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Sea level rise and its potential impacts on coastal resources and development are important topics
that should be addressed in Local Coastal Program (LCP) updates and new LCPs. The Coastal
Commission’s 2015 Sea Level Rise Policy Guidance (Guidance) describes the recommended
step-by-step process for conducting sea level rise (SLR) vulnerability assessments, specifically in
Chapter 5. Please refer to this chapter for a high level of detail on SLR vulnerability assessments.
This memo summarizes key points in Chapter 5 and shares some of the practical lessons that
Coastal Commission staff have learned through their recent work with local governments on
SLR vulnerability assessments. Consideration of these lessons may help expedite or improve
future work by ensuring that the SLR vulnerability assessments are scoped and performed in
such a way that effectively supports sea level rise adaptation planning, alternatives analysis, and
LCP policy development.

Scoping the Vulnerability Assessment
Before a vulnerability assessment is actually conducted, the scope of the effort will be
established. Coastal Commission staff broadly encourages using SLR vulnerability assessments
to inform the development of LCPs, and the Guidance recognizes that vulnerability assessments
should be tailored to fit the needs of individual communities and address their specific coastal
resource and development issues. Below is a summary of the lessons Coastal Commission staff
have learned about scoping vulnerability assessments.
PRACTICAL LESSONS LEARNED
•

Leverage existing resources. Vulnerability assessments often vary in their level of detail
for a number of reasons, including the availability of funding, the timing of the study,
availability of informational resources, staff capacity, and consultant timelines. When
resources are limited, it is important to consider leveraging existing resources to inform
or supplement the effort, such as regional SLR models, vulnerability assessments with
transferable methodologies, and adaptation strategies and policies that may that may
serve as the foundation for more location-specific policy development. It also may be

appropriate to include policy language in the LCP update that calls for additional SLR
studies and future LCP updates.
•

Include the maximum possible level of detail. While logistical limitations should be
acknowledged, the SLR vulnerability assessment should include the best available
information and the maximum level of analysis possible. Furthermore, the SLR
vulnerability assessment should, to the extent possible, include the topics that will be
addressed specifically in the LCP. Ensuring that the hazards identified in the vulnerability
assessment are addressed in LCP policies—and that the subjects of known policy gaps
are scoped into the SLR vulnerability assessment—are actually some of the most
common challenges in the SLR planning process yet also fundamental to its success.

•

Consider expanding the geographic scope. Most vulnerability assessments are limited
to the geographic area associated with the entity leading the study. For instance, a city
that is updating its LCP may conduct a sea level rise vulnerability assessment for its
jurisdiction alone. However, expanding the geographic scope to regions impacted by the
same physical processes—for example, expanding the scope to a full littoral cell—could
be a good technique to facilitate and streamline regional collaboration on sea level rise
impacts and adaptation strategies as well as ensure efficient use of limited funding and
resources. Still, where regional vulnerability assessments are relied on, it is important to
ensure that the planning objectives of each participating jurisdiction can be met.

•

Describe the implications of assumptions in the methodology. Many vulnerability
assessments contain assumptions and/or simplifications in data or methodology.
Commonly, the vulnerability assessment will state these assumptions in the methodology
section or in an appendix but not explain how those assumptions may have impacted the
results of the analysis. Commission staff recommends explaining whether each
assumption results in an overestimation or underestimation (or unknown effect) on the
physical extent of coastal hazards and the associated community impacts identified in the
report. This explanation is important because it may inform how a user of the
vulnerability assessment weighs issues related to risk tolerance, the need for trigger-based
or adaptive management, the efficacy of potential adaptation measures, or policy
development. Therefore, a robust discussion of the implications of assumptions in the
methodology should be scoped into the report.
As an example, a vulnerability assessment that assumes that beach nourishment will
continue at the historical rate should explain that this assumption could result in an
underestimation of SLR hazards. If nourishment were to stop or become less effective,
SLR hazards could be more intense than predicted by the vulnerability assessment.

•

Consider including analysis of fiscal impacts. Analysis of the fiscal impacts associated
with various SLR hazards in the vulnerability assessment is often a critical element
needed to support effective decision-making. This information can be used to help
compare the costs of alternative adaptation approaches—from engineered solutions to
managed retreat. The information can also be a useful communication tool to illustrate
the need for proactive adaptation planning to the public, stakeholders, and/or decision
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makers. See the City of Goleta’s Coastal Hazards and Fiscal Impacts Report for an
example of this type of fiscal analysis.
•

Address deferred analyses. Some vulnerability assessments might overlook certain
issues/geographic areas or earmark them for future analysis, but those issues often
constitute the most significant SLR vulnerabilities. If those topics cannot be addressed
with the time and resources available, it may be appropriate to identify in the LCP a
specific timeline for when those studies will be completed, and to use sunset provisions
in certain policies to ensure that the re-examination of the topics is triggered. Similarly, if
a vulnerability assessment included assumptions or simplifications in its methodology
that limited its results (as described above), it may be appropriate to flag those topics for
future analysis and policy development.

•

Ensure maximum public participation, particularly early on. When scoping a project
that includes a SLR vulnerability assessment, opportunities for public participation
should be planned, funded, and scheduled with the intent to provide for maximum public
input. Of particular importance is ensuring the public and stakeholders have the
opportunity to provide input on the project from the start. Establishing this partnership
early on and providing ongoing opportunities for involvement should facilitate and
streamline the next steps in the planning process, including adaptation planning and LCP
development. In addition to helping ensure a successful planning process, maximizing
public participation is also a central mandate of the Coastal Act.

Step 1: Identify Sea Level Rise Projections
The first step in a vulnerability assessment is to identify sea level rise projections to carry
through the analysis, which is discussed at length in the Guidance. Below is a summary of the
content included in the Guidance, as well as a list of the lessons Coastal Commission staff have
learned about this step.
SUMMARY OF STEP 1 OF CHAPTER 5 OF THE GUIDANCE
•

Identify the best available, locally-relevant SLR projections. Currently, the projections
from the National Research Council’s 2012 report, Sea-Level Rise for the Coasts of
California, Oregon and Washington: Past, Present and Future (NRC 2012) constitute the
best available science on SLR projections in California. They include:
TIME
PERIOD*
by 2030
by 2050
by 2100

NORTH OF CAPE
MENDOCINO
-2 – 9 in
(-4 – +23 cm)
-1 – 19 in
(-3 – + 48 cm)
4 – 56 in
(10 – 143 cm)

SOUTH OF CAPE
MENDOCINO
2 – 12 in
(4 – 30 cm)
5 – 24 in
(12 – 61 cm)
17 – 66 in
(42 – 167 cm)

*relative to year 2000
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•

Select planning horizons to examine (e.g., the years 2030, 2050, and 2100). Analyze time
steps out to the year 2100, or further. To calculate SLR amounts for time steps other than
those provided as ranges in the best available science (e.g., in NRC 2012), interpolate
between the given data points using best fit equations (see Appendix B of the Guidance).

•

For each planning horizon, identify the associated sea level rise projections. Use
scenario-based analysis (described generally in Chapter 3 of the Guidance) by including
(at minimum) the medium and high value from the ranges in the table above. Include the
high SLR scenario to account for a worse-case scenario.

PRACTICAL LESSONS LEARNED
•

Select SLR scenarios that achieve multiple planning objectives. Sea level rise
scenarios should be selected to complement the planning objectives relevant to the
jurisdiction. For example, if a certain SLR scenario is similar to the water elevation used
for the development of the Local Hazard Mitigation Plan, that scenario should be selected
for its dual benefits.

•

Select SLR scenarios that account for possible updates to best available science.
Scientific research on SLR is advancing rapidly, mostly providing evidence that sea
levels will rise faster than previously expected. To account for possible future changes to
SLR projections, consider incorporating additional scenarios into the vulnerability
assessment, such as higher SLR amounts than those currently included in adopted state
guidance. Analyzing additional scenarios could eliminate the need to repeat a
vulnerability assessment if new science provides a rationale for considering such
scenarios.
When using existing SLR visualization tools that do not include SLR scenarios that are
high enough for this purpose, consider using a storm + SLR scenario as a proxy for the
non-storm water levels associated with the high SLR scenario of interest. This proxy will
represent the inundation hazard associated with the higher SLR amount; and while this
method does not include storm flooding impact, it provides at least part of the desired
hazard analysis.

•

Consider different approaches. Note that there are two basic approaches to handling
SLR scenarios. One approach is to pick specific years to examine and provide ranges
(medium and high) of SLR amounts that occur by those years, as shown in the NRC 2012
table. Another approach is to pick SLR amounts to examine, and then use the rates of
SLR from the medium and high projections to deduce the range of years during which
that amount of SLR could occur. Both approaches are effective. There are SLR models
and visualization tools that utilize both, so it helps to be aware that both approaches exist.
Additionally, it is important to remember that the SLR rates predicted by NRC 2012 may
be updated over time as research on the subject continues. Therefore, SLR vulnerability
assessments that examine various SLR amounts should include a caveat that those
amounts of SLR could happen sooner or potentially later than predicted by the current
best available science.
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Step 2: Analyze the physical effects of SLR
The second step in a vulnerability assessment is to analyze the physical effects of SLR, which is
discussed at length in the Guidance. Below is a summary of the content in the Guidance, as well
as a list of the lessons Coastal Commission staff have learned about this step.
SUMMARY OF STEP 2 OF CHAPTER 5 OF THE GUIDANCE:
•

Analyze the following hazards under each SLR scenario:
o
o
o
o

Erosion of beaches, bluffs, cliffs, and other landforms
Tidal inundation of shoreline areas
Flooding (wave run-up and storm impacts)
Saltwater intrusion

PRACTICAL LESSONS LEARNED:
•

Use the best available tool for the area. Several sea level rise visualization tools and
datasets are available, but their level of complexity, methodologies, and underlying
assumptions differ. It is important to identify the SLR visualization tool with the most
advanced and best available methodology. For more information on existing tools, see the
“Lifting the Fog” matrix, available here. Contact the Commission’s SLR team for more
information if you have questions about which tool is best for your area or the
assumptions that underlie each tool. It may be appropriate to use an existing SLR
visualization tool, but to also recognize its limitations and supplement it with additional
analysis to fill those gaps.

•

Distinguish inundation and flooding. Some vulnerability assessments include storm
events (usually a 100-year event) in all of the SLR scenarios selected to be analyzed in
the vulnerability assessment. While storms are important to include, the vulnerability
assessment should also examine non-storm scenarios in order to provide information on
the “everyday” hazard conditions that may occur in the future with SLR. This analysis is
particularly important for understanding future impacts on beaches and other coastal
habitats and may lead to different adaptation approaches implemented through the LCP.
For example, analysis of non-storm conditions may lead to the development of LCP
policies on sediment management and trigger-based managed retreat of existing
development and/or zoning changes, whereas analysis of storm flooding may lead to LCP
policies that require flood proofing and other flood resiliency measures in areas expected
to be impacted by future storm events.
It is also often useful to include storm events of various return periods, such as annual,
10-year, 20-year, and/or 5-year storm events in addition to 100-year storm events in order
to understand the hazards associated with storm events that are more common.

•

If possible, integrate the analysis of the various physical hazards. For example,
ensure that flood waters are being projected onto a coastline that reflects the erosion that
is projected to occur over time with SLR. (Some SLR visualization tools do not do this.)
If it is not possible to integrate these data layers, ensure that the combined effects of these
hazards are qualitatively described in the Vulnerability Assessment report, and state
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whether the mapped hazards constitute a possible underestimation –or overestimation—
of the physical extent of hazards.
•

Consider the SLR impacts with and without the presence of existing shoreline
protective devices (SPDs) or major pieces of infrastructure. The “with existing
protective devices” scenario should include a description of the impacts of SLR seaward
of the device—for example, what would happen to the sandy beach or other coastal land
as sea levels rise. The “without existing protective devices” scenario should describe the
impacts that would occur in the area, including landward of the device’s location, if
relevant. Together, these analyses will support alternatives analysis of management and
land use options for both the protective device and the structure or area it is protecting.

•

Identify when impacts are expected to occur. Information on the timing of impacts will
become important in the adaptation planning stage, because adaptation strategies need to
be implemented with enough lead time to address the hazard. Ideally, SLR vulnerability
assessments should discuss the timing of impacts so that adaptation plans can explore the
timeframes, funding and other resources necessary to implement the identified adaptation
strategies. This would allow the LCP to define trigger points at which certain policies or
programs would be implemented. This discussion should acknowledge that expected SLR
rates may change as science and research on the subject advances.

Step 3: Assess Impacts to Community and Environmental Assets
The third step in a vulnerability assessment is to analyze impacts of community and
environmental assets, which is discussed at length in the Guidance. Below is a summary of the
content in the Guidance, as well as a list of the lessons Coastal Commission staff have learned
about this step.
SUMMARY OF STEP 3 OF CHAPTER 5 OF THE GUIDANCE:
•

Include assessment of:
o Coastal Act resources (including but not limited to public access points, beaches,
recreational areas, ESHA, wetlands, critical infrastructure, archaeological
resources, visual resources, etc.)
o Changes in tidal, inter-tidal, shoreline and upland habitats
o Public tidelands
o Secondary and/or cumulative impacts
o Specific assets of key local importance to the community, such as popular
recreational areas
o Coastal-dependent development, residential communities or key infrastructure.

PRACTICAL LESSONS LEARNED:
•

Incorporate socioeconomic considerations, including environmental justice
concerns. Vulnerability assessments should determine whether physical hazards and
coastal resource impacts affect certain demographics disproportionately, or whether the
costs of different adaptation alternatives could fall disproportionately upon different
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segments of the population. It is important to consider not only the impacts upon the local
constituency, but also impacts to those who live outside the coastal zone and instead
travel there to recreate, work, and/or visit. In addition, the assessment should determine
the expected impacts on cultural and archaeological resources and the potential
implications for Native American groups or others. This analysis should consider not
only residential, commercial and infrastructure assets, but also recreational and other
resource assets, including beaches and wetlands, as well as archeological and cultural
resources.
•

As described above, analyze the long-term consequences of maintaining existing
legally permitted protective devices, including impacts to the resources that exist
seaward of the protective device such as beaches and wetlands. It is critical to analyze the
ecological, economic, and other implications of this loss, and identify any associated
impacts to public access, recreational opportunities, or other coastal resources.

•

Analyze “coastal squeeze” of beaches and other coastal resources. “Coastal squeeze”
refers to the incremental loss of recreational beach area and other shoreline habitats that
lie seaward of hardened shorelines due to the inability of these habitats to naturally
migrate inland. As mentioned above, exploring the impacts of SLR on beaches, dunes
and wetlands, along with the associated impacts to coastal resources like access and
recreation, is crucial. These resources are protected by the Coastal Act and comprise
important components of coastal economies. If possible, the SLR vulnerability
assessment should generate information about the timeframes over which beaches could
be narrowed or lost under different management scenarios –e.g., with and without
development preventing the landward migration of the beach; or with or without
sediment management practices such as nourishment.

Summary
The information from Steps 1 through 3 comes together to form the basic content of a SLR
vulnerability assessment. Again, please consult Chapter 5 of the Guidance for more detailed
information on these steps. The Guidance also describes the next phase of the SLR planning
process—adaptation planning and LCP policy development—in which adaptation measures are
developed to address the identified vulnerabilities.

For more information on sea level rise vulnerability assessments, please consult the 2015 Sea Level
Rise Policy Guidance. Appendix B provides a detailed description of how to perform key analyses
relevant to a vulnerability assessment, and Appendix C contains extensive lists of additional
resources and examples.
For more information, please contact:
Carey Batha
Climate Change Analyst
Carey.Batha@coastal.ca.gov
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