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Notice to Readers:

Caltrans, as the Department of Transportation, has full possession and control of all State Highways and all
property and rights in property acquired for State Highway purposes. Caltrans has the responsibility to
improve and maintain the State Highways, including all traversable highways which have been adopted or
designated as State Highways by the California Transportation Commission, as described in the California
Streets and Highway Code, et seq., including sections 90 and 91.

Clarification regarding design flexibility and decision-making in implementing sea-level rise guidance.

The Updated Guidance on Incorporating Sea-Level Rise has been developed to provide a framework, not rigid
rules, for considering sea-level rise throughout the Caltrans planning and project development process. This
document provides guidance and best management practices for determining and documenting the
appropriate evaluation of sea-level rise scenarios and adaptation strategies based on project-specific factors.
The guidance is intended to support informed, consistent decision-making across the state which aids District
Project Development Teams in determining the most appropriate level of analysis and risk mitigation
measures based on the specific conditions and requirements of each project while also considering the need
to comply with local, state, and federal requirements.

Practitioners, including but not limited to those with subject matter expertise in planning, environmental
science, hydraulics, and structural engineering and design, should use their professional judgment to tailor
the implementation of the guidance to specific project contexts and should balance the evaluation of less-
probable scenarios with practical, cost-effective solutions that address likely risks without overemphasizing
less-probable events. Balancing resilience and cost-effectiveness requires evaluating a range of scenarios and
risk mitigation strategies. Focus should be placed on solutions that provide the greatest benefit relative to
their cost and are adaptable or resilient to changing conditions over a project’s design life.

This guidance should be used in conjunction with other relevant transportation guidance, policies, and
regulations such as the Federal Highway Administration Hydraulic Engineering Circular No. 25: Highways in
the Coastal Environment (Third Edition) (HEC-25), chapters in the Caltrans Highway Design Manual, the
Caltrans Design Manual for Hybrid Coastal Protection Strategies, the Caltrans Standard Environmental
Reference, the Caltrans Project Development Procedures Manual, and the Caltrans Climate Risk and
Adaptation Report for Project Initiation Reports. Additional reference materials and resources are identified
in chapters and appendices of this document. There may be instances where conflicts arise between National
and State Guidance, Federal and State Law, or other departmental governing manuals published by various
Divisions. In these instances, exercising engineering judgment, based on careful review and consultations
with relevant subject matter experts, is required to make appropriate project-level decisions. Clear
documentation of the rationale for decisions throughout project development, including the reasons for
selected design alternatives and adaptation strategies, is crucial.

Contact the Caltrans Department of Transportation Planning, Division of Environmental Analysis, or the
Division of Design for assistance with specific questions or concerns regarding the implementation of this
guidance.
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Chapter 1
Overview

Over the past century, increases of average global temperatures have already caused sea levels to rise
from thermal expansion of warming ocean water, as well as through land ice melt. Terrestrial dynamics
such as land subsidence, or the gradual settling or sinking of Earth’s surface due to the removal or
movement of materials below the surface, are also contributing to sea-level rise. While the California
coast already regularly experiences erosion, flooding, and significant storm events, future sea-level rise
will exacerbate these natural forces, leading to an increase in the potential for flooding and erosion of
California Department of Transportation (Caltrans) roadways and infrastructure.

Given the threats that sea-level rise poses to transportation infrastructure, an abundance of existing
external and internal resources provide recommendations for addressing sea-level rise in transportation
infrastructure planning, project development, maintenance, and investment.

For Caltrans, this document provides a general framework for incorporating sea-level rise
considerations throughout Caltrans planning, programming, and project development phases
(including the Project Initiation Document phase) in an integrated fashion across Caltrans and
throughout Divisions and Districts. Existing guidance and technical materials that provide
recommendations for practitioners and Project Development Teams (PDTs) are identified within the
framework.

A variety of efforts are underway at the federal, state, and local levels—as well as within Caltrans—to
update sea-level rise science, policy, regulations, and guidance. It is important to note that the science,
policy, and guidance are continuously evolving and that it is the responsibility of those using this
document to confirm the best available science and latest guidance. This document provides a
framework that can accommodate future changes while advancing basic expectations for achieving a
resilient transportation system.

Caltrans Updated Guidance on 1-1 June 2026
Incorporating Sea-level Rise—Draft



Chapter 2
Introduction and Purpose

This document is an update to Caltrans’ 2011 Guidance on Incorporating Sea-level Rise for Use in the
Planning and Development of Project Initiation Documents for use in early planning and now includes
expanded guidance for all stages of project development and infrastructure investment. This document
incorporates updated sea-level rise projections and reflects best practices for assessing and addressing
sea-level rise to support Caltrans’ mission of providing a safe and reliable transportation network that
serves all people and respects the environment.

At a very basic level, all projects must consider sea-level rise risk regardless of their scope. This guidance
provides a set of recommendations to support documenting decisions made at each phase of the
Caltrans planning and project delivery process that will inform subsequent actions as plans and projects
proceed. The sea-level rise framework is meant to guide Caltrans staff through the process of considering
risks and potential adaptation strategies throughout all stages of project development and infrastructure
investment. Intentionally, this guidance does not include specific planning or project-level
requirements for how projects should be adjusted to adapt to sea-level rise risk. Specific decisions
about project extents, design, engineering, etc., will still need to be made by the appropriate staff and
the PDT.

In addition to advancing objectives in Caltrans 2024—-2028: Strategic Plan (Strategic Plan) (Caltrans
2020e), the obligation to consider sea-level rise risk, as well as adaptation approaches as appropriate, in
Caltrans planning and project development is a requirement of various state laws and regulations.
Additional information on the regulatory setting is provided in Appendix B, Regulatory Setting
Supplemental Information. These fundamental requirements, as well as companion state and federal
policy documents, scientific publications, and guidance materials on sea-level rise are integrated into this
guidance, including those from the California Ocean Protection Council (OPC), the California Governor’s
Office of Land Use and Climate Innovation (LCl), California Coastal Commission (Coastal Commission), San
Francisco Bay Conservation and Development Commission (BCDC), Delta Stewardship Council (DSC), the
joint Caltrans and Coastal Commission Integrated Planning Team, California Climate Safe Infrastructure
Working Group, the Federal Highway Administration (FHWA), and the National Oceanic and Atmospheric
Administration (NOAA), among others.

Particularly relevant documents include the State of California Sea-Level Rise Guidance: 2024 Science and
Policy Update (OPC 2024), Sea Level Rise Policy Guidance (Coastal Commission 2024a), Critical
Infrastructure at Risk: Planning Guidance for California’s Coastal Zone (Coastal Commission 2021a), San
Francisco Bay Plan Climate Change Policy Guidance (BCDC Guidance) (BCDC 2025a), and Planning and
Investing for a Resilient California: A Guidebook for State Agencies (OPR 2018). Links to these and other
resources are found in Chapter 7, References, and in Appendix C, Sea-Level Rise Resources.

It is critical to acknowledge that sea-level rise science—and climate change science in general—is
continually evolving, as is companion policy and guidance. In February 2022, NOAA released the Global
and Regional Sea Level Rise Scenarios for the United States (Sweet et al. 2022), which as of January 2026,
provides the most up-to-date sea-level rise projections available for all coastal U.S. states and territories
using downscaled output directly from the United Nations Intergovernmental Panel on Climate Change
(IPCC) Sixth Assessment Report (IPCC 2022). As California proceeds toward producing its Fifth Climate

Caltrans Updated Guidance on 21 June 2026
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California Department of Transportation Introduction and Purpose

Change Assessment in 2026; as the OPC continues its 5-year update cycle for the State of California’s
official sea-level rise projections; and as Coastal Commission and BCDC update their respective
permitting guidance related to sea-level rise, Caltrans will need to continually ensure that the best
available science, current policy, and guidance on sea-level rise are incorporated into transportation
infrastructure planning, project development, and investments. This guidance document puts forward a
framework for Caltrans that should be considered in conjunction with other relevant guidance and that
will be updated as necessary.

2.1 How to Use this Guidance

This guidance provides Caltrans staff with a general sea-level rise framework for assessing risk and
adapting to sea-level rise throughout planning and project development. Consideration of sea-level rise
should occur early and often throughout planning and project development. This guidance identifies the
key processes and relevant materials or technical documents associated with each step in the
framework. For example, existing Caltrans guidance—like chapters in the Highway Design Manual
(HDM), the Standard Environmental Reference (SER), or Transportation Planning—are identified at each
applicable step. This framework is intended to complement existing policies and guidance and inform
documents typically developed during the planning and project delivery processes as described in
Caltrans’ Project Development Procedures Manual (PDPM) and Workplan Standards Guide. If initial
screening indicates that sea-level rise impacts are likely, then Caltrans staff should refer to corresponding
sections that relate to the appropriate Caltrans functional responsibility (i.e., planning or project phase)
and the specific sea-level rise framework guidance. Table 2-1 summarizes the different phases of
planning and project development, the corresponding sections of this guidance and project delivery
milestones, how sea-level rise should be addressed, and the intended outcome of the section(s) of this
guidance.

The framework also supports documentation of how decisions are made at each step throughout
planning and project development. Appendix D, Caltrans Sea-Level Rise Framework Worksheet, provides
an optional, simple template that can be used to document the analysis and the decision-making process
related to evaluation of sea-level rise risk and adaptation strategies during the planning and Project
Initiation Document (PID) phase.

Caltrans Updated Guidance on 22 June 2026
Incorporating Sea-level Rise—Draft
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Table 2-1. Summary of Caltrans Sea-Level Rise Guidance Steps and Project Phases, Work Breakdown Structure Milestones, and Outcomes

Study Phase/
Guidance Section

Work Breakdown
Structure Milestone/
Activity

Steps to Incorporate Sea-Level Rise

Outcomes

Before Phases

Section 5.1.1, Initial
Screening: When to
Consider Sea-Level Rise

Transportation
Planning: Corridor or
System Planning
Section 4.1,
Transportation
Planning: Corridor or
System Planning

Project Nomination
Section 4.2, Project
Nomination Phase

Prior to Milestone
000

Milestone 000:
Identify Need

Begin with screening to determine if the plan or project area is
in a jurisdiction or an area of potential sea-level rise
exposure—and if the plan or project therefore warrants
additional sea-level rise framework considerations.

Corridor or System Plans, Caltrans Active Transportation
Plans, Statewide Plans, and Local Development
Intergovernmental Review

1. Determine the potential exposure to sea-level rise and
evaluate the potential consequences of exposure.

2. Identify and coordinate with appropriate internal and
external interested parties.

3. Assess how sea-level rise could affect the transportation
system in the planning area using a “whole corridor”
approach to long-term planning.

4. Identify corridors or assets that are at risk and the
timeframes over which those risks begin to occur.

5. Identify potential sea-level rise adaptation strategies or
adaptation pathways (short-, medium-, and long-term
strategies) that should be considered within the overall
context of the corridor.

6. Document the sea-level rise findings for consideration in
future project planning and development phases.

Transportation Planning and Scoping Information Sheet

1. Identify relevant plans and documents to be reviewed for
sea-level rise information

2. Determine whether the location is within a coastal
jurisdiction (on external coast, San Francisco Bay, or
Delta)

3. Identify if the project could be exposed to sea-level rise
impacts

Document the need for sea-level rise
evaluation in the plan or project area.
Determine if additional technical studies
are needed for the plan or project.

Identify potential sea-level rise (and
associated hazards) exposure risk and
potential strategies at a holistic corridor
level.

Clearly note the potential sea-level rise
risks and opportunities in the
Transportation Planning and Scoping
Information Sheet to ensure adequate
scoping during project initiation.

Caltrans Updated Guidance on
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Work Breakdown

Structure Milestone/ Steps to Incorporate Sea-Level Rise Outcomes
Activity

Study Phase/
Guidance Section

4. Identify environmental resources present in the project
location
5. Identify appropriate internal and external stakeholders

6. Summarize sea-level rise risks and adaptation strategy
needs within project scope

Project Scoping Milestone 000-015: Project Initiation Documents & Preliminary Technical Develop project scope, budget, and

Section 4.3, K Phase Identify Need and Studies: Products could include Project Initiation Report (PIR),  schedule that includes sea-level rise
Program Project Study Report (PSR), Project Study Report-Project considerations. Identifies potential
Project/Work Development Support (PSR-PDS), Project Study Report-Project adaptation options and includes
Breakdown Structure  Report (PSR-PR), Preliminary Environmental Assessment preliminary cost estimates. Identifies
(WBS) Codes (100.05, Report (PEAR), District Preliminary Geotechnical Report, studies and resources needed to
150) and/or Preliminary Hydraulics Review. conduct sea-level rise analysis later in

project development, as well as
Climate Risk and Adaptation Report: potential mitigation needs.

1. Evaluate climate exposure

Conduct coastal adaptation summary

Scope adaptation alternatives

Conduct early engagement with external agencies

Document risks to project delivery in the project’s Risk
Register

ok wn

Please note: this work should be commensurate with planning
phase level of detail. It is meant to inform the scope, cost, and
schedule.

Caltrans Updated Guidance on 22 June 2026
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Study Phase/
Guidance Section

Work Breakdown
Structure Milestone/

Activity

Steps to Incorporate Sea-Level Rise

Outcomes

Project Approval and
Environmental
Document/0 Phase
Section 4.4, Project
Approval and
Environmental
Document: 0 Phase

Milestone 020:
Begin
Environmental/WBS
160-165

Milestone 040-120:
Begin Project Report
and DED and
Circulate DED
Externally/WBS 170-
175

Milestone 200:
Project Approval and
Environmental
Document
(PA&ED)/WBS 180

Engineering and Environmental Studies

1. Review Project Initiation Document (PID) sea-level rise
scoping and resource allocation for engineering and
environmental studies

2. Ensure engineering and environmental studies address
sea-level rise considerations

3. Ensureinternal and external coordination on studies

4. Develop and evaluate project adaptation strategies

5. Complete engineering and environmental studies with
sea-level rise considerations

Draft Environmental Document (DED)

1. Refer to the climate change annotated outline for the DED

2. Include sea-level rise information previously produced for
the project

3. Identify adaptation strategies as project components
and/or range of preferred alternatives

4. Evaluate environmental requirements

5. Continue agency and interested party coordination

6. Circulate the DED externally and prepare the
Environmental Commitments Record (ECR)

CEQA Exemptions/NEPA Categorical Exclusions (CE/CEs)

1. Review sea-level rise technical analyses
2. Meet environmental requirements

Final Environmental Document (FED)

1. Update the FED with relevant sea-level rise changes

2. Circulate the FED and update the project’s Risk Register
Draft and Final Project Report (DPR/PR)

Ensure completed engineering and environmental
considerations are summarized in the DPR/PR studies that
incorporate sea-level rise

Provide a process for the Project
Development Team (PDT) to evaluate
and make decisions on a project’s final
scope, schedule, and cost that includes
a full range of adaptation strategies that
address the project’s sea-level rise risk
and avoids, minimizes, or mitigates
impacts on environmental resources.
Consideration of equity, cost, and public
and interested party interests are also
integrated as appropriate.

Decisions are reflected in the project’s
Risk Register, the DPR/PR, and
DED/FED.
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Work Breakdown
Structure Milestone/

Activity

Study Phase/
Guidance Section

Steps to Incorporate Sea-Level Rise

Outcomes

Milestone 210-380:
Plans, Specifications,
and Estimates/WBS
205-280

Plans, Specifications,
and Estimates/1 Phase
Section 4.5, Plans,
Specifications, and
Estimates: 1 Phase

Maintenance and N/A
Operations

Section 4.6,

Maintenance and

Operations

Asset Management N/A
Section 4.7, Asset

Management

Permit Applications, Submittals, and Approvals

1. Review agency requirements for permits and sea-level
rise considerations from Project Approval and
Environmental Document (PA&ED)/0 Phase

2. Ensure permit application submittals are complete

3. Ensure final project design, plans, and ECR incorporate
permit requirements

Emergency Management/Major Damage Restoration and

Director’s Orders

1. Provide available data on emergency repairs to support
identification of adaptation needs

2. Coordinate with other units during scheduled updates to
tracking systems and protocols

3. Provide expertise and input on long-term adaptation
plans

4. Integrate sea-level rise into emergency management
strategies and ongoing repairs

Asset Condition Inventories

1. Provide available data on asset condition inventories to
support identification of adaptation needs

2. Coordinate with other units during scheduled updates to
inventory datasets and protocols

State Highway System Management Plan

1. Regularly update the State Highway System Management
Plan to include best available sea-level rise information

2. Prioritize needs and track improvements in the sea-level
rise performance objective

Assurance that adaptation to sea-level
rise is incorporated into final project
design and plans as appropriate.
Appropriate permits or approvals are
obtained.

Maintenance activities and strategies
are making information available to rest
of the Department to support
adaptation.

Sea-level rise adaptation needs are
integrated into Asset Management’s
strategic and systematic process of
operating, maintaining, and upgrading
the State Highway System.

Source: Caltrans 2022d

Caltrans Updated Guidance on
Incorporating Sea-level Rise—Draft

2-4

June 2026



California Department of Transportation Introduction and Purpose

2.2 Sea-Level Rise Framework Concepts

Concepts organized in Figure 2-1 are presented and described in Section 5.1, Sea-Level Rise Risk
Assessment, and Section 5.2, Sea-Level Rise Adaptation Strategies. As appropriate, framework concepts
are addressed in each Caltrans planning and project development phase.

SEA-LEVEL RISE RISK ASSESSMENT

Perform Initial Screening
* Coastal jurisdictions
* Sea-level rise risk exposure

Identify Nearest Tide Gage
ide gage that is nearest to plan or project location

Select a Project Planning Horizon

* Consider relevant asset design life and the year that the
project is expected to become operational

Select Sea-Level Rise Scenarios
* Consider range of scenarios associated with the Project
Planning Horizon and level of risk aversion
» Consider whether the project includes critical infrastructure

Evaluate Potential Sea-Level Rise Impacts
Floading
Storm surge
Erosion and bluff retreat
Groundwater rise

Evaluate Potential Sea-Level Rise Consequences
Public health and safety
Public access and equity
Environmental resources
Economic

. _/

SEA-LEVEL RISE RISK ADAPTATION ANALYSIS

Identify Appropriate Prioritize Possible
Adaptation Strategies Adaptation Strategies

Adaptation Strategy Selection
and Documentation

* Protect * Prioritize equity

* Accommodate * Prioritize accommodation or

* Retreat retreat strategies

.

Once a preferred alternative is
selected, Update the Sea-Level
Rise Framework Worksheet to

Hybrid solutions * Consider a phased approach
for long-term resilience
* Plan ahead for protective
strategies, including nature-
based solutions

document the rationale for the
selection.

Figure 2-1. Sea-Level Rise Framework Concepts
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Chapter 3
General Background

This chapter provides an overview of concepts that will be referenced in the remainder of this document,
including basic sea-level rise concepts, the regulatory setting for sea-level rise in California, adaptation
strategies in California, and the goals, policies and guidance of the State of California and Caltrans. This
chapter also provides references to external resources, including sources of sea-level data, relevant
regulations, and guidance.

3.1 Sea-Level Rise Concepts

3.1.1 What is Sea-Level Rise?

As the rising ocean migrates inland, low-lying areas may experience temporary flooding and eventually
permanent inundation. Temporary flooding refers to flooding that is episodic and goes away after the
event that caused the flooding (e.g., a storm); inundation refers to an area becoming permanently
underwater as sea levels rise to cover it. Sea-level rise exacerbates related hazards, including storm
flooding (i.e., sea-level rise combined with storms to flood areas not previously prone to flooding), tidal
inundation (i.e., new lands become tidally influenced and more areas become permanently submerged),
coastal erosion/cliff retreat, and groundwater rise. Coastal groundwater aquifers may experience
saltwater intrusion as sea levels increase relative to fresh groundwater levels and saltwater upwells from
the ground. Saltwater intrusion of fresh groundwater sources can increase treatment costs for drinking
water facilities and even render groundwater wells unusable for consumption or irrigation.

While the exact amount of future sea-level rise is uncertain, there is strong scientific consensus, based on
observed evidence, that sea-level rise is already occurring and will continue.

3.1.2 The Importance of Addressing Sea-Level Rise

Sea-level rise threatens Caltrans’
transportation assets and networks in a
variety of ways. As sea levels rise, at-risk
roadways become inaccessible more
frequently due to temporary flooding during
high tide, storm, and other flooding events.
During storms, waves can damage
infrastructure. Higher sea levels can
exacerbate coastal erosion, bluff retreat, and
sediment dynamics, which can destabilize and
damage infrastructure, leading to costly
repairs, safety concerns, and even permanent

Figure 3-1. Flooding on State Route 37 access problems. In addition, sea-level rise is

expected to cause groundwater to rise in
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coastal areas, which could potentially affect assets and reduce the expected design life of transportation
projects even when roads and assets are protected from overland flooding.

Caltrans must address sea-level rise early in the project planning phase and throughout the project
design and delivery processes for the following reasons:

Making planning and design decisions that account for changes in sea level will protect Californians
and transportation investments in the long term. In contrast, assuming current sea levels will remain
the same means that planning and design decisions are not accounting for future conditions, resulting in
travel disruptions, costly repairs, increased maintenance, and other impacts.

Several areas of Caltrans’ transportation system already experience disruptions from coastal flooding
events. For example, State Route 37 in the San Francisco Bay Area floods periodically, causing portions of
the road to close for weeks at a time (Figure 3-1). This has significant ripple effects on travel time, traffic
congestion, alternative route use, and the surrounding communities.

These impacts will become more frequent, widespread, and severe as sea level continues to rise. Sea-
level rise will pose threats to the movement of California’s people and goods, the functioning of the
economy, and the quality of life of Californians. Caltrans will also face the challenge of meeting increased
repair, maintenance, and incident-response costs. Caltrans will encounter impacts from coastal flooding
even at the low ranges of projected sea-level rise.

Coastal natural resources—such as beaches and other coastal habitats—may become trapped between
rising seas and transportation infrastructure and become narrowed and drowned until they disappear,
which could have far-reaching consequences for public access, social equity, cultural and biological
resources, and associated ecosystem services.

The costs associated with damage to transportation infrastructure from sea-level rise and climate
change-driven impacts—and the corresponding investment needed to implement any adaptation
strategy for the transportation system—will be immense and far beyond the capacity of state and local
resources. The 2023 State Highway System Management Plan set rough, preliminary adaptation costs in
2033 to be about $14.7 billion and costs for 2100 were projected to be as much as $56 billion in current
dollar construction costs (Caltrans 20230). Additional right-of-way, maintenance expenses, mitigation
costs, and other related requirements will increase those estimates substantially.

As the transportation system operates within the context of local communities, it is also useful to
consider statewide estimates that $150 billion in property is at risk of flooding from sea-level rise by
2100 (Barnard et al. 2019), $1.8 billion of roadways and railroads are exposed to 3.5 feet of sea-level rise
in the Sacramento—San Joaquin Delta (Delta), and it could cost $450 billion for the San Francisco Bay
Area to be made resilient to 6.6 feet of sea-level rise (Los Angeles Times 2019).

Throughout the planning, programming, and project development process, Caltrans should ensure that
nominated and funded projects are smart investments that achieve system performance objectives over
the expected life of a project. Conversely, Caltrans should avoid those projects with low value or return
on investment, such as creating a stranded asset that may not be accessible in the future. Value analysis
studies for projects should consider sea-level rise when evaluating risks and alternatives; constructability,
cost estimates, and lifecycle cost estimates; user benefits; habitat, ecosystem, and environmental
impacts and considerations; and overall return on investment.

Caltrans Updated Guidance on 32 June 2026
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Projects subject to coastal permit requirements risk significant delays and costs in permitting and
project redesign if the appropriate sea-level rise scenarios and corresponding adaptation strategies are
not considered from the beginning with early planning and continuing through project development. At
the state level, these include permit requirements of the Coastal Commission and local government LCPs,
BCDC, and DSC.

As a State agency, Caltrans is required by Executive Orders issued by the Governor (EOs) (including, but
not limited to, EO B-30-15), State legislation, and State agency regulations to consider sea-level rise and
other climate hazards in its investment decisions. For instance, Caltrans must abide by the California
Coastal Act (1976), which is the primary law governing coastal management, land use and development,
public access and recreation, and protection of coastal resources in the Coastal Zone.

Recognizing sea-level rise as a threat, the Coastal Commission released the 2024 update of its Sea Level
Rise Policy Guidance: Interpretive Guidelines for Addressing Sea Level Rise in Local Coastal Programs and
Coastal Development Permits, and the 2021 Sea Level Rise Coastal Adaptation Planning Guidance for
Critical Infrastructure with recommendations for consideration of sea-level rise in Coastal Development
Permit (CDP) applications, Local Coastal Programs (LCPs), and the resilience of critical infrastructure,
including the transportation system (Coastal Commission 2024a, 2021a). For the San Francisco Bay Area,
the 2025 BCDC Guidance identifies expectations for projects to demonstrate consistency with the plan’s
eight climate change policies (BCDC 2025a). The DSC’s adaptation plan for the Delta, Delta Adapts:
Creating a Climate Resilient Future (DSC 2025b), characterizes sea-level rise exposure and adaptive
capacity for both highways and rail, and discusses considerations for projects to demonstrate consistency
with the 14 regulatory policies in the Delta Plan (DSC 2020).

These permitting requirements, and associated risks to project delivery, drive the need for sea-level rise
to be considered early in project delivery. For projects that are exposed to sea-level rise, considerations
for sea-level rise should be incorporated into the project’s Risk Register in conformance with Project
Delivery Directive PDD-09R1 (Caltrans 2022e) in alignment with Director’s Policy DP-30: Climate Change
(Caltrans 2012a). Preparing an initial sea-level rise determination (see Appendix D, Caltrans Sea-Level
Rise Framework Worksheet, for a basic example) and updating that determination for each phase of the
project, will align the project with the Caltrans’ risk management approach and comply with Project
Delivery Directive (PDD-09-R1): Project Risk Management (Caltrans 2022e).

Caltrans can meet its obligations and avoid or reduce future impacts by accounting for future sea-level
rise in the earliest phases of planning and designing transportation projects. Caltrans’ obligations are
documented in the Strategic Plan (Caltrans 2020e), California Transportation Plan, the Climate Action
Plan for Transportation Infrastructure (CAPTI), adopted by the California State Transportation Agency
(CalSTA) (CalSTA 2021a), and other department-wide plans. This guidance is targeted toward Caltrans
planning and project development.

3.2 Sea-Level Rise in California: OPC Guidance

OPC was established in 2004 through the California Ocean Protection Act to “identify scientific research
and planning that is useful for the protection and conservation of coastal waters and ocean ecosystems,
and coordinate and assist state agencies in addressing those needs” (California Public Resources Code
[PRC] section 35515[f]), among other purposes and responsibilities.
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OPC publishes and updates statewide sea-level rise projections and guidance on a 5-year cycle. In 2024,
OPC adopted the State of California Sea-Level Rise Guidance: 2024 Science and Policy Update (OPC 2024)
which includes sea-level rise projections for 14 tide gage locations along the California coast, including
within the San Francisco Bay and Sacramento—San Joaquin Delta (OPC 2024). The sea-level rise values
associated with each tide gage incorporate vertical land motion (subsidence or uplift), which is the
primary driver of local variation in sea-level rise across California (OPC 2024). The framework outlined in
this guidance is consistent with the content and processes identified in the 2024 OPC Guidance.

3.3 Best Available Science

For transportation projects in tidally influenced areas along the ocean coast, San Francisco Bay, and
Delta, regulatory agencies evaluate consideration of best available science in permitting decisions:

The Coastal Commission considers the best available science in rendering its decision to approve or deny
a Caltrans project (PRC section 3006.5)! along the ocean coast. The 2024 update to Coastal
Commission’s guidance recommends “using [OPC 2024 sea-level rise] scenarios and related
information as best available science on sea level rise in California” (Coastal Commission 2024a).

For the San Francisco Bay, as BCDC evaluates permits for projects that are expected to be in place past
2050, Climate Change Policy 3 states that “an adaptive management plan should be developed to
address the long-term impacts that will arise based on a risk assessment using the best available
science-based projection for sea level rise at the end of the century” (BCDC 2025a). The BCDC
Guidance states that BCDC, “considers the State of California’s Sea Level Rise Guidance... to be a
source of best available science” (BCDC 2025a).

In the Delta, certifications of consistency with Delta Plan policies must document the use of best
available science (Policy G P1[b][3]; DSC 2020). Regulatory Appendix 1A to the Delta Plan defines
“best available science” for use in DSC regulatory processes (23 California Code of Regulations Div. 6
Ch. 2 App. 1A).

However, science is continuously evolving. The World Climate Research Program oversees the Coupled
Model Intercomparison Project (CMIP), which develops new climate change projections every 5 to 7
years. The sixth phase of CMIP was completed in 2022, alongside the IPCC Sixth Assessment Report (AR6).
National and local sea-level rise projections are generally updated following each generation of AR and
CMIP. The 2024 OPC Guidance is based on Sweet et al. (2022), a report published by NOAA containing
updated sea-level rise science and projections for the U.S., based on AR6 and CMIP6.

In recent years, there have been substantial advances in the scientific understanding of sea-level rise and
how it will affect California. Knowledge will continue to evolve in coming years. Given the direct
relationship between best available science and permitting, OPC provides an important role in
coordinating with State agencies on best available science on sea-level rise. Due to lag time between
updates, the “best available science” may differ from the latest OPC guidance.

! california Coastal Act Section 30006.5 finds that “sound and timely scientific recommendations are necessary for many coastal
planning, conservation, and development decisions [...] especially with regard to issues such as coastal erosion and geology,
marine biodiversity, wetland restoration, sea level rise, desalination plants, and the cumulative impact of coastal zone
developments.”
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3.4 Regulatory Setting

The need to account for sea-level rise in Caltrans planning and project development fits within the
existing federal and state regulatory context related to climate change adaptation and the protection and
enhancement of coastal resources. Appendix B, Regulatory Setting Supplemental Information, contains
additional relevant information on federal and state laws, EOs, and Caltrans Director’s Policies and
Directives. Appendix B includes links to and quotations from the laws and policies that inform the
regulatory setting in this section.

3.4.1 Federal Regulations

3.4.1.1 National Oceanic and Atmospheric Administration

NOAA administers the Coastal Zone Management Act (CZMA) and certifies coastal management
programs in the U.S.. CZMA provides federal requirements to protect coastal resources, as well as
consider hazards associated with sea-level rise in coastal management programs. For California, NOAA
approved the California Coastal Management Program in 1978, which in turn is administered by several
state agencies to protect coastal resources including wetlands, beaches, environmentally sensitive
habitat areas, agriculture, public access, water quality, and groundwater. The Coastal Commission
manages development along the ocean coast through the authorities of the California Coastal Act. BCDC
oversees development within the San Francisco Bay and Suisun Marsh through the authorities of the
McAteer-Petris Act (1969) and the Suisun Marsh Preservation Act (1977), which are discussed further in
Section 3.4.2.2, State Law.

The California Coastal Zone is the stretch of land and water along the California coast from the Oregon
border to Mexico that extends generally 1,000 yards inland from the mean high tide edge of water line of
the sea. In some instances where there are major environmentally sensitive or ecologically significant
areas, this boundary may extend farther inland, while in major urban areas the boundary may extend
less than the typical 1,000-yard measurement.

3.4.1.2 Federal Highway Administration

Title 23 of the Code of Federal Regulations (CFR) contains the principal set of rules and regulations
administered by the FHWA regarding highways. In general, while FHWA has long recognized that the
highway system would cross and interact with floodplains, the system was not designed or intended to
serve a flood control function (FHWA 2008). Therefore, FHWA does not have flood control standards for
highway embankments. There are, however, regulations and design standards that relate to the
interaction of highways and bridges with floodplains in terms of encroachments. More broadly, several
sections of CFR Title 23 relate to climate change and resiliency requirements for state departments of
transportation.

With respect to climate change, CFR Title 23 section 515.7(c) requires state departments of
transportation to consider, “risks associated with current and future environmental conditions, such as
extreme weather events, climate change, seismic activity, and risks related to recurring damage and
costs as identified through the evaluation of facilities repeated damaged by emergency events.” In
addition, CFR Title 23 section 667.1 requires state departments of transportation to “conduct statewide
evaluations to determine if there are reasonable alternatives to roads, highways, and bridges that have
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required repair and reconstruction activities on two or more occasions due to emergency events.” CFR
Title 23 section 450.206(a)(9) also requires that statewide transportation planning processes identify
projects, strategies, or services that “improve the resiliency and reliability of the transportation system
and reduce or mitigate stormwater impacts of surface transportation.” In addition, 23 U.S. Code (U.S.C.)
section 503(b)(3)(B)(viii) states that, “The Secretary shall carry out research and development activities
[...] to study the vulnerabilities of the transportation system to ... extreme events and methods to reduce
those vulnerabilities.”

Consistent with 23 CFR section 650.115, which governs the location and hydraulic design of highway
encroachments on floodplains, and FHWA policy guidance that the highway system is not designed or
intended to serve a flood control role (FHWA 2008), design standards for highways encroaching on a
floodplain must be supported by alternatives analyses that consider capital costs and risks, and other
economic, engineering, social and environmental concerns. While FHWA floodplain policies and
regulations (23 CFR Part 650 Subpart A) seek to keep encroachments (embankments) entirely out of
floodplains, this requirement does not imply that an embankment provides a flood control purpose.
FHWA notes that certifying or otherwise designating highway embankments as levees is not an
acceptable practice in that it could pose a significant and unacceptable risk to the public and subject a
department of transportation and FHWA to an untenable position with respect to costs, liability, and
damages while also placing FHWA into a flood control role through its federal-aid highway program
(FHWA 2008). With respect to design standards for encroachments on floodplains, CFR Title 23 section
650.115(a) states that “The design selected for an encroachment shall be supported by analyses of
design alternatives with consideration given to capital costs and risks, and to other economic,
engineering, social and environmental concerns.” With respect to content in design studies, CFR Title 23
section 650.117 requires that project plans show water surface elevations and probabilities of
exceedance with the overtopping flood, as well as the water surface elevation of the base flood if larger
than the overtopping flood.

3.4.1.3 Federal Emergency Management Agency

The National Flood Insurance Act of 1968 (Public Law 90-448) established the National Flood Insurance
Program (NFIP), which is administered by the Federal Emergency Management Agency (FEMA). The NFIP
provides federally backed insurance to property owners in high flood-risk areas. Flood Insurance Rate
Maps (FIRMs) are the official maps on which FEMA documents the extent of the 100-year recurrence (or
1% annual chance exceedance) floodplain and the base flood elevation at various transects or cross
sections along a coastline or a stream channel, respectively, as well as Special Flood Hazard Areas, and
the risk premium zones applicable to a community. In general, FIRMs have not included climate change
and sea-level rise in flood hazard analysis. Instead, they typically rely on historical data to determine
flood hazards, meaning that flood risk is underestimated, or not accounted for in coastal areas that are
projected to experience sea-level rise (Battalio et al. 2016; Wing et al. 2018). However, FEMA provides
guidance on best practices that go above and beyond minimum standards as identified in CFR Title 44
section 60.22(b), encouraging more stringent building standards and more proactive land-use planning
practices to deter development in flood zones. In addition, the Community Rating System is a voluntary
program that encourages NFIP member communities to exceed minimum floodplain management
standards in exchange for flood insurance discounts (FEMA 2025).
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3.4.2 State Law

There are several state agencies with authority over coastal areas in California subject to tidal forces and
sea-level rise impacts, as well as floodplain encroachments and beneficial uses of water in these
locations. By extension, transportation plans or projects in these areas must consider projected impacts
on coastal resources, floodplain encroachments, and water quality, and adaptation strategies that avoid,
minimize, or mitigate coastal impacts according to applicable permitting requirements.

3.4.2.1 California Coastal Commission

The Coastal Commission administers the NOAA-certified California Coastal Management Program, which
manages development along the ocean coast under the authority of the California Coastal Act. The
California Coastal Act protects coastal resources, including wetlands, beaches, environmentally sensitive
habitat areas, agriculture, public access, water quality, and groundwater (PRC Division 20).

The California Coastal Act requires certain projects to address the effects of sea-level rise. Section 30270
of the California Coastal Act dictates that (PRC section 30270 [emphasis added]), “The commission shall
take into account the effects of sea level rise in coastal resources planning and management policies and
activities in order to identify, assess, and, to the extent feasible, avoid and mitigate the adverse effects
of sea level rise.”

Among other California Coastal Act requirements is section 30253 (“Minimization of adverse impacts”),
which requires projects to:

Minimize risks to life and property in areas of high geologic, flood, and fire hazard.

Assure stability and structural integrity, and neither create nor contribute significantly to erosion,
geologic instability, or destruction of the site or surrounding area or in any way require the
construction of protective devices that would substantially alter natural landforms along bluffs and
cliffs.

Minimize energy consumption and vehicle miles traveled.

Where appropriate, protect special communities and neighborhoods that, because of their unique
characteristics, are popular visitor destination points for recreational uses.

The Coastal Commission considers the effects of sea-level rise on the hazards and adverse impacts
itemized above when implementing this statute (Coastal Commission 2024a).

Additionally, section 30235 of the California Coastal Act addresses coastal hazards more generally, and
states, “Revetments, breakwaters, groins, harbor channels, seawalls, cliff retaining walls, and other such
construction that alters natural shoreline processes shall be permitted when required to serve coastal-
dependent uses or to protect existing structures or public beaches in danger from erosion and when
designed to eliminate or mitigate adverse impacts on local shoreline sand supply.”

The California Coastal Act defines coastal-dependent development or use as, “any development or use
which requires a site on, or adjacent to, the sea to be able to function at all” (PRC section 30101). The

Caltrans SER Volume 5, Chapter 1 provides definitions for “development” and “structure” that may be
useful for assessing applicability of the codes quoted above.
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Additional California Coastal Act policies that may apply to Caltrans projects are identified in the Caltrans
Coastal Act Chapter 3 Policy Consistency Summary Table. When projects are not consistent with
California Coastal Act Chapter 3 policies, conflict resolution may be considered under California Coastal
Act sections 30007.5 and 30200(b). Conflict resolution is a process for the Coastal Commission to balance
competing policies when a project causes unavoidable impacts, allowing approval if, on balance, the
outcome is most protective of significant coastal resources provided there are no feasible alternatives
and mitigation is applied. The conflict resolution process is described further in the SER Volume 5,
Chapter 1.

For more information on the California Coastal Act, the CDP process, and technical studies required for
addressing sea-level rise and coastal hazards, refer to Volume 5 of the SER.

3.4.2.2 San Francisco Bay Conservation and Development Commission

BCDC administers the NOAA-certified California Coastal Management Program for development in the
San Francisco Bay and Suisun Marsh through the authority of the McAteer-Petris Act and the Suisun
Marsh Preservation Act, respectively. BCDC prepared the San Francisco Bay Plan in 1968 to control San
Francisco Bay fill and shoreline development through permitting of proposed projects through Bay Plan
policies (BCDC 2025a). For BCDC to approve fill (as defined in section 66632), standards must be met;
public benefits exceed detriments, there is no upland alternative, it is the minimum fill necessary, and
the fill meets safety hazard standards.

Bay Plan Climate Change Policy 2 (“Risk Assessment”) requires that, when designing larger shoreline
projects, a risk assessment be conducted (Bay Plan Amendment 1-08, p. 17 [emphasis added]):

When planning shoreline areas or designing larger shoreline projects, a risk assessment
should be prepared by a qualified engineer and should be based on the estimated 100-
year flood elevation that takes into account the best estimates of future sea level rise
and current flood protection and planned flood protection.... A range of sea level rise
projections for mid-century and end of century based on the best scientific data
available should be used in the risk assessment. Inundation maps used for the risk
assessment should be prepared under the direction of a qualified engineer. The risk
assessment should identify all types of potential flooding, degrees of uncertainty,
consequences of defense failure, and risks to existing habitat from proposed flood
protection devices.

Bay Plan Climate Change Policy 3 (“Resilient to Mid-Century and Adaptable to End of Century”) requires
that (Bay Plan Amendment 1-08, p. 17 [emphasis added]),

[Projects] should be designed to be resilient to a mid-century sea level rise projection.
If it is likely the project will remain in place longer than mid-century, an adaptive
management plan should be developed to address the long-term impacts that will arise
based on a risk assessment using the best available science-based projection for sea
level rise at the end of the century.

With respect to sea-level rise adaptation, Bay Plan Climate Change Policy 5 requires, “Wherever feasible
and appropriate, effective, innovative sea level rise adaptation approaches should be encouraged,”
which can include consideration of nature-based options where appropriate. The Bay Plan includes
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additional policies for shoreline protection; water quality; dredging; transportation; and appearance,
design and scenic views, that may affect design choices. Projects must include provisions for maximum
feasible public access in order for BCDC to approve the permit.

3.4.2.3 Delta Stewardship Council

While not part of the NOAA-certified California Coastal Management Program, the Legal Delta is
protected and managed by DSC under the authority of the Delta Reform Act (2009). The DSC holds
appellate authority over the Legal Delta for “covered actions” wherein most transportation projects aside
from routine maintenance must submit certifications that demonstrate consistency with the Delta Plan’s
14 regulatory policies (DSC 2025a). These policies support achieving the coequal goals of providing a
more reliable water supply for California and protecting, restoring, and enhancing the Delta ecosystem
(California Water Code section 85054). Certifications must document the use of best available science
(Policy G P1(b)(3)) and demonstrate consistency with policies supporting restoration of the ecosystem
and a more reliable water supply. Transportation projects should consider the DSC’s Delta Adapts plan
and technical reports, which characterize exposure and adaptive capacity for both highways and rail as
the Delta Plan addresses “the effects of climate change and sea level rise on the three state highways
that cross the (Sacramento—San Joaquin) Delta” (DSC 2025b).

3.4.2.4 State Water Resources Control Board

In California, the State Water Resource Control Board (State Water Board) and the State’s Regional
Water Quality Control Boards were created by the Porter-Cologne Water Quality Control Act (1969) to
protect beneficial uses of water in California and implement both the Clean Water Act section 401 and
National Pollutant Discharge Elimination System programs. The Porter-Cologne Water Quality Control Act
authorizes the Regional Water Quality Control Boards to permit dredge and fill activities and pollutant
discharges to all waters of the State (not just waters of the U.S.) through Waste Discharge Requirements.
As part of Water Quality Control Plans, the California Ocean Plan contains ocean standards that protect
beneficial uses of California’s marine waters through water quality objectives (State Water Board 2019).
For sea-level rise, as part of the Bay Area Basin Plan Amendment adopted in July 2022, Signed Resolution
R2-2022-0027 contains a set of questions to support climate change and adaptation considerations that
minimize adverse impacts on the aquatic ecosystem in permitting for fill or dredge activities (State Water
Board 2022).

3.4.2.5 Central Valley Flood Protection Board

The Central Valley Flood Protection Act of 2008 (California Water Code Division 5 sections 8520-9142)
created the Central Valley Flood Protection Board (CVFPB) and directed it to adopt a plan prepared by
the California Department of Water Resources (DWR) focused on improving flood risk management in
the Central Valley. Adopted first in 2012 and updated every 5 years, the Central Valley Flood Protection
Plan (CVFPP) provides a long-term plan for the Central Valley, including the Delta (CVFPB 2022a). The
2022 Update to the CVFPP assessed the effects of sea-level rise on flood risk, considering a planning
horizon of 2072, and found that increases in peak water surface elevations from sea-level rise are
expected “in tidally influenced areas of the lower San Joaquin and Sacramento River watersheds” (CVFPB
2022b). The CVFPB holds permitting authorities over flood encroachments proposed within the CVFPB’s
jurisdictional areas (regulated streams or designated floodways) including bridges, culverts, or any type
of construction, fill, or embankment work (CVFPB 2022c).

Caltrans Updated Guidance on 39 June 2026
Incorporating Sea-level Rise—Draft



California Department of Transportation General Background

3.4.2.6 California State Lands Commission

Established in 1938, the California State Lands Commission (Lands Commission) owns and manages 4
million acres of tidelands and submerged lands and the beds of natural navigable rivers, streams, lakes,
bays, estuaries, inlets, and straits, or sovereign lands and resources that it holds in trust subject to the
common law Public Trust Doctrine (Lands Commission 2024). With respect to sea-level rise, the Lands
Commission facilitates sea-level rise preparedness, with an emphasis on protecting California’s public
trust lands and the public’s right to access and enjoy these lands (Lands Commission 2023). The Lands
Commission, in its capacity as a landowner, protects and enhances these lands and natural resources by
issuing leases for use, development, and environmental preservation; championing public access; and
resolving boundaries between public and private lands. On the coast, sovereign tidelands and submerged
lands are those properties waterward of the ordinary high water mark, which is generally measured by
the mean high tide line; the Lands Commission has discretion in these areas to approve or deny lease
applications, including to require lease conditions and compensation for the use of state land. The Lands
Commission is authorized to allow shoreline protective structures, as long as they do not unreasonably
interfere with public trust purposes and uses, and to collect compensation or rent for those structures
(Lands Commission 2023).

3.4.2.7 Executive Orders

EO S-13-08 was issued by Governor Schwarzenegger in 2008 and directed that all State agencies planning
construction projects in areas vulnerable to future sea-level rise must, for the purposes of planning,
consider a range of sea-level rise scenarios for the years 2050 and 2100 to assess project vulnerability
and reduce expected risks and increase resilience to sea-level rise. Subsequently, EO B-30-15 (2015)
required the consideration of climate change in all state investment decisions using a full lifecycle cost, as
well as prioritization and acceleration of nature-based solutions. EO N-82-20 (2020) establishes a goal of
conserving 30% of California’s lands and coastal waters by 2030, known as 30x30.

3.4.2.8 Other State Laws

Complementary statutes include Assembly Bill (AB) 2800, Climate Change: Infrastructure Planning (2016,
2020), which requires State agencies to consider potential climate impacts during planning, design,
building, operations, maintenance, and investments. AB 1482, Climate Adaptation (2015) requires all
State agencies and departments to prepare for climate change impacts by considering climate change in
State investments, and to promote reliable transportation strategies. Senate Bill (SB) 1, Transportation
Funding (2017) further directed that transportation funding be used where feasible to preserve and
protect environmental resources and reduce environmental impacts using project features that promote
adaptation to withstand the negative impacts of climate change. SB 198, Committee on Budget and Fiscal
Review. Transportation (2022) establishes the State Transportation Infrastructure Climate Adaptation
Program administered by Caltrans for purposes of planning, developing, and implementing projects
adapting State transportation infrastructure to climate change, and defines components that must be
considered in developing projects for funding by legislature and the Promoting Resilient Operations for
Transformative, Efficient, and Cost-saving Transportation Program (PROTECT). In addition, SB 272 (2023)
requires local governments or LCPs subject to approval by BCDC or the Coastal Commission to develop
sea-level rise plans. Relevant for Caltrans, SB 272 requires consideration of economic impacts on critical
public infrastructure, defined as including but not limited to, “transit, roads, airports, ports, water
storage, and conveyance, wastewater treatment facilities, landfills, powerplants, and railroads.”
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More recently, in 2022 The State Transportation Infrastructure Climate Adaptation Program (California
Government Code section 14563) authorizes Caltrans to administer planning, development, and
implementation of projects adapting state transportation infrastructure to climate change. The State
Transportation Infrastructure Climate Adaptation Program oversees state system PROTECT funds
through the State Highway Operations and Protection Program (SHOPP) and appropriation of funds
allocated to the program via the legislature. This program adds requirements around consideration of
climate risk and alignment with State of California adaptation planning guidance.

3.5 State Goals and Guidance

State goals and guidance on sea-level rise are captured in the OPC Guidance, which identifies priorities
for adaptation planning and strategies to (1) prioritize social equity, environmental justice, and the needs
of vulnerable communities; and (2) prioritize protection of coastal habitats and public access. OPC was
created by state law to protect ocean health and views its actions through the lens of climate change.
OPC leads scientific updates regarding sea-level rise projections and statewide guidance.

The State of California continues to set goals for climate adaptation in the California Natural Resources
Agency’s California Climate Adaptation Strategy (California Natural Resources Agency 2022), which
identifies the following priorities: strengthen protections for climate vulnerable communities, bolster
public health and safety, build a climate resilient economy, accelerate nature-based climate solutions
and natural system resilience, make decisions based on best available science, and partner to leverage
resources. These goals complement the 2021 CAPTI, which establishes a holistic framework for aligning
state transportation infrastructure investments with state climate, health, and social equity goals.
Relevant CAPTI guiding principles for adaptation include assessing physical climate risk, maximizing social
and racial equity, and protecting natural and working lands (CalSTA 2021a). These overarching goals are
matched by companion state policy documents, science, and guidance materials released by LCI
(formerly the Office of Planning and Research (OPR)), Coastal Commission, BCDC, DSC, the joint Caltrans
and Coastal Commission Integrated Planning Team, California Climate Safe Infrastructure Working
Group; refer to Sea Level Rise Policy Guidance (Coastal Commission 2024a), Critical Infrastructure at Risk:
Planning Guidance for California’s Coastal Zone (Coastal Commission 2021a), BCDC Guidance (BCDC
2025a), and Planning and Investing for a Resilient California: A Guidebook for State Agencies (OPR 2018).

3.6 Caltrans Goals, Policies, and Guidance

In Caltrans’ Strategic Plan (Caltrans 2020e), climate action is one of six goals that acknowledges climate
change, including sea-level rise, is exacerbating natural disasters with impacts on the transportation
system. Increasing resilience is a core action that is complemented by the strategy to engage with
vulnerable communities in developing and implementing adaptation approaches (Caltrans 2020e).

Caltrans has several policies (strategic direction) and directives (courses of action) for leading climate
action. Director’s Policy DP-30: Climate Change (Caltrans 2012a) outlines roles and responsibilities for
coordinated efforts to incorporate climate change mitigation and adaptation into departmental decisions
and activities. Adaptation includes development of methods to protect people, places, and resources
from impacts of climate change including consideration of sea-level rise and planning and implementing
appropriate design changes to bridges and other transportation infrastructure.
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For project delivery, the Director’s Directive 92 Value Analysis (2012) seeks to continually improve the
quality and return on the state’s investment in infrastructure. These policies combined with proactive
risk management as directed by Project Delivery Directive 09 Project Risk Management (2020) make it
clear that a robust consideration of sea-level rise risk throughout the lifecycle of a project and the
corresponding expectation of the return on investment optimizes the chances of project success through
accountability and value analysis.

Caltrans’ HDM establishes uniform policies and procedures to carry out the State Highway design
functions of Caltrans. With respect to sea-level rise, Chapters 800 through 890 in the HDM cover sea-
level rise and related topics, in terms of risk, design life, appropriate alternatives, costs, coastal
engineering, shore protection, design standards on floodplain encroachments, and drainage. In addition,
Caltrans’ Design Manual for Hybrid Coastal Protection Strategies (Caltrans 2022h) supplements the HDM
with highway design guidance specific to sea-level rise adaptation.

For corridor planning, the Corridor Planning Process Guide (Caltrans 2022i) provides direction on
consideration of climate change, including sea-level rise, in adaptation and resiliency expectations
throughout the eight-step corridor plan development process. In addition, the Climate Change Emphasis
Area Guidance for Corridor Planning (Caltrans 2022a) provides specific guidance on sea-level rise in that
“new coastal transportation infrastructure should avoid areas where sea level rise will affect the
infrastructure over its expected life.” For existing transportation infrastructure, “planning for relocation
of the infrastructure to safe areas or elevation to avoid the need for hard shoreline protection that harms
coastal resources should be prioritized,” understanding that a phased or adaptation pathways approach
will likely be necessary to achieve long-term resilience.

3.7 Adaptation Strategies Background

Adaptation strategies that are most appropriate for a particular asset or segment in a transportation
corridor depend on the specific circumstances for each location. Each type of adaptation strategy—
including protection, accommodation, retreat, or a hybrid of these—are associated with benefits and
impacts that should be considered in decision-making around when each one should be used. These
broad categories serve as a typology for the wide range of potential adaptation strategies that could be
considered for a corridor plan or project. There are pros and cons to each of these strategies and
tradeoffs between costs, effectiveness, environmental impacts, local opposition or support, and other
social and economic impacts and consequences (Caltrans 2023a). Additional information on these
strategies is provided in Table 3-1. For more information on adaptation strategies, visit the Story Map
“Resilient Coastal Roads”, available at
https://storymaps.arcgis.com/stories/d85e1b18c82a4e40b7722ef195bf79cd. NOAA developed the Story
Map, in partnership with Caltrans and the Coastal Commission, to share insights on protecting
transportation infrastructure and coastal resources.
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Table 3-1. Adaptation Strategies

General Background

Adaptation Strategy

Project Examples

Adaptation Strategy Details

Protective: These are armoring
strategies in which a physical
barrier is constructed to keep
water (either from flooding or
erosion) away from a structure.
Certain protective strategies are
subject to regulatory limits under
Pub Res Code sec. 30253(b) and
30235. Coastal Commission often
requires additional analyses to
satisfy permit requirements
associated with these sections of
the California Coastal Act. See
Section 4.4.1.4, Develop and
Evaluate Project Adaptation
Strategies, for more information.

Seawalls, Bulkheads, Secant
Walls, Retaining Walls, Levees

Revetments, Rock Slope
Protection

Nature-Based Strategies:
Artificial/Constructed Reef,
Cobble Berm, Ecotone Levee,
Eelgrass Bed, Marsh Sill, Native
Vegetation Stabilization, Oyster
Bed, Regional Sediment
Management, Sand Berm, Sand
Dunes, Sand Nourishment,
Tidal Bench, Wetland
Restoration

A site-specific solution built to protect an asset and generally resist flooding and wave

erosion.

o Seawalls are capable of withstanding higher levels of erosive forces than
bulkheads. Consequently, seawalls are typically implemented on a large scale, and
incorporation into a given site requires more consideration from the Division of
Design and Division of Environmental Analysis.

o Refer to Caltrans HDM (Chapter 880 — Shore Protection) for initial guidance on
specific adaptation strategies such as armor protection (Caltrans 2020d).

The most common engineered strategies used to protect a specific facility from
erosion caused by persistent wave and tidal flows. Design parameters for these types
of facilities are well established (e.g., scour depth, wave energy). Large boulders,
stones, or riprap break up and absorb wave energy to protect slopes, which may
support facilities or areas where the State Highway System acts as a dike.

Can be referred to as “green” or “nature-based” strategies and considers features
that rely on natural processes to provide protection, such as constructed or restored
dunes, beach nourishment, and vegetated berms to stabilize shorelines through
dissipating wave energy, reducing flood depth, and minimizing storm surge risk.

e Refer to Caltrans Design Manual for Hybrid Coastal Protection Strategies (Caltrans
2022h).

e Federal Highway Administration (FHWA) Nature-Based Strategies for Coastal
Highway Resilience Implementation Guide (FHWA 2019) includes details about
specific nature-based strategies that can be used on coastal highways, including
potential costs and level of effort required for implementation and management.

e U.S. Army Corps of Engineers (USACE) International Guidelines on Natural and
Nature-Based Features for Flood Risk Management (USACE 2021); in particular
Chapter 10, Coastal Wetlands and Tidal Flats, has useful general context on natural
and nature-based feature approaches, as well as conceptual design considerations.
Chapter 14, Enhancing Structural Measures for Environmental, Social, and
Engineering Benefits, includes how to incorporate improvements to existing
infrastructure types like seawalls and revetment. Other chapters of interest include
Chapter 9, Beaches and Dunes, and Chapter 6, Benefits and Costs of Natural and
Nature-Based Features.
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General Background

Adaptation Strategy

Project Examples

Adaptation Strategy Details

Accommodation: The asset itself
is designed to accommodate
impacts from coastal hazards and
enable current and future
oceanic hydraulic processes to
occur in conjunction with the
geological and environmental
setting of the project within the
littoral cell.

Retreat: Assets are moved out of
harm’s way. This includes
removing or relocating existing
structures that are in danger
from hazards, as well as siting
new development to avoid
hazardous areas over anticipated
lifetime without requiring
additional adaptation measures.

Hybrid Approaches:

Viaducts, Causeways, Bridge
Abutment Adjustments,
Culvert Conversions to Bridges,
Larger Culverts

Highway Realighment/
Relocation

A combination of strategies,
Phased Adaptation

The asset itself is designed to accommodate impacts from sea-level rise over the
entire project or asset design life and enables current and future oceanic hydraulic
(still water levels, wave runup, storms, scour, cliff retreat or erosion, groundwater)
processes to occur unimpeded in conjunction with the companion geological and
environmental setting of the project location within the littoral cell. These projects
provide long-term hydraulic and erosion full-span solutions that not only provide
benefits to environmental resources like wetlands, environmentally sensitive habitat
areas, and fish and wildlife connectivity, but also avoid ongoing maintenance costs
related to undermined or flooded roadway foundation, undersized culverts and
bridges, erosive scour risk, and debris and sediment buildup. These solutions include
bridges and culverts that completely or partially span the bankfull channel width and
do not impede flow or natural stream processes.

Transportation assets are moved completely out of projected sea-level rise flooding
or cliff retreat locations over the entire project or asset design life. This includes
realignment or relocation of existing roadway segments or transportation facilities
currently experiencing or projected to be exposed to sea-level rise hazards and will
not require additional maintenance or adaptation measures. These long-term, full-
span realignment solutions avoid ongoing maintenance costs due to reduced tidal
and erosive scour risk and improved openness, which reduces debris and sediment
buildup over time and allows natural tidal/fluvial hydraulic mixing and sediment
transport.

Strategies from each category used together on a single site to address different
levels of risk, or different strategies are implemented in phases to address changing
conditions.
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3.7.1 What are Nature-Based Strategies?

Natural or nature-based strategies include approaches that work with and enhance nature to build
climate resilience and/or contribute to carbon neutrality. Nature-based strategies include those that
restore and enable natural features and ecological processes that provide resilience, such as dune or
tidal or fluvial wetland restoration, as well as hybrid approaches like artificial reefs, cobble berms, or
ecotone levees, but are created by human design and engineering.

Although not feasible in all locations or for all projects, nature-based strategies are a priority emphasized
by the California Climate Adaptation Strategy (California Natural Resources Agency 2022) so California’s
communities and natural systems continue to thrive together in the face of climate change. Without
accommodation or retreat adaptation strategies, California could lose all tidal marsh and two-thirds of its
beaches by the end of the century (Thorne et al. 2018; Vitousek et al. 2023). According to Heady et al.
(2018), transportation infrastructure limits adaptive capacity of coastal habitats by obstructing the ability
of coastal habitats to transgress inland. Bridges, culverts, or the road itself could impede the natural flow
of fresh, estuarine, or marine waters and their important associated physical and ecological functions. As
a result, it is a unique opportunity when retreat or accommodation strategies provide resilience for both
infrastructure and ecosystems. Consideration of ecological function also aligns with several statutes and
EOs. For example, Caltrans is required to remediate barriers to salmon and steelhead habitat on the
State Highway System (SB 857 2005), and through the Safe Roads and Wildlife Protection Act of 2022 (AB
2344 2022), Caltrans is obligated to consider broader wildlife connectivity needs for any project on the
State Highway System. EO B-30-15 and EO N-82-20 obligate state agencies to prioritize and accelerate
natural infrastructure solutions and establish a state goal to conserve 30% of California’s lands and
coastal waters by 2030. The 30x30 goal is intended to accelerate conservation of lands and coastal
waters through voluntary, collaborative action to meet three objectives: conserve and restore
biodiversity, expand access to nature, and mitigate and build resilience to climate change.

Natural or nature-based strategies should be prioritized wherever feasible, particularly in areas that
could be flooded or eroded from tidal or fluvial processes in coastal areas. FHWA has provided a guide on
nature-based solutions, Nature-Based Solutions for Coastal Highway Resilience: An Implementation Guide
(FHWA 2019), and the Coastal Commission and BCDC have released materials on nature-based
strategies; in 2021 the Coastal Commission released a memorandum focused on nature-based
adaptation strategies, Coastal Commission Memorandum: Nature-Based Adaptation Strategies (Coastal
Commission 2021c), which provides information to local government planners and state agency partners
on important regulatory and policy aspects of evaluating nature-based strategy projects for CDP
approvals. The memorandum covers relevant terminology, key considerations, and challenges to
implementing nature-based adaptation strategies, as well as specific California Coastal Act policies to
consider when developing and reviewing nature-based adaptation strategy projects. In March 2026, the
Coastal Commission voted to approve Nature-Based Adaptation Strategies Guidance, which provides
information and recommendations for designing projects that are consistent with the California Coastal
Act (Coastal Commission 2026). In 2020, BCDC amended the San Francisco Bay Plan so habitat
restoration projects are reviewed using the same measure as any other project that proposes San
Francisco Bay fill in acknowledgment that allowing more fill in the bay for habitat projects could result in
some adverse impacts, and additional habitat monitoring and plans that provide additional actions where
impacts may be significant should be developed and carried out (BCDC 2020).
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3.7.2 Which Adaptation Strategies are Appropriate?

Because the transportation system generally provides critical infrastructure services for Californians in
terms of national or regional economic security, national or regional energy security, and national or
regional public health or safety, accommodation or retreat strategies should be prioritized that relocate
or elevate transportation infrastructure to safe areas to avoid the need for hard shoreline protection
that harms coastal resources and could have expensive ongoing maintenance costs (Caltrans 2023a).
More specifically, adaptation strategies for new transportation infrastructure should seek to avoid areas
where sea-level rise could affect the infrastructure over the entire expected Project Planning Horizon. For
transportation infrastructure that is already established, a combination of adaptation strategies may be
necessary that clearly relate how short-, medium-, and long-term choices—or a “phased” or “adaptation
pathways” approach—will collectively deliver long-term resiliency over time. For example, short-term
protection through armoring may be used to maintain transportation services while a longer-term
solution is planned or constructed that realigns the roadway.

Hard shoreline protective strategies such as seawalls, rock revetments, bluff retaining devices, and levees
interrupt the natural movement of sediment and can exacerbate erosion and contribute to the loss of
coastal resources like beaches or wetlands and, in turn, the loss of public access to these areas. Refer to
Section 4.4.1.4, Develop and Evaluate Project Adaptation Strategies, the SER Volume 5, and the Caltrans
General Coastal Resource Policy Checklist for more information and resources about typical restrictions,
concerns, and required studies associated with hard shoreline protective strategies that are addressed
during coastal development review.

In terms of State policy and goals on adaptation strategies and priorities, EO B-30-15 and EO N-82-20
obligate state agencies to prioritize and accelerate use of natural infrastructure strategies. For sea-level
rise, the OPC Guidance identifies priorities for adaptation planning and strategies to (1) prioritize social
equity, environmental justice, and the needs of vulnerable communities; and (2) prioritize protection of
coastal habitats and public access. The CAPTI identifies investment principles for transportation
infrastructure to protect natural and working lands (CAP10) and maximize social and racial equity (CAP5).
Complementing these principles, the California Climate Adaptation Strategy (California Natural
Resources Agency 2022) identifies priorities to strengthen protections for climate vulnerable
communities, bolster public health and safety, build a climate resilient economy, accelerate nature-based
climate strategies and natural system resilience, make decisions on the basis of the best available
science, and partner to leverage resources.

In addition, Caltrans should consider several other important concepts in developing adaptation
strategies as reflected throughout this guidance (FHWA 2020; Caltrans 2022h). These concepts and
considerations are introduced briefly below.

3.7.3 How Should Costs and Benefits Be Considered in
Adaptation Choices?

In general, the costs associated with damage to transportation infrastructure from sea-level rise—and
with any adaptation strategy for the transportation system—will be significant. However, planning ahead
and avoiding hazards may reduce long-term costs, as evidence suggests that the cumulative costs of
keeping infrastructure in place could eventually outweigh the costs of relocation (Cutler et al. 2020;
Turner et al. 2011; King et al. 2011; Moser et al. 2018). A 2019 study estimated that reinforcing and
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building new protective structures to protect California shorelines vulnerable to inundation by 2040 will
cost approximately $22 billion in capital costs, with $2.1 billion per year in maintenance costs (adjusted
to 2020 dollars) (LeRoy and Wiles 2019). In other words, it is more cost-effective to anticipate and avoid
climate impacts than to wait for disasters to occur and clean up or rebuild afterward. For example, the
Natural Hazard Mitigation Saves: 2019 Report (National Institute of Building Sciences 2019) found that
society saves up to $13 for every dollar invested in reducing flood, hurricane, wind, earthquake, and
wildfire risk (i.e., for every dollar invested in hazard mitigation). For transportation projects, cost savings
associated with hazard mitigation projects can range from $1.30 to $31 for every dollar invested
(National Institute of Building Sciences 2019).

There is uncertainty in calculating the full costs and benefits of different sea-level rise adaptation
approaches, and in particular many of the benefits of sea-level rise adaptation projects to coastal
resources are difficult to quantify. For example, the value of preserving a beach area includes both
market values (e.g., benefits to the local tourism industry and property tax revenues) and non-market
values (e.g., providing habitat for wildlife). The costs of the “do nothing” approach can be difficult to
measure but should include consideration of emergency repairs at a minimum. Although project
construction costs can be estimated, any work done in a current or future hazard area will be subject to
uncertain future hazards, making it difficult to predict future maintenance and repair or replacement
costs. Regardless of these uncertainties, attempts should be made to fully analyze costs and benefits,
including the costs anticipated from maintaining the status quo over time, especially in project
alternatives analysis.

3.7.4 What is Adaptive Management?

Adaptive management involves building flexibility into design and operations that can be adjusted as
new conditions apply or information is gathered. This approach is particularly important to manage for
uncertainty in sea-level rise projections.

In practice, adaptive management could include incremental strategies or phased adaptation pathways
for near-term sea levels as part of a long-term strategy. For example, an adaptive management plan for
resilience to the High Scenario postpones designing, building, and operating a project to this scenario
until there is greater certainty of it occurring. Adaptive management plans may be an expectation of
permitting agencies for certain projects. If an adaptive management plan is prepared as a condition of
permitting, the ECR and/or permit conditions define the trigger points at which Caltrans is required to
revisit the need for further adaptation. If an adaptive management plan includes a trigger point related
to sea level or the rate of sea-level rise, it should also include a plan to monitor for those conditions.
Note that adaptive management plans could define other types of trigger points.

3.7.5 What are Adaptation Pathways?

One method of adaptive management is adaptation pathways. Adaptation pathways involve laying out
multiple options—or pathways—for future consideration, while making decisions in the present day that
keep as many options open as possible.

The pathways approach will help PDTs and district planners propose a set of potential adaptation actions
that may be needed to be included in a future plan. The plan would cover when to implement adaptation
actions by monitoring changing conditions. This planning is particularly important because coastal permit
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conditions for long-term strategies may involve major infrastructure changes such as elevation or
realignment. Adaptation pathways should be considered during corridor or system planning.

During the Project Approval and Environmental Document (PA&ED) phase, it is valuable to consider how
the assets may be modified for additional protection while developing the initial project (e.g., adaptive
design). Doing so can make modifications easier and more cost-effective by ensuring that actions taken
today do not preclude future adaptation actions. Adaptation pathways could specify the points at which
the modifications would be implemented, if at all.

More detailed information on adaptive management is available in Chapter 7 of the Coastal
Commission’s Sea Level Rise Policy Guidance or the Climate Safe Infrastructure Working Group’s Paying
It Forward: The Path Toward Climate Safe Infrastructure in California in the adaptive design section
(Coastal Commission 2024a; Climate Safe Infrastructure Working Group 2018), as well as BCDC's
Adaptation Roadmap: A Practitioner’s Guide (BCDC 2022).

3.7.6 What is the Role of the State Highway System and
Flood Control?

As described in Section 3.4.1, Federal Regulations, FHWA has clearly stated the highway system was not
designed or intended to serve a flood control role, a mission that is addressed by other entities at the
federal level, including FEMA and the U.S. Army Corps of Engineers (FHWA 2008). For nearly all
transportation projects, FHWA does not have the authority to engage in flood control activities.
Additionally, FHWA discourages any type of retrofit effort because departments of transportation and
the FHWA cannot assume such a role for statutory, financial, liability, and engineering reasons.

For Caltrans, several policies related to flooding, including Drainage Design Policies in Topic 803 and
Floodplain Encroachments in Topic 804 of the HDM (Caltrans 2020d). Basic Policy 803.1 notes that “in
drainage design, the basic consideration is to protect the department’s facilities against damage from
storm and subsurface waters, taking into account the effect of the proposed improvement on travelers
and property. Unless the State would benefit thereby, or the cost is borne by others, no improvement in
the drainage of areas outside the right-of-way is to be considered on Caltrans projects.” With respect to
Cooperative Agreements, “Caltrans may enter into agreements containing provisions that the cost of
betterments to existing highways, including drainage features, will be paid for by the Department” with
federal, state, or local agencies. For floodplain encroachments, it is necessary to evaluate whether the
highway does or will encroach on the base floodplain. FEMA FIRM maps must be considered, as well as
whether a map revision is required when construction increases the base flood elevation more than 1
foot (Caltrans 2020d). As discussed in Section 3.4.1, Federal Regulations, FIRMs generally do not consider
climate change or sea-level rise, and additional analysis is necessary to consider climate change and sea-
level rise in tidal areas for Caltrans project development. Technical guidance is provided in Relating
Future Coastal Conditions to Existing FEMA Flood Hazard Maps: Technical Methods Manual (Battalio et
al. 2016). A general overview is provided in Addressing Sea Level Rise and Floodplain Management in
California with the National Flood Insurance Program (Ocean Science Trust 2016).
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Chapter 4
Sea-Level Rise Framework in Caltrans Planning Process
and Projects

This chapter provides Caltrans’ staff in various functions with an overview of how to integrate the sea-
level rise framework considerations into plans and projects. More detailed guidance is often available in
existing documents or technical materials for various planning and project phases; when that is the case,
links are provided, and additional considerations are identified as appropriate. Each section in this
chapter summarizes what should be considered; staff should use guidance for each phase for more
detailed direction.

4.1 Transportation Planning: Corridor or System
Planning

It is critical to understand potential sea-level rise exposure and other coastal hazard risks early in the
transportation planning process because of the long-term nature of corridor planning, the need to
identify short-, mid-, and long-range risks of sea-level rise, and to assess the potential need for broad
corridor sea-level rise adaptation strategies. Considering sea-level rise with a comprehensive whole
corridor or system approach during early planning provides insights that help inform programming and
project scoping and ensure optimal use of resources for both the overall State Highway System and
individual future projects. Information gathered and developed in transportation planning supports
subsequent project development phases, including project nomination and initiation.

This section summarizes how to incorporate the sea-level rise framework considerations within the
following Caltrans plans building upon the Caltrans Climate Change Emphasis Area Guidance for Corridor
Planning (Caltrans 2022a)%:

District Plans: District System Management Plans, Corridor Plans (e.g., Comprehensive Multimodal
Corridor Plan), District Modal Plans (e.g., Caltrans Active Transportation Plans), Feasibility Studies

Statewide Plans: The California Transportation Plan, Modal Plans (e.g., Interregional Transportation
Strategic Plan, California Freight Mobility Plan, California State Rail Plan, California Aviation Plan,
Statewide Transit Strategic Plan, California Bicycle & Pedestrian Plan)

Local Development Intergovernmental Review: Local Coastal Program (LCPs), Regional Transportation
Plans, Port Master Plans, Local Plans, Modal Plans, etc. The steps in this section can serve as a
general guide when reviewing local or regional plans not prepared by Caltrans to understand the
regional context.

In the Climate Change Emphasis Area Guidance for Corridor Planning (Caltrans 2022a), an eight-step
process is outlined for all corridor plans, and consideration of sea-level rise in corridor or system plans
should align with those steps. These core concepts and principles apply to other statewide, District, or

2 https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/cc-ea-guide-for-corridor-planning-
march2022-ally.pdf
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regional plans that seek to characterize needs and investments for California’s multimodal transportation
system which should also recognize sea-level rise risks and adaptation needs. For example,
understanding sea-level rise impacts, identifying potential adaptation strategies, and coordinating with
interested parties are all basic, important steps that can be applied to any transportation planning effort.
In general, given the long-term nature of sea-level rise, sea-level rise risk should be evaluated through at
least the year 2100 and beyond as many of the transportation assets under consideration in a corridor
will collectively represent asset lifetimes well beyond 2100. It is also important to consider local or
regionally developed vulnerability assessments and adaptation plans for the adjacent land uses served by
the transportation system. Doing so will ensure that the appropriate stakeholders are consulted and that
a full range of adaptation strategies are considered—for additional information see Section 3.7,
Adaptation Strategies Background, as well as Adaptation Strategies for Transportation Infrastructure
(Caltrans 2023a)3. Ultimately, the information developed by corridor plans and other transportation
plans should inform investment decisions. For additional context on sea-level rise risk and adaptation
considerations, see Section 5.1, Sea-Level Rise Risk Assessment, and Section 5.2, Sea-Level Rise
Adaptation Strategies.

Identifying project needs for the transportation system without considering vulnerability and resilience
to potential sea-level rise poses challenges for later stages in project delivery, which can include
increased overall project costs and potentially lengthy project delays and permitting issues.

The following specific steps relevant for transportation planning are organized by the sea-level rise
framework as follows and in Figure 4-1:

1. Determine the potential exposure to sea-level rise and evaluate the potential consequences of
exposure. The most appropriate sea-level rise values should be determined on a plan-specific basis,
based on the Planning Horizon and the risk tolerance of assets included in the plan (see Section
5.1.3, Selection of a Project Planning Horizon, for a discussion on identifying the Planning Horizon
and Section 5.1.4, Selection of Sea-Level Rise Scenarios, for a discussion on selecting sea-level rise
scenarios). Note that the sea-level rise values that are selected for this planning-level exposure
analysis do not constitute design elevations. Rather, the sea-level rise values are a measurement of
the change in sea level relative to the year 2000 based on extensive scientific study and modeling.
Considering exposure to, and the consequences associated with, the “High” scenario is a
recommended practice in the State of California Sea-Level Rise Guidance for all critical infrastructure
projects (OPC 2024)—regardless of the roadbed or bridge elevation that is ultimately selected for
design. It is important to note that regulatory agencies generally recommend values from the “High”
scenario to be considered when critical infrastructure is part of a project.

2. Identify and coordinate with appropriate internal and external stakeholders.

3. Assess how sea-level rise could affect the transportation system in the planning area using a “whole
corridor” approach to long-term planning.

4. ldentify corridors or assets that are at risk and the timeframes over which those risks begin to occur.

5. Identify potential sea-level rise adaptation strategies or adaptation pathways (short-, medium-, and
long-term strategies) that should be considered within the overall context of the corridor. Consider a

3 https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/adaptation-strategies-transportation-
infrastructure-ally.pdf
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phased approach to provide for resiliency throughout the corridor, while spreading costs over time,
as different assets become vulnerable to sea-level rise.

6. Document the sea-level rise findings for consideration in future project planning and development
phases.

Additional, optional guidance and resources are provided in Chapter 5 and Appendix D.
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4.2 Project Nomination Phase

The Transportation Planning and Scoping Information Sheet (TPSIS) (Caltrans 2023b) compiles and
documents relevant information from current plans, datasets, and interested party discussions to make
recommendations to project nomination teams and district asset managers during the preproject
initiation scoping phase of multi-objective transportation projects. The TPSIS documents transportation
needs and opportunities identified through the planning process and helps to ensure that proposed
projects are consistent with planning concepts, statewide goals, and planning decisions.

This section provides recommendations to inform the development of the TPSIS.

4.2.1 Transportation Planning and Scoping Information Sheet

This early project nomination phase turns conceptual ideas into individual projects and identifies critical
project needs and documents initial project scope decisions. This information forms the basis of project
initiation considerations later in project development when resources will be programmed. Where
corridor or system plans have been completed that identify sea-level rise adaptation needs, project
nominations should advance needs identified in those plans.

Caltrans has a Transportation Planning Scoping Information Sheet Template (TPSIS template) (Caltrans
2022b)* and Transportation Planning Scoping Information Sheet Guidance (TPSIS guidance) (Caltrans
2022c)> for which the following specific steps are organized by the sea-level rise framework and in Figure
4-2 as follows:

1. Identify and List Relevant Plans and Documents to be Reviewed for Sea-Level Rise Information.
2. Determine Whether the Location is Within a Coastal Jurisdiction.

3. Identify if the Project Could Be Exposed to Sea-Level Rise Impacts.

4. ldentify Environmental Resources Present in the Project Location.

5. ldentify Appropriate Internal and External Stakeholders.

6. Summarize Sea-Level Rise Risks and Adaptation Strategy Needs Within Project Scope.
4.2.1.1 Identify Relevant Plans and Documents to be Reviewed for Sea-
Level Rise Information

In TPSIS template Section 3: Plan and Document Review (Caltrans 2022b), ensure all of the relevant plans
are identified that may have considered sea-level rise.

4 https://dot.ca.gov/-/media/dot-media/programs/transportation-
planning/documents/pids/tpsis/finaltpsistemplateseptember2022r-ally.pdf
5 https://dot.ca.gov/-/media/dot-media/programs/transportation-
planning/documents/pids/tpsis/finaltpsisguidanceseptember2022r-ally.pdf
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4.2.1.2 Determine Whether the Location is Within a Coastal Jurisdiction
on External Coast, San Francisco Bay, or Delta

In TPSIS template Section 5: Climate Change (Caltrans 2022b), characterize whether the project is located
within the Coastal Zone boundary® (https://www.coastal.ca.gov/maps/czb/); San Francisco Bay Coastal
Zone (https://bcdc.ca.gov/data.html), or the Sacramento—San Joaquin Legal Delta boundary
(https://delta.ca.gov/).

4.2.1.3 Identify if the Project Could Be Exposed to Sea-Level Rise
Impacts

In TPSIS template Section 5: Climate Change (Caltrans 2022b), characterize the potential sea-level rise
impacts on the project location. As appropriate, supplement sea-level rise risk evaluation with resources
identified in Appendix A, Overview of Sea-Level Rise Viewers and Data, and Appendix D, Caltrans Sea-
Level Rise Framework Worksheet. See Section 5.1.3, Selection of a Project Planning Horizon, for a
discussion on identifying the Project Planning Horizon and see Section 5.1.4, Selection of Sea-Level Rise
Scenarios, for a discussion on selecting sea-level rise scenarios for analysis. Note that the sea-level rise
values that are selected for this planning-level exposure analysis do not constitute design elevations.
Rather, the sea-level rise values are a measurement of the change in sea level relative to the year 2000
based on extensive scientific study and modeling. Considering exposure to, and the consequences
associated with, the “High” scenario is a recommended practice in the State of California Sea-Level Rise
Guidance for all critical infrastructure projects (OPC 2024), regardless of the roadbed or bridge elevation
that is ultimately selected for design. It is important to note that regulatory agencies generally
recommend values from the “High” scenario to be considered when critical infrastructure is part of a

project.

4.2.1.4 Identify Environmental Resources in the Project Location

In TPSIS template Section 7: Environmental Linkage Considerations (Caltrans 2022b), identify the
environmental resources present in the project location if there are potential sea-level rise risks to the
project. This will ensure that as the project develops, appropriate considerations for compliance with
environmental regulations are incorporated into the project.

4.2.1.5 Identify Appropriate Internal and External Interested Parties

In TPSIS template Section 2: Tribal Government Consultation, Local Partners, and Public Engagement
Coordination and TPSIS template Section 4: Caltrans Stakeholder Information (Caltrans 2022b), identify
internal and external interested parties that are appropriate for the project to engage with given sea-
level rise considerations in identification of risks and adaptation strategies. For example, local
governments and regulatory agencies should be identified at a minimum.

6 The Coastal Zone is defined by the California Coastal Act (section 30103), in which the Coastal Commission or a local agency
with a certified Local Coastal Program requires a Coastal Development Permit.
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4.2.1.6 Summarize Sea-Level Rise Risks and Adaptation Strategy Needs
Within Project Scope

In TPSIS template Section 1: TPSIS Summary Statements & Recommended Actions (Caltrans 2022b),
summarize the sea-level rise risks and adaptation strategy opportunities recommended for inclusion in
the project scope. As appropriate, use Appendix D, Caltrans Sea-Level Rise Framework Worksheet, for the
TPSIS project scope. Ultimately, potential risks from sea-level rise must be considered at this phase to
alert PDTs to the potential risks and adaptation needs associated with a proposed project and to ensure
the project scope adequately reflects project needs.

4.3 K Phase

4.3.1 Project Initiation Document

The PID, or K phase, is the first formal phase in developing a solution for a specific transportation
problem (Purpose and Need) (Caltrans 2023c). The PID clearly defines the project design concept and
design scope of the most likely project alternatives, prior to completing environmental evaluation and
detailed design. The PID summarizes the proposed project’s objective (purpose) to resolve an identified
transportation deficiency (need) and summarizes assumptions for the scope, schedule, and estimated
cost of the project.

Importantly, resources are programmed at PID for potential adaptation project components or
alternatives (see Table 3-1), as well as the engineering and/or environmental studies that will be
necessary to adequately evaluate options later in project development. Some projects may require
periods longer than the 4-year SHOPP timeframe to develop project scope, and the PDT may determine
given the complexities of sea-level rise that it may be appropriate designate them as “long-lead.”

There are several different PID formats—as well as companion materials that support development of
the PID—depending on the type of work being programmed for funding.

The PDPM discusses, in detail, the development and appropriate application of different types of PIDs.
This section provides brief recommendations to inform the development of the following kinds of PIDs:

Project Initiation Report (PIR) is used for documenting project planning, scoping, and programming
efforts for SHOPP projects.

Project Study Report (PSR) is used for projects funded by others. It is used to program design, right-of-
way, and construction costs.

Project Study Report-Project Development Support (PSR-PDS) is used for projects funded through the
State Transportation Improvement Program or for projects funded by others, such as a local agency.

Project Study Report-Project Report (PSR-PR) is not commonly used but is for projects funded by others
and combines the project initiation and approval documents.

In addition, this document provides guidance for sea-level rise issues in developing the following
companion materials:

Caltrans Updated Guidance on 48 June 2026
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Preliminary Environmental Assessment Report (PEAR)?, or Mini-PEAR (Caltrans 2020a, 2020b)2 provides
input to the PID, identifies potential environmental impacts of each alternative and mitigation costs,
and establishes the likely level of environmental documentation and resources required for
subsequent phases in project delivery (Caltrans 2022d). The PEAR should identify sea-level rise risks
and the engineering and/or environmental studies (Caltrans 2020c)® that would be required for
permitting from resource agencies like the Coastal Commission, BCDC, or DSC.

District Preliminary Geotechnical Report provides a hazards overview, including flooding, tsunamis, and
groundwater, and identifies whether detailed studies are needed to support design development,
environmental compliance, and/or permitting (Caltrans 2021a, 2022d).

Preliminary Hydraulics Report provides basic information on hydraulic problems or issues, high water
elevation, flow rates, water surface elevation, and structure recommendations like pier or
foundation types, allowable freeboard, and minimum span length, among other components
(Caltrans 2017, 2022d).

Additional information on sea-level rise risk and adaptation needs in PID phase can be found in the PIR
guidance (Caltrans 2023d)'° and the template for the Climate Risk and Adaptation Report (Caltrans
2023e)! for PIDs.

4.3.2 Climate Risk and Adaptation Report

Caltrans’ Climate Risk and Adaptation Report template (Caltrans 2023e) and PIR guidance (Caltrans
2023d) provide direction on addressing a range of climate change hazards, including sea-level rise, in the
PIR. Although the Climate Risk and Adaptation Report template is specific to PIRs, consider following the
same steps to address sea-level rise within other types of PIDs.

The steps outlined in the Climate Risk and Adaptation Report template consist of the following (Figure 4-3):
1. Evaluate Climate Exposure (Section 1).

2. Conduct Coastal Adaptation Summary (Section 2).

3. Evaluate Adaptation Alternatives (Section 3).

These steps are discussed in greater detail below. Additional, optional guidance and resources are
provided in Chapter 5 and Appendix D. In addition, the results of the Climate Risk and Adaptation Report
should be used to carry out the following additional steps:

1. Conduct Early Engagement with External Interested Parties

2. Document Sea-Level Rise Risks in the Project’s Risk Register.

7 https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/pear-form-ally.docx

8 https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/mini-pear-form-ally.docx

% https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/attachment-a-ally.docx

10 https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/division-transportation-planning/11-
14-2023-pir-guidance-interim-ally.pdf

1 https://transportationplanning.onramp.dot.ca.gov/downloads/transportationplanning/files/projectplanning/
PID%20Guidance/PIR%20-%20Climate%20Change%20Risk%20and%20Adaptation%20Report%20(Report).docx
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4.3.2.1 Evaluate Climate Exposure

Section 1 of the Climate Risk and Adaptation Report (Caltrans 2023e) focuses on identifying previous
climate-related work analyzed at the project location through completed corridor plans and the TPSIS,
understanding the Project Planning Horizon, and analyzing climate vulnerabilities and consequences.
Specifically, Section 1 of the Climate Risk and Adaptation Report scopes for (1) identifying baseline
climate risks, and (2) asset types, adaptation priority report, and consequence. See Section 5.1.3,
Selection of a Project Planning Horizon, for a discussion on identifying the Project Planning Horizon. See
Section 5.1.4, Selection of Sea-Level Rise Scenarios, for a discussion on selecting sea-level rise scenarios.
Note that the sea-level rise values that are selected for this preliminary exposure analysis do not
constitute design elevations. Rather, the sea-level rise values are a measurement of the change in sea
level relative to the year 2000 based on extensive scientific study and modeling. Considering exposure to,
and the consequences associated with, the “High” scenario is a recommended practice in the State of
California Sea-Level Rise Guidance for all critical infrastructure projects (OPC 2024), regardless of the
roadbed or bridge elevation that is ultimately selected for design. It is important to note that regulatory
agencies generally recommend values from the “High” scenario to be considered when critical
infrastructure is part of a project.

4.3.2.2 Conduct Coastal Adaptation Summary

Section 2 of the Climate Risk and Adaptation Report (Caltrans 2023e) focuses on considerations specific
to coastal or tidally influenced areas, beginning with: (1) coastal permitting history; (2) tide gage and sea-
level rise scenario identification; (3, 4) evaluating sea-level rise exposure on and off the State Highway
System; and (5) secondary data sources to consider floodplains, groundwater emergence, and coastal
squeeze. These steps correspond to Section 5.1, Sea-Level Rise Risk Assessment, in this document.

As appropriate, this section should be informed by preliminary engineering and environmental studies
like the PEAR, Preliminary Geotechnical Report, and Preliminary Hydraulics Report.

4.3.2.3 Scope Adaptation Alternatives

Section 3 of the Climate Risk and Adaptation Report (Caltrans 2023e) focuses on adaptation alternatives
for changes in temperature, changes in precipitation, wildfire, sea-level rise, storm surge, and cliff
retreat. The purpose of this section is to identify climate impacts and adaptation strategies that should
be communicated to the project manager so that resources for evaluation in engineering and
environmental studies are available later in project delivery. If no adaptation alternatives or project
components are included, it is important to describe why, based on factors mentioned above. Relevant
factors may include users of the project area, environmental resources in the project location, economic
concerns (e.g., freight, detour needs), and type of project/assets present. This step will bring design
considerations forward into future phases of project delivery and ensure they are included in the overall
scope of the project.

This section highlights the importance of considering accommodation or retreat among the adaptation
alternatives. If those options are not identified in this section, it should be clearly acknowledged and
explained. Examples could include if previous technical analyses have already narrowed down the
adaptation alternatives for the project.
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As appropriate, Section 5.2, Sea-Level Rise Adaptation Strategies, and Section 3.7, Adaptation Strategies
Background, in this document may be useful resources for the Climate Risk and Adaptation Report
(Caltrans 2023e) when scoping adaptation components or alternatives.

4.3.2.4 Conduct Early Engagement with External Agencies

As appropriate, early engagement should occur with external agencies on sea-level rise risk and
adaptation strategies as identified in the Climate Risk and Adaptation Report (Caltrans 2023e).
Coordination with external agencies is recommended in the PIR guidance in Sections 12 and 21 (Caltrans
2023d), and in the AB 1282, Transportation Permitting Task Force’s Final Report.

In AB 1282, the State legislature explicitly identified Caltrans, along with Coastal Commission, California
Department of Fish and Wildlife, the State Water Board, and the Regional Water Quality Control Boards
as required participants on the Transportation Permitting Task Force.'? The Task Force’s Final Report
included Recommendation 2.3, which states, “Implement strategies for early engagement [...] as well as
ongoing coordination between transportation and permitting agencies during the Caltrans PID and
PA&ED phases of the project development process. Provide for productive and iterative interagency
exchanges over the course of the planning, design, and delivery of projects as information is developed.”
(CalSTA 2019). Subsequent Structured Coordination Process for Early Engagement Guidance published by
CalSTA provides general guidelines for determining the complexity of a project, whether it requires early
engagement, and the topics recommended for discussion during early engagement meetings (CalSTA
2021b).

4.3.2.5 Document Risks to Project Delivery in the Project’s Risk Register

Risks to project delivery that are driven by sea-level rise and associated permitting requirements should
also be reflected in the project’s Risk Register per Project Delivery Directive PDD-09R1 (Caltrans 2022e) in
alignment with Director’s Policy DP-30: Climate Change (Caltrans 2012a). To support documentation of
the project’s sea-level rise risks for certification, include the Climate Risk and Adaptation Report (Caltrans
2023e) in the Risk Register.

4.4 Project Approval and Environmental Document: 0
Phase

The PA&ED, or 0 phase, carries the programmed PID forward by studying alternatives in detail, ensuring
they balance transportation needs with community goals and values while ensuring compliance with
environmental laws (Caltrans 2023c). Outputs of the PA&ED/0 Phase include the Project Report (PR), an
Environmental Document, and selection of a preferred alternative—each of which should incorporate
sea-level rise framework considerations and the specific recommendations that are described in this
section.

12 Although neither BCDC nor DSC are explicitly identified under AB 1282, BCDC’s San Francisco Bay Plan Climate Change Policy
Guidance encourages project proponents to engage with BCDC “as early as possible... [to] increase the efficiency of the
permitting process” and the Delta Reform Act provides that the Council provide early consultation, “To assist state and local
public agencies in preparing the required certification” (PRC section 85225.5). The Structured Coordination Process for Early
Engagement Guidance may be useful for engagement with BCDC and DSC.

Caltrans Updated Guidance on June 2026
) ) 4-12
Incorporating Sea-level Rise—Draft


https://www.bcdc.ca.gov/resources/guidelines/guidance-on-the-bay-plan-policies-on-climate-change/
https://www.bcdc.ca.gov/resources/guidelines/guidance-on-the-bay-plan-policies-on-climate-change/

California Department of Transportation Sea-Level Rise Framework in Caltrans Planning Process and Projects

The Environmental Document is prepared to assure that the project complies with state and federal
environmental laws (Caltrans 2019a). An Environmental Document must be prepared for any projects
that do not qualify for a categorical or statutory exemption under the California Environmental Quality
Act (CEQA) or a categorical exclusion under the National Environmental Policy Act (NEPA) (CE/CEs).
Importantly, as appropriate, projects that are determined to be CE/CEs still must develop and provide
necessary permitting information in conformance with state regulations per the California Coastal Act
and McAteer-Petris Act as described in this section.

This section provides recommendations to inform the development of the following (Figure 4-4):
Engineering and Environmental Studies

Draft Environmental Document (DED)

Final Environmental Document (FED)

CE/CEs

Draft Project Report (DPR) and Final Project Report (PR)
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4.4.1 Engineering and Environmental Studies

Once a project is programmed, preliminary project engineering and environmental studies begin. These
studies are conducted at the beginning of PA&ED/O phase and build upon information in the PID and use
resources allocated at K phase.

The following specific steps relevant for engineering and environmental studies are organized by the sea-
level rise framework as follows:

1. Review PID Sea-Level Rise Scoping and Resource Allocation for Engineering and Environmental
Studies

2. Ensure Engineering and Environmental Studies Address Sea-Level Rise Considerations
3. Ensure Internal and External Coordination on Studies

4. Develop and Evaluate Project Adaptation Strategies
5

Complete Engineering and Environmental Studies with Sea-Level Rise Considerations

44.1.1 Review Project Initiation Document Sea-Level Rise Scoping and
Resource Allocation for Engineering and Environmental Studies

Review the sea-level rise analysis, or any sea-level rise information previously produced for the project.
These materials (i.e., the corridor plan, TPSIS, or PID) should reflect initial scoping and resource allocation
for technical engineering and environmental studies to evaluate the project’s sea-level rise risk and
adaptation strategies for the Project Planning Horizon, including alternatives that avoid, minimize, and
mitigate sea-level rise risk and impacts to environmental resources.

At the beginning of the PA&ED/O phase, review the studies prepared during K phase (Climate Risk and
Adaptation Report, District Preliminary Geotechnical Report and/or Preliminary Hydraulic Report) for
applicable information.

Within PA&ED/O phase, the preliminary engineering studies will be prepared (i.e., Preliminary
Geotechnical Design Report, Preliminary Drainage Report, Preliminary Hydraulic Report and/or Draft
Final Hydraulic Report'2). These preliminary engineering studies set the stage for developing the DPR.
The DPR contains information about the project’s background, purpose and need, alternatives
considered, and issues encountered in the engineering and environmental investigations. Additional
information on preparation of the DPR/PR can be found in the PDPM (Caltrans 2019a).

Preliminary environmental scoping conducted within the PEAR or Mini-PEAR during K phase identifies the
environmental studies that will be completed during PA&ED/O phase to inform the DED and FED, as well
as permitting needs. A range of studies may be identified in the PEAR or Mini-PEAR for completion during
PA&ED/O phase, depending on the project, such as Climate Change and Sea-Level Rise, Storm Surge and
Wave Runup, Natural Environment Study, Wetlands and Other Waters/Delineation, Environmental
Justice, among others (Caltrans 2020c).

13 preparation of the Draft Final Hydraulic Report is contingent on bridge site data submittal from the District Roadway
Engineer.
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At the beginning of the PA&ED/O phase, the project’s Risk Register should be reviewed for sea-level rise
risks, per Project Delivery Directive PDD-09R1 (Caltrans 2022e) in alignment with Director’s Policy DP-30:
Climate Change (Caltrans 2012a).

Understanding that information in preceding materials may have been inadequately scoped, used
outdated projections, be incomplete, or entirely absent, check with subject matter experts including
District Environmental Coastal Liaisons, HQ Division of Environmental Analysis (DEA), HQ Division of
Transportation Planning Office of Air Quality and Climate Change, and the HQ Division of Design to
determine if the engineering and environmental studies need additional scope adjustments to
adequately consider sea-level rise.

44.1.2 Ensure Engineering and Environmental Studies Address Sea-
Level Rise Considerations

At a basic level, if a project may be exposed to sea-level rise over the course of the Project Planning
Horizon, engineering and environmental studies should evaluate sea-level rise risk and a range of
adaptation strategies to inform project design and alternatives for the DED/FED and DPR/PR (see Section
5.1.3, Selection of a Project Planning Horizon, for a discussion on identifying the Project Planning
Horizon). The PID should have documented initial decisions and findings from sea-level rise risk and
adaptation scoping that need additional evaluation through engineering and environmental studies in
the PA&ED/O phase.

Engineering Studies

The Preliminary Geotechnical Report/Preliminary Geotechnical Design Report (Caltrans 2021a, 2022d),
Hydraulic Report (i.e., Drainage Reports per HDM Chapter 800 or Chapter 810 [Caltrans 2025a], Chapter
880 — Shore Protection [Caltrans 2025b], Chapter 840 — Subsurface Drainage [Caltrans 2025c]), Value
Analysis associated with Deputy Directive -92-R1 (Caltrans 2012c), and/or Location Hydraulic and
Floodplain Study Report (Caltrans 2022d) should be prepared with consideration of the sea-level rise risk
to the project, as appropriate. The objective is to assess how the asset would perform under the sea-
level rise scenarios corresponding to the Project Planning Horizon across sea-level rise hazards including
flooding and inundation, storm surge, waves, erosion and bluff retreat, groundwater table rise, and king
tides. These studies will be used to evaluate expected performance and consequences of the preliminary
design, and to help determine which adaptation approaches—such as project components or
alternatives—will be selected.

Cliff and bluff erosion and groundwater emergence as they relate to sea-level rise are not yet discussed
in the HDM, but statewide information is available on projected impacts (Befus et al. 2020; Limber et al.
2018). Sea-level rise can alter geotechnical performance, so it is important to include future sea-level rise
scenarios in assessing seismic risk and soil stability. Buoyancy and corrosion from rising seas could also
affect materials selection. In addition, there is technical guidance Relating Future Coastal Conditions to
Existing FEMA Flood Hazard Maps: Technical Methods Manual (Battalio et al. 2016), as well as a general
overview Addressing Sea Level Rise and Floodplain Management in California with the National Flood
Insurance Program (Ocean Science Trust 2016). For additional background, see Section 3.7.6, What is the
Role of the State Highway System and Flood Control?, Section 3.4.1.2, Federal Highway Administration,
and Section 3.4.1.3, Federal Emergency Management Agency.
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Components of sea-level rise analyses should occur sequentially (Coastal Commission 2024b). Sea-level
rise is used to determine changes in tidal conditions, and tidal conditions are subsequently combined
with future storm surge, El Nifio Southern Oscillation events, and Pacific Decadal Oscillations to estimate
local still water levels. Changes in the frequencies of still water levels will in turn affect erosion rates, and
the amount of erosion will affect future wave impacts, runup, and flooding. Increases in water depth also
increase potential wave height and wave energy. Depending on the project location or type, it may not
be necessary to evaluate all aspects of sea-level rise hazards. For example, if the concern is about runup
on a non-erosive slope due to an increase in the still water level, a wave runup analysis may be all that is
necessary to proceed ahead to alternatives analysis and project design. Furthermore, depending on
project type and expected service life, it may not be necessary to conduct a robust technical analysis; a
coarse evaluation based upon existing data may be sufficient.

In summary, the potential sea-level rise impacts that could be evaluated with engineering studies as
appropriate given the project location include:

Flooding and inundation
Storm surge

Wave runup

Erosion and bluff retreat
Groundwater table rise

King tides

Environmental Studies

The PID should have broadly identified potential environmental impacts or benefits associated with sea-
level rise risks and/or benefits of adaptation project components or alternatives in the PEAR/Mini-PEAR
and allocated sufficient resources for environmental studies to assess these topics as identified in the
Environmental Studies Checklist (Caltrans 2020c). Examples of environmental study topics that could be
appropriate to conduct depending on the project setting include Biological Assessments, Wildlife
Connectivity, Climate Change and Sea-Level Rise, Natural Environment Study, Wetlands and Other
Waters/Delineation, and Environmental Justice.

The PID should consider how the project and transportation assets (i.e., individual roadway segments
adjoining a particular asset like a bridge or culvert) operate in concert together over the short, medium,
and long term to provide or not provide continual corridor-level service given sea-level rise exposure.
These considerations should align with the NEPA concepts of logical termini and independent utility
(FHWA 2024).

In addition, any outstanding permit conditions requiring follow-up projects to address sea-level rise
issues should be summarized in the environmental study. These can include conditions from emergency
CDPs or regular CDPs.

At a minimum, environmental study results should include:

A characterization of options to avoid, minimize, and mitigate the impacts on environmental resources
present in the project location, including wetlands, environmentally sensitive habitat areas,
agriculture, public access, cultural resources, water quality, and groundwater given sea-level rise
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hazards. Nature-based adaptation strategies should be considered; see Section 3.7.1, What Are
Nature-Based Strategies?, for more information.

A characterization of any benefits to environmental resources that may be associated with adaptation
alternatives (i.e., accommodation space for tidal marsh or beaches; fish passage barrier remediation
[SB 857 2005]; wildlife connectivity [AB 2344 2022]; and progress toward the 30x30 goal [EO N-82-
20]).

Necessary technical information for permitting needs as determined by the environmental staff including
permit jurisdiction and type. For additional background see Section 3.4, Regulatory Setting, and
Appendix B, Regulatory Setting Supplemental Information, for federal and state requirements.
Permitting needs can include those by the Coastal Commission, BCDC, the State Water Board, and
others.

Companion impacts and consequences to public health and safety, equity, and economic costs and
benefits'# should also be evaluated as resources allow.

4.4.1.3 Ensure Internal and External Coordination on Studies

Internal Coordination

Engineering studies and identification of preliminary design options are conducted iteratively alongside
environmental studies, meaning that these studies should inform and build on each other in line with the
general project development process for evaluation and selection of project alternatives that meet
project needs. The PDT cross-functional members and subject matter experts from design, engineering
services, environmental, project management, right-of-way, and other subjects (Caltrans 2023c) should
work together to coordinate their analyses to ensure consistent assumptions with respect to sea-level
rise and to avoid duplication of efforts. In addition, for nature-based strategies, input from subject
matter experts such as ecologists or coastal liaisons would be necessary to refine the initial concepts for
potential sea-level rise adaptation strategies. The PDPM provides additional detailed guidance on
procedures for internal coordination.

External Partner Coordination

Communication and coordination with applicable federal, state, or local agencies, including
environmental resource or flood control agencies, supports a collaborative, equitable, integrative, and
flexible approach to sea-level rise adaptation that is also in compliance with regulatory requirements.

A core finding from the AB 1282 Transportation Permitting Task Force’s Final Report is that initiation of
preliminary project design and preparation of the Environmental Document “is another key time to
involve permitting agencies to identify potential fatal flaws or refinements to the project. In addition to
Caltrans, the Coastal Commission, California Department of Fish and Wildlife, the State Water Board, and
the Regional Water Quality Control Boards were explicitly identified in AB 1282 to participate in

14 For additional guidance on conducting a climate resilience cost-benefit analysis, refer to National Cooperative Highway
Research Program’s Research Report 938: Incorporating the Costs and Benefits of Adaptation Measures in Preparation for
Extreme Weather Events and Climate Change Guidebook (National Cooperative Highway Research Program 2020). Also note
Caltrans Value Analysis Policy, DD-92-R1 Value Analysis (2012c) and comply as appropriate.
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structured coordination.?® Participating during the scoping of technical studies and the Environmental
Document will provide permitting agencies opportunities to raise potential concerns and recommend
solutions to those concerns” (CalSTA 2019). This can be accomplished by scheduling pre-application
meetings with the permitting agencies and getting their feedback on preliminary design documents. See
Section 4.3.2.4, Conduct Early Engagement with External Agencies, for additional background and
guidance on AB 1282 early engagement. Coordination in PA&ED should build upon early engagement
conducted in K phase.

When evaluating adaptation strategies, refer and incorporate as appropriate within engineering and
environmental studies results of interested party engagement efforts that have been conducted during
earlier planning phases (e.g., local watershed group, Tribal governments). This ensures community-level
strategies and priorities are being appropriately considered as an option to reduce risks to transportation
projects and interested parties.

Coordination will ensure:

Understanding the array of interested party interests, where there is alignment and where there might
not be, and what avenues could be available to mitigate unavoidable conflicts.

Appropriateness of initial concepts for potential adaptation strategies to mitigate sea-level rise risks.
Sea-level rise assumptions are consistent across analyses.

The scale of analysis is appropriate. For example, consider whether connected assets to the project—
such as roadways to and from a bridge—have been scoped and resourced for analysis.

Adaptation strategies to mitigate risks from sea-level rise also consider potential environmental impacts
to coastal, biological, recreational, visual, cultural, community and tribal resources as well as
hydrology and water quality, or would create new hazards. These combined impacts should be
considered in the alternatives analysis in the DED. Doing so will ensure the potential design
alternatives can be selected to maximize benefit and minimize impacts across various resources
categories.

Relevant environmental and coastal resources have been considered and information on project
feasibility is adequate. For highly constrained project locations, analysis demonstrating feasibility of
adaptation strategies will serve to avoid delays in permitting and project delivery.

To avoid duplication and ensure consistency across engineering and environmental studies, Table 4-1
provides a summary of specific analyses that permitting agency guidance has identified for use in their sea-
level rise risk assessments (HDR | WRECO 2022; Coastal Commission 2024a; BCDC 2025a) and the standard
Caltrans deliverables that could cover all or a portion of the analyses that might be required. Although
agency guidance does not have the force of law, it is designed to assist entities to comply with laws and
regulations like EO S-13-08, the California Coastal Act, and BCDC’s Climate Change Policies 2 and 3.

15 Although neither BCDC nor DSC are explicitly identified under AB 1282, BCDC’s San Francisco Bay Plan Climate Change Policy
Guidance (BCDC 2025) encourages project proponents to engage with BCDC “as early as possible... [to] increase the efficiency
of the permitting process” and the Delta Reform Act provides that the Council provide early consultation, “To assist state and
local public agencies in preparing the required certification” (PRC section 85225.5). The Structured Coordination Process for
Early Engagement Guidance may be useful for engagement with BCDC and DSC.
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Table 4-1. Sea-Level Rise Analyses Recommended in Coastal Commission and BCDC Guidance

e L Analysis . . .
Applicability Ty:e Components and Considerations Caltrans Deliverable
Coastal Commission
Coastal Impact Structural and geologic stability Environmental Document (CEQA
Commission analysis Erosion amount over expected Climate Change section)
permits for Project Planning Horizon Geotech Reports (District
coastal Flooding and inundation risks, Preliminary Geotechnical Report,
development including wave impacts Preliminary Geotechnical Design
Tipping points for sea-level rise Report)
impacts Hydraulic Engineering Studies
(Coastal Hazards Study, Coastal
Engineering Report)
Coastal Analysis of Public access and recreation Environmental Document
Commission impacts on Water quality (surface water and (coastal resource analyses,
permits for coastal groundwater) meaningful engagement)
coastal resources

development

Coastal habitats
Agricultural resources
Natural landforms
Scenic resources

Map all resource areas and site
constraints

Coastal Alternatives Proposed project and alternatives Project Initiation Report

Commission analysis Proposed and current adaptation Environmental Document

permits for strategies (meaningful engagement)

coastal Hazard minimization efforts Hydraulic Engineering Studies

development (Coastal Hazards Study, Coastal
Engineering Report)

BCDC

BCDC permit for  Risk 100-year flood elevation Hydraulic Engineering Studies

planning assessment Best estimates of future sea-level (Coastal Hazards Study, Coastal

shoreline areas rise at 2050 at a minimum, using a Engineering Report)

or designing range for different levels of risk Environmental Document (CEQA

larger shoreline aversion Climate Change section, Coastal

projects Planned flood protection Resource Analysis)

Inundation maps prepared by a
qualified engineer

All types of potential flooding risks

(e.g., groundwater, coastal storm
flooding)

Degrees of uncertainty
Risks to existing habitat
Consequences of defense failure

Risks to and resilience of public
access
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Analysi
Applicability '_:_3::'5 Components and Considerations Caltrans Deliverable
BCDC permit for  Coastal e Local subsidence rates e Geotech Reports (District

larger shoreline
projects

engineering o Best estimates of future sea-level
study rise, using a range for different
levels of risk aversion
e Calculation of wave height, period,
and runup
e Impacts of the project on currents
and sediment transport
e Proposed elevation of protection
structure(s) and elevation of
project site
e Demonstrate protection
structure(s) will be resilient to tidal
forces over the Project Planning
Horizon

BCDC permit for
larger shoreline
projects that

Adaptive o Developed by a qualified engineer

management to address long-term impacts on

plan public safety and public access

have a Project identified in risk assessment (up to

Planning Horizon 2100)

beyond 2050 e Set clear and measurable
objectives

e Describe data collection and
monitoring

e Describe future actions

Preliminary Geotechnical Report,
Preliminary Geotechnical Design
Report)

e Hydraulic Engineering Studies
(Coastal Hazards Study, Coastal
Engineering Report)

e Environmental Document
(adaptive management plan)

Sources: Coastal Commission 2024a; BCDC 2025a

BCDC = San Francisco Bay Conservation and Development Commission; Coastal Commission = California Coastal Commission

44.1.4

Develop and Evaluate Project Adaptation Strategies

Project adaptation strategies—including project design components or alternatives to avoid, minimize, or
mitigate environmental resource impacts and sea-level rise risk—should be studied in the engineering
and environmental studies. In general, adaptation strategies should reflect efforts to protect,

accommodate, retreat, and/or a hybrid of these. For more information on considering sea-level rise

adaptation strategies and resource impacts in engineering and environmental studies, refer to HEC-25
(FHWA 2020) and Caltrans Design Manual for Hybrid Coastal Protection Strategies (Caltrans 2022h), as
well as Section 5.2, Sea-Level Rise Adaptation Strategies, and Chapter 3, General Background, which

includes Section 3.7, Adaptation Strategies Background.

In general, adaptation strategies for transportation projects should:

Prioritize equity
Prioritize accommodation or retreat strategies

Consider a phased approach for long-term resilience

Adequately study and plan ahead for protection strategies, including consideration of nature-based

solutions
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Equity

There is clear direction from a multitude of sources that adaptation strategies should prioritize social
equity, environmental justice, and the needs of vulnerable communities (Caltrans 2020e; CalSTA 2021b;
OPC 2024, 2021; BCDC 2022). As described in the SER (Volume 1, Chapter 25, Environmental Justice),
although a technical report is not mandated by state or federal law, a discussion of the environmental
justice analysis performed for the project area should be included in the Environmental Document, and
Caltrans has adopted the methodologies recommended by FHWA for environmental justice analysis
(Caltrans 2023f). More recently, Caltrans has released a Transportation Equity Index (Caltrans 2023g),
which is a spatial screening and evaluation tool that utilizes transportation-specific and socioeconomic
indicators to identify transportation-based priority populations at the Census block level.

In the environmental justice analysis, equity considerations should be reflected in sea-level rise
adaptation strategies. Specifically, the Coastal Commission identifies several sections in the California
Coastal Act (PRC sections 30006, 30604(h), and 30210-30214) that grant the Coastal Commission
authority to specifically consider environmental justice, or the equitable distribution of environmental
benefits, when making permit decisions. These sections also grant the public the right to fully participate
in decisions affecting coastal planning, conservation, and development, and mandate the provision of
maximum access to the shoreline and prohibit development from interfering with access (Coastal
Commission 2024a, 2021a). In 2019, BCDC amended the Bay Plan to add findings and policies on
environmental justice and social equity , including the requirement of outreach and engagement by
project applicants (Bay Plan Climate Change Policy 3); and meaningful involvement for public access
projects that substantially change the use or character of a site (Bay Plan Public Access Policy 5),
shoreline protection projects (Bay Plan Shoreline Protection Policy 2), and major and appropriate minor
projects that require compensatory mitigation (Bay Plan Mitigation Policy 3) (BCDC 2023).

Accommodation or Retreat Strategies

Caltrans Design Manual for Hybrid Coastal Protection Strategies defines accommodation strategies as,
“those strategies that modify existing developments of design new developments to decrease hazard
risks,” such as elevating structures (Caltrans 2022h). Because agencies such as Coastal Commission also
expect impacts to coastal resources to be mitigated as a condition of permitting, it is recommended that
accommodation strategies also strive to enable current and future geomorphic processes to occur
unimpeded in conjunction with the geological and environmental setting of the project location within
the littoral cell. These solutions include bridges and culverts that span the bankfull channel width and do
not impede flow or natural stream processes, or structures that are elevated above the height at which
sea-level rise hazards are projected to occur.

Caltrans Design Manual for Hybrid Coastal Protection Strategies defines retreat strategies as, “those
strategies that relocate or remove existing development out of hazard areas and limit the construction of
new development in vulnerable areas” (Caltrans 2022h). According to HEC-25, “the goal is to lessen or
eliminate exposure to coastal stressors by relocating infrastructure away from the coastline” (FHWA
2020). Project examples of retreat strategies are the Gleason Beach Highway Realignment Project and
the Devil’s Slide Tunnel Highway 1 Project that are presented in this section.

In general, transportation projects should carefully consider the “social, economic, and environmental
effects [...] along with technical issues so that final decisions are made in the best overall public interest.
Attention should be given to such considerations as.... Costs and benefits of eliminating or minimizing
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adverse effects on natural resources, environmental values, public services, aesthetic values, and
community and individual integrity” (Caltrans 2020g). For example, a retreat strategy would require
property acquisition and changes to the right-of-way, which requires California Transportation
Commission approval and might add significant up-front cost to a project. However, in some locations,
the long-term benefits of a retreat strategy, such as allowing for restoration of ecosystem processes and
reduced flood or erosion risk, might outweigh such costs. “The appropriate set of adaptation strategies
will need to reflect the specific circumstances of the community and project, including short- and long-
term vulnerabilities, relevant coastal resources in the area, transportation needs and goals” (Caltrans
2022h).

Project Example: Gleason Beach Highway Realignment Project

The Gleason Beach Highway Realighment Project demonstrates a retreat and accommodation strategy
(Coastal Commission 2020). In Sonoma County in Northern California, between the town of Jenner and
Bodega Bay, sections of Highway 1 and adjacent homes were being undermined due to chronic erosion
along the bluffs that is assumed to be accelerating with sea-level rise. Patchwork slope protection
installed by the property owners to the west of the highway failed and erosion continued, while much of
the historic Gleason Beach at this location eroded away. Eventually portions of the highway also were
threatened by erosion and repeated emergency repairs became necessary to prevent significant travel
disruptions along this sole transportation corridor servicing local coastal communities and businesses.

Caltrans, the Coastal Commission, and Sonoma County worked with interested parties for a number of
years and used sea-level rise bluff retreat projections for 2100 to plan for adapting this section of
Highway. A realignment of the highway inland was determined to be the best approach to ensure access
while avoiding a hardened shoreline that would exacerbate the ongoing coastal squeeze on natural
resources and its costly maintenance (Figure 4-5). In addition to improving resilience to sea-level rise, the
new bridge span reduced constraints at the mouth of a historic creek, generating salmon habitat
improvements and mitigation credits for wetlands and riparian habitat. The approach also created
opportunities for improved coastal public access. Large portions of the former highway have eroded
away, underscoring the importance of Caltrans’ prompt action.
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CASE STUDY: RETREAT STRATEGY

Erosion to the north of the project that falls
outside the realignment will be addressed by
project drainage improvements

Proposed
Highway 1
realignment

Mean high water i
(NOAA 2010)

Figure 4-5. Gleason Beach Highway Realignment Project

Project Example: Devil’s Slide Tunnel Highway 1 Project

The Devil’s Slide Tunnel Highway 1 Project also demonstrates a retreat strategy (Coastal Commission
2004). Approved in 2004, this project was extremely controversial because of potential traffic concerns
and took over 30 years of work with interested parties to reach agreement on how to adapt the highway
to the threats of landslides exacerbated by climate change—and doing so without causing significant
impacts on resources. The public reoccurring costs of losing this vital link from the San Mateo peninsula
into the San Francisco area were severe. For example, road closures from damage in the mid-1990s
lasted half a year and changed 40-minute commute times into 2 to 3 hours in each direction. Ultimately,
the project, completed in 2014, included climate-resilient tunnels as well as a new portion of the
California Coastal Trail, repurposed on the former highway alignment (Figure 4-6). Using the old highway
alignment as a portion of the California Coastal Trail enabled Caltrans to meet public access obligations
under the California Coastal Act while also implementing a risk management approach that differentiated
between critical infrastructure (i.e., the highway) and the California Coastal Trail. For additional
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information on risk assessment, see Section 5.1, Sea-Level Rise Risk Assessment, and discussion of critical
infrastructure in Section 5.1.4, Selection of Sea-Level Rise Scenarios.

\
CASE STUDY: RETREAT STRATEGY

Devil’s Slide,
San Mateo County

Two new tunnels were

completed in 2014 to bypass an
unstable segment vulerable to
erosion and rockslides.

Figure 4-6. Devil’s Slide Tunnel Highway 1 Project

Phased Adaptation

Adaptive design and adaptation pathways can be part of a broader adaptive management plan that
reflects how the project fits within the short-, medium-, and longer-term time horizons. Adaptation
pathways (for additional information, see Section 3.7.5, What are Adaptation Pathways?) may include
multiple options or pathways for future consideration as each predefined trigger point is reached.
Appropriate trigger points should be defined by the PDT in coordination with internal and external
interested parties, or may be available in corridor studies for the region, given the risk of sea-level rise
impacts. Trigger points should allow adequate lead time for planning and executing the future
modification through future project development. Trigger points include issues of concern specific to the
project location. Examples include monitoring for increments of time between flooding events, rates of
erosion at a location, frequency of roadway closures, etc.

Specifically, adaptive design features can be considered within project components. Adaptive design
means a project design achieves performance criteria associated with a lower sea-level rise scenario but
incorporates flexibility for future modification to design and/or operations to accommodate higher sea-
level rise when a certain trigger point is reached.

Overall, there should be an adaptive management plan that describes how the short-term solution fits
within broader medium- and longer-term time horizons, and should include a plan to monitor sea-level
rise relative to that defined trigger point. For additional guidance on adaptive management, refer to the
adaptation pathways section of the Coastal Commission’s Sea Level Rise Policy Guidance (Coastal
Commission 2024a), the BCDC Guidance (BCDC 2025a), or the adaptive design section of the Climate Safe
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Infrastructure Working Group’s Paying it Forward: The Path Toward Climate Safe Infrastructure in
California (Climate Safe Infrastructure Working Group 2018).

If the project is resilient to a sea-level rise scenario lower than the High scenario for the Project Planning
Horizon, consider development of an adaptive management plan—which could be a Corridor Plan—to
evaluate risk associated with the High scenario after project construction as appropriate (see Section
5.1.3, Selection of a Project Planning Horizon, for a discussion on identifying the Project Planning Horizon
and see Section 5.1.4, Selection of Sea-Level Rise Scenarios, for a discussion on sea-level rise scenarios).
See Figure 2-1, Sea-Level Rise Framework Concepts, and Section 5.1, Sea-Level Rise Risk Assessment,
which contains information on how to consider risk given Project Planning Horizon, purpose, and
consequences. If projects are expected to remain in place longer than mid-century, BCDC requires that
there be an adaptive management plan (BCDC 2025a) according to Bay Plan Climate Change Policy 3,
stating, “If it is likely the project will remain in place longer than mid-century, an adaptive management
plan should be developed to address the long-term impacts that will arise based on a risk assessment
using the best available science-based projection for sea level rise at the end of the century.”

Project Example: Piedras Blancas Highway Realighment Project

The Piedras Blancas Highway Realignment Project demonstrates how phased adaptation can occur
through short-term protective features while longer-term solutions are planned and constructed (Coastal
Commission 2014). In 2014, Caltrans realigned a 3-mile-long section of Highway 1 in northern San Luis
Obispo County near Big Sur inland in response to chronic shoreline erosion. Initially, temporary rock
slope protections (RSPs) were permitted for installation along sections of the highway while devising
long-term alternatives. This allowed for consideration of a full range of infrastructure adaptation options
that also protected natural resources, ultimately resulting in relocation of the highway inland with a 100-
year design life and construction of bridges along the new alighment. When bridges were constructed to
daylight previously constrained streams and the new inland highway was completed, the old highway
area was restored and the temporary rock protections were removed (Figure 4-7). These actions allowed
the natural beach and bluff processes to return in conjunction with mitigation of project impacts through
various restoration activities. Wetland and lagoon systems were restored, creating habitat for many
important coastal species, including the elephant seal, which is a major draw for the local tourism
economy. The project thus improved a number of natural, scenic, recreational, and economic resources.
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CASE STUDY: PHASED ADAPTATION

Allows coastal processes to return,
supports elephant seal rookery, and
supports local recreation and economy

Figure 4-7. Piedras Blancas Highway Realignment Project

Project Example: San Jose Creek Bridge Replacement Project

The San Jose Creek Bridge Replacement Project in February 2022 demonstrates how project components
can reflect phased adaptation (Coastal Commission 2022). Based on best available science, the proposed
bridge has minimal risk of flooding impacts during its 75-year design life, though it is possible with
extreme sea-level rise that flooding could pose a threat to the bridge toward the end of its design life.
Given this potential vulnerability, Caltrans proposed to construct the new bridge with features that
would allow the deck to be raised by 3.5 feet in the future, increasing the elevation of the bridge deck.
Specifically, additional rebar with couplers and pins will be installed to extend the bridge columns,
allowing the superstructure to be raised by jacking without the need for structure replacement (Figure 4-
8). Caltrans will continue to monitor the bridge site and by 2065 will formally evaluate, based on site
conditions and other considerations, whether to raise the bridge by 3.5 feet and reconstruct the highway
approaches in both directions.
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Figure 4-8. San Jose Creek Bridge Replacement Project

Project Example: Eureka-Arcata Route 101 Corridor Improvement Project
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The Eureka-Arcata Route 101 Corridor Improvement Project demonstrates how monitoring and short-

term adaptation project components can inform a longer-term adaptation plan (Coastal Commission
2019). Connecting the two cities of Eureka and Arcata, this highly vulnerable 6-mile stretch of Highway
101 runs along Humboldt Bay. Some areas of the highway will become inundated with as little as 1 foot

of sea-level rise. Recognizing that certain locations will be threatened by sea-level rise at different times,

Caltrans and the Coastal Commission are working together on a phased adaptation plan that will address

vulnerabilities of many assets, ensuring long-term transportation resiliency of the corridor while
protecting coastal resources. To support development of this phased adaptation plan, regular monitoring
of flooding at locations along the corridor and a number of scientific studies have developed data on the

flooding vulnerabilities of the corridor as it intersects with different topography and historic

development such as aging bayside dikes (Figure 4-9). Additional scientific research is providing valuable
insights into the role that groundwater will also contribute to flooding. These continuing studies improve
the understanding of potential solutions such as nature-based infrastructure, causeways, elevated

roadway berms, and other protection strategies.

Caltrans Updated Guidance on
Incorporating Sea-level Rise—Draft

4-28

June 2026



California Department of Transportation Sea-Level Rise Framework in Caltrans Planning Process and Projects

E STUDY: EUREKA-ARCATA RO 1 CORRIDOR IMPROVEMENT PROJECT

Inundartion projected by 2030

Inundation projected by 2050 : o
CDP Special Condition 1°= Annual Rep
Inundation projected by 2060 King Tide Locations

No inundation before 2100

Understanding that projected sea-fevel rise
inundation timelines for corridor segments
are expected to occur at different imes
going forward, Caltrans is developing

a Comprehensive Adaptation and
Implementation Plan (CAIP)

Monitoring locations along the corridor (above) and high tide
January 2021 at North Bracut (left) and Jacoby Creek (right)

Phased Adaptation
Hybrid Adaptation

20XX

Figure 4-9. Eureka-Arcata Route 101 Corridor Improvement Project
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Protective Adaptation Strategies

HEC-25 notes that adaptation strategies to protect the existing system can be classified into “hard” and
“soft” approaches. According to HEC-25, “’Hard’ engineering structures... include seawalls, bulkheads,
revetments, breakwaters, groins, and jetties” (FHWA 2020). “Soft” approaches (also referred to as
nature-based solutions) could include beach nourishment, dune restoration, marsh creation/restoration,
or living shorelines (FHWA 2020).

HEC-23 notes that, while “soft” or nature-based solutions can be a useful and cost-effective tool in
certain situations, the only acceptable solution where failure could lead to failure of a bridge or highway
structure is a traditional, "hard" engineering approach (FHWA 2009). HEC-25 notes that modern coastal
engineering solutions often combine “hard” and “soft” approaches into “hybrid” solutions. Caltrans
Design Manual for Hybrid Coastal Protection Strategies provides implementation guidance on this
“hybrid” approach.

Although engineering guidance recommends the use of “hard” protection approaches, it is important to
consider suitable alternatives, such as nature-based solutions, in order to meet State permitting agency
requirements. EO B-30-15 requires that State agencies’ planning and investments be guided by the
principle that “Natural infrastructure solutions should be prioritized.” As such, both Coastal Commission
and BCDC have integrated this principle into their regulatory processes.

Within BCDC jurisdiction, the San Francisco Bay Plan Shoreline Protection Policy 5 requires that, “All
shoreline protection projects should evaluate the use of natural and nature-based features such as
marsh vegetation, levees with transitional ecotone habitat, mudflats, beaches, and oyster reefs, and
should incorporate these features to the greatest extent practicable” (Bay Plan Amendment 1-17).

Multiple provisions of the California Coastal Act set limitations on the use of hard protection strategies,
including but not limited to:

o “New development shall... neither create nor contribute significantly to erosion, geologic
instability, or destruction of the site or surrounding area or in any way require the construction
of protective devices that would substantially alter natural landforms along bluffs and cliffs”
(PRC section 30253(b) [emphasis added]), and

e “Revetments, breakwaters, groins, harbor channels, seawalls, cliff retaining walls, and other such
construction that alters natural shoreline processes shall be permitted when required to serve
coastal-dependent uses or to protect existing structures or public beaches in danger from
erosion and when designed to eliminate or mitigate adverse impacts on local shoreline sand
supply” (PRC section 30235 [emphasis added]).

The California Coastal Act defines “coastal-dependent development or use” as, “any development or use
which requires a site on, or adjacent to, the sea to be able to function at all” (PRC see 30101). The SER
Volume 5, Chapter 1 provides definitions for “development” and “structure” that may be useful for
assessing applicability of the codes quoted above. Refer to the SER Volume 5, Chapter 4 for additional
guidance on the information needed for project delivery, to the Caltrans General Coastal Resource Policy
Checklist for typical restrictions and concerns that arise during the coastal development review process,
and California Coastal Act Chapter 3 - Policy Consistency Summary Table for an example consistency
summary.
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Therefore, while hard protection strategies might have advantages in certain situations, there may be
limitations on their use, depending on the applicability of certain California Coastal Act policies. It is
recommended to plan ahead for demonstrating consistency with California Coastal Act policies, and
provide adequate resources for engineering and environmental studies to consider the feasibility of a
range of strategies (i.e., retreat, accommodation, and/or nature-based solutions), and when hard
protection strategies are selected as the preferred alternative, provide justification as to the reasons.

Project Example: Newport Beach Groins

In Southern California, there are locations along the coast where groins have been placed for beach
improvements. Along Newport Beach, groins were placed prior to passage of the 1976 California Coastal
Act, meaning that the groins where there before the requirements of that law came into effect. While
the California Coastal Act allows for placement of shoreline stabilization structures (e.g., groins,
revetments, breakwaters), these structures are allowable only when consistent with PRC section 30235
(see Section 3.4.2.1, California Coastal Commission). A 2020 study, Groins, sand retention, and the future
of Southern California's Beaches, highlights the history and potential future application of groins to
stabilize beaches when there is ongoing littoral loss (Griggs et al. 2020). However, because of California
Coastal Act limitations on the use of groins, they are unlikely to apply directly to the protection of
highways unless as a co-benefit to the protection of public beaches or pre-1976 structures.

Figure 4-10. Groins along the Newport Beach Shoreline. (California Coastal Records Project, In
Griggs et al. 2020)

Project Example: Secant Walls along the Pacific Coast Highway in Point Mugu State Park

There are several project examples reflecting protective adaptation strategies and how they can serve to
provide short-term resiliency while longer-term adaptation strategies are planned and constructed. A
recent project, Secant Walls along the Pacific Coast Highway in Point Mugu State Park (Coastal
Commission 2021b), received temporary authorization until 2051 to stabilize the Pacific Coast Highway
through installation of two secant walls in Ventura County in 2021 (Figure 4-10). Permit conditions
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included submission of a Corridor Climate Resiliency and Highway Safety Corridor Plan and an Asset
Specific Adaptation Plan within 10 years.

CASE STUDY: PROTECTIVE ADAPTATION

Figure 4-11. Secant Walls along the Pacific Coast Highway in Point Mugu State Park

Project Example: Cardiff State Beach Living Shoreline Project

The Cardiff State Beach Living Shoreline Project, constructed in the winter of 2018-2019, is an example
of a hybrid solution in which a nature-based solution was combined with an engineered armoring
strategy to address coastal hazards exacerbated by sea-level rise for a stretch of highway (Coastal
Commission 2021a) (Figure 4-11). Undermining and flooding of Highway 101 caused by large waves
during high tides led to several closures and substantial maintenance needs.
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The project consists of an engineered dune system and cobble toe on top of a buried revetment and was
completed in 2019. The project is intended to accrete and erode with the seasons and provide a natural
buffer for Highway 101 while preserving coastal views, improving public 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 California 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 a
long-term solution will be needed.

Several unanticipated challenges arose following installation with sand eroding and washing into unfilled
air voids in the buried riprap, requiring an adaptive management approach and regular dredging of the
adjacent lagoon to obtain additional sand. In addition, a storm in April 2021 caused erosion of the dune
toe, requiring repairs and additional beach replenishment. Recently, over 63,000 cubic yards of sand was
added to Cardiff State Beach from the adjacent San Elijo Lagoon restoration site over 4 months, which
was equivalent to filling 19 Olympic-sized swimming pools. Still, the evolving project area seeks to enable
natural processes to continue at the site and provide more time to plan a long-term solution for the
corridor.

The project serves as an important pilot of hybrid coastal 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. For additional information on timeframe considerations with respect to project
lifetimes and planning, see Section 5.1.3, Selection of a Project Planning Horizon, and Section 4.1,
Transportation Planning: Corridor or System Planning.

CASE STUDY: PROTECTIVE ADAPTATION

L

Project after construction including
Highway 101 in San Diego near Cardiff engineered hummaocks across the
Beach befare project during high-tide foreslope rise to the dune crest to facilitate
conditions in August 2010 planting and recruitement of native dune
vegetation in April 2021

Figure 4-12. Cardiff Beach Living Shoreline Project
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44.1.5 Complete Engineering and Environmental Studies with Sea-Level
Rise Considerations

Ultimately, the completed studies will enable the PDT to make decisions on a project’s final scope,
preferred alternative, schedule, and cost, including a full range of adaptation strategies that address the
project’s sea-level rise risk and environmental resource impacts. These decisions will be captured in the
project’s Risk Register, DED/FED, and DPR/PR.

Given the background in the steps above, ensure sea-level rise considerations are adequately explored
within the scopes of the engineering and environmental studies.

Outcomes of the engineering and environmental studies should include:

Evaluation of adaptation strategies reflecting the pros and cons of project components or alternatives in
terms of overall resilience to sea-level rise risks, environmental resource impacts and benefits,
equity, cost, and the consideration of interested parties.

If applicable, a draft adaptive management plan identifying a proposed timeline to revisit the need for
additional adaptation elements and/or proposed triggers to initiate a project that is resilient to sea-
level rise values commensurate with the Project Planning Horizon. Adaptive management plans
outline steps that would need to be taken after construction if sea-level rise rates exceed the
Project’s design threshold (or if other conditions specified in the plan are triggered). This will support
future decision making and identify strategies should a more extreme sea-level rise scenario become
a reality. If the observed rate of sea-level rise does not exceed the Project’s design threshold (or if
other conditions in the adaptive management plan are not triggered) then a new project does not
need to be initiated. See Section 5.1.3.1, Projects, for an explanation of Project Planning Horizons
and Section 3.7.4, What is Adaptive Management? for more information about adaptive
management plans.

4.4.2 Draft Environmental Document

The DED is circulated to the public and provides detailed information about a project’s environmental
effects, standard project features and measures to avoid impacts, ways to minimize the project’s
significant environmental effects, reasonable alternatives to the project, and a preferred alternative (for
additional information, see Caltrans’ SER Volume 1, Chapter 36 [Caltrans 2023h]). Coordination with
agencies is of critical importance in PA&ED/O phase, especially during project milestone 120 (Work
Breakdown Structure [WBS] 170) as described in the Workplan Standards Guide (Caltrans 2022d).

The following specific steps relevant for the DED are organized by the sea-level rise framework as
follows:

1. Refer to the Climate Change Annotated Outline for the DED
2. Include Sea-Level Rise Information Previously Produced for the Project
Identify the Adaptation Strategy as Project Component or Preferred Alternative

3

4. Evaluate Environmental Requirements

5. Continue Agency and Stakeholder Coordination
6

Circulate the DED Externally and Prepare the ECR
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44.2.1 Refer to the Climate Change Annotated Outline for the DED

The Environmental Document Annotated Outlines were developed for the preparation of environmental
documents addressing the requirements of NEPA and CEQA. Using the Climate Change Annotated
Outlines'®, organize content on sea-level rise as instructed (Caltrans 2023i, 2023j).

4.4.2.2 Include Sea-Level Rise Information Previously Produced for the
Project

Summarize sea-level rise analyses, or any sea-level rise information previously produced for the project,
including:

Initial scoping, planning, and preproject materials, including any system or corridor plan, TPSIS, or PID
materials. These materials (i.e., corridor plan, TPSIS, or PID) should reflect initial scoping and
resource allocation for technical engineering and environmental studies to evaluate the project’s
sea-level rise risk and adaptation strategies for the expected life of the project—including
alternatives that avoid, minimize, and mitigate sea-level rise risk and impacts on environmental
resources. Additional direction is provided in Section 4.1, Transportation Planning: Corridor or
System Planning, Section 4.2, Project Nomination Phase, and Section 4.3, K Phase.

Engineering or environmental studies on sea-level rise. These studies may include analysis of sea-level
rise risks (e.g., inundation, shoreline erosion or cliff retreat, wave runup, storm surge, groundwater
emergence); evaluation of project design adaptation components or alternatives to avoid, minimize,
or mitigate these risks; and/or corresponding project design components or alternatives that avoid,
minimize, or mitigate impacts on environmental resources such as wetlands, environmentally
sensitive habitat areas, agriculture, public access, cultural resources, water quality, and groundwater.
Additional direction is provided in Section 4.4.1, Engineering and Environmental Studies.

4.4.2.3 Identify Adaptation Strategies as Project Components and/or
Range of Preferred Alternatives

Based upon information developed through the engineering and environmental studies, the DED should
clearly identify the project’s proposed adaptation strategy if the project is or could experience any sea-
level rise risks including inundation, overtopping, shoreline erosion or cliff retreat, wave runup, storm
surge, and groundwater emergence, as well as consequences to environmental resources, public health
and safety, equity, and economic costs and benefits.

The project’s adaptation strategy should reflect project design adaptation components and/or the range
of preferred alternatives that avoids, minimizes, or mitigates sea-level rise risks. The project
documentation should also describe how the project’s adaptation strategy avoids, minimizes, or
mitigates impacts on environmental resources such as wetlands, environmentally sensitive habitat areas
including sandy beach, agriculture, public access, cultural resources, water quality, groundwater, and
viewsheds.

16 https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/climate-change-ao-capacity-

ally.docx
https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/climate-change-ao-non-capacity-

ally.docx
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Sea-level rise must be discussed in the DED even if sea-level rise risk was not evaluated and adaptation
strategies were not identified in the planning or preproject phases, or no engineering and environmental
studies were conducted for the project. For additional direction on what to include, please refer to
Section 5.1, Sea-Level Rise Risk Assessment, and Section 5.2, Sea-Level Rise Adaptation Strategies.

Components of the DED should include:

Clear identification of the project design adaptation components or the preferred adaptation
alternative. For projects with any sea-level rise risk over the project’s lifespan, identify the
adaptation strategy that the project would employ to address the risk. Additional direction and
project examples are provided in Section 4.4.1.4, Develop and Evaluate Project Adaptation
Strategies. Additional, optional guidance is provided in Chapter 5, Use of the Sea-Level Rise
Framework Worksheet. The DED should reflect all environmental commitments for any resource
impact including the project features and avoidance, minimization, and mitigation measures (AMMs)
associated with the preferred alternative or project component, and document them in the ECR and
Risk Register.

Disclosure if no sea-level rise risk is expected for the project. For projects determined by the initial
screening to be outside the area exposed to sea-level rise hazards over the course of the Project
Planning Horizon, provide documentation. To support documentation, an optional template is
available in Appendix D, Caltrans Sea-Level Rise Framework Worksheet.

An adaptive management plan, if applicable. Depending on Coastal Commission jurisdiction and project
type, certain proposed projects that do not include sea-level rise adaptation project components or
alternatives, or projects that are resilient to a lower sea-level rise scenario or near-term sea-level rise
value, may require an adaptive management plan for permitting. If this option is selected, early
coordination with regulatory agencies, specifically the Coastal Commission, is imperative. If, as a part
of AB 1282 early engagement, the environmental compliance process, and/or in anticipation of
permitting requirements, Caltrans commits to postconstruction adaptation planning, those
commitments are documented in the ECR, in the DED, in the project’s Risk Register, and in the DPR.

4.4.2.4 Evaluate Environmental Requirements

Consideration of sea-level rise risk and avoidance, minimization, and mitigation of hazards and impacts
on environmental resources is required by a variety of federal and state regulations and policies. An
objective of the sea-level rise analyses is to demonstrate, in accordance with federal and state laws and
EOs, that a project will be a good investment of state resources and will withstand or readily recover
from anticipated sea-level rise impacts. These federal and state requirements should be discussed in the
DED; for additional background, see Section 3.4, Regulatory Setting, and Appendix B, Regulatory Setting
Supplemental Information, for federal and state requirements.

For projects occurring within the jurisdictions of the Coastal Commission, BCDC, DSC, or for potential
impacts on beneficial uses of water the State Water Board—authors preparing the sea-level rise analysis
for the DED should collaborate with those responsible for preparing permit applications. Permitting
needs should be coordinated with the PDT. Specifically, the DED should characterize permitting needs as
appropriate, including:

Coastal Commission or LCP Requirements: For CDPs, identification of the permit jurisdiction, permit
type, and a Coastal Resource Policy Consistency Analysis that identifies hazards including sea-level
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rise and potential impacts on coastal resources (wetlands, environmentally sensitive habitat areas,
agriculture, water quality, visual resources, cultural resources, environmental justice, and public
access) should be included. See the Caltrans General Coastal Resource Policy Checklist (Caltrans
2023k),Y” Volume 5 of the SER (Caltrans 2023l),'8 and Chapter 6, Addressing Sea Level Rise in Coastal
Development Permits (Coastal Commission 2024a) for additional information.

BCDC Requirements: Bay Plan Climate Change Policy 2 requires projects to conduct risk assessments
including sea-level rise. Policy 3 requires that projects be designed to be resilient to mid-century sea-
level rise projections and, if projects are expected to remain in place longer than mid-century, to
complete an adaptive management plan (BCDC 2025a). Policy 4 requires that undeveloped land that
would be suitable for habitat be given special consideration for preservation or enhancement. With
respect to sea-level rise adaptation, Policy 5 requires that natural and nature-based features be
considered where appropriate. For projects that include fill (as defined in California Government
Code section 66632), BCDC requires that the following standards be met: demonstration that public
benefits exceed detriments, there is no upland alternative, it is the minimum fill necessary, and the
fill meets safety hazard standards.

DSC Requirements: DSC holds appellate authority over the Legal Delta for “covered actions” wherein
most transportation projects aside from routine maintenance must submit certifications that
demonstrate consistency with the Delta Plan’s 14 regulatory policies (DSC 2025a). Certification must
include documentation of best available science (Policy G P1(b)(3)), and demonstrate consistency
with policies supporting restoration of the ecosystem and a more reliable water supply.

4.4.2.5 Continue Agency and Interested Party Coordination

It is an important best practice to continue coordinating with permitting agency staff like the Coastal
Commission, BCDC, State Water Board, or other resource agencies as part of developing the DED.
Comments from interested parties and responsible agencies may influence the final project design,
adaptation strategies, or selection of project alternative. Coordination with other agencies in drafting the
DED may reduce the number of changes requested. Any changes and all comments received in the public
review of the DED are captured in the FED.

Share the Administrative DED for interagency review and comment. If a project requires a permit from
a resource agency, consultation with the Coastal Commission or local governments with certified
LCPs, BCDC, State Water Board, and DSC and the sharing of an administrative draft should occur in
advance of external circulation of the DED.

4.4.2.6 Circulate the Draft Environmental Document Externally and
Prepare the Environmental Commitments Record

Circulate the DED externally after completing previous steps and incorporating feedback from resource
agencies on the administrative draft, time permitting. List all environmental commitments (i.e., CEQA
requirements for any resource impact including project features and AMMs) associated with the
preferred sea-level rise adaptation strategy alternative or project component in the ECR.

7 https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/env/coastal-checklist-al1ly.pdf
18 https://dot.ca.gov/programs/environmental-analysis/standard-environmental-reference-ser/volume-5-coastal-requirements
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4.4.3 CEQA Exemptions/NEPA Categorical Exclusions

Projects that meet the definitions of being CEQA exempt or NEPA categorical exclusions (CE/CEs) are
categories of actions that have been determined not to have a significant effect on the environment
either individually or cumulatively (see SER Volume 1, Chapters 30 and 35 [Caltrans 2023m]). In PA&ED/0O
phase, completion and filing of Caltrans’ CE/CE Form is all that is necessary for purposes of CEQA/NEPA
compliance (Caltrans 2022f).

Importantly, while most Caltrans projects are CE/CEs, many of these projects still must obtain permits
like CDPs/Waivers or permits from BCDC, especially if there are potential sea-level rise considerations
given the project location and purpose. See Caltrans SER Volume 5, Chapter 5 for guidance on when
projects qualify for a CDP exemption, CDP waiver, emergency exemption, emergency waiver, or
emergency CDP and the requirements associated with each permit type.

The following specific steps relevant for CE/CEs are organized by the sea-level rise framework as follows:
1. Review Sea-Level Rise Technical Analyses

2. Meet Environmental Requirements

4.4.3.1 Review Sea-Level Rise Technical Analyses

Review the sea-level rise analysis, or any sea-level rise information previously produced for the project,
including any engineering or environmental studies that were completed as described in Section 4.4.1.2,
Ensure Engineering and Environmental Studies Address Sea-Level Rise Considerations.

Understanding that many CE/CEs may not have adequately scoped for environmental studies that would
be required for permitting projects with sea-level rise considerations, ensure sea-level rise impacts and
alternatives are evaluated.

To prepare for review from permitting agencies, consider including information about the evaluation of
adaptation strategy alternatives. This should include information about what strategies in addition to
protective adaptation strategies were considered. If a protective adaptation strategy is preferred, explain
why it is the preferred approach. If a protective approach has an environmental resource impact, include
information about mitigation needs for impacts. Specifically, necessary information for permitting needs
will likely include an evaluation of adaptation strategies including alternatives to any protective approach
reflecting armoring components like revetment, RSP, a secant wall, or fill. Refer to the SER Volume 5,
Chapter 4 for additional guidance on the information needed for project delivery, to the Caltrans General
Coastal Resource Policy Checklist for typical restrictions and concerns that arise during the coastal
development review process, and California Coastal Act Chapter 3 - Policy Consistency Summary Table,
for an example consistency summary.

4.4.3.2 Meet Environmental Requirements

For projects occurring within the jurisdictions of the Coastal Commission or BCDC, even though a project
is a CE/CE, if there are sea-level rise considerations given the project location and purpose permits may

1% https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/ce-ce-form-ally.docx
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still be required. At a minimum, communicate and coordinate with the Coastal Commission, LCP, or BCDC
to ensure compliance with regulatory requirements.

Coastal Commission or LCP: Several steps are necessary for meeting permitting requirements in the
Coastal Zone:

o Determine standard of review given permit jurisdiction: Ensure given project location
applicable policies are evaluated depending on permit jurisdiction (state, local, or joint).

o Determine Permit Type: For projects that propose to repair or replace revetment, RSP, a secant
wall, or a retaining wall in an area where there is the potential for sea-level rise exposure, an
evaluation of whether the armoring feature was originally placed before or after 1976 when the
California Coastal Act was signed into law, and if it ever received a CDP will inform whether a full
CDP is necessary or whether it might be eligible for a waiver.

o Complete Permit Application: A CDP will likely require a coastal hazards analysis; an alternatives
analysis; a geotechnical report; habitat impact analysis and mitigation plan; mitigation for
impacts on environmentally sensitive habitat areas, sand supply, and public access/recreational
opportunities, and resolution of California Coastal Act violations or outstanding permits. See SER,
Volume 5 (Caltrans 2023l),20 and Chapter 6, Addressing Sea Level Rise in Coastal Development
Permits (Coastal Commission 2024a) for additional information.

BCDC: Bay Plan Climate Change Policy 2 requires projects to conduct risk assessments, including sea-level
rise. Policy 3 requires that projects be designed to be resilient to mid-century sea-level rise
projections and, if projects are expected to remain in place longer than mid-century, to complete an
adaptive management plan (BCDC 2025a). Policy 4 requires that undeveloped land that would be
suitable for habitat be given special consideration for preservation or enhancement. With respect to
sea-level rise adaptation, Policy 5 requires that natural and nature-based features be considered
where appropriate. For projects that include fill (as defined in California Government Code section
66632), BCDC requires that the following standards be met: demonstration that public benefits
exceed detriments, there is no alternative, it is the minimum fill necessary, and the fill meets safety
hazard standards.

4.4.4 Final Environmental Document

Years can pass between the circulation and review of the DED and the decision to prepare and approve a
FED, and updates may be required.

The following specific steps relevant for the FED are organized by the sea-level rise framework as follows:
1. Update the FED with Relevant Sea-Level Rise Changes

2. Circulate the FED and Update the Project’s Risk Register
4.4.4.1 Update the Final Environmental Document with Relevant Sea-
Level Rise Changes

Public and agency comments may suggest project modifications or development of new adaptation
strategies. Sea-level rise science, guidance, and regulations may have changed or been updated, or

20 https://dot.ca.gov/programs/environmental-analysis/standard-environmental-reference-ser/volume-5-coastal-requirements
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recognition of new potential environmental impacts may require revising and recirculating a DED.
Accordingly, when preparing the FED, Caltrans staff should revisit the sea-level rise analysis and consider
the following:

Incorporate new sea-level rise guidance: Have new Caltrans, OPC, resource agency, or sea-level rise
guidance or regulations been issued since the DED was completed? If so, methods and adaptation
components may need to be adjusted.

Incorporate best available science on sea-level rise: If new sea-level rise projections have been released
or local sea-level rise assessments have been completed, incorporate as appropriate to evaluate
whether there are changes to the impacts on the project area or to the time horizon over which
impacts are anticipated.

Update sea-level rise assessment if project has changed or a new alternative has been introduced:
Reassess the sea-level rise risk and adaptation strategies in terms of the hazard and impacts on
environmental resources. Evaluate and describe how project design modifications or the new
alternative(s) mitigate or avoid previously identified impacts, enhance or reduce resilience, or
potentially cause other impacts.

Incorporate any changes to the project setting: If there has been new development in the project area,
change in land-use designation, LCP policies, land-use policy, zoning ordinances, significant coastal
erosion in or adjacent to the project area, or completion of an adjoining Caltrans project that may
change the original sea-level rise analysis, reassess the sea-level rise risk, other coastal hazards, and
impacts on environmental resources and describe any necessary adaptation strategy changes.

If any of these changes have occurred and might alter the conclusion of the original sea-level rise
analysis, or require additional adaptation strategies or planning, evaluate what might be needed with the
PDT. Whether and how much additional analysis is needed will depend on the original project scope and
risk analysis and the magnitude of changes since the DED. Revise the sea-level rise analysis for the FED
accordingly. The FED should document, at a minimum:

The changes that prompted the revised analysis, if needed (e.g., new regulations, changes in sea-level
rise projections, project changes).

The methods used to verify that no additional analysis was needed or those used to revise the analysis
(e.g., applied new sea-level rise projections for the project location to determine if they would or
would not change the impacts).

Any new project features and AMMs for sea-level rise or other resource impacts that would improve the
project’s resilience to sea-level rise and are updated in the ECR.

Changes in long-term adaptive management plans.

4.4.4.2 Circulate the FED and Update the Project’s Risk Register

Circulate the FED with resource agency partners and interested parties, and update the project’s Risk
Register per Project Delivery Directive PDD-09R1 (Caltrans 2022e) in alignment with Director’s Policy DP-
30: Climate Change (Caltrans 2012a). To support documentation of the project’s sea-level rise risks for
certification of the FED, an optional template is available in Appendix D, Caltrans Sea-Level Rise
Framework Worksheet.
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4.4.5 Draft and Final Project Report

The DPR is a decision document prepared in conjunction with the DED. The purpose of the DPR is to
document the need for a transportation project, summarize key points from the DED, and summarize the
findings of any additional studies—including any completed engineering or environmental technical
studies, as described in Section 4.4.1.2, Ensure Engineering and Environmental Studies Address Sea-Level
Rise Considerations—with the scope, costs, and impacts of alternatives. The DPR should document the
PDT’s decision on whether to proceed to a public hearing, and which alternatives and design options are
being carried forward.

In the DPR, document the findings of the sea-level rise analyses for the project and each proposed
adaptation strategy. This documentation includes the sea-level rise mapping, cost analyses, and
information on the effectiveness of the adaptation strategy at reducing sea-level rise risk. Disclose
whether the impacts of the adaptation strategies could also be negative, such as protective strategies
having more environmental impacts than other strategies. The DPR should also document the adaptive
management plan for addressing the High scenario when it is not addressed within the scope of the
project for the entire Project Planning Horizon. Document all impacts and findings from the analysis in
the DPR to inform decision-making. See Section 5.1.3, Selection of a Project Planning Horizon, for a
discussion on identifying the Project Planning Horizon and Section 5.1.4, Selection of Sea-Level Rise
Scenarios, for more information on the High scenario.

The PR documents the selected preferred alternative, the public hearing process, project costs, adequacy
of the environmental studies and FED, and approval of the project (Caltrans 2021b). See the PDPM for
additional guidance relating to preparation of DPR/PRs.

4.5 Plans, Specifications, and Estimates: 1 Phase

The Plans, Specifications, and Estimates (PS&E), or 1 phase, is the project delivery phase during which the
project engineer collaborates with the PDT and task managers to compile project details and develop the
PS&E documentation for the selected PA&ED/O phase project alternative (Caltrans 2023c). In PS&E/1
phase, project information is reviewed and updated; the scope of the selected alternative is refined; and
reports, such as hydrology and hydraulic reports, are updated as necessary. (Caltrans 2011).

PS&E/1 phase cannot begin until the Environmental Document is approved and the PR is signed, and
during PS&E/1 phase all necessary permit approvals must be solicited and obtained before the project
can be advertised and awarded and construction can begin (Caltrans 2011).

This section provides recommendations to inform the development of the following (Figure 4-13):

Permit Applications, Submittals, and Approvals

4.5.1 Permit Applications, Submittals, and Approvals

There are several federal, state, and local agencies from whom permits may be necessary before issuing
biddable and buildable contracts as they relate to the project purpose and resources present in the
location (Caltrans 2011). Sea-level rise considerations identified in PA&ED/O phase (Section 4.4, Project
Approval and Environmental Document: 0 Phase), including decisions regarding the adaptation strategy
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within the preferred alternative or project component are incorporated into the final project design
during this phase. With respect to environmental resources, depending on the jurisdiction, resource
agencies can require avoidance, minimization, and mitigation of project impacts, as well as special permit
conditions. Coordination with agencies is of critical importance in PS&E/1 phase, especially during project
milestone 380 (WBS 205/280) to obtain permits, licenses, agreements, and certifications as described in
the Workplan Standards Guide (Caltrans 2022d). Refer to HDM, PDPM, and Construction Contract
Development Guide for additional requirements.

Specific steps relevant for permits are organized by the sea-level rise framework as follows:
1. Review Permit Information and Sea-Level Rise Considerations from PA&ED/O Phase
2. Ensure Permit Application Submittals Are Complete

3. Ensure Final Project Design, Plans, and ECR Incorporate Permit Requirements
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Figure 4-13. Sea-Level Rise Guidance and Plans, Specifications, and Estimates Flow Chart
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45.1.1 Review Agency Requirements for Permits and Sea-Level Rise
Considerations from PA&ED/O Phase

Federal and state permitting requirements that were identified during PA&ED/O phase (i.e., the FED, or
permit requirements for the CE/CE) as described in Section 4.4, Project Approval and Environmental
Document: 0 Phase, should be reviewed. Specifically, projects occurring within the jurisdictions of the
Coastal Commission or LSP, BCDC, DSC, or with potential impacts on beneficial uses of water as regulated
by the State Water Board, should identify permit needs that will be used to prepare permit applications.
Any permit requirements that may have been agreed upon during PA&ED/0O phase should be
incorporated into the final project design and cost estimates. For additional background, see Section 3.4,
Regulatory Setting, and Appendix B, Regulatory Setting Supplemental Information, for federal and state
requirements.

4.5.1.2 Ensure Permit Application Submittals are Complete

Depending on the project permitting needs, ongoing coordination with permitting agencies should
continue during permit application preparation. Project permitting needs should be coordinated with the
PDT. In general, the recommendation is to submit 65% design plans along with any engineering and
environmental studies (as identified in Section 4.4.1, Engineering and Environmental Studies) in the
application packages, and 100% design plans when available to ensure permit conditions are met.
Specifically, permitting applications should contain:

Coastal Commission or LCP Requirements: For CDPs, identification of the permit jurisdiction, permit
type, and a Coastal Resource Policy Consistency Analysis that identifies hazards, including sea-level
rise and potential impacts on coastal resources (wetlands, environmentally sensitive habitat areas,
agriculture, water quality, visual resources, cultural resources, environmental justice, and public
access) should be included. Specific attention should be paid to demonstrate consistency with
California Coastal Act section 30253 and section 30235. See the Caltrans General Coastal Resource
Policy Checklist (Caltrans 2023k), SER Volume 5 (Caltrans 2023l), Chapter 6: Addressing Sea Level Rise
in Coastal Development Permits (Coastal Commission 2024a), and the Caltrans webpage on Sea Level
Rise and the Transportation System in the Coastal Zone (Caltrans 2023n) for additional information.
Generally, a habitat impact analysis and an on-site or off-site habitat mitigation plan are needed for a
complete application.

BCDC Requirements: For projects in the San Francisco Bay Area, the BCDC Guidance (BCDC 2025a)
contains permit application requirements. Bay Plan Climate Change Policy 2 requires projects to
conduct risk assessments, including sea-level rise. Policy 3 requires that projects be designed to be
resilient to mid-century sea-level rise projections and, if projects are expected to remain in place
longer than mid-century, to complete an adaptive management plan (BCDC 2025a). With respect to
sea-level rise adaptation, Policy 5 requires that natural and nature-based features be considered
where appropriate. For projects that include fill (as defined in California Government Code section
66632), BCDC requires that the following standards be met including demonstrating that public
benefits exceed detriments, there is no alternative, it is the minimum fill necessary, and the fill
meets safety hazard standards. It is recommended to coordinate with BCDC staff to ensure that
shoreline projects with adaptation features are recorded in the EcoAtlas project tracker in the San
Francisco Bay adaptation category (EcoAtlas 2024).
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DSC Requirements: Certification must document the best available science (Policy G P1(b)(3)) and
demonstrate consistency with policies supporting restoration of the ecosystem and a more reliable
water supply. DSC holds appellate authority over the Legal Delta for “covered actions” wherein most
transportation projects aside from routine maintenance must submit certifications that demonstrate
consistency with the Delta Plan’s 14 regulatory policies (DSC 2025a).

Failure to adequately address permitting and approval requirements in permit applications may lead to a
redesign of the project, which would require additional time and resources and potentially require
recirculation/revalidation of the Environmental Document.

A complete permit application should include:

All project permit commitments for sea-level rise that will go into the plans, specifications, and/or
estimates for the final bid package. For example, the finalized hydraulics report should include sea-
level rise impacts (i.e., flooding and inundation, storm surge, waves, erosion and bluff retreat,
groundwater table rise, and king tides), showing how the project’s adaptation component is
reflected in the final project design. The final bid package would include contract, plans, and
specifications and estimated quantities, and the cost estimates reflecting the adaptation strategy or
component(s). Another example could be project components and/or adaptive management plans
that document responsibilities and processes to monitor asset performance like the number of flood
events or maintenance costs as sea levels rise, as well as any adaptive management practices and
triggers for action to manage sea-level rise risk over time. Documentation of any required
compensatory mitigation should also be submitted (e.g., habitat mitigation and monitoring plans).

4.5.1.3 Ensure Final Project Design, Plans, and Environmental
Commitments Record Incorporate Permit Requirements

Once the permits are received, ensure that any permit requirements or conditions are captured in the
final project design, plans, specifications, cost estimates, the ECR, and/or the Risk Register. Permit
conditions may require long-term monitoring of erosion or flooding related to sea-level rise. Phased
adaptation projects in particular will likely have long-term permit commitments and the need to monitor
designated triggers for new adaptation projects.

4.6 Maintenance and Operations

Highway maintenance is the preservation, upkeep, and restoration of the roadway structures as nearly as
possible in the condition to which they were constructed (Caltrans 2014). “Maintenance” also includes
the operation of highway facilities and services to provide satisfactory and safe transportation (Caltrans
2014). The Caltrans Maintenance Manual presents general practice and procedures that provide for a
uniform approach to maintaining the State Highway System. Without altering the general practice and
procedures established in the Maintenance Manual, this section provides supplementary information
about the relationship between typical maintenance and operations activities and Caltrans’ overall sea-
level rise adaptation efforts. More specifically, this section discusses opportunities to use information
generated during the maintenance and operation phase to inform long-term plans and projects.

Maintenance and operations play a critical role in the resilience of the Caltrans highway system.
Maintenance activities such as routinely clearing culverts ensure that assets can perform as designed.
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Caltrans maintenance units are first responders for events like winter storms, ensuring debris is cleared
and immediate essential repairs are made to safely restore transportation services on the State Highway
System. These emergency repairs and permanent restoration activities are performed and monitored by
the Division of Maintenance. In addition, the Division of Maintenance monitors and maintains the
inventories of asset conditions from which priorities are identified for projects funded by SHOPP.
Information that is collected during these activities can help other units within Caltrans to identify and
prioritize the need for more long-term plans and projects to address sea-level rise, where appropriate.
This section provides recommendations related to the following activities that occur during the
maintenance and operations phase (Figure 4-14):

Emergency Management/Major Damage Restoration and Director’s Orders

Asset Condition Inventories

4.6.1.1 Emergency Management/Major Damage Restoration and
Director’s Orders

Maintenance includes “special or emergency maintenance or repair necessitated by accidents or by
storms or other weather conditions, slides, settlements or other unusual or unexpected damage to a
roadway, structure or facility” (Streets and Highways Code section 27). In some cases, the need for such
emergency maintenance or repairs may be an indication that an asset is already highly vulnerable to
coastal hazards, such as flooding, bluff erosion, or scour. Sea-level rise will lead to more frequent coastal
flooding and erosion in some areas, and will make it increasingly difficult to keep roadways, culverts, and
drainage facilities clear and functioning as designed.

In locations exposed to sea-level rise, permitting agencies such as the Coastal Commission are
increasingly limiting the use of emergency permits and/or placing conditions on emergency permits to
require development of long-term plans and projects that address the underlying risks to the asset. The
California Coastal Act provides exceptions to the standard CDP process for certain emergency projects
(see PRC section 30600(e)(2)). However, the exception may not apply to all projects that are deemed
emergencies by Caltrans. For example, the exception only applies within one year of the damage. The
exception does not apply when the project is on an official state scenic highway, among other limitations.
If Caltrans obtains a Director’s Order for an emergency project, but Coastal Commission finds that it does
not meet the requirements for an exception to the CDP process, that does not mean that the project is
not an emergency. Rather, it means that Coastal Commission might place conditions on the emergency
CDP or might require a standard CDP for a long-term plan or project.

The following sections discuss the opportunities for Emergency Management/Major Damage Restoration
and Director’s Orders to inform long-term sea-level rise adaptation.
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Figure 4-14. Sea-Level Rise Guidance and Maintenance and Operations Flow Chart
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Provide Available Data on Emergency Repairs to Support Identification of
Adaptation Needs

The Caltrans Maintenance Manual emphasizes the importance of tracking costs associated with
emergency repairs in order to maximize State and federal assistance and to facilitate reimbursement
(Caltrans 2014). Tracking emergency repair costs and understanding where emergency repairs have been
made in response to coastal hazards including flooding, cliff or bluff erosion, or groundwater emergence
is also a critical component of identifying sea-level rise adaptation needs for the transportation system.
Information collected on emergency management/Major Damage Restoration activities can be useful to
other units within Caltrans that are working to prioritize and initiate long-term plans and projects to
address these risks. Major Damage Restoration currently tracks the SHOPP 150 Repeatedly Damaged
Location list and provides the list to districts to inform prioritization. The Headquarters Directors Orders
Management System (HQDOMS) database and Transportation Asset Management System (TAMS) also
provide useful information that other units at Caltrans might leverage to assess vulnerability and long-
term costs. Data would be analyzed by other units, outside of the Division of Maintenance, after it is
collected and input into tracking systems.

Coordinate with Other Units During Scheduled Updates to Tracking Systems and
Protocols

Over time, when the Division of Maintenance receives resources to update or upgrade existing tracking
systems, databases, and protocols, consider coordinating with other Caltrans functional units. Scheduled
updates and upgrades represent a window of opportunity to address information gaps and improve
Caltrans’ ability to justify resource needs for sea-level rise adaptation projects. This information will
provide an evidence-based understanding of where sea-level rise adaptation needs are for the
transportation system to be used by Divisions across Caltrans, including Project Delivery, Planning, and
Asset Management. Note that additional resources might be needed to collect and track new types of
data; availability of resources for data collection/tracking should be factored into updates to tracking
systems and protocols.

In addition, an updated recordkeeping system may also help fulfill the federal requirement for state
departments of transportation to “conduct statewide evaluations to determine if there are reasonable
alternatives to roads, highways, and bridges that have required repair and reconstruction activities on
two or more occasions due to emergency events” (23 CFR Part 667).

Provide Expertise and Input on Long-Term Adaptation Plans

In many cases resource agencies like the Coastal Commission only authorize emergency repairs (i.e.,
emergency CDPs) that are the minimum necessary in scope to maintain an open highway (Coastal
Commission 2015). Responses that take longer than 1 year to plan, even if under a Director’s Order, may
not be considered immediate enough to qualify for emergency coastal permits (PRC section 30600(e)(2),
Coastal Commission 2015) or may have conditions placed on the emergency permit that require a
standard CDP be obtained later. For example, emergency erosion stabilization work along Highway 1
near Westport took more than 1 year to plan. Thus, Coastal Commission issued an emergency CDP
(Permit Number G-1-25-0012) to allow Caltrans to implement the immediately necessary work, while
also requiring Caltrans to submit an application for a regular CDP within 270 days, including a schedule
for a long-term plan that considers a range of alternatives including realignment or retreat (among other
types of alternatives).
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Coordination with resource agency staff and internally across Caltrans Divisions is necessary to best find
solutions that meet agency emergency project standards while longer-term adaptation solutions can be
properly evaluated through the fuller permit process. More broadly, there is good understanding that
the cumulative costs of continued repairs associated with keeping assets in place will eventually
outweigh the costs of investing in an interim or long-term adaptation solution (see Section 3.7.3, How
Should Costs and Benefits Be Considered in Adaptation Choices?).

Integrate Sea-Level Rise into Emergency Management Strategies and Ongoing
Repairs

The following opportunities relevant for general emergency management and repairs are informed by
FHWA'’s Climate Change Adaptation Guide for Transportation Systems Management, Operations, and
Maintenance (FHWA 2015):

Incorporate anticipated changes from flooding and erosion associated with sea-level rise into emergency
management planning, including anticipated staffing, training, and equipment needs.

Improve intra-agency coordination and information sharing about conditions, closures, resources,
resource-sharing agreements, and information sharing about plans, initiatives, risks, and resources
(e.g., include key interested parties in routine communications to streamline the process during
emergency events).

Where feasible, stockpile materials and equipment and stage them in strategic areas prior to events. This
stockpiling may be more practical for smaller and more commonly needed materials than for larger
materials or ones that are not commonly needed. Invest in redundant communications systems and
data servers, and expand both coverage and quality of fixed and mobile monitoring capabilities.

Review and consider mitigating vulnerabilities when conducting scheduled maintenance activities. For
example, if working on a repair project in an area with limited cell service, consider how to
incorporate communication infrastructure upgrades as part of the project to expand communication
capacity and redundancy, which is critical for conducting both routine and emergency operations.

4.6.1.2 Asset Condition Inventories

The Division of Maintenance monitors asset performance and maintains inventories of asset conditions
for Caltrans. As discussed in Section 4.6.1.1, Emergency Management/Major Damage Restoration and
Director’s Order, sea-level rise will lead to more frequent coastal flooding and erosion in some areas and
will make it increasingly difficult to maintain the condition and functionality of assets, as designed. The
following sections discuss the opportunities for asset condition inventories to inform long-term sea-level
rise adaptation needs.

Provide Available Data on Asset Condition Inventories to Support Identification of
Adaptation Needs

There are several programs responsible for monitoring performance and maintaining asset inventories in
the Division of Maintenance; these programs include the Bridge Structures Maintenance and
Investigations, the Pavement Program, and the Culvert Inspection Program. Asset condition inventory
data can be useful to other units within Caltrans that are working to prioritize and initiate long-term
plans and projects to address sea-level rise risks.
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For example, past and ongoing statewide assessments of sea-level rise impacts on assets by location
have leveraged geospatial datasets from asset inventories to analyze vulnerability and prioritize assets
for adaptation (i.e., the Climate Change Vulnerability Assessments [Caltrans 2019b], Adaptation Priorities
Reports [Caltrans 2020f], or the 2023 State Highway System Management Plan [SHSMP] [Caltrans
20230])

Coordinate with Other Units During Scheduled Updates to Inventory Datasets and
Protocols

Over time, when the Division of Maintenance receives resources to update or upgrade existing asset
inventory databases and/or data collection protocols, consider coordinating with other Caltrans
functional units. Scheduled updates and upgrades represent a window of opportunity to address
information gaps and improve Caltrans’ ability to justify resource needs for sea-level rise adaptation
projects. For example, the recent change from using roadway centerline datasets to roadway polygons
has improved the precision of exposure and vulnerability assessments, which informs work by Divisions
across the Department, including Project Delivery, Planning, and Asset Management.

4.7 Asset Management

Caltrans’ transportation Asset Management Division supports a strategic and systematic process of
operating, maintaining, upgrading, and expanding physical assets throughout their lifecycle. Asset
management focuses on business and engineering practices for resource allocation and utilization, with
the objective of better decision-making based on quality information and well-defined objectives.
Caltrans has already begun integrating sea-level rise considerations into the asset management process,
and this section provides recommendations for continued improvement.

This section provides recommendations to inform the development of the following (Figure 4-15):
SHSMP

Performance Benchmarks

The SHSMP uses a performance management approach to inform investment decisions. A baseline
inventory is prepared for each asset class and performance measure, where assets are categorized as
good, fair, or poor condition/performance. For each performance measure, a needs assessment
identifies and quantifies the “performance gap” as the difference between the performance objective (or
target) and the baseline.

The Climate Adaptation and Resilience Program performance objective was introduced in the 2023
SHSMP and focused on sea-level rise. The 2023 SHSMP (Caltrans 20230) sea-level rise needs assessment
for roadways and bridges included best available science projections for cliff retreat and environmental
mitigation costs, (building upon the Caltrans District Vulnerability Assessments and Adaptation Priorities
Reports). The 2023 needs assessment identified an investment need of $15.4 billion by 2033 and $56
billion by 2100 for sea-level rise. For the first time, an investment of $1.7 billion was proposed to address
the sea-level rise performance gap.
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Figure 4-15. Sea-Level Rise Guidance and Asset Management Flow Chart

4.7.1.1 State Highway System Management Plan
Specific steps relevant for the SHSMP are organized by the sea-level rise framework as follows:
1. Regularly Update the SHSMP to Include Best Available Sea-Level Rise Information

2. Prioritize Needs and Track Improvements in the Sea-Level Rise Performance Objective

Regularly Update the SHSMP to Include Best Available Sea-Level Rise Information

The SHSMP is updated every 2 years and should integrate best available science and information on sea-
level rise within the performance objective. This includes new projections, estimates of adaptation
investment needs, and State guidance. The associated “performance gap” in terms of assets that are and
will be exposed should also be clearly evaluated and disclosed.
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Prioritize Needs and Track Improvements in the Sea-Level Rise Performance
Objective

The sea-level rise adaptation performance objective should identify and prioritize assets that need
investment for long-term sea-level rise resilience over the entire expected asset lifecycle (per definitions
in 23 CFR Part 515) that considers asset exposure along with companion social, environmental, and
economic risks. These methods build upon the asset management conceptual approach, in collaboration
and agreement with asset managers, to prioritize projects through multi-objective decision analysis and
enables consideration of the “triple bottom line” associated with agency, departmental, and state
adaptation goals to optimize investment decisions with limited funds (Caltrans 2023p).
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Chapter 5
Use of the Sea-Level Rise Framework Worksheet

This chapter provides optional, step by step guidance and examples for preparing a sea-level rise risk
assessment and considering alternative adaptation strategies. The Sea-Level Rise Framework Worksheet
provided in Appendix D is a complementary, optional resource to support documentation of the risk
assessment and adaptation strategies described in this chapter.

This guidance is recommended for use during corridor or system planning, project nomination, and early
project development (K phase). During corridor planning, the guidance in this chapter supplements the
Caltrans Climate Change Emphasis Area Guidance for Corridor Planning (Caltrans 2022a) and the steps in
Section 4.1, Transportation Planning: Corridor or System Planning, with more specific steps to help staff
develop sea-level rise information that will support future project development and permitting needs.
During project nomination, the guidance in this chapter supplements the TPSIS guidance (Caltrans 2022c)
and the steps in Section 4.2, Project Nomination Phase, with more specific steps to help staff develop
sea-level rise information that will support future project development and permitting needs. During K
phase, the guidance in this chapter supplements the Climate Risk and Adaptation Report template
(Caltrans 2023e), PIR guidance (Caltrans 2023d), and the steps in Section 4.3, K Phase with more specific
steps to help staff develop sea-level rise information that will support future project development and
permitting needs.

5.1 Sea-Level Rise Risk Assessment

This section provides an overview of key concepts related to evaluation of sea-level rise risk. Broadly, risk
captures both the probability of an adverse event and the consequences to the public, environment, and
economy, as illustrated in Figure 5-1. For sea-level rise, adverse events could include flooding, erosion,
and groundwater emergence, among other hazards. The probability of these events changes over time,
as sea levels rise, depending on sea-level rise scenario. The consequences may be described as exposure
of the transportation facility to the adverse event and/or in terms of impacts on public health and safety,
the surrounding environment, and the economy.

This risk assessment framework aligns with the California Transportation Asset Management Plan
(Caltrans 2022g), as well as FHWA guidance (2020). The amount of exposure varies by location, sea-level
rise scenario, and timeframe. In general, increased levels of sea-level rise exposure have greater impacts
on the transportation system and adverse consequences to the surrounding environment, society, and
economy.
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Figure 5-1. Conceptual Sea-Level Rise Framework Risk Diagram

The sea-level rise risk assessment in the Caltrans Sea-Level Rise Framework Worksheet consists of six
components, which are described in the following sections:

1. Initial Screening

2. Identification of the Nearest Tide Gage for Selection of Sea-Level Rise and Tidal Datums

3. Selection of the Timeline for Plans or Projects

4. Selection of Sea-Level Rise Scenarios

5. Evaluation of Potential Sea-Level Rise Impacts

6. Evaluation of Potential Sea-Level Rise Consequences

5.1.1 Initial Screening: When to Consider Sea-Level Rise

Sea-level rise should be considered when the plan, project, or other investment decision meets either of
the criteria for jurisdictional screening or sea-level rise exposure screening.

5.1.1.1 Jurisdictional Screening

The project or planning area lies within the current Coastal Zone boundary?!
(https://www.coastal.ca.gov/maps/czb/), San Francisco Bay (https://bcdc.ca.gov/data.html), or the
Sacramento—San Joaquin Legal Delta boundary (https://delta.ca.gov/).

Figure 5-2 provides general map locations for the Coastal Zone, San Francisco Bay and Suisun Marsh, and
Legal Delta boundaries.

21 The Coastal Zone is defined by the statute (for purposes of the California Coastal Act Section 30103), in which the Coastal
Commission or a local agency with a certified LCP will require a CDP.
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Figure 5-2. Jurisdictional Boundaries

5.1.1.2 Sea-Level Rise Exposure Screening

In this stage of initial screening, the highest sea-level rise value contained in the 2024 OPC Guidance is
used to assess whether any portion of the project or planning area could be exposed to sea-level rise.
Note that if the initial screening with the highest value indicates that the project or planning area could
be exposed, a more project-specific analysis will be prepared in subsequent steps that uses a more
refined selection of sea-level rise values.

To screen for sea-level rise exposure, conduct initial screening using a sea-level rise viewer (Appendix A,
Overview of Sea-Level Rise Viewers and Data). Evaluate the highest sea-level rise value associated with
the tide gage and time horizons provided in OPC Guidance (OPC 2024).

This initial screening exercise will identify projects that are wholly outside of even the most extreme sea-
level rise inundation zones. No additional sea-level rise analysis is needed for projects located outside
this zone. Document this decision in the project file.

For example, Figure 5-3 shows that segments of Highway 1 near La Selva, north of Buena Vista Drive, are
not exposed to flooding even under the most extreme sea-level rise increment available in the Our Coast
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Our Future (OCOF) mapping tool, combined with a 100-year storm surge. The nearest tide gage to this
location is Monterey; 2024 OPC Guidance, Table 9, lists the highest sea-level rise value at the Monterey
gage as 11.5 feet. According to the OCOF sea-level rise viewer, this portion of Highway 1 does not appear
to be exposed to flooding associated with 500 cm (16.4 feet) of sea-level rise with a 100-year storm.
Therefore, no additional sea-level rise analysis is needed for plans and projects in this location.
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Figure 5-3. Exposure Screening Example: Our Coast Our Futures Sea-Level Rise Flooding with 16.4
Feet of Sea-Level Rise and a 100-Year Storm

Caltrans staff should refer to the SER for more detailed guidance on screening plan and project locations
for sea-level rise values that are less than the most extreme sea-level rise increment in the OCOF
mapping tool.

5.1.2 Identification of the Nearest Tide Gage for Selection of

Sea-Level Rise Values and Tidal Datums

Once a project or planning area has been identified by the initial screening, a more project-specific
analysis can be developed by identifying the closest tidal gage that can be used to select a sea-level rise
scenario and tidal datum (e.g., mean higher high water).

As described in the 2024 OPC Guidance (OPC 2024), sea-level rise will increase incrementally over time,
but not uniformly along the coast due to factors such as natural long-term differences in land subsidence
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and uplift. For example, under the Intermediate Scenario for 2100, sea levels could rise by up to 2.3 feet
near Crescent City, 2.8 feet near Santa Barbara, and 3.9 feet near North Spit (near Eureka).

Amounts of sea-level rise (in feet) are provided by decade and for each scenario for select NOAA tide
gage location (Figure 5-4), from 2020 to 2150 in OPC’s Guidance (OPC 2024). These scenarios, when
added to the appropriate tidal datum, can then be converted to land-based heights (i.e., transform to a
geodetic datum such as North American Vertical Datum of 1988) and carried through the rest of sea-level
rise risk assessment and adaptation analysis. This process should conform with the Caltrans guidance for
Estimating Sea Level for Project Initiation Documents: Converting Tidal Datums to Project Elevations and
Predicting Future Sea Levels (Caltrans 2012b).
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Figure 5-4. Map of Tide Gage Locations (OPC 2024)

Determining the tidal datums for a project is different for the outer coast and the San Francisco Bay. For
the outer coast, tidal datums are provided at each tide gage station from NOAA’s Tides and Currents
website (https://tidesandcurrents.noaa.gov/map/index.html) (NOAA 2025). In the San Francisco Bay,
tidal datums have been made available on the SF Bay Tidal Datums viewer
(https://gis.data.ca.gov/datasets/BCDC::sf-bay-tidal-datums-2016/about) and were produced by the San
Francisco Bay Tidal Datums and Extreme Tides Study (AECOM 2016).
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5.1.2.1 Vertical Land Motion

The sea-level rise amounts in the 2024 OPC Guidance already incorporate a local estimate of vertical land
motion for each tide gage location. More details on how vertical land motion and regional offsets were
calculated are in the 2024 OPC Guidance and the 2022 Federal Sea Level Rise Technical Report. When
technical capacity and available data allow, project locations that have more localized or site-specific
data on vertical land motion can choose to integrate local measurements for any location on the
California coast and San Francisco Bay.

5.1.3 Selection of a Project Planning Horizon

5.1.3.1 Projects

Caltrans staff follow the HDM, Structure Technical Policy, Memo to Designers, PDPM, and FHWA
guidance to determine the design life of a particular asset. When selecting sea-level rise values for
analysis, it is recommended that the design life be added to the expected year of project commissioning -
to account for the years needed for a project to be programmed, designed, permitted, and constructed.
Throughout this guidance, the sum of the expected year of project commissioning and the design life is
called the “Project Planning Horizon.”

The 2024 OPC Guidance provides different sea-level rise values for each sea-level rise projection and for
each decade between 2030 and 2150. The timeframes used to select sea-level rise values for analysis will
vary from project-to-project, depending on the Project Planning Horizon and the regulatory agency
jurisdiction in which the project is located.

EO S-13-08 requires that, “...all state agencies...that are planning construction projects in areas
vulnerable to future sea level rise shall, for the purposes of planning, consider a range of sea level
rise scenarios for the years 2050 and 2100 in order to assess project vulnerability and, to the extent
feasible, reduce expected risks and increase resiliency....

Coastal Commission policy guidance recommends evaluating multiple timeframes to identify the earliest
occurrence of impacts. By evaluating a range of timeframes, it is possible to understand the overall
potential risk to transportation infrastructure and the earliest occurrence of sea-level rise impacts,
which will support development of an adaptation strategy and/or adaptive management plan.

Projects subject to Bay Plan Climate Change Policy 3, should be designed to be resilient to a mid-century
sea level rise projection... [and] an adaptive management plan should be developed ... using the best
available science-based projection for sea level rise at the end of the century” (Bay Plan Amendment
1-08, p. 17).

5.1.3.2 Corridor Plans and System Plans

When planning for projects through a corridor plan or system plan, ensure that sea-level rise values
associated with short-, medium-, and long-term timeframes are considered, to reflect that corridor and
system plans cover multiple assets, each with a different design life. In addition, it sometimes takes
decades after a plan is completed for a project to eventually be constructed, so the long-term Planning
Horizon is especially important.
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5.1.4 Selection of Sea-Level Rise Scenarios

The sea-level rise projections in State of California Sea-Level Rise Guidance: 2024 Science and Policy
Update (OPC 2024) are based on Sweet et al. (2022), a NOAA report containing updated sea-level rise
science and projections for the U.S., based on AR6 and CMIP6. As such, it provides sea-level rise values
for each decade between 2020 and 2150, for five different sea-level rise scenarios: Low, Intermediate-
Low, Intermediate, Intermediate-High, and High. According to OPC 2024, “the Intermediate-Low Scenario
provides a reasonable estimate of the lower bound for the most likely sea level rise by 2100; however,
assuming 3°C of warming in 2100, there is an 82% chance of exceeding the Intermediate-Low Scenario in
2100.” Therefore, “... to ensure precautionary sea level rise planning and projects that protect public
health and safety, the environment, critical infrastructure, and public access, for the purposes of this
guidance, the Low and Intermediate-Low Scenarios are not recommended for planning or projects”
(OPC 2024).

OPC recommends the following sea-level rise scenarios be evaluated for projects with different levels of
risk aversion:

Low risk aversion projects should be resilient to the Intermediate Scenario. Low risk aversion projects
are defined as, “adaptative [sic.], short lifespan (i.e., 2050-2075), lower consequence situations that
are fairly risk tolerant” (OPC 2024). Examples of low risk aversion projects include a coastal
recreational trail or public bench.

Medium-high risk aversion projects should be resilient to the Intermediate-High Scenario, when feasible.
Medium-high risk aversion is “appropriate for less adaptive, long lifespan (i.e., 2075 and beyond),
more vulnerable projects that will experience medium to high consequences if impacted” (OPC
2024). Examples include multi-use paths that provide public access and/or are part of a
transportation network, as well as commercial and residential development.

Extreme risk aversion projects should be resilient to the High Scenario, either through project design or
through an adaptation pathway approach, when feasible and appropriate. Extreme risk aversion is
defined as “high consequence and very long lifespan (i.e., beyond 2100) projects that have little to
no adaptive capacity, would be irreversibly destroyed or significantly costly to relocate/repair and
would have considerable public health, public safety, or environmental impacts” (OPC 2024).
Examples include critical infrastructure (see Chapter 6, Glossary of Terms, for various definitions of
critical infrastructure). Note that the guidance specifically allows for an “adaptation pathway
approach,” meaning that an extreme risk aversion project can be designed for resilience to a lower
sea-level rise scenario, alongside an adaptive management plan to revisit the need for further
adaptation in the future, if certain conditions or triggers are met. (See Section 3.7.4, What is
Adaptive Management?, for more information on adaptive management plans.)

Note that the sea-level rise values that are selected for exposure analysis and/or risk assessments do
not constitute design elevations. Ultimately, the Caltrans design engineer selects the design elevation(s)
for a particular project based on a wide variety of factors. In some cases, it would be infeasible to design
projects for resilience to the High Scenario due to adjacent infrastructure or development. OPC (2024)
acknowledges this reality: “there are limited situations in which designing and constructing to the High
Scenario will be necessary and/or feasible without significant logistical tradeoffs.”

However, considering exposure to, and the consequences associated with, the “High” scenario is a
recommended practice in the State of California Sea-Level Rise Guidance for all critical infrastructure
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projects (OPC 2024)—regardless of the roadbed or bridge elevation that is ultimately selected for design:
“at a minimum, the High Scenario should be analyzed to understand the associated impacts...” (OPC
2024). It is important to disclose the overall potential risk and to support an understanding of the range
of exposure between the High Scenario and lower scenarios to identify important thresholds, or “tipping
points”, when evaluating adaptation options and tradeoffs. It is also important to note that regulatory
agencies generally recommend values from the “High” scenario to be considered when critical
infrastructure is part of a project. If a design elevation is ultimately selected that is resilient to a sea-level
rise scenario lower than the High Scenario, regulatory agencies may require an adaptive management
plan that identifies conditions that would trigger re-evaluation of adaptation needs in the future.

As noted in Section 3.2, Sea-Level Rise in California: OPC Guidance, OPC updates its guidance every 5
years based on updates to IPCC reports and CMIP model output. As updates to the OPC Guidance are
completed, Coastal Commission and BCDC in turn will update guidance for considering sea-level rise and
climate change in permitting processes. Over the coming years, it is likely that terminology will adjust in
terms of what the highest or extreme scenario is, and in recognition that policy and science will always

evolve.
5.1.5 Evaluation of Potential Sea-Level Rise Impacts
5.1.5.1 Coastal Hazards Associated with Sea-Level Rise

As discussed in Sections 3.4.2.1, California Coastal Commission, and 3.4.2.2, San Francisco Bay
Conservation and Development Commission, the California Coastal Act and the Bay Plan require that
permit decisions be informed by coastal hazards evaluations that account for the effects of sea-level rise.
Coastal hazards identified in HEC-25: Highways in the Coastal Environment and the HDM Chapter 880 —
Shoreline Protection will be exacerbated by sea-level rise. When evaluating these coastal hazards, sea-
level rise over the Project Planning Horizon should be included to ensure compliance with legally defined
coastal hazards policies, when applicable.

Sea-level rise will exacerbate the following coastal hazards by:

Flooding: Elevated sea levels increase in the frequency and extent of high tide flooding (including King
Tide flooding) and could lead to permanent inundation of low-lying areas.

Storm surge: Elevated sea levels will push storm surge further inland, increasing the potential for inland
flooding and scour.

Erosion and bluff retreat: Elevated sea levels are expected to increase coastal erosion and increase bluff
exposure to waves, which may lead to loss of shoreline, landslides, and loss of stability of bluff-top
infrastructure.

Groundwater rise: Elevated sea levels can raise shallow, unconfined groundwater tables. In low-lying
areas, this can result in shallow flooding due to groundwater emergence (OPC 2024). Groundwater
rise can also affect buoyancy, mobilize contaminants, and change salinity levels, affecting
underground and surface infrastructure (OPC 2024, Caltrans 2022h).

While FEMA FIRMs can be a useful source of information for base flood elevations and other flood
hazard information, FIRMs generally do not account for climate change and sea-level rise. CDP and BCDC
permits require analyses that account for sea-level rise in evaluation of extreme (e.g., 100-year) water
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surface elevations (Coastal Commission 2024a, BCDC 2025a). To comply with California Coastal Act
policies, CDP applications must demonstrate that the proposed development will be safe from hazards
throughout its project lifespan. Specifically, a FEMA Flood Certificate is not adequate to address
permitting agency standards for demonstrating resilience to coastal flood hazards nor demonstrating
that impacts on coastal resources have been minimized.

For projects in the California Coastal Zone, in addition to HEC-25 (FHWA 2020), HDM (Caltrans 2025a),
and the Design Manual for Hybrid Coastal Protection Strategies (Caltrans 2022h), refer to DEA’s Coastal
Program page for links to Coastal Commission guidance on the analyses that Coastal Commission
requires for coastal hazards to obtain a CDP: https://dot.ca.gov/programs/environmental-
analysis/coastal-program. For links to example permits, refer to the “Successfully Permitted Caltrans
Projects” on the Caltrans Sea Level Rise and the Transportation System in the Coastal Zone webpage.

5.1.5.2 Sea-Level Rise Exposure Viewers and Data

Several sea-level rise exposure mapping tools and data collections are available for Caltrans planning and
early project development purposes, but may not be suitable for later design phases. Additional
information (including the limitations), for each of these tools is provided in Appendix A, Overview of
Sea-Level Rise Viewers and Data.

For corridor plans and projects within the San Francisco Bay and Suisun Marsh, the Adapting to Rising
Tides Bay-Shoreline Flood Exposure Tool is available.

For most of the external coast and the San Francisco Bay and Suisun Marsh, the OCOF Hazard Map is
available. This mapping tool also allows mapping of areas of emergent groundwater risk for different
sea-level rise scenarios.

For the Delta and Suisun Marsh, Delta Adapts has released the Climate Change Flood Scenarios in the
Delta flood map.

For the limited locations not currently covered by either of the first tools, or to visualize scenarios that
are not covered by the other tools, use the NOAA Sea-Level Rise Viewer.

The DWR provides Best Available Maps displaying FEMA FIRMs and flood hazard locations for California.

For an easy-to-use, comprehensive tool, the Caltrans Environmental GIS Viewer has compiled sea-level
rise data from all the primary viewers and allows users to view specific plan or project area by post
mile and other location information.

Use of the DEA GIS library tool also allows users to screen for other climate change hazards, as well as
jurisdictional boundaries and environmental resources present in the plan or project area.

5.1.6 Evaluation of Potential Sea-Level Rise Consequences

After evaluating potential sea-level rise impacts on the transportation system under a range of scenarios,
associated with the plan or Project Planning Horizon (including the High Scenario for extreme risk
aversion projects), adverse consequences to public health and safety, the surrounding environment, and
economy should be assessed. For example, consider how the project and transportation assets (e.g.,
individual roadway segments adjoining a particular asset like bridges or culverts) operate in concert over
the short, medium, and long term to provide or not provide continual corridor-level service given sea-
level rise exposure. Analysis of consequences should consider:
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Public health and safety: Disruptions to emergency evacuation routes, typical traffic volumes such as

annual average daily traffic (AADT), availability of detour routes, designation of important freight
corridors, and public access and recreation.

Public Access and Equity: Communities of color, low-income communities, and Native Nations have

been, and will continue to be, disproportionately overburdened by pollution and climate change.
Sea-level rise will add to those burdens; consequences could include damage to homes and roads,
disruption to public transportation, elevated exposure to toxic materials, and destruction of coastal
sacred places and cultural sites. In the context of sea-level rise, the coastal transportation network
provides essential access to coastal recreational sites that serve others from all over the state or
beyond, with significant public health, equity, and commercial values.

Environmental Resources: Coastal habitats, especially beaches, dunes, tidal marsh, and wetlands, are

and will increasingly be exposed to or adversely affected by sea-level rise hazards. If these resources
are present or are near the transportation system, the infrastructure could act as a barrier to
landward migration for these coastal habitats, affect water quality and beneficial uses, and decrease
sediment supply (FHWA 2020).

Economics: While each transportation project has an associated, up-front capital cost??, there are also

5.2

5.2.1

direct and indirect costs associated with road closures and damage to transportation infrastructure
from coastal hazards that are exacerbated by sea-level rise. For purposes of evaluating sea-level rise
consequences on a project-by-project basis, consider (qualitatively) the economic impact of
disruption of transportation of goods and services and the cost of emergency repairs to damaged
transportation assets due as sea levels rise over time. (As discussed in Section 4.6, Maintenance and
Operations, when sufficient data and resources are available, there is a need to more quantitatively
evaluate lifecycle costs, including operations and maintenance, costs for transportation assets that
remain in place, exposed to sea-level rise risks.)

Sea-Level Rise Adaptation Strategies

Identification of Appropriate Adaptation Strategies

Once an assessment of sea-level rise risk for the transportation plan or project has been completed that
characterizes exposure and consequences, possible adaptation strategies should be identified to address

these risks. There may be several feasible adaptation strategies appropriate to consider for plans and

projects that mitigate risks over the short, medium, and long term. For additional information on
adaptation strategies, see Section 3.7, Adaptation Strategies Background.

5.2.2

Prioritize Possible Adaptation Strategies

Adaptation strategies that are most appropriate for a particular asset or segment within a transportation
corridor depend on the specific circumstances for each location. Each type of adaptation strategy—

including protection, accommodation, retreat, or a hybrid of these—are associated with benefits and

impacts that should be considered in decision-making around when each one should be used. Refer to

22 Refer to Preparation Guidelines for Project Development Cost Estimates (Caltrans 2018) and the PDPM, Chapter 20 - Project
Capital Cost Estimates, (Caltrans 2019) for guidance on identifying costs of adaptation strategies.
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Section 4.4.1.4, Develop and Evaluate Project Adaptation Strategies, for detailed guidance on the
following considerations:

Prioritize Equity
Prioritize Accommodation or Retreat Strategies
Consider a Phased Approach to Achieve Long-Term Resilience

Plan Ahead for Protective Strategies, Including Nature-Based Solutions and Hybrid Solutions

5.2.3 Adaptation Strategy Selection and Documentation

Ultimately, Caltrans develops projects on risk-based approach associated with funding availability and it
is the responsibility of the PDT to select the preferred adaptation strategy based on the evaluation of risk
and the available funding. However, it is recommended that the Sea-level Rise Risk Framework
Worksheet be updated once a preferred alternative is selected in order to document the sea-level rise
risks, impacts, and consequences that were considered and the rationale for the selection of the
preferred alternative.
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Chapter 6
Glossary of Terms

This chapter provides a list of terms used in this guidance and is provided as a convenience to the reader.
Please be aware that some of these terms have been used in varying ways across different documents
and disciplines, including as legal terms of art. This list is not intended to supersede any discipline-specific
definitions.

Best Available Science: See Section 3.3, Best Available Science.

Bluff Retreat: A bluff is “a high, steep bank or cliff” (FHWA 2020). Bluff retreat is the landward migration
of coastal bluffs due to erosion.

Critical Infrastructure: Definitions vary across federal and state code, and State guidance, including:

“Includes, but is not limited to, transit, roads, airports, ports, water storage, and conveyance, wastewater
treatment facilities, landfills, powerplants, and railroads” (PRC section 30985, OPC 2024).

“Those facilities the incapacity or failure of which would have a debilitating impact on national or
regional economic security, national or regional energy security, national or regional public health or
safety, or any combination of those matters” (23 CFR section 515.5).

Transportation facilities that are necessary for existing development or to serve planned development
(BCDC 2025a).

Coastal roads, highways and railroad facilities (Coastal Commission 2021a).

Early Engagement: In this document, “early engagement” refers to structured coordination and
engagement between Caltrans and permitting agencies in furtherance of AB 1282. Structured
Coordination Process for Early Engagement Guidance, published by CalSTA, provides general guidelines
for determining the complexity of a project, whether it requires AB 1282 early engagement, and the
topics recommended for discussion during early engagement meetings (CalSTA 2021b). AB 1282 early
engagement begins during K phase and continues in 0-phase. See Section 4.3.2.4, Conduct Early
Engagement with External Agencies, for additional information.

Erosion: HEC-25 defines erosion as “the wearing away of land by the action of natural forces” (FHWA
2020).

King Tides: Common name for an extremely high tide due to regular astronomical fluctuations (FHWA
2020). King tides typically occur six to eight times a year during a new or full moon when the moon is
closest to Earth in its orbit.

Nature-Based Solutions: Nature-based solutions use natural materials and processes to reduce erosion,
wave damage, and flood risks. Nature-based solutions often serve as alternatives to, or ecological
enhancements of, traditional shoreline stabilization and infrastructure protection techniques (FHWA
2019).

Project Adaptation Components: These are the specific project components that could be integrated
within a broader project like cobble berms, ecotone levees, beach nourishment, culvert conversions to
bridges, bridge abutment adjustments, etc., address sea-level rise risks.
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California Department of Transportation Glossary of Terms

Project Planning Horizon: Throughout this guidance, the term Project Planning Horizon is used to reflect
the combined timespan of a project’s design life and the year at which the project is estimated to be
commissioned (i.e., operational). Project design life varies for different types of assets (see HDM,
Structure Technical Policy, and Memo to Designers, PDPM, and FHWA guidance).

Flooding: A temporary condition of partial or complete inundation of normally dry land areas from
overflow of inland or tidal waters or the accumulation of surface water (FHWA 2020).

Groundwater Emergence: A condition in which the groundwater table rises to or above the land
elevation and emerges at the surface, as a seep or shallow ponding.

Groundwater Rise: An increase in the groundwater table and commensurate decrease in depth to
groundwater.

Sea-Level Rise: A long-term upward trend in mean sea level (FHWA 2020).

Storm Surge: Storm surge is a rise in average water levels above the astronomical tide level during
coastal storms (FHWA 2020).

Waves: In this document “waves” refer to the wind-driven “ridge, deformation, or undulation of the
surface of” the ocean or bay (FHWA 2020). Particularly during coastal storms, waves can result in erosion
and damage to structures.

Wave Runup: HEC-25 defines wave runup as “The upper level, elevation, reached by a wave on a beach
or coastal structure, relative to still water level” (FHWA 2020). Particularly during coastal storms, wave
runup can result in erosion and damage to structures.
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Appendix A
Overview of Sea-Level Rise Viewers and Data

California benefits from the continued investment from several agencies and nonprofits in sea-level rise
viewers and datasets. These collections allow users to easily view the spatial extent of different sea-level
rise scenarios, allowing for evaluation of geographic locations potentially affected by sea-level rise.
Viewers are appropriate for planning-level information, but more detailed surveys are required for many
design decisions. Additionally, some viewers are updated irregularly and the degree to which they
represent the best available science will have to be assessed at the time the viewer was accessed.

Data Sources:
Coastal Storm Modeling System (CoSMoS) U.S. Geological Survey data releases

o Northern California:
https://www.sciencebase.gov/catalog/item/62eaf441d34eacf53971d2ef?community=Coastal+St
orm+Modeling+System+%28CoSMo05%29

o Projected responses of the coastal water table for California using present-day and future sea-
level rise scenarios: https://www.sciencebase.gov/catalog/item/5b8ef008e4b0702d0e7ec72b

o San Francisco Bay: https://www.usgs.gov/centers/pcmsc/science/cosmos-21-san-francisco-

bay?qt-science center objects=0#qt-science center objects

o Point Arena and Russian River: https://www.usgs.gov/centers/pcmsc/science/cosmos-22-pt-
arena-and-russian-river?qt-science center objects=0#qt-science center objects

o Central California: https://www.sciencebase.gov/catalog/item/5b280118e4b0592076260491

o Southern California: https://doi.org/10.5066/F77151Q4

o Del Norte, Humboldt, and Mendocino Counties:
https://www.sciencebase.gov/catalog/item/62eaf441d34eacf53971d2ef

The Pacific Institute, Impacts of Sea-Level Rise on the California Coast:
http://www?2.pacinst.org/reports/sea level rise/data/index.htm

Humboldt Bay Sea-Level Rise Vulnerability and Adaptation Planning, prepared by Aldaron Laird and
Trinity Associates: https://humboldtgov.org/2487/Sea-Level-Rise

NOAA Sea-Level Rise Data: https://coast.noaa.gov/slrdata/

NOAA Sea-Level Rise Calculator: https://coast.noaa.gov/sealevelcalculator

NASA Interagency Sea Level Rise Scenario Tool: https://sealevel.nasa.gov/task-force-scenario-tool/
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Table A-1. Overview of Sea-Level Rise Viewers

Appendix A
Overview of Sea-Level Rise Viewers and Data

. Geographic .
Viewer grap Description When to Use
Coverage
Our Coast Our Future All of Sea-level rise scenarios: 0-9.8 feet and 16.4 feet This tool is recommended for all
https://ourcoastourfuture.org/ California locations where data are available

Q

Al

Bay Area — Adapting to Rising
Tides
https://explorer.adaptingtorisingti

des.org/home

San Francisco
Bay Area

Baseline is mean higher high water (MHHW)

Flood data show extent, depth, duration, and flood-prone low-
lying areas

Other hazards include:

e Storm surge (daily conditions, annual storm, and 20- and 100-
year return intervals)

o Erosion (shoreline position and cliff/bluff retreat, currently for
limited locations)

o Groundwater (present-day and future equilibrium water table
depth)

e Wave height and runup

e Water velocity

e Uses state-of-the-art modeling of water and shoreline dynamics

Weaknesses:

e Large gap in availability of sea-level rise visualizations between
10 feet and 16 feet

Sea-level rise scenarios: 0-9 feet

Baseline is mean higher high water (MHHW)

Flood data show extent, depth, and flood-prone low-lying areas

Other hazards include:

King tide

Storm surge (2-, 5-, 10-, 25-, 50-, and 100-year return intervals)

Shoreline overtopping

Contains some information on consequences to communities
and transportation

e Aligns with BCDC requirements and other projects in the region
Weaknesses:

e Does not include wave hazards (i.e., runup and overtopping),
groundwater, or erosion and subsidence

because it uses the most sophisticated
modeling currently available, has high
spatial resolution and wide geographic
coverage, and provides multiple tools
for exposure (e.g., flooding, wave
runup, shoreline and bluff erosion).

Use this tool for projects in the BCDC
jurisdiction.
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Appendix A
Overview of Sea-Level Rise Viewers and Data

Geographic

Viewer Description When to Use
Coverage
NOAA Sea-level rise Viewer All of Sea-level rise scenarios: 0-10 feet The NOAA Sea-level Rise Viewer tool is
Sea Level Rise and Coastal California Baseline is mean higher high water (MHHW) recommended for locations not

Flooding Impacts (noaa.gov)

Caltrans Interactive Climate
Change Vulnerability Maps
https://dot.ca.gov/programs/trans

portation-planning/division-of-
transportation-planning/air-
quality-and-climate-change/2019-
climate-change-vulnerability-
assessments

Delta Stewardship Council Climate
Change Flood Scenarios in the
Delta
https://deltascience.shinyapps.io/
delta flood map/

Each District

Delta and
Suisun Marsh

Flood data show relative depth and flood-prone low-lying area

Comprehensive statewide dataset

Includes Census tract-level social vulnerability overlays

Weaknesses:

e Uses a simpler modified bathtub modeling approach

e Does not include other hazards (i.e., storm surge scenarios,
coastal erosion, groundwater, waves)

These maps highlight specific at-risk roadway and bridge
segments, and they cover climate change hazards other than sea-
level rise (e.g., wildfire, temperature, precipitation). However, the
maps use an outdated set of sea-level rise scenarios (i.e., 0.5
meter, 1 meter, 1.75 meter), and they do not visualize the broader
community flooding that may occur.

This tool visualizes the Delta Adapts climate change flood

scenarios, and allows users to:

e Select from nine deterministic and probabilistic scenarios to
see regions that would be exposed to flooding, including
regions where flooding could be avoided with flood fighting

e Generate a table of data for people, land, and assets in the
Delta at risk of flood exposure by county, and download data
in the Data Export tab

e Add assets, resources and social vulnerability to the map to
see overlap with regions at risk of flood exposure

e Click a flooded area to get information about that region

e  Pin a specific location on the map using latitude and longitude

e Explore additional present and future flood exposure
scenarios in the Hydrology Explorer tab

covered by the Our Coast Our Future
Tool, and when teams need to view
sea-level rise visualizations between 7
feet and 16 feet

The Caltrans Interactive Climate
Change Vulnerability Maps are valuable
when the preferred viewers do not
cover the desired geography or hazard.
They are useful as supplemental
resources, but users should be aware of
the sea-level rise information used to
prepare the maps.

This viewer provides useful flooding
risk information across an array of
assets, resources, and social interests
for the Delta and Suisun Marsh.
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Appendix A
Overview of Sea-Level Rise Viewers and Data

Geographic

Viewer Description When to Use
Coverage
California Department of Water All of This viewer provides a comprehensive collection of floodplains These geospatial resources on
Resources Best Available Maps California (100-, 200-, and 500-year floodplains) for all counties in the state. floodplains should be integrated into
https://gis.bam.water.ca.gov/bam analyses where appropriate when tidal
/ and fluvial flooding need to be
considered.

Caltrans Division of Environmental  All of This resource can help identify potential climate hazards that could The Division of Environmental Analysis
Analysis GIS Library California affect transportation assets within the project limits and provide GIS library is useful for additional data
https://dot.ca.gov/programs/envir other relevant data such as the Coastal Zone, Local Coastal collection.
onmental-analysis/geographic- Program jurisdictions, and coastal resources.
information-system
USGS Hazard Exposure Reporting All of The Hazard Exposure and Reporting Analytics website helps When seeking to scope sea-level
and Analytics (HERA) California communities understand how coastal hazards could impact their exposure consequences to people,
https://www.usgs.gov/apps/hera/ land, people, infrastructure, and livelihoods. The website provides infrastructure, and livelihoods.

tools and data to help communities as they plan and prepare for

climate-related, natural hazards.
Caltrans Transportation Equity All of The Equity Index is a spatial screening tool designed to identify When seeking to scope whether
Index California transportation-based priority populations at the Census block climate vulnerable populations are near

https://dot.ca.gov/programs/eta/t
ranspo-equity/eqi

level. The Equity Index integrates transportation and

socioeconomic indicators into three screens. All screens reflect

low-income status and Tribal land status. The Equity Index screens
include:

e Transportation-Based Priority Populations: Communities that
are most burdened by the transportation system and receive the
fewest benefits.

e Traffic Exposure: Communities that are the most burdened
through high exposure to traffic and crashes.

e Access to Destinations: Communities that have the greatest gaps
in multimodal access to destinations.

at-risk infrastructure.
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Overview of Sea-Level Rise Viewers and Data

When to Use

Viewer Geographic
Coverage
CalEnviroScreen All of

https://oehha.ca.gov/calenviroscr ~ California
een

A product of the California Office of Environmental Health Hazard
Assessment, this tool can identify whether there are
disadvantaged communities in the planning area that you may
want to include as interested parties, or at least consider how
adaptation strategies for the project might mitigate their climate

vulnerability

CalEnviroScreen is useful for additional
data collection and equity
considerations.

More details on the recommended viewers and other data sources (e.g., Climate Central, The Nature Conservancy, Cal-Adapt, Adapting to Rising Tides) can be
found in the Sea-level Rise and Coastal Flood Web Tools Comparison Matrix (Sea Level Rise and Coastal Flood Web Tools Comparison Matrix - California

(climatecentral.org).

Caltrans Updated Guidance on
Incorporating Sea-level Rise—Draft

A-5

June 2026


https://oehha.ca.gov/calenviroscreen
https://oehha.ca.gov/calenviroscreen
https://sealevel.climatecentral.org/matrix/CA.html?v=1
https://sealevel.climatecentral.org/matrix/CA.html?v=1

Appendix B
Regulatory Setting Supplemental Information

This appendix provides quotations and links to specific law discussed in this guidance. This information is
provided as context for the laws, regulations, and policies discussed in Section 3.4, Regulatory Setting.

B.1 Federal

Coastal Zone Management Act (1972) (https://coast.noaa.gov/czm/act/) established the goal to
“preserve, protect, develop, and where possible, to restore or enhance the resources of the nation’s
coastal zone.” Findings included “Because global warming may result in a substantial sea level rise with
serious adverse effects in the coastal zone, coastal states must anticipate and plan for such an
occurrence (16 U.S. Code [U.S.C.] section 1451).” National policy requires state coastal zone
management programs to manage development to “minimize the loss of life and property caused by
improper development in flood-prone, storm surge, geological hazard, and erosion-prone areas and in
areas likely to be affected by or vulnerable to sea level rise, land subsidence, and saltwater intrusion, and

by the destruction of natural protective features such as beaches, dunes, wetlands, and barrier islands
(16 U.S.C. section 1452).”

Federal Highway Administration (FHWA) 23 Code of Federal Regulations (CFR) section 450.206(a)(9)
(https://www.ecfr.gov/current/title-23/chapter-I/subchapter-G/part-667) requires that statewide
transportation planning processes identify projects, strategies, or services that “improve the resiliency
and reliability of the transportation system and reduce or mitigate stormwater impacts of surface
transportation.”

FHWA 23 CFR section 515.5 (https://www.ecfr.gov/current/title-23/chapter-I/subchapter-F/part-
515/section-515.5) provides definitions for state transportation asset management plans, including
“Critical infrastructure means those facilities the incapacity or failure of which would have a debilitating
impact on national or regional economic security, national or regional energy security, national or
regional public health or safety, or any combination of those matters.”

FHWA 23 CFR section 515.7c (https://www.ecfr.gov/current/title-23/chapter-l/subchapter-F/part-
515/section-515.7) requires state departments of transportation to consider “risks associated with
current and future environmental conditions, such as extreme weather events, climate change, seismic

activity, and risks related to recurring damage and costs as identified through the evaluation of facilities
repeated damaged by emergency events.”

FHWA 23 CFR section 650.115 (https://www.ecfr.gov/current/title-23/chapter-I/subchapter-G/part-
650/subpart-A/section-650.115) requires design standards of encroachments on floodplains to “be
supported by analyses of design alternatives with consideration given to capital costs and risks, and to
other economic, engineering, social and environmental concerns.”

FHWA 23 CFR section 650.117 (https://www.ecfr.gov/current/title-23/chapter-lI/subchapter-G/part-
650/subpart-A/section-650.117) requires project plans to show water surface elevations and
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probabilities of exceedance with the overtopping flood, as well as the water surface elevation of the base
flood if larger than the overtopping flood.

FHWA 23 CFR section 667 (https://www.ecfr.gov/current/title-23/chapter-I/subchapter-G/part-667)
requires state departments of transportation to “conduct statewide evaluations to determine if there are
reasonable alternatives to roads, highways, and bridges that have required repair and reconstruction

activities on two or more occasions due to emergency events.”

23 U.S.C. section 503(b)(3)(B)(viii) (https://www.law.cornell.edu/uscode/text/23/503) directs U.S.
Department of Transportation to “... carry out research and development activities ... to study the
vulnerabilities of the transportation system to ... extreme events and methods to reduce those

vulnerabilities.”

Federal Emergency Management Agency (FEMA) National Flood Insurance Act (1968)
(https://www.fema.gov/flood-insurance/rules-legislation/laws)

FEMA 44 CFR section 60.22 (b) (https://www.ecfr.gov/current/title-44/chapter-l/subchapter-B/part-
60/subpart-C/section-60.22) encourages communities to consider preserving flood-prone areas as open
space, purchase or transfer of development rights within flood-prone areas, acquisition of flooded
properties, mandatory real-estate disclosures, and additional setback and freeboard requirements,
among others.

B.2 California Executive Orders

Executive Order (EO) S-13-08 (2008) (https://www.library.ca.gov/wp-
content/uploads/GovernmentPublications/executive-order-proclamation/38-5-13-08.pdf) requires all
planning and construction projects by state agencies in areas vulnerable to future sea-level rise to
consider a range of sea-level rise scenarios for the years 2050 and 2100 in order to assess project

vulnerability and reduce risks and increase resilience to sea-level rise.

EO B-30-15 (2015) (https://archive.gov.ca.gov/archive/gov39/2015/04/29/news18938/index.html)
requires consideration of climate change in all state investment decisions using full lifecycle cost,
prioritization of adaptation actions that reduce greenhouse gases (GHG), consideration of the state’s
most vulnerable populations, prioritization of natural infrastructure strategies, and use of flexible
approaches where possible.

EO B-55-18 (2018) (https://archive.gov.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-
Executive-Order.pdf) establishes statewide goal to achieve carbon neutrality no later than 2045.

EO B-52-18 (2018) (https://archive.gov.ca.gov/archive/gov39/wp-content/uploads/2018/05/5.10.18-
Forest-EQ.pdf) establishes a goal of treating 500,000 acres of vegetation per year to reduce wildfire risk.

EO N-19-19 (2019) (https://www.gov.ca.gov/wp-content/uploads/2019/09/9.20.19-Climate-EQO-N-19-
19.pdf) directs state government agencies to increase efforts to reduce GHG emissions and mitigate
climate change risk while building a sustainable and inclusive economy.

EO N-79-20 (2020) (https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EQ0-N-79-20-
Climate.pdf) states by 2035, 100% of all in-state sales of new passenger cars and trucks will be zero-
emission, with a future goal of all medium- and heavy-duty vehicles being zero-emission by 2045.
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EO N-82-20 (2020) (https://www.gov.ca.gov/wp-content/uploads/2020/10/10.07.2020-EO-N-82-20-
signed.pdf) directs the State to accelerate and expand use of nature-based strategies while mitigating
GHG emissions to adapt and become more resilient to the impacts of climate change through conserving
30% of California’s land and coastal waters by 2030.

B.3 California Legislation

Assembly Bill (AB) 1482 Climate Adaptation (2015)
(https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill id=201520160AB1482) requires all state
agencies and departments to prepare for climate change impacts by continued collection of climate data,
considering climate in state investments, and promotion of reliable transportation strategies.

AB 1282 Transportation Permitting Task Force (2017)
(https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill id=201720180AB1282) establishes the
Transportation Permitting Task Force. The Task Force is charged with developing and implementing
recommendations to meet the following transportation project delivery goals for projects within
jurisdiction of other state or public entities: (1) Develop a structured process for early engagement of all
parties; (2) Reduce permit processing time; (3) Establish reasonable deadlines for permit approvals; (4)
Provide for greater certainty of permit approval requirements; and (5) Improve environmental outcomes.

AB 2800 Climate Change: Infrastructure Planning (2006)
(https://leginfo.legislature.ca.gov/faces/billNavClient.xhtmI?bill id=201520160AB2800) requires state
agencies to consider potential climate impacts during planning, design, building, operations,
maintenance, and investments on infrastructure.

AB 2344 Wildlife Connectivity: Transportation Projects (2022)
(https://leginfo.legislature.ca.gov/faces/bilINavClient.xhtmI?bill id=202120220AB2344) The Safe Roads
and Wildlife Protection Act of 2022 obligates Caltrans to consider wildlife connectivity needs for any
project on the State Highway System.

California Coastal Act (1976), Public Resource Code (PRC) Division 20
(https://leginfo.legislature.ca.gov/faces/codes displaySection.xhtml?sectionNum=30001.5.&lawCode=P
RC) The primary law governing coastal management, land use and development, public access and
recreation, and protection of coastal resources in the Coastal Zone.

California Coastal Act (2021), PRC Division 20, sections 30001.5(f) and 30421
(https://leginfo.legislature.ca.gov/faces/codes displayexpandedbranch.xhtml?tocCode=PRC&division=20
&title=&part=&chapter=&article=) The Coastal Commission and local agencies with certified Local
Coastal Programs (LCPs) evaluate how sea-level rise was analyzed throughout the Caltrans project
development process when Coastal Development Permits (CDPs) are required for Caltrans projects. The
Coastal Commission bases its standard of review for CDPs on the Chapter 3 policies of the California
Coastal Act: sections 30235, 30236, and 30253 focus on coastal hazards and shoreline development.
Specific to transportation, section 30253(d) requires that vehicle miles traveled be minimized.

Central Valley Flood Protection Act (2008), Water Code Division 5
(https://leginfo.legislature.ca.gov/faces/codes displayexpandedbranch.xhtml?tocCode=WAT&division=5
&title=&part=4.&chapter=&article=) Created the Central Valley Flood Protection Board (CVFPB) and
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directed it to adopt a plan prepared by the California Department of Water Resources focused on
improving flood risk management in the Central Valley. The CVFPB holds permitting authorities over
flood encroachments proposed within the CVFPB’s jurisdictional areas (regulated streams or designated
floodways) including bridges, culverts, or any type of construction, fill, or embankment work of any kind.

Delta Reform Act (2009), Water Code Division 35

(https://leginfo.legislature.ca.gov/faces/codes displayexpandedbranch.xhtml?tocCode=PRC&division=20
&title=&part=&chapter=&article=) Delta Stewardship Council holds appellate authority over the Legal
Delta for “covered actions”—most transportation projects aside from routine maintenance—must
acquire certifications that demonstrate consistency with the Delta Plan’s 14 regulatory policies.
Certification must include documentation of best available science (Policy G P1(b)(3)), and transportation
projects should consider the recent Delta Adapts sea-level rise vulnerability assessment, which
characterizes exposure and adaptive capacity for both highways and rail as the Delta Plan addresses “the
effects of climate change and sea level rise on the three state highways that cross the (Sacramento—San
Joaquin) Delta.”

McAteer-Petris Act (1965), California Government Code Title 7.2
(https://leginfo.legislature.ca.gov/faces/codes displayText.xhtmI?lawCode=GOV&division=&title=7.2.&p
art=&chapter=5.&article=) San Francisco Bay Conservation and Development Commission (BCDC)
administers permits for projects in the Coastal Zone—which includes most transportation projects—
along the Bay’' nine-county shoreline Projects must demonstrate consistency with the Bay Plan’s eight
Policies; expectations for climate change including sea-level rise ire provided in the 2025 Climate Change
Policy Guidance (https://www.bcdc.ca.gov/resources/guidelines/guidance-on-the-bay-plan-policies-on-
climate-change/). BCDC also coordinates with local governments, regional councils of government, and
other agencies and interested parties in development of regional climate change adaptation strategies as
part of the Adapting to Rising Tides program.

Porter-Cologne Water Quality Control Act (1969), Water Code Division 7 and Related Sections
(https://www.waterboards.ca.gov/laws regulations/docs/portercologne.pdf) The State Water Resources
Control Board (State Water Board) and the state’s Regional Water Quality Control Boards protect
beneficial uses of water in California and implement the Clean Water Act section 401 and National
Pollutant Discharge Elimination System programs as well as Water Quality Control Plans. The Porter-
Cologne Water Quality Control Act authorizes the Regional Water Quality Control Boards to permit
dredge and fill activities and pollutant discharges to all waters of the state through waste discharge
requirements. As part of Water Quality Control Plans, the California Ocean Plan contains ocean standards
that protect beneficial uses of California’s marine waters through establishing water quality objectives
and improvisions in statewide water (State Water Board 2019). For sea-level rise, as part of the Bay Area
Basin Plan Amendment adopted in July 2022, Signed Resolution R2-2022-0027
(https://www.waterboards.ca.gov/sanfranciscobay/water issues/programs/climate change/amendmen
t/res R2-2022-0027.pdf ) contains a set of questions to support climate change and adaptation
considerations that minimize adverse impacts on the aquatic ecosystem in permitting necessary for fill or
dredge activities (State Water Board 2022).

Senate Bill (SB) 1 Transportation Funding (2017)
(https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill id=201720180SB1) Requires
transportation funding be used where feasible to preserve and protect environmental resources, and
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reduce environmental impacts using project features that promote adaptation to withstand the negative
impacts of climate change.

SB 1 Coastal Resources: Sea Level Rise (2021)
(https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill id=202120220SB1) Section 30270
https://leginfo.legislature.ca.gov/faces/codes displaySection.xhtm|?lawCode=PRC&sectionNum=30270)
requires state agencies to identify, assess, and, to the extent feasible and consistent with their statutory

authorities, avoid, minimize, and mitigate the impacts of sea-level rise; grants the Coastal Commission
policy authority over identification, assessment, and, to the extent feasible, avoidance and mitigation of
the adverse effects of sea-level rise.

SB 1386 Resource Conservation: Working and Natural Lands (2016)
(https://leginfo.legislature.ca.gov/faces/billNavClient.xhtm|?bill id=201520160SB1386) Directs state
agencies to consider the carbon sequestration potential of natural and working lands when revising,
adopting, or establishing policies, regulations, expenditures, or grant criteria relating to their protection
and management. Identifies the protection and management of natural and working lands as a key
strategy toward meeting ambitious state GHG reduction goals.

SB 272 Sea Level Rise: Planning and Adaptation (2023)
(https://leginfo.legislature.ca.gov/faces/billNavClient.xhtmI?bill id=202320240SB272) Division 20.6.9 is
added to the PRC relating to local governments or LCPs that develop plans subject to approval by BCDC
or the Coastal Commission to develop a sea-level rise plan by January 1, 2034 to include, “(1) The use of
best available science. (2) A vulnerability assessment that includes efforts to ensure equity for at-risk

communities. (3) Sea level rise adaptation strategies and recommended projects. (4) Identification of
lead planning and implementation agencies. (5) A timeline for updates, as needed, based on conditions
and projections and as determined by the local government in agreement with the California Coastal
Commission or the San Francisco BCDC, as applicable.” Plan updates shall include “economic impact
analyses of, at a minimum, costs to critical public infrastructure.” Critical public infrastructure “includes,
but is not limited to, transit, roads, airports, ports, water storage, and conveyance, wastewater
treatment facilities, landfills, powerplants, and railroads.”

SB 32 California Global Warming Strategies Act of 2006: Emissions Limit (2016)
(https://leginfo.legislature.ca.gov/faces/bilINavClient.xhtmI?bill id=201520160SB32) Ensures statewide
GHG emissions are reduced to 40% below the 1990 level by 2030.

SB 198 Committee on Budget and Fiscal Review. Transportation (2022)
(https://leginfo.legislature.ca.gov/faces/codes displaySection.xhtml?lawCode=GOV&sectionNum=14563
.&highlight=true&keyword=critical%20infrastructure+transportation) Establishes the State
Transportation Infrastructure Climate Adaptation Program administered by Caltrans for purposes of

planning, developing, and implementing projects adapting state transportation infrastructure to climate
change. In developing projects for funding by legislature, including those from the PROTECT program, the
following components must be considered “(A) The department shall consult the 2020 and 2021
adaptation priority reports or any subsequent updates. (B) The degree of risk for recurring damage or
asset failure due to climate threats. (C) The benefits of the project to preserving or enhancing regional or
statewide mobility, economy, goods movement, and safety, and other benefits associated with
protecting the asset. (D) The benefits of the project to preserving or protecting adjacent communities,
the environment, and other critical infrastructure. (E) The degree to which the project incorporates
environmental equity, protects vulnerable and under-resourced communities, and provides benefits to
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underserved communities, consistent with the California State Adaptation Strategy. [...] the department
may also consider, as secondary factors, co-benefits including reductions in emissions of greenhouse
gases and vehicle miles traveled.”

SB 857 Fish Passes (2005)
(https://leginfo.legislature.ca.gov/faces/billNavClient.xhtmI?bill id=200520060SB857) Requires the
Department to prepare an annual report to the Legislature describing the Department’s progress in

locating, assessing, and remediating barriers to fish passage, as defined. The bill would require the
Department also to complete assessments of potential barriers to anadromous fish prior to commencing
any project using state or federal transportation funds. The bill would require the Department to submit
these assessments to the California Department of Fish and Wildlife to be added to the CALFISH
database. The bill would also require projects to be constructed without presenting barriers to fish
passage.

Suisun Marsh Preservation Act (1977): PRC Division 19, Chapter 1, sections 29002—-29005
(https://leginfo.legislature.ca.gov/faces/codes displaySection.xhtml?sectionNum=29002.&nodeTreePath
=41.1&lawCode=PRC) Gives BCDC and the California Department of Fish and Wildlife authority for
planning and management to “preserve and protect” the Suisun Marsh.

Transportation Infrastructure: Climate Adaptation Grant Programs (2022)
https://leginfo.legislature.ca.gov/faces/codes displaySection.xhtml?sectionNum=14563&lawCode=GOV
More recently, in 2022 The State Transportation Infrastructure Climate Adaptation Program (California
Government Code section 14563) authorizes the California Transportation Commission to administer

planning, development, and implementation of projects adapting state transportation infrastructure to
climate change. The State Transportation Infrastructure Climate Adaptation Program oversees state
system PROTECT funds through the SHOPP and appropriation of funds allocated to the program via the
Legislature. This program adds requirements around consideration of climate risk and alignment with
State of California adaptation planning guidance.

B.4 Caltrans Director’s Policies and Directives

Director’s Policies (DPs) provide the organization with fundamental direction for Department activities.
Deputy Directives set a course of action. All Caltrans Director’s Policies and Deputy Directives can be
found on the Caltrans onramp at https://admin.onramp.dot.ca.gov/directors-policies.

Project Risk Management is under the purview of the Division of Engineering Services
(https://www.ecfr.gov/current/title-44/chapter-I/subchapter-B/part-60/subpart-C/section-60.22g).

DP-30 (2012) (https://admin.onramp.dot.ca.gov/downloads/admin/directors policies/dp 30.pdf)
Outlines roles and responsibilities for coordinated efforts to incorporate climate change and GHG
reduction efforts into Departmental decisions and activities. Adaptation includes development of
methods to protect people, places, and resources from impacts of climate change including

consideration of sea-level rise and planning and implementing appropriate design changes to bridges and
other transportation infrastructure.
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DP-004 Environmental Policy (1992)

(https://admin.onramp.dot.ca.gov/downloads/admin/directors policies/dp 04.pdf) Requires Caltrans to
evaluate the environmental benefits and consequences of its activities and implement practices that
minimize environmental impacts. Requires Caltrans to integrate environmental considerations into all
Departmental decisions and activities. Includes examining ways to ensure timely coordination and review
of transportation programs and projects and resolution of environmental issues during the planning
stages with all federal, state, and regional agencies, other public agencies, public interest groups, and the
private sector to not adversely affect project delivery. Through cooperation and partnerships with these
interest groups, develop innovative and effective mitigation strategies and techniques.

DP-023-R1 Energy Efficiency, Conservation, and Climate Change (2007)
(https://admin.onramp.dot.ca.gov/downloads/admin/directors policies/dp 23.pdf) Requires Caltrans to
incorporate energy efficiency, conservation, and climate change measures into transportation planning,
project development, design, operations, and maintenance of transportation facilities, fleets, buildings,
and equipment to minimize use of fuel supplies and energy sources and reduce GHG emissions.

DP-33 Sustainability (2015)

(https://admin.onramp.dot.ca.gov/downloads/admin/directors policies/dp 33.pdf) Requires Caltrans to
meet its commitment to improve the environment, the economy, and social equity for all Californians by
striving to improve Californians’ quality of life without compromising that of future generations. Requires
applying sustainability principles in the planning, design, construction, maintenance, and operation of the
state’s integrated multimodal transportation system.

DD-92 Value Analysis (2012)

(https://admin.onramp.dot.ca.gov/downloads/admin/deputy directives/dd 92.pdf) Requires a value
analysis study for all projects on the National Highway System utilizing federal funds with a total project
cost of $50 million or more (bridge projects of $40 million or more), regardless of whether Caltrans
employees, local agencies, consultants, or others are accomplishing the work. Value Analysis studies can
be performed at any phase of project development; however, for projects meeting the federal
requirement, a Value Analysis study must be performed prior to Ready-To-List in order to receive the

FHWA construction authorization.

PD-09 Project Risk Management (2020)
(https://projmgmt.onramp.dot.ca.gov/downloads/projmgmt/files/Risk Management/2021-09-

02 PDD09 R1 1052020 MDK-ally.pdf) Requires risk management to be applied to all major, minor
capital, and major maintenance projects at a level appropriate to project size and complexity. A Risk
Register is to be maintained throughout a project’s lifecycle. A certified Risk Register at the end of every
phase is required for the life of the project as part of the required accountability checkpoints (PID,
PA&ED, PS&E, and Construction).

Caltrans Updated Guidance on B-7 June 2026
Incorporating Sea-level Rise—Draft


https://admin.onramp.dot.ca.gov/downloads/admin/directors_policies/dp_04.pdf
https://admin.onramp.dot.ca.gov/downloads/admin/directors_policies/dp_23.pdf
https://admin.onramp.dot.ca.gov/downloads/admin/directors_policies/dp_33.pdf
https://admin.onramp.dot.ca.gov/downloads/admin/deputy_directives/dd_92.pdf
https://projmgmt.onramp.dot.ca.gov/downloads/projmgmt/files/Risk_Management/2021-09-02_PDD09_R1_1052020_MDK-a11y.pdf
https://projmgmt.onramp.dot.ca.gov/downloads/projmgmt/files/Risk_Management/2021-09-02_PDD09_R1_1052020_MDK-a11y.pdf

Appendix C
Sea-Level Rise Resources

The following resources and guidance on climate change and sea-level rise complement this Caltrans
guidance on sea-level rise. In addition to these resources that provide guidance, there are a wealth of
additional reports and tools to support sea-level rise analyses, such as_Caltrans District Vulnerability
Assessments (https://dot.ca.gov/programs/transportation-planning/division-of-transportation-
planning/air-quality-and-climate-change/2019-climate-change-vulnerability-assessments) and the Our
Coast Our Future (https://ourcoastourfuture.org) sea-level rise viewer.

C.1 Caltrans

Corridor Planning Process Guide: Climate Change Emphasis Area Guidance (2022) https://dot.ca.gov/-
/media/dot-media/programs/transportation-planning/documents/cc-ea-guide-for-corridor-planning-
march2022-ally.pdf

2019 Climate Change Vulnerability Assessments https://dot.ca.gov/programs/transportation-
planning/division-of-transportation-planning/air-quality-and-climate-change/2019-climate-change-
vulnerability-assessments

2020 Adaptation Priorities Reports https://dot.ca.gov/programs/transportation-planning/division-of-
transportation-planning/air-quality-and-climate-change/2020-adaptation-priorities-
reports?msclkid=61a22f13b60011eca4dbd94ab892bag8eb

Design Manual for Hybrid Coastal Protection Strategies (2022). Office of Hydraulics and Stormwater
Design https://design.onramp.dot.ca.gov/drainage-references

Highway Design Manual (Caltrans 2025a) Chapter 880 — Shore Protection

Caltrans summary webpage on Sea Level Rise and the Transportation System in the Coastal Zone
https://dot.ca.gov/programs/environmental-analysis/coastal-program/coastal-act-policy-resource-

information/coastal-hazards/sea-level-rise. Includes guidance and links to Coastal Commission and
California Coastal Act policies and resources

Division of Environmental Analysis GIS Library https://svctenvims.dot.ca.gov/DEA Library/

Caltrans District 4 State Route 37 Planning and Environmental Linkages
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing and current research/te
acr/adap/index.cfm

Environmental Management Office’s Considering Equity in Community Impact Analysis for Projects
https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/ser/equity-
guidance-ally.pdf

Standard Environmental Reference Forms and Templates https://dot.ca.gov/programs/environmental-
analysis/standard-environmental-reference-ser/forms-templates
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C.2 California

State of California California’s Fourth Climate Change Assessment (2018)
https://climateassessment.ca.gov/

California Natural Resources Agency technical report for California’s Fourth Climate Change Assessment,
Toward Natural Shoreline Infrastructure to Manage Coastal Change in California (2018)
https://www.energy.ca.gov/sites/default/files/2019-12/Oceans CCCA4-CNRA-2018-011 ada.pdf

California Ocean Protection Council (OPC) State Agency Sea-Level Rise Action Plan for California (2022)
opc.ca.gov/2022/03/opc-releases-state-agency-sea-level-rise-action-plan-for-california-a-roadmap-
for-planning-and-implementation-coastal-resilience/

OPC Strategic Plan to Protect California’s Coastal and Ocean 2020-2025 (2020)
http://www.opc.ca.gov/webmaster/ftp/pdf/2020-2025-strategic-plan/OPC-2020-2025-Strategic-
Plan-FINAL-20200228.pdf

OPC Climate Change Program https://www.opc.ca.gov/opc-climate-change-program/ (links to sea-level
rise guidance and other statewide and OPC initiatives and publications)

OPC The Coastal and Ocean Resources Working Group for the Climate Action Team (CO-CAT)
https://www.opc.ca.gov/2010/07/coastal-and-ocean-climate-action-team-co-cat/

California Coastal Commission (Coastal Commission) Critical Infrastructure at Risk: Sea Level Rise
Planning Guidance for California’s Coastal Zone (2021)
https://www.coastal.ca.gov/climate/slr/vulnerability-adaptation/infrastructure/

Coastal Commission Sea Level Rise Principles (2020)
https://documents.coastal.ca.gov/reports/2020/5/w6g/w6g-5-2020-exhibits.pdf

Coastal Commission 2024 Sea Level Rise Policy Guidance (2024)
https://documents.coastal.ca.gov/assets/slr/guidance/2024/2024AdoptedSLRPolicyGuidanceUpdate

-pdf

Coastal Commission Maps and Jurisdictions. https://www.coastal.ca.gov/maps/ for Coastal Zone
boundary and LCP areas.

California Climate Safe Infrastructure Working Group Paying It Forward: The Path Toward Climate-Safe
Infrastructure in California (2018)
https://resources.ca.gov/CNRALegacyFiles/docs/climate/ab2800/AB2800 ES FINAL.pdf

Our Coast Our Future sea-level rise viewer.
https://data.pointblue.org/apps/ocof/cms/index.php?page=flood-map

California Natural Resources Agency California Climate Adaptation Strategy (2022)
https://climateresilience.ca.gov/

California Natural Resources Agency California Climate Adaptation Strategy: 2022 Implementation Report
(2023) https://climateresilience.ca.gov/overview/docs/20240405-
Climate Adpatation Strategy Report 2023.pdf

California Natural Resources Agency Safeguarding California Plan: 2018 Update — California’s Climate
Adaptation Strategy (2018)
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https://resources.ca.gov/CNRALegacyFiles/docs/climate/safeguarding/update2018/safeguarding-
california-plan-2018-update.pdf

California Governor’s Office of Emergency Services California Adaptation Planning Guide (2020)
https://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/hazard-mitigation-
planning/california-climate-adaptation

California Governor’s Office of Land Use and Climate Innovation (LCl) Adaptation Clearinghouse
https://resilientca.org/

Land Use and Climate Innovation Integrated Climate Adaptation and Resiliency Program (ICARP)
https://www.lci.ca.gov/climate/icarp/

OPR Planning and Investing for a Resilient California: A Guidebook for State Agencies (2018)
https://www.opr.ca.gov/docs/20180313-Building a Resilient CA.pdf

California Legislative Analyst’s Office Climate Change Impacts Across California: Transportation (2022)
https://lao.ca.gov/reports/2022/4576/Climate-Change-Impacts-Transportation-040522.pdf

California Legislative Analyst’s Office Preparing for Rising Seas: How the State Can Help Support Local
Coastal Adaptation Efforts (2019) https://lao.ca.gov/reports/2019/4121/coastal-adaptation-
121019.pdf

California Legislative Analyst’s Office What Threat Does Sea-Level Rise Pose to California (2020)
https://lao.ca.gov/reports/2020/4261/sea-level-rise-081020.pdf

California State Transportation Agency Climate Action Plan for Transportation Infrastructure (2021a)
https://calsta.ca.gov/subject-areas/climate-action-plan

Delta Stewardship Council (DSC) Delta Plan https://deltacouncil.ca.gov/delta-plan/

DSC Delta Adapts: Creating a Climate Resilient Future (2025) https://deltacouncil.ca.gov/delta-
plan/climate-change

The Nature Conservancy Conserving California’s Coastal Habitats: A Legacy and a Future with Sea Level
Rise (2018)
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/TNC S
CC CoastalAssessment 10%20sngl.pdf

San Francisco Estuary Institute Adaptation Atlas https://www.sfei.org/adaptationatlas

University of California Davis, Learning to Collaborate: Lessons Learned from Governance Processes
Addressing the Impacts of Sea Level Rise on Transportation Corridors Across California (2020)
https://escholarship.org/uc/item/4rn5j20d

San Francisco Bay Conservation and Development Commission San Francisco Bay Plan Climate Change
Policy Guidance (2025) https://www.bcdc.ca.gov/resources/guidelines/guidance-on-the-bay-plan-
policies-on-climate-change/

Caltrans Updated Guidance on June 2026
Incorporating Sea-level Rise—Draft


https://resources.ca.gov/CNRALegacyFiles/docs/climate/safeguarding/update2018/safeguarding-california-plan-2018-update.pdf
https://resources.ca.gov/CNRALegacyFiles/docs/climate/safeguarding/update2018/safeguarding-california-plan-2018-update.pdf
https://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/hazard-mitigation-planning/california-climate-adaptation
https://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/hazard-mitigation-planning/california-climate-adaptation
https://resilientca.org/
https://www.opr.ca.gov/docs/20180313-Building_a_Resilient_CA.pdf
https://lao.ca.gov/reports/2022/4576/Climate-Change-Impacts-Transportation-040522.pdf
https://lao.ca.gov/reports/2019/4121/coastal-adaptation-121019.pdf
https://lao.ca.gov/reports/2019/4121/coastal-adaptation-121019.pdf
https://lao.ca.gov/reports/2020/4261/sea-level-rise-081020.pdf
https://calsta.ca.gov/subject-areas/climate-action-plan
https://deltacouncil.ca.gov/delta-plan/
https://deltacouncil.ca.gov/delta-plan/climate-change
https://deltacouncil.ca.gov/delta-plan/climate-change
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/TNC_SCC_CoastalAssessment_lo%20sngl.pdf
https://www.conservationgateway.org/ConservationPractices/Marine/crr/library/Documents/TNC_SCC_CoastalAssessment_lo%20sngl.pdf
https://www.sfei.org/adaptationatlas
https://escholarship.org/uc/item/4rn5j20d
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C.3 National

Federal Highway Administration (FHWA) Adaptation Decision-Making Assessment Process (ADAP) (2025).
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing and current research/te
acr/adap/index.cfm

FHWA HEC-25: Highways in the Coastal Environment, Third Edition.(2020).
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif19059.pdf

FHWA Synthesis of Approaches for Addressing Resilience in Project Development. (2017).
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing and current research/te
acr/synthesis/fhwahep17082.pdf

FHWA Nature-Based Strategies for Coastal Highway Resilience: An Implementation Guide. (2019).
https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing and current research/gr
een_infrastructure/

FHWA Climate Change Adaptation Guide for Transportation Systems Management, Operations, and
Maintenance. (2015). https://ops.fhwa.dot.gov/publications/fhwahop15026/fhwahop15026.pdf

FHWA Planning and Environment Linkages program website
https://www.environment.fhwa.dot.gov/env initiatives/PEL.aspx

National Cooperative Highway Research Program Research Report 938: Incorporating the Costs and
Benefits of Adaptation Measures in Preparation for Extreme Weather Events and Climate Change
Guidebook. (2020). https://www.trb.org/Publications/Blurbs/180405.aspx

National Highway Institute Training Course NHI-142081 (2022) Understanding Past, Current and Future
Climate Conditions provides future projections of temperature, precipitation, and sea levels to design
transportation facilities. https://www.nhi.fhwa.dot.gov/course-search?sf=0&course no=142081

NASA Interagency Sea-Level Rise Scenario Tool https://sealevel.nasa.gov/task-force-scenario-tool/

National Oceanic and Atmospheric Administration (NOAA) Global and Regional Sea Level Rise Scenarios
for the United States: Updated Mean Projections and Extreme Water Level Probabilities Along U.S.
Coastlines. (2022). https://oceanservice.noaa.gov/hazards/sealevelrise/noaa-nos-techrpt01-global-
regional-SLR-scenarios-US.pdf

NOAA Tides and Currents Stations Selection page
https://tidesandcurrents.noaa.gov/stations.html?type=Datums

U.S. Army Corps of Engineers International Guidelines on Natural and Nature-Based Features for Flood
Risk Management. (2022). https://ewn.erdc.dren.mil/international-guidelines-on-natural-and-
nature-based-features-for-flood-risk-management/

o Chapter 10, Coastal Wetlands and Tidal Flats (https://ewn.erdc.dren.mil/nnbf-guidelines/10-
coastal-wetlands-and-tidal-flats/), in particular has some useful general context on natural and
nature-based feature (NNBF) approaches, as well as conceptual design considerations.

o Chapter 14, Enhancing Structural Measures for Environmental, Social, and Engineering Benefits
(https://issuu.com/poweroferdc/docs/nnbf-guidelines-2021/730?fr=sZmVkMTQyNjA2NTE),
includes well-displayed concepts of how to incorporate improvements to existing infrastructure

types like seawalls and revetment.
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o Other chapters of interest include Chapter 6, Benefits and Costs of NNBF
(https://ewn.erdc.dren.mil/nnbf-guidelines/06-benefits-and-costs-of-nnbf/) and Chapter 9,
Beaches and Dunes (https://ewn.erdc.dren.mil/?p=5546)

U.S. Geological Survey Dynamic Flood Modeling Essential to Assess the Coastal Impacts of Climate
Change https://www.nature.com/articles/s41598-019-40742-z#citeas

U.S. Global Change Research Program Fourth National Climate Assessment. (2018).
https://nca2018.globalchange.gov/
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This Sea-Level Rise Analysis Worksheet is an optional resource to support documentation of the sea-level
rise risk assessment and alternatives analysis described in Chapter 5, Use of the Sea-Level Rise
Framework Worksheet of the Updated Guidance on Incorporating Sea-Level Rise into Planning and
Project Development. Refer to Chapter 5 for step-by-step guidance.

This worksheet is recommended for use during corridor or system planning, project nomination, and
early project development (i.e., K phase). During corridor planning, this worksheet supplements (but
does not replace or supersede) the Caltrans Climate Change Emphasis Area Guidance for Corridor
Planning (Caltrans 2022a) and the steps in Section 4.1, Transportation Planning: Corridor or System
Planning. During project nomination, this worksheet supplements (but does not replace or supersede)
the Transportation Planning Scoping Information Sheet (TPSIS) Guidance (Caltrans 2022c) and the steps
in Section 4.2, Project Nomination Phase. During K phase, this worksheet supplements (but does not
replace or supersede) the Climate Risk and Adaptation Report template (Caltrans 2023e), Project
Initiation Report (PIR guidance) (Caltrans 2023d), and the steps in Section 4.3, K Phase.

D.2 Sea-Level Rise Risk Assessment

The steps for a sea-level rise risk assessment are outlined in detail in the Updated Guidance for
Incorporating Sea-Level Rise into Planning and Project Development in Section 5.1, Sea-Level Rise Risk
Assessment. Sea-level rise risks are also discussed in the context of project delivery in Section 3.1, Sea-
Level Rise Concepts, Section 4.2, Project Nomination Phase, and Section 4.3, K Phase. Sea-level rise
impacts and consequences are also discussed in the Federal Highway Administration (FHWA) HEC-25,
Caltrans’s Highway Design Manual (HDM) and Design Manual for Hybrid Coastal Protection Strategies. A
summary table (Table D-1) that can be used to document the sea-level rise risk assessment is provided at
the end of the worksheet.

D.2.1 Initial Screening

A sea-level rise analysis is likely necessary if the plan, project, or other investment decision is within the
jurisdiction of a coastal permitting agency and/or is within an area that is projected to be exposed to sea-
level rise through the planning horizon. The purpose of the initial screening step is to understand
whether the plan, project, or other investment decision meets either of these criteria. If the plan,
project, or other investment decision does not meet either criterion, further consideration of sea-level
rise risks may not be needed.

D.2.1.1 Jurisdictional Screening

Characterize whether the project lies within the current Coastal Zone boundary
(https://www.coastal.ca.gov/maps/czb/); San Francisco Bay (https://bcdc.ca.gov/data.html), or the
Sacramento—San Joaquin Legal Delta boundary (https://delta.ca.gov/).
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D.2.1.2 Sea-Level Rise Exposure Screening

Characterize whether the project could be exposed to sea-level rise within any range indicated by the
Ocean Protection Council (OPC) State of California Sea-Level Rise Guidance 2024 Update or subsequent
editions (OPC Guidance), including areas not located in the Coastal Zone, San Francisco Bay Conservation
and Development Commission’s jurisdiction, or Legal Delta.

D.2.2 Identify Nearest Tide Gage

Identify the nearest tide gage to the project location using the OPC Guidance.

D.2.3 Selection of Project Planning Horizon

Identify the Project Planning Horizon. The Project Planning Horizon is the expected year that a project
will complete construction/become operational, plus the design life. Use the longest asset design life in a
project that contains multiple assets.

D.2.4 Sea-Level Rise Scenario

Identify the sea-level rise values that will be evaluated. Refer to Section 5.1.4, Selection of Sea-Level Rise
Scenarios, for more information about the sea-level rise scenarios that OPC Guidance recommends to
evaluate risks, depending on the type of project and its risk tolerance. OPC Guidance recommends that
the High sea-level rise scenario be considered when evaluating risks to critical infrastructure.

Note that the sea-level rise values that are selected for exposure analysis and/or risk assessments do
not constitute design elevations. Ultimately, the Caltrans design engineer selects the design elevation(s)
for a particular project based on a wide variety of factors. In some cases, it would be infeasible to design
projects for resilience to the High Scenario due to adjacent infrastructure or development.

D.2.5 Sea-Level Rise Impacts

Characterize impact of the following types of hazards for each sea-level rise value selected in the
previous step:

Flooding and inundation
Storm surge

Waves and wave runup
Erosion and bluff retreat
Groundwater rise

King tide
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D.2.6 Sea-Level Rise Consequences

Characterize the potential adverse consequences in the plan or project location from the impacts
identified in the previous step, for the following categories, as appropriate:

Public Health and Safety: Disruptions to emergency evacuation routes, typical traffic volumes like annual
average daily traffic, availability of detour routes, designation of important freight corridors, and
public access and recreation.

Equity: Communities of color, low-income communities, and Native Nations have been, and will continue
to be, disproportionately overburdened by pollution and climate change. Sea-level rise will add to
those burdens; consequences could include damage to homes and roads, disruption to public
transportation, elevated exposure to toxic materials, and destruction of coastal sacred places and
cultural sites.

Environmental Resources: Coastal habitats especially beaches, dunes, tidal marsh, wetlands, water
quality, and agricultural lands are and will increasingly be exposed or adversely affected by sea-level
rise hazards. If these resources are present or are near the transportation system, infrastructure is
and could increasingly act as a barrier to landward migration for these coastal habitats, affect water
quality and beneficial uses, and decrease sediment supply.

Economic: Costs associated with emergency repairs and losses associated with transportation of goods
and services.

D.3 Adaptation Analysis

The steps for a sea-level rise adaptation analysis are outlined in detail in Section 5.2, Sea-Level Rise
Adaptation Strategies. Sea-level rise adaptation needs are also discussed in the context of project
delivery in Section 3.7, Adaptation Strategies Background, Section 4.2, Project Nomination Phase, and
Section 4.3, K Phase. Specific adaptation strategies are described in greater detail in Caltrans’s HDM and
Design Manual for Hybrid Coastal Protection Strategies as well as the FHWA HEC-25 and Nature-based
Solutions for Coastal Highway Resilience: An Implementation Guide. A summary table (Table D-2) that can
be used to document the sea-level rise risk assessment is provided at the end of the worksheet.

D.3.1 Identification of Appropriate Adaptation Strategies

Characterize the potential adaptation strategies that could address the identified range of sea-level rise
impacts. Identify potential constraints on each adaptation strategy in terms of feasibility, construction
cost, maintenance cost, environmental impacts, community impacts, or other considerations. Note if any
adaptation strategy will need avoidance, minimization, or mitigation measures with respect to impacts to
coastal resources.

D.3.2 Prioritization of Adaptation Strategies

Identify project priorities with respect to sea-level rise that will be used to evaluate alternative
adaptation strategies. Project priorities could be based on the adverse consequences characterized in
prior steps.
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D.3.3 Adaptation Strategy Selection and Documentation

Once the Project Development Team decides on the adaptation strategy or strategies to be carried
forward, document the rationale and justification for the selection.
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Optional Summary Tables:

Table D-1 Summary Table of Sea-Level Rise Risk

Appendix E

Caltrans Sea-Level Rise Framework Worksheet

Populate at least two columns in the top half of the table using sea-level rise values from OPC (2024). Use a sea-level rise viewer from Appendix A to populate
Rows A and C. Match values in Rows A and C to values in the top half of the table, then populate the corresponding years in Rows B and D for each scenario.

Low Intermediate- | Intermediate | Intermediate- High
Scenario! Low Scenario’ Scenario High Scenario Scenario
Year (feet) (feet) (feet) (feet) (feet)
2050
2060
2070
2080
2090
2100
End of Project Planning Horizon if beyond 2100: 21XX
(A) Lowest amount of sea-level rise (SLR) that results # (feet)
in flooding on roadway during high tide
(B) Timeframe of SLR value in row A 20XX 20XX 20XX 20XX 20XX
L f SLR th Its in floodi
() e arjnount of SLR that results in flooding on # (feet) (Note: this value should be less than the value in Row A)
roadway during the + 100-year storm surge
(D) Timeframe of SLR value in row C 20XX 20XX 20XX 20XX 20XX

1 Before using the Low Scenario or Intermediate-Low Scenario for a risk assessment, refer to Section 5.1.4, Selection of Sea-Level Rise Scenarios, of this guidance and pp. 58 and
66 in OPC (2024), and consider potential permitting risks. OPC (2024) recommends that the High sea-level rise scenario be considered when evaluating risks to critical

infrastructure.
2
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Table D-2 Summary Table of Sea-Level Rise Adaptation Analysis

Adaptation Solution Describe the following variables associated for each adaptation solution

(recommend include Cost of no Impacts to
a nature- based or How this solution action to Construction | Maintenance |Environmental | Community | coastal Other
hybrid solution) addresses impacts address SLR | cost cost impacts impacts resources considerations

Sea Level Rise Scenario A: XX ft by 20XX

Impacts avoided:

Impacts remaining:

Impacts avoided:

Impacts remaining:

Sea Level Rise Scenario B: YY ft by 20YY

Impacts avoided:

Impacts remaining:

Impacts avoided:

Impacts remaining:
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