire,
Landslides,
Storm Surge
Flooding,
Nuisance
Flooding,
Fluvial
Flooding

Railway flooding,
landslide road and rail
washout, damaged road
and rail infrastructure

37

Transportation
Sector

Measure Type

Sector

Sub-sector

Type

All Infrastructure

Communication
s and control
equipment

Hardening

All Infrastructure

All

Hardening

Sub-type

Smart
systems

SBCAG Transportation Network Resiliency Assessment
Resilience Action
Name

Description

Integrate improved
weather forecasting
into traffic systems
operations

Development of flood and
wind/storm prediction models
incorporating better weather
forecasts and detailed information on
topography, infrastructure, geology,
and hydrology; Expand the Western
Observing and Forecasting System to
allow for offshore observations that
will provide greater forecast lead
times for coastal communities;
Expand piloting and begin
implementation of forecast-based
operations to allow more flexibility to
operate in changing climate
conditions; Adoption of operational,
physical, technical, procedural and
institutional integration of weather
and traffic control service and
connect to emergency information
and systems (e.g., deploy additional
weather stations in county); Develop
warning systems to allow weather
forecasters to indicate where and
when meteorological hazards will
affect operations (e.g., if rainfall is to
forecast to exceed X, then add
monitoring of critical locations, if
more, reduction of operational speed
is imposed, and if more, then services
are suspended
Plan alternative routes to bike lanes
and pedestrian paths subject to
inundation, erosion, or landslide
disruption to avoid loss of access
during emergencies

Evaluate pedestrian
and bike network
alternatives

Climate Change Vulnerabilities
Primary
Impact
Storm
surge
floodin
g

Primary
Vulnerability
Flooding of
roadways

Additional
Impacts
Nuisance
Flooding;
Fluvial
Flooding

Additional
Vulnerabilities
Erosion of roadbeds;
public safety

Fluvial
floodin
g

Flooding of
bike and
pedestrian
paths

Landslides,
Storm Surge
Flooding,
Nuisance
flooding

All disruptions
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Transportation
Sector

Sector

Sub-sector

Measure Type
Type

Sub-type

All Infrastructure

All

Operation
-al

Information provision

Alternative
transport
-ation

Bike and
pedestrian
paths

Planning

Capital
planning
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