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County
Treatment 
facilities

Potential vulnerability to sea level rise

Ventura

Oxnard 
Wastewater 
Treatment 
Plant * 

The City of Oxnard owns and operates its own wastewater collection and 
treatment system, including the Oxnard Wastewater Treatment Plant 
(OWTP). Final effluent is routed to the City's Advanced Water Purification 
Facility (AWPF) to recycle water or is conveyed to the Pacific Ocean and 
discharged offshore. The OWTP is vulnerable to tidal inundation and storm 
flooding by 2100 under high sea level rise scenarios of 58 inches (Coastal 
Resilience Ventura 2013 Technical Report). The existing storm drain system 
also lacks sufficient capacity to convey the 100-year design storm runoff 
while meeting the flooding criteria.

Los 
Angeles

Hyperion 
Wastewater 
Treatment 
Plant (outfall 
pipes)*

The Hyperion Wastewater Treatment Plant (HTP) is located next to 
Dockweiler State Beach at ~32 feet above sea level. HTP is sensitive to 
storm-related flooding which could cause equipment and operations 
failures due to damage of electrical pumps and panels from exposure to 
water. Significant increases in sea level could reduce the plant’s efficiency 
in the discharge of effluent because the pumped flow would be met 
with more water pressure. While erosion could result in some loss of 
the beach in front of the plant, the plant itself is not very sensitive to 
erosion or interaction with the groundwater because it is built on top 
of a large cement catacomb. However, localized flooding and damage to 
equipment and the structure of the facility is possible during extreme wet 
weather, if there are failures to critical individual unit processes, failure of 
effluent pumping, or failure of influent bypass pumping of influent sewer 
flow. Damage to process control operations (secondary treatment) is 
possible from extreme wet weather washout. (City of LA SLR Vulnerability 
Assessment, pg. 21.)

Table D-3 Continued.
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County
Treatment 
facilities

Potential vulnerability to sea level rise

Orange

Orange 
County 
Sanitation 
District Plant 
2 PI

According to a 2014 Vulnerability Assessment, there is potential for 
widespread inundation across large portions of northern Huntington Beach 
in the vicinity of Huntington Harbour and Bolsa Chica by 2100 (under 5.5 ft. 
SLR). Critical facilities such as the Orange County Sanitation District (OCSD) 
wastewater treatment facility in south Huntington Beach are vulnerable to 
tidal inundation, extreme wave events, and stormwater runoff. The primary 
risk to wastewater infrastructure in this planning area is from inundation 
of City-owned and Sunset Beach Sanitary District lift stations, and high 
groundwater levels causing increased inflow and infiltration into the 
collection system which may potentially reduce capacity at lift stations or 
treatment facilities.

Stormwater infrastructure is also likely to be vulnerable under this 5.5 ft. 
SLR scenario, so more study of the following is recommended: Performance 
impact on pumps due to higher tail water elevation; potential for flow-
reversals due to higher tail water elevation; and buoyancy effects on 
underground vaults due to higher groundwater levels. (City of Huntington 
Beach Sea Level Rise  Vulnerability Assessment, 2014)

San Diego
Point Loma 
Treatment 
Facility β 

The 2018 San Diego Summary Report for California’s Fourth Climate Change 
Assessment found wastewater infrastructure is also vulnerable to coastal 
flooding with SLR and can be particularly impactful when also associated 
with a large storm. Sanitary sewers in low-lying locations will be vulnerable 
to floodwater inflow, which could exceed their capacity, potentially 
resulting in discharge of wastewater to the Bay. Note, in all scenarios, storm 
sewers are highly vulnerable to flooding and inundation in the Bay due to 
higher sea levels, a condition that would result in localized flooding in very 
low-lying inland areas.

The 2019 City of San Diego State Lands Sea Level Rise Vulnerability 
Assessment found up to 90 stormwater outfalls, 2 stormwater drain pump 
stations, 17 of 23 wastewater pumps, 361 of 436 wastewater pipes, and 205 
of 226 water pipe segments will be vulnerable to flooding from sea level 
rise and storm surge by 2100. No water pipe or wastewater pipe segments 
face exposure to cliff erosion and 23 to 24 water pipe segments and 16 
wastewater pipe segments face exposure to shoreline erosion, depending 
on whether adaptive actions are taken.

Table D-3 Continued.

https://www.huntingtonbeachca.gov/files/users/planning/Volume-IIII-Appendix-P-SeaLevelRiseVulnerabilityAssessment.pdf
https://www.huntingtonbeachca.gov/files/users/planning/Volume-IIII-Appendix-P-SeaLevelRiseVulnerabilityAssessment.pdf
https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-009_SanDiego_ADA.pdf
https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-009_SanDiego_ADA.pdf
https://www.sandiego.gov/sites/default/files/ab691_report_san_diego.pdf
https://www.sandiego.gov/sites/default/files/ab691_report_san_diego.pdf
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* California Coastal Commission. 2016. Statewide Sea Level Rise Vulnerability Synthesis.

PI Vulnerability according to Pacific Institute’s study (Heberger et al. 2009).

β Coastal plants (such as Point Loma) are designed for coastal impacts, so all equipment is marine rated 
(e.g., units are housed to prevent corrosion) (City of San Diego Sea Level Rise Vulnerability Assessment – 
Draft, 2019). The Point Loma Treatment Facility is not vulnerable to SLR flooding.

** Note: the descriptions of vulnerabilities reflect recent sea level rise assessments and staff knowledge, 
but are not comprehensive assessments of all vulnerable wastewater infrastructure or of potential issues 
at a facility level.

https://documents.coastal.ca.gov/assets/climate/slr/vulnerability/FINAL_Statewide_Report.pdf
https://pacinst.org/wp-content/uploads/2009/03/sea-level-rise.pdf
https://www.sandiego.gov/sites/default/files/slr-va-draft-122019.pdf
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APPENDIX E.
Case Studies 

CASE STUDY 1. CARDIFF STATE BEACH LIVING SHORELINE PROJECT 

Transportation Adaptation Example

Infrastructure at Risk: 

Coastal erosion and flooding along Highway 
1 in Encinitas, San Diego County

Adaptation Method: 

Nature-based adaptation strategy consisting 
of engineered dune system over buried 
revetment

Term of Strategy: 

Interim Adaptation Strategy completed in 
2019 with a projected life of approximately 
30 years to allow time to plan for longer-
term adaptation

Implementing Entities: 

State Coastal Conservancy, the City of 
Encinitas, California State Parks, and the 
Nature Collective

This is an example of a nature-based adaptation strategy that included years of 
coordination by the City of Encinitas with State Parks, Caltrans, other state and local 

agencies, stakeholders, science advisors, and the community that resulted in a project 
consisting of a native dune system over a buried revetment on State Parks property. Grant 

funding was obtained to support this project.
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Summary
The Cardiff State Beach Living Shoreline Project, constructed in the winter of 2018-2019, is an example 
of how a nature-based adaptation strategy can be used to address coastal hazards exacerbated by sea 
level rise for a stretch of highway. The project consists of an engineered dune system and cobble toe on 
top of a buried revetment. The project is intended to accrete and erode with the seasons and provide a 
natural buffer for Highway 101 while preserving coastal views, improving access, and creating habitat. 
Existing, degraded riprap was reconfigured and supplemented with 9,000 cubic yards of rock, in a manner 
consistent with Sections 30235 and 30253 of the Coastal Act. The armoring is intended to act as a last 
line of defense for the existing development, Highway 101, which is a critical component of the region’s 
transportation network, until approximately 2050. Beyond 2050, it is anticipated that implementation of a 
long-term solution will be needed. 

The project was proposed and implemented by the City of Encinitas (the City) in partnership with the 
State Coastal Conservancy, California State Parks, and the Nature Collective (formerly San Elijo Lagoon 
Conservancy) on Cardiff State Beach in San Diego County to protect a city-owned stretch of Highway 
101. The State Coastal Conservancy led project development, including obtaining funding, coordinating a 
regional science advisory committee, helping prepare final design and plans for grading, and finalizing all 
required environmental permits.

The project serves as an important pilot of nature-based adaptation strategies for the region and state. 
The Cardiff Living Shoreline provides many co-benefits, including aesthetics, habitat enhancement and 
recreational opportunities, while longer-term adaptation strategies are developed to address the hazards 
posed by sea level rise.

Figure E-1. Cardiff Living Shoreline Project Location.
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Background
Undermining and flooding of Highway 101 caused by large waves during high tides led to several closures 
and substantial maintenance needs for the City of Encinitas. This project was designed to address those 
coastal hazards while restoring dune habitat and improving beach access along the highway. The project 
is a pilot study for the region and the state and builds off similar engineered dune-cobble systems in 
Ventura, CA (see Surfer’s Point Case Study).

Previous feasibility studies in the late 1990s for this stretch of coast suggested using a traditional rock 
revetment; however, concerns over the cost (~$20 million) and impacts to coastal resources (such as 
beach ecology and coastal access) led the City to abandon the approach for armoring the shoreline and 
continue the strategy of closing the roadway during high wave events and doing emergency maintenance 
after roadway damage. In the early 2010s, the State Coastal Conservancy funded a study to look at the 
efficacy of a dune system to address the hazards to the coastal highway. 

Figure E-2. Flooding of Highway 101 along Cardiff State Beach (Cardiff Beach Living Shoreline 

Project Final Feasibility Study, 2016).
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Coordination
Early on, staff from the State Coastal Conservancy, City of Encinitas, California State Parks, and the 
California Coastal Commission (CCC) as well as the non-profit Nature Collective, the City’s consultants 
and researchers from UCLA and Scripps Institute of Oceanography discussed each agency’s goals for 
the project, outlining potential concerns and addressing questions before much of the design was 
even started. For example, these discussions resolved CCC concerns about the extent and sizing of 
the proposed armoring to be buried, resulting in an agreement to minimize the amount of additional 
rock added while maintaining a backstop to address the concerns of the City if the project were to fail 
unexpectedly. Partner discussions also led to an expansion of the initial goals to include enhancing access 
through pedestrian and bike paths. Partners were also able to come to a consensus that this project was a 
pilot for the region and the state and that it would also be an interim solution to a longer-term adaptation 
strategy.

Design
The Cardiff site posed several constraints to the construction of a typical dune system that was historically 
found in Southern California. For the development of alternatives, the design team drew upon existing 
California dune areas and, to the extent possible, guidance from the design of East Coast dune systems. 
The East Coast dune systems can be significantly different from the native dunes found on the West 
Coast due to different native dune vegetation, wave climates, and beach conditions; this makes applying 
technical guidance developed for East Coast dunes difficult for California. Because of these limitations, 
the design team used a numerical model, XBeach, to assess the performance of design alternatives. The 
alternative selected was found sufficient to protect the road during 100-year sea conditions (large waves 
during high tides) at 2016 sea levels and during approximately 50-year sea conditions with two feet of sea 
level rise.47 Some of the design constraints of the dune-system were the backshore position of the parking 
area and newly constructed pedestrian/bike path, maximum dune crest elevations to protect scenic 
viewsheds along the highway, and the need to maintain sufficient ‘towel space’ of dry sandy beach for 
recreation seaward of the dunes.

47	 While the projections of SLR used in this project are lower than the projections currently 
recommended by the Coastal Commission to be used when designing and planning for 
critical infrastructure, this project serves an important interim solution.

Figure E-3. Cardiff living shoreline design section drawing (Moffatt & Nichol, 2017).
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The selected project alternative is a 60-foot-wide dune system along 2,900 feet of the coastal highway 
with naturally occurring cobble organized into a berm at the toe of the dunes to reduce erosion during 
large wave events. Existing riprap which, prior to the project, had been spread across the back beach, was 
reorganized into a revetment at the base of the highway and buried beneath the dune system. The rip rap 
serves as a final line of defense to protect the highway in the case that the beach, cobble, and dune were 
to fully erode.

An important component of the project was the creation of vegetated dune habitat. The project’s 
ecological component similarly included performance goals of restoring two acres of stable, vegetated 
dune habitat with native plant cover. These goals were defined by measurable performance standards 
with trigger points for maintenance activities. Additional experiments are also being conducted to assess 
different methods of biomimicry design features that aim to imitate the natural process of sand retention 
by dune vegetation while the planted species are establishing. 

Beyond the goal of addressing present-day hazards, the project was designed to withstand sea level rise 
over approximately the next 30 years. The chosen design was shown, through the numerical modeling, to 
be able to withstand approximately two feet of sea level rise (plus approximately 50-year sea conditions), 
after which, the project is expected to require significant and recurring maintenance and will likely need 
to be succeeded by an alternative approach.

 
Figure E-4. Aerial views of part of the project location before (left) and after (right) construction (Army Corps 

of Engineers Feasibility Study, 2016).
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Status, Monitoring, and Management
The restored dune habitat performed well in the year following initial construction. It has been a focal 
point for community engagement including volunteer work on native planting, invasive vegetation 
removal, and public outreach and education. The system did not experience a very large wave event in its 
first year, but researchers on the monitoring team are actively monitoring wave and water levels to help 
answer questions around its performance as flood protection, including as sea levels rise. 

The coastal development permit approved by the CCC for this project required a robust monitoring and 
adaptive management program. The monitoring has several goals, including performance assessments 
of both protection of the highway and ecological criteria. In partnership with UCLA and Scripps, the 
City is monitoring the wave and climatic conditions year-round as well as taking surveys of topography 
and bathymetry quarterly and after large storms to assess the performance of the dune system as flood 
protection and providing reports on the monitoring results. The Nature Collective (a non-profit partner 
of the project) is similarly monitoring the ecological performance of the constructed dune habitat. These 
partnerships are an important part of the project, which aims to advance technical understanding and 
engagement with the community.

Another goal of the monitoring program is to inform the maintenance and adaptive management of the 
dune system while the City works on longer-term adaptation strategies. The Adaptive Management and 
Monitoring program lays out five phases of adaptive management: 

•	 Develop long-term strategy for Highway 101 before the dune system becomes obsolete with sea 
level rise

•	 Continue to pursue beach nourishment projects, including scheduled maintenance dredging of 
the nearby San Eligo Lagoon Mouth

•	 Maintain dune system based on defined maintenance triggers

•	 Adapt the dune system based on performance

•	 Abandon the dune system and accelerate long-term strategy 

San Elijo Lagoon is regularly dredged to maintain tidal function, and sand from this dredging will be a 
key component for maintenance of the dune system. However, realizing that the current project may 
lose its protective function with modest sea level rise (>2 feet), the Adaptive Management Plan includes 
clear and well-defined triggers for maintenance and possible adjustments to the dune system. The 
Adaptive Management Plan also describes the City's efforts to pursue funding opportunities and regional 
partnerships to develop longer-term adaptation strategies. In this way, the project ensures that the issues 
presented by increasing coastal hazards to both the highway and coastal resources (e.g. sandy beach for 
recreation, access, and habitat) are addressed. Some of these triggers include the following:

1.	 Erosion of a 15-foot-wide sacrificial erosion zone from an area 25 feet greater in length would 
trigger maintenance (i.e., placement of sand).
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Status, Monitoring, and Management
Planting efforts were largely conducted by volunteers, the City of Ventura, and community organizations, 
including the local Surfrider chapter. Volunteers planted native seeds with no installed irrigation during a 
multi-year drought from 2012-2016. Since planting, native dune vegetation has successfully established 
and the relative non-native vegetation cover remains very low through annual weeding. In addition, 
hummocky topography and accretion of sand has occurred as native vegetation has established (ESA, 
2018).

The project has performed well during winter storms, including during the intense El Niño winter of 
2015-2016. No damage or inland flooding occurred behind the dune-cobble system, in contrast with the 
damage and flooding experienced east of the project, including at the Ventura Pier; however, not all of 
the project site includes dunes or a cobble berm. The portion of the project managed as a flat beach and 
windsurfing recreation zone did experience inland flooding, and wave runup extents were not reduced. 
This underscores the value of dunes in combination with the cobble berm to reducing flooding here; the 
cobble berm stabilized the dunes during storms and the dunes provided the elevations needed to reduce 
wave overtopping. Since 2010, portions of the cobble berm have eroded (~20 feet) but the maintenance 
trigger of erosion of the cobble berm (to within 40 feet of the bike path, or deflation of the dune/berm 
crest to below +13 feet, MLLW) has not come close to being met (ESA, 2018; per. comm. B. Battalio, 
2020). Even after the strong 2015-2016 winter, which saw some of the worst erosion of the sandy beach 
and cobble berm, the sandy beach fully recovered by the end of the summer due to natural seasonal 
dynamics in the system (ESA, 2017).

Figure E-6. Photo of eroded bike path and fill after storms in 1997 (Paul Jenkin, Surfrider Foundation).
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Key Points
The Surfer’s Beach project demonstrates that cobble berms can be an important part of nature-based 
adaptation strategies on the coast. Considering nearby natural references and the geomorphologic 
context of the site can help to design cobble berms in ways that restore the shore to more natural 
conditions. Cobble can effectively stabilize shorelines during extreme events. When combined with 
vegetated sand dunes, and sufficient cross-shore space, cobble berms can reduce flood risk and erosion 
of the shoreline while potentially facilitating natural recovery of the sandy beach.

A key component of nature-based adaptation strategies 
is to use reference sites to inform design, function, and 
performance of the proposed project. The Surfer’s Point 
project used Emma Wood State Beach, where dunes sit 
on top of a natural cobble berm/platform, as its reference 
site. This type of coastal feature can occur where there 
is a high prevalence of cobble such as at the mouths of 
rivers. At beaches like Emma Wood State Beach, during 
winter storms, sand is carried offshore leaving mostly 
cobble on the beach. Large waves then build up the cobble 
into a berm, which dissipates (absorbs) wave energy and 
stabilizes the shoreline. Because of this wave dissipation, 
the portion of the beach that erodes and rebuilds with 
the change in seasons (called the active beach) is often 
narrower than those on beaches without cobble. In the 
summer months, when waves are generally smaller, 
the dissipative structure of the cobble can facilitate 
the recovery of the sandy beach (Newkirk et al., 2018). 
Immovable barriers that limit space in the back beach can 
constrain the formation of cobble berms during storms, 
making the berms steeper than they would be with more 

space in the back beach, reducing dissipation and increasing reflection of wave energy. Increased wave 
reflection can prevent or slow the recovery of sandy beaches. At Surfer’s Point, the retreat of the parking 
lot and bike path allowed for sufficient cross-shore space to mimic aspects of the natural geomorphology 
of the Emma Wood State Beach reference site, including a dune-cobble system and sandy summer beach.

Cobble berms and sand dunes can also reduce wave runup and overtopping. For this site, the cobble 
berm is “activated” during winter storms when waves erode the sandy beach. The cobble stabilizes the 
shoreline and dissipates waves as they runup the beach onto the foredunes. Most of the time, wave 
runup will not reach the dunes; however, during larger storms, waves are dissipated by both the cobble 
and foredunes. It is important to note that the cobble berm is dynamic and can be eroded in some cases, 
unlike traditional armoring approaches to shoreline stabilization.

Figure E-7. Figure showing seasonal shoreline 

dynamics of a dune-cobble system (J. Smith).
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Benefits
In summary, the Surfer’s Beach project 
demonstrates that cobble berms and sand 
dunes can be important parts of nature-based 
adaptation strategies on the coast. The dune-
cobble system has been effective in attenuating 
flood and erosion threats to the relocated 
bike path and parking lot. Considering nearby 
natural references and the geomorphologic 
context of the site can help to design these in 
ways that restore the shore to more natural 
conditions. Cobble can effectively stabilize 
shorelines during extreme events, which, when 
combined with the space provided by retreating the parking lot and bike path, has allowed native dune 
vegetation to naturally accrete sand, effectively building up the constructed dunes to be more resilient to 
flooding. When combined with vegetated sand dunes, and sufficient cross-shore space, cobble berms can 
reduce flood risk and erosion of the shoreline while potentially facilitating natural recovery of the sandy 
beach. Surfer’s Point is an example of how a nature-based adaptation strategy combined with retreat of 
infrastructure can reduce damage from coastal hazards, restore native habitat, and improve recreation.

Figure E-8. Photo of restored back beach dune system and new 

trail (ESA, 2017).
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CASE STUDY 3. RELOCATION OF THE MORRO 

BAY WATER RECLAMATION FACILITY

Wastewater Treatment Plant Adaptation 

Infrastructure at Risk: 

Coastal erosion and flooding anticipated 
during the life of a proposed redevelopment 
of a wastewater treatment facility, Morro 
Bay, San Luis Obispo County

Adaptation Method: 

Managed retreat consisting of relocation 
of the wastewater treatment and recycled 
water facility, associated pipelines, two new 
lift stations, and other associated facilities 
to an inland area

Term of Strategy: 

Relocation of the facilities to an inland 
location to eliminate coastal erosion risks 
for the life of the facilities

Implementing Entities: 

City of Morro Bay and Cayucos Sanitary 
District

This is a managed retreat project resulting in a long-term plan that protects the area’s 
wastewater and recycled water capabilities. As a result, this adaptation does not require 

future monitoring and management for coastal hazards risks.

Background
The City of Morro Bay (the City) and the Cayucos Sanitary District’s existing wastewater treatment plant 
was built in 1954 in a low-lying area near the confluence of Morro Creek and the Pacific Ocean. In 2011, 
the City proposed to construct a new plant on the original site as the aging infrastructure was failing 
to meet Clean Water Act standards. However, the City’s approval of the coastal development permit 
(CDP) for the project was appealed to the Coastal Commission by eleven different parties. In 2013, the 
Commission denied the City’s redevelopment-in-place proposal on the basis that the project was not 
consistent with the City's Local Coastal Program (LCP) policies on avoiding coastal hazards (flooding, sea 
level rise, and tsunami), land use priorities, recycled water provisions, and public view protections. The 
project raised fundamental questions about whether critical wastewater infrastructure should continue to 
be located along the City’s public recreational shoreline, or whether it was time to relocate it inland and 
away from coastal hazards risk.
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Coordination
The project included significant coordination among multiple planning partners, including the City of 
Morro Bay, Cayucos Sanitary District, Northern Chumash Tribal representatives, Central Coast Regional 
Water Quality Control Board, California Department of Fish and Wildlife, and San Luis Obispo County 
Department of Planning and Building.

Design
At the Commission’s direction, the City proposed a redesigned project to site the project farther inland 
and at a higher elevation, away from coastal hazard threats, while still meeting the project goals of 
enhancing water quality protection and improving groundwater health and discharge quality. The 
proposed project includes construction of a new wastewater treatment and recycled water facility, 
associated pipelines, two new lift stations, underground recycled water injection wells and a modified 
existing ocean outfall. The City also worked with Northern Chumash Tribal representatives on the 
alignment of the new pipelines to avoid known cultural sites. In July 2019, the Commission voted 
unanimously on the CDP to approve the new wastewater treatment and water reclamation facility, which 
is located more than 3 miles inland of the old site, and for the decommissioning, removal, and restoration 
of the existing site adjacent to the beach. 

Figure E-9. Project plans for the denied Morro Bay Cayucos Wastewater Treatment Plant showing flooding hazards.
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Benefits
Relocating the City’s wastewater infrastructure away from the shoreline eliminates coastal hazard threats, 
improves water quality, and avoids potential impacts to coastal resources. The resulting project will 
ensure that an expensive, sensitive, and critical public asset is safe from hazards for the expected life 
of the infrastructure. Moreover, the proposed recycled water component of the project is estimated to 
provide the City with some 825 acre-feet of water per year (or roughly 80 percent of its yearly water 
needs) through groundwater replenishment and improved aquifer health, thus providing community 
water security in the face of climate change and increasing water scarcity.

MORE INFORMATION: 

The Coastal Commission staff report for this item can be found at: 

https://documents.coastal.ca.gov/reports/2019/7/Th13a/Th13a-7-2019-report.pdf

San Luis Obispo Tribune news article “After years of fighting, Morro Bay sewer gets final OK by Coastal 
Commission” (7/12/19)

https://www.sanluisobispo.com/news/local/article232572277.html

Figure E-10. Proposed relocation site.

https://documents.coastal.ca.gov/reports/2019/7/Th13a/Th13a-7-2019-report.pdf
https://www.sanluisobispo.com/news/local/article232572277.html


207206

Final Adopted Guidance | November 17, 2021 Appendix E. Case Studies Final Adopted Guidance | November 17, 2021

CASE STUDY 4. PIEDRAS BLANCAS (HIGHWAY 

1) ROADWAY REALIGNMENT

Highway Adaptation 

Infrastructure at Risk: 

Severe coastal erosion along Highway 1 
resulting in numerous locations of rock 
slope protection and minor realignments in 
San Luis Obispo County

Adaptation Method: 

Managed retreat consisting of relocation of 
2.8 miles of highway further inland 

Term of Strategy: 

Relocation of the highway up to 475 feet 
inland to reduce future coastal hazards risks

Implementing Entity: 

Caltrans

This is a managed retreat project, resulting in the realignment of a portion of Highway 1 
further inland to minimize risks to facilities from coastal erosion. This allowed the removal 

of previously placed shoreline protection.

Background
In the 1990s, Caltrans submitted a coastal development permit application to build a rock revetment 
to protect the highway from erosion. The Coastal Commission approved a temporary permit for the 
shoreline armoring structure; however, a condition of the permit required Caltrans to study the feasibility 
of relocating the highway inland and away from the eroding shoreline. This area of the coast contains 
many resources that the Coastal Commission is mandated to protect, such as coastal agriculture, public 
access, scenic views, and sensitive environmental resources. In addition, much of the area inland of the 
original highway alignment is private property, complicating Caltrans’ ability to relocate the highway. 

Coordination
Caltrans worked closely with the Coastal Commission and other state agencies including California State 
Parks, San Luis Obispo county government officials, stakeholders (including the Hearst Corporation which 
owned most of the inland property that would be affected), and the public throughout the planning 
process to forge a project that everyone could support. Ultimately, Caltrans returned to the Coastal 
Commission with a coastal development permit application to relocate this vulnerable stretch of highway 
inland of its original location.

The long-term planning for the highway also was incorporated into an agreement between the State and 
the Hearst Corporation, the American Land Conservancy, and the California Rangeland Trust to preserve 
128 square miles of coastal prairie rangeland, including 18 miles of spectacular coastline along Highway 1.
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Design
The Coastal Commission approved the relocation of a 2.8-mile, vulnerable section of Highway 1 near 
Piedras Blancas in northern San Luis Obispo County (See Coastal Commission Staff Report for Application 
No. 3-13-012). This roadway had been experiencing severe coastal erosion (nearly 5 feet per year in 
some areas) resulting in numerous projects for rock slope protection and minor realignment over the 
previous 20 years. Caltrans determined that the temporary shore armoring was not sufficient to protect 
the road in the long-term, so the Commission worked closely with Caltrans, California State Parks, and 
San Luis Obispo County officials to relocate nearly three miles of Highway 1 to safer ground. Through an 
agreement with private landowners and nongovernmental organizations, the area between the coast 
and the relocated highway added 73 acres to Hearst San Simeon State Park, opening new opportunities 
for beach access and affordable visitor facilities, such as a public campground and 3.5 new miles of the 
California Coastal Trail. This project took approximately 20 years from planning to completion. 

Figure E-11. Project plans showing realignment of Highway 1.

https://documents.coastal.ca.gov/reports/2014/7/F15a-7-2014.pdf
https://documents.coastal.ca.gov/reports/2014/7/F15a-7-2014.pdf
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Key Points
While primarily intended to reduce risks from coastal hazards, this project illustrates how coastal zone 
management in California can achieve significant co-benefits, including ensuring environmental quality, 
fostering collaboration among governmental agencies and across disciplines, engaging and educating the 
public, providing equitable access, and encouraging responsible development and redevelopment.

Equitable Access
Although the realigned highway provides a mostly unobstructed view along the shoreline and will 
accommodate bicycle travel along its shoulder, it does reduce the public’s ability to see and access the 
immediate shoreline due to its more landward position. To continue to provide and enhance shoreline 
access, Caltrans worked with State Parks to construct, operate, and maintain an off-road section of 
the California Coastal Trail seaward of the realigned highway. Caltrans also provided parking lots at the 
northern and southern project boundaries to facilitate use of the trail. 

Visual Resources
Assurances in the form of permit conditions were built into the project so that the new section of 
roadway would not induce inappropriate development. For example, the new road must keep to two 
lanes. In addition, Caltrans purchased a Deed of Scenic Conservation Easement over 1,445 acres of land 
including 832 acres of agricultural land that has or will be transferred into public ownership. The scenic 
conservation easement applies over land to the west of the realigned highway right-of-way. The easement 
prohibits new development that would be most visible, while allowing the noted public access trails. 
Conditions of the permit also require a new access road and retention of an old parking lot from an 
abandoned motel site that State Parks plans to convert into a campground. Utility connections to this site 
were kept but undergrounded to improve the visual appearance.

Figure E-12. Aerial view showing former alignment of Highway 1.
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Water Quality
Finally, since this project entailed constructing a new roadway in a parallel location inland of the existing 
highway, it posed potential impacts both in terms of adding impervious surface (with resultant runoff 
and pollutants) and disrupting hydrologic processes, including seasonal wetlands, groundwater, streams, 
and drainages flowing to the ocean. Thus, an extensive Water Quality Management Plan ensured that 
significant hydrologic impacts of the new highway alignment will be avoided, polluted runoff will be 
treated, and that drainage patterns will be preserved. Also, as part of the project, the existing culvert 
crossings that accommodate the three coastal streams in the project area were replaced by bridges, thus 
improving the ecological health of the streams. 

Benefits
The shoreline armoring was removed after the highway realignment to reestablish natural shoreline 
processes along this stretch of coast. In addition, Caltrans and the Coastal Commission ensured that it 
also protected coastal resources. Paramount to the project’s approval was the requirement for a Habitat 
Restoration Program for off-site restoration and enhancement at Arroyo de la Cruz, a significant coastal 
wetland that had degraded over time. Approximately 2.8 acres of wetlands were restored within the 
abandoned roadbed and adjacent areas that historically supported wetlands. These mitigations, along 
with the other benefits of the project, allowed the Commission to approve the project as consistent with 
the Coastal Act because, on balance, it is most protective of the environment.
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CASE STUDY 5. NORTH COAST CORRIDOR PUBLIC 

WORKS PLAN/TRANSPORTATION AND RESOURCE 

ENHANCEMENT PROGRAM (NCC PWP/TREP)

Coordinated Approach to Infrastructure and Sea Level Rise Planning

Infrastructure: 

Multimodal transportation (rail, highway, 
transit, bicycle, and pedestrian) projects 
and bridge design in the cities of San Diego, 
Encinitas, Carlsbad, and Oceanside

Adaptation: 

Taking a regional approach allows plans 
to include multiple types of infrastructure 
(e.g., highway and rail), which can improve 
efficiencies and cost and ensure adaptation 
to sea level rise is coordinated

Term: 

Proposed projects are scheduled for phased 
implementation over the next 30 - 40 years

Implementing Entities: 

Caltrans and SANDAG are responsible for 
implementation under the Public Works 
Plan; cities have responsibilities pursuant to 
their respective LCPs

This is an example of a coordinated and regional approach to infrastructure planning 
through a Public Works Plan certified by the Coastal Commission. 

SUMMARY
As discussed in Chapter 4, a Public Works Plans (PWP) is a land use planning tool that describes one 
or more public works projects across one or more local government jurisdictions, and is therefore 
particularly suited for planning for large scale, multi-jurisdictional, and phased infrastructure projects. 
This case study describes the North Coast Corridor (NCC) Public Works Plan/Transportation and Resource 
Enhancement Program (PWP/TREP). It discusses how the PWP addresses climate change and sea level 
rise, and how collaboration between local governments, stakeholders, and the PWP proponents – 
Caltrans and SANDAG – was instrumental in successfully developing the PWP itself and the associated 
Local Coastal Program (LCP) amendments. 
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Background
The North Coast Corridor Travel Shed (Figure E-13) is 27 miles long by 6 miles wide, and encompasses the 
cities of San Diego, Del Mar, Solana Beach, Encinitas, Carlsbad, and Oceanside. It includes Interstate 5, 
Coastal Highway 1, and the Los Angeles-San Diego-San Luis Obispo (LOSSAN) rail corridor. It also includes 
long open stretches of public beaches, six coastal lagoons, and five creeks and rivers, as well as associated 
open space and other coastal habitats.

Figure E-13. North Coast Corridor travel shed.
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The NCC PWP/TREP was developed in response to the need to expand Interstate 5 and address the 
associated impacts upon the adjacent lagoon watersheds and shoreline. The plan includes multiple 
highway, rail, community, and resource enhancement projects from La Jolla to Oceanside along the north 
San Diego County coastline. Specifically, it includes widening of Interstate 5 to accommodate four new 
Express Lanes, double tracking of LOSSAN rail corridor, Enhanced Coastal Bus and a Bus Rapid Transit 
service, a new 27-mile NCC bikeway that would provide nonmotorized connectivity through the corridor, 
7 miles of the Coastal Rail Trail, as well as other shorter connections to existing trail networks and transit 
stations – all of which are scheduled for phased implementation over the next 30 to 40 years. It also 
includes an Implementation and Phasing Plan that identifies phased project priorities while also providing 
some flexibility to accommodate opportunities and uncertainties that may occur over the 30 to 40-year 
implementation schedule. 

Collaboration 
In general, because PWPs often involve multiple jurisdictions and infrastructure owners, operators, and 
user groups, they typically require extensive coordination to develop. In the case of the NCC PWP/TREP, 
the development of the plan required an iterative and collaborative process between the applicants, 
all the affected local governments, federal and state resource and transit agencies, NGOs, public 
representatives, and Coastal Commission staff. This collaboration provided opportunities to achieve 
multiple objectives in the PWP. For example, the PWP proponents worked with federal and state resource 
agencies and NGOs such as the San Elijo Lagoon Foundation to identify and prioritize regional resource 
needs and align them with available restoration and enhancement opportunities throughout the NCC – an 
important opportunity to do so at a regional scale. 

The NCC PWP/TREP also required significant coordination with the local governments with LCPs that 
overlapped the PWP’s geographic scope, which served as the standards of review for the PWP. The NCC 
PWP/TREP required LCP amendments for the cities of San Diego, Encinitas, Carlsbad, and Oceanside, 
which are provided in Exhibits 21-25 of the Coastal Commission staff report and serve as good examples 
of how LCP amendments should dovetail with a PWP. These amendments were developed concurrently 
with the NCC PWP/TREP and include specific maps and project information related to the NCC PWP/TREP 
footprint as well as more general policy language to acknowledge the NCC PWP/TREP, but defer more 
specific project development standards to the language within the NCC PWP/TREP itself. 

Together, the NCC PWP/TREP and associated LCP amendments provide an example of how PWPs can be 
developed to function similar to regulations in an LCP Implementation Plan or zoning ordinance; and Land 
Use Plan policies can also be modified to reflect and incorporate the specific provisions of the PWP as 
they relate to the transportation facilities in a corridor. 

https://documents.coastal.ca.gov/reports/2014/8/W17a-s-8-2014.pdf
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PWP Development and Approval Process
The procedures by which the NCC PWP/TREP and associated LCP amendments were developed provide a 
good example of how such processes can play out. An initial draft NCC PWP/TREP was released for public 
review in July 2010, followed by revised drafts released in March 2013 and November 2013. In December 
2013, the Coastal Commission’s Executive Director made a determination that authorized Caltrans and 
SANDAG to submit the LCP amendments on behalf of the cities of San Diego, Encinitas, Carlsbad, and 
Oceanside, as described in CCR Section 13666.2. The final PWP/TREP was submitted to the Commission in 
June 2014 for Commission action in August 2014.

In general, PWPs can require multiple types of approvals from the Coastal Commission depending on 
the type of projects included in the PWP, including federal consistency certifications, LCP amendments, 
and the PWP approval itself. The NCC PWP/TREP required multiple and sequential approvals by the 
Commission, all of which were combined into a single hearing item with one staff report. These 
sequential approvals included: a federal consistency certification for the TREP component of the plan; 
Local Coastal Program (LCP) amendments for the cities of San Diego, Encinitas, Carlsbad, and Oceanside; 
and then the proposed PWP.

The procedural advantage of first conducting the federal consistency review of the NCC PWP/TREP ahead 
of the LCP amendments was that the Commission had the opportunity to analyze the application of the 
NCC PWP/TREP on a regional and comprehensive basis under the Coastal Act. The LCP amendments were 
then crafted as overlays to reside within the Cities of San Diego, Encinitas, Carlsbad, and Oceanside’s LCPs 
and serve as the standard of review for the PWP. 

Climate Change and Sea Level Rise
The NCC PWP/TREP addresses climate change mitigation through a focus on greenhouse gas emissions 
associated with transportation. A primary goal of the NCC PWP/TREP is to move people more efficiently 
through a more coordinated and connected suite of transportation options that will encourage alternate 
modes of travel other than the single occupancy vehicle (SOV). The suite of projects in the PWP is 
expected to increase the transit mode share (percentage of travelers using transportation modes other 
than SOVs) from 2-3% at present to 10-15% at full implementation. 

The NCC PWP/TREP also addresses sea level rise. To assist in planning and designing of the NCC lagoon 
bridge crossings, Caltrans and SANDAG prepared the San Diego Region Coastal Sea Level Rise Analysis, 
which assesses potential drainage, tidal inundation, and flooding impacts to transportation infrastructure 
crossing waterbodies within the NCC that are potentially subject to sea level rise. The results of the study 
were incorporated in the design of the NCC PWP/TREP infrastructure improvements. Most importantly, 
both rail and highway facility crossings were considered together to identify design options and, where 
necessary, adaptive strategies, that addressed the potential long-term impacts of sea level rise and 

https://documents.coastal.ca.gov/reports/2014/8/W17a-s-8-2014.pdf


214

Final Adopted Guidance | November 17, 2021 Appendix E. Case Studies

related drainage, flooding, and shoreline erosion. As a result, the proposed bridge replacement projects 
are designed to accommodate the anticipated increase in sea level rise through the year 2100, both 
with and without fluvial floods (50-year and 100-year), through design and/or adaptive strategies. 
Furthermore, the NCC PWP/TREP requires that planned projects be analyzed against the most current sea 
level rise projections and best available science at the time they are implemented.

The coordination that occurred as part of the development of the NCC PWP/TREP also allowed Caltrans 
and SANDAG to study appropriate bridge designs using a lagoon-wide perspective rather than being 
limited to study of a precise project footprint. These analyses considered the existing infrastructure 
constraints in the context of the optimal lagoon environment in order to identify appropriate bridge 
dimensions that will enhance lagoon-wide function and services. The studies confirmed that existing rail 
and highway bridges at San Elijo, Batiquitos, and Buena Vista Lagoons were the primary opportunities 
where significant improvement could be realized through expanded bridge lengths. These optimized 
bridge designs represent another unique component realized through the NCC PWP/TREP that resulted in 
an opportunity to further minimize impacts on coastal wetlands and enhance habitat value, in light of sea 
level rise.

Conclusion
As discussed in this case study, a PWP can be an effective mechanism for incorporating a suite of 
adaptation planning strategies and specific public transportation improvements into an integrated plan 
for a specific transportation network or corridor. As such, PWPs must be developed through coordination 
with local governments and other federal, state, and regional agencies with jurisdiction in the corridor 
to align planning efforts toward a mutually agreeable plan. Local governments should fine tune any Land 
Use Plan policies to identify the specific improvements and facilities related to sea level rise adaptation 
strategies contemplated by the approved PWP for that specific LCP jurisdiction and transportation 
corridor. Ideally, as in the case of the NCC PWP/TREP, the LCP amendments are developed concurrent with 
the PWP and in cooperation with agency partners to achieve mutual objectives and shared goals related 
to adaptation planning.
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APPENDIX F.
Nature-Based Adaptation Strategies 

for California

Critical infrastructure is found in a variety of coastal settings and can be exposed to distinct coastal 
hazards or site-specific challenges. When planning for and managing the impacts of sea level rise along 
the coast of California, the physical and ecological conditions of a location often determine the types 
of adaptation strategies that will be most effective for addressing the hazards of concern. Nature-
based adaptation strategies can offer protection from coastal hazards while also contributing to the 
enhancement of natural resources and habitat areas by providing measurable environmental benefits. 
Nature-based adaptation strategies include options that are composed entirely of natural systems called 
“soft strategies,” or natural habitats restored or enhanced in combination with constructed features such 
as marsh sills, buried revetments, and cobble berms, called “hybrid armoring.”

Nature-based adaptation strategies typically work best when there is enough space (especially landward 
of the shoreline) for natural features like dunes or marshland to absorb wave energy and respond 
dynamically to waves, storms, and tides. In some cases, nature-based adaptation strategies may require 
time to establish and restore natural processes, and would need to be implemented before coastal hazard 
becomes an immediate threat. For these reasons, partial and phased relocation of infrastructure can 
be combined with nature-based adaptation strategies to optimize benefits and reduce risk. Likewise, 
structural or “hard” shoreline protective devices can be combined with nature-based adaptation 
strategies when site conditions or project needs make a solely natural approach infeasible. 
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The unique geomorphology along California’s coast may necessitate a different approach to nature-based 
adaptation strategies compared to the East and Gulf coasts of the United States, where nature-based 
adaptation strategies have been extensively implemented. The following information is adapted from 
the Federal Highway Administration’s (FHWA) Nature-Based Solutions for Coastal Highway Resilience: An 
Implementation Guide and applied to the coastal settings in California. The tables in this appendix also 
highlight the range of potential nature-based adaptation strategies, organized by the hazard types listed 
below and geophysical context.

•	 Erosion (sheltered coast): erosion occurring in bays, estuaries, lagoons, harbors etc. (e.g., 
Humboldt Bay, Tomales Bay, San Diego Bay), often caused by small wind waves and/or tidal 
currents.

•	 Erosion (beach): erosion occurring on the open coast (exposed to ocean swell and Pacific 
storms) on or behind sandy beaches, often caused by wave runup or undermining.

•	 Erosion (bluff): erosion of bluffs (typically on the open coast), often caused by geologic 
instability and/or direct wave attack.

•	 Flooding (static water level): flooding from high water levels due to tides or storm surge where 
waves are not a significant contributor. This type of flooding mainly occurs in sheltered coastal 
areas that are of low-lying elevation (e.g., agricultural land around Humboldt Bay, Ports of Los 
Angeles and Long Beach, Newport Bay). 

•	 Flooding (wave overtopping and runup, sheltered coast): flooding from waves in coastal areas 
in bays, estuaries, lagoons, etc. Often strong wind events can cause larger-than-normal waves 
and are limited by the fetch (the stretch of water that wind blows over). Waves in sheltered 
areas are not nearly as big as the large swell seen on the open coast.

•	 Flooding (wave overtopping and runup, open coast): flooding from waves in coastal areas 
exposed to ocean swell and Pacific storms. The magnitude of wave needed to overtop a 
structure/beach depends on factors such as the water level as well as the height and slope of 
the structure/beach, but generally, strategies on the open coast need to consider the potential 
for very large waves, unlike sheltered areas. 

Figure F-1. From left to right: Static water level flooding (Arcata), erosion on bluff (El Grenada), wave overtopping on open 

coast (Pacifica). (Source: the California King Tides Project) 

https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/green_infrastructure/implementation_guide/fhwahep19042.pdf
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/green_infrastructure/implementation_guide/fhwahep19042.pdf
https://www.coastal.ca.gov/kingtides/
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Table F-1 provides a brief description of different types of soft and hybrid strategies that can function as 
a nature-based adaptation strategy. Each strategy can be implemented alone, in conjunction with other 
strategies, or as part of a phased adaptation approach to address short-, mid-, and long-term sea level 
rise adaptation goals. As more nature-based adaptation strategies are implemented along the California 
coast, practitioners will be able to refine planning, installation, maintenance, and monitoring techniques 
and contribute to a growing repository of best practices.

Table F-1. A sample of nature-based adaptation strategies that can be implemented in California.

Artificial/Constructed Reef

An artificial or constructed reef is a 
submerged breakwater (meaning the reef 
is rarely exposed to the surface) that aims 
to dissipate waves and provide habitat for 
hard-substrate ecological communities in 
the surf zone.

Cobble Berm

Sometimes referred to as dynamic 
revetments, cobble berms are constructed 
out of smaller, typically rounded, rocks 
called cobble. The cobble can be moved by 
larger waves during storms to create berms 
that dissipate wave energy and stabilize the 
shoreline such as those that naturally occur 
around some river mouths. 

Surfer’s Point, January 2017 (ESA, 2018)

(ESPA/PWA 2012)
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Ecotone Levee

Ecotone levees (also known as horizontal 
levees) are levees with a wide, gently 
sloped footprint that extends from the 
subtidal zone to above mean higher 
high water (MHHW) to include the 
upland transition zone. They provide for 
extended zoning of ecological resources 
while simultaneously creating textured 
surfaces through the use of vegetation 
and substrates that dissipate wave energy. 
Ecotone levees are particularly well-
suited to create more opportunity for the 
range of habitats that occur on sheltered 
shorelines. With sufficient vegetation, the 
heights of ecotone levees can be reduced to 
account for the dissipation of waves by the 
vegetation. 

Eelgrass Bed

Eelgrass beds are communities of eelgrass 
on soft bottom substrates at lower 
intertidal and subtidal areas that provide 
high levels of primary productivity, high 
biodiversity, and high species density. 
They are also important nursery habitat 
for many fisheries species. Eelgrass beds 
can provide protection by dissipating wave 
energy and slowing tidal currents at low 
tide. In addition, they can help mitigate 
for other climate impacts through carbon 
sequestration and buffering against ocean 
acidification.

(City of San Jose)

(Morro Bay National Estuary Program)
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Living Seawall

While living seawalls do not restore natural 
processes and may have detrimental 
impacts to beaches comparable to 
traditional seawalls, living seawalls aim to 
enhance the ecological benefits of seawalls 
by creating habitat for hard-substrate and 
intertidal and subtidal communities where 
seawalls may be necessary. 

Marsh Sill

Marsh sills are shore parallel structures 
that combine a low-profile stone “sill” 
with wetland vegetation. The structural 
component provides protection to the 
marsh vegetation, allowing time for the 
plants to establish, as well as the upland 
environment by dissipating wave energy 
and reducing shoreline erosion.

Native Vegetation Stabilization

Invasive bluff vegetation can increase bluff 
erosion, particularly iceplant (Carpobrotus 
edulis), which is commonly found on bluffs 
throughout California. Removal of invasive 
vegetation and planting of native vegetation 
that does not require irrigation can help 
stabilize the surface of the bluff face and 
reduce erosion.  

Seattle Living Seawall (University of Washington, 2017)

 Marsh Sill Diagram (Newkirk et al., 2018)

Native Vegetation Garden, Central California (Bert Wilson)
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Oyster Bed

Oyster beds are low-relief structures that 
consist of native oyster aggregates located 
in intertidal and subtidal zones. Oyster beds 
act as an important breeding and foraging 
habitat for many species. They provide 
protection by buffering storm surges, 
attenuating waves, reducing shore erosion, 
and encouraging sediment accretion.

Regional Sediment Management (RSM)

Regional sediment management is the 
systematic approach to addressing sediment 
supply imbalances at a regional scale. 
RSM includes the restoration of natural 
processes as much as possible throughout 
the sediment system and encourages 
the use of clean sediment as a resource 
at sediment-starved locations. For more 
information, see the Coastal Sediment 
Management Working Group (CSMW).

Rock Platform + Vegetation

Rock platforms stabilize the toe of a bluff 
and provide a base for native vegetation to 
stabilize the bluff face. 

Native oyster shell used to encourage native oyster recruitment in 

Upper Newport Bay (Orange County Coastkeeper)

(Mad River Bluff Riverbank Stabilization)
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Sand Berm

Sand berms are often constructed out of 
existing sand to create temporary flood 
protection. Sand berms create a high relief 
structure that reduces wave overtopping. 
Sand berms can be eroded during large 
storms or regraded into the beach. Sand can 
also be imported to create berms or “dune 
embankments” that may have vegetation.

Sand Dunes

Coastal dunes are mounds or hills of sand 
and native vegetation often situated 
landward of the wave runup zone of a 
beach. Native dune vegetation provides 
important habitat for many rare and 
uniquely adapted species, and helps trap 
wind-blown sediment, thereby building up 
or maintaining the general size of a coastal 
dune. Dunes can also act as a sand supply 
reservoir that helps re-nourish the beach 
when erosion from coastal storms and 
waves may deplete the sediment. Coastal 
dunes provide protection by reducing wave 
overtopping events and inhibiting saltwater 
surface intrusion into the backshore 
environment. 

(Los Angeles County)

Surfer’s Point, Ventura, California (ESA, 2017)
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Sand Nourishment

Sand nourishment, or beach nourishment, 
is the placement of sand onto a beach. 
The additional sediment gets redistributed 
either by waves and currents or through 
human manipulation until it reaches an 
equilibrium profile. Sand nourishment 
helps maintain the beach zone, acts as a 
buffer between upland areas to reduce the 
impacts of coastal hazards, and supports 
beach ecosystems.

Tidal Bench

Similar to ecotone levees, tidal benches are 
gently-sloping benches that typically extend 
from the mean tide level (MTL) or lower 
towards the backshore (whereas ecotone 
levees extend into the dry upland transition 
zone). Tidal benches are constructed 
with fill material and vegetation. Tidal 
benches provide habitat and protection by 
dissipating wave energy and encouraging 
sediment accretion.

Wetland Restoration 

Wetland restoration can help reduce 
erosion by restoring habitat through 
placement of imported sediment, 
removal of invasive vegetation and other 
foreign materials, and planting of native 
marshland vegetation that absorbs wave 
energy, stabilizes soils, increases sediment 
retention, and dampens incoming waves 
and coastal turbulence. 

(Massachusetts Wildlife Climate Action Tool)

(Newkirk et al. 2018)

(Huntington Beach Wetlands Conservancy)
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The nature-based adaptation strategies highlighted in Table F-2 are not fully comprehensive, but 
are meant to capture common or most likely approaches determined by the typical geophysical and 
engineering constraints for each hazard and geophysical context specific to California. The table is 
adapted from the FHWA's Implementation Guide on Nature-based Solutions for Coastal Highway 
Resilience, and not based on any quantifiable performance metrics. Projects requiring a coastal 
development permit (CDP) will still be reviewed by Coastal Commission and/or local government for 
consistency with the Coastal Act and/or certified LCPs. Coastal managers and potential applicants are 
encouraged to reach out to staff early in the design process to discuss the potential for nature-based 
adaptation strategies. 
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Table F-2. This table provides examples of both softer strategies and hybrid armoring strategies that can be applied to different 

coastal settings in California, depending on site-specific conditions.

Hazard/Issue Softer Strategies Hybrid Armoring Strategies

Erosion (sheltered 
coast)

•	 Oyster Bed

•	 Eelgrass Bed

•	 Tidal Bench

•	 Wetland Restoration

•	 Regional Sediment Management

•	 Cobble Berm + Sand Dunes

•	 Marsh Sill

•	 Marsh Sill + Breakwater

•	 Tidal Bench + Breakwater

•	 Cobble Berm + Marsh Sill

•	 Sand Dunes + Finger Groins

Erosion (beach)

•	 Sand Dunes

•	 Sand Nourishment

•	 Regional Sediment Management

•	 Cobble Berm

•	 Buried Revetment

•	 Buried Seawall

•	 Artificial Reef

Erosion (bluff)

•	 Native Vegetation Stabilization

•	 Drainage Improvements

•	 Sand Nourishment

•	 Regional Sediment Management

•	 Cobble Berm

•	 Rock Platform + Vegetation

Flooding (static 
water level)

•	 Wetland Restoration

•	 Daylighting/Widening/Naturalizing Creek/
Stream Drainages

•	 Adding Tidegates, Enlarging Culverts, Or 
Replacing Culverts With Bridges

•	 Ecotone Levee

Flooding (wave 
overtopping and 
runup, sheltered 

coast)

•	 Sand Dunes

•	 Eelgrass Bed

•	 Tidal Bench

•	 Oyster Bed

•	 Wetland Restoration

•	 Cobble Berm

•	 Marsh Sill

•	 Ecotone Levee

•	 Sand Dune + Buried Seawall

•	 Artificial Reef 

Flooding (wave 
overtopping and 

runup, open coast)

•	 Sand Dunes

•	 Sand Berm

•	 Cobble Berm

•	 Sand Dunes + Buried Seawall

•	 Artificial Reef
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APPENDIX G. 
Cost Savings of Adaptation and Hazard 

Avoidance

Numerous state, local, and federal reports have concluded that the costs of adaptation and hazard 
avoidance are less than the costs of inaction. While case-specific studies are necessary to inform cost 
effectiveness for particular sea level rise adaptation projects, it is important to highlight the potential 
advantages of taking a precautionary planning approach for critical infrastructure. In many cases, it will be 
more cost effective to anticipate and avoid climate impacts than to wait for disasters to occur and clean 
up or rebuild afterward. These reports provide a compelling argument supporting proactive planning at 
all levels and sectors, and highlight the cost-saving nature of hazard avoidance. 

FEDERAL STUDIES
The third National Climate Assessment states that there is strong evidence showing that the cost of doing 
nothing to prepare for the impacts of sea level rise exceeds the costs associated with adapting to them by 
about 4 to 10 times (Moser et al., 2014).

Additionally, a 2005 report from FEMA entitled “Natural Hazard Mitigation Saves: An Independent Study 
to Assess the Future Savings from Mitigation Activities,” found that society saves roughly $4 for every $1 
spent on mitigation through FEMA programs (Multihazard Mitigation Council, 2005). A 2017 update to 
this report aggregated more data and project examples, concluding that the average cost savings ratio 
is even higher, at 6:1 (Multihazard Mitigation Council, 2017). Figure G-1 shows the cost savings ratios 
associated with different hazard types. 
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An additional report dedicated to utilities and transportation provided case studies on the cost savings of 
proactive adaptation in those sectors. While not statistically valid because too few projects were included 
in the study, the case studies offer anecdotal evidence of the potential value of such types of mitigation. 
For example, four flood mitigation projects for roads and railroads had benefit-cost ratios ranging 
between 2.0 and 11.0, meaning that the benefits of avoiding damage and other impacts outweighed 
the implementation costs of the projects by 2-11 times. Flood mitigation for water and wastewater 
facilities produced benefit-cost ratios between 1.3 and 31.0 for four separate projects. Finally, one flood 
mitigation project for electric and telecommunications produced an estimated benefit-cost ratio of 9.4 
(Multihazard Mitigation Council, 2018). While these federal studies cite some cases that may not share 
characteristics with all adaptation planning contexts in California, they clearly call for adaptation planning 
and implementation to at least examine if not address climate vulnerabilities before disasters strike.

CALIFORNIA STUDIES AND REPORTS
California’s Fourth Climate Change Assessment’s technical report, Adaptation Financing Challenges, 
compiles a number of reports that demonstrate “there is general consensus that adaptation measures are 
cost‐effective, given the far worse no‐action alternative (Bjarnadottir et al. 2011, Chow et al. 2017, Hinkel 
et al. 2014, Hof et al. 2010, Kumar et al. 2016, Palanisami et al. 2015, Rodriguez‐Labajos 2013, Rojas et 
al. 2013, Ryan and Stewart 2017, Stewart et al. 2014, Ward et al. 2010, and Wreford et al. 2015)” (Moser 
et al., 2018). The report states, “Many adaptation-related costs are high (though not all), but available 
evidence suggests they may be widely underestimated and incomplete. At the same time, the limited 
available data suggest that adaptation is extremely cost-effective compared to inaction.” In sum, while 
the costs of adaptation will probably be higher than expected, studies suggest that they will still be less 
than the costs of inaction.

Figure G-1. Benefit-cost ratio by hazard and mitigation measure. Source: Multihazard Mitigation Council, 2017.
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The 2018 report entitled Paying it Forward, which stemmed from the state Assembly Bill 2800 (Quirk, 
2016), highlighted that “climate change can cause greater damages and higher costs to infrastructure 
if the impacts of climate change and related extreme events are not prevented or mitigated” (Climate-
Safe Infrastructure Working Group, 2018). These costs can take the form of increased costs of operation, 
maintenance, and repair; delays to a community’s return to full economic capacity after an extreme 
event; or increased research and development costs for innovations in engineering and design for 
infrastructure that can remain safe in place. It also highlights the fact that “the longer infrastructure is not 
maintained in a state of good repair, the more expensive the repair ultimately gets. […] In general, earlier 
maintenance keeps infrastructure in better condition and costs less than deferring maintenance to a later 
date.” Therefore, addressing the vulnerabilities of infrastructure to climate change in a proactive way, will 
ultimately lead to cost savings down the line. 

These reports clearly call for adaptation planning and implementation to address climate vulnerabilities 
before disasters strike. In addition to these state reports, local studies have also demonstrated the value 
of adaptation, and in particular, have demonstrated that oftentimes the most cost-effective alternative in 
the long-term is to avoid the hazards of sea level rise altogether.

LOCAL STUDIES
The City of Pacifica’s Sea Level Rise Adaptation Plan included a cost/benefit analysis of three different 
sea level rise adaptation strategy options, including armoring, beach nourishment in combination with 
armoring, and managed retreat. The report states, “In a number of sub-areas, Alternative 3 [retreat] 
yielded the highest net-benefits (or lowest costs) because the cost of Alternative 1, which involves 
armoring, were higher than the benefits of protecting the property. Alternative 1 (armoring) may also 
reduce the width of beaches, which can lower recreational value” (ESA, 2018). The study looked at 
which of the three adaptation alternatives was most cost effective by 2050 and by 2100 for each of eight 
shoreline segments. For most segments and most timeframes, managed retreat was found to be the 
option with the highest net benefits.49 

49	 Note that as with all economic studies, results are dependent on the assumptions made, and it is difficult to account 
for all possible costs and benefits associated with various alternatives now and in the future. Regardless, these 
types of studies are helpful for understanding overall variability among different adaptation strategies, and such 
studies have shown the significant benefits that may accrue with managed retreat approaches in some scenarios. 
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The study included detailed analysis of each cost and each benefit, which provides valuable information 
on the distribution of costs and benefits across different populations and sectors. However, the 
report stated that managed retreat “is less aligned with the Council adopted goal to Preserve Existing 
Neighborhoods and Promote Environmental Justice and Local Economic Vitality. When considering 
policies to incorporate into the LCP Update, the City will need to consider costs/benefits on balance 
with community goals” (emphasis added). Therefore, while managed retreat is generally a cost-effective 
option, the city acknowledged the opposition to managed retreat among portions of its constituency and 
took that factor into account as it developed its sea level rise adaptation approach for the city.

Similar to the findings reported in Pacifica’s vulnerability assessment, the City of Imperial Beach’s Sea 
Level Rise Vulnerability Assessment reports that managed retreat has the highest long-term net benefits 
when compared to armoring, nourishment, green infrastructure, and groins (Revell Coastal, 2016). 
However, similar to Pacifica, the city’s constituency voiced strong opposition to managed retreat as an 
adaptation strategy, and the subsequent draft of its General Plan/Land Use Plan Update specifically 
excludes managed retreat as an adaptation strategy.

These anecdotes highlight the challenges associated with sea level rise adaptation planning: even if 
economic studies demonstrate which strategies are the most cost effective, other factors such as input 
from particular constituencies can push adaptation planning down different paths with different associated 
costs and benefits.
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APPENDIX H.
Transportation Planning Documents

The following appendix contains lists and descriptions of state, regional 
and local transportation planning efforts referenced in Chapter 5 on 

Transportation Infrastructure in addition to several others not discussed in 
Chapter 5.

Adaptation Priorities Reports (2020) These reports include a prioritized list of potentially exposed 
assets in each Caltrans District. The prioritization methodology in these reports considers the timing 
of the climate impacts, their severity and extensiveness, the condition of each asset (a measure of 
the sensitivity of the asset to damage), the number of system users affected, and the level of network 
redundancy in the area.

Caltrans 2020-2024 Strategic Management Plan Caltrans’ Strategic Plan. 

California Transportation Plan 2050 (2020) The state's long-range transportation plan that establishes an 
aspirational vision that articulates strategic goals, policies, and recommendations to improve multimodal 
mobility and accessibility while reducing greenhouse gas emissions. 

Climate Action Plan for Transportation Infrastructure (CAPTI) (March 2021) A first of its kind document 
that is organized to align with Caltrans’ Strategic Management Plan and which details how the state 
recommends investing billions of discretionary transportation dollars annually to aggressively combat and 
adapt to climate change while supporting public health, safety and equity. 

https://dot.ca.gov/programs/transportation-planning/2020-adapation-priorities-reports
https://dot.ca.gov/-/media/dot-media/programs/risk-strategic-management/documents/sp-2020-16p-web-a11y.pdf
https://dot.ca.gov/programs/transportation-planning/state-planning/california-transportation-plan
https://calsta.ca.gov/subject-areas/climate-action-plan
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Climate Change Vulnerability Assessments (2017-2019) These assessments identify segments of the 
State Highway System vulnerable to climate change impacts including precipitation, temperature, wildfire, 
storm surge, and sea level rise. The results are used to guide analysis of at-risk assets and develop 
adaptation plans to reduce the likelihood of damage to the State Highway System.

Corridor Plans Defines how a corridor is performing (and estimates for the future), why it is performing 
that way, and recommends projects and strategies that achieve corridor goals and objectives. The 
recommended strategies, opportunities, or projects may become candidates for funding programs. See 
Caltrans Corridor Planning Process Guide for more information. Note that this Guide superseded the 
Transportation Concept Report (TCR) Guidelines, which are being phased out. There are many different 
types of corridor plans including Transportation Concept Reports, Corridor System Management Plans, 
and Comprehensive Multimodal Corridor Plans.

District System Management Plans Long range (20-year) strategic and policy planning documents created 
by Caltrans districts that present the long-range goals, policies, and programs the district intends to 
follow in maintaining, managing, and developing the transportation system. These serve as a resource for 
informing federal, state, regional and local agencies, and the public and private sector of the plans the 
district intends to follow in its partnership role with local and regional agencies. See this link for more 
information.

Interregional Transportation Strategic Plan (Draft, 2021) Provides guidance for the identification and 
prioritization of interregional transportation projects identified on the State’s Interregional Transportation 
System, specifically, the 93 Interregional Road System routes and State-run intercity rail corridors. 
This plan is also used in the identification and selection of projects for Interregional Transportation 
Improvement Program funding. 

Regional Transportation Plans Conducted by local regional transportation agencies, or metropolitan 
organizations, under Caltrans guidance, see 2017 Regional Transportation Plan Guidelines for Regional 
Transportation Planning Agencies.

State Highway System Management Plan (SHSMP) (Draft, 2021) Presents a performance-driven and 
integrated management plan for the State Highway System (SHS) in California. SHS needs, investments, 
and resulting performance projects for the 10-year period spanning July 2019 to June 2029 are presented 
in the SHSMP. The SHSMP is organized to align with Caltrans’ Strategic Management Plan. 

State Rail Plan Update (2018) Provides a framework for California’s rail network and sets the stage for 
new and improved rail and communities.

https://dot.ca.gov/programs/transportation-planning/2019-climate-change-vulnerability-assessments
https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/system-planning/systemplanning/corridor-planning-process-guide-12-24-2019-a11y.pdf
https://dot.ca.gov/programs/transportation-planning/multi-modal-system-planning/system-planning/district-system-management-plan
https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/2017rtpguidelinesforrtpas-a11y.pdf
https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/2017rtpguidelinesforrtpas-a11y.pdf



	Executive Summary
	CHAPTER 1
	Introduction and Purpose
	Purpose of This Guidance
	Infrastructure Systems
	Critical Infrastructure Covered in this Guidance

	CHAPTER 2
	Sea Level Rise Planning and Background
	Best available science
	Hazards Associated with Sea Level Rise 
	Sea Level Rise Planning and Regulatory Framework

	Chapter 3
	The Unique Challenges of Sea Level Rise Planning for Critical Infrastructure￼
	Role and Purpose of Critical Infrastructure
	Physical Characteristics of Critical Infrastructure
	Significant Costs and Consequences 

	Chapter 4
	Key Considerations
	Key Considerations for Adaptation Planning
	Coordinated Planning
	Environmental Justice
	Tribal Consultation
	Phased Adaptation
	Adaptation Costs and Funding
	Nature-Based Adaptation Strategies

	Chapter 5
	Transportation Infrastructure
	Introduction to Transportation Infrastructure
	Highway Vulnerability
	Highway Governance and Planning 
	Railway Vulnerability
	Railway Ownership, Management, and Planning
	Railway Governance and Planning 
	Adaptation Strategies For Transportation Infrastructure

	Chapter 6
	Water Infrastructure
	Introduction to Water Infrastructure
	Vulnerability of Water Infrastructure
	Water Infrastructure Regulatory Framework 
	Planning for Resilient Water Infrastructure

	References 
	Appendix A.
	Relevant Coastal Act Policies
	Appendix B.
	Model Policies
	Model Policies for Transportation Infrastructure
	Model Policies For Water Infrastructure

	Appendix C.
	Steps for Sea Level Rise Adaptation Planning
	Vulnerability Assessment
	Risk Evaluation 
	Adaptation Planning 

	Appendix D.
	Appendix E.
	Case Studies 
	Case Study 1. Cardiff State Beach Living Shoreline Project 
	Case Study 2. Surfer’s Point shoreline management Project
	Case Study 3. Relocation of the Morro Bay Water Reclamation Facility
	Case Study 4. Piedras Blancas (Highway 1) Roadway Realignment
	Case Study 5. North Coast Corridor Public Works Plan/Transportation and Resource Enhancement Program (NCC PWP/TREP)
	References: Appendix E

	Appendix F.
	Nature-Based Adaptation Strategies for California
	Appendix G. 
	Cost Savings of Adaptation and Hazard Avoidance
	Appendix H.
	Transportation Planning Documents

