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SUMMARY OF DOCUMENT REVISIONS

A first draft of this Guidance was released for public review on October 14, 2013. The public
comment period was open for 120 days, until February 14, 2014. During that time, the
Commission received over 100 comment letters that broke down into over 800 distinct
comments. A revised draft was released on May 27, 2015 and presented at the June 2015
Coastal Commission hearing in Newport Beach. Written comments were requested by July 10,
2015, and 28 comment letters were submitted.

On August 12, 2015 the Commission adopted the Recommended Final Draft (dated July 31,
2015 and updated with addenda August 10, 2015) as interpretive guidelines pursuant to Public
Resources Code section 30620. The final draft has been posted on the Commission’s website
and used by the Commission, local governments, project applicants, and other stakeholders
since its adoption.

Draft updates have now been developed to address evolving science. Acting on direction
from Governor Brown, the Ocean Protection Council has released two reports that update
our understanding of sea level rise science and best practices for planning for and addressing
anticipated impacts. The first of these reports, Rising Seas in California: An Update on Sea-
Level Rise Science, synthesizes recent evolving research on sea level rise science, and forms
the foundation for the second report, the State of California Sea-Level Rise Guidance: 2018
Update. The 2018 OPC SLR Guidance provides higher level recommendations for how to plan
for and address sea level rise impacts, notably including a set of projections recommended
for use in planning, permitting, investment, and other decisions.

In order to reflect the updated best available science, a set of focused updates for the Coastal
Commission SLR Policy Guidance have been developed. These include:

e References to best available science throughout the document, including SLR
projection tables, which formerly referenced the 2012 NRC Report, have been updated
to reference the 2018 OPC SLR Guidance.

e Sections of the Guidance that provided extensive details about the NRC report and/or
how to use the information provided within the NRC report (mainly in Chapters 3, 5,
and 6 and Appendices A and B) have been removed. In their place, summaries of the
Rising Seas science report (2017) and the 2018 OPC SLR Guidance have been added
(Chapters 3, 5, and 6, and Appendices A, B, and G).

e Some updates have been made to tables of resources meant to assist interested
parties in addressing sea level rise (e.g., SLR mapping and modeling tools, grant
funding sources, and agency and other stakeholder guidance). However, these tables
have not been exhaustively updated, and additional resources may be available.

New language throughout the document is shown in bold underline. A clean version of the
updated Guidance will be provided after Coastal Commission review and adoption.
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How to Use this Document

This document is: This document is NOT:

Guidance Regulations

This Guidance is advisory and not a regulatory document or legal standard of review for the actions that
the Commission or local governments may take under the Coastal Act. Such actions are subject to the
applicable requirements of the Coastal Act, the federal Coastal Zone Management Act, certified Local
Coastal Programs, and other applicable laws and requlations as applied in the context of the evidence in
the record for that action.

Dynamic Static

This Guidance will be updated periodically to address new sea level rise science, information, and
approaches regarding sea level rise adaptation, and new legal precedent. The Commission will also
continue working on sea level rise through other projects and in a collaborative manner, as outlined in
Chapter 9: Next Steps.

Multi-purpose for multiple audiences Meant to be read cover-to-cover

This Guidance is a comprehensive, multi-purpose resource and it is intended to be useful for many
audiences. As such, it includes a high level of detail on many subjects. However, chapters were written as
stand-alone documents to provide usable tools for readers.

A menu of options A checklist

Since this document is intended for use statewide, it is not specific to a particular geographic location or
development intensity (e.g., urban or rural locations).Therefore, not all of the content will be applicable
to all users, and readers should view the content as a menu of options to use only if relevant, rather than
a checklist of required actions.

Reading Tips

e Look carefully at the Table of Contents and identify sections of interest.

e Do not expect all of the content to apply to your particular situation. As a statewide document, a
wide variety of information is included to address the concerns of various users.

e Navigate to your desired level of detail: The Executive Summary provides a basic summary of the
content; the body of the document provides a detailed discussion; and the Appendices provide
more scientific and technical detail and a variety of useful resources.
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environment. Increasing global temperatures are causing significant effects at global,

regional, and local scales. In the past century, average global temperature has increased
by about 0.8°C (1.4°F), and average global sea level has increased by 7 to 8 in (17 to 21 cm)
(IPCC 2013). Sea level at the San Francisco tide gauge has risen 8 in (20 cm) over the past
century, and recent reports developed by the California Ocean Protection Council (OPC) (in
conjunction with the OPC Science Advisory Team) project that by the year 2100, sea levels
may rise by approximately 2.4 to 6.9 feet, with the potential for rapid ice loss to result in an
extreme scenario of 10.2 feet of sea level rise (Griggs et al., 2017; OPC 2018). While the
California coast regularly experiences erosion, flooding, and significant storm events, sea level
rise will exacerbate these natural forces, leading to significant social, environmental, and
economic impacts. The third National Climate Assessment notes that there is strong evidence
showing that the cost of doing nothing to prepare for the impacts of sea level rise exceeds the
costs associated with adapting to them by about 4 to 10 times (Moser et al. 2014). Therefore, it is
critically important that California plan and prepare for the impacts of sea level rise to ensure a
resilient California coast for present and future generations.

C limate change is upon us, affecting almost every facet of California’s natural and built

The California Coastal Act is one of the state’s primary coastal management laws for addressing
land use, public access and recreation, and the protection of coast and ocean resources in the
coastal zone. It is also the primary coastal hazards law governing development along the coast.
Using the Coastal Act, the Coastal Commission and local governments have more than four
decades of experience managing coastal development, including addressing the challenges
presented by coastal hazards like storms, flooding, and erosion as well as responses to these
hazards such as armoring. However, sea level rise and the changing climate present management
challenges of a new magnitude, with the potential to significantly threaten many coastal
resources, including shoreline development, coastal beach access and recreation, habitats,
agricultural lands, cultural resources, and scenic resources, all of which are subject to specific
protections and regulations in the Coastal Act. Therefore, effective implementation of the
Coastal Act and the protection of California’s coast must address global sea level rise and the
greater management challenges it will bring.

This document focuses specifically on how to apply the Coastal Act to the challenges presented
by sea level rise through Local Coastal Program (LCP) certifications and updates and Coastal
Development Permit (CDP) decisions. It organizes current science, technical, and other
information and practices into a single resource to facilitate implementation of the Coastal Act
by coastal managers at the state and local level. While the document is intended to guide LCP
planning and development decisions to ensure effective coastal management actions, it is
advisory and does not alter or supersede existing legal requirements, such as the policies of the
Coastal Act and certified LCPs. However, one of the Commission’s priority goals is to
coordinate with local governments to complete and update LCPs in a manner that adequately
addresses sea level rise and reflects the recommendations in this Guidance.

This Guidance document is also part of a larger statewide strategy to respond to climate change
that includes both emissions reductions and adaption planning to address the impacts of a
changing climate. In 2008, Governor Schwarzenegger issued an Executive Order (S-13-08)
directing state agencies to consider sea level rise as part of planning projects and to support the
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preparation of the National Research Council report on sea level rise. Additionally, on April 29,
2015, Governor Brown issued an Executive Order (B-30-15) to establish a new greenhouse gas
emission reduction target and called for further action on adaptation. This Guidance is also being
coordinated with many statewide initiatives to address climate change and sea level rise,
including the 2014 Safeguarding California plan (an update to the 2009 California Adaptation
Strategy; CNRA 2009, 2014), the ongoing update to the General Plan Guidelines (Cal OPR
2015), the 2013 update to the California Governor’s Office of Emergency Services’ (Cal OES)
State Hazard Mitigation Plan, and others." Commission staff has also been and will continue to
participate in multi-agency partnerships, including the Coast and Ocean Workgroup of the multi-
state agency Climate Action Team and the State Coastal Leadership Group on Sea-Level Rise.
For more detail on these efforts, see the Introduction.

PRINCIPLES FOR ADDRESSING SEA LEVEL RISE IN THE COASTAL ZONE

This Guidance is rooted in certain fundamental guiding principles, many of which derive directly
from the requirements of the Coastal Act. These Principles broadly lay out the common ideas
and a framework by which sea level rise planning and permitting actions can be assessed, and as
such represent the goals to which actions should aspire. Individual actions and outcomes may
vary based on a variety of factors, including applicable policies and location- or project-specific
factors that may affect feasibility. The Guiding Principles are summarized below and discussed
in greater detail in Chapter 2.

Use Science to Guide Decisions [Coastal Act Sections 30006.5; 30335.5]

1. Acknowledge and address sea level rise as necessary in planning and permitting
decisions.

2. Use the best available science to determine locally relevant and context-specific sea level
rise projections for all stages of planning, project design, and permitting reviews.

3. Recognize scientific uncertainty by using scenario planning and adaptive management
techniques.

4. Use a precautionary approach by planning and providing adaptive capacity for the highest
amounts of possible sea level rise.

5. Design adaptation strategies according to local conditions and existing development
patterns, in accordance with the Coastal Act.

Minimize Coastal Hazards through Planning and Development Standards [Coastal Act
Sections 30253, 30235; 30001, 30001.5]

6. Avoid significant coastal hazard risks to new development where feasible.
7. Minimize hazard risks to new development over the life of authorized structures.

! See the Governor’s Office of Planning and Research’s webpage for the California Climate Change Document,
which includes a matrix of additional efforts.
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8. Minimize coastal hazard risks and resource impacts when making redevelopment
decisions.

9. Account for the social and economic needs of the people of the state; assure priority for
coastal-dependent and coastal-related development over other development.

10. Ensure that property owners understand and assume the risks, and mitigate the coastal
resource impacts, of new development in hazardous areas.

Maximize Protection of Public Access, Recreation, and Sensitive Coastal Resources [Coastal
Act Chapter 3 policies]

11. Provide for maximum protection of coastal resources in all coastal planning and
regulatory decisions.

12. Maximize natural shoreline values and processes; avoid expansion and minimize the
perpetuation of shoreline armoring.

13. Recognize that sea level rise will cause the public trust boundary to move inland. Protect
public trust lands and resources, including as sea level rises. New shoreline protective
devices should not result in the loss of public trust lands.

14. Address other potential coastal resource impacts (wetlands, habitat, agriculture, scenic,
etc.) from hazard management decisions, consistent with the Coastal Act.

15. Address the cumulative impacts and regional contexts of planning and permitting
decisions.

16. Require mitigation of unavoidable coastal resource impacts related to permitting and
shoreline management decisions.

17. Consider best available information on resource valuation when mitigating coastal
resource impacts.

Maximize Agency Coordination and Public Participation [Coastal Act Chapter 5 policies;
Sections 30006; 30320; 30339; 30500; 30503; 30711]

18. Coordinate planning and regulatory decision making with other appropriate local, state,
and federal agencies; support research and monitoring efforts.

19. Consider conducting vulnerability assessments and adaptation planning at the regional
level.

20. Provide for maximum public participation in planning and regulatory processes.
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BEST AVAILABLE SCIENCE AND CONSEQUENCES OF SEA LEVEL RISE

The Coastal Act directs the Coastal Commission and local governments to use the best available
science in coastal land use planning and development. This Guidance recommends using the best
available science on sea level rise projections to inform planning decisions and project design.
The State of California has long supported the preparation and provision of scientific
information on climate change and sea level rise to help guide appropriate and resilient
planning, permitting, investment, and other decisions. For example, the State supported the
preparation of the 2012 National Research Council’s Report, Sea-Level Rise for the Coasts
of California, Oregon and Washington: Past, Present, and Future, as well as the 2017 Rising
Seas in California: An Update on Sea-Level Rise Science (OPC Science Report) and the State
of California Sea-Level Rise Guidance: 2018 Update (2018 OPC SLR Guidance). The 2018
OPC SLR Guidance contains a set of projections for 12 tide gauges throughout California,
and the Coastal Commission recommends using these projections and related information
as best available science on sea level rise in California (see Table 1 for the projections at the
San Francisco tide gauge, and Appendix G for projections for other tide gauges). The
Coastal Commission will re-examine best available science periodically and as needed with the
release of new information.

In addition to sea level rise projections, the 2012 NRC report, the 2017 OPC Science Report,
and the 2018 OPC SLR Guidance provide information on the impacts of sea level rise in
California’. According to these reports, sea level rise will cause flooding and inundation,
increased coastal erosion, changes in sediment supply and movement, and saltwater intrusion to
varying degrees along the California coast. These effects in turn could have a significant impact
on the coastal economy and could put important coastal resources and coastal development at
risk, including ports, marine terminals, commercial fishing infrastructure, public access,
recreation, wetlands and other coastal habitats, water quality, biological productivity in coastal
waters, coastal agriculture, and archaeological and paleontological resources.

2 Note that while the Coastal Commission now recognizes the 2018 OPC SLR Guidance as best available
science, the 2012 NRC Report and other related studies still contain valuable information, and references to
these documents and studies throughout this quidance remain relevant and applicable.
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Table 1. Sea Level Rise Projections for the San Francisco Tide Gauge> (OPC 2018)

Projected Sea Level Rise (in feet): San Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp etal.2014) (Sweet et al. 2017)
Low Risk Aversion IV!edlum-H.lgh Extreme Risk Aversion
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceeds...) | (0.5% probability SLR exceeds...) (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 1.9 2.7
2060 1.5 2.6 3.9
2070 1.9 35 5.2
2080 2.4 4.5 6.6
2090 2.9 5.6 83
2100 3.4 6.9 10.2
2110* 3.5 7.3 11.9
2120 4.1 8.6 14.2
2130 4.6 10.0 16.6
2140 5.2 11.4 19.1
2150 5.8 13.0 21.9

*Most of the available climate model experiments do not extend beyond 2100. The resulting reduction in model
availability causes a small dip in projections between 2100 and 2110, as well as a shift in uncertainty estimates
(see Kopp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

% Probabilistic projections for the height of sea level rise and the H++ scenario are presented. The H++
projection is a single scenario and does not have an associated likelihood of occurrence. Projections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over 1991-2009). Table is
adapted from the 2018 OPC SLR Guidance to present only the three scenarios OPC recommends evaluating.
Additionally, while the OPC tables include low emissions scenarios, only high emissions scenarios, which
represent RCP 8.5, are included here because global greenhouse gas emissions are currently tracking along
this trajectory. The Coastal Commission will continue to update best available science as necessary, including
if emissions trajectories change.
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ADDRESSING SEA LEVEL RISE IN LOCAL COASTAL PROGRAMS

This document provides a step-by-step process for addressing sea level rise and adaptation
planning in new and updated Local Coastal Programs. These Steps, summarized below in text
and in Figure 1, can be tailored to fit the needs of individual communities and to address the
specific coastal resource and development issues of a community, such as dealing with bluff
erosion or providing for effective redevelopment, urban infill, and concentration of development
in already developed areas. Ideally, Commission and local government staff will establish
regular coordination and work together in the early steps of any LCP planning process. For a
detailed explanation of these LCP planning Steps, see Chapter 5. Communities in areas where
sea level rise vulnerability assessment work is already underway can start later in the process, at
Step 4, or other relevant Step(s).

Step 1. Determine a range of sea level rise projections relevant to LCP planning
area/segment using best-available science, which is currently the 2018 OPC SLR
Guidance.

Step 2. Identify potential physical sea level rise impacts in the LCP planning
area/segment, including inundation, storm flooding, wave impacts, erosion, and/or
saltwater intrusion into freshwater resources.

Step 3. Assess potential risks from sea level rise to coastal resources and development
in the LCP planning area/segment, including those resources addressed in
Chapter 3 of the Coastal Act.

Step 4. Identify adaptation measures and LCP policy options to include in the new or
updated LCP, including both general policies and ordinances that apply to all
development exposed to sea level rise, and more targeted policies and land use
changes to address specific risks in particular portions of the planning area.

Step 5. Draft updated or new LCP for certification with California Coastal
Commission, including the Land Use Plan and Implementing Ordinances.

Step 6. Implement the LCP and monitor and re-evaluate strategies as needed to
address new circumstances relevant to the area.
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Planning Process for Local Coastal Programs and Other Plans

6. Monitor and revise as needed

Establish indicators for measuring
progress; track indicators and
make changes to measures if
needed.

Assess best available science on
SLR every 5 years and update as

Qeeded.

5. Develop or update LCP and

certify with California Coastal
Commission

Work with CCC staff to update LCPs
as needed and to develop sea-level
rise policies and implementing
ordinances.

Submit new or updated LCP for
approval by the CCC, and, once

certified, implement

SLR Guidance).

1. Choose range of sea-levelrise

projections relevant to LCP
planning area/segment

Use range of SLR scenarios based on
best available science (e.g. 2018 OPC

Modify projections to incorporate
local vertical land motion and
planning horizon if needed.

4. Identify adaptation measures
and LCP policy options

Identify strategies to address the issues
identified in Step 3, such as revised
land use designations, policies, and
standards; building codes; and other
implementing ordinances.

2. ldentify potential sea-level rise
impacts in LCP planning
areafsegment

Identify current and future SLR
impacts and related hazards.
Includes assessment of current and
future:

¢ Submerged and intertidal lands;
+ Cliff and beach erosion;

* Flood zones and wave impacts;
+ Saltwater intrusion;

&Coastal water pollution issues /

3. Assess risks to coastal

resources and development in
planning area

Rate and describe the exposure,
sensitivity, and adaptive capacity of
each coastal resource.

Assess consequences of SLR impacts
upon those resources.

Identify land use planning options

@d constraints for each resource. /

e

Figure 1. Flowchart for addressing sea level rise in Local Coastal Programs and other plans
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ADDRESSING SEA LEVEL RISE IN COASTAL DEVELOPMENT PERMITS

New development within the coastal zone generally requires a Coastal Development Permit
(CDP). Many projects reviewed through the CDP application process already examine sea level
rise impacts as part of the hazards analysis, though not every CDP application will need to
consider sea level rise. In general, sea level rise is only likely to affect those projects that are on
low-lying land, on eroding coastal bluffs, are in close proximity to water, or rely upon a shallow
aquifer for water supply. This document offers a step-by-step outline, summarized below in text
and in Figure 2, for how to conduct such an analysis as a standard part of the CDP application
process. The goal of these Steps is to ensure careful attention to minimizing risk to development
and avoiding impacts to coastal resources over the life of the project. Early coordination with the
Coastal Commission staff is highly recommended, and staff will be available to consult with
applicants during this process. Adopting or updating LCPs as recommended in this Guidance
should facilitate subsequent review of CDPs. LCPs can identify areas where a closer review of
sea level rise concerns is necessary. If kept up to date, they can also provide information for
evaluation at the permit stage and specify appropriate mitigation measures for CDPs to
incorporate. For a detailed explanation of these steps, see Chapter 6 of this Guidance.

Step 1. Establish the projected sea level rise range for the proposed project’s planning
horizon using the best available science, which is currently the 2018 OPC SLR
Guidance.

Step 2. Determine how physical impacts from sea level rise may constrain the project
site, including erosion, structural and geologic stability, flooding, and inundation.

Step 3. Determine how the project may impact coastal resources, considering the
influence of future sea level rise upon the landscape as well as potential impacts
of sea level rise adaptation strategies that may be used over the lifetime of the
project.

Step 4. Identify alternatives to avoid resource impacts and minimize risks throughout
the expected life of the development.

Step 5. Finalize project design and submit CDP application.
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Planning Process for Coastal Development Permits

Establish the projected sea-level rise range for the proposed project

* Determine time period of concern using expected project life.

+ Use range of SLR scenarios based on best available science (e.g. 2018 OPC SLR
Guidance).

* Modify projections to incorporate local vertical land motion and planning
horizon if needed.

2. Determine how sea-level rise impacts may constrain the project site

.

Using locally relevant SLR projections, determine site- or project-specific hazards
or impacts for the time period of concern, including current and future hazard
impacts. Consider:

Geologic Stability and Erosion
Flooding and Inundation
Wave Impacts

Other Impacts Y,

3. Determine how the project may impact coastal resources over time,

considering SLR

Determine how the project may impact coastal resources (helow) considering how
SLR may alter the resources over the expected lifetime of the project.

* Public Access and Recreation

+ (Coastal Habitats

* Agriculture

* Water Quality

+ Archaeological/Paleontological resources
\' Scenic Resources Y,

4. Identify project alternatives to both avoid resource impacts and minimize

risks to the project

« Ideally, locate the project in a site that avoids conflicts with natural resources
and SLR impacts

+ Alternatively, minimize the likelihood that the project will come into contact
with hazards, and design an adaptation strategy for unavoidable impacts.

* Modify project if impacts cannot be avoided

* Summarize these alternatives

5. Finalize project design and submit permit application

Complete the CDP application. Submit the application. Receive permit action.

Monitor and revise project as needed.

Figure 2. Flowchart for addressing sea level rise in Coastal Development Permits
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ADAPTATION STRATEGIES

Steps 1 through 3 of the processes for addressing sea level rise in LCPs and CDPs will help
planners and project applicants identify particular vulnerabilities to the planning region and
specific project sites. Such vulnerabilities may include impacts to a number of resources
identified in the Coastal Act, including development and infrastructure; public access and
recreational opportunities; beaches, wetlands, environmentally sensitive habitat areas (ESHA),
and other coastal habitats; agricultural resources; water quality; archaeological and
paleontological resources; and scenic and visual resources. Planners and project applicants will
need to identify, develop, and implement various adaptation strategies designed to protect coastal
resources. These strategies should fulfill the hazard minimization and resource impact avoidance
policies of the Coastal Act and should account for local conditions. In many cases, strategies will
need to be implemented incrementally as conditions change, and planners, project applicants,
and partners will need to think creatively and adaptively to ensure that coastal resources and
development are protected over time. Chapter 7 of this Guidance summarizes a number of
strategies to protect different coastal resources and meet the goals and requirements of the
Coastal Act.

ADDITIONAL INFORMATION

In addition to providing a summary of best available science on sea level rise, step-by-step
approaches for addressing sea level rise in LCPs and CDPs, and a discussion of numerous
adaptation strategies, the Guidance includes the following supplemental information:

e A brief discussion of the legal context of adaptation

e Next steps for Commission staff in coordination with other relevant partners and research
institutions, based on objectives and actions from the Commission adopted California
Coastal Commission Strategic Plan 2013-2018 (2013a)

e Additional research needs directed toward research institutions at academic, state,
federal, and local levels to help communities understand and prepare for sea level rise

e Detailed information on the drivers of sea level rise and sea level rise projections

e A step-by-step methodology for assessing local hazard conditions based on regional sea
level rise projections, which is applicable to both LCPs and CDPs

e Lists of useful resources and references, including examples of sea level rise adaptation
documents from other state agencies

e Key Coastal Act policies relevant to sea level rise and coastal hazards
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CONTEXT OF THIS DOCUMENT

This Guidance is part of a larger body of work on climate change by State agencies, regional
collaborations, local leadership, academic research, and other organizations. Many of these
efforts are included as resources in Appendix C. Users of the document should take advantage of
these existing resources, collaborate with others, and share best practices as much as possible.

Finally, this document is intended to function as interpretive guidance for effective
implementation of the Coastal Act and LCPs in light of sea level rise. It is not a regulatory
document and does not contain any new regulations. Further, it does not amend or supersede
existing legal authorities or the standard of review for Local Coastal Programs and coastal
development permit decisions pursuant to the Coastal Act. Those actions are subject to

the applicable requirements of the Coastal Act, the Coastal Zone Management Act, certified
LCPs, and other applicable laws and regulations as applied in the context of the evidence in
the records for those actions. The Commission is adopting this Guidance as interpretive
guidelines pursuant to its authority under Public Resources Code Sections 30620.
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extreme heat waves, droughts, and fires are just a few of the effects of climate

change. These effects are having profound impacts on our coast and are changing coastal
management planning and decision making at global, national, state, regional, local, and
individual scales.

C limate change is happening now. Rapidly melting ice caps, rising sea levels, floods,

Given current trends in greenhouse gas emissions, sea levels are expected to rise at an
accelerating rate in the future, and scientists project an increase in California’s sea level in
coming decades. Until mid-century, the most damaging events for the California coast will likely
be dominated by large El Nifio-driven storm events in combination with high tides and large
waves. Eventually, sea level will rise enough that even small storms will cause significant
damage, and large events will have unprecedented consequences (Caldwell et al. 2013).

This Guidance provides a framework for addressing sea level rise in Local Coastal Programs
(LCPs) and Coastal Development Permits (CDPs). The intended audience for this document
includes the Commission and Commission staff, local governments, other public agencies,
permit applicants, members of the public, and others who are interested in how to implement and
comply with the California Coastal Act (Coastal Act) while taking steps to address sea level

rise.

ENVIRONMENTAL, ECONOMIC, AND SOCIAL IMPACTS OF SEA LEVEL RISE

The potential environmental, economic, and social impacts of sea level rise in California
underscore the importance of addressing the issue in land use planning and regulatory work. Just
over 21 million people lived in California’s coastal counties as of July 2014 (CDF 2014), and the
state supports a $40 billion coastal and ocean economy (NOEP 2010).

Many aspects of the coastal economy, as well as California’s broader economy, are at risk from
sea level rise, including coastal-related tourism, beach and ocean recreational activities, transfer
of goods and services through ports and transportation networks, coastal agriculture, and
commercial fishing and aquaculture facilities.

In addition to potential losses in revenue, Heberger et al. (2009) estimate that $100 billion worth
of property is at risk of flooding during a 100-year coastal flood with 4.6 ft (1.4 m) of sea level
rise (the amount projected to occur by the year 2100 in their Pacific Institute study). This
property includes seven wastewater treatment plants, commercial fishery facilities, marine
terminals, Coastal Highway One, 14 power plants, residential homes, and other important
development and infrastructure.

Sea level rise also poses environmental and social justice challenges. This is particularly true for
communities that may be dependent upon at-risk industries, are already suffering from economic
hardship, or which have limited capacity to adapt, including lower-income, linguistically
isolated, elderly, and other vulnerable populations.

Proactive steps are needed to prepare for sea level rise and to protect the coastal economy,
California livelihoods, and coastal resources and the ecosystem services they provide. The
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magnitude of the challenge is clear — not only might the impacts of sea level rise be severe, the
costs and time associated with planning for them can be daunting. The third National Climate
Assessment, released in May 2014, notes that there is strong evidence to suggest that the costs of
inaction are 4 to 10 times greater than the costs associated with proactive adaptation and hazard
mitigation (Moser et al. 2014). It is critical for California to take proactive steps to address the
impacts sea level rise may have on the state’s economy, natural systems, built environment,
human health, and ultimately, its way of life.

SEA LEVEL RISE AND THE CALIFORNIA COASTAL ACT

The potential impacts of sea level rise fall directly within the Coastal Commission’s (and coastal
zone local governments’) planning and regulatory responsibilities under the Coastal Act. Sea
level rise increases the risk of flooding, coastal erosion, and saltwater intrusion into freshwater
supplies, which have the potential to threaten many of the resources” that are integral to the
California coast, including coastal development, coastal access and recreation, habitats (e.g.,
wetlands, coastal bluffs, dunes, and beaches), coastal agricultural lands, water quality and
supply, cultural resources, community character, and scenic quality. In addition, many possible
responses to sea level rise, such as construction of barriers or armoring, can have adverse
impacts on coastal resources. For example, beaches, wetlands, and other habitat backed by fixed
or permanent development will not be able to migrate inland as sea level rises, and will become
permanently inundated over time, which in turn presents serious concerns for future public
access and habitat protection.

The Coastal Act mandates the protection of public access and recreation along the coast, coastal
habitats, and other sensitive resources, as well as providing priority visitor-serving and coastal-
dependent or coastal-related development while simultaneously minimizing risks from coastal
hazards. This Guidance document has been created to help planners, project applicants, and other
interested parties continue to achieve these goals in the face of sea level rise by addressing its
effects in Local Coastal Programs and Coastal Development Permits. Although the focus of the
Guidance is on LCPs and CDPS, much of the information contained herein can be useful for
other planning documents such as Port Master Plans®, Long Range Development Plans, and
Public Works Plans. For example, the science applies regardless of the planning documents, and
the discussions of how to analyze sea level rise impacts as well as a number of adaptation
options may be applicable. In all cases, specific analyses performed and actions implemented
will vary based on relevant policies, local conditions, feasibility, and other factors as described
throughout the rest of this document.

* The term “coastal resources” is used throughout this Guidance and is meant to be a general term for those
resources addressed in Chapter 3 of the California Coastal Act including but not limited to beaches, wetlands,
agricultural lands, and other coastal habitats; coastal development; public access and recreation opportunities;
cultural, archaeological, and paleontological resources; and scenic and visual qualities.

> Ports are generally subject to Chapter 8 of the Coastal Act. The policies of Chapter 8 acknowledge the special role
and needs of ports and differ in significant ways from the Chapter 3 policies of the Act. Significant categories of
development in ports, however, remain subject to Chapter 3, including categories of development listed as
appealable pursuant to Section 30715 and development located within specified wetlands, estuaries, and recreation
areas.
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Coastal Commission reports and briefings on sea level rise: Sea level rise is not a new
concern for the Commission. The Coastal Act policies on hazard avoidance and coastal resource
protection provide the basis for the Commission to consider the impacts of sea level rise (see
Appendix F: Coastal Act Policies Relevant to Sea Level Rise and Coastal Hazards), and the
Commission has long considered sea level rise, erosion rates, and other effects of a dynamic
climate in its analysis of permits and LCPs, staff recommendations, and Commission decisions.
In 1992, Section 30006.5 was added to the Coastal Act which, among other things, directs the
Commission to both develop its own expertise and interact with the scientific community on
various technical issues, including coastal erosion and sea level rise. The Commission’s staff
also coordinates its work on sea level rise with other state and federal agencies, local
governments, academic institutions, non-profit organizations, citizen groups, permit applicants,
property owners, and others.

The Commission has documented its sea level rise adaptation and climate change efforts in
numerous papers and briefings, including:

o 1989 Report: Planning for Accelerated Sea Level Rise along the California Coast

o 2001 Report: Overview of Sea Level Rise and Some Implications for Coastal California

o 2006 Briefing: Discussion Draft: Global Warming and the California Coastal
Commission

o 2008 Briefing: A Summary of the Coastal Commission’s Involvement in Climate Change
and Global Warming Issues for a Briefing to the Coastal Commission

o 2008 White paper: Climate Change and Research Considerations

o 2010 Briefing: A Summary of the Coastal Commission’s Involvement in Sea Level Rise
Issues for a Briefing to the Coastal Commission®

o 2015 Report: CCC Sea Level Rise Policy Guidance (Adopted)
o 2016 Report: CCC Statewide Sea Level Rise Vulnerability Synthesis
o 2016 Briefing: Implementation of the Adopted Sea Level Rise Policy Guidance

THE IMPORTANCE OF ADDRESSING SEA LEVEL RISE IN LOCAL COASTAL PROGRAMS

The impacts of sea level rise will be felt at the local level, and therefore local responses will
necessarily be part of effective management of these impacts. Fortunately, the California Coastal
Act lays out a legal and planning framework for community climate preparedness and resiliency
planning. LCPs, in combination with Coastal Development Permits (CDPs), provide the
implementing mechanisms for addressing many aspects of climate change within coastal
communities at the local level.

The goal of updating or developing a new LCP to prepare for sea level rise is to ensure that
adaptation occurs in a way that protects both coastal resources and public safety and allows for

® Verbal presentation to the Coastal Commission on December 17, 2010 by Susan Hansch (Item 4.5). This
presentation can be viewed at the Cal-Span website (<http://www.cal-span.org/media.php?folder[]=CCC>) from
approximately minute 22.00 to 24:30.
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sustainable economic growth. This process includes identifying how and where to apply different
adaptation mechanisms based on Coastal Act requirements, other relevant laws and policies,
acceptable levels of risk, and community priorities. LCP and Coastal Act policies are also
reflected in CDPs, which implement sea level rise management measures and adaptation
strategies through individual development decisions. By planning ahead, communities can
reduce the risk of costly damage from coastal hazards, can ensure the coastal economy continues
to thrive, and can protect coastal habitats, public access and recreation, and other coastal
resources for current and future generations.

The Coastal Commission has made it a priority to support the update of LCPs to address climate
change, as demonstrated by Goal 3 of the Commission’s Strategic Plan (CCC 2013a), which is
to “address climate change through LCP planning, coastal permitting, inter-agency collaboration,
and public education.” Specifically, Objective 3.1.1 directs the Commission to “adopt general
sea level rise (SLR) policy guidance for use in coastal permitting and LCP planning and
amendment based on best available science....” This Guidance document fulfills Objective 3.1.1
and is one of multiple ongoing Commission efforts to support local governments in updating
LCPs to address sea level rise.

Funding for LCP updates: Both the California Climate Adaptation Strategy (CNRA 2009) and
the Safequarding California plan (CNRA 2014) identified amendments to LCPs as a key strategy
for addressing sea level rise in California. However, there are significant funding constraints at
both the Commission and local government levels that limit the capacity to update LCPs.
Fortunately, three grant programs have recently been funded to support California local
governments in updating LCPs to address sea level rise. These grant programs have partially
overlapping objectives, as described below. Grant-related information as of the publication of
this Guidance is summarized below. For up-to-date information regarding grants, please visit the
Local Assistance Grant Program page on the Coastal Commission website.

o Coastal Commission LCP Local Assistance Grant Program: This grant program
provides funding to local governments to complete the certification of new and updated
LCPs, with an emphasis on addressing impacts from sea level rise and climate change.
For fiscal years (FY) 2013/14 and 2014/15, the Coastal Commission received $1 million
per year ($2 million total) in local assistance funds for the LCP Grant Program. In
January 2014, the Coastal Commission awarded $1 million in LCP Grant funds to 11
jurisdictions throughout the state. In November 2014, the Coastal Commission awarded
$1 million to 12 jurisdictions. This second round of funding was coordinated through a
joint application and review process with the OPC LCP Sea Level Rise Grant program
(below) in order to maximize funding opportunities. Funding of $3 million was
provided in Commission’s FY 2015/16 Budget. This funding was awarded in two
additional grant rounds to a total of 21 jurisdictions. Additional funding from the
State’s Greenhouse Gas Reduction Fund is provided in the Commission’s FY
2017/18 and 2018/19 budgets for this grant program; however funding has not yet
been awarded.

o Ocean Protection Council LCP Sea Level Rise Grant Program: The OPC grant
program includes $2.5 million to support local governments in updating LCPs to address
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sea level rise, including support of sea level rise modeling, vulnerability assessments, and
adaptation planning and policy development. The OPC is administering the program in
partnership with the Coastal Commission and the Coastal Conservancy. In November
2013, the OPC awarded $1,305,000 to seven jurisdictions based on recommendations
from the three coordinating agencies. The remaining funds were awarded to seven
jurisdictions in the second round of the grant program in December 2014. This second
round of funding was coordinated through a joint application and review process with the
Coastal Commission Grant Program, as described above.

o State Coastal Conservancy Climate Ready Grant Program: The Climate Ready Grant
Program provides funding for climate change-related projects including projects to
update LCPs to address sea level rise. Through three rounds of grants, the
Conservancy has awarded $7.3 million for 42 projects. Additional funding is
available for this program through the Greenhouse Gas Reduction Fund for
projects that use nature-based solutions to adapt to the impacts of climate change.

Coastal Commission Staffing Increase to Support LCP planning: Governor Brown and the
California Legislature also approved temporary augmentations to the Coastal Commission’s FY
2013/2014, FY 2014/15 and FY 2015/16 budgets of $3 million for state operations and 25
additional authorized positions for Coastal Commission staff to work with local governments to
prepare, update, amend, and review LCPs with an emphasis on including climate change issues.
In FY 2016/17, the $3 million in funding was included in the Commission’s baseline budget,
effectively making the additional $3 million for state operations and 25 authorized positions
a permanent part of the Commission’s budget.

COASTAL RESILIENCY AND PREPARING FOR SEA LEVEL RISE: THE FEDERAL AND
STATE CONTEXT

Sea level rise planning efforts are currently taking place at the local, regional, state, and national
levels. Framing the efforts in California is a federal strategy to address climate change by both
reducing greenhouse gas emissions and adapting to climate change impacts. Recent efforts
promoted by the White House include President Obama’s January 2015 Executive Order 13960,
which modifies Executive Order 11988, Floodplain Management, by expanding the federal
approach for establishing flood risk to include the consideration of climate change. Specifically,
it recommends using a new flood standard that accounts for climate change in establishing flood
elevation and hazard areas when federal funds are used to build, significantly retrofit, or repair
structures.

Additionally, Governor Brown, Supervisor Carbajal (Santa Barbara County), Mayor Garcetti
(Los Angeles), and Mayor Johnson (Sacramento) were on President Obama’s State, Local, and
Tribal Leaders Task Force on Climate Preparedness and Resilience, which recently released
recommendations for how to modernize programs and policies to incorporate climate change.’
The Coastal Commission’s Guidance document implements many of the Task Force’s
recommendations by providing tools and assistance to support sea level rise decision making, by
establishing a framework for state, local, and federal partnership and coordination on sea level

" https://obamawhitehouse.archives.gov/administration/eop/ceqg/initiatives/resilience/taskforce
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rise, and by providing guidance on how to improve the resilience of California’s coastal
infrastructure, natural resources, human communities, and coastal industries.

The State of California has long been a leader in preparing for sea level rise, and in 2008,
Governor Schwarzenegger issued an Executive Order (S-13-08) directing state agencies to
prepare guidance on sea level rise and to address sea level rise in any state projects located in
vulnerable areas. Since then, state agencies have worked collaboratively to accomplish a variety
of different actions related to sea level rise adaptation, many of which are listed below. Ten state
and federal agencies® also commissioned the National Research Council’s report, Sea-Level Rise
for the Coasts of California, Oregon, and Washington: Past, Present, and Future (2012), to
improve understanding of sea level rise projections for California.

More recently, Governor Brown’s April 2015 Executive Order B-30-15 addresses climate
change and sea level rise adaptation, stating that state agencies shall take climate change into
account in their planning and investment decisions. The order requires agencies to ensure that
priority is given to actions that build climate preparedness and reduce greenhouse gas emissions,
provide flexible and adaptive approaches, protect the state's most vulnerable populations, and
promote natural infrastructure solutions. Additionally, AB2516, authored by Assemblymember
Gordon and approved in September 2014, established a Planning for Sea Level Rise Database
that is anticipated to be available online in early 2016. The database will provide the public with
an educational tool from which to learn about the actions taken by cities, counties, regions, and
various public and private entities to address sea level rise.

Much of the state’s climate change adaptation work has been coordinated with the Coast and
Ocean Workgroup of the Climate Action Team (CO-CAT), of which the Commission is a
member. In addition, Commission staff has been involved in the State Coastal Leadership Group
on Sea-Level Rise, which was established in early 2014 to develop and implement coordinated
approaches to address sea level rise across state agencies. The partnership includes senior
management from the Coastal Zone Management Agencies (Coastal Commission, San Francisco
Bay Conservation and Development Commission, and State Coastal Conservancy) and land
management agencies (State Lands Commission and State Parks) along with the Ocean
Protection Council and Natural Resources Agency. This Guidance is being coordinated closely
with this work® to ensure that various initiatives do not conflict and to assure an effective
response to challenges such as sea level rise.

To that end, the content of this Guidance is aligned with several key concepts in the

Safeguarding California plan, including hazard avoidance for new development, encouraging
innovative designs and adaptation strategies for structures in areas vulnerable to sea level rise
hazards, and addressing climate impacts in Local Coastal Programs and General Plan updates,

® The assessment of sea level rise was commissioned by California Department of Water Resources, California
Energy Commission, California Department of Transportation, California State Water Resources Control Board,
California Ocean Protection Council, Oregon Watershed Enhancement Board, Washington Department of Ecology,
National Oceanic and Atmospheric Administration (NOAA), US Army Corps of Engineers (USACE), and US
Geological Survey (USGS).

% See the Governor’s Office of Planning and Research’s webpage for the California Climate Change Document
which includes a matrix of additional efforts. Available at: http://opr.ca.qgov/s_publications.php
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among many others. Safeguarding California also calls out the need for state agencies to produce
guidance documents addressing climate adaptation, and this sea level rise Guidance is part of the
statewide effort to fulfill that mandate. As Safeguarding California promotes, this Guidance will

be a living document that will be updated and revised as sea level rise science advances and new

insights are gained regarding adaptation.

State agency policies and guidance on climate change and sea level rise: As a result of the
Executive Order S-13-08 and agency needs for guidance, many state agencies have developed
climate change and sea level rise policies and guidance documents. For example:

o The California Natural Resources Agency (CNRA) developed the 2009 California
Climate Adaptation Strategy and the 2014 and 2018 updates (Safeguarding California)

o CNRA and the Governor’s Office of Emergency Services (Cal OES) collaboratively
developed the California Climate Adaptation Planning Guide (2012)

o The Governor’s Office of Planning and Research is updating its General Plan Guidelines
to address climate change (a draft update is anticipated in 2015)

o The Ocean Protection Council established State Sea-Level Rise Guidance (interim, 2010,
and update, 2013) and passed a State Sea-Level Rise Resolution (March 11, 2011)

o The San Francisco Bay Conservation and Development Commission (BCDC) amended
the San Francisco Bay Plan (1968) to update its policies regarding sea level rise (2011)
and has been working on actions to reduce vulnerability to sea level rise throughout the
San Francisco Bay through the Adapting to Rising Tides (ART) project

o The California State Coastal Conservancy (Conservancy) established climate change
policies, application guidelines for sea level rise, and climate ready principles (2011)

o Cal OES updated the State Multi-Hazard Mitigation Plan in 2013

o The California Department of Transportation (Caltrans) developed guidance on
incorporating sea level rise into the planning and development of Project Initiation
Documents (2011), and how to address adaptation in Regional Transportation Plans
(2013), and has completed numerous other climate change related activities

Other agencies including the California Department of Parks and Recreation and the California
State Lands Commission are in the process of developing guidance. The California Department
of Fish and Wildlife, the Division of Boating and Waterways, and the Department of Water
Resources are all actively addressing sea level rise and have taken steps to conduct research on
sea level rise impacts, integrate sea level rise into planning documents, and educate staff on
climate change impacts (see Appendix C for a description of these efforts).

Other efforts: Sea level rise planning efforts taking place at all levels of government and across
numerous sectors helped inform this Guidance. Commission staff reviewed scientific
publications on sea level rise and climate change, adaptation guidebooks, and existing adaptation
principles and best practices described in documents such as Indicators of Climate Change in
California (Cal EPA 2013), Adapting to Sea Level Rise: A Guide for California’s Coastal
Communities (Russell and Griggs 2012), Climate Smart Conservation: Putting Adaptation
Principles into Practice (Stein et al. 2014), Ecosystem Adaptation to Climate Change in
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California: Nine Guiding Principles (RLF 2012), and Climate Smart Principles (PRBO 2013),
and applied relevant information to the Guidance where applicable and consistent with the
Coastal Act.

LOOKING AHEAD: PLANNING AND PROJECT DESIGN WITH SEA LEVEL RISE

The coast has always been a place of change due to land modifications such as erosion and
vertical land motion, and to water variability such as tides, waves, and storms. Despite this
dynamic nature, many areas of the California coast have been developed with an expectation that
there will be some permanence to the land area and site safety. Development efforts have used
such techniques as setbacks, avoidance of existing floodplain areas, elevation above some base
flood level, and compliance with design standards to reduce or minimize coastal risks and to
ensure an acceptable level of safety.

However, hazards are rarely eliminated or avoided completely. Sea level rise will exacerbate
existing hazards and reduce the period of time over which some existing development can
remain relatively safe. As noted in Governing California through Climate Change, “The notion
of stable, predictable geography in which to live, work and build permanent buildings will be off
the table in decades ahead” (Little Hoover Commission 2014, p. 2). Locations that might have
seemed relatively safe from erosion or flooding 20 or 30 years ago may now be shown to have
greater vulnerability due to sea level rise. Sites that might have seemed safe for 80 or 100 years
might now only be safe for 40 or 50 years.

As coastal change accelerates, it will become more apparent that development close to the coast
cannot be treated in the same way as more inland development, where hazardous conditions may
be less dynamic. Coastal dynamics have long been part of land use planning considerations and
project design; however, the focus on this change will grow in importance with rising sea level.
This may mean that as properties are evaluated for proposed development, the type and intensity
of the proposed development may need to change to address the dynamic nature of the property
and changing nature of the hazards. As coastal areas erode, the carrying capacity of the area may
need to be revised. The trend of redeveloping with additions and larger structures may need to
change to one of maintaining what is there or redeveloping with smaller structures that better suit
site constraints. The changing expectations are an important aspect of sea level rise adaptation
and are an important part of the following discussions on how to include sea level rise in Local
Coastal Programs, applications for Coastal Development Permits, and adaptation planning.

Sea level rise is one of many climate change effects that will have impacts on coastal resources
and development along the California coast. Accelerated coastal erosion, changing precipitation
patterns, increasing temperatures, and more extreme storms will pose planning challenges in
concert with sea level rise. There are other climate change impacts in the coastal zone, such as
changes in water supply, terrestrial habitats, and fire hazards, that are also important to consider
in decision making, and the Commission intends to provide guidance on a range of anticipated
climate change impacts in the future.
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his chapter summarizes the Coastal Commission’s framing principles for addressing sea

level rise, many of which derive directly from the requirements of the Coastal Act. These

principles broadly lay out the common ideas and a framework by which sea level rise
planning and permitting actions can be assessed, and as such, represent the goals to which
actions should aspire. Individual actions and outcomes may vary based on a variety of factors,
including applicable policies and location- or project-specific factors that may affect feasibility.
There are four categories of principles: using science to guide decisions; minimizing coastal
hazards through planning and development standards; maximizing protection of public access,
recreation, and sensitive coastal resources; and maximizing agency coordination and public
participation. Each category groups important and related concepts that are central to addressing
the challenge of rising sea levels. Building on the cumulative knowledge and experience of the
Commission, subsequent chapters of this Guidance use these principles to frame practical
guidance for addressing sea level rise through planning and permitting decisions in the coastal
zone, consistent with the statewide policies of the California Coastal Act as well as the statewide
vision of climate resilience outlined in the 2014 Safeguarding California plan.

USE SCIENCE TO GUIDE DECISIONS [Coastal Act Sections 30006.5; 30335.5]

1. Recognize and address sea level rise as necessary in planning and permitting decisions.
Address sea level rise science in all applicable coastal management and decision-making
processes, including Local Coastal Programs (LCPs), Port Master Plans (PMPs), Public
Works Plans (PWPs), Long Range Development Plans (LRDPs), Coastal Development
Permits (CDPs), federal consistency reviews, and other Coastal Act decision processes. Sea
level rise should be addressed in both hazard analyses and identification of adaptation
strategies/alternative analyses, consistent with the policies of the Coastal Act and LCPs as
applicable'?.

2. Use the best available science to determine locally relevant (context-specific) sea level
rise projections and potential impacts for all Coastal Act planning processes, project
design, and permitting reviews. Sea level rise science continues to evolve, and some
processes that are not fully understood (e.g., ice sheet dynamics) could potentially have large
effects on future sea level rise. At the time of this 2018 update, the best available science
on sea level rise in California is the 2018 OPC Guidance, State of California Sea-Level
Rise Guidance: 2018 Update (See Table 2 and Appendix G). As discussed in greater detail
in Chapter 3 of this Guidance, these projections should be used in a scenario-based analysis

1% This Guidance document is intended to help implement the Coastal Act and LCPs in the context of sea level rise
concerns. However, the standard of review for Commission actions remains the California Coastal Act or applicable
certified LCPs. In particular, the recommendations of this Guidance do not constitute “enforceable policies” for
purposes of CZMA federal consistency reviews. The enforceable policies for conducting federal consistency
reviews will remain the policies of Chapter 3 of the Coastal Act. Also, for federal agency activities, the standard is
consistency “to the maximum extent practicable,” with Chapter 3, i.e., federal agency activities must be fully
consistent unless existing law applicable to the federal agency prohibits full consistency. See 15 CFR. §§ 930.32 and
930.43(d). However, the Commission looks at sea level rise as one part of determining the coastal effects from an
activity through CZMA federal consistency reviews and the use of this Guidance by all parties should help
determine what those coastal effects may be or how effects from sea level rise may be mitigated. Pursuant to 15
CFR § 930.11(h), implementation of this guidance would not be grounds for an objection (because it is not an
“enforceable policy”) but it might be one means that “would allow the activity to be conducted consistent with the
enforceable policies of the program” in order to avoid an objection.
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to identify potential local impacts from sea level rise, incorporating storms, extreme water
levels, and shoreline change. Other authoritative sea level science and projections may also
be used, in part or in full, provided they are peer-reviewed, widely accepted within the
scientific community, and locally relevant.

The Commission will re-examine the best available science periodically and as needed with
the release of new information on sea level rise.'* In addition, Commission staff intends to
submit a periodic status report to the Commission describing updates on the best available
science and adaptation practices, and any potential recommended changes to the Guidance
document.

3. Recognize and address scientific uncertainty using scenario planning and adaptive
management techniques. Given the uncertainty in the magnitude and timing of future sea
level rise, particularly over longer time periods, planners and project designers should use
scenario-based analysis to examine a range of possible shoreline changes and sea level rise
risks to shape LCPs and other plans and project development designs. As appropriate,
development projects, resource management plans, and LCP and other planning updates
should incorporate an adaptive management framework with regular monitoring,
reassessments, and dynamic adjustment in order to account for uncertainty.

4. Use a precautionary approach by planning and providing adaptive capacity for the
highest amounts of possible sea level rise. LCPs and CDPs should analyze the highest
projections of sea level rise in order to understand the implications of a worst case scenario.
In some cases, it may be appropriate to design for the local hazard conditions that will result
from more moderate sea level rise scenarios, as long as decision makers and project
applicants plan to implement additional adaptation strategies if conditions change more than
anticipated in the initial design. Similar to the recommendation in the Ocean Protection
Council’s 2011 State Sea-Level Rise Resolution as well as the 2018 OPC SLR Guidance,
the Commission does not recommend using values solely from the lower end of the
ranges as this does not give a full picture of the risks. Looking instead at both the high and
low projections allows users to build an understanding of the overall risk sea level rise poses
to the region or site.

5. Design adaptation strategies according to local conditions and existing development
patterns, in accordance with the Coastal Act. Design adaptation strategies using best
management practices for adaptation, and tailor the design to the specific conditions and
development patterns of the area, in accordance with the Coastal Act and certified LCPs.
LCPs should continue to serve as a key implementing mechanism for these adaptation
strategies. Adaptation strategies should be evaluated for their ability to both minimize
hazards and protect coastal resources.

1 Major scientific reports include the release of National and State Climate Assessments, IPCC Assessment Reports,
and/or State guidance.
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Table 2. Sea Level Rise Projections for the San Francisco Tide Gauge'? (OPC 2018)

Projected Sea Level Rise (in feet): San Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp etal.2014) (Sweet et al. 2017)
Low Risk Aversion IV!edlum-H'lgh Extreme Risk Aversion
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceeds...) | (0.5% probability SLR exceeds...) (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 1.3 1.8
2050 11 19 2.7
2060 1.5 2.6 3.9
2070 1.9 3.5 5.2
2080 24 4.5 6.6
2090 2.9 5.6 8.3
2100 3.4 6.9 10.2
2110* 3.5 7.3 11.9
2120 4.1 8.6 14.2
2130 4.6 10.0 16.6
2140 5.2 11.4 19.1
2150 5.8 13.0 21.9

*Most of the available climate model experiments do not extend beyond 2100. The resulting reduction in model
availability causes a small dip in projections between 2100 and 2110, as well as a shift in uncertainty estimates
(see Kopp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

12 brobabilistic projections for the height of sea level rise and the H++ scenario are presented. The H++
projection is a single scenario and does not have an associated likelihood of occurrence. Projections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over 1991-2009). Table is
adapted from the 2018 OPC SLR Guidance to present only the three scenarios OPC recommends evaluating.
Additionally, while the OPC tables include low emissions scenarios, only high emissions scenarios, which
represent RCP 8.5, are included here because global greenhouse gas emissions are currently tracking along
this trajectory. The Coastal Commission will continue to update best available science as necessary, including
if emissions trajectories change.
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MINIMIZE COASTAL HAZARDS THROUGH PLANNING AND DEVELOPMENT STANDARDS
[Coastal Act Sections 30253; 30235; 30001, 30001.5]

6. Awvoid significant coastal hazard risks to new development where feasible. Section 30253
of the Coastal Act requires new development to minimize risks to life and property in areas
of high geologic and flood hazard. The strongest approach for minimizing hazards is to avoid
siting new development within areas vulnerable to flooding, inundation, and erosion, thus
ensuring stable site conditions without the need for long-term financial and resource
commitments for protective devices. Methods to direct new development away from
hazardous locations are included in Chapter 7 of this Guidance.

7. Minimize hazard risks to new development over the life of the authorized development.
Coastal Act Section 30253 requires that new development minimize coastal hazard risks
without the use of bluff retaining or shoreline protection devices that would substantially
alter natural landforms. When hazards from sea level rise cannot be avoided, new
development should include provisions to ensure that hazard risks are minimized for the life
of the development without shoreline protection, including through future modification,
relocation, or removal when they become threatened by natural hazards, including sea level
rise.

8. Minimize coastal hazard risks and resource impacts when making redevelopment
decisions. LCPs should encourage and require, as applicable, existing at-risk structures to be
brought into conformance with current standards when redeveloped. Improvements to
existing at-risk structures should be limited to basic repair and maintenance activities and not
extend the life of such structures or expand at-risk elements of the development, consistent
with the Coastal Act.

9. Account for the social and economic needs of the people of the state, including
environmental justice; assure priority for coastal-dependent and coastal-related
development over other development. In planning and project development concerning sea
level rise, assure that the social and economic needs of the people of the state are accounted
for in accordance with Coastal Act Section 30001.5(b), with special consideration for
working persons employed within the coastal zone (Coastal Act Section 30001(d)).
Recognize that low-income communities are less equipped to prepare for and respond to the
impacts of sea level rise and ensure that LCP and CDP decisions account for environmental
justice concerns and include low-income persons and communities in planning efforts.

10. Ensure that property owners understand and assume the risks, and mitigate the coastal
resource impacts, of new development in hazardous areas. Property owners should
assume the risks of developing in a hazardous location (often referred to as internalizing
risk). They should be responsible for modifying, relocating or removing new development if
it is threatened in the future. Any actions to minimize risks to new development should not
result in current and/or future encroachment onto public lands or in impacts to coastal
resources inconsistent with the Coastal Act. LCPs and Coastal Development Permits should
require recorded assumptions of risk, “no future seawall” conditions, and/or other appropriate
mitigation measures to internalize risk decisions with the private land owner.
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MAXIMIZE PROTECTION OF PUBLIC ACCESS, RECREATION, AND SENSITIVE COASTAL
RESOURCES [Coastal Act Chapter 3 policies]

11.

12.

13.

14.

Provide for maximum protection of coastal resources in all coastal planning and
regulatory decisions. New and existing development, redevelopment, and repair and
maintenance activities as well as associated sea level rise adaptation strategies should avoid
or minimize impacts to coastal resources, including public access, recreation, marine
resources, agricultural areas, sensitive habitats, archaeological resources, and scenic and
visual resources in conformity with Coastal Act requirements. Impacts from development
and related activities should be avoided or minimized; unavoidable impacts should be
mitigated as necessary.

Maximize natural shoreline values and processes; avoid expansion and minimize the
perpetuation of shoreline armoring. If existing development (both private and public) is
threatened by sea level rise hazards, it should employ the least environmentally damaging
feasible alternatives and minimize hard shoreline protection. Priority should be given to
options that enhance and maximize coastal resources and access, including innovative nature-
based approaches such as living shoreline techniques or managed/planned retreat. If
traditional hard shoreline protection is necessary and allowable under the Coastal Act, use the
least-environmentally damaging feasible alternative, incorporate projections of sea level rise
into the design of protection, and limit the time-period of approval, for example, to the life of
the structure the device is protecting. Major renovations, redevelopment, or other new
development should not rely upon existing shore protective devices for site stability or
hazard protection. Where feasible, existing shoreline protection that is no longer being relied
upon in this way, or no longer needed otherwise, should be phased out.

Recognize that sea level rise will cause the public trust boundary to move inland.
Protect public trust lands and resources, including as sea level rises. New shoreline
protective devices should not result in the loss of public trust lands. Where allowed under
the Coastal Act or the relevant LCP, shoreline protective devices should be sited, designed,
and conditioned to ensure that they do not result in the loss of public trust lands™ or encroach
onto public trust lands without the permission of the appropriate trustee agency. When sea
level rise causes the public trust boundary to move inland such that a protective device that
was located on uplands becomes subject to the public trust, the permittee should either obtain
permission from the appropriate trustee agency for the encroachment or apply for a permit to
remove any encroachments.

Address potential secondary coastal resource impacts (to wetlands, habitat, agriculture,
scenic and visual resources, etc.) from hazard management decisions, consistent with
the Coastal Act. Actions to address sea level rise in LCPs or permits should not exacerbate
other climate-related vulnerabilities or undermine conservation/protection goals and broader
ecosystem sustainability. For example, siting and design of new development should not only

3 The State holds and manages all tidelands, submerged lands, and beds of navigable waterways for the benefit of
all people of the State for statewide purposes consistent with the common law Public Trust Doctrine (“public trust”).
In coastal areas, the landward location and extent of the State's trust lands are generally defined by reference to the
ordinary high water mark, as measured by the mean high tide line. Public trust uses include such uses as maritime
commerce, navigation, fishing, boating, water-oriented recreation, and environmental preservation and restoration.
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15.

16.

17.

avoid sea level rise hazards, but also ensure that the development does not have unintended
adverse consequences that impact sensitive habitats or species in the area.

Address the cumulative impacts and regional contexts of planning and permitting
decisions. Sea level rise will have impacts at both the site-specific and regional scales. In
addition to the evaluation of site-specific sea level rise impacts, LCPs and projects should
include an evaluation of the broader region-wide impacts, in two different contexts. First, the
LCP or project should consider how sea level rise impacts throughout an entire littoral cell or
watershed could affect the LCP jurisdiction or project. Second, the LCP or project should
consider how options to adapt to sea level rise could result in cumulative impacts to other
areas in the littoral cell or watershed. Actions should be taken to minimize any identified
impacts.

Require mitigation of unavoidable coastal resource impacts related to permitting and
shoreline management decisions. Require mitigation for unavoidable public resource
impacts over the life of the structure as a condition of approval for the Coastal Development
Permit. For example, for impacts to sand supply or public recreation due to armoring and the
loss of sandy beach from erosion in front of shoreline protection devices, require
commensurate in-kind mitigations, a sand mitigation fee, and other necessary mitigation fees
(for example, public access and recreation mitigation). Because the longer term effects can
be difficult to quantify, especially given uncertainty about the exact rate of future sea level
rise, consider requiring periodic re-evaluation of the project authorization and mitigation for
longer term impacts.

Consider best available information on resource valuation when planning for,
managing, and mitigating coastal resource impacts. Planning, project development, and
mitigation planning should evaluate the societal and ecosystem service benefits of coastal
resources at risk from sea level rise or actions to prepare for sea level rise. These benefits can
include flood protection, carbon sequestration, water purification, tourism and recreation
opportunities, and community character. Resource values can be quantified through
restoration costs or various economic valuation models.

MAXIMIZE AGENCY COORDINATION AND PUBLIC PARTICIPATION [Coastal Act
Chapter 5; Sections 30006; 30320; 30339; 30500; 30503; 30711]

18.

Coordinate planning and regulatory decision making with other appropriate local,
state, and federal agencies; support research and monitoring efforts. Given the multitude
of sea level rise planning, research, and guidance efforts occurring in California, it is critical
for agencies and organizations to share information, coordinate efforts, and collaborate where
feasible to leverage existing work efforts and improve consistency. Additionally, since many
sea level rise hazards affect multiple jurisdictions, their management may also need to be
coordinated through multi-agency reviews and coordinated decision making. The
Commission will continue to meet this goal through coordination, engagement with
stakeholders, and trainings. However, ongoing financial support for these Commission
efforts is critical.
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19. Consider conducting vulnerability assessments and adaptation planning at the regional
level. Where feasible, local governments should coordinate vulnerability assessments and
adaptation planning with other jurisdictions in the region that face common threats from sea
level rise. A regional vulnerability assessment provides an opportunity to evaluate impacts
that span multiple jurisdictions, assess and implement regional adaptation strategies,
coordinate responses, and leverage research and planning funds.

20. Provide for maximum public participation in planning and regulatory processes. The
Coastal Commission will continue to provide avenues for maximum public participation in
planning and regulatory processes, and will continue to establish and/or expand non-
traditional alliances (e.g., between/among public and private resource managers, tribal
groups, scientists, decision makers), share knowledge openly and actively, and regularly and
clearly communicate to the public on the science as well as on a range of solutions to prepare
for sea level rise.

This document and its guiding principles both reflect and complement the priorities outlined in
the State of California’s climate adaptation strategy, the 2014 Safeguarding California plan.
While this Guidance specifically focuses on the California Coastal Act and the regulatory work
of the Coastal Commission, it also echoes key concepts in Safeguarding California that apply
statewide. For example, a central theme in Safeguarding California is to provide risk reduction
measures for California’s most vulnerable populations, something that is addressed here in
Guiding Principle #9. Similarly, this Guidance and Safeguarding California both emphasize the
use of best available science (Guiding Principle #2) and the need for communication, outreach,
and public participation to increase understanding of climate risks and adaptation options
(Guiding Principle #20).

Safeguarding California’s Coast and Oceans chapter also states that “new development and
communities must be planned and designed for long-term sustainability in the face of climate
change,” which captures a central purpose and focus of this Guidance. It goes on to specify that
“California must ensure public access to coastal areas and protect beaches, natural shoreline, and
park and recreational resources” and “the state should not build or plan to build, lease, fund, or
permit any significant new structures or infrastructure that will require new protection from sea
level rise, storm surges or coastal erosion during the expected life of the structure, beyond
routine maintenance of existing levees or other protective measures, unless there is a compelling
need.” Again, these values are reflected here, as Guiding Principles #6 and #12. In these ways,
and through the shared goal of ensuring planning for and resilience against climate change
impacts, the two documents are readily consistent and complementary.
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This chapter provides information on sea level rise science and covers the following subjects:

o The best available science on sea level rise

o Using scenario-based analysis in response to sea level rise projection ranges
o The physical impacts of sea level rise

o Storms, extreme events, and abrupt change

Sea level rise science continues to evolve, and the discussion below reflects the best available
science at the time this document was published.

BEST AVAILABLE SCIENCE ON SEA LEVEL RISE

cientists widely agree that the climate is changing and that it has led to global increases in
temperature and sea level. In the past century, global mean sea level (MSL) has increased

by 7 to 8 in (17 to 21 cm; IPCC 2013). It is extremely likely (>95% probability of
occurrence) that human influence has been the dominant cause of the observed warming of the
atmosphere and the ocean since the mid-20" century (IPCC 2013).

There are a number of methods for projecting future changes in global sea level, including using
extrapolations from historical trends and observations, estimations from physical models, and
combinations of observations and modeling, known as semi-empirical methods. For a detailed
description of these techniques, see Appendix A.

Scientists also measure sea level change at a variety of scales, from the global down to the local
level. For example, the sea level rise projections in Intergovernmental Panel on Climate Change
(IPCC) reports are based on large scale models that give global projections. But sea level does
not change uniformly around the globe, so modifications for local conditions are necessary for
adaptation planning.

In particular, global average sea level rise is driven by the expansion of ocean waters as they
warm, the addition of freshwater to the ocean from melting land-based ice sheets and glaciers,
and from extractions in groundwater (Figure 3). However, regional and local factors such as
tectonics and ocean and atmospheric circulation patterns result in relative sea level rise rates that
may be higher or lower than the global average. As such, global-scale models are often
“downscaled” through a variety of methods to provide locally relevant data.

For California, the 2018 OPC SLR Guidance, described below, provides sea level rise
projections that have been refined for 12 tide gauges throughout California. More detailed
refinement of sea level rise projections is not considered necessary at this time, as variations
from the nearby tide gauges will often be quite small, and may be insignificant compared to
other sources of uncertainty™. It is important to note, though, that while the sea level rise
projections are fairly similar throughout the state, the physical impacts may be quite different,

4 Although the Commission believes that the OPC Guidance projections can be used without modification, it
recognizes that other studies exist with localized data, for example those completed in the Humboldt Bay
region, which may also be appropriate for use.

Chapter 3: Sea Level Rise Science 44



California Coastal Commission Sea Level Rise Policy Guidance
Draft Science Update, July 2018

and locally-specific analysis of impacts will be very important. Detail on physical impacts and
how to assess them is provided in Section C of this chapter and in Appendix B.
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Figure 3. Climate-sensitive processes and components that can influence global and regional sea level. Changes in
any one of the components or processes shown will result in a sea level change. The term “ocean properties”
refers to aspects such as temperature, salinity, and density, which influence and are dependent on ocean
circulation. (Source: IPCC 2013, Figure 13.1)

Global Sea Level Rise Projections

The IPCC 5™ Assessment Report (AR5), which was released in September 2013, is the most
recent global scale assessment of sea level rise. The report projects a rise in global average sea
level by 10-39 in (26 to 98 cm) by the year 2100 (relative to mean sea level from 1985 to 2005)
depending on the emissions scenario™ (Figure 4). These projections are about 50% higher than
the projections from the IPCC 4" Assessment Report (AR4, released in 2007). This is because
the IPCC changed the climate model inputs between AR4 and ARS. In particular, much of the
increase in the amount of sea level rise projected in the AR5 is due to the inclusion of sea level
rise resulting from the loss of ice sheets. Ice sheet dynamics were not included in the AR4, but
enhancements in physical models that account for such ice sheet dynamics have allowed for a
bette1r6understanding and greater confidence in this input, and as such were included in the
AR5™.

1> See Appendix A for more detail on emissions scenarios and the IPCC reports.

18 Many of the other reports and studies cited in this Guidance used the AR4 as a reference (and for this reason detail
on the AR4 is included in Appendix A). It is important to note, though, that while these other reports relied on the
AR4 scenarios and model outputs for some climatic changes, many (e.g., the National Climate Assessment (Melillo
et al. 2014) and the NRC (2012) reports highlighted below) accounted for the loss of ice sheets through the use of
semi-empirical models or other methods, further honing their results.
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Figure 4. Past and projected future sea level trends (IPCC). Compilation of paleo sea level data, tide gauge data,
altimeter data, and central estimates and likely ranges for projections of global mean sea level rise for low
emissions RCP2.6 (blue) and high emissions RCP8.5 (red) scenarios, all relative to pre-industrial values. (Source:
IPCC 2013, Figure 13.27)

National Sea Level Rise Projections

The third National Climate Assessment (NCA; Melillo et al.) was released in May 2014, and
includes the current best-available science on climate change and sea level rise at the national
scale’. The sea level rise projections in the NCA were informed by the 2012 NOAA report titled
Global Sea Level Rise Scenarios for the United States National Climate Assessment (Parris et al.
2012). This report provides a set of four global sea level rise scenarios ranging from 8 in to 7 ft
(0.2 to 2.0 m) by the year 2100 (using mean sea level in 1992 as a baseline) reflecting different
amounts of future greenhouse gas emissions, ocean warming and ice sheet loss (Figure 5). The
low and intermediate-low scenarios assume very significant reductions in greenhouse gas
emissions, and limited changes in ocean warming and ice sheet loss. The intermediate-high
scenario is based on the average of the high projections from semi-empirical models, which are
based on the highest IPCC 4™ Assessment Report (AR4; 2007) emissions scenario (A1F1).*® The

7 Note that the 4™ National Climate Assessment is due to be released in late 2018.
https://www.globalchange.gov/nca4

'8 The IPCC emissions scenarios make assumptions about future changes in population growth, future economic
growth and the introduction of clean and efficient technology. The ALFI scenario assumes continued intensive use
of fossil fuels, high economic growth, and low population growth that peaks mid-century. The B1 scenario assumes
significant reduction in fossil fuel use, an increase in clean technologies, and the same low population growth that
peaks mid-century. The A1F1 yields the highest CO, emissions by 2100 and the B1 scenario yields the lowest.
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highest scenario (2.0 m) combines the IPCC AR4 projections with the maximum possible ice
sheet melt that could occur by 2100. Given the recent studies that suggest that glacier and ice
sheet loss could contribute significantly to rising sea levels (e.g., Rahmstorf 2007; VVermeer and
Rahmstorf 2009; IPCC 2013; McMillan et al. 2014; Morlighem et al. 2014) and evidence that
current greenhouse gas emissions are tracking with intermediate IPCC AR4 scenarios
(Rahmstorf et al. 2012), the low and intermediate-low scenarios likely underrepresent future sea
level rise unless demonstrable reductions in global greenhouse gas emissions occur soon.
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Figure 5. Observed and projected future sea level rise scenarios (Melillo et al. 2014). Global mean sea level rise
scenarios used in the US National Climate Assessment. The Intermediate High Scenario is an average of the high
end of ranges of global mean SLR reported by several studies using semi-empirical approaches. The Intermediate
Low Scenario is the global mean SLR projection from the IPCC AR4 at 95% confidence interval. (Source: Global Sea
Level Rise Scenarios for the United States National Climate Assessment (Parris et al. 2012))

Sea Level Rise Projections for California

Tide gauges and satellite observations show that in the past century, mean sea level in California
has risen 8 in (20 cm), keeping pace with global rise. For the early portion of the 21% century
(through approximately 2011), mean sea level in California remained relatively constant, and
may have been suppressed due to factors such as offshore winds and other oceanographic
complexities. Bromirski et al. (2011, 2012) postulated that persistent alongshore winds have
caused an extended period of offshore upwelling that has both drawn coastal waters offshore and
replaced warm surface waters with cooler deep ocean water. Both of these factors could offset
the global sea level rise trend in this region. However, localized sea level suppression will not
continue indefinitely. As the Pacific Decadal Oscillation, wind, and other conditions shift,
California sea level will continue rising (NRC 2012; Bromirski et al. 2011, 2012). Indeed,
satellite altimetry data shows that sea level along the west coast of the United Sates has
increased over the past five years, and studies suggest that the shift in sea level in the
Pacific Ocean will likely persist in the coming years, leading to substantially higher sea
level off the west coast of the United States and lower sea level in the western tropical
Pacific (Hamlington et al., 2016).
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The State of California has undertaken significant research to understand how much sea
level rise to expect over the coming decades and the likely impacts of such sea level rise. In
2013, the Ocean Protection Council (OPC) recognized the National Research Council
(NRC) report, Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past
Present and Future, as best available science for the State of California, and recommended
in its 2013 State Sea-Level Rise Guidance that state agencies and others use these
projections in their planning processes. Likewise, when the Coastal Commission initially
adopted this Sea Level Rise Policy Guidance in 2015, it recommended using the NRC
report as best available science.

The NRC Report presents sea level rise projections in ranges due to several sources of
uncertainty. One significant source of uncertainty is over future greenhouse gas emissions:

researchers cannot know the amount or rate of greenhouse gases emissions that will be
generated over the coming decades. Large-scale curtailment of greenhouse gas emissions
would keep sea level rise towards the lower end of the projections, while business as usual
emissions scenarios would result in the higher end of the projections. Because the rate of
future greenhouse gas emissions is dependent on global policy decisions, researchers use
various climate models that account for different emissions scenarios (business as usual,
with little reduction in the current rate of greenhouse gas emissions; large-scale emissions
reductions that begin in the near future; and various intermediate scenarios).

A second significant source of uncertainty is related to the dynamics of ice sheet loss. This
topic has continued to be extensively researched since the NRC report was published, and
recent studies have since informed updated statewide quidance. In April 2017, a Working
Group of the Ocean Protection Council’s Science Advisory Team released a report
synthesizing current sea level rise science. The report, titled Rising Seas in California: An
Update on Sea-Level Rise Science, presents advances in sea level rise modeling, notably
including improved understanding of the processes that could drive extreme global sea
level rise from ice loss from the Greenland and Antarctic ice sheets. A significant finding
from this report is that Antarctic ice sheet loss could have an outsized impact on sea level
rise in California compared to the global average due to ocean circulation dynamics.
Further, the report states that rapid ice sheet loss could result in upwards of 10 feet of sea
level rise along the California coast by 2100 (this scenario is referred as an “extreme
scenario” or “H++ scenario” throughout the OPC Science Report and this Guidance).

The Science Report also includes new “probabilistic projections” which associate a
likelihood of occurrence with the sea level rise amounts and rates. These probabilistic
projections are based on the probabilities that the ensemble of climate models used to
estimate contributions of sea level rise (from thermal expansion, ice sheet loss,
oceanographic conditions, and other relevant factors) will predict a certain amount of sea
level rise. A critical caveat is that these probabilistic projections did not account for the
most recent science regarding the potential for rapid ice sheet loss, and therefore may
underestimate the probability of higher sea level rise scenarios. It is understood that as
inputs to climate models change (based on evolving science for example), so too will the
probabilities associated with different projections.
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OPC incorporated these findings into updates to their 2013 State Sea-L evel Rise Guidance.
The new State of California Sea-Level Rise Guidance: 2018 Update (2018 OPC SLR
Guidance) contains projections for 12 tide gauges throughout California (to account for
localized variations in vertical land motion and other factors) for each decade from 2030 to
2150. The projection table for the San Francisco tide gauge is provided below in Table 3,
and the projection tables for the other tide gauges can be found in Appendix G. The tables
are adapted from the 2018 OPC SLR Guidance, and present the three scenarios that OPC
recommends for use in planning, permitting, investment, and other decisions. These
scenarios include:

1. Low risk aversion scenario: the upper value for the “likely range” (which has
approximately a 17% chance of being exceeded); may be used for projects that
would have limited consequences or a higher ability to adapt.

2. Medium-high risk aversion scenario: the 1-in-200 chance (or 0.5% probability of
exceedance); should be used for projects with greater consequences and/or a lower
ability to adapt.

3. Extreme risk aversion (H++): accounts for the extreme ice loss scenario (which does
not have an associated probability at this time); should be used for projects with
little to no adaptive capacity that would be irreversibly destroyed or significantly
costly to repair, and/or would have considerable public health, public safety, or
environmental impacts should that level of sea level rise occur.

In accordance with this statewide guidance, the Coastal Commission considers the 2018
OPC Sea-Level Rise Guidance (and the related 2017 Rising Seas science report) as the best
available science on sea level rise in California, and recommends using the above scenarios
in relevant Coastal Commission planning and permitting decisions.”® More information on
which scenarios to use in certain circumstances can be found in Chapters 5 and 6. The
Commission will continue to periodically re-examine and update sea level rise projections
as they evolve with the release of new scientific reports and information on local and
regional sea level trends. Additionally, as sea level rise science continues to evolve,
equivalent resources may be used by local governments and applicants provided the
sources are peer-reviewed, widely accepted within the scientific community, and locally
relevant.

The Coastal Commission will be using and recommends that local governments and
applicants use best available science, currently identified as the projections provided in
the 2018 OPC Sea-Level Rise Guidance (Table 3; Appendix G), in all relevant local coastal
planning and coastal development permitting decisions.

19 Note that while the Coastal Commission now recognizes the 2018 OPC SLR Guidance as best available
science, the 2012 NRC Report and other related studies still contain valuable information, and references to
these documents and studies throughout this quidance remain relevant and applicable.
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Table 3. Sea Level Rise Projections for the San Francisco Tide Gauge20 (OPC 2018)

Projected Sea Level Rise (in feet): San Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp etal.2014) (Sweet et al. 2017)
Low Risk Aversion IV!edlum-H.lgh Extreme Risk Aversion
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceeds...) | (0.5% probability SLR exceeds...) (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 1.9 2.7
2060 1.5 2.6 3.9
2070 1.9 35 5.2
2080 2.4 4.5 6.6
2090 2.9 5.6 83
2100 3.4 6.9 10.2
2110* 3.5 7.3 11.9
2120 4.1 8.6 14.2
2130 4.6 10.0 16.6
2140 5.2 11.4 19.1
2150 5.8 13.0 21.9

*Most of the available climate model experiments do not extend beyond 2100. The resulting reduction in model
availability causes a small dip in projections between 2100 and 2110, as well as a shift in uncertainty estimates
(see Kopp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

2 probabilistic projections for the height of sea level rise and the H++ scenario are presented. The H++
projection is a single scenario and does not have an associated likelihood of occurrence. Projections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over 1991-2009). Table is
adapted from the 2018 OPC SLR Guidance to present only the three scenarios OPC recommends evaluating.
Additionally, while the OPC tables include low emissions scenarios, only high emissions scenarios, which
represent RCP 8.5, are included here because global greenhouse gas emissions are currently tracking along
this trajectory. The Coastal Commission will continue to update best available science as necessary, including
if emissions trajectories change.
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USING SCENARIO-BASED ANALYSIS IN RESPONSE TO SEA LEVEL RISE PROJECTION
RANGES

Despite the recent advances in sea level rise science, sea level rise projections, including those
in the 2018 OPC SLR Guidance (Table 3; Appendix G) and other state, national, and global
reports, are typically presented in ranges due to several sources of significant uncertainty.

The two primary sources of uncertainty in global sea level projections include:

1) Uncertainty about future greenhouse gas emissions and concentrations of sulfate aerosols,
which will depend on future human behavior and decision making, and

2) Uncertainty about future rates of land ice loss (NRC 2012; McMillan et al. 2014;
Morlighem et al. 2014; Griggs et al. 2017; OPC 2018).

Additionally, the further into the future sea level rise is projected, the greater the uncertainty (and
therefore the range in projections) becomes. This occurs because the longer the projection
period, the greater the likelihood that models will deviate from the actual impacts of climate
change (NRC 2012) and the more dependent projections become on the trajectory of
greenhouse gas emissions (OPC 2018). This is reflected in the projections included in the
2018 OPC SLR Guidance, which includes single values for the years 2030, 2040, and 2050,
but projections for both low and high emissions scenarios in 2060 and beyond. According
to the 2018 OPC SLR Guidance, near-term sea level rise has been locked in by past
greenhouse gas emissions whereas sea-level rise over the longer-term will become
increasingly dependent on efforts to curtail greenhouse gas emissions.

This Guidance recommends using scenario-based analysis to address the uncertainty in sea level
projections. Scenario-based analysis (or planning) refers to the idea of developing multiple
scenarios from which to analyze vulnerabilities, generate new ideas and adaptation options,
and/or test strategies. In the context of this Guidance, scenario-based analysis includes choosing
several possible sea level rise amounts as a starting point to evaluate impacts to coastal resources
and potential risks to development over time. This type of scenario-based approach is useful
because it reveals the full range of possible consequences of sea level rise that can be reasonably
expected for particular regions or sites according to the best available science. Additionally, a
scenario-based analysis helps to reveal the tipping points indicating if or when sea level rise will
become a serious issue in a particular location. In many cases, using multiple sea level rise
scenarios will help to hone in on the types of hazards for which to prepare.

In general, the Coastal Commission recommends using best available science (currently the

2018 OPC SLR Guidance) to identify a range of sea level rise scenarios, including the low,
medium-high, and, as appropriate, extreme risk aversion scenario®". In practice, the process
for choosing scenarios and performing scenario-based analysis will be slightly different for LCP

?! Similar to the recommendation in the OPC’s 2011 State Sea-Level Rise Resolution, as well as the 2018 OPC
SLR Guidance, the Commission does not recommend using projections solely from the lower end of the ranges, as
this does not give a full picture of the risks. Looking instead at a range of projections allows users to build an
understanding of the overall risk sea level rise poses to the region or site.
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planning and CDP applications due to the different planning goals and levels of technical detail
required for each.

For a Local Coastal Program (LCP), the general goal is to assess the potential impacts from sea
level rise over the entire planning area and over a range of time horizons so that both short and
long term adaptation strategies can be identified and implemented. Another important facet of
LCP planning is identifying locations that are particularly vulnerable so that additional, more
detailed studies can be performed if necessary, and adaption options and actions can be
prioritized. Scenario-based analysis in the context of LCP planning includes choosing a range of
sea level rise projections to analyze so as to understand the best and worst case scenarios and to
identify amounts of sea level rise and related conditions that would trigger severe impacts and
the associated time period for when such impacts might occur. Choosing sea level rise scenarios
in the context of LCP planning is described in greater detail in Chapter 5.

In the context of a Coastal Development Permit (CDP) application, the goal is to understand how
sea level rise will impact a specific site and a specific project over its expected lifetime so as to
ensure that the proposed development is safe from hazards and avoids impacts to coastal
resources. Thus, in the context of a CDP, it is important to identify the amounts of sea level rise
that could result in effects to a particular site as well as the time period(s) over which those
effects could occur so that the proposed development can be safely sited and designed to avoid
resource and development impacts. However, some sites will be completely safe from sea level
rise under even the highest projection scenarios, while others will depend on the timing and
magnitude of sea level rise to determine safety. Therefore, scenario-based planning analysis can
be used as a screening process to identify if and when sea level rise might become a problem.
Identifying sea level rise scenarios in the context of CDPs is described in greater detail in

Chapter 6.

Overall, scenario-based planning should help planners make reasonable and informed decisions
about whether their projects or plans are compatible with the local hazards influenced by sea
level rise, and identify the types of adaptation measures that might be appropriate given the local
circumstances and requirements of the Coastal Act. By exploring the range of future scenarios
based on the best available science, users of this document can make decisions based on full
understanding of possible future hazards, ultimately achieve outcomes that are safer for both
development and coastal resources, and avoid costly damages to projects.

For more information on scenario-based planning in the context of LCPs and CDPs see Chapters
5 and 6, respectively. A number of additional resources related to scenario-based planning are
available, including a handbook from the National Park Service (2013) and guidance from Point
Blue Conservation Science and the California Coastal Conservancy (Moore et al. 2013). See
Appendix C for these and other resources related to scenario-based analysis and adaptation
planning.

PHYSICAL EFFECTS OF SEA LEVEL RISE

Continued and accelerated sea level rise will have widespread adverse consequences for
California’s coastal resources (See summary in Figure 8). The main physical effects of sea level
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rise include increased flooding, inundation, wave impacts, coastal erosion, changes in sediment
dynamics, and saltwater intrusion. These impacts are interrelated and often occur together.
Absent any preparatory action, an increase in sea level may have serious implications for coastal
resources and development, as described in Chapter 4. In addition, these physical effects could
have disproportionate impacts on vulnerable communities that have lower capacity to adapt.

Physical effects from sea level rise to the coastal zone include the following:

Flooding and inundation: Low lying coastal areas may experience more frequent
flooding (temporary wetting) or inundation (permanent wetting), and the inland extents of
100-year floods may increase. Only a 10 cm rise in sea level could double the flooding
potential along the west coast in locations such as San Francisco and Los Angeles
(Vitousek et al. 2017). Riverine and coastal waters come together at river mouths, coastal
lagoons, and estuaries, and higher water levels at the coast may cause water to back up
and increase upstream flooding (Heberger et al. 2009). Drainage systems that discharge
close to sea level could have similar problems, and inland areas may become flooded if
outfall pipes back up with salt water. In addition, other climate change impacts such as
increases in the amount of precipitation falling as rain rather than snow will add to river
flooding in some areas.

Wave impacts: Wave impacts can cause some of the more long-lasting consequences of
coastal storms, resulting in high amounts of erosion and damage or destruction of
structures. The increase in the extent and elevation of flood waters from sea level rise will
also increase wave impacts and move the wave impacts farther inland. Erosion rates of
coastal cliffs, beaches, and dunes will increase with rising sea level and are likely to
further increase if waves become larger or more frequent (NRC 2012).

Erosion: Large sections of the California coast consist of oceanfront bluffs that are often
highly susceptible to erosion. With higher sea levels, the amount of time that bluffs are
pounded by waves would increase, causing greater erosion (NRC 2012). This erosion
could lead to landslides and loss of structural and geologic stability of bluff top
development such as homes, infrastructure, the California Coastal Trail, Highway 1, and
other roads and public utilities. The Pacific Institute (Heberger et al. 2009) estimated that
41 square miles (106 square km) of coastal land from the California-Oregon border
through Santa Barbara County could be lost due to increased erosion with 4.6 ft (1.4 m)
of sea level rise by the year 2100, and approximately 14,000 people now live in those
vulnerable areas. Increased erosion will not occur uniformly throughout the state. Dunes
in Humboldt County could erode a distance of approximately 2000 ft (nearly 600 m) by
the year 2100 (Heberger et al. 2009; Revell et al. 2011). In southern California, higher
sea level rise could result in a two-fold increase in bluff retreat rates over historic
rates, causing a total land loss of 62 — 135 feet by 2100 (L imber et al. 2018 (in press).
Man-made structures like dikes and levees may also be impacted by erosion, increasing
flooding risk of the areas protected by those structures, such as low-lying agricultural
land. Over the long term, rising sea levels will also cause landward migration of beaches
due to the combined effects inundation and loss of sediment due to erosion (NRC 2012).
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Figure 6. Photo of Esplanade Apartments threatened by cliff erosion in 2013 in Pacifica, CA. (Source:
California Coastal Records Project)

e Changes in beaches, sediment supply and movement: Sediment is important to coastal
systems in, for example, forming beaches and mudflats and as the substrate for wetlands.
Sea level rise will result in changes to sediment availability. Higher water levels and
changing precipitation patterns could change erosion and deposition patterns. Loss of
sediment could worsen beach erosion and possibly increase the need for beach
nourishment projects (adding sand to a beach or other coastal area), as well as decrease
the effectiveness and long-term viability of beach nourishment if sand is quickly washed
away after being placed on a beach (Griggs 2010). Shoreline change models predict
that by 2100, 30 to 67% of Southern California beaches may be completely lost due
to rising sea level (Vitousek et al. 2017). Sediment supplies in wetland areas will also be
important for long-term marsh survival. Higher water levels due to sea level rise,
however, may outpace the ability of wetlands to trap sediment and grow vertically (Titus
1988; Ranasinghe et al. 2012; Van Dyke 2012).

e Saltwater intrusion and rising groundwater: An increase in sea level could cause
saltwater to enter into groundwater resources, or aquifers. Existing research suggests that
rising sea level is likely to degrade fresh groundwater resources in certain areas, but the
degree of impact will vary greatly due to local hydrogeological conditions. Generally, the
most vulnerable hydrogeological systems are unconfined aquifers along low-lying coasts,
or aquifers that have already experienced overdraft and saline intrusion. In California,
saline intrusion into groundwater resources is a problem in multiple areas, including but
not limited to the Pajaro Valley (Hanson 2003), Salinas Valley (Hanson et al. 2002a;
MCWRA 2012), Oxnard Plain (Izbicki 1996; Hanson et al. 2002b), and the heavily
urbanized coastal plains of Los Angeles and Orange Counties (Edwards and Evans 2002,;
Ponti et al. 2007; Nishikawa et al. 2009; Barlow and Reichard 2010). Groundwater
sources for coastal agricultural lands may also be susceptible to saltwater intrusion. Sea
level rise can also result in higher groundwater, presenting another source of flood
rise (Hoover et al. 2016).
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STORMS, EXTREME EVENTS, AND ABRUPT CHANGE

Much of the California coast is currently vulnerable to flooding and wave damage during large
storm events, and even more of the coast is vulnerable to storm impacts when they occur during
times of heightened water levels, such as high tides, El Nifio events, a warm phase of the Pacific
Decadal Oscillation, or a combination of these factors. Sea level rise will increase vulnerability
to storms even more because rising water levels will result in more areas being impacted.

Climate change will likely modify or change much more than just sea level. One potential
climate change-related impact that will interact most directly with sea level rise hazards is a
change in frequency or intensity of coastal storms (storminess) and extreme events. The extremes
associated with high-intensity events may be particularly devastating since they have the
potential to cause broad-scale damage, as seen from recent events such as Hurricanes Katrina
and Rita, Superstorm Sandy, and the Tohoku tsunami. Abrupt change in sea levels is another
potential impact of climate change. Both potential impacts are described below.

Extreme Events and Storms

There are several ways to describe extreme events, and most definitions tend to frame these
events in terms of consequences or past observations. Kruk et al. 2013 define extreme events as
“the floods that displace us from our homes, the high waves that wash out coastal roads, or the
toppling of trees and power poles from a passing storm.” The IPCC defines climate extremes as
“the occurrence of a value of a weather or climate variable above (or below) a threshold value
near the upper (or lower) ends of the range of observed values of the variables” (IPCC 2012, p.
5). In general, extreme events, by their very nature, are those beyond the normal events that are
considered in most shoreline studies. For example, for storm waves and flood conditions, an
extreme event will normally be anything worse than the 100-year event.

Extreme events are of particular concern to the examination of coastal vulnerability and damage
because they tend to cause the greatest community upheaval and can result in irreversible
changes to the coastal landscape. In the El Nifio winter of 1982-1983, for example, a series of
storms, several of which coincided with high tide, caused more than $200 million in damage (in
2010 dollars) to coastal California (OPC 2013). The 2012 NRC report notes that “waves riding
on these higher water levels will cause increased coastal damage and erosion—more than that
expected by sea level rise alone” (NRC 2012, p.107). Similarly, the 2015/16 EIl Nifio was one
of the strongest on record, resulting in significant changes to the shoreline. These impacts
result because a rise in sea level will mean that flooding and damage will likely reach further
inland. The IPCC Fifth Assessment Report (2013) states that it is very likely?* that there will be a
significant increase in the occurrence of future sea level extremes primarily as a result of an
increase in mean sea level, with the frequency of a particular sea level extreme increasing by an
order of magnitude or more in some regions by the end of the 21st century.

%2 The IPCC has assigned quantitative levels to various terms of confidence and likelihood. High confidence means
there is about an 8 out of 10 chance of being correct. Very likely has a greater than 90% probability of occurrence.
Other terms that will be used later in this discussion are likely (> 66% probability of occurrence), medium
confidence (about a 5 out of 10 chance), low confidence (about a 2 out of 10 chance). Source of terms:
http://www.ipcc.ch/pdf/supporting-material/uncertainty-guidance-note_ar4.pdf
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According to the 2012 NRC report, if the frequency or intensity of storms changes, then so will
the frequency and intensity of extreme sea level events. However, the evidence that storminess
will change in the North Pacific Ocean is conflicting and inconclusive (Cayan et al. 2009; Lowe
et al. 2010; Dettinger 2011). Still, even if storminess does not change, sea level rise will
exacerbate storm surge and high waves, magnifying their impact on the coastline. For this
reason, it is important to include these factors in the analysis of sea level rise hazards.
Methodologies for these analyses are included in Appendix B.

Abrupt change

Currently, the best available science is inconclusive as to whether sea level could change
abruptly. Thermal expansion and direct melting of land ice is expected to be gradual, leading to
slow and steady sea level rise. However, rapid collapse of land-based ice sheets could lead to
sudden acceleration of sea level rise, as discussed in the 2017 Rising Seas science report and
the 2018 OPC SLR Guidance. Specifically, the science report explains that if greenhouse
ogas emissions are not curtailed, “glaciological processes could cross thresholds that lead to
rapidly accelerating and effectively irreversible ice loss.” Recent ice sheet observations and
model simulations that consider positive feedback loops associated with ice sheet melting
and related non-linear acceleration of sea level rise have attempted to estimate the
maximum physically plausible amount of sea level rise. These studies informed the
extreme/H++ scenario included in the OPC science report and 2018 SLR OPC Guidance
(of approximately 10 feet by 2100). Importantly, it will be difficult to determine if the world
is on track for extreme and irreversible ice loss for some time because the processes that
drive extreme ice loss in the later part of the century or beyond are different than those
that are driving ice loss now. Thus, the likelihood of extreme sea level rise is uncertain and
remains an area in need of future research (NRC 2012; Griggs et al. 2017; OPC 2018).

Rapid change in land elevation during an earthquake is another potential cause of an abrupt sea
level change in a localized area. A large earthquake in the Cascadia Subduction Zone could
cause land in northern California, Oregon, and Washington to suddenly subside relative to sea
level, causing a sudden rise in relative sea level by 3-6.5 ft (NRC 2012). Large earthquakes in
this zone are expected to occur about every several hundred to one thousand years, and the most
recent such earthquake occurred in 1700. The sudden rise or drop in land elevation would occur
in a matter of minutes. If the land were to subside, the relative rise in sea level would be rapid
and it would add to sea level rise already occurring from climate-related forcing.

There is also potential for oceanographic conditions to lead to a relatively rapid rate of sea level
rise in California. Examination of the tidal gauge records indicate that there was no significant
interannual rise in California’s sea level from 1983 to 2011, despite a rise in global sea level over
the same time period. One explanation, presented by Bromirski et al. (2011, 2012), links this
suppression of sea level rise with persistent alongshore winds and an extended period of offshore
upwelling that has both drawn coastal waters offshore and replaced warm surface waters with
cooler deep ocean water. However, this suppression will not continue indefinitely and as the
Pacific Decadal Oscillation, wind, and other conditions shift, California sea level will continue
rising, likely at an accelerated rate (NRC 2012; Bromirski et al. 2011, 2012).
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significant consequences for California’s citizens, coastal communities and the resources

protected by the Coastal Act. This chapter describes some of these consequences and
notes the relevant Coastal Act policies for convenience. It is important to consider both the direct
impacts of sea level rise on coastal resources and what these impacts mean for the people and
communities who use and enjoy these coastal resources. It is also important to consider
environmental justice when analyzing sea level rise impacts, as described in greater detail in the
section below.

The physical effects of sea level rise described in the previous chapter could have

SEA LEVEL RISE ADAPTATION PLANNING AND ENVIRONMENTAL JUSTICE

Sea level rise and how we respond to it may result in significant changes in the distribution of
environmental benefits, or environmental justice, in California. General planning law in
California specifically recognizes and defines environmental justice as “the fair treatment of
people of all races, culture and income with respect to the development, adoption,
implementation and enforcement of environmental laws, regulations, and policies” (Government
Code Section 65040.12; and see Public Resources Code Section 71110-71116). Environmental
justice demands that all people, regardless of their race, ethnicity, or level of income, are able to
enjoy the benefits of our environmental protection programs and our environment generally.
Safeqguarding California (CNRA 2018) identifies climate justice as an important cross-sector
theme in the state’s climate adaptation and resilience planning efforts. Additionally, the 2018
OPC SLR Guidance recommends prioritizing social equity, environmental justice, and the
needs of vulnerable communities in adaptation planning.

The California Coastal Act also recognizes the fundamental importance of the fair distribution of
environmental benefits in Section 30001:

The Legislature hereby finds and declares: (a) That the California coastal zone is a
distinct and valuable natural resource of vital and enduring interest to all the people and
exists as a delicately balanced ecosystem. (b) That the permanent protection of the state's
natural and scenic resources is a paramount concern to present and future residents of
the state and nation. (c) That to promote the public safety, health, and welfare, and to
protect public and private property, wildlife, marine fisheries, and other ocean resources,
and the natural environment, it is necessary to protect the ecological balance of the
coastal zone and prevent its deterioration and destruction. (d) That existing developed
uses, and future developments that are carefully planned and developed consistent with
the policies of this division, are essential to the economic and social well-being of the
people of this state and especially to working persons employed within the coastal zone.

The Act thus declares that the protection of the coast is of vital interest to all the people, of
paramount concern to present and future residents of the state and nation, and that careful
planning and development is essential to the economic and social well-being of the people. This
broad direction to protect the coast for everyone is underscored in Section 30006, which
declares:

... the public has a right to fully participate in decisions affecting coastal planning,
conservation and development; that achievement of sound coastal conservation and
development is dependent upon public understanding and support; and that the
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continuing planning and implementation of programs for coastal conservation and
development should include the widest opportunity for public participation.

Hence, everyone is entitled to participate in the management decisions that determine how the
benefits and burdens of managing California’s coast will be distributed. Ensuring low-income
and underserved communities are included in environmental decisions is a key tenet of
environmental justice and will minimize disproportionate environmental and public health
impacts. Furthermore, in 2016, the Governor signed AB 2616 (Burke), which amended the
Coastal Act and gives the Commission new authority to specifically consider environmental
justice when making permit decisions. This legislation also cross-references existing non-
discrimination and civil rights law in the government code and requires the governor to
appoint an environmental justice Commissioner to our board.

The Coastal Act’s broad concern for all the people is best borne out in its public access policies,
which require the maximum provision and protection of the public’s rights of access to and along
the shoreline (Sections 30210-214). These policies reflect the judgement of the people of
California in passing Proposition 20 in 1972 that public access and recreation along our coast is a
fundamental environmental benefit to be protected for and enjoyed by all, not just by those with
the good fortune or means to live along the shoreline. Public access to the coast is important to
the health and well-being of the public, and promoting public access for all citizens provides
low-cost, outdoor recreation that can improve the overall quality of life of the public, including
low-income and underserved communities.

Unfortunately, public access is also one of the coastal resources most at risk from accelerating
sea level rise. As discussed elsewhere in this Guidance, beaches, accessways, recreational
amenities, and even surfing resources may be dramatically impacted by rising seas. Where
development already exists, and particularly where there is substantial shoreline armoring to
protect this development, California stands to lose significant recreational beach areas. These
places that are at increased risk provide environmental benefits for everyone, generally at very
low cost, or even free. Thus, the potential loss of beach and shoreline recreation areas represents
a significant potential impact to a resource that both is especially important to those with fewer
economic resources and one that we endeavor to provide for everyone without discrimination, no
matter their income levels, ethnicities or cultures; no matter if they are from coastal or inland
areas or from outside the state.

The exacerbation of environmental injustices by anticipated sea level rise may be particularly
concerning when the Commission and local governments need to make decisions about shoreline
protection and hazard mitigation. As discussed elsewhere in this Guidance, the Coastal Act
provides for the protection and mitigation of coastal hazards for existing and new development.
But some hazard mitigation, such as seawall development or elevated development on beaches,
may have significant impacts to public trust shoreline resources. Thus, we face a situation where
widely available public beach resources may be diminished in order to protect private or public
development along the shoreline — potentially a significant environmental justice concern.
Because of this, it will be important for decision makers to proactively consider all aspects of
this Guidance in an effort to avoid and mitigate the potential impacts to coastal resources from
hazard response. This is particularly true for recommendations to consider alternatives to
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shoreline structure development and, where shoreline structures must be approved, for
recommendations to fully mitigate the impacts of such structures on public shoreline resources.

A May 2015 decision made by the Coastal Commission emphasizes the importance of analyzing
low-cost recreational opportunities in addition to other coastal resource impacts when evaluating
shoreline protection and other responses to sea level rise and coastal hazards. The Coastal
Commission approved a revetment at the west end of the Goleta Beach County Park to provide
protection against erosion. This park is an important public resource in Santa Barbara County
and receives up to 1.5 million visitors each year, a large fraction of which are low-income
visitors. Park facilities include picnic areas, open parkland, and access to the ocean and a
recreational beach for no or low cost. The revetment was approved contingent upon specific
conditions, including continued free public access and vehicle parking for the term of the permit.
This decision highlights the importance of protecting wide accessibility to shoreline resources
even as sea level rises.

The potential impacts of adaptation responses on public shoreline resources, and thus the
potential environmental justice impacts of such actions, will need to be considered for all
resources protected under the Coastal Act. It is also true that due to current development patterns
along the coast, sea level rise hazards may affect various sections of the population differently,
as could the implementation and effectiveness of various adaptation measures. The number of
people living along the open coast in areas exposed to flooding from a 100-year flood would
increase to 210,000 with a 4.6 ft (1.4 m) increase in sea level; approximately 27% or 56,000 of
these are lower income people (those earning less than $30,000 annually); 45,000 are renters;
and 4,700 are linguistically isolated and less likely to understand flood warnings (Heberger et al.
2009). According to Heberger et al. (2009), the greatest increases in the number of people
vulnerable to flooding will occur in Los Angeles, San Diego, Ventura, Humboldt, and San Luis
Obispo counties. Sea level rise will likely result in the loss of key infrastructure, intrusion of
saltwater into water sources, and the creation of additional coastal hazards. Hazards in vulnerable
areas will have disproportionate impacts on communities with the least capacity to adapt, which
could deepen and expand existing environmental injustice if adaptation responses are not
managed appropriately.

For example, lower-income communities and those who live in rental units are more likely to be
displaced by flooding or related impacts as compared to property owners because they lack the
funds and/or abilities to rebuild, have less control over their safety, and often have limited access
to insurance. Relatedly, these same populations are less likely to be able to take proactive steps
to adapt to sea level rise. Additionally, loss of local public beaches or a reduction in public
access and recreation opportunities would disproportionately affect low-income communities
that have few alternative lower cost recreational opportunities. Tribal communities are also
vulnerable to sea level rise because they are often tied to specific locations, and therefore can’t
easily relocate.

Overall, it will be important for planners and decision makers to not only consider the direct
impacts and consequences of sea level rise on coastal resources, but to also consider what those
consequences mean for the distribution of environmental benefits and burdens along the coast,
and the communities that use and rely on those resources, including those who do not live in
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the coastal zone but are still impacted by coastal resource management, including workers
and visitors. Low-income and underserved communities are less equipped to prepare for and
respond to sea level rise, but community engagement and social cohesion can improve coastal
resilience and lead to more equitable adaptation planning. Planners and decision makers
should consider environmental justice concerns in the analysis of alternative project designs and
adaptation measures and ensure low-income and underserved communities are involved in
decision-making and planning efforts. This will better ensure that adaptation efforts benefit all
Californians, fairly, and that they do not increase vulnerability to sea level rise among any
particular group or demographic, and do not have any unintended consequences that lead to
social or environmental injustices. In particular, it will be important to consider the potential
impacts of hazard mitigation actions to protect development that may only benefit a few, on the
public access and shoreline resources that are available for all Californians to enjoy.

CONSEQUENCES OF SEA LEVEL RISE FOR COASTAL ACT RESOURCES

o Coastal development (Coastal Act Sections 30235, 30236, 30250, 30253): Sea level
rise will increase the likelihood of property damage from flooding, inundation, or
extreme waves, and will increase the number of people living in areas exposed to
significant flooding. Increased erosion and loss or movement of beach sand will lead to
an increase in the spatial extent of eroding bluffs and shorelines, and could increase
instability of coastal structures and recreation areas. Levee systems could also experience
damage and overtopping from an increase in water levels, extreme wave conditions, or a
loss of wetlands, which buffer impacts from high water. The replacement value of
property at risk from sea level rise for the California coast is approximately $36.5 billion
(in 2000 dollars, not including San Francisco Bay) (Heberger et al. 2009).

Impacts to public infrastructure, ports, and industrial development include:

e Public infrastructure: Low-lying roads, wastewater treatment facilities, energy
facilities, stormwater infrastructure, and utility infrastructure such as potable
water systems and electricity transfer systems are at risk of impaired function due
to erosion, flooding, and inundation. Heberger et al. (2009) estimated that 7
wastewater treatment plants, 14 power plants, including one in Humboldt County
and 13 in Southern California, and 250 miles (402 km) of highways, 1500 miles
(2414 km) of roads, and 110 miles (177 km) of railways could be at risk from a
100-year flood with 1.4-m rise in sea level (Heberger et al. 2009). Facilities and
highways located on coastal bluffs subject to erosion will become more
susceptible in the future. Sections of Highway 1 have already had to be realigned
due to erosion or are in the planning stages for realignment projects, including
areas in San Luis Obispo County, Monterey Bay, Half Moon Bay, and Marin
County and the sections at risk in the future will likely increase.
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Figure 7. Photo of infrastructure at risk near Rincon Beach, Ventura, CA, during the King Tide in December
2012. (Photo courtesy of David Powdrell, California King Tides Initiative)

Ports (Coastal Act Sections 30703 — 30708): Sea level rise could cause a variety
of impacts to ports, including flooding and inundation of port infrastructure and
damage to piers and marina facilities from wave action and higher water levels. A
possible benefit could be a decreased need for dredging. But, unless facilities have
already included accommodations for larger ships than they currently service,
higher water levels could increase the difficulty for cargo handling facilities due
to the higher vessel position (CCC 2001; CNRA 2014). Increased water heights
could reduce bridge clearance, reducing the size of ships that can access ports or
restricting movement of ships to low tides, and potentially increasing throughput
times for cargo delivered to ports. Heberger et al. (2009) found that significant
flooding from sea level rise is possible at the Ports of Los Angeles and Long
Beach. Given that these two ports handle 45-50% of the containers shipped into
the United States, and 77% of goods that leave the state, sea level rise could affect
the efficiency of goods movement, and have serious economic implications for
California and the nation (Heberger et al. 2009).

Industrial development, refineries, and petrochemical facilities (Coastal Act
Sections 30260-30266.5): Sea level rise could reduce areas available for siting or
expansion of industrial development. Inundation of contaminated lands near
industrial development could lead to problems with water quality and polluted
runoff. Sea level rise could lead to an increase in flooding damage of refineries or
petrochemical facilities, and impacts from sea level rise could be an issue when
locating or expanding refineries or petrochemical facilities, or when mitigating
any adverse environmental effects.

Construction altering natural shorelines (Coastal Act Section 30235): Sea
level rise may lead to an increase in demand for construction of shoreline
protection for existing development, public access, and coastal-dependent uses in
danger of erosion. Shoreline protection devices alter natural shorelines and also
generally have negative impacts on beaches, near-shore marine habitat, and scenic
and visual qualities of coastal areas.
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o Public access and recreation (Coastal Act Sections 30210, 30211, 30213, 30220,
30221): One of the highest priorities in the Coastal Act is the mandate to protect and
maximize public access to the coast. Sea level rise could lead to a loss of public access
and recreational opportunities due to permanent inundation, episodic flooding, or erosion
of beaches, recreational areas, or trails. In areas where beaches cannot migrate inland due
to development or more resistant landforms, beaches will become narrower or will
disappear completely. Access and functionality of water-oriented activities may also be
affected. For instance, sea level rise, by increasing water levels and altering sediment
patterns, could lead to a change in surfing conditions or affect the safety of harbors and
marinas (Kornell 2012).

o Coastal habitats (Coastal Act Sections 30230, 30231, 30233, 30240): Coastal habitat
areas likely to be affected by sea level rise include bluffs and cliffs, rocky intertidal areas,
beaches, dunes, wetlands, estuaries, lagoons and tidal marshes, tidal flats, eelgrass beds,
and tidally-influenced streams and rivers.

Importantly, there are many endemic and endangered species in California that are
dependent on these coastal environments. For example, grunion need a sandy beach
environment in order to reproduce and survive, the California clapper rail is dependent on
marshes and wetlands, and the black abalone requires rocky intertidal habitat. Nesting
habitat, nursery areas, and haul-out sites important for birds, fish, marine mammals and
other animals could also disappear as sea levels rise (Funayama et al. 2012).

Impacts to wetlands, intertidal areas, beaches, and dunes include:

e Beaches, dunes, and intertidal areas: Inundation and increased erosion from sea
level rise could convert habitats from one type to another and generally reduce the
amount of nearshore habitat, such as sandy beaches and rocky intertidal areas. Sea
level rise will cause landward migration of beaches over the long term, and could
lead to a rapid increase in the retreat rate of dunes. Beaches with seawalls or other
barriers will not be able to migrate landward and the sandy beach areas will
gradually become inundated (NRC 2012). A loss of beach and dune areas will
have significant consequences for beach and adjacent inland ecosystems. Beaches
and dunes provide critical habitat for species and act as buffers to interior
agricultural lands and habitat during storms (CNRA 2009).

e Wetlands: Sea level rise will lead to wetland habitat conversion and loss as the
intertidal zone shifts inland. Of particular concern is the loss of saltwater marshes
from sea level rise, which have already decreased by about 90% from their
historical levels in California (CNRA 2010). California’s 550 square miles (885
km) of critical coastal wetland habitat (Heberger et al. 2009, including wetlands
in San Francisco Bay) could be converted to open water by 4.6 ft (1.4 m) rise of
sea level if they are not able accrete upward or to migrate inland due to natural or
anthropogenic barriers. Although barriers are plentiful, inland migration of these
wetlands is possible for over 50% of the potentially inundated wetland area based
on land use compatibility alone (Heberger et al. 2009). Consideration of adequate
sediment supply and additional barriers to inland migration would further
constrain wetland migration potential. A 4.6 ft (1.4 m) increase in sea level would
flood 150 square miles (241 km) of land immediately adjacent to wetlands, which
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could become future wetlands if that land remains undeveloped. Loss or reduction
of wetland habitat would impact many plant and animal species, including
migratory birds that depend on these habitats as part of the Pacific Flyway.
Species that are salt-tolerant may have an advantage as sea level rise occurs and
exposes new areas to salt water, while species that have narrow salinity and
temperature tolerances may have difficulty adapting to changing conditions.

o Biological productivity of coastal waters (Coastal Act Sections 30230, 30231): Sea
level rise could affect biological productivity of coastal waters by changing the types of
habitats that are available. This change could alter species composition, and could
potentially result in cascading effects through the coastal food chain. Changes in water
quality can have differing impacts on biological productivity. For instance, decreased
water quality due to increased nutrient pollution has been found to increase biological
productivity at the base of the food chain to undesirable levels, and has been linked to
harmful algal blooms which result in hypoxic conditions for other marine species (Kudela
et al. 2010; Ryan et al. 2010; Caldwell et al. 2013).

o Water quality (Coastal Act Section 30231): Sea level rise could lead to declines in
coastal water quality in several ways. First, coastal water quality could be degraded due
to inundation of toxic soils and an increase in nonpoint source pollution from flooding. In
particular, the presence of facilities or land containing hazardous materials in coastal
areas susceptible to flooding or permanent inundation presents toxic exposure risks for
human communities and ecosystems. Second, rising seas could impact wastewater
facility infrastructure and other methods and structures designed to protect water quality
near the coast. In addition to damaging equipment and blocking discharge from coastal
outfall structures, floods could force facilities to release untreated wastewater, threatening
nearby water quality (Heberger et al. 2009). Salt water draining into sewer lines as part of
extreme weather flooding might also damage biological systems at wastewater facilities
if the organisms present in these systems are not salt-tolerant. Third, sea level rise could
lead to saltwater intrusion into valuable groundwater aquifers, potentially rendering some
existing wells unusable and decreasing the total groundwater supply in coastal areas. The
extent of saltwater intrusion will likely vary based upon local hydrological conditions,
with the worst impacts occurring in unconfined aquifers along low-lying coasts that have
already experienced overdraft and saline intrusion. This change could force affected
communities to turn to more costly water sources such as surface water transfers or
desalination. Finally, loss of wetlands could decrease water quality given that wetlands
act to improve water quality by slowing and filtering water that flows through them.

o Coastal agriculture (Coastal Act Sections 30241- 30243): Sea level rise could lead to
an increase in flooding and inundation of low-lying agricultural land, saltwater intrusion
into agricultural water supplies, and a decrease in the amount of freshwater available for
agricultural uses. Flooding of agricultural lands can cause major impacts on local
businesses, national food supplies, and the state’s economy.

o Archaeological and paleontological resources (Coastal Act Section 30244):
Archaeological or paleontological resources could be put at risk by inundation, flooding,
or by an increase in erosion due to sea level rise. Areas of traditional cultural significance
to California Native American tribes, including villages, religious and ceremonial
locations, middens, burial sites, and other areas, could be at risk from sea level rise. For

Chapter 4: Consequences of Sea Level Rise for Communities, Coastal Resources, and Development



California Coastal Commission Sea Level Rise Policy Guidance
Draft Science Update, July 2018

example, the Santa Barbara Channel area has thousands of archaeological sites dating
over 13,000 years that are at risk of being destroyed or altered from small amounts of sea
level rise (Reeder et al. 2010).

For a summary of some of the sea level rise impacts and potential consequences for the coast, see
Figure 8. Many of these consequences are conditions that coastal managers already deal with on
a regular basis, and strategies already exist for minimizing impacts from flooding, erosion,
saltwater intrusion, and changing sediment patterns. Preparing for sea level rise involves
integrating future projections of sea levels into existing hazard analyses, siting, design, and
construction processes, ecosystem management, and community planning practices. Processes
for integrating sea level rise in Local Coastal Programs and Coastal Development Permit
applications are described in the following chapters.
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Drivers of Global SLR Physical Impacts of SLR

Expansion of ocean water as temperature Inundation (permanent wetting)
increases

Addition of freshwater to the ocean from melting Flooding (temporary wetting)

glaciers and ice sheets
. Increased erosion and bluff collapse
Addition of freshwater to the ocean from

groundwater extraction, use, and discharge Increased tidal prism

Drivers of Local/Regional SLR Variability LR LT AR

Vertical land movement Increased saltwater intrusion

Oceanographic phenomena including El Nifio
Southern Oscillation (ENSO) and Pacific
Decadal Oscillation (PDO)

Change in sediment movement patterns

Summary of Consequences of SLR for Coastal Resources & Development

Coastal Development: Greater likelihood of tidal damage, flooding, inundation, and extreme waves,
which could lead to loss of property or physical injury; instability from increased erosion and
loss/movement of beach sand; increased areas exposed to a 100-year flood.

Public infrastructure: Low-lying roads, wastewater treatment facilities, energy facilities, stormwater
infrastructure, potable water systems, and electricity transfer systems are at risk of inundation and
flooding, and impaired function. Infrastructure located on eroding bluffs is also subject to increased
geologic hazards.

Coastal Agriculture: Increase in flooding and inundation of low-lying agricultural lands; saltwater
intrusion into agricultural water supplies; potential decrease in amount of freshwater available for
agricultural uses.

Public Access & Recreation: Loss of beach areas where beaches cannot migrate inland due to
development; inaccessibility of public accessways and recreation sites due to flooding and erosion.

Coastal Habitats: Transformation of habitats as intertidal zone shifts inland; loss of wetlands and
other habitats where areas cannot migrate up or inland due toinland barriers such as coastal
development.

Water Quality: Coastal water quality could decline due to inundation of toxic soils and an increase
in nonpoint source pollution from flooding. Rising seas could also impact wastewater facilities and
cause saltwater intrusion into groundwater supplies.

Biological productivity of coastal waters: Sea level rise could affect biological productivity of
coastal waters by changing the types of habitats that are available. This change could alter species
compositions, and could potentially result in cascading effects through the coastal food chain.

Cultural Resources: Archeological and paleontological sites, including many Native American
villages, religious and ceremonial locations, burial sites, and other areas could be at risk from sea
level rise.

Figure 8. Summary of sea level rise impacts and consequences
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Local Coastal Programs (LCPs) to govern land use and development in the coastal zone
inland of the mean high tide. LCPs become effective only after the Commission certifies
their conformity with the policies of Chapter 3 of the Coastal Act.

The Coastal Act requires that the 61 cities and 15 counties in coastal California prepare

LCPs contain the ground rules for future development and protection of resources in the coastal
zone. Each LCP includes a Land Use Plan (LUP) and an Implementation Plan (IP). The LUP
specifies the kinds, locations, and intensity of uses, and contains a required Public Access
Component to ensure that maximum recreational opportunities and public access to the coast is
provided. The IP includes measures to implement the LUP, such as zoning ordinances. LCPs are
prepared by local governments and submitted to the Coastal Commission for review for
consistency with Coastal Act requirements.?

Once an LCP’s certification becomes effective, the local government becomes responsible for
reviewing most Coastal Development Permit (CDP) applications. However, the Commission
retains continuing permit authority over some lands (for example, over tidelands, submerged
lands, and public trust lands) and authority to act on appeals for certain categories of local CDP
decisions.

To be consistent with the Coastal Act hazard avoidance and resource protection policies, it is
critical that local governments with coastal resources at risk from sea level rise certify or update
Local Coastal Programs that provide a means to prepare for and mitigate these impacts. The
overall LCP update and certification process has not changed. Now, however, the impacts of
accelerated sea level rise should be addressed in the hazard and coastal resource analyses,
alternatives analyses, community outreach, public involvement, and regional coordination. This
Guidance is designed to complement and enhance the existing LCP certification and update
steps. Although the existing LCP certification and update processes are still the same, sea level
rise calls for new regional planning approaches, new strategies, and enhanced community
participation.

LCPs are essential tools to fully implementing sea level rise adaptation efforts. Since many
existing LCPs were certified in the 1980s and 1990s, it is important that future amendments of
the LCPs consider sea level rise and adaptation planning at the project and community level, as
appropriate. The California Climate Adaptation Strategy (CNRA 2009) and Safeguarding
California (CNRA 2014) specifically identify LCPs as a mechanism for adaptation planning
along the California coast. For general guidance on updating LCPs, see the LCP Update Guide,
available here: https://www.coastal.ca.gov/rflg/.

% In addition there are other areas of the coast where other plans may be certified by the Commission, including Port
Master Plans for ports governed by Chapter 8 of the Coastal Act, Long Range Development Plans for state
universities or colleges, and Public Works Plans for public infrastructure and facilities. Following certification of
these types of plans by the Commission, some permitting may be delegated pursuant to the Coastal Act provisions
governing the specific type of plan.
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Steps for Addressing Sea Level Rise in Local Coastal Programs and Other Plans

The Commission recommends the following six steps to address sea level rise as part of the
development of an LCP, LCP Amendment, or other plan.?* These steps can be modified and
adapted to fit the needs of individual planning efforts and communities and to address the
specific coastal resource and development issues of a community, such as addressing bluff
erosion or providing for effective redevelopment, infill, and concentration of development in
already developed areas. At the start of an LCP update to address sea level rise or a new LCP
project, local government planners should contact their local Coastal Commission district office
to discuss the LCP goals and to establish a plan for Coastal Commission staff coordination and
public involvement throughout the entire process. A key element of any LCP project is public
involvement. This can include establishing technical and community stakeholder advisory
committees, establishing an interdepartmental sea level rise team of City and County staff
representatives, and planning a series of public workshops to gather feedback, in addition to the
required public hearings on the LCP.

The steps of this process are illustrated in Figure 9 and described below. They are similar to the
standard steps of a long-range planning process and should be familiar to local planners. Steps 1-
3 are often referred to as a “sea level rise vulnerability assessment” in other sea level rise
planning contexts and therefore are similar to other sea level rise-related resources.

1. Choose range of SLR
projections relevant to
LCP planning area/
segment

6. Implement LCP
and monitor and
revise as needed

3. Assess risks to
coastal resources and
development in
planning area (i.e.,
identify problem areas)

4. Identify adaptation
measures and LCP

policy options

Figure 9. Sea level rise adaptation planning process for new and updated Local Coastal Programs

 This Guidance uses the term ‘LCP process’ to refer to the LCP process, but many of the concepts included here
are applicable to other planning processes, including Long Range Development Plans, Public Works Plans, and Port
Master Plans. For example, recommendations for how to analyze sea level rise impacts and perform a vulnerability
assessment are broadly applicable. Many adaptation strategies may also be applicable, though in all cases, individual
actions taken will vary based on relevant policies, local conditions, feasibility, and other factors.
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The Coastal Commission also offers a Local Coastal Program (LCP) Update Guide (2013b) that
outlines the broad process for amending or certifying an LCP, and there is naturally some
overlap between the content of that document and this Sea Level Rise Policy Guidance
document. The general LCP amendment steps are outlined below, in a flow chart (see Appendix
D), and in the LCP Tips/Best Practices document (2013c), which is available in the Resources
for Local Governments section of the Commission’s website. Local governments should contact
the Coastal Commission planner for their area when pursuing a new LCP or LCP amendment.

1. Initial Amendment scoping and development: Conduct issues assessment, identify
need for amendment, prepare preliminary draft, coordinate with Commission staff, and
share early drafts

2. Local Amendment process: Notify public, conduct local outreach and hearings, meet
with Commission staff to discuss any issues, and adopt LCP at the local level

3. Prepare Submittal: assemble LCP materials, discuss with Commission staff prior to
submittal, transmit to Coastal Commission, and make available to public

4. Process Amendment at Coastal Commission: Commission staff will review submittal
within 10 working days for completeness; will address outstanding information needs;
will prepare and write staff report; hold public hearing and vote; and transmit action to
local government

5. Effectuate Amendment: Local acceptance of any modifications or resubmittal within 6
months, finalize local approval, and complete Coastal Commission Executive Director
check-off

6. Implement LCP Amendment, monitor and revise as necessary.

The step-by-step process for incorporating sea level rise into LCPs outlined in the rest of this
chapter fits into these broader LCP amendment steps. Local government planners should use the
LCP Update Guide in conjunction with the Sea Level Rise Policy Guidance to inform the LCP.

Use scenario-based analysis

The Guidance recommends using a method called “scenario-based analysis” (described in
Chapter 3 of this Guidance). Since sea level rise projections are not exact, but rather presented in
ranges, scenario-based planning includes examining the consequences of multiple sea level rise
amounts, plus extreme water levels from storms and El Nifio events. The goal of scenario-based
analysis for sea level rise is to understand where and at what point sea level rise, and the
combination of sea level rise and storms, pose risks to coastal resources or threaten the health
and safety of a developed area. This approach allows planners to understand the full range of
possible impacts that can be reasonably expected based on the best available science, and build
an understanding of the overall risk posed by potential future sea level rise. For example, if there
are large changes in the hazard zones between two sea level rise amounts, additional analyses
may help determine the tipping points when viable land uses will change. In general, scenario-
based analyses can help determine the long-term compatibility of certain areas with certain land
uses. For further description of this method, see Chapter 3.
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Include other topics as applicable or desired

This Guidance recommends a number of analyses that will generate useful information related to
sea level rise and other environmental vulnerabilities. Performing these analyses (and the overall
planning process) may provide a useful opportunity to include other studies that will complement
the goals of Local Coastal Programs and provide valuable insights for community concerns. For
example, planners should expand the Coastal Act consideration of lower cost visitor serving
facilities to include considerations of social equity and environmental justice in the analyses by
determining how climate hazards or the adaptation measures might differentially impact various
demographics. Additionally, planners may want to incorporate analysis of the economic
implications of various options for adaptation. Important topics such as these should be
incorporated into the analyses already underway for the sake of efficiency.

Leverage analyses and share information with other planning-related processes and
documents

Sea level rise is addressed in many other planning-related documents and by many other
agencies and organizations. Planners should be aware of these documents and the on-going work
of state and federal agencies and make an effort to share information in cases where analyses
required for some of these documents may overlap with the studies appropriate for sea level rise
planning in LCPs. Additionally, these agencies, organizations, and planning efforts may be good
resources from which to gather information when performing these analyses for LCP updates.

For example, there is overlap between the required elements of a Local Hazard Mitigation Plan
(LHMP) and Local Coastal Programs, and the Commission recommends coordinating an LHMP
update with an LCP update if possible. As part of an LHMP, local governments identify the
natural hazards that impact their community, identify actions to reduce the losses from those
hazards, and establish a coordinated process to implement the plan.? In order to be eligible for
certain types of non-emergency disaster assistance, including funding for hazard mitigation
projects, local governments are required by FEMA to complete an LHMP? and to update the
plan every 5 years. Any sea level rise hazard avoidance strategies included in an LCP
certification or update, such as relocation of critical facilities must be included in the LHMP
narrative to be eligible for funding from FEMA to implement future projects. If a local
government has recently updated their LHMP, the city or county can add narrative information
on sea level rise strategies through an addendum to the plan, referred to by FEMA as an annex.?’

In many cases, the analyses and adaptation options identified in this Guidance could be used for
hazard mitigation plans or vice versa, as the goal of each of these planning processes is to

5 hitp://www.fema.gov/media-library-data/20130726-1524-20490-5927/67fr8844.pdf

%% Note that recent revisions to the State Mitigation Plan Review Guide, set to go into effect in March 2016, will
require states to analyze the probability and possible impacts due to future hazard events in a way that includes the
projected changes in natural hazards resulting from climate change. Failure to include such considerations may
result in a state’s ineligibility for certain non-emergency mitigation grants.

% For more information on how to complete or update an LHMP, visit http:/hazardmitigation.calema.ca.gov/ or
contact the Cal OES office and a hazard mitigation technical expert can assist local governments with the planning
process. For contact information, visit http://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/contacts.
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minimize or avoid impacts from coastal hazards. As a result, there may be opportunities to
leverage funding and share work efforts.

A number of other similar planning processes, projects, and documents are listed in Figure 10,
and planners may be able to use these studies in the LCP planning process, or, alternatively,
share analyses and information performed for LCP planning with the groups working on related
projects. Additionally, the forthcoming State of California Planning for Sea Level Rise Database
(established by Assembly Bill 2516 and pursuant to Public Resources Code Sections 30961-
30968) may become an important tool for identifying past and/or ongoing actions that
stakeholders have implemented to address sea level rise. In any case, information sharing is
highly recommended to promote efficiency.

Coordinate regionally as appropriate

Many impacts of sea level rise will transcend jurisdictional boundaries. Similarly, the adaptation
decisions made by coastal communities could themselves have consequences that affect areas
outside the local jurisdiction. For these reasons, regional coordination will often enhance the
effectiveness of local adaptation decisions. Indeed, many of the projects identified in Figure 10
have taken this regional approach. Planners should keep this concept in mind as they work
through these steps and coordinate regionally where appropriate and possible.
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Representative Adaptation Planning Stakeholders

Local/Regional: State:
« City/county governments * Natural Resources Agency

League of Cities .
Association of Counties .

Regional entities .
(e.g., air districts, water o
boards, metropolitan

planning organizations,
regional transportation

Ocean Protection Council
CA Coastal Commission
State Coastal Conservancy
State Lands Commission

SF Bay Conservation &
Development Commission

Federal:

FEMA

EPA

US Fish and Wildlife Service
NOAA

Gulf of the Farallones NMS
Monterey Bay NMS

SF Bay NERR

[Ty . =
.g planning agencies) + Office of Planning & Research * Elkhorn Slough NERR
S * Caltrans « Tijuana River NERR
&.o * Office of Emergency Services « US Geologic Survey
* CA Geologic Survey  US Army Corps of
* Dept. of Parks and Rec. Engineers
* Dept. of Fish and Wildlife « BOEM, BSEE
* Dept. of Water Resources * National Park Service
* State Water Resources Control ¢ Sea Grant
Board
* Air Resources Board
* Dept. of Conservation
Regional Environmental Efforts
* Non-Government Organizations
) : . ¢ Qur Coast Our Future (CoSMoS)
(e.g., environmental, social)
. o * So0. CA Coastal Impacts Project (CoSMoS)
* Professional organizations : )
(e.g., agricultural, fisheries, * Humboldt Bay SLR Adaptation Working Group
communications) * Monterey Bay Adaptation Group
* Science organizations E * LA Regional Adaptation Group
e * Universities .~E * Coastal Resilience Ventura
(VN
'% * Private consultants/industry tén * San Diego Regional Climate Collaborative
E = * Santa Barbara and Ventura Co. resilience planning
c
& || Examples include: ] -
= o Local/Regional Plans
o * The Nature Conservancy g
- . e
g « Surfrider Foundation = Local HrzTrd Mitigation Plans
[ = .
E * Coastkeeper Alliance 5 Glenera Plans I
o S . i i
* Center for Ocean Solutions 8 ¢ |rrTate Action Plans
* Point Blue Conservation Science = : Cépltal Improvement Pléns/Programs
« Pacific Institute * Climate Changt.e Adaptation Plans
o [l B P IntegratTd Ze-!glonal Water Managelment Plans
e [ Fe e Regional Sediment Management Plans
Prolfassiaels * Sustainable Community Plans
* Regional Transportation Plans

Figure 10. Agencies, organizations, and planning efforts related to sea level rise adaptation
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Step 1 — Determine range of sea level rise projections relevant to LCP planning
area/segment

The first step in incorporating sea level rise into the LCP planning process is to identify locally
relevant sea level rise scenarios that may occur at given time steps into the future. These
scenarios will be carried through the rest of the steps in the sea level rise LCP planning process.
Follow these steps to determine the locally relevant sea level rise projections to use in the
subsequent steps:

o Determine planning horizons of concern: The Coastal Commission recommends
taking a long-term view when analyzing sea level rise impacts because the land use
decisions made today will affect what happens over the long-term. For example,
development constructed today is likely to remain in place over the next 75-100
years, or longer. In practice, many jurisdictions have completed assessments that
look at sea level rise vulnerabilities through approximately 2100. Understanding
short-term vulnerabilities is also important, and the Coastal Commission
recommends assessing vulnerabilities in intermediate planning horizons. For
example, many jurisdictions have assessed sea level rise scenarios that correspond to
years 2030 and 2050, in line with information provided in the 2012 National
Research Council (NRC) report. These time periods may be used, or local governments
may identify other relevant planning horizons for their plans and development scenarios,
as long as the projections for those time frames are based on the best available and
relevant scientific projections.

o Determine the full range of sea level rise projections from the best available science:
Using best available science, currently the 2018 OPC SLR Guidance (or other
comparable study, provided that it is peer reviewed, widely accepted within the scientific
community, and locally relevant), determine the range of sea level rise for the planning
horizons of concern. The sea level rise projections for the San Francisco tide gauge
from the 2018 OPC SLR Guidance are presented in Table 4 below (projection tables
for all 12 California tide gauges are presented in Appendix G)=. See below for a
discussion of scenario-based planning in the LCP context. The LCP should include a
policy to use the best available science about sea level rise.

8 More detailed refinement of sea level rise projections is not considered necessary at this time, as variations
from the nearby tide gauges will often be quite small, and may be insignificant compared to other sources of
uncertainty. However, the Coastal Commission recognizes that other studies exist with localized data, for
example those completed in the Humboldt Bay region, which may also be appropriate for use.
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Table 4. Sea Level Rise Projections for the San Francisco Tide Gauge?® (OPC 2018)

Projected Sea Level Rise (in feet): San Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp etal.2014) (Sweet et al. 2017)
Low Risk Aversion IV!edlum-H.lgh Extreme Risk Aversion
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceeds...) | (0.5% probability SLR exceeds...) (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 1.9 2.7
2060 1.5 2.6 3.9
2070 1.9 35 5.2
2080 2.4 4.5 6.6
2090 2.9 5.6 83
2100 3.4 6.9 10.2
2110* 3.5 7.3 11.9
2120 4.1 8.6 14.2
2130 4.6 10.0 16.6
2140 5.2 11.4 19.1
2150 5.8 13.0 21.9

*Most of the available climate model experiments do not extend beyond 2100. The resulting reduction in model
availability causes a small dip in projections between 2100 and 2110, as well as a shift in uncertainty estimates
(see Kopp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

2 probabilistic projections for the height of sea level rise and the H++ scenario are presented. The H++
projection is a single scenario and does not have an associated likelihood of occurrence. Projections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over 1991-2009). Table is
adapted from the 2018 OPC SLR Guidance to present only the three scenarios OPC recommends evaluating.
Additionally, while the OPC tables include low emissions scenarios, only high emissions scenarios, which
represent RCP 8.5, are included here because global greenhouse gas emissions are currently tracking along
this trajectory. The Coastal Commission will continue to update best available science as necessary, including
if emissions trajectories change.
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o Choose multiple sea level rise scenarios based on range of sea level rise projections.
The Coastal Commission recommends that all communities evaluate the impacts
from the “medium-high risk aversion” scenario. Local governments should also
include the “extreme risk aversion” scenario to evaluate the vulnerability of planned
or existing assets that have little to no adaptive capacity, that would be irreversibly
destroyed or significantly costly to repair, and/or would have considerable public
health, public safety, or environmental impacts should that level of sea level rise
occur. Planners may also consider evaluating the lower projections (those with a
higher probability) to gain an understanding on what is likely to be vulnerable
regardless of modeling uncertainty and future greenhouse gas emissions.

In addition to evaluating the worst-case scenario, planners need to understand the
minimum amount of sea level rise that will cause impacts for their community, and how
these impacts will change over time, with different amounts of sea level rise. Planners
should evaluate enough scenarios to be able to answer the following:

e What are the impacts from the worst-case scenario of the highest possible sea
level rise plus elevated water levels from high tide, EI Nifio and a 100-year storm?

e What is the minimum amount of sea level rise that causes inundation, flooding, or
erosion concerns?

e How do inundation, flooding, and erosion concerns change with different amounts
of sea level rise?

e Are there any tipping points where sea level rise impacts become more severe?
(For example, is there a point at which seawalls or levees are overtopped?)

There are two main ways to choose scenarios from which to evaluate sea level rise: by
sea level rise amount or by time-period. Tools that provide maps by sea level rise amount
can then be linked to the relevant time period, as shown below in the Our Coast Our
Future example. There is no single accepted sea level rise mapping methodology for the
state of California. Local governments can choose whether to use existing sea level rise
tools or to develop their own scenarios and maps. See below for information on scenarios
and modeling outputs generated by existing sea level rise modeling tools.
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Examples of Choosing Scenarios with Existing Sea Level Rise Modeling Tools

For California, there are two primary methods for identifying sea level rise scenarios, based on two
of the currently available SLR mapping tools: CoSMoS (Our Coast Our Future) and Coastal
Resilience Ventura (The Nature Conservancy). The type of tool available for sea level rise mapping
in a planning area can be a deciding factor for which scenarios to use in the analysis. The Coastal
Commission recommends using as many scenarios as necessary to fully analyze the potential
impacts to coastal resources, human health, and safety rather than a specific tool or number of
scenarios. Examples for choosing scenarios based on the tools available are described below.

Example 1: Identify SLR amounts, then relate to likely time period(s) of occurrence

This method involves first examining different amounts of sea level rise and storm events, and
second, looking at the 2018 OPC SLR Guidance projections to determine the range of years during
which those impacts could potentially occur. For example, the Our Coast Our Future CoSMoS-
based tool provides sea level rise maps for 9 different amounts in 25 cm (0.8 ft) intervals, three
different storm scenarios (annual, 20-year, and 100-year), and a king tide scenario. With this tool,
users can first evaluate different amounts of sea level rise and storms, determine how different
amounts of sea level rise and storm situations affect the planning area, and then determine when
the increased water level is likely to occur based on the OPC Guidance projections. The CosMoS
tool is currently available from Point Arena (in Mendocino County) through the Mexico border,
and an expansion throughout the rest of the state is planned for 2018/2019. The NOAA Sea Level
Rise and Coastal Flooding Impacts viewer similarly provides maps for different amounts of sea level
rise (in this case, in 1-ft increments), but does not include impacts from storms, erosion or waves.
A methodology for adding in these additional impacts is described in Appendix B.

Example 2: Choose applicable years, then identify high, intermediate, and low scenarios

For this method, planners pick specific years, determine the range of sea level rise amounts that
could occur by that year, and examine the consequences of three or more sea level rise amounts
within that range. For example, the Coastal Resilience Ventura Tool (The Nature Conservancy)
provides maps showing inundation, flooding, wave impact zone, and erosion risk zones with low,
medium, and high sea level rise scenarios for the years 2030, 2060, and 2100. For local
governments within Ventura County, planners may choose to evaluate scenarios according to the
2030, 2060, and 2100 time periods. The model provides maps for both flooding and erosion.

Expected outcomes from Step 1: Upon completing this step, a range of regionally- or locally-
relevant sea level rise projections for the time periods of concern should be established. Based
on the range of projections, planners will have identified a low, high, and one or more
intermediate projections. These projections are the sea level rise scenarios that will be carried
through the rest of the planning process.
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Step 2 - Identify potential physical sea level rise impacts in LCP planning
area/segment

The next step is to identify the physical hazards and impacts (referred to comprehensively as sea
level rise impacts) associated with current and future sea level. As described in Section C of
Chapter 3 of this Guidance, broad categories of sea level rise impacts may include inundation,
flooding, wave impacts, erosion, and saltwater intrusion. In this step, planners should analyze
these physical impacts and their various sub-components in order to understand current and
future local hazard conditions. The analysis should answer the following basic questions:

o What are the existing hazard conditions that threaten the planning area?
o What is the projected change in hazard conditions due to locally appropriate sea level rise
projections and planning horizons of concern?

This analysis should include the following topics, as applicable:

o Local Water Conditions (See Appendix B for a detailed methodology)
e Current tidal datum® and future inundation

e Water level changes from storm surge, atmospheric pressure, the Pacific Decadal
Oscillation (PDO), the EI Nifio Southern Oscillation (ENSO), and/or other basin-
wide phenomena

e Wave impacts and wave runup, including wave runup from a 100-year storm, and
based on tides, other water level changes, and future beach and bluff erosion

¢ Flooding from extreme events such as storms with intervals greater than 100
years, tsunamis, etc.

o Shoreline change (See Appendix B for more information)

e Current shoreline erosion rates. For future cliff and dune erosion rates, modify
historic erosion rates, to account for the influence of sea level rise (e.g., work by
the Pacific Institute — Heberger et al. 2009; Revell et al. 2011). If possible,
modify long-term beach erosion rates to account for changes in El Nifio
frequency, storm intensity, sediment supply or changing transport conditions.
Analyzing wetland responses to sea level rise may require site-specific analyses
of various physical and biological factors as described in Heberger et al. 2009.

e Sedimentation rates

o Water quality

e Current and future saltwater intrusion areas

30 Tidal datums are based on the latest National Tidal Datum Epoch (NTDE) published by NOAA and are the mean
of the observed sea levels over a 19-year period. The latest published epoch is 1983-2001. This tidal epoch can be
considered equivalent to the year 2000 baseline for the OPC projections.
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e Current and potential future coastal water pollution issues due to inundation of
toxic soils, rising water tables, and increases in nonpoint source pollution

Use existing models, tools, reports, historic records, and other materials (Table 5) to develop or
double check the identified hazard areas. Document the current and future hazard areas in the
Land Use Plan using maps, GIS products, graphics, tables, charts, figures, descriptions, or other
means. This process should be repeated for each planning horizon and/or sea level rise scenario
defined in Step 1.

Expected outcomes from Step 2: Upon completing this step, the potential current and future
impacts to the planning area from sea level rise hazards should be identified based on sea level
rise projections. These should include impacts from the high, low, and intermediate sea level rise
scenarios for the planning horizon(s) of concern. Maps, GIS layers, graphics, figures, charts,
tables, descriptions, or another system should be developed to communicate the impacts of
current and future hazards.

Flooding Extent

_ January 2010 Storm
| January 2010 Storm + 0.5 m SLR (~2050)
B january 2010 Storm + 1.4 m SLR (~2100)

Figure 11. Example of analysis of SLR impacts. Flooding hazards predicted from the CoSMoS hindcast of the January
2010 storm, with and without sea level rise (SLR) scenarios, in the region of Venice and Marina del Rey, CA.
(Source: Barnard et al. 2014).
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Resources for Sea Level Rise Mapping

Table 5 includes a list of sea level rise mapping tools. The tools vary in their complexity: some
are considered “bathtub models,” because they show future inundation with simple rise in sea
level (and no changes to the shoreline caused by other forces). Others include factors like
erosion, storms, and fluvial inputs. These tools provide a useful first look at possible sea level
rise impacts, but may need to be supplemented with additional, site- or topic-specific analyses,
depending on the region. See Appendix B for additional information on determining hazard
impacts and tools for mapping sea level rise.

Table 5. Sea Level Rise Mapping Tools

Tool Description Link
Statewide
Displays potential future sea levels with
a slider bar. Communicates spatial
NOAA Sea Level uncertainty of mapped sea level rise, NOAA Office for Coastal
Rise and Coastal overlays social and economic data onto Management,

Flooding Impacts
Viewer

sea level rise maps, and models potential
marsh migration due to sea level rise.
Maps do not include any influence of
beach or dune erosion.

http://coast.noaa.gov/digitalc
oast/tools/slr

Cal-Adapt —
Exploring
California’s Climate

Represents inundation location and

depth for the San Francisco Bay, the

Sacramento-San Joaquin River Delta

and California coast resulting from

different increments of sea level rise

coupled with extreme storm events.

Incorporates real, time series water
level data from past (near 100 year)
storm events to capture the dynamic
effect of storm surges in modeling
inundation using a three dimensional
hydrodynamic model (per Radke, 2017).

http://cal-adapt.org/sealevel/

Pacific Institute
Sea Level Rise
Maps

Downloadable PDF maps showing the
coastal flood and erosion hazard zones
from the 2009 study. Data are overlaid
on aerial photographs and show major
roads. Also available are an interactive
online map and downloadable maps
showing sea level rise, population and
property at risk, miles of vulnerable
roads and railroads, vulnerable power
plants and wastewater treatment plants,
and wetland migration potential.

http://www.pacinst.org/repor
ts/sea level rise/maps/

For the 2009 report The
Impacts of Sea-Level Rise on
the California Coast visit:
http://pacinst.org/publication
/the-impacts-of-sea-level-
rise-on-the-california-coast/
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Climate Central
Surging Seas

Overlays sea level rise data with socio-
economic information and ability to
analyze property values, population,
socio-economic status, ethnicity, and
income or areas at risk. Can compare
exposure across the state or a county.

http://sealevel.climatecentral
.org/ssrf/california

Coastal Storm
Modeling System

Currently available for Point Arena to
the Mexico border, with a statewide
expansion anticipated in 2018/2019.
The Coastal Storm Modeling System
(CoSMoS) is a dynamic modeling

(CoSMoS); tool

hosted by Our
Coast Our Future

approach that allows detailed
predictions of coastal flooding due to

https://walrus.wr.usgs.gov/co
astal processes/cosmos/

http://data.pointblue.org/app

both future sea level rise and storms,

s/ocof/cms/

and integrated with long-term coastal
evolution (i.e., beach changes and
cliff/bluff retreat)

TNC Coastal
Resilience

An online mapping tool showing
potential impacts from sea level rise
and coastal hazards designed to help
communities develop and implement
solutions that incorporate ecosystem-
based adaptation approaches. Available
statewide with more detailed modelling
for Monterey Bay, Santa Barbara,
Ventura, and Santa Monica.

http://maps.coastalresilience.

org/california/

Humboldt Bay Sea
Level Rise
Adaptation Project

This project is a multi-phased, regional
collaboration. Phase | produced the
Humboldt Bay Shoreline Inventory,
Mapping, and Sea Level Rise
Vulnerability Assessment which describes
current shoreline conditions and
vulnerabilities under the current tidal
regime. Phase Il included hydrodynamic
modeling to develop vulnerability maps
of areas surrounding Humboldt Bay
vulnerable to inundation from existing
and future sea levels. Phase Il produced
the Humboldt Bay Sea Level Rise
Modeling Inundation Mapping Report
and the Humboldt Bay Sea Level Rise
Conceptual Groundwater Model.

All reports are available at:

http://humboldtbay.org/hum
boldt-bay-sea-level-rise-
adaptation-planning-project
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Step 3 — Assess potential risks from sea level rise to coastal resources and
development in LCP planning area/segment

After sea level rise impacts are identified and mapped in Step 2, the next Step is to determine
whether sea level rise poses any risks, or potential problems, for coastal resources and
development in the LCP planning area (refer to Chapter 4 for a description of the potential
consequences of sea level rise for coastal resources). Next, assess whether the LCP planning
area’s current and planned land uses are appropriate or consistent with Coastal Act or LCP
policies given those impacts, or if those land uses should be revised. This step requires an
understanding of several characteristics of the coastal resources and development typically found
within various land use types. (Much of this information can be produced in a vulnerability
assessment, an analysis that is commonly conducted in the planning and climate change
adaptation field. See Appendix C for a list of recent sea level rise vulnerability assessments.)
Account for potential impacts to vulnerable, low-income communities and consider coastal
development and resources, including but not limited to:

e Existing and planned development

e Coastal-dependent development and uses such as harbors, wharfs, ports, marinas, and
commercial and recreational fishing areas and facilities

e Critical infrastructure® such as wastewater treatment plants, transportation infrastructure,
and some power plants and energy transmission infrastructure

e Public accessways, beaches and other recreation areas, and the California Coastal Trail
e State Highway 1, 101, and other state and local roads that provide access to the coast

e Wetlands, environmentally sensitive habitat area (ESHA), and other coastal habitats and
sensitive species

e Agricultural areas
e Cultural sites and archaeological or paleontological resources
e Visitor-serving development and uses

Conduct the following tasks for each planning horizon (e.g., the years 2030, 2050, and 2100, or
other planning horizons):

1. For the planning horizon of interest, determine what development and coastal resources
may be subjected to the sea level rise impacts expected for that time period. Map the
coastal resources and development that lie within the sea level rise impact areas for the
given time period. (Remember to address the wide range of resources listed above,
including both natural resources and development.)

%1 Critical infrastructure can vary widely from community to community. For planning purposes, a jurisdiction
should determine criticality based on the relative importance of its various assets for the delivery of vital services,
the protection of special populations, and other important functions.
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2. Determine if sea level rise impacts are a problem or benefit for each resource, and if so,
when and to what degree the resource will be impacted. In some instances, sea level rise
may result in the creation of new habitat areas that could help to alleviate impacts from
the loss of similar habitat in other locations. However, it is more likely, especially in
heavily urbanized areas, that sea level rise will result in a net loss of habitat unless steps
are taken to preserve these systems.

To accomplish this, consider a wide range of characteristics of each resource, including
the following. The questions listed under each characteristic might help guide the
consideration of each of these characteristics. These questions are meant to be
suggestions rather than a standardized approach, and planners may use scientific
literature, best professional judgment, or a variety of other resources to gain a conceptual
understanding of the important resources and vulnerabilities in their jurisdictions.

a. Exposure. Will sea level rise impacts affect the resource/development at all?

I. Are coastal resources and community assets exposed to sea level rise
impacts?

ii. Is the resource already exposed to hazards such as waves, flooding,
erosion, or saltwater intrusion? If it is, will sea level rise increase hazard
exposure?

b. Sensitivity. If resources are exposed, to what degree will coastal
resources/development be affected by sea level rise impacts? A simple way to
think about this concept is to consider how easily affected the resource or
development is in regard to sea level rise impacts.

i. How quickly will the resource respond to the impact from sea level rise?

ii. Will the resource/development be harmed if environmental conditions
change just a small amount? What are the physical characteristics of
resource/asset (e.g., geology, soil characteristics, hydrology, coastal
geomorphology, topography, bathymetry, land cover, land use)? Do any of
those characteristics make the resource especially sensitive?

iii. Are there thresholds or tipping points beyond which sensitivity to sea level
rise increases?

c. Adaptive Capacity. How easily can the resource successfully adapt to sea level
rise impacts?

i.  How well can the resource/development accommodate changes in sea
level?

ii. s rate of change faster than the ability of the resource/development to
adapt?

iii.  How easily can development be modified to cope with flooding,
inundation, and/or erosion? Can structures be elevated or relocated?
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iv.  Are there adaptation efforts already underway? Are there any factors
that limit the success of adaptation efforts?

v. Do beaches, wetlands and other coastal habitats have room to migrate
inland? What is the overall health of existing wetlands and coastal
habitats?

vi.  Are there any other climate change-related impacts to consider? Are
there any non-climate stressors that could impair ability to adapt to sea

level rise?
vii. Is there potential for habitat creation as a result of sea level rise?
viii.  What are the options to protect, redesign (e.g., elevate), or relocate

inland any existing public accessways, recreational beaches, and
segments of the Coastal Trail to cope with rising sea levels? Is lateral
access compromised with sea level rise?

d. Consequences. When sea level rise and/or sea level rise adaptation measures
have impact(s) upon a resource, what are the economic, ecological, social,
cultural, and legal consequences?

i. How severely could each resource be affected? At what scale?
ii. Are there cumulative consequences?
iii. Are there ripple effects, or secondary consequences to consider?
iv.  Will human responses cause further adverse impacts?

e. Land Use Constraints. Given the location of sea level rise impacts and the
resources currently located in those areas, should the types and intensities of land
use be altered to minimize hazards and protect coastal resources?

i. What is the current pattern of development? Is the area largely developed
or does it have significant areas of undeveloped land?

ii. Is the area served by infrastructure that is vulnerable to sea level rise
impacts?

iii. Are large areas of land under common ownership or is land mostly
subdivided into smaller lots in separate ownership?

iv. What conditions does the land use type, development, or resource require
to either exist or fulfill its intended purpose?

v. Is it a coastal-dependent use? What is its ideal proximity to the coast?

vi. For new development, what is the expected lifespan? Is it economically
feasible to locate it in a sea level rise impact area for a certain period of
time before it is removed or relocated?

vii. For existing development, what are the options available to minimize
hazards to the development and protect coastal resources? Note that in
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certain situations, the Coastal Act allows existing structures to be
protected (Coastal Act Section 30235). What are the coastal resource
impacts of such protection, and are there feasible alternatives that avoid
shoreline armoring, such as options to provide incentives to property
owners to relocate or remove at-risk structures?

viii. For a natural resource or habitat, what conditions does it require to persist?

ix. Where would resources/development ideally be located after sea level rise
causes environmental conditions to shift?

X. What changes to existing LCP requirements or other land use restrictions
are necessary to maximize opportunities for avoiding hazards or relocating
threatened existing development?

After going through the questions listed above, and others that may be relevant to the planning
exercise, synthesize the information and determine where sea level rise impacts currently pose
problems for coastal resources, what problems may develop over time as sea level rises, and how
urgent the problems are. Create maps illustrating the location and extent of vulnerable land uses,
such as critical facilities, wastewater infrastructure, and State Highway 1 and other coastal access
roadways. This information can also be summarized in narrative form. The analysis should
identify resources and development likely to be impacted by sea level rise at various periods in
the future, and thus the issues that need to be resolved in the LCP planning process.

Remember that these assessments are not static; existing risks will change and new risks will
arise with changes in a community, the emergence of new threats, new information, and the
implementation of adaptation actions. For this reason, the analysis should be updated as needed
to reflect changes in sea level rise projections, changes in land use patterns, or new threats.

Expected outcomes from Step 3: Descriptions of the characteristics that influence risk,
including exposure, sensitivity, and adaptive capacity of each coastal resource to sea level rise
impacts under each sea level rise scenario identified in Step 1 at the selected planning horizons,
along with the expected consequences of those impacts for the resource and broader community.
Maps of resources and/or land uses at risk could be produced.
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Example for Step 3

To illustrate the process described in Step 3, consider a hypothetical planning area that includes
multiple coastal resources and land use types, including a coastal wetland, bluff-top residential
development with a fronting beach, and a wastewater treatment facility, that need to be addressed
in the planning process. After Steps 1 and 2, portions of the planning area are found to be subject to
current and future sea level rise impacts.

Step 3.1: Map the coastal resources (in this case the wetland, development, and wastewater
treatment facility) for the range of time periods and sea level rise projections.

Step 3.2
a. Exposure

o Wetland: The wetland is highly exposed to flooding and inundation from sea level rise.
By the year 2030, portions of the wetland will trap sediment at a rate such that the
elevation keeps pace with sea level rise. By 2050, a portion of the wetland will become
inundated and converted to open water, and by 2100 the entire area will be converted
to open water. The wetland will be completely lost by this time period if it is not able to
move inland.

e Bluff-top Residential Development: Houses in the residential development are not
exposed to sea level rise impacts in 2030. However, a high rate of retreat along the
fronting beach and bluff will put front-line houses in danger of being undermined by the
year 2050, and the entire development may be lost by 2100.

o Wastewater Treatment Facility: Given that the wastewater treatment plant is set back
somewhat from the water, it will not be exposed to impacts from sea level rise until
2050. By 2050, however, portions of the infrastructure will be exposed to impacts from
elevated water levels due to 100-year storm events and El Niflo occurrences. By 2100,
significant portions of the facility will be exposed to flooding as the surrounding area is
eroded and inundated.

b. Sensitivity

e Wetland: The wetland has high sensitivity to changes in sea level because its functioning
is highly-dependent on local physical parameters such as water flow, tidal fluctuation,
sediment supply, and water quality. Although it currently has good sediment supply,
good water quality, and a number of other characteristics, small changes in sea level rise
by 2050 may alter the function of the wetland. In addition, there are concerns that
beyond 2050 the wetland will not be able to keep up with accelerated sea level rise,
thus increasing sensitivity to further changes in sea level.

e Bluff-top Residential Development: The residential development has moderate to high
sensitivity to longer-term sea level rise changes. By 2050, the front-line houses will no
longer be safe enough for occupancy. Moreover, infrastructure such as roads, sewage
systems, and power networks may be damaged as the bluff-face erodes.

o Wastewater Treatment Facility: The facility is moderately sensitive to sea level rise.
Flooding and erosion from sea level rise could cause damage of the facility, pumps and
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other equipment, but the facility was initially built to withstand a high degree of storm
and related impacts.

c. Adaptive Capacity

Wetland: Unlike many wetlands in the State of California, this particular wetland has a
moderate-high adaptive capacity because it has the ability to both accumulate sediment
and grow upwards, and, given that the land upland of the wetland is preserved as open
space, it can migrate inland. However, by 2050, a part or all of the existing wetland area
could be converted to open water if the wetland is not able to migrate inland or
accumulate sediment at a rate that keeps pace with sea level rise. In this case, for
example, a public trail will need to be relocated to allow inland migration of the new
intertidal zone. Additionally, adaptive capacity may be reduced if pollution increases
(e.g., as a result of damage to adjacent development) and disrupts the normal
functioning of the wetland.

Bluff-top Residential Development: The residential development has a moderate
adaptive capacity. As houses become threatened over time, a scenario of managed
retreat would allow houses to be removed incrementally and eventually be relocated to
safer areas. The feasibility of managed retreat can depend upon lot sizes, ownership
patterns, land use restrictions in the safer areas, and the availability of public or private
financing. In addition, a protective structure such as a seawall would minimize threats to
the residence due to erosion, though if the development is protected by shoreline
structures, the fronting beach will eventually be lost.

Wastewater Treatment Facility: The wastewater treatment facility has a very low
adaptive capacity. It is large and has expensive infrastructure so it cannot be elevated,
and relocation is costly and difficult. In order to be protected in its current location, new
structures will need to be built.

d. Consequences

Wetland: In many situations, the loss of wetland area is a high risk since wetlands
provide flood protection, water quality enhancement, and essential habitat for fish and
bird species. However, in this case, wetland migration is not restricted by inland
development, so the risks for this wetland are slight to moderate, depending upon the
suitability of the inland area for establishment of wetland plants and potential changes
in water temperature and water quality. In the short term, the wetland will likely
continue to function at normal levels. However, if it eventually can’t keep up with sea
level rise or if there are barriers to migration, loss of the habitat will result in a loss of
important ecosystem services.

Bluff-top Residential Development: The housing development has medium to high risk
through 2100. The option to either relocate houses or protect them with a seawall
means that they could continue to exist. Importantly, a system of managed retreat will
allow for the continued existence of the fronting beach and all of its social, economic,
and environmental benefits, whereas the construction of a seawall will result in the loss
of the beach and these benefits.
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Wastewater Treatment Facility: Given its low adaptive capacity and high sensitivity to
higher levels of sea level rise, the wastewater treatment facility is at high risk. Loss or
damage to the facility could result in serious social, economic, and environmental
consequences. Flooding of the facility and surrounding areas will cause damage to
infrastructure and loss of facility function. This could lead to discharge of untreated
sewage, which would have adverse impacts to water quality and could impair the health
of nearshore ecosystems. Sea level rise could also cause outflow pipes to back up with
seawater, leading to inland flooding and additional water quality problems. However,
efforts to protect the structure may have unintended consequences including loss of
surrounding habitat areas.

e. Land Use Constraints (discussed further in Step 4)

Wetland: The high adaptive capacity of the wetland means that minimizing risk to this
resource may be accomplished by ensuring that there is space available for it to move
into. Land use policies designed to protect areas inland of the current wetland area will
be necessary.

Bluff-top Residential Development: The area in question will eventually become
incompatible with the current use. Development will not begin to be exposed to sea
level rise impacts until 2050, but it is important to start planning now about how best to
address the risks to the houses. Managed retreat would necessitate identifying feasible
locations into which houses could be moved or a plan to abandon and remove houses.
Such a plan might include a Transfer of Development Rights program in which homes
are encouraged in less hazardous areas. If a managed retreat strategy is not in place,
existing structures may qualify for shoreline protection. Shoreline protection would
likely exacerbate beach erosion, degrade public access, impair shoreline habitat, and
alter visual character.

Wastewater Treatment Facility: The biggest risk in this scenario is to the wastewater
treatment facility. It should be determined how likely it is that the facility will be able to
be protected throughout the rest of its expected lifespan under even the highest sea
level rise scenarios. It may be that the wastewater treatment facility becomes an
incompatible use under future conditions. If so, plans should be made to relocate at-risk
portions of the facility, as feasible, or to phase out the facility.

Note that this is a simplified example used to demonstrate the process described in Step 3.
Decisions about how to address various challenges presented by sea level rise will be more complex
than those illustrated above and may require prioritizing the different resources based on Coastal
Act requirements taking into account the goals and circumstances of the community and the
various characteristics of each resource. An understanding of the exposure, sensitivity, adaptive
capacity, consequences, and land use constraints for the particular resources and scenarios will
need to be kept in mind as planners move into Step 4 to identify possible adaptation strategies.
Updated LCP policies and ordinances should be considered to support strategy implementation
over the long term.
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Step 4 - Identify LCP adaptation strategies to minimize risks

Whether as part of a new LCP or as part of an amendment to update an existing LCP, coastal
planners should work with the Coastal Commission and relevant stakeholders at all steps, but
particularly to evaluate potential options and adaptation strategies to address the sea level rise
impacts identified in Step 2 and the risks to coastal resources identified in Step 3. Planners will
then develop new or revised land use designations, policies, standards, or ordinances to
implement the adaptation strategies in the LCP.

An LCP as certified by the Commission should already have land use policies, standards, and
ordinances to implement Coastal Act Chapter 3 policies, including policies to avoid and mitigate
hazards, and to protect coastal resources. However, in older LCPs, many of these policies may
not address changing conditions adequately enough to protect coastal resources over time as sea
level rises. Similarly, policies to protect resources and address coastal hazards may not reflect
new techniques that can be utilized to adaptively manage coastal resources in a dynamic
environment. As such, the LCP should be evaluated to identify the land use designations,
policies, or ordinances that need to be amended. An LCP update may need to include a variety of
adaptation measures depending on the nature and location of the vulnerability. In addition, local
governments may need to add new “programmatic” changes to address sea level rise, such as
transfer of development credit programs, regional sediment management programs, or a land
acquisition program.

In Steps 1-3, planners will have analyzed several possible sea level rise scenarios, and this
analysis will have revealed valuable information about areas and specific coastal resources that
are especially vulnerable to sea level rise hazards under possible scenarios. The results should
show areas that are particularly resilient to future change and trigger points at which sea level
hazards will become particularly relevant to certain areas. Step 3d (identifying the Consequences
of sea level rise impacts) and Step 3e (considering the Land use constraints) will be particularly
useful in thinking through what resources are particularly vulnerable and what the local priorities
may be.

In Step 4, planners should weigh information from the previous steps, keeping in mind the
hazard avoidance and resource protection policies of the Coastal Act, and begin identifying,
choosing, and/or developing adaptation strategies to be included in a new or updated LCP. The
options available to minimize risks from sea level rise are dependent upon the specifics of the
local community, and will vary widely depending on whether the area is an urban, fully-
developed waterfront, or a rural, undeveloped coastline. In undeveloped areas, the options may
be clear: strictly limit new development in sea level rise hazard zones.

However, in urban areas, sea level rise can present unprecedented challenges, and the options are
less clear. The Coastal Act allows for protection of certain existing structures. However,
armoring can pose significant impacts to coastal resources. To minimize impacts, innovative,
cutting-edge solutions will be needed, such as the use of living shorelines to protect existing
infrastructure, restrictions on redevelopment of properties in hazardous areas, managed retreat,
partnerships with land trust organizations to convert at risk areas to open space, or transfer of
development rights programs. Strategies will need to be tailored to the specific needs of each
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community based on the resources at risk, should be evaluated for resulting impacts to coastal
resources, and should be developed through a public process, in close consultation with the
Coastal Commission and in line with the Coastal Act.

Adaptation strategies should be selected based upon the local conditions, the results of the
scenario-based analysis, and Coastal Act requirements, taking into account the particular goals of
the local community. If certain adaptation strategies should be implemented when conditions
reach pre-identified trigger points, those caveats should be included in the LCP. Similarly, LCP
adaptation policies should be developed and implemented in such a way as to be flexible and
adaptive enough that they can be changed or updated as conditions change or if sea level rise
impacts are significantly different than anticipated. Additionally, many adaptation strategies
should be implemented in a coordinated way through both the LCP and individual CDPs. For
example, current land uses that will conflict with future conditions may be amended through
updated zoning designations in an LCP. In turn, zoning designations could carry out specific
policies or requirements regarding new development or redevelopment that need to be addressed
in a CDP to ensure that projects are resilient over time. Planners are encouraged to work with
Coastal Commission staff to ensure compliance with the Coastal Act and to coordinate and share
information with other local partners including those in charge of emergency management, law
enforcement, and related services, and those identified in Figure 10 as applicable and feasible.

A key issue that should be addressed in the LCP is the evaluation of strategies to minimize
hazards related to existing development. Under the Coastal Act, certain improvements and
repairs to existing development are exempt from CDP requirements. Non-exempt improvements
and any repairs that involve the replacement of 50% or more of a structure, however, generally
require a CDP and must conform to the standards of the relevant Local Coastal Program or
Coastal Act.*? Redevelopment, therefore, should minimize hazards from sea level rise. For
existing structures currently sited in at-risk locations, the process of redeveloping the structure
may require the structure to be moved or modified to ensure that the structure and coastal
resources are not at risk due to impacts from sea level rise. As described in Guiding Principle 6,
sequential renovation or replacement of small portions of existing development should be
considered in total. LCPs should include policies that specify that multiple smaller renovations
that amount to alteration of 50% or more of the original structure should require a Coastal
Development Permit, and require that the entire structure to be brought into conformance with
the standards of the Local Coastal Program or Coastal Act.*

%2 Section § 13252(b) of the Commission’s regulations states that “unless destroyed by natural disaster, the
replacement of 50 percent or more of a single family residence, seawall, revetment, bluff retaining wall, breakwater,
groin or any other structure is not repair and maintenance under Coastal Act Section 30610(d) but instead constitutes
a replacement structure requiring a Coastal Development Permit.”

% In addition, for existing structures located between the first public road and the sea or within 300 feet of the inland
extent of a beach, improvements that increase the height or internal floor area by more than 10% normally require a
CDP. (Cal. Code Regs., tit. 14, §§13250(b)(4), 13253(b)(4).) Depending upon the location of the structure, smaller
improvements may also require a CDP. (Cal. Code Regs., tit. 14, 8§ 13250(b), 13253(b).)
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General Adaptation Strategies:

Chapter 7 describes a number of adaptation policies and strategies and is organized by resource
type to allow users to easily identify the types of policies that may be relevant to local resource
vulnerabilities. However, there are a number of adaption strategies or related actions that apply
to a variety of resources or that may be generally useful when adopting or updating an LCP.
Some of these adaptation strategies and actions are broadly described below.

o Update resource inventory and maps: An important first step for addressing sea level
rise hazards and vulnerabilities in a new or updated LCP will be to compile a set of maps
that clearly show the current locations of the range of coastal resources present in an LCP
jurisdiction (e.g., beaches and public accessways; agricultural land, wetlands, ESHA, and
other coastal habitats; energy, wastewater, transportation, and other critical infrastructure;
and archaeological and paleontological resources), as well as existing land use
designations, and hazard areas. It may also be helpful to map possible future conditions
based on the analysis done in Steps 1-3. Doing so will help planners begin to identify
possible land use and zoning changes and other adaptation strategies that will be
necessary to meet hazard avoidance and resource protection goals.

o Update land use designations and zoning ordinances: One of the most common
methods of regulating land use is through zoning designations and ordinances, and
updating these policies is one of the most fundamental ways of responding to sea level
rise impacts. Planners may address particular vulnerabilities and local priorities by
updating land use designations and zoning ordinances to protect specific areas and/or
resources. For example, areas that are particularly vulnerable to sea level rise impacts can
be designated as hazard zones and specific regulations can be used to limit new
development and/or to encourage removal of existing development in such zones.
Similarly, open areas can be designated as conservation zones in order to protect and
provide upland areas for wetland and habitat migration or for additional agricultural land.

o Update siting and design standards: Updated siting and design standards may go hand
in hand with updated land use designations and zoning ordinances in that specific
standards may be required for development or projects in certain zones. For example,
development in hazard zones may require additional setbacks, limits for first floor
habitable space, innovative stormwater management systems, special flood protection
measures, mitigation measures for unavoidable impacts, relocation and removal triggers
and methodologies, and so on.

o Establish methods to monitor local changes from sea level rise: Add policies that
establish actions to conduct long-term sea level rise monitoring and research on areas of
key uncertainties, areas sensitive to small changes in sea level rise, or areas with high sea
level rise risk.

o Research and data collection: Support research to address key data gaps and better
utilize existing information. Local governments may find it useful to collaborate with
local, regional, and state partners to pursue new research to better understand the factors
controlling sea level rise, baseline shoreline conditions, ecosystem responses to sea level
rise, potential impacts and vulnerabilities, and the efficacy of adaptation tools. Related
efforts may include monitoring programs designed to track trends in local shoreline
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change, flooding extent and frequency, or water quality. Monitoring of the results of
various adaptation strategies and protective structures could be included as part of a
Coastal Development Permit for projects in hazard zones.

o Outreach and education: Education and outreach efforts involve formal instruction and
provision of information to stakeholders, and can help generate support for planning and
action implementation. It is important to coordinate with partners and include all relevant
stakeholders in these processes, particularly those that are typically isolated, such as low-
income or underserved communities. For many people, sea level rise is a new issue.
Information on sea level rise science and potential consequences may motivate
stakeholders to take an active role in updating the LCP for sea level rise issues, or in the
vulnerability and risk assessment efforts. Additionally, education efforts regarding the
risks of sea level rise as well as possible adaptation strategies may encourage people to
take proactive steps to retrofit their homes to be more resilient or to choose to build in
less hazardous areas.

As stated above, a more extensive and detailed list of possible adaptation strategies can be found
in Chapter 7. The list should neither be considered a checklist from which all options need to be
added to an LCP, nor is it an exhaustive list of all possible adaptation strategies. Sea level rise
adaptation is still an evolving field and decision makers will need to be innovative and flexible to
respond to changing conditions, new science, and new adaptation opportunities. The important
point is to analyze current and future risks from sea level rise, determine local priorities and
goals for protection of coastal resources and development, and identify what land use
designations, zoning ordinances, and other adaptation strategies can be used to meet those goals
within the context of the Coastal Act.

Expected outcomes from Step 4: Identified sections of the LCP that need to be updated, a list of
adaptation measures applicable to the LCP, and new policies and ordinances to implement the
adaptation measures.

Step 5 — Draft updated or new LCP for certification with the Coastal Commission

Once potential adaptation strategies have been identified, LCP policies that address sea level rise
should be incorporated into a new LCP or LCP amendment. For jurisdictions with a certified
LCP, adaptation measures will be implemented through development of amendments to the
certified LCPs. For jurisdictions that currently do not have a certified LCP, the sea level rise
policies will be part of the development of a new LCP. In areas without a certified LCP, the
Coastal Commission generally retains permitting authority, and the standard of review for
development is generally Chapter 3 of the California Coastal Act.

As noted in Step 4, sea level rise has the potential to affect many types of coastal resources in an
LCP planning area/segment, and it is likely that policies throughout the LCP will need to be
revised or developed to address impacts from sea level rise. Two major types of updates to the
LCP will likely be needed to address sea level rise:
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1. New or revised policies/ordinances that apply to all development in the planning area.
For example, policies such as “All new development shall be sited and designed to
minimize risks from sea level rise over the life of the structure.”

2. Updated land use and zoning designations, as well as programs to facilitate adaptive
community responses, to reduce risks to specific coastal resources. For example, the LCP
could modify the zoning of undeveloped land located upland of wetlands from residential
to open space in order to provide the opportunity for wetlands to migrate inland, and
protect wetlands for the future.

Local government staff should work closely with Coastal Commission staff and relevant
stakeholders, including ensuring there is opportunity for public input, to develop the new LCP or
LCP amendments. Once the updates and plans are complete, local governments will submit to
the Commission for certification. The Commission may either certify or deny the LCP or LCP
amendment as submitted, or it may suggest modifications. If the Commission adopts suggested
modifications, the local government may adopt the modifications for certification or refuse the
modifications and resubmit a revised LCP for additional Commission review. For more
information on updating LCPs, see https://www.coastal.ca.gov/rflg/.

Expected outcomes from Step 5: Certified/updated LCP with policies and land use designations
that address sea level rise and related hazards and ensure protection of coastal resources to the
maximum extent feasible.

Step 6 — Implement LCP and monitor and revise as needed

Upon certification of the updated LCP, sea level rise adaptation strategies will be
implemented through the certified implementing ordinances and related processes and
actions (e.g., local review of CDPs, proactive action plans). Additionally, an important
component of successful adaptation is to secure funds for implementation, regularly
monitor progress and results, and update any policies and approaches as needed. Sea
level rise projections should be re-evaluated and updated as necessary.

o Secure resources for implementation: There are a number of different sources of funds
available to help local governments implement adaptation strategies. For example, the
Coastal Commission, the Ocean Protection Council, and the Coastal Conservancy have
grant programs designed to support local adaptation efforts (see Chapter 1 for additional
details on each of these programs).

As described previously there may also be overlap between LCP planning and Local
Hazard Mitigation planning. FEMA’s Hazard Mitigation Assistance (HMA) grant
programs provide significant opportunities to reduce or eliminate potential losses to State,
Indian Tribal government, and local assets through hazard mitigation planning and
project grant funding. Currently, there are three programs: the Hazard Mitigation Grant
Program (HMGP); Pre-Disaster Mitigation (PDM); and Flood Mitigation Assistance

Chapter 5: Addressing Sea Level Rise in LCPs 93


https://www.coastal.ca.gov/rflg/
https://www.fema.gov/site-page/hazard-mitigation-grant-program-hmgp
https://www.fema.gov/site-page/hazard-mitigation-grant-program-hmgp
https://www.fema.gov/site-page/pre-disaster-mitigation-grant-program
https://www.fema.gov/site-page/flood-mitigation-assistance-fma-program

California Coastal Commission Sea Level Rise Policy Guidance
Draft Science Update, July 2018

(FMA)**. Cal OES administers the HMA and FMA programs. More information can be
found at http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-
technical-support/404-hazard-mitigation-grant-program or the FEMA HMA Web site at
https://www.fema.gov/hazard-mitigation-assistance.

A list compiled by Cal OES of additional funding options for hazard mitigation can be
found in Appendix E. The Commission recognizes that funding opportunities are
constantly evolving, that demand for funding is increasing, and that there is a significant
need for the development of additional funding opportunities.

o ldentify key resources to monitor: Certain species can be indicators of whether sea
level rise is affecting an ecosystem. For instance, the presence of certain plant species can
indicate the salinity of soils. Also, monitoring plans should reflect the outcome of the
scenario-based analysis of sea level rise. Some adaptation measures might be earmarked
for implementation when a certain amount of sea level rise (or a particular sea level rise
impact) occurs. Monitoring programs should ensure that these triggers are recognized and
responded to at the appropriate time.

o Periodically Update LCPs: Local governments should try to review their vulnerability
and risk assessments on a regular basis as significant new scientific information becomes
available and propose amendments as appropriate. Given the evolving nature of sea level
rise science, policies may need to be updated as major scientific advancements are made,
changing what is considered the best available science. Modify the current and future
hazard areas on a five to ten year basis or as necessary to allow for the incorporation of
new sea level rise science, monitoring results, and information on coastal conditions.
Regular evaluation of LCPs is important to make sure policies and adaptation strategies
are effective in reducing impacts from sea level rise.

Expected outcomes from Step 6: Plan to monitor the LCP planning area for sea level rise and
other impacts and for effectiveness of various adaptation strategies that are implemented; plan
to revise the LCP when conditions change or science is updated.

This six-step process discussed in this chapter is illustrated in the flowchart below (Figure 12).
Notice that the process is circular. Because sea level rise science will be refined and updated in
the future, planners should periodically repeat this six-step process to update and improve their
LCPs.

For additional resources and examples of ways to incorporate sea level rise into the LCP, see
Appendix C.

3¢ Each HMA program was authorized by separate legislative action, and as such, each program differs slightly in
scope and intent.
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Planning Process for Local Coastal Programs and Other Plans

1. Choose range of sea-level rise

projections relevant to LCP
planning area/segment

Use range of SLR scenarios based on
best available science (e.g. 2018 OPC
SLR Guidance).

Modify projections to incorporate
local vertical land motion and
planning horizon if needed.

6. Monitor and revise as needed

Establish indicators for measuring
progress; track indicators and
make changes to measures if
needed.

Assess best available science on
SLR every 5 years and update as
needed.

5. Develop or update LCP and

certify with California Coastal
Commission

Work with CCC staff to update LCPs
as needed and to develop sea-level
rise policies and implementing
ordinances.

Submit new or updated LCP for
approval by the CCC, and, once

certified, implement

4, Identify adaptation measures
and LCP policy options

Identify strategies to address the issues
identified in Step 3, such as revised
land use designations, policies, and
standards; building codes; and other
implementing ordinances.

2. Identify potential sea-level rise
impacts in LCP planning
areafsegment

Identify current and future SLR
impacts and related hazards.
Includes assessment of current and
future:

* Submerged and intertidal lands;
* Cliff and beach erosion;

* Flood zones and wave impacts;
+ Saltwater intrusion;

&Coastal water pollution issues /

3. Assess risks to coastal

resources and development in
planning area

Rate and describe the exposure,
sensitivity, and adaptive capacity of
each coastal resource.

Assess consequences of SLR impacts
upon those resources.

Identify land use planning options
@d constraints for each resource. /

e

Figure 12. Flowchart for addressing sea level rise in Local Coastal Programs and other plans
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evelopment in the coastal zone generally requires a Coastal Development Permit

(CDP).*® In areas of retained jurisdiction and areas without a certified Local Coastal

Program (LCP), the Commission is generally responsible for reviewing the consistency
of CDP applications with the policies of Chapter 3 of the Coastal Act (Public Resources Code
Sections 30200-30265.5).%° In areas with a certified LCP, the local government is responsible for
reviewing the compliance of CDP applications with the requirements of the certified LCP and,
where applicable, the public access and recreation policies of the Coastal Act. Certain local
government actions on CDP applications are appealable to the Commission. On appeal, the
Commission also applies the policies of the certified LCP and applicable public access and
recreation policies of the Coastal Act.*” The Commission and local governments may require
changes to the project or other mitigation measures in order to assure compliance with Coastal
Act policies or LCP requirements by both minimizing risks to the development from coastal
hazards and avoiding impacts to coastal resources.

The Coastal Act, the LCP, and the CDP Application cover the broad range of information and
analyses that must be addressed in a CDP application. This CDP guidance focuses only on
sea level rise and those conditions or circumstances that might change as a result of
changing sea level. It does not address other Coastal Act or LCP requirements.

Adopting or updating LCPs as recommended in this Guidance should facilitate subsequent
review of CDPs. LCPs can identify areas where close review of sea level rise concerns is
necessary and where it is not. If kept up to date, they can also provide information for evaluation
at the permit stage and specify appropriate mitigation measures for CDPs to incorporate.

Sea level rise will be important for some, but not all, of the projects reviewed through the CDP
process. Locations currently subject to inundation, flooding, wave impacts, erosion, or saltwater
intrusion will be exposed to increased risks from these coastal hazards with rising sea level and
will require review for sea level rise effects. Locations close to or hydraulically connected to
these at-risk locations, will themselves be at risk as sea level rises and increases the inland extent

% Coastal Act Section 30106 defines "Development” to be, “on land, in or under water, the placement or erection of
any solid material or structure; discharge or disposal of any dredged material or of any gaseous, liquid, solid, or
thermal waste; grading, removing, dredging, mining, or extraction of any materials; change in the density or
intensity of use of land, including, but not limited to, subdivision pursuant to the Subdivision Map Act (commencing
with Section 66410 of the Government Code), and any other division of land, including lot splits, except where the
land division is brought about in connection with the purchase of such land by a public agency for public
recreational use; change in the intensity of use of water, or of access thereto; construction, reconstruction,
demolition, or alteration of the size of any structure, including any facility of any private, public, or municipal
utility; and the removal or harvesting of major vegetation other than for agricultural purposes, kelp harvesting, and
timber operations which are in accordance with a timber harvesting plan submitted pursuant to the provisions of the
Z'berg-Nejedly Forest Practice Act of 1973 (commencing with Section 4511).”

% The Commission retains CDP jurisdiction below mean high tide and on public trust lands.

%7 Local governments may assume permitting authority even without a fully certified LCP (see Public Resources
Code, 88 30600(b), 30600.5), but only the City of Los Angeles has done so. Any action on a CDP application by a
local government without a fully certified LCP may be appealed to the Commission. (Public Resources Code, §
30602.)
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of these hazards. The following box provides some of the general situations for which sea level
rise will need to be included in the project analysis.

General Situations when sea level rise should be considered in the project analysis
include when the project or planning site is:

e Currently in or adjacent to an identified floodplain

Currently or has been exposed to flooding or erosion from waves or tides

e Currently in a location protected by constructed dikes, levees, bulkheads, or other
flood-control or protective structures

e On or close to a beach, estuary, lagoon, or wetland
e On a coastal bluff with historic evidence of erosion

e Reliant upon shallow wells for water supply

Many of the projects reviewed through the CDP application process already examine sea level
rise as part of the hazards analysis. Such examination will need to continue, and these guidelines
offer direction and support for a thorough examination of sea level rise and its associated impacts
based on current climate science, coastal responses to changing sea level, and consequences of
future changes.

To comply with Coastal Act Section 30253 or the equivalent LCP section, projects will need to
be planned, located, designed, and engineered for the changing water levels and associated
impacts that might occur over the life of the development. In addition, project planning should
anticipate the migration and natural adaptation of coastal resources (beaches, access, wetlands,
etc.) due to future sea level rise conditions in order to avoid future impacts to those resources
from the new development. As LCPs are updated to reflect changing conditions and to
implement sea level rise adaptation strategies, it will be important that CDPs are also conditioned
and approved in ways that similarly emphasize an adaptive approach to addressing sea level rise
hazards. Such coordination between LCP and CDP adaptation policies and strategies will help
ensure that coastal development and resources are resilient over time.
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Steps for Addressing Sea Level Rise in Coastal Development Permits
The steps presented in Figure 13 and described in more detail below, provide general guidance

for addressing sea level rise in the project design and permitting process for those projects where
sea level rise may be contribute to or exacerbate hazards or impact coastal resources.

1. Establish the projected sea level rise range for
the proposed project

2. Determine how sea level rise impacts may
constrain the project site

3. Determine how the project may impact coastal

resources over time, considering sea level rise

4. Identify project alternatives to both avoid
resource impacts and minimize risks to the project

5. Finalize project design and submit permit
application

Figure 13. Process for addressing sea level rise in Coastal Development Permits

The goal of these steps is to ensure that projects are designed and built in a way that minimizes
risks to the development and avoids impacts to coastal resources in light of current conditions
and the changes that may arise over the life of the project. Many project sites and proposed
projects may raise issues not specifically contemplated by the following guidance steps or the
permit filing checklist at the end of this section. It remains the responsibility of the project
applicant to adequately address these situations so that consistency with the Coastal Act and/or
LCP may be fully evaluated. There are many ways to evaluate and minimize the risks associated
with sea level rise, and the Commission understands that different types of analyses and actions
will be appropriate depending on the type of project or planning effort.

Throughout the CDP analysis, applicants are advised to contact planning staff (either at the
Commission or the local government, whichever is appropriate) to discuss the proposed project,
project site, and possible resource or hazard concerns. The extent and frequency of staff
coordination may vary with the scale of the proposed project and the constraints of the proposed
project site. Larger projects and more constrained sites will likely necessitate greater
coordination with local government and Commission staff.
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Use scenario-based analysis

This process recommends using various sea level rise scenarios for the analysis of possible
resource changes and site risks associated with sea level rise. Given the uncertainty about the
magnitude and timing of future sea level rise, a scenario-based analysis will examine the
consequences of a range of situations rather than basing project planning and design upon one
sea level rise projection.

One approach for scenario-based analysis is to start with the highest possible sea level rise. If a
developable area can be identified that has no long-term resource impacts, and is at no or low-
risk from inundation, flooding, and erosion, then there may be no benefit to undertaking
additional analysis for sea level rise and the project can continue with the rest of the analyses that
are part of the Coastal Act or LCP (such as impacts to coastal habitats, public access, and scenic
and visual qualities, and other issues unrelated to se