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SUMMARY OF DOCUMENT REVISIONS

Afirst draft of thisGuidancewas 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 remived over 100 comment letters that broke down into over 8ltinct
comments A revised daft was released on May 27, 2015 gmesented at the June 2015
Coastal Commission hearing in Newport Bedtlitten comments were requested by July 10,
2015, and 8 comment letters were submitted.

On August 12, 201the Commission adopt the Recommended Final Drdftated July 31,

2015 and updated with addenda August 10, 20d$)nterpretive guidelinepursuant to Public
Resources Code seati®0620¢ KS FAYlFf RN} TG KI&d 06SSy LIadSR
and used by the Commission, local governments, project applicants, and other stakeholders

since its adoption.

Draft updates have now been developed address evolving sciencécting on directon

from Governor Brown, the Ocean Protection Council has released two reports tipatate

our understanding of sea level rise science and best practices for planning for and addressing
anticipated impacts. The first of these reportRising Seas in Califioia: An Update on Sea

Level Rise Sciencgynthesizes recent evolving research on sea level rise science, and forms
the foundation for the second reportthe State of California Seé&evel Rise Guidance: 2018
Update.The 2018 OPSLRGuidance provides higher level recommendations for how to plan
for and address sea level rise impactstably including a set of projections recommended

for use in planning, permitting, investment, and other decisions.

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

M References to best available science throughout the documamuding SLR
projection tableswhich formerly referenced th012 NRC Report, have been updated
to reference the 2018 OPC SLR Guidance

1 Sections of theGuidancethat provided extensive details about the NRC report and/or
how to use the information provided within the NRC report (mainlyGhapters3, 5,
and 6and 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).

1 Some updates have been made to tables of resourcesnt to assist interested
parties in addressing sea level rise (e.q., 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 rmhaavailable.

New lanquage 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 INOT.

Guidance Regulations

ThisGuidance isadvisory anchot a regulatory documertr legal standard of review fahe actions that
the Commission or local governments nialye under the Coastal A&uch actions arsubject to the
applicable requirements of the Coastal Act, the federal Coastal Zone Management Act, certified U
Coastal Programs, and other applicable laws and regulations as applied in the contextwdémnee in
the record for that action.

Dynamic Static

This Guidance will be updated periodicalhatliressnewsea ével rise sciengenformation,and

approachesegardingsea ével rise adaptationand new legal precederithe Commission will also
continue working oisea evel rise through other projects and in a collaborative manner, as outlined}
Chapterd: Next Steps

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

ThisGudance isa comprehensive, mufurposeresourceand itis intended to be useful for many
audiencesAs such, iincludes a higlevel of detail on many subjects. However, chapters were writte
stand-alone documents tprovide usable tools faraders

A menu of options A checklist

Since this document is intended for use statewide, it is not specifigadieulargeographic location or
development intensitye(g, urban or rural locations).Therefore, not all of the content will be agpkca
to all users, and readers should view the content as a menu of options to use only if relevant, rath
a checklist of required actions.

Reading Tips

Look carefully at the Table of Contents adentify sections of interest.

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 addres® concerns ofarious users.

1 Navigate to your desired level of detail: Tleecutive Summaprovides ebasicsummary of the
content; the body of the document providedetaileddiscussionand theAppendicegrovide
more scientificand technicabetail anda variety of usefutesources.
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limate change is upon us, affeciag most every facet of Cal
environmentincreasing global temperatura® causing significant effects at global,

regional, and local scales the past century, average global temperature has increased
by about B°C (1.£4F), and average global sea level has increas&dtys in(17 to 21 cny
(IPCC2013) Sealevel at theSan Francisco tidgauge has rise® in (20 cn) over the past
century, andecentreports developedby the California Ocean Protection Council(OPC) (in
conjunction with the OPC Science Advisory Teamproject that by the year 2100, sea levels
may rise by approximately2.4 to 6.9 feetwith the potential for rapid ice loss to result in an
extreme scenario of 10.2 feet of sea level riggriggs et al, 2017;0PC 2018) While the
California coast regulaylexperiences erosion, flooding, asignificantstormevents sedevel
rise will exacerbate thesatural forcesleadng to significant social, environmental, and
economic impactsThethird National Climate Assessmamites that there is strong evidence
showing that the cost of doing nothitmyprepare for the imp#e of sea ével riseexceeds the
costs associated with adaggf to themby about 4 to 10 times (Moset al. 2014) Thereforeit is
critically important that California plan and preparetfoe impacts ofea ével riseto ensurea
resilient California cast for present and future generations

f

0

The California Coastal Ags one ofthest at eds pr i mary seforaddiessihg manag

land use, public access and recreation, and the protection of coast and ocean iagberces
coastal zondt is also theprimary coastal hazards law governing development along the coast.
Usingthe Coastal Actthe Coastal Commissiand local governments haweore than four
decades of experience managing coastal developmeloigingaddressing thehallenges
preented by coastal hazards like storms, flooding, and erosion as well as responses to these
hazards such as armoring. Howegeg kevel riseandthechanging climat@resent management
challenges of a new magnitudeth the potential tsignificantlythregen many coastal

resources, includinghorelinedevelopment, coasthbachaccess and recreation, habitats,
agricultural lands, cultural resources, and scenic resources, all of which are subject to specific
protections and regulations in the Coastal Act. Thereédfegtive implementation of the

Coastal Actandthe protectiorof Ca | i f o r mmusiaddsesglobadssatével riseand the
greatemanagementhallenges it will bring

This documentocuses specifically on how to apply the Coastaltadhe challenges presented
by sea level rise throudtocal Coastal Prograifi CP) certifications andipdatesandCoastal
Development Perm{{CDP)decisionslt organize current science, techni¢and other
information and practices into a single resoucctacilitate implementation of the Coastal Act
by coastal managers at the state and local level. Whiloitiementis intendedo guideLCP
planning and development decisidognsure effective coastal management actions, it is
advisoryand doesotalter or supersede existing legal requiremenish aghe policies of the

Coastal Act and certified LCPH o we v e r | one of the Commi ssi onos

coordinate with local governmentsdomplete and update LG a manner that adequately
addesses sea level rise amdlects the recommendations in thisu@ance.

This Quidance document is also part of a larger statewide strategy to respond to climate change

that includesoth emissionsedudions andadaption planning to addretbee mpacts ofa
changing climateln 2008,Governor Schwarzenegger isswadExecutive Order (33-08)
directing state agencies to considea ével rise as part of planning projects and to support the
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preparation of th&lational Research Council repan sea évelrise Additionally, on April 29,
2015, Governor Brown issued an Executive OrdeBQB.5) to establish a new greenhouse gas
emission reduction target and called for further action on adapt@iGuidance isalsobeing
coordinated with mangtatewiddnitiativesto address climate change aseh ével rise

including the2014 Safequarding Californiglan (an update to the 20@alifornia Adaptation
Strategy CNRA 2009, 201} theongoingupdate to thé&eneral Plan GuidelinefCal OPR

2015) the 2013 update to the California Governo
State Hazard Mitigation Plgrandothers* Commission staff has also been and will continue to
participatein multi-agency partnerships, including t@east and Ocean Workgroopthe multi-
state agencglimate Action Teamand theState Coastal Leaddngp Group onSealevel Rise

For more d&il on these efforts, see th@roduction

PRINCIPLES FOR ADDRESSING SEA LEVEL RISE IN THE COASTAL ZONE

This GQuidance is rooted in certain fundamental guiding principles, many of which derive directly
from the requirements of the Coashait. These Principles broadly lay out the common ideas

and a framework by which sea level rise planning and permitting acaomgassessed, and as
such represent the goals to which actions should aspiligidual actions and outcomesgy

vary based on a variety of factors, including applicable policies and locatipnojectspecific
factors that may affect feasibilityhe Guiding Principles are summarized beland discussed

in greater detail in Chapter 2

Use Science to Guide Decisiof€oastal Act Sections 30006.5; 30335.5]

1. Acknowledge andddresssea ével riseas necessaiin planning and permitting
decisions.

2. Usethebest availale science to determine locallglevantandcontextspecificsea ével
rise projectims for all stages of planning, project design, and permitting reviews.

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

4. Usea precautionary approach by plannargl providing adaptive capacity fitre higler
end of the range ofpossiblesea ével 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 StandardgCoastal Act
Sections 30253, 30235; 30001, 30001.5]

6. Avoid significant coastal hazard ristenew developmemhere feasible.
7. Minimize hazard risks to new development over the lifaushorizedstructure.

!See the Governords Office o fthe Ralif@marClimatg Creamgel DoBuengne ar c h6 s W
which includesa matrix of additioal efforts.

Executive Summary 15
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8. Minimize coastal hazardsksandresource impactwhen making redevelopment
decisions

9. Account for thesocial and economic needs of the people of the state; assure priority for
coastaldependent and coastalated development over other development.

10. Ensure that pperty ownersinderstand andssumeherisks, and mitigate the coastal
resource impact®f new development in hazardous areas.

Maximize Protection of Public Access, Recreation, and Sensitive Coastal Resour¢esastal
Act Chapter 3 policies]
11.Provide for maximunprotection of coastaksources in all coastal planning and
regulatory decisions.

12.Maximize naturashoreline values and process@sid expansion anghinimizethe
perpetuation of shoreline armoring

13.Recognize tht sea level rise will cause the public trust boundary to move irffantect
public trust lands and resourca@xcludingassea level rise New shoreline protective
devices should not result in the loss of public trust lands.

14. Address other potential coastal resource impacts (wetlands, habitatilture scenic,
etc) from hazardnanagemerdecisions, consistent with ti@oastal Act.

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

16. Requiremitigation of unavoidableoastal resource impacts related to permitting and
shoreline management decisions

17.Considemest available informatioon resource valuatiowhen mitigathg 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 makvity otherappropriate locaktate,
and federal agencies; support research and monitoring efforts.

19. Considerconducting vulnerability assessments and adaptatiomipigat the regional
level.

20.Provide for maximum public participation in planning aedulatory processes.

Executive Summary 16
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BEST AVAILABLE SCIENCE AND CONSEQUENCES OFSEA LEVEL RISE

The Coastal Act directs the Coastal Commission and local governments to use the best available
science in coastal land use planning and developmbkist Guidance recommds using the best
availablescience orsea ével rise projections to inform planning decisions and project design.

The State of California has long supported th@reparation and provision of scientific

information on climate change and sea level rise to lleguide appropriate and resilient

planning, permitting, investment, and other decisions. For examplehé Staterecently

releasedCal i f orni abds Fourth Ctondvende acticdhdble sceree AS s e s S|
that serves the needs of state and lockdvel decisioamakers. Specific to sea level rise, the

Statealscss upported the preparation of the SRdh12 Nat
Level Rise for the Coasts of California, Oregon and Washington: PRsésent and Future,

as well as the2017Rising Seas in California: An Update on Sdaevel Rise SciencOPC

Science Reportland the State of California Sed._evel Rise Guidance: 2018 Updat2018

OPC SLR Guidance). The 2018 OPCSLR Guidance contains a set of projectionsofr 12

tide gauges throughout Californig and the Coastal Commissiomecommends using these

projections and related information as best available science on sea level rise in California

(seeTable 1for the projections at the San Francisco tide gauge, anéippendix G for

projections for other tide gauges) The Coastal Commission will f&xamine best available

science periodically and as neeavith the release of new inforation.

In addition tosea &vel rise projections, the 2012 NRC reptie20170PC Science Report,

and the20180PC SLR Guidance provide information on the impacts sfa ével rise in

Californig’. According to theerepors, sea ével rise will causéooding and inundation,

increasd 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 poportant coastal resources and coastal development at
risk, including ports, marine terminals, commercial fishing infrastructure, public access,
recreation, wetlands and other coastal habitats, water quality, biolpgidaictivity in coastal

waters, codsl agriculture, and arekological and paleontological resources.

2 Note that while the Coastal Commission now recognizes the 2018 OPC SLR Guidance as best available
scienceon sea level rise projectionsthe 202 NRC Report and other related studies still contain valuable
information, and references to these documents and studi¢hroughout this guidance remain relevant and

applicable.
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Tablel. Sealevel Rise Projections faghe San Francisco Tide Gaid®P2018)

Projected Sea Level Rise (in feédan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet etal. 2017)
Low Risk Aversion Mgdlum-ngh
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p:’z LINB 0 | 0 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 1.9 2.7
2060 15 2.6 3.9
2070 1.9 3.5 5.2
2080 2.4 4.5 6.6
2090 2.9 5.6 8.3
2100 34 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 5.2 114 19.1
2150 5.8 13.0 21.9

*Most of the available climate model experiments do not extend beyond 2100. fEselting 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.

3 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 occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosilg 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 updatéest 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 stbg-step process faddressingea ével rise and adaptation
planning in new andpdated_ocal Coastal Programs. TheSeps, summarizedelow in text

and inFigure 1 can be tailored to fit the needs of individual communédies to address the
specific coastal resource and development issues of a community, such as dealing with bluff
erosion or providig for effective redevelopmentrban infill, and concentration of development
in already developedreasldeally, Commissiorand local governmerstaff will establish

regular coordinatioand work together in the early steps of any LCP planpiogessFor a
detailed explanatn of thesd.CP planning &ps, se€hapter 5Communities in areas where
sea evel rise vulnerability assessment work is already underwagtadrlater in the process, at
Step 4, or other relevai@tep(s).

Step 1. Determine a range ofsea kvel rise projections elevant to LCP planning
area/segmentusing bestvailable sciencayhich is currently th018 OPCSLR
Guidance

Step 2. ldentify potential physical sea evel rise impads in the LCP planning
area/segmentincluding inundation, storm flooding, wave impacts, erosamia,or
saltwater intrusion into freshwater resources.

Step 3. Assess potential risks fronsea kvel rise to coastal resources and development
in the LCP planning area/segmentjncluding those resourseaddresseih
Chapter 3 of the Coastal Act

Step 4. ldentify adaptation measures and LCP policy optiongo include inthe new or
updated_CP, including both general policies and ordinances that apply to all
development exposed sea ével rise, and moreargeted policies and land use
changes to address specific risks in particular patbthe 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 nmonitor and re-evaluatestrategiesas neededo
address newircumstances relevant to theea.
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Planning Process for Local Coastal Programs and Other Plans

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
SLR Guidance).

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

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

6. Monitor and revise as needed

Establish indicators for measuring Identify current and future SLR

progress; track indicators and impacts and related hazards.
make changes to measures if Includes assessment of current and
needed. future:

Assess best available science on

SLR every 5 years and update as + Cliffand beach erosion;

Qeeded. i )
* Saltwater intrusion;

¢ Submerged and intertidal lands;

* Flood zones and wave impacts;

&Coastal water pollution issues /

5. Develop or update LCP and 3. Assess risks to coastal

certify with California Coastal resources and development in

Commission planning area
Work with CCC staff to update LCPs Rate and describe the exposure,
as needed and to develop sea-level sensitivity, and adaptive capacity of
rise policies and implementing each coastal resource.
ordinances.

Submit new or updated LCP for upon those resources.
approval by the CCC, and, once
certified, implement

Assess consequences of SLR impacts

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

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.

Figurel. Flowchart foraddressingsealevelrise in Local Coastal Programs and otblans
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ADDRESSING SEA LEVEL RISE IN COASTAL DEVELOPMENT PERMITS

New developmenwithin the coastal zone generally requiréSaastal Development Permit

(CDP). Many projects reviewed through the CDP application process already exsaaibeel

rise impacts as part of the hazards analyis@igh not every CDP application will need to
considersea evel rise In generalsea ével rise is only likely to affect tls@ projects that are on
low-lying land,on eroding coastal bluffare in close proximity to water, or rely upon alébw
aquifer for water supplyl'his document offers a stdgy-step outlinesummarized below in text
and inFigure 2 for how to conduct such an analysis as a standard part of the CDP application
process. The goal of thes&efs is to ensure careful attention to minimizing risk to development
and avoiding impacts to coastal resources over the life of the progelst.cBordination 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 CDPsPis@an identify areas wheselose review of

sea ével 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 detadeexplanatn of these steps, s€dapter 6f this Guidance

Step 1. Establish the projectedsea evel rise rangefor the proposed projec6 s pl anni ng
horizon wingthe best available scienoghich is currently the018 OPCSLR
Guidance

Step 2. Determine howphysicalimpacts from sea kvel 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 kvel rise upon the landscapas well as potential impacts
of sea ével rise adaptation strategies that may be used over the lifetime of the
project.

Step 4. ldentify alternatives to avoid resource impacts and minimize riskthroughout
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.

Figure2. Flowchart for @ddressingsealevelrise in Coastal Development Permits
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ADAPTATION STRATEGIES

Steps 1 through 8f the processes for addresssea ével rise inLCPsand CDR will help

planners angroject applicants identify particular vulnerabilities to the planning region and
specific project sitesSuch vulnerabilities may include impacts to a number of resources
identified in the Coastal Act, including development and infrastructure; publissaacd
recreational opportunities; beaches, wetlardsjronmentallysensitive habitat areaB$HA),

and other coastal habitats; agricultural resources; water quality; archaeological and
paleontological resources; and scenic and visual resotleesersaand project applicants will

need to identify, develop, and implemeatiousadaptation strategies designed to protect coastal
resources. These strategies should fulfill the hazanémizationand resource impaetvoidance
policies of the Coastal Act arsthould 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 enlsateoastal resources and
development are protected over tiidapter 7of this Guidance summarizesiamber 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 bést available science gpa ével rise stepby-step
approaches for addressisga ével rise in LCPs and CDPand a discussion eflumerous
adaptation strategiethe Guidance includethe followingsupplementainformation

1 A brief discussion of the legal context of adaptation

1 Nextstepsfor Commission staff in coordination with other relevant partners and research
institutions, based on objectives and actions fronrCiimission adopte@alifornia
Coastal CommissioStrategic Plar?0132018(2013a)

M Additional research needs directed toward research institutions at academic, state,
federal, and local levels to help comnities understand and preparedgen ével rise

Detailed information on the drivers séa ével rise andea ével rise projections

A stepby-step methodology faassessig local hazard conditions based on regices
level rise projections, which &pplicable to both LCPs and CDPs

9 Lists ofuseful resources and references, including examplesagfvel rise adaptation
documents from other state agencies

1 KeyCoastal Act policies relevant sea ével rise and coastal hazards
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CONTEXT OF THIS DOCUMENT

This GQuidance is part of a larger body of wark climate change by State agencies, regional
collaborations, local leadership, academic researuth other organizations. Many these

efforts are included as resource®ippendix C Users of the documeshouldtake advantage of
theseexisting resources, collaborate with others, and share best practices as much as possible.

Finally, this document is intended to function asterpretiveguidancefor effective
implementation of the Coastal Act and LCPslight of sea level rise. It isiot a regulatory
document and does not contain amgwregulations. Further, it does noamend orsupersede
existing legal authorities or the standard of review foocal Coastal Prograreand coastal
development permit decigis pursuant to the Coastal Acthose actions arsubject to

the applicable requirements of the Coastal Act, the Coastal Zone Management Act, certified
LCPs and other applicable laws and regulahs as applied in the context of the eviderine

the records for those actions. The Commission is adopting this Guidance as interpretive
guidelines pursuant to its authority under PulsliResources CodeeBtions 30620
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limate change is happening noRapidly melting ice caps, rising sea levélisods,

extreme heat waves, droughasdfires are just a few of the effects of climate

changeTheseeffectsare having profoundnpactson our coast and are changing coastal
management planning and decisimaking at global, national, state, regional, local, and
individual scales.

Given current trends in greenhouse gas emissions, sea levels are expected to rise at an
accelerating rate in the future, aredn scienti s
coming decadedJntil mid-century, the most damaging events for the California coast will likely

be dominated by large El Nifdriven storm events in combination with high tides and large

waves. Eventually, sea level will rise enough that even staaths will cause significant

damage, and large events will have unprecedented consequences (CGdldive13).

This Guidance providea framework for addressirgga ével rise in Local Coastal Programs
(LCPs)and Coastal Development Pern{iBDPs) The intended audience for this document
includes the CommissicandCommission staff, local governments, other public agencies,
permitapplicants, members of the public, and others who are interested in how to implement and
comply with the California Coaait Act (Coastal Act) while taking steps to addresa ével

rise.

ENVIRONMENTAL , ECONOMIC , AND SOCIAL IMPACTS OF SEA LEVEL RISE

The potential environmental, economic, and social impacsaével rise in California
underscore the importanceaddressinghe issue in land use planning and regulatory wargt
over21 million people liedinCa | i f ooastal caudtes as dtily 2014(CDF 2014), andthe
statesupports a $40 billionoasal andoceaneconomy(NOEP2010.

Many aspects of the coastal economy, as well
sea ével rise, including coastatlated tourismbeach and ocean recreational activitiesmsfer

of goods and services through ports and transportation rietwoastalagriculture and

commercial fishing and aquacultUeeilities.

In addition to potential Iaes in revenud;ebergeret al. (2009)estimate that 300 billionworth

of property is at risk of floodinguringa 10Gyearcoastaflood with 4.6 ft(1.4 m) of sea ével

rise (the amount projected tmccur by the year 2108 their Pacific Institute stugyThis

property includes seven wastewater treatment plants, commercial fishery facilities, marine
terminals, Coastal Highway One, 14 power plamsidential homes, and other important
development and infrastructuidore recently, the Fourth California Climate Assessment
found that statewide damages could reach near§17.9 billion from inundation of
development under ~20 inches of sea level rise, and those damages would double with the
addition of a 10Qyear flood (Bedsworthet al.2018).

Sea ével risealsopose environmenthand social justice challengeBhis isparticulaty truefor
communitieghat may belependentipon atrisk industriesarealreadysuffering from economic
hardshipor which have limited capacity to adaphcluding lowerincome, linguistically
isolated elderly,and other vulnerable populations
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Proactive stpsare needetb prepare fosea ével riseand to protect the coastal economy,

California livelihoods, and coastal resources and the ecosystem services they plravide.

magnitude of the challenge is cléanot only might the impacts cka ével rise besevere, the

cosk and time associated with planning tbemcan ke dauntingThethird National Climate
Assessmenteleased in My 2014, notes that there is strong eviddncaiggesthat the costs of

inaction are 4 to 10 times greater than the costs associated with proactive adaptation and hazard
mitigation (Mosetret al 2014).1t is critical for California to take proactive stefp address the

impactssea ével rise mayhave orthestaté s economy, natural systems,
human healthand ultimatelyits way of life.

SEA LEVEL RISE AND THE CALIFORNIA COASTAL ACT

The potential impacts cfea ével risefall directlywithint he Coast al (andooastal s si on
zone | ocal pamwngeandregaatotysedppnsibilities under the CoastalSket.

level rise increases the risk of flooding, coastal erosion, and saltwater intrusion into freshwater
supplieswhich have the potential to threaten many of the resotittasare integral to the

California coast, including coastal development, coastal access and recreation, leadpjtats (
wetlands, coastal bluffs, dunes, and beaches), coastal agriculturalWatetsquality and
supply,cultural resourcecommunity characteand scenic quality. In addition, many possible
responses teea evel rise, such as construction of barriers or arngpean have adverse

impacts on oastal resourcefor example, aches, 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, whiohturn presents serious concerns for future public

access and habitprotection.

The Coastal Act mandaté®e protection of public access and recreation along the coastal
habitats and other sensite resourcesas well as providingriority visitor-serving and coastal
dependent ocoastalrelated developme while simultaneouslyninimizing risks fromcoastal
hazards. This Gidance document has been created to plelpners, project applicants, and other
interested partiesontinue to achieve these goals in the facgeafével riseby addressings
effectsin Local Coastal Progranad Coastal Development Permidthough the focus of the
Guidance is on LCPs and CDP3ych of the information contained herein can be useful for
other planning documents such as Port Master Plaosg Range Devefiment Plans, and

Public Works Plans. For examptlge 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
optionsmay be applicable. In all cases, specificlgses performed and actions implemented
will vary based on relevamblicies, local conditiondeasibility, and other factoras described
throughout the rest of this document.

“The term ficoasbal sr as e ddaicéandisimehtmbe & gehenal term fGr those
resources addressed in Chapter 3 of the California Coastaiduding but not limited tdeaches, wetlands,
agricultural lands, and other coastal habitats; coastal development; public access and recreation opportunities;
cultural, archaeological, and paleontological resources; and scenic and visual qualities.

® Portsare generally subject to Qpier 8 of the Gastal 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, howeygemain 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 briefing on sea evel rise:Sea ével 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 impasa Vel rise(see
Appendix E Coastal Act Policies Relevant &ea level Rise and Coastal Hazajdandthe
Commission has tig consideredea ével rise erosion ratesand other effects of a dynamic
climate in its analysisf permits and LCRstaffrecommendationgnd Commissionetisions

In 1992 Section 30006.5 was added to the Coastal Act which, among other things, directs the
Commission tdoth develop its own expertise and interact with the scientific community on
various technical issues, including coastal erosion andselailee. The Commissiod staff
alsocoordinatests work on sea level risgith other state and federal agencies, local
governments, academic institutions, foofit organizations, citizen groups, permit applicants,
property owners, and others.

The Canmission has documented #sa ével rise adaptation and climate change efforts in
numerous papers and briefings, including:

0 1989 ReportPlanning for Accelerate®ea level Rise alonthe California Coast

0 2001 ReportOverview of Sea Level Rise and Some Implications for Coastal California

0 2006 Briefing:Discussion Draft: Global Warming and the California Coastal
Commission

0o 2008 BriefingA  Summary of the Coast al Commi ssi ono
and Global Warming Issues for a Briefing to the Coastal Commission

0 2008 White paperClimate Change and Research Considerations

0o 2010 BriefingA  Summary of the Coast al Commi ssi onod
Issues for a Befing to the Coastal Commissidn

o0 2015 Report:CCC Sea Level Rise Policy Guidant&dopted)
0 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 ofea ével rise will be felt at the local level, and therefore loeaponses will
necessarily be part of effective management of these impaxtsnatelythe California Coastal
Act lays out degal and planning framework faommunityclimate preparedness and resiliency
planning. LCPs, in combination with Coadisvelopment PermitsCDPSs) provide the
implementing mechanisms for addressmany aspects aflimate chang within coastal
communities at the local level

The goal of updating or developing a new LCP to preparsgagvel 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(tams&t§. This
presentation can be viewed at the-Sphn website (sttp://www.catspan.org/media.phpAtter[][=CCC>) from
approximately minute 22.00 to 24:30.

Chapter 1: Introduction 28


http://www.coastal.ca.gov/climate/PlanningAccelSLR.pdf
http://www.coastal.ca.gov/climate/SeaLevelRise2001.pdf
http://documents.coastal.ca.gov/reports/2006/12/Th3-12-2006.pdf
http://documents.coastal.ca.gov/reports/2006/12/Th3-12-2006.pdf
http://documents.coastal.ca.gov/reports/2008/12/F3.5-12-2008.pdf
http://documents.coastal.ca.gov/reports/2008/12/F3.5-12-2008.pdf
http://www.coastal.ca.gov/climate/ccc_whitepaper.pdf
http://www.cal-span.org/media.php?folder%5b%5d=CCC
http://www.cal-span.org/media.php?folder%5b%5d=CCC
https://documents.coastal.ca.gov/assets/slr/guidance/August2015/0_Full_Adopted_Sea_Level_Rise_Policy_Guidance.pdf
https://documents.coastal.ca.gov/assets/climate/slr/vulnerability/FINAL_Statewide_Report.pdf
https://documents.coastal.ca.gov/reports/2016/11/w6b-11-2016.pdf
http://www.cal-span.org/media.php?folder%5b%5d=CCC

California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

sustainablecoromic growth. This process includes identifying how and where to apply different
adaptation mechanisms basetdCoastal Act requirementsther relevant laws and policies,
acceptabléevels ofrisk, and community prioritied.CP and Coastal Agbolicies are also

reflected in CDPs, whicimplement sea level rise management measures and adaptation
strategies through individual development decisi&@ysplanning ahead, communities can

reduce the risk of costly damage from coastal hazards, can émsaeastal 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 &s atidrate
change, as demonstr at e dStitggic BlangCC 2D13@whichihre Co mm
to Nnaddress climate change t hr eagegch collaprtiop,]| anni
and public education. 0 cSpse ctihfei cGolnhinyi,s sQbojne cttoi Vi
sealevel rise (SLR) policy guidance for use in coastal permitting and LCP planning and

amendment based on best available scienc&his Quidance document fulfills Objective 3.1.1

and is onef multiple orgoing Commissiorefforts to support local governments in updating

LCPs to addressea ével rise.

Funding for LCP updates: Both the California Climate Adaptation StratedNRA 2009)and
the Safequarding Californigplan(CNRA 2014)identified amendments 10CPsas a key strategy
for addressingea ével rise in California. However, there are significant funding constraints at
both the Commission and local government levels that thmeitapacity to updateCPs.
Fortunately, ltree grant prograntsaverecentlybeen fundedo supporiCalifornia local
governments irupdatingLCPs to addressea ével rise.These grant programs have partially
overlapping objectives, as described bel@rantrelated information as of the plidation of

this Guidance is summarized below. Fortaglate information regardgngrants, please vigihe
Local Assistance Grant Progrgrage on th€oastal Commission website

o Coastal Commission LCPLocal AssistanceGrant Program: This grant program
provides funding tdéocal 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 t@l) in local assistance funds for the LCP Grant Program. |
January 2014he Coastal Commissiawarded $ million in LCP Grant funds t&1
jurisdictions throughout the state. November 2014, the Coastal Commission awarded
$1 million to 12 jurisdictionsThis 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 opportuniti€sinding of $3 million was
provided in Commi_sdgeéet.dnsSumding Was avwaméd/iniwed B u
additional grant rounds to a total of 21 jurisdictions. Additional funding from the
St atebs Greenhouse Gas Reduction Fund is p
2017/18 and 2018/19 budgets for this grant program; howeveuriding has not yet
been awarded.

0 Ocean Protection Council LCP Sea Level Rise Grant ProgranThe OPC grant
program includes $2.5 millioto support local governments in updating LCPs to address
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sea ével rise, including support ska ével rise modelingyulnerability assessments, and

adaptation planning and policy development. The OPC is administering the program in

partnership with th€oastal Commission anile Coastal Conservancy. In November
2013, the OP@warded $1,305,000 to seven jurisdictionsbasn recommendations
from thethree coordinating agenciekhe remaining funds were awardedseven

jurisdictionsin 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 Conservancglimate ReadyGrant Program: The Climate Redy Grant
Program providefunding for climate changeelated projectencluding projects to
update LCPs to address sea level fi$gough three rounds of grants, the
Conservancy has awarded $7.3 million for 42 projects. Additnal funding is
available for this program through the Greenhouse Gas Reduction Fund for
projects that use naturebased solutions to adapt to the impacts of climate change.

Coastal Commission Staffing Increase to Support LCP planningGovernor Brown anthe

California Legislaturalsoapprovedemporaryaugmentatios t o t he Coast al

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 workled#i governments to

Comr

prepare, update, amend, and review LCPs with an emphasis on including climate change issues.

Il n FY 2016/17, the $3 million in funding

effectively making the additional $3 million for state operations and 25 authorized positions

was

a permanent part of the Commi ssiondés budget.

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

Sea ével rise planning effortare currentlytaking phce at the local, regionatate and national

levels.Framing the efforts in California is a federal strategy to address climate change by both

reducinggreenhouse gammissions and adapting to climate change impacts. Recent efforts

promoted by the Whitelous e i nclude President Obad396Q6 s

which modifiesExecutive Order 11988, Floodplain Managementexpyandng the federal
approach for establishing flood riskiteludethe consideration of climate chanpecifically,

Janu

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 Carbg@hanta Barbara County), Mayor Garcetti
(Los Angeles), and Mayor Johnson (Rewento)were on PresidentO b a m &tats, Local, and

Tribal LeadersTask Force on Climate Preparedness and Resilience, which recently released
recommendationfor how to modernize programs and policies to incorporate climate change

The

Coast al Guidanoe dewsnend im@esnents many ofthea s k For ce 6 s

recommendations by providing tools and assistansagport sea level rise decisioraking, by
establishing a framework for state, local, and federal partnership and coordination on sea level

" https://obamawhitehouse.archives.gov/administration/eop/ced/initiatives/resilienceftaskfor
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rise, and by providing guidance on howtoimprdwer esi | i ence of Cal i forni
infrastructure, natural resources, human communities, and coastal industries.

The State of California has long been a leader in preparirsgéokvel rise, and in 2008,
GovernorSchwareneggerissued an Executive Order-{S-08) directing state agencies to
prepare guidance @ea ével rise and to addressa ével rise in any state projects located in
vulnerable areasSince thenstate agencies have worked collaboratively to accomplish ayarie
of different actions related &ea ével rise adaptationmmany of which are listed beloWen state
and federal agenci®alsocommissioned the NationRle s e a r ¢ hs rePart Sealevel Rése
for the Coasts of California, Oregon, and Wagjfton: Pas$, Present, and Futur@012) to
improve understanding gka ével rise projections for California.

MorerecentlyGover nor Br ownoés Apr i30-15 addrésSes étimagec ut i ve O
change and sea level rise adaptation, stating that state agencies shall take climate change into
account in their planning and investment decisions. The cedairesagencieso ensurehat

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. Additionaly32516,authored by Assemblymember

Gordon andapproved in September 2QXkktablished Rlanning forSea Level Ris®atabase

thatis anticipated to be available online in early 2016. The databasgrewite the public with

an educationdool from whichto learn abouthe actionstaken by cities, counties, regions, and
various public and private entities to address sea level rise

Muchoftre st at eds c | i mavoriechaxbkremoomgliratedvithahp Coastando n
Ocean Worgroup of the ClimateAction Team(CO-CAT), of which the Commissiois a

memberln addition, Commissiostaff has been involved in th&tate Coastal Leaddrgp Group

on Sealevel Risewhich was established @arly2014 to develop and implement coordinated
approaches to addigsea ével rise across state agencies. pdwenership includes senior
management from the Coastal Zone Management Agencies (Coastal Commission, San Francisco
Bay Conservation and Development Commission, and State Coastal Conservancy) and land
managemeragencies (State Lands Commission and State Palddgy with the Ocean

Protection Countand Natural Resources Agendshis Guidance is being coordinated closely
with this work to ensure thatarious initiativesdo not conflictandto assure an effectv

response to challenges suclsea ével rise.

To that endthe content of thi&uidance is aligned witbeverakey concepts in the
Safeguarding Californiglan, including hazard avoidance for new development, encouraging
innovative designs and adajba strategies for structures in areas vulnerable to sea level rise
hazards, and addressing climate impacts in Local Coastal Prograi@eeicl Plampdates,

® The assessment of sleael rise was commissioned by California Departméwater Resources, California

Energy Commission, California Department of Transportation, California State Water Resources Control Board,
California Ocean Protection Counddyegon Watershed Enhancement Board, Washington Department of Ecology,
National Oe@anic and Atmospheric Administration (NOAA), US Armyr@s of Engineers (USACE), andU
Geological Survey (USGS).

°See the Governoros Office o fthe®alifenarClinmig Clame DoBuensne ar ¢ h 6 s
which includesa matrix of additioal efforts. Available athattp://opr.ca.gov/s_publications.php
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among many other&afeguarding Californialso calls out the need for state agencies to produce
guidance documents addressing cbhenadaptation, antis sea level rise @danceis part of the
statewide efforto fulfill that mandate. ASafeguarding Californiggromotes, this Guidance will

be aliving document that will be updated and revised as sea level rise science advances and new
insights are gainedegardingadaptation.

State agency policies and guidance aimate change andsea evel rise:As a result of the
Executive Order 83-08 and agency needs for guidance, many state agencies have developed
climate change anska ével rise policies and guidance documents. For example:

o0 TheCaliforniaNatural Resources Agen€¢gZNRA) developed the 2008alifornia
ClimateAdaptation Strateggnd the2014and2018updates (Safeguarding Californip

o CNRA and the Governoros Office of Emergenc
developed th€alifornia Climate Adaptation Planning Guid2012)

o The Governoro6s Office of PGeaarahRlanGuidainess Res e
to address climate chan(gedraft update is anticipated 2015)

0 The Ocean Protection Counestablishedbtate Sed evel Rise Guidanognterim, 2010,
2013 andupdate 2018 andpassed &tate Sed.evel Rise ResolutigiMarch 11,2011)

o The San Francisco Bay Conservation and Development Commission (BCDC) amended
the San Francisco Bay Plaf1968)to update its policies regardisga ével rise(2011)
and has been working on actions to redudeerabilityto sea level rise throughout the
San Francisco Bay through tAdapting to Rising Tide§ART) project

o0 The California State Coastal Conservancy (Conservancy) estaldighate change
policies application guidelines faea ével rise and climate ready principle@011)

o Cal OESupdated thé&tate MulttHazard Mitigation Plaim 2013

o The California Deartment of Transportation (Cadhs) developed guidance on
incorporatingsea evel rise into the lpnning and development Bfoject Initiation
Documentg2011), and how to address adaptatioR@gional Transportation Plans
(2013) and has completed numerous ottianate 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 Divisionof Boating and Waterwayand theDepartment of Water
Resources are all actively addressieg ével rise and have taken steps to conduct research on
sea ével rise impacts, integrasea ével rise into planning documents, and educate ataff

climate changémpacts (seAppendix Cfor a description ofhese efforts).

Other efforts: Sea &vel rise planning efforts taking plaatall levels of government and across
numerous sectotselped infornthis Guidance Commission staff reviewed scientific

publications orsea ével rise and climate change, adaptation guidebooks, and existing adaptation
principles and best practices described in documents suietiieators of Climate Change in

California (CalEPA2013)Adapting to Sea Level Rise: A Guid
CommunitiegRussell and Griggs 2012}}limate Smart Conservation: Putting Adaptation

Principles into Practic€Steinet al.2014),Ecosystem Adaptation to Climate Change in
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California: Nine Guiding Principle$RLF 2012),andClimate Smart PrinciplePRB0O2013,
and appled relevant information to theuiglance where applicable and consistent with the
Coastal Act.

L OOKING AHEAD: PLANNING AND PROJECT DESIGN WITH SEA LEVEL RISE

Thecoast has always beemplaceof change due to land modificatioesch as msion and

vertical land motionand to water variability such as tides, wawaes 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, avoidahexisting floodplain areas, elevation above some base

flood level, and compliance with design stardsto reduce or minimizeoastal risks antb

ensure an acceptable level of safety.

However, hazards are rarely eliminated or avoided compl&ebyével rise will exacerbate

existing hazards ahreduce the period of time over whishbme existing development can

remain relatively safe. As noted @overning Californiahrough Climate Changéd The not i on
of stable, predictable geography in which to live, work lami¢tt permanent buildings will beff

the table in decadesahéad ( Li t t | e Ho o v e r2) ®oations theatsmighthave?2 0 1 4, p
seemed relatively safe froemosion or flooding 20 or 30 yeasgo may now be shown to have

greater vulnerability due teea ével rise. Sites that might have seemed safe for 80 or 100 years

might now only be safe for 40 or 50 years.

As coastal changacceleratest will become more apparent that development close to the coast
cannot be treated in the same way as more inland development, where hazardous comgitions

be less dynamidCoastal dynamics kalongbeen 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 éine@cyature of the property

and changing nature of the hazards. As coastal areas erode, the carrying capacity of the area may
need to be revised@he trend of redeveloping with additions and larger structures may need to
change to one of maintaining whatthere or redeveloping with smalkdructures that better suit
siteconstraintsThe changingexpectatios arean important aspect ska ével rise adaptation

andare an importarpart of the following discussions on how to inclsda ével rise inLocal

Coastal lPograms, applications fa€oastalDevelopmenPermits and adaptation planning.

Sea evel rise is one of many climate charmgjfects that will havémpactson coastaresources

and development alonpe California oast. Accelerated coastal erosion, changing precipitation
patterns, increasing temperatures, and more extreme storms will pose planning challenges in
concert withsea ével rise. Thee are otheclimate change impacis the coastal zone, such as
changesn water supplyterrestrial habitatsnd fire hazardshat are also important to consider

in decisionmaking, and the Commission intends to provide guidance on a range of anticipated
climate change impacts in the future.
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hi s chapter summari zes the Coastal s€@ommi ssi

level rise,many of whichderive directly from the requirements of the Coastal Abese

principles broadly lay out the common ideas and a framework by which seadevel ri
planning and permitting actions can be assessed, and as such, represent the goals to which
actions should aspiréndividual actions and outcomes may vary based on a variety of factors,
including applicable policies aridcation or projectspecific fators that may affect feasibility
There ardour categories of principlesising science to guide decisions; minimizing coastal
hazards through planning and development standards; maximizing protection of public access,
recreation, and sensitive coastaaerces; and maximizing agency coordination and public
participation. Each categogyoups important and relatednceptghat arecentral to addressing
the challenge of rising sea leveiilding on the cumulative knowledge and experience of the
Commisson, subsequent chapters bilstGuidanceuse these principlds framepractical
guidance for addressing sleael risethrough planning and permitting decisions in the coastal
zone, consisteith the statewide policies of the California Coastal &cwvell as the statewide
vision of climate resilience outlined in the 2084dfequarding Californiglan

USE SCIENCE TO GUIDE DECISsIONS [Coastal Act Section30006.530335.5]

1. Recognize and address sea level rise as necessamplamning and permitting decisions
Addresssea evel rise science in all applicable coastal management and detialong
processes, including Local Coastal Programs (LCPs), PoreMRlksins (PMPs), Public
Works Plans (PWPs), Long Range Development Plans (LRDPs), Coastal Development
Permits (CDPs), federal consistency reviews, and other Coastal Act decision pr@&esses
level rise should be addressed in both hazard analyses anficiaigon of adaptation
strategies/alternative analyses, consistent with the policies of the Ceatstald LCPs as
applicablé®.

2. Usethe best available sciencéo determine locallyrelevant (contextspecific) sea level
rise projections and potential impacts for all Coastal Act planning processes, project
design, and permitting reviews Sea level rissciencecontinues tevolve, and some
processes that are not fully understoed{ice sheet dynamics) could potentially have large
effects on future sdavel rise At the time of this 2018update, the best available science
on sea level rise in California is th€2018 OPC GuidanceState of California Sed evel
Rise Guidance: 2018 Upda(&eeTable 2andAppendix G). As discussed in greater detall
in Chapter 3f this Quidance, these projections should be usatlscenaridased analysis

This Guidance document is intended to help implement the Coastalnéidt CPs in the context of skxel rise

concerns. However, the standard of reviewGommissia actions remains the California Coastal Act or applicable

certified LCPs. In particularhe recommendations of this Guidance do not consfiriéorceable policigsfor

purposes of CZMA federal consistency reviews. The enforceable policies for cogdadgmal consistency

reviews will remain the policies of Chapter 3 of the Coastal Act. Also, for federal agency activities, the standard is
consistency Ato the maxi mu miegfedéra agencymctiaties must beldullye , 6 wi t h
consstent unless existing law applicable to the federal agency prohibits full consistemdys CFR. 88 930.32 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 federaconsistency 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 bengsofor an objection (because it is not an
Afenforceable policyo) but it might be one means that #f
enforceabl e pol inordeetsavaidan ¢ébjectionpr ogr a mo
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to identify potential local impacts from sea level riseorporatingstorms, extreme water
levels, and shoreline chand@ther authoritative sea level science and projections may also
be used, in part or in full, provided they are pestiewed, widely accepted within the
scientific community, and locally relevant.

The Canmission will reexamine the best available sciepegiodically andas needed with
the release of new information on s$eeel rise'* In addition, Commission staff intends to
submit a periodic status report to the Commission describing updates on thediabte
science and adaptation practices, and any pateatommended changes to theidance
document.

3. Recognize and address scientific uncertainty using scenario planning and adaptive
management techniquesGiven the uncertainty in the magnitualel timing of future sea
level rise particularly over longer time periods, planners and project desighewduse
scenariebased analysis to examine a range of possible shoreline changes and sea level rise
risks to shape LCPs and other plans and prd@etlopment designs. As appropriate,
development projects, resource management plans, and LCP and other planning updates
should incorporatan adaptive management framework with regular monitpring
reassessments, and dynamic adjustment in or@g@ctminfor uncertainty.

4. Use a precautionary approach by planning and providing adaptiveapacity for the
higher end of the range ofpossible sea level risd.CPs and CDPs should analyze the
medium-high and/or extreme risk aversionprojections(from the 2018 OPC SLR
Guidance)of sea level riseas appropriate,in order to understand the implications of a
worst case scenario. In some cases, it may be appropragsi¢gmfor the local hazard
conditions that will result from more moderate seallege scenarios, as long as decision
makers and projeepplicantglan for adaptation pathways that would allow for the
implementation oflternativestrategies if conditions change more than anticipated in the
initial design.Si mi | ar to the recommendat i201dStdaten t he
Seal evel Rise Resolutices well as the2018 OPCSLR Guidance, the Commission does
not recommend using values soleliyom the lower end of the rangesas this does not give
a full picture of the risks. Lookingstead at both high and low projections allows users to
build an understanding of the overall risk sea level rise poses to the region Ghapgers
5 and 6 have additional detail regarding how tochoose appropriate sea level rise

projections.

5. Design adaptation strategies according to local conditions and existing development
patterns, in accordance with the Coastal ActDesign 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 asegy kmplementing mechanism for these adaptation
strategies. Adaptation strategies should be evaluated for their ability to both minimize
hazards and protect coastal resources.

™ Major scientific reportsriclude the release of Natiorad StateClimate AssessmesitilPCC Assessment Reports,
and/or State guidance
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Table2. Sea Level Rise Projections for the San Francigde Gaug¥ (OPC 2018)

Projected Sea Level Rise (in feédan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet etal. 2017)
Low Risk Aversion Mgdlum-ngh
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p:’z LINB 0 | 0 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 1.9 2.7
2060 15 2.6 3.9
2070 1.9 3.5 5.2
2080 2.4 4.5 6.6
2090 2.9 5.6 8.3
2100 34 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 5.2 114 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 Kpp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

12 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 occurrerrejections are with
respect to a baseline year of 2000 (or merspecifically, the average relative sea level over 199009. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosply 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 Sectiorn30253;30235;30001,30001.5]

6. Avoid significant coastal hazard risks to new development where feasiblection 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 mingrhazards is to avoid
sitingnew development within areas vulnerable to flooding, inundation, and erosion, thus
ensuring stable site conditions without the need for-teng financial and resource
commitments for protective devices. Methods to dinest development away from
hazardous locations are includeddhapter 7f this Guidance

7. Minimize hazard risks to new development over the life of the authorized development.
Coastal ActSection 30253 requires that new deyeteent 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
developmenshould include provisions to ensuhat hazard risks are minimized for the life
of the developmenwithout shoreline protectignncluding through future modification,
relocation, or removal when they become threatened by naagraids, including sdavel
rise.

8. Minimize coastal hazardrisks and resource impacts when making redevelopment
decisions.LCPs should encourage and requa® applicablgexisting atrisk structures to be
brought into conformance with current standards when redevelpechvements to
existing atrisk structues should be limited to basic repair and maintenance activitiasoand
extend the life obuchstructures or expand-ask elements of the developmenobnsistent
with the Coastal Act

9. Account for the social and economic needs of the people of the stateluding
environmental justice; assure priority for coastatdependent and coastatelated
development over other developmentn planning and project development concerning sea
level rise, assure that the social and economic needs of the peopletatdtaesaccounted
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 lovincome communities are less equipped to preparafdrespond to the
impacts of sea level rise andsaerethat LCP and CDP decisions accountdéarvironmental
justiceconcernsand include lowincome persons and communities in planning efforts

10. Ensure that property owners understand and assume the risks, and mitigate tlo@astal
resource impacts, of new development in hazardous ared¥operty ownershould
assumehe risksof developing in a hazardous locati@ften referred to as internalizing
risk). They should beesponsible for modifying, relocating or removimgwdevelopment if
it is threatened in the futur&ny actions to minimize risks to new development should not
result incurrent and/ofutureencioachment onto public lands or in impacts to coastal
resources inconsistent with the Coastal Act. LCPsCoastalDevelopment Brmits should
require recorded assumpti ons dofotheriagptopriatdgi n o f u
mitigationmeasure$o 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.Provide for maximum protection of coastalresources in all coastal planning and
regulatory decisions.New and existing development, redevelopment, and repair and
maintenance activities as well associated sea level rise adaptation strategies should avoid
or minimize impacts to coastal resourdasjuding public access, recreatjonarine
resourcesagricultural areasensitive habitats, archaeological resources, and scenic and
visual resourcem conformity with Coastal Act requirementsmpacts from development
and related activities should beoided or minimized; unavoidable impacts should be
mitigated as necessary.

12.Maximize natural shoreline values and processesyoid expansionand minimize the
perpetuation of shoreline armoring.If existing development (both private and publg)
thredened by sea level rise hazardshbuld employ the least environmentalgmaging
feasible alternativeandminimize hard shoreline protection. Priority should be given to
options that enhance and maximize coastal resources and access, includingzanatat
based approaches such as living shoreline techniques or managed/plannedtf retreat.
traditional hard shoreline protection is necessary and allowable under the Coastal Act, use the
leastenvironmentally damaginigasiblealternative, incorporate projections of sea level rise
into the design of protection, and limit the tiperiod of approval, for example, to the life of
the structure the device is protecting. Major renovations, redevelopment, or other new
development shadd not rely upon existing shore protective devices for site stability or
hazard protection. Where feasible, existing shoreline protection that is no tenggrrelied
upon in this way, or no longer needed otherwsdeuld be phased out.

13.Recognize thatsea level rise will cause the public trust boundary to move inland
Protect public trust lands and resourcesincluding as sea level risesNew shoreline
protective devices should not result in the loss of public trust land$Vhere allowed under
the Coasl 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 lamelscroach
onto public trust lands without the permission of the appropriate trupteeaWhensea
level rise causes the public trust boundary to move inlandteath 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 eror@ant or apply for a permit to
remove any encroachments.

14. Address potentialsecondarycoastal resource impactst¢ wetlands, habitat, agriculture,
scenicand visual resourcesetc) from hazard managementdecisions, consistent with
the Coastal Act Actions to address sdavel rise in LCPs or permits should not exacerbate
other climaterelated vulnerabilities or undermine conservation/protection goals and broader
ecosystem sustainability. For example, siting and desigewfdevelopment should not only

13 The State holds and manages all tidelasdbmerged landsind beds of navigable waterways for the benefit of

al | people of the State for statewide purposes consi st
In coastal areas, the landward location and extent of the State's trust lands are generally defined by reference to the
ordinary high water marlas measured by the mean high tide.leblic trust uses includaich uses amaritime

commerce, navigation, fishin boating, wateoriented recreation, and environmareservation and restoration.
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avoid sedevel rise hazards, but also ensure that the development does not have unintended
adverse consequences that impact sensitive habitats or species in the area.

15. Address the cumulative impacts and regional contexts of planning and permitting
decisibns.Sealevel rise will have impacts at both the s#gecific and regional scales. In
addition to the evaluation of sipecific sedevel rise impacts, LCPs and projects should
include arevaluaion of the broader regicwide impactsin two differentcontexts. First, the
LCP or project shouldonsidethow sedevel rise impacts throughout an entire littoral cell or
watershed could affect the LCP jurisdiction or project. Sedwed,CP or project should
considethow options to adapt to seavel rise ould result in cumulative impacts to other
areas in the littoral cell or watershédttionsshouldbetaken to minimize anyidentified
impacts.

16. Require mitigation of unavoidablecoastal resource impacts related to permitting and
shoreline management deciens. Require mitigation for unavoidable public resource
impacts over the life of the structure asoadition of approval for the d&astalDevelopment
Permit. For example, for impacts to sand supply or public recreation due to armoring and the
loss of sang beach from erosion in front of shoreline protection devices, require
commensurate #ind 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-evaluation of the project authorization and mitigation for
longer term impacts.

17.Consider best available information on resource valuatiorwhen planning for,
managing, andmitigati ng coastal resource impactsPlanning project developmentand
mitigation planningshould evaluate the societal and ecosystem service benefits of coastal
resourcest risk from sedevel rise or actions to prepare for $eel rise. These benefits can
include flood protection, carbon sequestration, water purification, tourism and recreation
opportunities, and community character. Resource values can be quantdieghth
restoration costs or various economic valuation models

MAXIMIZE AGENCY COORDINATION AND PUBLIC PARTICIPATION [Coastal Act
Chapter5; Sections 30006; 30320; 30339; 30500; 30503; 30711]

18. Coordinate planning and regulatory decision making with otherappropriate local,
state, and federal agenciesupport research and monitoring efforts Given the multitude
of sedevel rise planning, research, and guidance efforts occurring in California, it is critical
for agencies and organizations to share infolwnatoordinate efforts, and collaborate where
feasible to leverage existing work efforts and improve consistémjitionally, since many
sea level rise hazard$fectmultiple jurisdictions, their management may also need to be
coordinated through mulaigency eviews and coordinated decisioraking.The
Commissionwill continue tomeet this goal through coordination, engagement with
stakeholders, and trainingdoweve, ongoing financial support for the€®mmission
effortsis critical
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19. Consider conductingvulnerability assessmerdg 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 toagyanpacts
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 processesThe
CoastalCommission will continue to provide avenues for maximum public participation in
planning and regulatory processes, and will continue to establish and/or expand non
traditional alliancesd.g, between/among public and private resource managesd, trib
groups, scientists, decisionakers), 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 sedevel rise.

This document and its guidingipciplesbothreflect and complemettie priorities outlined in
theStateoCal i forni ads cl i rhe0ddSadedumrpingaalifomiplanst r at egy
While this Guidance specifically focuses on the California Coastal Act and the regulatory work

of the Coastal Qomission, it also echoes key conceptSaieguarding Californighat apply

statewide. For example cantral theme ilsafeguarding Californias to provide risk reduction
measures for Cal i f or ni ,sanethingthastaddvessétiereir abl e pop
Guiding Principle #9. Similarly, tis Guidance an&afeguarding Californidoth emphasize the

use of best available science (Guiding Principle #2)taadeed for communication, outreach,

and public participation to increase understanding of cémaks and adaptation options

(Guiding Principle #20).

Safeguarding Californds Coast andals@3atesahat chmapwedevel opmer
communities must be planned and designed for-teng sustainability in the face of climate

c hange, (tureshaicentnal parpose and focus of @usdancelt goes on tspecifythat

ACal i fornia must ensure public access to coas
park and recreational resouroes a thedstat@ should not build or plankoild, 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 leveeotrer protective measures, unless there is a compelling

need 0 Again, these values are refllindhesesvays, her e,
and through the shared goal of ensuring planning for and resilience against climate change

impacts, theawo documents are readily consistent and complementary.
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This chapteprovidesinformationon sea level rise scienaadcoversthe following subjects

The kest available science cea ével rise
Using scenaridased analysis in responseséa ével rise projection ranges
The ghysical impacts ofea ével rise

o O O O

Storms, extreme events, and abrupt change

Sea kvel rise science contirgto 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 agrethat the climate is changing and that it has led to global increases in

temperature and sea levil.the past century, global mean sea level (MSL) has increased
by 7 to 8 in(17 to 21cm; IPCC 2013)lt 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 20idicentury (IPCC 2013).

There are a number of methods for projecting future changes in global sea level, including using
extrapolations fromiktorical trend and observations, estimations from physical models, and
combinations of observations and modeling, known as-sempirical methodg-or a detailed
description of thestechniquesseeApperdix A.

Scientistaalsomeasure sea level changeaatariety of scales, from the global down to the local
level. For example, theea &vel rise projections ilntergovernmental Panel on Climate Change
(IPCQ) reports are based on large scale modetgikie global projections. Bugea level does

not change uniformly around the globe, so modifications for local conditions are necessary for
adaptation planning.

In particular, global averageea évelrise isdriven by the expansion of ocean waters ag the
warm, the addition of freshwater to the ocean from melting-barsid ice sheets and glaciers,
and from extractions in groundwat@&igure 3. However, regional and local factors such as
tectonics and ocean and atmospheriautation patterns result in relatigea ével rise rates that
may be higher or lower than the global average. As such, egobld models are often
Adownscal edo yof mettodsdgolproade localkelevart data.

For California,the 2018 OPCSLR Guidance _described below, providesea evel rise
projections that have been refined forl2 tide gauges throughout CaliforniaMore detailed
refinementof sea level ris@rojectionds not considered necessary at this tiaevariations

from the nearby tide gauges will often be quite small, and may be insignificant compared to
other sourcesof uncertainty™. It is important to note, though, that whiteesea level rise
projectionsare fairly similar throughout the statbe physical impactsiay ke quite different,

14 Although the Commission believes that the OPC Guidance projections can be used without modification, it
recognizes that other studies exist with localized data, for arple those completed in the Humboldt Bay
region, which may also be appropriate for use
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and locallyspecific analysis of impacts will be very importabetail on physical impacts and
how to assess theis provided in Section C of this chapter and\ppendix B

hydrological cycle

glaciers
atmosphere-ocean ice sheets
“BOh o interaction and shelves
p 4
./’

5 »
ground water relative
sea level

ocean properties
ocean circulation

geocentric
sea level

Figure3. Climatesensitive processes and components that can influence global and regional sea level. Changes in
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refers to aspects such as temperatusalinity, and density, which influence and are dependent on ocean

circulation. SourcelPCQ013,Figure 13.1)

Global Sea Level Rise Projections

ThelPCC5™ Assessment RepofR5), which was released in September 204 3he most
recent global scale assessmerdes ével rise The report projects a rise ghobal average sea
level by10-39 in (26 t098 cm) bythe year2100 (relative to mean sea level from 1985 to 2005)
depending on the emissions scendtigrigure 4. These projections are about 50% higher than
the projections from the IPCE" AssessmerReport(AR4, released in 2007This is because
theIPCC changed the climate model inputs between AR4 and liRfrticular, nuch of he
increase in the amount séa ével rise projected in the AR5 is due to the inclusioseafével

rise resulting from the loss of ice sheets. Ice sheet dynamiesnoemcluded in the AR4, but
enhancements iphysical models that account for such ice sheet dynamics have allowed for a
better understanding and greater confidence in this input, and as such were included in the
ARS5™. The IPCC also released a special port in October 2018 that discusses thenpacts
associated with limitingglobal warming to 1.5°C as compared to 2°C. This report found

that sea level rise would be about 10cm less with only 1.5°C, enabling greater opportunities
for adaptation in both human and ecological systems (IPCC 2018).

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

% 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 metoutputs for some climatic changesany €.g, theNational Climate AssessmdiMelillo

et al. 2014)and the NRG2012)reports highlighted below) accounted for the loss of ice sheets through the use of
semiempirical models or other methods, furthenimg their results.
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Figured. Past and projected future sea level trends (IPCGinpilation of paleo sea level data, tide gauge data,
altimeter data, and central estimates and likely ranges for projectiomggadifal mean sekevel rise for low
emissions RCP2.6 (blue) and high emissions RCP8.5 (red) scenarios, all relatiredtespial values(Source
IPCQ013,Figire 13.27)

National Sea Level Rise Projections

Thethird National Climate AssessmdiNCA; Melillo et al) was released in May 2014, and
includes the current beatailable science on climate change sed ével rise at theational

scalé’. Thesea ével rise projections in the NCA were informed by the 2012 NOAA report titled
Global Sea Level Rise Scenarios for the Un&tes National Climate Assessm@drriset al.
2012) Thisreport provides a set of four glolsda ével rise scenarios ranging frd@nn to 7

(0.2 to 2.0 M by the year 2100 (using mean sea level in 1992 as a baseline) reflecting different
amountf future greenhouse gas emissions, ocean warming and ice sh€etdoss §. The

low and intermediatédow scenarios assume very significant reductions in greenhouse gas
emissions, and limited changes in ocean warming arshieet loss. The intermedidiegh

scenario is based on the average of the high projections frorresgpitical models, which are
based on the highest IPCE Assessment Report (AR2007) emissions scenario (A1E)The

17 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 adéihario assumes continued intensive use

of fossil fuels, high economic growthnd low population growth that peaks riehtury. The B1 scenario assumes
significant reduction in fesil fuel use, an increase in clean technologies, and the same low population growth that
peaks miecentury. The A1F1 yields the highest £€nissions by100 and the B1 scenario yields the lowest.
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highest scenario (2.0 m) combirtee IPCCAR4 projections with the maximum possible ice
sheet melt that could occur by 2100. Given the resteigies that suggest that glacier and ice
sheet loss could contribusggnificantlyto risingsea évels €.g, Rahmstorf 2007; Vermeer and
Rahmstof 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
(Rahmstorfet al 2012), the low and intermediakew scenarios likelyinderrepresent futuisea
level riseunless demonstrable reductiongylobalgreenhouse gas emissions occur soon

200 T - Highest - 20 m
Observed Scenarnos

160 1

120 1 Intermadiata-High - 1.2 m

Intermediate-Low - 0.5 m
40 1

| Lowesl-0.2m
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Figureb. Observed and projected future sea level rise scenahteif|o et al.2014). Global mean sea level rise
scenarios used in thgS National Climate Assessmehte Intermediate High Scenario is an average of the high
end of ranges of global mean SLR reported by several studies usingregirical approaches. The Intermediate
LowSceaario is the global mean SLR projection from the IPCC AR4 at 95% confidence (@mmaed.Global Sea
Level Rise Scenarios for the Uniteatét National Climate AssessmeRaf(riset 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 (26m), keeping pace with global risgor the early portion of the 2% century
(through approximately 2011), mean sea level in California remained relatively constant, and
may havebeen suppressed due to factors such as offshore winds and other oceanographic
complexitiesBromirskiet al (2011,2012) postulatthat persistent alongshore winds have
caused anx@ended period of offshore upwelling that has both drawn coastal waters offshore and
replaced warm surface waters with cooler deep ocean water. Both of thesecfadihisffset

the global sea level rise trend in this region. However, localized seaigymlession will not
continue indefinitely. A the Pacific Decadal Oscillation, wind, and other conditions shift,
California sea level will continue risif@{RC 2012; Bromirsket al.2011, 2012 Indeed,

satellite altimetry data shows that sea level alanthe 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 Oceanwill likely persist in the coming years, leading to substantially higher sea

level off the west coast of the kited 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 (OPQecognizedthe National ResearchCouncil

(NRC) report, Sealevel Rise for the Coasts of California, Oregon, and Washington: Past
Present and Futureas best available science for the State of California, and recommended
in its 2013 State Sed evel Rise Guidance that state agencies and @ifs use these

projections in their planning processesLikewise, 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 presens sea level ise projectionsin ranges due to several sources of
uncertainty. One significant source of uncertainty is over future greenhouse gas emissions:
researchers cannot knowthe amount or rate of greenhouse gasmissions that will be
generatedover the coming decaded. arge-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 projectiorBecause the rag 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 r ate of greenhouse gas emissiodgrge-scale emisions
reductions that begin inthe nearfuture; and various intermediate scenarios).

A second significant source of uncertaintys related tothe dynamics of ice sheet loss.hls

topic has continued to be extensively researched since tRRC report was published and

recent studies have since informed updated statewide guidance.April 2017, a Working

Group of the Ocean Protection Counciléds Scien
synthesizingcurrent sea level rise science. Hreport, titled Rising Seas in California: An

Update on Sed.evel Rise Sciencgresents advances in sea level rise modeling, notably

including improved understanding of the processes that could drive extreme global sea

level rise from ice los§rom 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 tha rapid ice sheet loss could result in upwards of 10 feet of sea

level rise along the California coastby 2100t hi s scenari o is referred
scenari oo or AH++ scenari oo throughout the OP

The ScienceReport also includes newiprobabilistic projectionso 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
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inputs to climate models change (based on evolving science for example), so tobthe!
probabilities associated with different projections®®

OPC incorporated these findingsnto updates to their 2013State Sea evel Rise Guidance.
The newState of California Sed_evel Rise Guidance: 2018 Updat20180OPC 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 belowTiable 3,

and the projection tables for the other tide @uges can be found i\ppendix G. The tables
are adapted from the20180PC SLR Guidance, and present theéhree scenarios thatOPC
recommendsfor use in planning, permitting , investment, and otherdecisions. These
scenarios include:

1. Lowrisk aversionscenariot he upper value for the #Ali kel
approximately a 17% chance of beingxceedeldt may be used for projects that
would have limited conseqguences or a higher ability to adapt.

2. Medium-high risk aversion scenariothe 1-in-200chance(or 0.5% probability of
exceedanck should be used fomprojects with greater consequences and/or a lower
ability to adapt.

3. Extreme risk aversin (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/a would have considerable public health, public safety, or
environmental impacts should that level of sea level rise occur.

In accordance withthis statewide quidance, the Coastal Commission considers the 2018
OPC Seal evel Rise Guidance (and the relate@017 Rising Seas science report) as the best
available science on sea level rise in California, amdcommends usinghe abovescenarios
in relevant Coastal Commissionplanning and permitting decisions*° M ore information on
which scenarios to use ircertain circumstances can be found in Chajers 5 and 6.The
Commission will continue to periodically reexamine and update sea level rise projections
as they evolve with the release of new scientific reports and information on local and
regional sea levetrends. Additionally, as sea level rise science continues to evolve,
equivalent resources may be used by local governments and applicants provided the
sources are peereviewed, widely accepted within the scientific community, and locally
relevant.

19 The 4" California Climate Assessment developed projections that present a broader range of SLR estimates than the

Ri sing Seas science report and the 2018 OPC SLR Guidance. Bo
contributions to SLR from primary sources using different methods, including model projections and expert input.

However, the 4" Assessment incorporates the findings from the recent studies regarding the potential for rapid loss of

Antarctic ice sheets (which results in the H++ scenario ofb@ut 10ft. of SLR by 2100) into its probabilistic projections

whereas the OPC reports do NOT include this possibility in the probabilistic projections, as explained above.

20 Note that while the Coastal Commission now recognizes the 2018 OPC SLR Guidansebast available science on sea
level rise projections, the 2012 NRC Report and other related studies still contain valuable information, and references to
these documents and studies throughout this guidance remain relevant and applicable
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TheCoastal Commission will be using and recommends that local governments and
applicants use best available science, currently identified as the projections provided |
the 2018 OPC Sdzevel Rise Guidancé&dble 3 Appendix G, in all relevant local coastal
planning and coastal development permitting decisions.

Table3. Sea Level Rise Projections for the San Francisco Tide G5@feC 2018)

Projected Sea Level Rise (in feédan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)

Low Risk Aversion Mgdlum-H|gh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range” 1-in-200 chance Single scenario

(~17% probability SLR exceed{ 6 n ®pi’z LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 1.3 1.8
2050 1.1 1.9 2.7
2060 15 2.6 3.9
2070 1.9 3.5 5.2
2080 24 4.5 6.6
2090 29 5.6 8.3
2100 34 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 modeéxperiments 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 wittian and acknowledgement of increased
uncertainty around these projections.

21 propabilistic 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 specifical}, the average relative sea level over 192D09). 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 sceiwa; 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 trajectoriearnue.
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USING SCENARIO -BASED ANALYSIS IN RESPONSE TOSEA LEVEL RISE PROJECTION
RANGES

Despite the recent advancesea ével rise sciencesea level rise projectionsicluding those
in the 2018 OPCSLR Guidance (Table 3 AppendixG) andother state, national, and global
reports are typically presented in rangdae toseveral sources afgnificantuncertainty

The two primary sources of uncertaintygiobalsea level projections include

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

2) Uncertainty aboufuture rates of land ice lo$flRC 2012;McMillan et al. 2014,
Morlighem et al 2014 Griggset al.2017; OPC 2018

Additionally, the further into the future sea leviskeis projected, thgreaterthe uncertaintyand
therefore the range in projectiortmgcomes. This occurs because the longer the projection
period, the greater the likelihood that models will deviate from the actual impacts of climate
change (NRC 2012nd the more dependent projections become ohe trajectory of
greenhouse gas emissions (OPC 2018his is reflected in the projections included in the
2018 OPCSLR Guidance, which includes single values for the years 2030, 2040, and 2050,
but projections for both low and high emissions scenarios iB060 and beyond. According

to the 2018 OPCSLR Guidance, nearterm sea level rise has been locked in by past
greenhouse gas emissions whereas de®el rise over the longeiterm will become
increasingly dependent on efforts to curtail greenhouse gas emisss

This Guidance recommends using scerbased analysis to address the uncertaingganével
projections. Scenaribased analysis (or planning) refers to the idea of developing multiple
scenarios from which to analyze vulnerabilities, generateitesas and adaptation options,
and/or test sttagies. In the context of thisuglance, scenaribased analysis includes choosing
several possiblsea ével rise amounts as a starting poineétaluatampacts to coastal resources
and potential risks to g#elopment over time. This type of scenabi@sed approach is useful
because it reveals the full range of possible consequensea éfel rise that can be reasonably
expected for particular regions or sites according to the best available sciencanatgjta
scenariebased analysis helps to reveal the tipping pantiatingif or whensea ével rise will
become a serious issue in a particular location. In many cases, using rsekiplee! rise
scenarios will help to hone in on the types of ndgdor which to prepare.

In general, the Coastal Commission recommends using best available soigrergly the

2018 OPCSLR Guidance) to identify a range ofsea kvel rise scenariosincluding the low,
medium-high, and, as appropriate, extreme riskaversion scemrio““. In practice, the process
for choosing scenarios and performing scerbased analysis will be slightly different for LCP

2Similar to the r ec Qihhseae SaievelRisResautionds eell @sRhE 2048 OPC
SLR Guidance, the Commission does not recommend ugirgjectionssolelyfrom the lower end of the ranges
this does not give a full picture of the risk®oking instead & range oprojections allows users to build an
undersanding of the overall risk sdavel 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 PrografCP), the general goal is to assess the potential impactssieam

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 anteimgnted. 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. Scenaridased analysiin the context of LCP planning includes choosing a range of
sea ével rise projections to analyze so as to understand the best and worst case scenarios and to
identify amounts oea ével rise and related conditions that would trigger severe impacts and

the associated time periéal when such impacts might occ@hoosing sea level rise scenarios

in the context of LCP planning describe in greater detail i€hapter 5

In the context of a Coastal Development Pef@DP)application, the goal is to understand how
sea evel 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 tleentext of a CDP, it is important to identify the amountses ével rise
that could result ireffectsto a particular site as well as the time period(s) over which those
effectscould occur so that the proposed development can be safelpstetesigedto avoid
resource and development impatiswever,some sites will be completely safe frama ével

rise under even the highest projection scenarios, while others will depend on the timing and
magnitude okea ével riseto determine safety. Theretgiscenariebased planning analysis can
be used as a screening process to identify if and adbvel rise might become a problem.
Identifying sea level rise scenarios in the context of CDHEessribé in greater detail in

Chapter 6

Overall, scenaridased planning should help planners make reasonable and informed decisions
about whether their projects or plans are compatible with the local hazards influersezd by

level rise, and identify the types of adaptation messstitat might be appropriate given the local
circumstanceand requirements of the Coastal ABY exploring the range of future scenarios
based on the best available science, users of this document can make decisions based on full
understanding of possifuture hazards, ultimately achieve outcomes that are safer for both
development and coastal resources, and avoid costly damages to projects.

For more information on scenafiimsed planning in the contexftLCPs and CDPs see Chapters
5 and®6, respectivelyA number ofadditionalresources related to scenabased planning are
available, including @andbookirom the National Park Servi¢g2013)andguidancerom Point
Blue Conservation Science and the California Coastal Conser(/diooyeet al 2013) See
Appendix Cfor these and ot resources related to scendrased analysis and adaptation
planning.

PHYSICAL EFFECTS OF SEA LEVEL RISE

Continued and acceleratsda ével rise will have widespread adverse consequences for
Cal i forni ads c sunmanarFigured).sTbeunain ghgsicaffBotsef sea ével
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riseinclude increased floodingnundation, wave impactspastal erosiorghanges in sediment
dynamics, andaltwater intrusionThese impacts are interrelated and often omgether
Absent any preparatory action, an increase in sea level may have serious implicatoastédr
resources and development, as describéhampter 41n addition, these physicaffectscould
have disproportionate impacts wmnerable communities that have lower capacity to adapt.

Physicaleffectsfrom sea ével rise to the coastal zone include the following:

1 Flooding and inundation: Low lying coastal areas may experience more frequent
flooding (temporary wetting) or inundah (permanent wetting), and the inland extents of
100-year floods may increas@nly 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 anccoastal 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 (Hebemgteal 2009) Drainage systems thdischarge
close to sea level couldbe similar problems, andland 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 sane areas

1 Wave impacts:Wave impacts caoausesome of the morng-lastingconsequences of
coastal storms, resulting mgh amounts of erosion amage or destruction of
structuresThe increase in the extent and elevation of flood watenssea ével risewill
also increase wave impacts and move the wave impacts farther Efasthn rates of
coastal cliffs, beaches, and dunes will increase with rising sea level and are likely to
further increase if waves becoiageger or more frequerfNRC 2013.

1 Erosion: Large sections of the California coast consist of oceanfitaffs 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 202 rdgion
could lead to landslides and loss of structural and geologic stability of bluff top
development such as homes, infrastrugcttive California Coastal Trail, Highway and
other roads and publidilities. The Pacific Institute(Hebergeet al 2009)estimated that
41 square mile€l06 square km)f coastal landrom the CaliforniaOregon border
throughSanta Barbara County could be lost due to increased erosiod.@ifth(14 m)
of sea ével rise by the year 2108nd approximatel{4,000 peole now live in those
vulnerableareas. Increased erosion will not occur uniformly throughout the Brates
in Humboldt County could erode a distancepproximately 2000tf{nearly 600 mby
the year2100 (Hebergeet al 2009 Revellet al. 2011)). In southern California, higher
sea level rise could result in a twdold increase in bluff retreat rates over historic
rates, causing a total land loss of 62 135 feet by 2100 (Limberet al.2018 (in press)
Man-made structures like dikes and levees sy be impactetdy erosion increasing
flooding risk of the areas protected by those structures, suotvdging agricultural
land Over the long term, rising sea levels will also cause landward migration of beaches
due to the combined effects inundateomd loss of sediment due to erosion (NRC 2012).
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Figure6. Photo ofEsplanade Apartments threatened by cliff erosior2013in Pacifica, CASource
California Coastal Recorf'sojec)

1 Changes inbeachessediment supply and movementSedimenis important to coastal
systemsn, for exampleforming beacheand mudflateind as the substrate for wetlands.
Sea ével 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
nourishmehprojects (adding sand to a beach or other coastal area), as well as decrease
the effectiveness and lotsigrm viability of beach nourishment if sand is quickly washed
away after being placed on a beach (Griggs 2@l@®reline change models predict
that by 2100,without changes in coastal managemen80 to 67% of Southern
California beaches may be completely lost due to rising sea ley®itousek et al.

2017 Bedsworth et al.2018. Sediment supplies in wetland areas will also be important
for long-term mash survival. Highewater levels due teea ével rise, however, may
outpace the ability of wetlands to trap seent and grow vertically (Titu$988;
Ranasinghet al 2012 Van Dyke 2012

i Saltwater intrusion and rising groundwater: An increase in sel@vel could cause
saltwater to enter into grouwdter resources, or aquifers. Existing research suggests that
rising sea level is likglto degrade fresh grouwdter resources in certain areas, but the
degree of impact will vary greatly due to local hydrolpgical conditionsGenerally, he
most vulnerable hydrogeological systems are unconfined aquifers alotghgvcoasts
or aquiferghat have already experienced overdraft and saline intrusi@alifornia,
saline intrusion intgroundwater resourseas a problem in multiple areas, including but
not limited to the Pajaro Valley (Hanson 2003), Salinas Val&anéoret al 2002a;
MCWRA 2012) Oxnard Plainlgbicki 1996; Hansort al 2002b) and the heavily
urbanized coastal plains of Los Angeles @rdnge Counties5§dwardsandEvans 2002;
Pontiet al 2007; Nishikawaet al. 2009; BarlowandReichard 2010)Groundwater
sources for coastal agricultural lands may also be susceptible to saltwater inBagion
level risecan also result in higher groundwater, presenting another source of flood
rise (Hooveret al.2016).
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STORMS, EXTREME EVENTS, AND ABRUPT CHANGE

Much of the California coast is currently vulnerable to flooding and waamage during large
storm events, ang’en more of the coast is vulnerable to stampactswhen they occur during
times of heightened water levels, such as high tides, El&iéos, a warm phase of the Pacific
Decadal Oscillatioyor a canbination of these factorSea ével risewill increase vulnerability

to storms even moigecauseising water levels will result in more areas being impacted

Climate change will likely modify or change much more thest sea level. One potential
climatechangerelated impact thawill interact most directly witlsea &vel risehazards is
change in frequency or intensity coastal storméstorminessand extreme eventsh& extremes
associated with highntensity eventsnay be particularly devastatisghce they have the
potentidto cause broadcaledamage, as seé&mm recent events such as Hurricanes Katrina
and Rita, Superstorm Sandyndthe Tohoku tsunamAbrupt change in sea levels is another
potential impact of climate chandg&oth potential impacts are described below.

Extreme Events and Storms

There are several ways to describe extreme evamtisnost definitions tend tramethese
events in terms of consequences or past observationseKallkk013 define extreme events as
At he fl oods t haomes|tre pighavaves thatsvash oubcoastal toads, or the

toppling of trees and power poles frosasa pass
fi lte occurrence of a value of a weather or climate variable above (or below) a threshold value
nearthes pper (or | ower) ends of the range of obse

5). In general, extreme events, by their very nature, are those beyond the normal events that are
considered in most shoreline studies. For examptestbrm waves anitbod conditionsan
extreme event will normally be anything worse than the 4 event.

Extreme events are of particular concern to the examinatiamastal vulnerability and damage
becauseltey tend to cause the greatestnmunityupheaval and caresult in irreversible

changedo the coastal landscaga the El Nifio winter of 19821983, for example, a series of
storms several of whicltoincided withhightide, caused more than $200 milliamdamage (in

2010 dollars) to coastal California (OPC 3DISimilarly, the 2015/16 El Nifio was one of the
strongest on record resulting in significant changes tahe shoreline.The 2012 NRC report
notes that fAwaves riding on these higher wate
erosior® more than that expected bga é v e | ri se 202, p.x0Band theNR C
California Climate Assessment found that 100year caastal flood would almost double the
damages associated with just 20 inches of sea level rise alone (Bedswett#l. 2018) These
impacts result because a rise in lsa&| will mean that flooding and damage will likely reach
further inland. The IPCEifth Assessment Repd013) states thit 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 particull@vetaxtremencreasing

by an order of magnitude or more in some regions by the end of the 21st century.

% The IPCC has assigned quantitative levels to variousstefroonfidence 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% probabitcurrence), medium

confidence (about a 5 out of 10 chajjdow confidence (about a 2 out of 10 chgn8ource of terms
http://www.ipcc.ch/pdf/supportingnaterial/uncertaintyguidancenote 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. Howes@vittence that storminess

will change in the North Pacific Ocean is conflicting and inconclusive (Catyah2009; Lowe

et al 201Q Dettinger 201} Still, even if storminess does not charggs evel 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 analysisadfvel rise hazards.
Methodologies for these analyses are includefidpendix 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 expectedytadhga) leading to
slow and steadgea ével rise. Howeverapidcollapse of lanébased ice sheets could lead to
sudden acceleration e€a evel rise as discussed in the 2017 Rising Seas science report and
the 2018 OPCSLR Guidance Specifically, the science report explains that if greenhouse

gas _emissions are not curtailed, #dAglaciologic
rapidly accelerating and effectively irrevers

model simulations that consider positive feedback loops associateidh ice sheet melting
and related nonlinear 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 2088 R 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 ceniry or beyond are different than those
that are driving ice loss now. Thus,the likelihood ofextreme sea level rise uscertain and
remains an area in need of future research (NR@;Zexlggs et al.2017; OPC 2018

Rapid change in land elevation thg an earthquake is another potential causmatbrupsea

level changen a localized aredA large earthquake in the Cascadia Subduction Zone could
cause land in northern California, Oregon, and Washington to suddenly subside relative to sea
level, caising a sudden riga relative sea level by-8.5 ft NRC 2012). Large earthquakes in

this zone are expected to occur abevery several hundred to one thousgmars, and the most
recentsuchearthquake occurred in 1700. The sudden rise or drop irelaadtion would occur

in a matter of minutes. If the land were to subside, the relative rssmibvel would be rapid

and it would add tsea ével rise already occurring from climatelated forcing.

There is also potential for oceanographic conditions to lead to a relatypatirate ofsea ével

rise in CaliforniaExamination of théidal gauge recordsdicate thathere was no significant
interannual ri se 1 n Cal0llfdespite arisedirsglolsaksaa levet ovex |
the same time perio@®ne explanation, presented Bsomirskiet al. (2011,2012) links this
suppression agea ével rise withpersistent alongshore windadan extended period of offshore
upwelling that hasoth drawn coastal waters offshore and replaced warm surface waters with
cooler deep ocean watétowever, this suppression will not continue indefinitely asdhe

Pacific Decadal Oscillation, wind, and other conditions shift, California sea levebniihce

rising, likely at an accelerated rate (NRG12 Bromirskiet al.2011, 2012).
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significant consequencesféral i f or ni ads ci ti z ethesresoucesast al
protected byhe Coastal ActThis chapter describesme of theeconsequenceand
notes theelevant Coastal Act policider conveniencelt is important to considdyoth the direct
impacts of sea level rise on coastal resourcesvuadl these impacts mean foetheople and
communities who use and enjoy these coastal resolircealsoimportant to consider
environmenthjusticewhen analyzingea ével rise impactsasdescrbed in greater detail in the
sectionbelow.

The physical effects afea ével rise described in therevious chapterould have

SEA LEVEL RISE ADAPTATION PLANNING AND ENVIRONMENTAL JUSTICE

Sea level rise and how we respond to it may result in significant changegslisttition of
environmental benefits, or environmental justice, in California. General planning law in
California specifically recognizes and define
people of all races, culture and income with respetttdalevelopment, adoption,

i mpl ementation and enforcement of environment
Code Section 65040.12; and see Public Resources Code Section71118). Environmental
justicedemands that all people, regardlesgheir race, ethnicity, or level of income, are able to

enjoy the benefits of our environmental protection programs and our environment generally.
Safequarding CalifornigCNRA 2018) identifiesclimate justice as an important cressctor

theme in the stateds cl i mat e Adddiealy, the 208n and r
OPC SLR Guidance recommends prioritizing social equity, environmental justice, and the

needs of vulnerable communits 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 fugithents 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 thegicall 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 econ@nd social weibeing 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 interbsthe people, of
paramount concerto present and fute resident®f the state and nation, and that careful
planning and development is essentighi® economic and social wdikingof 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 panning 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
benefitsand burdes of managi ng Cal i f orBmsudnglewincomast wi | |
and underserved communities are included in environmental decisions is a key tenet of
environmental justice and will minimize disproportionate environmental and public health

impacs. 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 crogsferences existinghon-

discrimination and civil rights law in the government code and requires the governor to

appoint an environmental justice Commissioner to our board.

The Coastal Actds broad concern for all the p
which require the maximum provision and prote
the shorelineSections 30214214). These policies reflect the judgement of the people of

California in passing Proposition 20 in 1972 that public accesseaneition 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 shorelfaélic access to the coast is important to

the health and welbeing ofthe 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 thestal resources most at risk from accelerating
sea level rise. As discussed elsewhere inGaislance, beaches, accessways, recreational
amenities, and even surfing resources may be dramatically impacted by rising seas. Where
development already exisnd 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 ver
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 aodethat we endeavor to provider 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 matiddgoly
concerning when the Commission and local governments need to make decisions about shoreline
protection and hazard mitigation. As discussed elsewhere iGtidsnce, the Coastal Act

provides for the protection and mitigation of coastal hazZamesxisting 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 beachseurces may be diminished in order to protect private or public
development along the shorelingotentially a significant environmental justice concern.

Because of this, will be important for decisiomakers 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 naygirbeed, 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 ott@astal resource impacts when evaluating
shoreline protection and other responses to sea level rise and coastal fhea@isastal

Commission approved a revetment at the west end of the Goleta Beach County Park to provide
protection against erosion. iBtpark is an important public resource in Santa Barbara County

and receives up to 1.5 million visitors each year, a large fraction of whedbw-income

visitors. Park facilities include picnic areas, open parkland access to the ocean and a
recreaibnal 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 importanceprbtecting wide accessibility 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 duestat davelopment 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 neas exposed to flooding from a 1@€ar 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 arénguistically isolated and less likely to understand flood warnings (Hebetgér
2009). According to Heberget al. (2009), the greatest increases in the number of people
vulnerable to flooding will occur in Los Angeles, San Diego, Ventura, Humbaidt San Luis
Obispo countiesSea level rise will likely result in the loss of key infrastructure, intrusion of
saltwater into water sources, and the creation of additional coastal h&taedsds in vulnerable
areas will have disproportionate impactsammmunities with the least capacity to adapt, which
could deepen and expand existing environmental injustice if adaptation responses are not
managed appropriately.

For example, loweincome communities and those who live in rental units are more tixdlg

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 populationesasdikely to be able to take proactive steps

to adapt to sea level risédditionally, loss of local public beaches or a reduction in public

access and recreation opportunities would disproportionately affeghémme communities

that have few alternate lower cost recreational opportunitidsibal communities aralso

vul nerable to sea | evel ri se because they are
easily relocate.

Overall, it will be impatant for planners and decisiomakers to nbonly consider the direct
impacts and consequences of sea level rise on coastal resources/sntdosider what those
consequences mean for the distribution of environmental beaefltburdensalong the coast,
and the communities that use and @tythose @sourcesincluding 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 levake, but community engagement and social cohesion can improve coastal
resilienceand lead to more equitable adaptation planningPlanners and decisionakers

should consider environmental justice concerns in the analysis of alternative project designs and
adaptation measuresid ensure lovincome and underserved communities are involved in
decisionmaking and planning effort3 his will better ensure that adaptation efforts benefit all
Californians, fairly, and that they do not increase vulnerability &deseel 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 paitdevelopment that may only benefit a few, on the
public access and shoreline resources tleaaaailable for all Californiato enjoy.

CONSEQUENCES OFSEA LEVEL RISE FOR COASTAL ACT RESOURCES

o Coastal developmentCoastal ActSections 3023530236 30250, 30258 Sea ével
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 ohiszand 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 lexdigme wave conditions, or a
loss of wetlands, which buffer impacts from high water. The replacement value of
property at risk fronsea ével rise for the California coast is approximately $36.5 billion
(in 2000 dollars, not including San Francisco B@ygbergeret al 2009)

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

1 Public infrastructure: Low-lying roads, wastewater treatment facilities, energy
facilities, stormwater infrastructure, and utility infrastructure suchaable
water systems and electricity transfer systems are at risk of impaired function due
to erosion, floodig, and inundation. Heberget al (2009)estimated that 7
wastewater treatment planist power plantsncluding one in Humboldt County
and B in Southern Californiaand 250 nmles (402 km)of highways, 1500 miles
(2414 km)of roads, and 110 milg477 km)of railways could be at risk from a
100-year flood with 1.4m rise in sea level (Hebergetral 2009). Facilities and
highways located oooastal bluffs subject to erosion will become more
susceptible in the future. Sections of Highway 1 have already had taligmed
due to erosiomwr are in the planning stages for realignment projéatéuding
areas irSan Luis Obispo CountiylontereyBay, Half Moon Bayand Marin
Countyand the sections at risk in the future will likely increase.
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Figure7. Photo of hfrastructure at risk near Rincon Beach, Ventura, CA, during the King Tide in December
2012.(Photo courtesy of David Powdrell, California King Tides Initiative)

1 Ports (Coastal ActSections 30703 30708):Sea &vel rise could cause a variety
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of impacts to ports, including flooding and inundation of port infrastructure and
damage to piers andarina facilities from wave action and higher water levels. A
possible benefit could be a decreased need for dredginqurBess facilities have
already included accommodations for larger ships than they currently service,
higher water levels could inase the difficulty for cargo handling facilities due

to the higher vessel positio@CC200L 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 tidesid potentially increasing throughput
times for cargo delivered to ports. Hebergeal (2009) found that significant
flooding fromsea ével rise is possible at the Ports of Los Angeles and Long
Beach. Given that these two ports handl€8% of the catainers shipped into

the United States, and 77% of goods that leave the séaeéyel rise could affect
the efficiency of goods movement, and have serious economic implications for
California and the nation (Hebergsral 2009).

Industrial development, refineries, and petrochemical facilities Coastal Act
Sections 3026€B0266.5):Sea ével rise could reduce areas available for siting or
expansion of industrial development. Inundation of contaminated lands near
industrial development could lead to pkems with water quality and polluted
runoff. Sea ével rise could lead to an increase in flooding damage of refineries or
petrochemical facilities, and impacts fra®a ével rise could be an issue when
locating or expanding refineries or petrochemicallitees, or when mitigating

any adverse environmental effects.

Construction altering natural shorelines (Coastal ActSection 30235)Sea

level rise may lead to an increase in demand for construction of shoreline
protection for existing development, pubéiccess, and coasti¢pendent uses in
danger of erosion. Shoreline protection devices alter natural shorelines and also
generally have negative impacts on beaches;steae marine habitat, and scenic
and visual qualities of coastal areas.
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o Public acces and recreation Coastal ActSections 30210, 30211, 30213, 30220,
30221):0ne of the highest priorities in the Coastal Act is the mandgtetect and
maximize public access to the co&ta ével rise could lead to a loss of public access
and recreatinal opportunities due to permanent inundation, episodic flooding, or erosion
of beaches, recreational areas, or trails. In areas where beaches cannot migrate inland due
to developmenbr more resistantandforms beaches will become narrower or will
disappear completely. Access and functionality of wateanted activities may also be
affected. For instancseea ével rise, by increasing water levels and altering sediment
patterns, could lead to a change in isigrtonditions or affect the safety of harbors and
marinas (Kornell 2012).

o Coastal habitats Coastal ActSections 30230, 30231, 30233, 30240pastal habitat
areas likely to be affected Isga ével rise include bluffs and cliffs, rocky intertidal areas,
beaches, dunes, wetlands, estuaries, lagoons and tidal marshes, tidal flats, eelgrass beds,
and tidallyinfluenced streams and rivers.

Importantly,there are many endemic and endangered spectealiforniathat are
dependent othesecoastal environmés. For example, grunion need a sandy beach
environment in order teeproduce andurvive, the California clapper rail is dependent on
marshes and wetlands, and the black abalone requires rocky intertidal habitat. Nesting
habitat nursery areas, and hautt sites important for birds, fish, marine mammals and
other animals could also disappear as sea levels rise (Funayain2012).

Impacts to wetlandstertidal areasheachesand dunes include:

1 Beaches, dunes, and intertidal areasnundation and ioreased erosion frosea
level rise could convert habitats from one type to another and generally reduce the
amount of nearshore habitat, such as sandy beachesckydntertidal areasSea
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 migrakendward and the sandy beach areas will
gradually beome inundated (NR2012). A loss of beach and dune areas will
have significant consequences for beach and adjacent inland ecosystems. Beaches
and dunes provalcritical habitat for species aadt as buffers to interior
agricultural lands and habitat dog storms CNRA 2009).

1 Wetlands: Sea ével rise will lead tavetland habitat conversion and loss as the
intertidal zone shifts inland. Of particular concern is the loss of saltwater marshes
from sea ével rise, which have already decreased by about 90%tfreir
historical levels in CaliforniaGNRA2010 . Cal i forni a@8 550 sq
km) of critical coastal wetland habitétiebergeret al. 2009, including wetlands
in San Francisco Bayould beconverted to open watbéy 4.6 ft (1.4 m) rise of
sedlevelif they are not ablaccrete upward do migrate inland due to natural or
anthropogenic barrierélthough barriers are plentiful, inland migrationtbése
wetlands is possible for over 50% of the potentially inundated wetland area based
on landuse compatibility alonéHebergeret al 2009).Consideration of adequate
sediment supply and additional barriers to inland migration would further
constrain wetland migration potenti&l.4.6 ft (L.4 m) increase in sea level would
flood 150 square milegk41 km)of land immediately adjacent to wetlands, which

Chapter 4: Consequences of Seael Rise for Communities, Coastal Resources, and Development 63



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

could become future wetlands if that land remains undeveldped or reduction
of wetland habitat would impact many plant and animal species, including
migratory birds that depend on these hab#atpart of the Pacific Flyway.
Species that are sdtilerant may have an advantagesea ével rise occurand
exposes new areas to salt watehile species that have narrow salinity and
temperature tolerances may have difficulty adapionchanging coditions

o Biological productivity of coastal waters (Coastal ActSectiors 30230, 30231)Sea
level rise could affect biological productivity of coastal waters by changing the types of
habitats that are availabl€his change couldlter species compositipand could
potentiallyresult in cascading effects through ttwastal food chain. Changes in water
guality can have differing impacts on biological productivity. For instance, decreased
water quality due to increased nutrient pollution has been foundrease biological
productivity at the base of the food chain to undesirable levels, and has been linked to
harmful algal bloomsvhich result in hypoxic conditions for other marine spe(iesiela
et al 2010; Ryaretal. 201Q Caldwellet al 2013.

o0 Water quality (Coastal ActSection 30231)Sea ével rise could lead to declines in
coastal water quality in several ways. Ficstastal water quality coulde degradedue
to inundation of toxic soils and an increase in nonpoint source pollution fromrfgpdali
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. Seausidg seas could impaatastewater
facility infrastructureand 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 urgdeatstewater, threatening
nearby water quality (Heberget 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 areaittblerant Third, sea ével rise could
lead to salwaterintrusion into valuable groumdhter aquifers, potentially rendering some
existing wells unusable and decreasing tha&l groundvater supply in coastareas. The
extent of saltwatentrusion wll likely vary based upon local hydrological conditions,
with the worst impacts occurring imconfined aquifers along lelying coasts that have
already experienced overdraft and saline intrusion. This change could force affected
communitiedo turn to nore costly water sources such as surface water transfers or
desalinationFinally, loss of wetlands could decrease water quaiign thatwetlands
act toimprove water quality by slowing and filtering water that flows through them.

o Coastal griculture (Coastal ActSectiors 30241 30243):Sea ével rise could lead to
an increase in flooding and inundation of xng agricultural land, saltwater intrusion
into agricultural water supplies, and a decrease in the amount of freshwater available for
agricultual uses. Flooding of agricultural lands can cause major impacts on local
businesses, national food supplies, and th

o0 Archaeological and paleontological esources Coastal ActSection 30244):
Archaeological or paleontological resources Icble put at risk by inundation, flooding
or by an increase in erosion duestta ével rise. Areas of traditional cultural significance
to California Native American tribes, including villages, religious and ceremonial
locations, middens, burial sitesychother areas, could be at risk frega ével rise. For
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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 amaaats of
level rise (Reedegtal. 2010).

For a summary of some of tkea ével rise impacts and potential consequences for the coast, see
Figure8. Many of theseonsequenceasreconditiors 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. Preparisgd@vel rise involves

integrating future pjections of sea levels intexisting hazard analyses, siting, design, and
construction processes, ecosystem managemuahicommunity planningracticesProcesses

for integratingsea ével rise inLocal Coastal Programs and Coastal Development Permit
applicatons 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.

Figure8. Summary ofealevelriseimpacts and onsequences
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Local Coastal Programs (LCRs)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 Actequires thathe 61 cities andl5 countiesin coastal Californigrepare

LCPs contairthe ground rules for future development and protection of resourtes aoastal
zone Each LCP includeslaand Use Plan (LUP) and an Implementation PI&).(The LUP
specifies the kinds, locatispand intensity of usesndcontains a required Publfccess
Component tensurethatmaximumrecreational opportunities apdiblic access tthe coastis
provided. The IAncludes measures to implement théP, such as zoning ordinances. LCPs are
prepared by local governmerand submitted to the Coastal Cmission for review for
consistency with Coastal Act requiremefits.

Oncea CPO6s certification becomes effective, the
reviewing mostCoastal Development Perm&DP) applications. Howeer, the Commission
retainscontinuing permituthority over some lands (for example, over tidelands, submerged

lands, and public trust lands) aadthority to act on appeals foertain categories of loc@IDP

decisions.

To be consistent with the Coastal Act hazardidanceandresource protection policies, it is
critical that local governments with coastal resources at risk $emnevel rise certify or update
Local Coastal Progranbat provide a mearts prepargor andmitigatethese impacts. The
overallLCP update and ceftcation process has not changed. Now, however, the impacts of
acceleratedealevel rise should baddressed in thieazardandcoastal resource analyses,
alternatives analgs, community outreach, public involvement, and regional coordindtlos.
Guidances designed to complement and enhaheeexisting_CP certification and update
steps. Although thexisting LCP certification and update procesaesstill the samesea ével
rise calls for new regional planning approachesw strategieand enhanced community
participation.

LCPs are essentitdolsto fully implementingsea ével riseadaptation effortsSince many
existingLCPs were certified in the 198@sd 1990sit is important that future amendments of
the LCPs considesea ével riseand adaptation planning at the project and community level, as
appropriate. Th€alifornia Climate Adaptation StrateZNRA 2009)andSafeguarding
California (CNRA 2014)specifically identiff LCPs as a mechanism for adaptation planning
along the California coadtor general guidance on updatibCPs, see the LCP Update Guide,
available herehttps://www.coastal.ca.gov/rflg/

#|n addition there are other areas of the coast where other plans may be certified by the Commission, including Port
Master Plans for ports governed blgapter 8 of the Coastal Adtpng Range Development Plans for state

universities or collegesand Public Works Plarfer public infrastructure and facilitiegollowing certificationof

these types of plarsy the Commission, some permittintay bedelegated pursuant to the Coastat provisions

governing the specific type pfan.
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Steps for Addressin§ea kvel Rise in Local Coastal Programs @iter Plans

The Commission recommends the followisgy steps to addresea ével riseas part of the
development of an LGR.CP Amendment, or other pl&nThese steps can be modified and
adapted to fit the needs of individydanning effortsand communitieand to addrss 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 developedreasAt the start of an LCP update to addrega level rise or a new LCP
project, local government planners should contact their local Coastal Commission district office
to discuss th&€CP goalsand to establish a plan for Coastal Commission staff coordination and
public involvement throughout thentire 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
representativesna planning a series of public workshops to gather feedback, in addition to the
required public hearings on the LCP.

The step®f this processare illustrated irFigure 9and describebtelow. They are similar to the
standardsteps of a longange planning process and should be familiar to local planners. Steps 1
Bdare often rseafteredn ed itse® a3l aefi absealéveltrise as s es s me
planning contexts and therefore are similar to otlearével riserelaed 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

Figure9. Sealevelriseadaptation planningprocess for new and updated Local Coastal Programs

®This@ui dance uses the term O6LCP processod to refer to the
are applicable tother planning processes, including Long Range Development Plans, Ralkis PlansandPort

Master PlansFor 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
acions taken will vary based on relevant policies, local conditions, feasibility, and other factors.
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The Coastal Commission also offersacal CoastaProgram (LCP) Update Guid@013b)that

outlines the broad process for amending or certifying an LCP, and there is naturally some

overlap between the content of thatdment and this Sea Level Rise Poliayidance

documentThe general LCP amendment steps outlinedbelow,in a flow chart (seéppendix

D), and in theLCP Tips/Best Practices documef#013c) which isavailablein theResources

for Local Governments ect i on of t he .Caahgovesnsients shoudd contadh si t e
the Coastal Commission planner for thaieawhenpursuinganew LCP or LCPamendment

1. Initial Amendment scoping and developmentConduct issues assessment, identify
need for amendment, prepare preliminary draft, coordinate with Commissiomasthff,
share early drafts

2. Local Amendment processNotify public, conduct local outreach and hearings, meet
with Commissiorstaffto discuss any issuesndadopt LCPat the local level

3. Prepare Submittal: assenble LCP materials, discuss wi@ommissiorstaff prior to
submittal, transmit to Coastal Commigsiandmake available to public

4. ProcessAmendment at Coastal CommissionCommission staff will review submittal
within 10 working days for completenessill address outstanding information needs
will prepare and write staff repphold public hearingrad vote andtransnit action to
local government

5. Effectuate Amendment:Local acceptance of any modifications or resubmittal within 6
months, finalize local approvand @mpleteCoastal CommissioBxecutive Director
checkoff

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

The stepby-step process for incorporating sea level rise into LCPs outlined in the rest of this
chapter fisinto these broader LCP amendment steépsal government planners should use the
LCP UpdateGuide in conjunction with the Sea LevekBPolicy GQuidance to inform the LCP.

Use scenariebased analysis

The Guidanceecommendu s i ng a mestehaoabased arlalysidescfibed in

Chapter 3of this Guidance)Sncesea ével rise projections are not exact, but rather presented in
ranges, scenarbased planningicludesexaminng the consequences of multigea ével rise
amounts plus extreme water levels from storms and El Nifio events. The goal of sdeswseth
analysis forsea ével rise is to understand where and at what saatvel rise, and the
combination okea ével rise and storms, pose risks to coastal resourdcbeeaten the health

and safety of a developed aré&ais approach allowglanners to understaride full range of
possible impacts that can be reasonably expected based on the best available science, and build
an understanding of the overall risk posegbtential futuresea ével rise. For exampl€, there

are large changes the hazard zones betwe®ro sea ével rise amounts, additional analyses
may help determine the tipping pointben viable land uses will change. In genesegénarie

based analys can help determinegttongterm compatibility of certain areas with certain land
uses For further description of this method, s&eapter 3
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Include other topics as applicable or desired

This Guidance recommends a numbesimalyses that will generate useful informatretated to
sea ével rise and other environmentalinerabilities Performing these analyses (and the overall
planning process) may provide a useful opportunity to include other studiesltitaimplement
the goals ot.ocal Coastal Progranendprovide valuable insights for communitgracerns. For
example, planners shld expand the Gastal Act consideration of loweost visitor serving
facilities toinclude considerations of social equity and environmgumséice in the analyses by
determining how climate hazards or the adaptation measugésdifferentially impactvarious
demographics. Additionally, planners may want to incorporate analysis of the economic
implications of various options for adaptatidmportant topics such asebeshould be
incorporated into the analyses already underway for the sake of efficiency.

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

Sea ével rise is addressed in many othiamnpingrelated documents and by many other

agencies and organizations. Planners should be aware of these docum#rgoagding work

of state and federal agencies and make an effort to share information in cases where analyses
required for some of tise documents may overlap with the studies appropriaseéokvel rise
planning in LCPs. Additionally, these agencies, organizations, and planning efforts may be good
resources from which to gather information when perforrthiege analyses for LCP upést

For example, there is overlap between the required elements of a Local Hazard Mitigation Plan
(LHMP) and Local Coastal Prograpadthe Commission recommends coordinating an LHMP
update with an LCP updaifepossible As part of an LHMP, locajovernments identify the

natural hazards that impact their community, identify actions to reduce the losses from those
hazards, and establish a coordinated process to implement tH& Iplander to be eligible for
certain types of noemergency disastasssistance, including funding for hazard mitigation
projects, local governments are required by FEMA to complete an ZHAME to update the

plan every 5 years. Argea ével rise hazard avoidance strategies included in an LCP
certification or update, suds 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
onsea ével rise strategies through an addendum to the plan, referred to by FEMA as affannex.

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 tlaseny processes is to

26 http://www.fema.gov/medidibrary-data/20130728 524204905927/67fr8844.pdf

" Note that recent revisions to tf¢ate Mitigation Plan Review Guidset 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 fromatéirohange. Failure to include such considerations may
result in a stat ed®mergeney mitigatiomgranist y f or certain non

% For more information on how to complete or update an LHMP, hiit/hazardmitigation.calema.ca.gav/
contact the Cal OES office amadhazard mitigation technical expert can assist local governments with the planning
process. For contact information, visitp://www.caloes.ca.gov/calesdivisions/hazarenitigation/contacts

Chapter 5: Addressing Skeavel Rise in LCPs 71


http://www.fema.gov/media-library-data/20130726-1524-20490-5927/67fr8844.pdf
http://www.fema.gov/media-library-data/1425915308555-aba3a873bc5f1140f7320d1ebebd18c6/State_Mitigation_Plan_Review_Guide_2015.pdf
http://hazardmitigation.calema.ca.gov/
http://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/contacts

California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

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 docuareristed inFigurel0,
andplanners 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 forhcoming State of California Planning for Sea Level Rise Database
(established by Assembly Bill 25H#d pursuant to Public Resources Code Sections 30961
30968 may become an important tool for identifying past and/or ongoing actions that
stakeholders havenplemented to address sea level risany case, information sharing is

highly recommended to promote efficiency.

Coordinate regionally as appropriate

Many impacts obea ével rise will transcend jurisdictional boundaries. Similarly, the adaptation
decisions made by coastal communities could themselves have consequences that affect areas
outside the local jurisdictiorzor these reasonsegional coordination will often enhance the
effectiveness of local adaptation decisidndeed, many of the pregtsidentified inFigure 10
havetaken 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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RepresentativeAdaptation Panning Stakeholders

Local/Regional: State: Federal:
« City/county governments * Natural Resources Agency * FEMA
* League of Cities * QOcean Protection Council + EPA
* Association of Counties * CA Coastal Commission * US Fish and Wildlife Service
* Regional entities * State Coastal Conservancy * NOAA
(e.g., air districts, water + State Lands Commission * Gulf of the Farallones NMS

boards, metropolitan
planning organizations,
regional transportation

SF Bay Conservation &
Development Commission

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

Figurel0. Agenciesprganizations, anglanningefforts related tosealevelriseadaptation
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Step 1¢ Determine range ofsea kvel rise projections relevant tbtCHolanning
areal/ segment

The first step in incorporatingea ével rise into the LCP planning process is to idgracally
relevantsea ével rise scenarios that may occur at given time steps into the future. These
scenarios will be carried through the rest of the steps isethevel rise LCP planning process.
Follow these step® determine the locallgelevantsea ével rise projections to use in the
subsequent steps

o Determine planning horizons of concernThe 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 lofstgrm. For example,
development constructed todays likely to remain in placeover the next 75100
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
years2030 and 2050, in line with information provided in he 2012National
Research Council NRC) report Thesetime periods maydused, or local governments
mayidentify 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 Determinethe full range of sea kvel riseprojections from the best available science:
Usingbest available scienceuyrrently the 2018 OPCSLR Guidance (or other
comparable studyrovided that it is peaeviewed, widelyaccepted within the scientific
community, and locallyelevant) determine the range séa ével rise for thelanning
horizonsof concernThe sea evel rise projectionsfor the San Francisco tide gauge
from the 2018 OPCSLR Guidanceare presented inTable 4 below (projection tables
for all 12 California tide gauges are presented iAppendix G)<2. Seebelowfor a
discussion of scenaroased plannint the LCP contexfThe LCP should include a
policy to use the best available science akeatével rise.

2 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 gite 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 fose.
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Table4. Sea Level Rise Projections for the San Francisco Tide G5@feC 2018)

Projected Sea Level Rise (in feédan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet etal. 2017)
Low Risk Aversion Mgdlum-ngh
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p:’z LINB 0 | 0 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 1.9 2.7
2060 15 2.6 3.9
2070 1.9 3.5 5.2
2080 2.4 4.5 6.6
2090 2.9 5.6 8.3
2100 34 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 5.2 114 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 iprojections 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.

30 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 occurrerrejections are with
respect to a baseline year of 200@r more specifically, the average relative sea level over 192009. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosply 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 multiplesea kvel rise scenarios based on range séa evel rise projections.
The Coastal Commission recommendthat all communities evaluate the impcts
fromthei medithumh r i sk av elocaligavernmensssheuldalsoi o
includet he fAextr e me scenar®to evalvae the viulnemability of planned
or existing assets that havéttle to no adaptive capacity, that would be irreversibly
destroyed or significantly costly to repair, and/or would have considerable public
health, public safety, or environmertal 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 futuregreenhouse gas emissions.

In addition to evaluating the worstise scenario, planners need to understand the
minimum amount ofea ével rise that will cause impacts for their community, and how
these impacts will change over time, with different amsahtea ével rise. Planners
should evaluate enough scenarios to be abdaswer the following

1 What are the impacts from the woerstse scenario of the highest posstda
level riseplus elevated water levels fromgh tide,El Nifio and a 10§ear sbrm?

1 What is the minimum amount e&a ével rise that causes inundation, flooding, or
erosion concerns?

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

1 Are there any tipping poinisheresea ével riseimpacts become more severe?
(For exampleis there goint at which seawalls or levees are overtopped?)

There aréawo main ways t@hoose scenarios from whichdvaluatesea ével rise: by
sea level rise amount or by tirperiod. Tools that provide maps bga ével rise amount
can then be linked to the relevant time period, as shown below @uth€oast Our
Futureexample.There is no singlacceptedea ével rise mapping sthodology ér the
state of California. Local governments can choose whether to use esistilyel rise
tools or to develop their own scenarios and m8ps. below for information oscenarios
and modeling outputs generateddxystingsea ével rise nodeling tools.
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Examples of Choosing Scenarios with Existing Sea Level Rise Modeling T

For California, there arevio primarymethods for identifyingsea ével risescenarios, based amwo
of the currentlyavailableSLR mapping toal€oSMoS (Our Coast Our FujuredCoastal
Resilience Ventura [i€ Nature Conservancy. The type of tool available f@ea ével rise mapping
in a planning area can be a deciding factor for which scenarios to use in the analysis. The Cc
Commission reanmends using as many scenarios as necessafultp analyze the potential
impacts to coastal resources, human heatthd safetyrather than a specific tool or number of
scenariosExamples for choosing scenarios based on the tools available are desbelosd

Example lidentify SLR amounts, then relate to likely time perisjof occurrence

This method involves first examining different amountsed evel rise and storm events, and
second, looking at th2018 OPGLRSuidanceprojections todetermine the range of years during|
which those impacts could potentially occur. For examgie,@ur Coast Our Future CoSMoS
based tool providesea ével rise maps for 9 different amounts in 25 d8(ft) intervals, three
different storm scenarios (anmal, 20year, and 108/ear), and a king tide scenario. With this tool
users can first evaluate different amountss#a evel rise and storms, determine how different
amounts ofsea ével rise and storm situations affeitte planning area, and thesletermine when
the increased water level is likely to occur based on@RC Guidancprojections. The CosMoS
tool is currently availablerom Point Arena (in Mendocino County) through the Mexico border
and an expansion throughout the rest of the stats planned for 2018/2019The NOAA Sea Leve
Riseand Coastal Flooding Impastewer similarlyprovides maps for different amounts séa ével
rise (in this case, inft increments), but does not include impacts from storms, erosion or wave
A methodolagy foradding in these additional impadts described iA\ppendix B

Example 2Choose applicable years, then identify high, intermediate, and Isgenaris

For this method, planners pick specific years, determine the rangeaokvel rise amountghat
could occur by that year, and examine the consequences of three or more sea level rise amo
within that range. For examplehé Coastal Resilience Venturaol (The Nature Conservancy)
provides maps showing inundation, flooding, wave impact zone, and erosion risk zones with
medium, and high seavel rise scenarios fahe years2030, 206, and 2100. For local
governments within Ventura County, plannengy choose to evaluate scenarios according to th)
2030, 2060, and 2100 time periods. The model provides maps for both flooding and erosion.

Expected outcomes frorGtep 1:Upon completinghis step, a range of regionallgr locally-
relevantsea evel rise projections for the time periods of concern should be establBhsed
on the range of projections, planners will have identified a low, high, and one or more
intermediateprojections These projectionare thesea kvel rise scenarios that wibe carried
through the rest of the planning process.
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Step2 ¢ Identify potential physicalsea kvel rise impactsn LCP planning
area/segment

Thenext step is to identifthe physicahazards and impacts (referred to comprehensivedgas
levelrise impacts) associated with current fundire sea level. As describedSection C of
Chapter 3of this Guidancgbroad categories aiea ével rise impacts may include inundation,
flooding, wave impacts, erosion, and saltwater intrudiothis step, planners should analyze
these physical impacts and their various-saimponents in order to understand current and
future local hazard condins. The analysis should answer the following basic questions:

0 What are the existingazardconditionsthat threaterthe planning area?
o What is the projected changehazardconditions due to locally appropriagea ével rise
projections and planning himons of concern?

This analysis should include the following topias applicabte

0 Local Water Conditins (SeeAppendix Bfor a detailed methodology)
1 Current tidal daturit and future inundation

1 Waterlevel changs from storm surgeatmospheripressurethe Pacific Decadal
Oscillation (PDO) the El Nifio SouthernOscillation (ENSO), and/or other basin
wide phenomena

1 Wave impacts and wave runup, including wave runup from ay&@60storm, and
based on tides, other watevéé changes, and future beach and bluff erosion

1 Flooding from extreme events such as storms with intervals greater than 100
years, tsunamistc.

0 Shoreline changéeeAppendix Bfor more information)

9 Currentshorelineerosionrates. For futureliff and duneerosion rates, modify
historic erosion rates, to account for the influencseafével rise(e.g, work by
the Pacific Instituté Hebergeret al 2009; Revelket al 2011). If possible,
modify longterm beach erosion rates to account for changesNifio
frequency, storm intensitgediment supply or changing transport conditions.
Analyzing wetland responses to sea level rise may requirspimfic analyses
of various physical and biological factors as described in Hebet@r2009.

f Sedimentation rates

o Water quality

i Current anddture saltwater intrusion areas

31Tidal datums are based on the latest National Tidal Datum Epoch (NTDE) published by &0/#e the mean
of the observed sea levels over ay#ar period The latest published epoch is 198301.This tidal epoch can be
consicered equivalent to the year 2000 baseline folaRE projections.
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1 Current and potential future coastal water pollution issues due to inundation of
toxic soils,rising water tables, and incr&asin nonpoint source pollution

Use existing models, tools, reports, historic recaadd other materiaTable § to develop or
double check the identified hazard ardascument the current and future hazard anedse

Land Use Plamisingmaps, GIS products, graphics, tables, charts, figures, descriptions, or other
meansThis process should be repeated for each planning horizéor aed ével rise scenario
defined inStep 1.

Expected outcomes fror8tep 2:Upon completing this step, the potential current and future
impacts to the planning area frosea evel rise hazards should be identified basedemével
rise projectionsThese should include impacts from thghhilow, and intermediateea Evel rise
scenarios for the planning horizon(s) of conceMaps, GIS layers, graphics, figures, charts,
tables, descriptions, or another system should be devktopgommunicate the impaaif
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)

Figurell Example ofnalysis of SLR impacttodting 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 d&l Rey, C
(SourceBarnardet al. 2019.
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Resources forSea Level Rise Mapping

Table5 includes a list oea ével rise mapping tool3he tools vary in their complexity: some

are consi

dered fbathtub

model s, 0O

because

level (and no changes to the shoreline caused by other fadths)s include factors like

eroson, storms, and fluvial input$hese tools provide a useful first look at possible sea level

rise impacts, bunayneed to be supplemented with additios#k- or topicspecificanalyses,
depending on the regioBeeAppendk B for additional information on determining hazard
impacts and tools for mappisga ével rise.

Table5. Sea kvel Rise Mapping Tools

Tool Description Link
Statewide
Displays potential future sea levels with
a slider bar. Communicates spatial
NOAA Sea Level | uncertainty of mappedea ével rise, NOAAOffice for Coastal
Rise and Coastal | overlays social and economic data ont¢ Management

Flooding Impacts
Viewer

sea evel rise maps, and models potenti
marsh migration due tsea evel rise.
Maps do not includemy influence of
beach or dune erosion.

http://coast.noaa.gov/digitalc

oast/tools/slr

CatAdapt¢
Exploring
I'FEAT2NYA

Represents inundation location and
depth for the San Francisco Bay, the
SacramenteSan 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 (peRadke 2017)

http://cal -adapt.org/tools/slk
calflod-3d/

Pacific Institute
Sea kvel Rise
Maps

Downloadable?DF mapshowing the
coastal flood and erosion hazard zoneg
from the 2009 study. Data a@verlaid
on aerial photographs and show major
roads. Also available are an interactive
online map and downloadable maps
showingsea ével rise population and
property at risk, miles ofunerable
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 2@9 reportThe
Impacts of Sedevel Rise on
the California Coastisit:
http://pacinst.org/publication
/the-impactsof-sealevel
rise-on-the-californiacoast/
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Climate Central
Surging Seas

Overlays se&vel rise data with socio
economic information and ability to
analyze property values, population,
sociceconomic statusethnicity, and
income or areas at risk. Canngpare
exposure across thgtate ora 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 coatal flooding due to

https://walrus.wr.usgs.gov/ca
astd processes/cosmos/

http://data.pointblue.org/app

both future sea level rise and storms,

s/ocof/cms/

and integrated with longterm 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 approache#vailable
statewide with more detailed modelling
for Monterey Bay, Santa Barbara,
Ventura, and Santa Monica.

http://maps.coastalresilience
org/california/

Humboldt BaySea
Level Rise
Adaptation Project

This project i@ multikphased, regional
collaboration. Phase | produced the
Humboldt Bay Shoreline Inventory,
Mapping, and Sea Level Rise
Vulnerability Assessmenthich describes
current shoreline conditions and
vulnerabilities under the current tidal
regime Phase Il included hydrodynami
modeling to develop vulnerability maps
of areas surrounding Humboldt Bay
vulnerable to inundation from existing
and future sea levels. Phase Il produce
the Humboldt Bay Sea Level Rise
Modeling Inundation Mapping Report
andthe Humboldt Bay Sea Level Rise

Conceptual Groundwater Model

All reports are available at:

http://humboldtbay.org/hum
boldt-bay-sealevelrise-
adaptationplanning-project
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Step 3¢ Assespotential risks fromsea Evel rise to coastal resources and
development in LCP planning area/segment

After sea ével riseimpacts are identified and mappedStep 2 the nexiStepis to determine
whethersea ével rise poses any risks, or potential problems, for coastal resources and
development in the LCP planning area (refeCtmpterd for a description of the potential
consequences ska ével rise for coastal resources). Nedsess whether the LCP planning
areads current a magoroprihteaon comsidtent vatmGbastalsAet er LGPr e
policiesgiven those impacts, d@rthose 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 produceduimerability
assesment an analysis that is commonly conducted in the planning and climate change
adaptation fieldSeeAppendix Cfor a list of recensea ével rise vulnerability assessments.)
Account for potential impacts to vulnerable, kaowcome communities andnosider coastal
development and resources, including but not limited to:

1 Existing and planned development

1 Coastaldependentlevelopment andses such as harboveharfs ports, marinas, and
commercial and recreational fishing areas and facilities

§ Critical infrastructuré® such as wastewater treatment plamsportation infrastructure,
andsomepower plantsand energy transmission infrastructure

1 Public accesswayb®eaches and other recreation areas, and the California Coastal Trall
StateHighway 1, 101, and other state and local roads that provide access to the coast

Wetlandsgenvironmentally sensitive habitat ar&5HA), and other coastal habitatsd
sensitivespecies

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

Conduct the followindasksfor each planning horizore(g, the year£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 tlsea ével rise impacts expected for that time perMdp the
coastal resourcemnd developmerthat lie within thesea ével riseimpactareas ér the
given time period(Remember to address the wide range of resources listed above,
including bothnatural resourcesnddevelopmen)

%2 Critical infrastructure can vary widely from community to commurstyd may also include fire stations, police
stations, and hospitals For planning purposes, a jurisdiction should datee criticality based on the relative
importance of its various assets for the delivery of vital services, the protection of special populations, and other
important functionsas well as the social, environmental, and economic risks associated with loEsr damage

to such assets
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2. Determine ifsea ével rise impacts are a problem or benefit for each resource, and if so,
when and to what degréiee resource will be impacted. In some instansea gvel rise
may result in the creation of new habitat arbas could help to alleviatenpacts from
the loss of similar habitat in other locations. However, it is more likely, especially in
heavily urtanized areas, thaea ével rise will result in a net loss of habitat unless steps
are taken to preserve these systems.

To accomplish thisconsider a wide range of characteristics of each resource, including
the following. The questions listed under eablaracteristienight help guide the
consideration of each of these characteristics. These questions are meant to be
suggestions rather tha 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 resoudmvelopmenat all?

i. Are coastal resources and community assets exposed tvel rise
impacts?
ii. Is the resourceli@eady exposed to hazards suclwases, flooding,

erosion, or saltwater intrusiofat is, will sea ével riseincrease hazard
exposure?

b. Sensitivity. If resources are exposed,wha degree will coastal
resourcesfevelopment be affected lgga ével rise impacts? A simple way to
think about this concept is to considew easily afiectedthe resource or
development is in regard s@a ével rise impacts.

i. How quickly will the resource respond to the impact frieea ével rise?

ii. Will the resource/development be harmed if environmental conditions
change just a small amountfhat are thghysical claracteristics of
resource/assé€e.g., geology, soil characteristics, hydrology, coastal
geomorphology, topography, bathymetry, land cover, lani? s any of
those characteristics make the resource especially sensitive?

iii. Are therethresholdor tipping points beyond whickensitivity tosea ével
riseincrease?

c. Adaptive Capacity. How easily can the resource successfully adape#ckvel
rise impacts?

i.  How well cantheresourcedevelopmehaccommodate changes in sea
level?

ii. Israte ofchange faster than the ability of the resource/development to
adapt?

iii.  How easily can development beodified to cope with flooding,
inundation,andbr erosion? Can structures be elevated or relocated?
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iv.

Vi.

Vii.

viii.

Are there adaptation efforts already underwag® thereany factors
that limit the success of adaptation efforts?

Do beacheswetlands anather coastal habitateave room to migrate
inland? What is the overall health of existing wetlandscastal
habitat®

Are thereany other climate changelated impad to consider? Are
thereany nonclimate stressors that could impair ability to adasda
level rise?

Is there potential for hatait creation as a result of deael rise?

What are the options farotect,redesign €.g, elevate), or relocate

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

d. ConsequencesWhensea ével riseand/or sea level rise adaptation measures
have impact(s) upon a resource, what aregbenomic, ecological, social,
cultural,and legal consequenées

iv.

How severely could each resoutne affecte@ At what scale?
Are there amulative consequences

Are there ripple effects, or secondary consequencasnsider?
Will human responses cause further adverse impacts?

e. Land Use Constraints.Given the location o$ea ével rise impacts and the
resources currently located in those areas, shoulyplesand intensities of land
use baalteredto minimize hazats and protect coastal resources?

Vi.

Vii.

What is the current pattern of developmentthésarea largely developed
or does it have significant areas of undeveloped land?

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

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

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

Is it a coastatlependent use? What is its ideal proximity to the coast?

Fornewdevelopment, what ihe expectedifespan? Is it economically
feasible to locate it in sea ével rise impact area for a certain period of
time before it is removed or relocated?

For exiging development, what are the options available to minimize
hazards to the development and protect coastal resoiNogsehat in
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certain situations, the Coastal Adlowsexistingstructurego be
protected Coastal ActSection 30235)What are theosstal resource
impacts ofsuchprotection, and are there feasible alternatttheas avoid
shoreline armoringsuch as options to provide incentives to property
owners to relocate or removerak structures?

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

ix. Wherewould resources/development ideally be located aétarevel 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
threatenedaxisting development?

After going through the questions listed abaua] others thahayberelevant to the planning
exercisesynthesize the information and determine wiser@ével rise impacts currently pose
problems for coastal resources, what problems may develop over time as sea level rises, and how
urgent the problems are. Creataps ilustrating the location and extent of vulnerable land uses,

such agritical facilities,wastewater infrastructurandState Highway &Bnd other coastal access
roadwaysThis information can also be summarized in narrative faim.analysis should

identify resourcesnd developmenikely to be impacted bgea ével rise at variouperiodsin

the future, and thus the issues that need to be resolved in the LCP planning process

Remember that these assessmentaairstati¢ existing risks will change ahnew riskswill

arise with changes in a community, the emergence of new thmeatsnformationand the
implementation of adaptation actiof®r this reason, the analysis should be updated as needed
to reflect changes isea ével rise projections, chges in land use patterns, or new threats.

Expected outcomes fror8tep 3 Descriptions of the characteristics that influence risk,

including exposure, sensitivity, and adaptive capacity of each coastal resoseztwel rise

impacts under eackea kvel rise scenario identified Bep 1 attheselected 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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To illustrate the process described in Stepdhsider a hypothetical planning area thatludes
multiple coastal resourcesnd land use typesncluding a coastal wetland, blttp residential
developmentwith a fronting beachand a wastewatetreatment facility, that need to be addresse
in the planning process\fter Seps 1 and 2, portions of the planning area &and to besubject to
current and futuresea ével rise impacts.

Step 3.1Map the coastal resources (in this case the wetlam¥elopment, and wastewater
treatment facility) for the range of time periods asda kvel rise projections.

Step 3.2
a. Exposure
1 Wetland:The wetland is highly exposed to flooding and inundation fsma ével rise.

b.

Sensitivity

T

Example for Step 3

Bythe year2030, portions of the wetland will trap sediment at a rate such that the
elevation keeps pace witbea ével rise. By 2050, a portion of the wetland will becom
inundated and converted to open water, and by 2100 the entire area will be convern
to open wder. The wetland will be completely lost by this time period if it is not able
move inland.

Blufftop Residential Developmertiouses in the residential development are not
exposed tesea evel rise impacts in 2030. However, a high ratestrieat alongthe
fronting beach and blufivill put front-line houses in danger of being underminedtby
year2050 and the entire developmemhaybe lost by 2100.

Wastewater Treatment Facilit@iven that the wastewater treatment plant is set back
somewhat from thewater, it will not be exposed to impacts frosea ével rise until

2050. By 2050, however, portions of the infrastructure will be exposed to impacts f
elevated water levels due to 18@ar storm events and El Nifio occurrences. By 210|
significant portons of the facility will be exposed to flooding as the surrounding aree
eroded and inundated.

Wetland: The wetland has high sensitivity to changes in sea level because its funct
is highlydependent on local physical parameters sashwater flow, tidal fluctuation,
sediment supply, and water qualitflthough it currently has good sediment supply,
good water quality, and a number of other characteristics, small changesibavel 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 accelerataievel rise,
thus increasing sensitivity to further changes in sea level.

Bluff-top Residatial DevelopmentThe residential development has moderate to high
sensitivity to longeterm sea ével rise changes. By 2050, the frdine houses will no
longer be safe enough for occupancy. Moreover, infrastructure such as roads, sew
systems, and @ver networks may be damaged as the biisite erodes.

Wastewater Treatment Facilityfthe facility is moderately sensitive sea ével rise.
Flooding and erosion frorsea &vel rise could cause damage of the facility, pumps a
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other equipment, but the faility was initiallybuilt to withstand a high degree of storm
and related impacts.

c. Adaptive Capacity

1 Wetland:Unlike many wetlands in the State of California, this particular wetland ha:
moderatehigh adaptive capacity because it has the ability tohbetcumulate sedimen|
and grow upwards, and, given that the land upland of the wetland is preserved as
space, it can migrate inland. However, by 2050, a part or all of the existing wetlanc
could be converted to open water if the wetland is noteato migrate inland or
accumulate sediment at a rate that keeps pace 8l evel riseln this case, for
examplea public trail will need to be relocated to allow inland migration of the new
intertidal zone Additionally, adaptive capacity may be redual if pollution increases
(e.g, as a result of damage to adjacent development) and disrupts the normal
functioning of the wetland.

1 Blufftop Residential Developmenthe residential development has a moderate
adaptive capacity. As houses become threatened over time, a scenario of manage
retreat would allow houses to be removed incrementally and eventually be relocate
safer areasThe feasibility of managed retreaain depend upon lot sizes, ownership
patterns, land use restrictions in the safer areas, and the availability of public or prif
financing.In addition, a protective structure such as a seawall would minimize thtea
the residencedue to erosion thoughif the development is protected by shoreline
structures, the fronting beach will eventually be lost.

1 Wastewater Treatment Facilitf’he wastewater treatment facility has a very low
adaptive capacity. It is large and has expensive infrastructure aariot be elevated,
and relocation is costly and difficult. In order to be protected in its current location,
structures will need to be built.

d. Consequences

1 Wetland:In many situations, the loss of wetland area is a high risk since wetlands
provide floal protection, water quality enhancement, and essential habitat for fish g
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
suitability of the inland area for establishment of wetland plants and potential chang
in water temperature and water qualityn the short term, the wetland will likely
O2yGAydz2S (2 FdzyOlAz2y i y2NXIf S@&f 2
levelrise or if there are barriers to migration, loss of the habitat will result in a loss ¢
important ecosystem services.

1 Blufftop Residential Developmenthe housing development has medium to high risl
through 2100. The option to either relocate housegartect them with a seawall
means that they could continue to exist. Importantly, a system of managed retreat
allow for the continued existence of the fronting beaaid all of its social, economic,
and environmental benefitsyhereas the constructioof a seawall will result in the los
of the beachand these benefits
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1 Wastewater Treatment Facilit@ziven its low adaptive capacity and high sensitivity tc
higher levels ofea ével rise, the wastewater treatment facility is at high risk. Loss o
damageto the facility could result in serious social, economic, and environmental
consequences. Flooding of the facility and surrounding areas will cause damage tc
infrastructure and loss of facility function. This could lead to discharge of untreated|
sewage, \Wich would have adverse impacts to water quality and could impair the he
of nearshore ecosystemSea¢vel rise could also cause outflow pipes to back up witf
seawater, leading to inland flooding and additional water quality problems. Howeve
efforts to protect the structure may have unintended consequences including loss ¢
surrounding habitat areas.

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

1 Wetland:The high adaptive capacity of the wetland means that minimizing risk to t
resource may baccomplished by ensuring that there is space available for it to mo
into. Land use policies designed to protect areas inland of the current wetland aree
be necessary.

1 Blufftop Residential Developmerithe area in question will eventually become
incompatible with the current use. Development will not begin to be exposesgd#o
level rise impacts until 2050, but it is important to start planning now about how be
address the risks to the houses. Maerdgetreat would necessitate identifying feasible
locations into which houses could be moved or a plan to abandon and remove hou
Such a plan might include a Transfer of Development Rights program in which hon
are encouraged in less hazardous aréba.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, a
alter visual character.

1 Wastewater Teatment FacilityThe 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
be protected throughout the rest of itsxpectedlifespan under even the higheséa
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 relocaiteka
portions of the facility, as feasible, or to phase out the facility.

Note that this isa simplified example used to demonstrate the proceésscribed in Step.3
Decisions about how to address various challenges presentsdagvel rise wilbe more complex
than thoseillustrated above and masequire prioritizing the different resourcdsased onCoastal
Act requirements taking into accoutite goalsand circumstancesf the community and the
various characteristics of each resource. An understanding of the exposure, sensitivity, adapt!
capacity, consequences, and land use constraintghi® particular resources and scenarios will
need to be kept in mind ggdannersmove into Step 4 to identify possible adaptation strategies.
Updated LCP policies and ordinances should be considered to support strategy implementati
over the long term.
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Step 4c¢ Identify LCPadaptation strategiesto minimize risks

Whether as part of a new LCP or as part of an amendment to upaadstangLCP, coastal
plannersshouldwork with the Coastal Commission and relevant stakeholteatt steps, but
particularlyto evaluate potential optiomsidadaptation strategies émldresshesea ével rise
impactsidentified in Step 2 and the risks to coastal resources identified in SgmBerswill
then develomew or revised land usesignations, policies, standards, or ordinances to
implement the adaptation strategies in the LCP.

An LCP ascertified by the Commission shouddready have land use policies, standards, and
ordinances to impleme@oastal ActChapter 3 policieancluding policies to avoid and mitigate
hazards, and to protect coastal resources. Howevelder LCPsmany of these policies may

not address changing conditions adequately enough to protect coastal resources over time as sea
level rises. Similarly, policie® 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 suchhé LCP should be evaluated to identify the land use designations

policies or ardinanceghat need to be amended. AGP update may need to include a variety of
adaptation measures depending on the nature and location of the vulnetalaliyition, local
governments may need to add nseaeveiripersachasa mmat i c
transfer of development credit programs, regional sediment management programs, or a land
acquisition program.

In Steps 13, planners will have analyzed several possbkeével rise scenarios, and this

analysis will have revealed valuable information about areas and specific coastal resources that
are especially vulnerable sea ével rise hazards under possible scenarios. The results should
show areas that are particulargsilient to future change and trigger points at wisieh ével

hazards will become particularly relevant to certain areas. Stégehtifying theConsequences

of sea ével rise impac)sandStep 3e onsidering thé.and use constraintswill be partialarly

useful in thinking through what resources are particularly vulnerable and what the local priorities
may be.

In Step4, planners should weigh information from the previous steps, keeping in mind the
hazard avoidance and resource protegioiiciesof the Coastal Act, and begin identifying,
choosing, and/or developing adaptation strategies to be included in a new or updatédd.CP.
options available to minimize risks frosea ével rise are dependent upon the specifics of the

local community, and Wivary widely depending on whether the area is an urban;fully

developed waterfront, or a rural, undeveloped coastline. In undeveloped areas, the options may
be clearstrictly limit new development isea ével rise hazard zones.

However, in urban areasea ével rise can present unprecedented challenges, and the options are
less clearThe Coastal Act allows for protection of certain exisstrgicturesHowever,

armoring can pose significant impacts to coastal resources. To minimize impacts, w&ovati
cutting-edge solutionsvill be needed, such as the use of living shorelines to protect existing
infrastructure, restrictions on redevelopment of properties in hazsadea, managed retreat,
partnerships with land trust organizations to conversitareas 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 shlould be evaluated for resulting impacts to coastal
resourcesand should be deloped 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
scenariebased analysis, ar@bastal Act regirements, taking into accouttite particular goals of

the local community. If certain adaptation strategies should be implemented when conditions
reach pradentified trigger points, those caveats should be included in the LCP. Similarly, LCP
adaptation policies should be developed iamalemented in such a way as to be flexible and
adaptive enough that they can be changed or updated as conditions chasga ével rise

impacts are significantly different than anticipated. Additionally, many adaptation strategies
should be implemead in a coordinated way through both the LCP and individual ClEd?s
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 Coastahéldb coordinate and share
information with other local partners including those in charge of emergency management, law
enforcement, and relatasgrvices, and those identifiedkigure 10as applicable and feasible

A key issue that should be addressed in the LCP is the evaluation of strategies to minimize
hazards related to existing developméfriderthe Coastal Actcertain improvements and

repairs to existing development are exempt from CDP requirementsexéompt impreements
and any repairs that involve the replacement of 50% or more of a structure, however, generally
require a CDP and musbnformto the standards of the relevant Local Coastal Program or
Coastal Act® Redevelopment, therefore, should minimize hazénats sea ével rise. For

existing structures currentjjitedin atrisk locations, the process of redeveloping the structure
mayrequire the structure to be moved or modified to ensure that the structure and coastal
resources are not at risk disempacts fromsea ével rise. As described in Guiding Principle 6,
sequential renovation or replacement of small portions of existing development should be
considered in totaLCPs should include policies that specify that multiple smaller renovations
thatamount to alteration of 50% or more of trgginal structure should require ao@stal
Development Brmit, and require that the entire structure to be brought into conformance with
the standards of the Local Coastal Program or Coastaf' Act

#Section§13252 b) of the Commi ssionés regulations states that
replacement of 50 percent or more of a single family residence, seawall, revetment, bluff retaining wall, breakwater,

groin or any other structure istn@pair and maintenance under Coastal Axtti®n 30610(d) but instead constitutes

a regacement structure requiring a Coastal Development Eni t . 0

3 |n addition,for existing structures located between the first pulbiamirand the sea or within 300 feet of the inland
extent of a beaclimprovements that increase the height or internal floor layeaore than 10%ormally require a
CDP. (Cal. Code Regs., tit. 14, §813250(b)3253(b)(4) Depending upon the location thie structure, smaller
improvements may also require a CDP. (Cal. Code Regs., tit. 14, 88 13250(b), 13253(b).)
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General Adaptation Strategies:

Chapter Mescribes 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
vulnerabiities. However, there are a number of adaption strategies or related actions that apply
to avariety of resources or that may be generally useful valdepting oupdating an LCP.

Some of these adaptation strategies and actions are broadly described below

0 Updateresourceinventory and maps An important first step for addressisga ével
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 resourcest pres) LCP
jurisdiction .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), assvekisting land use
designations, and hazard areas. It may also be helpful to map possible future conditions
based on the analysis done in Stef3s Doing so will help planners begin to identify
possible land use and zoning changes and other adasttitegies that will be
necessary to mebazard avoidance and resouptetection goals.

0 Update land use designations and zoning ordinance®ne of the most common
methods of regulating land use is through zoning designations and ordinances, and
updatirg these policies is one of the most fundamental ways of respondieg &vel
rise impacts. Planners may address particular vulnerabilities and local priorities by
updating land use designations and zoning ordinances to protect specific areas and/or
resaurces. For example, areas that are particularly vulnerakkatével rise impacts ca
be designated as hazard zoaed specific regulations can be used to limit new
development and/do 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.

0 Update siing 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 zes may require additional setbacks, limits for first floor
habitable space, innovative stormwater management systems, special flood protection
measures, mitigation measures for unavoidable impabtgation and removal triggers
and methodologiegnd soon.

o Establish methods to monitor local changes fronsea evel rise Add policies that
establish actions to conduct letermsea ével rise monitoring and resehlron areas of
key uncertaintiesgreas sensitive to small changeseaa ével rise, or areasith highsea
level rise risk.

0 Research and data collectionSupportresearch to addreksy data gaps and better
utilize existing informationLocal governments may find it useful to collaborate with
local, regional, and state partners toque new research to betterderstand the factors
controllingsea ével rise, baseline shoreline conditions, ecosystem resporsesséuel
rise, potential impacts and vulnerabilities, and the efficacy of adaptationReddsed
efforts may include wnitoring 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 structandsl be included as part of a
Coastal [2velopmat Permit for projects in hazard zones.

o Outreach and education Education andwtreachefforts involve formal instruction and
provision ofinformation tostakeholders, and can hgpneratesupportfor planning and
action implementation. It is importattt coordinate with partners amaclude all relevant
stakeholders in these procesgesticularly those that are typically isolated, such as low
income or underservesbmmunities For many peoplesea ével rise is a new issue.
Information onsea &vel rise sience and potential consequences mativate
stakeholders to take an active role in updating the LCBefagvel rise issues, or in the
vulnerability and risk assessment effoAsdditionally, education efforts regarding the
risks ofsea ével 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 poasi@feation sttaegies can be found

in Chapter 7The list should neither be considered a checklist from which all options need to b
added to an LCP, nor is it @haustive list of all possible adaptation strate@es evelrise

adaptation is still an evolving field and decisioakers will need to be innovative afteible to

respond to changing conditions, new science, and new adaptation opportunities. The important
point is to analyze current and future risks freea ével 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 Coastact.

Expected outcomes fror8tep4: 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 LCHor certification with the Coastal Commission

Once potential adaptation strategies have been identifi&fl policies that addresea evel rise
should be incorporatedto a new LCP or LCP amendmehtr 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 LCRgthével rise
policies will be part of the developmieof a new LCP. In areas without a certified LCP, the
Coastal Commissiogenerallyretains permitting authorifyand the standard of review for
development igienerally Chapter 3 dhe CaliforniaCoastal Act.

As noted inStep 4,sea ével rise has thpotential to affect many types cbastal resources in an
LCP planning area/segment, and it is likely that polithesughouthe LCP will need to be
revised or developed to address impacts fsemével rise. Two major types of updates to the
LCP will likely be needed to addresesa ével rise:
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1. New or revised policies/ordinances that apply to all development in the planning area.
For example, policies slube sitedaasd désigdtd new dev
minimize risks fronsea évelriseoverta | i f e of the structure. oo

2. Updated land usand zoninglesignationsas well as programs to facilitate adaptive
community responset) reduce risks to specific coastal resources. For example, the LCP
could modify the zoning of undeveloped land locatedngplaf 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, inading 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 certificatiomhe Commission may either certiby denythe LCP or LCP
amendment as submitteat, it may suggesnodifications. If the Commissioadoptssuggested
modifications, the local governmentagadopt thenodificationsfor certification or refuse the
modifications and resubmit a revised LCP for addalddommission reviewsor more

information onupdating LCPs, sdettps://www.coastal.ca.qov/rflg/

Expected outcomes fror8tep5: Certified/updated LCP with policies and landceudesignations
that addressealevel rise au related hazardend ensure protection of coastal resources to the
maximum extent feasible.

Step 6¢ Implement LCP and omitor 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 €.g, local review of CDPs, proactive action plans). Additionaltyjraportant
component of successful adaptation is¢oure funds for implementatiargularly

monitor progress and results, and update any policies and approaches asSeseded.
level rise projections should beevaluatecand updated as necessary

0 Secureresources for implementation:There are a number of different sources of funds
available to help local governments implement adaptation stratégiesxample, the
Coastal Commission, the Ocean Protection Council, and the Coastal Conservancy have
grant programs designed to supporelaadptation efforts (se€hapter For additional
details on each of these programs).

As described previously there may also be overlap between LCP planning and Local

Hazard Mitigation planningc EMA6s Hazar d Mi (HMA) grant on Assi st
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 progréinedHazard Mitigation Grant

Program (HMGP)Pre Disaster Mitigation (PDM)andFlood Mitigation Assistance
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(FMA)*. Cal OES administers the HMA afidA programs. More information can be
found athttp://www.caloes.ca.gov/calesdivisions/recovery/disastanitigation-
technicalsupport/404hazardmitigationrgrantprogramor the FEMA HMA Web site at
https://www.fema.gov/hazanehitigatiornrassistance

A list compiled by Cal OE®f additionalfunding options for hazard mitigatiaran be

found inAppendix E The Commission recognizes that funding opportunities are
constantly evolving, that demand for funding is increasing, and that there is a significant
need for thelevelopment of additional funding opportunities.

o ldentify key resources to monitor: Certain species can be indicators of whesax
level rise is affecting an ecosystem. For instance, the presence of gleniéépecies can
indicate the salinity of soil®\lso, monitoring plans should reflect the outcome of the
scenariebased analysis alea ével rise. Some adaptation measures might be earmarked
for implementation when a certain amounseé ével rise (or a péicular sea ével rise
impact) occurs. Monitoring programs should ensure that these triggers are recognized and
responded tat the appropriate time.

o Periodically Update LCPs:Local governments should try to review their vulnerability
and risk assessmion a regular basis as significant new scientific information becomes
available and propose amendments as appropriate. Given the evolving nataé\of|
rise science, policies may need to be updated as major scientific advancements are made,
changirg what is considered the best available sciedaoelify the current and future
hazard areas on a five to ten year basigs necessatg allowfor the incorporation of
newsea ével rise science, monitoring results, andiinfation on coastal conditions.
Regular evaluation dfCPsis important to make sure policies and adaptation strategies
are effective in reducing impacts frasea ével rise.

Expected outcomes fror8tep6: Plan to monitor the LCP planning area for sea level rise and
other impacts anébr effectiveness of various adaptation strategies that are implemented; plan
to revise the LCP when conditions change or science is updated

This sixstep procesdiscussed in this chaptrillustratedin the flowchart belowHigure12).
Notice that the process is circular. Becassa ével rise science will be refined and updated in
the future, planners should periodically repeat thisssgp process to update and improve their
LCPs.

For additional resources and examples of ways to incorpsgatevel rise into the LCP, see
Appendix C

35 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

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

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.

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

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.

Figurel2. Flowchart for ddressingsealevelrise in Loal Coastal Programs and othdars
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evelopment in the coastal zone generally requit@sastalDevelopmenPermit

(CDP)¥ In areamf retained jurisdiction andreaswithouta cetified Local Coastal

Program [LCP), the Commission igenerallyresponsible for reviewing the consistency
of CDP applications with the policies of Chapter 3 of the @Gb#&st (Public Resoues Code
Sections 3020€80265.5)%" In areaswith a certified LCP, the local government is responsible for
reviewing the compliance of CDP applications with the requirements of the certifiedriidzP
where applicable, the public access and recreation pobtithe Coastal AcCertain local
government actions on CDP applications are appealable to the Commission. On appeal, the
Commission also applies the padis of the certified LCP and applicalpeblic access and
recreation policies of the Coastal AtfThe Commission and local governments may require
changedo the projecbr other mitigation measures in order to assure compliance with Coastal
Act policies or LCP requiremenksy both minimizng risks to the development from coastal
hazard andavoidng impactsto coastal resources.

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

Adopting or updating LCPs as recommended in this Guidance should facilitate subsequent
reviewof CDPs. LCPs can identify areas where close revieseakvel 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 fort€besrporate.

Sea ével rise will be important for some, but not all, of the projects reviewed through the CDP
process. bcationscurrentlysubject to inundation, flooding, wave impacts, erosiorsaltwater
intrusionwill be exposed tancreasd risks from these coastal hazamish rising sea leveind

will require review forsea ével rise effects. Locations close to or hydraulically connected to

these atisk locations, will themselves be at risk as sea level rises and increases the inland extent

% Coastal ActSection 30106 definedsDe v e | o p meon land, intoounderevater,fthe 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, dredg 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 divisiamafincluding lot splits, except where the

land division is brought about in connection with the purchase of such laagdtylic agency for public

recreational use; change in the intensity of use of water, or of access thereto; construction,agaonstru

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 operatias which are in accordance with a timber harvesting plan submitted pursuant to the provisions of the
ZbergNej edly Forest Practice Act of 1973 (commencing witd!l

3" The Commission retains CDP jurisdiction below mean high tide and on puisiidands.

% Local governments may assume permitting authority even without a fully certifiedde@PuHlic Resurces
Code,88 30600(b), 30600.5), but only thetfCof Los Angeles has done ssny action on a CDP apjgiation by a
local government without a fully certified LCP mbg appealed to the Commissi¢Rulic ReourcesCode, §
30602.)
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of these hazardd.he following boxprovides some of the general situations for wisiea ével
rise will need to be included in the projectbysis.

General Situatios when sea level risehould be consideredh the project analysis
include when theproject or planning site is:

1 Currently in or adjacent to an identified floodplain
1 Currently or has been exposed to floodimgerosionfrom wavesor tides

1 Currently in a location protected by constructed dikes, levees, bulkheadsher
flood-control orprotective structures

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

Reliant upon shallow wells for water supply

Many of the projectseviewedthrough the CDRpplicationprocess already examisea level
riseas part of the hazards analySsich examination will need to continad these guidelines
offer direction and support f@athorough examination cfea évelrise and its associated impacts
based on current climate science, coastaloresgs to changing sea levahd consequences of
future changes.

To comply withCoastal ActSection 30253r the equivalent LCP sectipprojects will need to

be plannedlocated designedand engineered for thehangingwater leves and associated

impacts that might occur over the life of the development. In addition, project plahaoby

anticipate the migration and natural adaptation of coastal resources (beaches, access, wetlands,
etc) due to futuresea level riseonditionsin order toavoidfuture impacts tdhoseresources

from the new developmeris 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 similarljnphasize 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 Addressin§ea kevel Rise in Coastal Development Permits
The stepgresented ifrigure 13anddescribed in more detail below, provide general guidance

for addressingea ével rise in the project design and permitting proéasthose projects where
sea ével rise may beontribute to or exacerbab@zards ormpactcoastal 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. |dentify project alternatives to both avoid
resource impacts and minimize risks to the project

5. Finalize project design and submit permit
application

Figurel3. Process for addressiisga evel rise in Coastal Development Permits

The goal of hese steps is to eme that pojects are designed and built in a way that minimizes
risks to the developnmeéand 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
permit filing checklist at the end of this sectidincemains 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@here are many ways to evalea@nd minimize the riskassociated

with sea ével rise, andhe 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 aressti/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 witthe 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 scenariebased analysis

This processrecommend usingvarious sedevel rise scenarios for the analysis of possible
resource changes and site risks associated with sea level risetl&iuvanertainty about the
magnitude and timing of future sea level rise, a scetmsed analysis witxamine the
consequences afrange of situationsther than basing project planning and design upon one
sea level risprojection

One approach for scenafimsed analysis is to start with the highest possidebvel rise. If a
developable area cdre identified that has no lorigrm resource impacts, and is at no or-low
risk from inundation, flooding, and erosion, then there may be no benefit to undertaking
additional analysis fasea evel rise and the project can continue with the rest of tHgsmsathat
are part of the Coastal Act or LCP (suchmpacts to coastal habitats, public access, and scenic
and visual qualities, and other issues unrelatesgacevel risg.

If the siteis constrained under a high desel rise scenawi analysis of other, lower skavel
rise amounts can help determtheesholds for varying impacts to coastal resouacestypes
and extent of site constraints that need to be considered during project pldiheiagalysis of
lower and intermediatea level rise projectionare used tdetter understand the timing and
probability of the constraint§.or further description of scenafimsed analysis, s€&hapter 3of
this Guidance.

Step 1¢ Establish the projectedea kvel rise range for the proposed project

A projectedsea evelrise range shoulde obtained from the best available science, such as the
2018 OPCSLR Guidanceor an equivalent resource. These projections should tower

expected life of the proped project, as the ultimate objective will be to assure that the project is
safe from coastal hazards, without the need for shoreline protectather detrimental hazard
mitigation measures, as long as it exists.

o Define Expected Project Life The expected project life will help determine the amount
of sea ével rise to which the project site could be exposed while the development is in
place.Importantly, the point of this step is not to specify exactly how long a project will
exist (and be permitted for), but rather to identify a project life time frame that is typical
for the type of development in question so that the hazard analyses geriorm
subsequent steps will adequately consider the impacts that may occur over the entire life
of the development.

Some LCPs include a specifiedstgn life for newdevelopmentif no specifiedtime
frame is provideda more general range may be chosesedan the type of
development. For example, temporary structuaasillary development, amenity
structures, or moveable or expendable construatiay identify a relatively short
expected life such as 25 years or less. Residential or commercial sswallhi&ely be
around for some time, so a time framerbfto 100yearsmaybeappropriate A longer
time frame of 100 years or more should be considered for critical infrastructure like
bridges or industrial facilitieskesource protection or enhancemgmjects such as
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coastal habitat conservation or restoration projects should also consider longer time
frames of 100 years or more, as these types of projects are typically meant to last in
perpetuity*°

o Determine Sea Level Rise Rangetsing the typicaproject life identified abovehe
project analysishouldidentify a range ofea ével rise projections based on the best
available sciencthat may occur over the life of the projeét present, the2018 OPC
SLR Guidanceis considered to be the best ailable sciencgTable 6 AppendixG),
though an equivalent resource may be used provided that it isgueawved, widely
accepted within the scientific community, and locally releffant

As explained in Chapter 3, the20180PC SLR Guidance recommends evaluating
different scenarios depending on the typef project and the level of risk associted
with the development type. These projections scenarios include:

1. Low risk aversion scenariomay be used for projects that would have limited
consequences or have a higher ability to adapt, such as sections of unpaved
coastal trail, public accessways, and other small or temporary structures that
are easily removable and would not have high cosiisdamaged.

2. Mediumr-high risk aversion scenarioshould be used foiprojects with greater
consequences and/or a lower ability to adapt such as residential and
commercial structures.

3. Extreme risk aversion (H++)should be used for projects with little to ro
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 occun the Coastal
Commi s s i o wtidrs thig couldiinslutié new wastewater treatment
plants, power stations, highways, or other critical infrastructure.

In general, the Coast@lommission recommends taking a precautionary approach by
evaluating the higher sea level rise projectisughas the mediumhigh risk aversion

scenario, for most developmentFor critical infrastructure, development with a very

long project life (e.g, 100 years or greater), or assets that have little to no adaptive

capacity, that would be irreversibly destroyedor significantly costly to repair,

and/or would have considerable publidhealth, public safety, or environmental

i mpact s, t he analysis should cong$fider the
constraints are identified with the higtsea ével rise scena(s), a lower sea ével rise

% Determining an anticipated life for restoration activities or other related projects is somewhat more complex than
for typicaldevelopment projects because these activities are typioaiyt to exist in perpetuity. As such,

assessing sdavel lise impacts may necessitate analyzing multiple different time frames, including the present, near
future, and very long term dependiog the overall goals of the project. For restoration projects that are

implemented as mitigation for development projects, an expected projehalifie at least as long as the expected

life of the corresponding development project should be considered.

40 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 guite small, and may be insignificant compared to other sources of
uncertainty. However, the Coasal 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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scenario and/or one arore intermediatecenariosnayalso be usetb develop a

broader understanding of the overall risk sea level rise poses to the site or proposed
development These valueshould each be carried forwardthrough the rest of the
steps in this chapter.

Table6. Sea Level Rise Projections for the San Francisco Tide &5@feC 2018)

Projected Sea Level Rise (in feédan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Medium-High Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range” 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p:’z LINB 0 | 0 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 11 19 2.7
2060 15 2.6 3.9
2070 1.9 3.5 5.2
2080 2.4 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 5.2 114 19.1
2150 5.8 13.0 21.9

*Most of the available climate model experiments do not extend beyond 2100. The resulting redutiorodel
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

“1 Probabilistic projections for the height of sea level rise and the H++ scenario are pegted. The H++
projection is a single scenario and does not have an associated likelihood of occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidanceo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosnly high emissions scenarios, which
represent RCP 8.5, are included here because global greenhoases 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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Expected outcomes frorBtep 1 A proposed oexpectd project life and corresponding range
of sea kvelprojection® including the high, the low, and one or more intermedsai evel rise
projection® that will be usedn the followinganalytic steps.

Step 2¢ Determine howphysicalimpacts fromsea kvel rise mayconstrain the
project site

The Coastal Act requires that development minimize risks from coastal he&eadsel rise
can both present new hazards and exacerbate hazards that are typically analyzed in CDP
applications. In this step, project applicants determine the types and exdeatbokel rise
impacts that may occur now and into the future.

As describedn Chapter 3f the Guidanceampacts associated witiea ével rise generally

include erosion, inundation, flooding, wave impacts, and saltwater intrusion. An assessment of
these impacts oftenrequired apart of a routindazards assessment or the safety element of
the LCP.Therefore informationin the local LCRcan provide an initial determination of

potential hazardfor the project in questigrif available. However, proposed development will
oftenneed a second, sigpecific analysis of hazards to augment the more general LCP
information.

Analyzerelevant sea kvel rise impactsfor each sea kvel rise scenario.

A CDP application for new development in a hazardous area should include reports analyzing
the anticipatednpacts to a project site associated veitithsea ével rise scenario identified in
Step 1 Generally the analyses pertinent$ea ével rise includgeologicstability, erosion,
flooding/inundationwave runupand wave impact&nd these analyses atescribed in detail
below. Depending on the site, however, different analyses may be required. Apsianits

work with planningstaff (Coastal Commission or local governmetaff) to perform a pre
application submittal consultation to determine wimetlgses are required for their particular
project.Analysis of those hazards that will not be altereddsy ével rise (such as the location of
faults, fire zonesetc) should be undertaken at the same time as the assessrseatuotl rise
affected hazards so a complete understanding of hazard constraints can be used for identification
of safe or lowhazard building areagfter the submission of the CDapplication any additional
analyses that are required will be listed in apligption filing status review letter.

The professionalwho are responsible for technistildiesof geologic stability, erosign
flooding/inundation, wave rwp, and wave impacts should faeniliar with the nethodologies
for examining theespective ipacts However, the methodologies do not always adequately
examinepotential impactsinder rising sea level conditigres established by best available
science Appendix Bgoes through the various steps for incorporativegltest available science
onsea ével riseinto the more routine analyseghich are summarized below. The analyses
should be undertaken feach ofthesea ével rise scenarios identified in Step 1.

o Geologic Stability: The CDP should analyze sigpecific stability and structural
integrity without reliance upon existing or new protective devices (including cliff
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retaining structures, seawalls, revetments, groins, buried retaining walls, and caisson
foundation$ that woud substantially alter natural landforms along bluffs and cliffs.
Geologic stability can include, among others, concerns such as landslides, slope failure,
liquefiable soils, and seismic activityn most situationghe anayses of these concerns

will be combined with the erosion analysis (below) to fully establish the safe developable
area.

o Erosion: Both bluff erosion and lorterm shoreline change will increase as the time
period increased.hus, some estimate of project life is needed to determinetexpe
bluff and shoreline change, and to fully assess the viability of a proposed site for long
term developmeniThe CDP application should include an erosion anatksis
establisheshe extent of erosion that could occur from current processes, aasvieture
erosion hazards associated viltl identifiedsea ével rise scenarsover the life of the
project.If possible, these erosion conditions should be shown on a site map, and the
erosion zonecombined with the geologic stability concerns, cangdedl to help establish
locations on the parcel or parcels that can be developed without reliance upon existing or
new protective devices (including clifétaining structures, seawalls, revetments, groins,
buried retaining walls, and caissons) that waultstantially alter natural lafaims
along bluffs and cliffs.

o Flooding and Inundation: The CDP application shouldentify the current tidal datum
andinclude analysis of the extent of flooding or inundation that potentially could occur
from the identifedsea ével rise scenarios, and under a range of conditions that could
include high tide, storm surge, water elevation due to El Nifios, Pacific Decadal
Oscillations, a 10Qear storm event, and the combination of k&gnerosion and
seasonal beach erosi If possible, this information and resulting flood zones should be
shown on a site map.

1 Flood Elevation Certificate: If a site is within a FEMAmapped 10§ear flood
zone, building regulations, in implementing the federal flood protection program,
require new residences to have a finished floor elevabioneaBase Flood
Elevation (BFEgenerallyl ft).** The CDP application should include a flood
elevation certificate prepared by a registered land surveyor, engineer, or architect,
demonstrating thahe finished floor foundation of the new structure will comply
with the minimum FEMA guidelines and building standakdiswever, athis
time, the Flood Certificate does not addrssa ével rise related flooding. In
addition, designing to meet FEMA rdgements may be in conflietith other
resource constraints, such as protection of visual resources, community character,
and public access and recreation. Thus, in general, a certificate is not adequate to

“YFEMAOGs p Revigen S@delings for Implementing Executive Order 11988, Floodplain Management
(released for public review and comment on January 30, 2015) will modify the Federal Flood Risk Management
Standard, itompliance with EO 13960, tddress the need for federal agencies to include climate change
considerations in floodplaimanagementt recommends that the elevation and flood hazardtsresstablished by

() using climateinformed science, (ii) addingf2et (for noncritical actions) or 3 feet (for critical actions) of
freeboard to the Base Flood Elevation(iii) includingthe area subject the 0.2% annual chance of flacthese
Revised Guidelines could lead to future changes in the elevatiomg@doi Flood Elevation Certificatdsr new
development.
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address Coastal Act and LCP standards foratestating that future floodisk or
other impacts to coastal resourbege been minimized.

o Wave Runupand Wave Impacts Building upon the analysis for flooding, the CDP
application should include analysis of tave runupand impactshat potentially could
occur over the anticaded life of the project from B00-year storm eventombined with
theidentifiedsea ével rise scenarios, and under a range of conditions that could include
high tide, storm surge, water elevation due to El Nifiens, Pacific Deadal
Oscillations, and the combination of letgrmerosion and seasonal beach erosion. If
possible, this information and resultimgwve rump zones should be shown on a site map
or site profile

o Other Impacts: Any additionalsea ével rise related impasthat could be expected to
occur over the life of the project, such as saltwater intrusion should be evaluated. This
may be especially significant for areas with a high groundwater table such as wetlands or
coastal resources that might rely upon groundwatch as agricultural uses.

Expected outcomes frorBtep 2 Detailed information about theea evel rise relatedmpacts
that can occur on the site and changes thiditoccur over time under variousea evel rise
scenarios. High risland low risk areas of the site should be identified. The scebased
analyss should also providenformation on theotential effect®f sea evel rise such as coastal
erosion,thatcouldoccur over the proposed development ighout relying uporexisting or
new protective devices

Step 3¢ Determine how the project may impact coastal resources, considering
the influence ofsea kvel rise upon the landscapasver time

The Coastal Act requires that development avoid impacatsastal resourceSea ével rise will

likely causesomecoastal resources to change over fiagedescribed in Chapss and4.

Therefore, in this ste@pplicantsshouldanalyze hovsea ével risewill affect coastal resources

now and in the future so that alternatives ca
impacts to coastal resources throughout its lifetime.

This section discusses only those resources that might change dusgtsesievel or possible
responses to rising sea levéls.in Sep2, eachsea ével rise scenario (highgw, and

intermediate values) should be carried through this stepmplete CDP application will need

to assess possible impacts tocaldstal resurces’ includingpublic access and recreation, water
quality, natural resources (such as ESHA and wetlaagsggultural resources, natural

landforms, scenic resources, and aediogical and paleontological resourcAsalysis of those
resources that will not be affected $3a ével rise should be undertaken at the same time as the
assessment of tleea ével rise affected resources so a complete map of resource constraints can
be used for identification of a resoaigrotective building area.
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3.1Analyze coastal resource impacts and hazard risker eachsea evel rise scenario

Analysis of resource impacts will require information about the type and location of the
resources on or in proximity to the proposed grbgiteand the way in which the proposed

project will affect such resources initially and over tinike following discussion of each

resource will help identify the key impacts to eaddt tinight result from eithesea ével rise or

the proposed develagent. If coastal resources will be affectedseq ével rise, such as changes

to the area and extent of a wetland or riparian buffer, these changes must be considered in the
analysis. Much of the following discussion recommends analysis of impacts froentcand

future inundation, floodingerosion and from the ways in which the project proposes to address
such impactsAppendix Bprovides guidance on how to undertake this analysis and includes lists
of suggested resourcdsat can provide data, toolsr other resource® help with these analyses.
This analysis should be repeated for esehével rise scenario identified Btep 1. Also, it may

be important for local planners to coordinate and share information withlethépartner$

including those in charge of emergency management, law enforcement, and relatedisarvices
order to idetify risks and vulnerabilitiednformation on the followingoastakesources is

included. To skip to a sectiodljck on the linls below:

1 New Developmentaddressed in Step &bove)

Public Access and Recreation

Coastal Habitats

Natural Landbrms

Agricultural Resoures

= =4 4 A -

Water Qualityand Groundwater

1 Scenic Resources

Public Access and RecreationPublic access anecreation resources include lateral and

vertical public accessways, public access easements, beadneation areas, public trust

lands*® and trails, including the California Coastal Trail. These areas may become hazardous or
unusable during the project life duestea ével riseand/or due to the proposed project
Approachego identify potentiakisks to public access and recreation include:

o Identify all public access locations on or near the proposed project site and, if possible
map these resources in relation to the location of the proposed prbjecnalysis
should alsadentify existing public trust areas in relation to the proposed project

o Determine whether any access locationpublic trust landsvill be altered or impacted
by sea ével riseand/or the proposed projdor the identifiedsea ével rise scenarios
Such impacts could result from flooding, inundationshoreline erosiqgror from
proposed project elementt a minimum, establish thextentof likely and/or possible
changes to public access and recreadiuhto public trust lands

“3The State Lands Commission has oversight of all public trust lands and many local governments are trustees of
granted tidelands. The State Lands Commission or other appropriate shtiéd be ontacted if there is any

possibility thatpublic trust lands might be inWwed in the proposed proje@s a general guide, public trust lands
include tide and submerged laraiswell as artificially filled tide and submerged lands.
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(0]

If any access locains will be altered bgea ével riseand/or the proposed projechap
or otherwise identifyhe potentiathanges tohelocation of these access resourfmes
the identifiedsea ével rise scenarios

Identify whether there arecations o the propsedproject site that can support
development without encroachment onto the existing or futurddosabf these access
locations and without impacts otherwise pablic access and recreati@wverlay with
development constraints (fault zones, landslides, steep slopes, property line setbacks,
etc) and with other coastal resource constraints.

Coastal Habitats(ESHA, wetlandsetc): Coastal habitats, especially those that have a
connection tavater, such as beaches, intertidal areas, and wetlands, can be highly sensitive to
changes in sea levéaysto identify potential resource impacts associated with the project
include:

(0]

Identify all coastal habitasnd species of special biological ooeomic significancen
or near the proposed project site and, if possiblgp these resources in relation to the
location of the proposed project.

Determine whether any coastal habitatd & altered or affected ksea evel riseand/or

the proposed pjectover the proposed life of the project. Such impacts could result from
flooding, inundation, shoreline erosiar changes to surface or groundwater conditions
(see discussion below on water quality). At a minimum tisedentifiedsea ével rise
scanariosto establish thextentof likely and/or possiblehanges to coastal habitats.

If any coastal habitats will be altered $sa eével riseand/or the proposed projeahap or
otherwise identifypotentialchanges tohelocation of these coastal resouréasthe
identifiedsea ével rise scenarios

Identify locations of the proposed project site that can support development without
encroachment onto the existing or future locations of these coastal haithtgithout
other impacts to coastal habita®verlay with development constraints (fault zones,
landslides, steep slopes, property line setbastk$,and with other coastal resource
constraints.

Natural Landforms: Natural landforms can include coastal caves, fookations, bluffs
terraces, ridgesnd cliffs. Steps to identify natural landforms at risk include:

(0]

Identify all natural landforms on or near the proposed project site and, if possible map
these resources in relation to the location of the proposgztpro

Determine whether any natural landformsl|\wé altered or impacted lsga ével rise
and/or the proposed projdor the identifiedsea ével rise scenarioSuch impacts could
result from flooding, inundation or shoreline erosion. At a minimumtheséentified
sea ével rise scenariae establish the zone of likegnd/or possiblehanges to natural
landforms.

If any natural landforms will be altered bga ével riseand/or the proposed projechap
or otherwise identify the likely changes to location of these coastal resdorties
identifiedsea ével rise scenarios
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o ldentify locations of the proposed project site that can support development without
encroachment onto the existing or futloeations of these natural landformusd without
other impacts to such landfornBluffs and cliffs can often require additional analysis for
slope stability to determine the setback from the eroded bluff face that can safely support
development. Overlayith development constraints (fault zones, landslides, steep slopes,
property line setbackstc) and with other coastal resource constraints.

Agricultural Resources. Agricultural resources may be affected $8a ével rise through

changes to surface drainage and the groundwater table. Other changes can result from flooding,
inundation or saltwater intrusion. If agricultural lands are protected by levees ortkdésesan

be affected by changes to the stabilityetiectiveness of these structures. Steps to identify risks

to agricultural resources include:

o ldentify whether the proposed project site is used for or zoned for agricultural uses
contains agricultural soilgy is in the vicinity of or upstream of langtsagricultural use.

o ldentify surface water drainage patterns across the site or from the site to the agricultural
use site.

o If any drainage patterns are closely linked to potntiallyinfluenced by the elevation
of sea level, examine changes in dragmpgtterns with rising sea level on the proposed
site or the agricultural use site.

Water Quality and Groundwater: Sea ével rise may cause drainages with a low elevation
discharge to have water baggs. It may also cause a rise in the groundwater table.dBttlese
changes could alter esite drainage and limit future drainage options. If the proposed site must
supportan onsite wastewater treatment system, or if drainage argitenvater retention will be

a concern, consider the following, as appropriate:

o ldentify surface water drainage patterns across the site.

o Examine changes with rising sea level of any drainagierpa that are closely linked to
and likely influenced by the elevation of sea ledla minimum, us¢he identifiedsea
level rise scenariae establish the zone of likely changes to drainage patterns.

o ldentify the elevation of the groundwater tat3&ce groundwater can fluctuate during
periods of rain and drought, attempt to identify the groundwater zone.

o Estimate the likely future elevation of the groundwater zone, dseaével rise At a
minimum, usehe identifiedsea ével rise scenariae establish the zone of likely
changes to groundwater.

o Evaluate whether changes in groundwater will alter the proposed site conditions.

Scenic ResourcesVisual and scenic resources include views to and along the ocean and scenic
coastal areas. Developmenbdifications to minimize riskBom sea ével rise could have

negative consequences for scenic resources, including creating a structure that is out of character
with the surrounding are@locks a scenic view, @iters natural landforms. Steps to identify

impacts to scenic resourc@scluding any impacts from possible adaptation measunaade:
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o ldentify all scenic views to and through the proposed project site from public vantage
points such as overlooks, accessalmons, beaches, trails, the Ca&Jrail, public roads,
parks,and if possiblemap these views and view lines in relation to the locatiah
maximum allowable elevatioof the proposed project.

o ldentify locations of the proposed project site thatsigoport development and avoid or
minimize impacts to scenic views from aemt and future vantage poin@verlay with
development constraints (fault zones, landslides, steep slopes, property line setbacks,
etc) and with other coastal resource constraints

3.2 Synthesize and assess development and resource constraints

After completing the detailed analysis of each coastal resource, the applicant should summarize
the potential resource impacisder eaclsea ével rise scenario identified in StépThisset of

results when combined with potential impacts to thosastakesources not affected sga

level rise should give the applicant valuable information about the degree of risk posed to each
coastal resource and to the development itdgiiiactical for eachsea ével rise scenario,

applicants should produce a constraints map illustrating the location and the extent of resource
impacts that could occur over the life of the development. Based on the analysis of resource
impacts and potenti&lazard risks over the life of the development, the applicant should develop
an overlay identifying the development and resource constraints.

3.3 ldentify areas suitable for development

The final part of this step is to identify the locations of thegmicsite that could support some
level of development without impacts to coastal resources and without putting the development
at risk.

Expected outcomes frorGtep 3 Upon completing this step, the applicant should have detailed
information about the fyes of coastal resources on the project site and the level of riskethat

level rise poses to each resoutseler eaclsea kvel rise scenariancluding resource locations

and the extent of resource impacts that could occur over the life of the prawogsd. This

step should also provide an overlay of all development and resource constraints, and clearly
identify the locations on the proposed project site that could support some level of development
without impacts to coastal resources and withoutipg the development at risk.

Step 4¢ Identify projectalternatives that avoid resource impacts and minimize
risksto the project

By this step, applicants should have developed a set of factors basedea ¢ével rise hazards
identified inStep 2, potential resource impacts identifie®iep 3, and other site conditions

(such asarchaeological resourcesfault lineg to identify the buildable aredlsat avoid both

risk from coastal hazardmdimpacts to coastal resourcékazard andesouce avoidance is
usually the preferred option, and, in many cases, applicants may find that the site is saéafrom
level rise hazards for all the identifisda €vel rise scenarios and no further identification of
project alternatives would be necegsarorder to addressea ével rise concerns.
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Forsome caseghe site constraints may require consideration of project alternatives that fit with
the available buildable areajthout the use of protective structurésthese cases, one of the
alternatives mape toreplace what was initially being considered for the $it@ther cases,
development that is safe from hazards and is resource protective may be possible if certain
adaptation strategies are usedanodify the project over time aras the potential hazard areas
increase or move closer to the projéar these cases, the possible adaptgashwayswould

be included as part of the proposed project, along with necessary monitoring and triggers for
implementing the adaptation optiots still other casedjazard minimization may be the only
feasible option for development on hazard constragiied. In all casesypjects must be sited

and designed to address all applicable Coastal Act and LCP requirements, including any new
requirenents within LCPs that have been ugsthto adapt tgea ével rise.

The results from the analysis $¥a ével rise scenarios should factor into the decisions made in
this step. In particular, after looking at the results from Steps 2 and 3 as a \whbéads can
better decide thproject changegypes of adaptation strategiesd design alternatives that
would be most appropriate given the degree of risk posed by poss#byel riseand how long
the development might be free from rigihe appkant also might identify triggere(g, a

certain amount afea ével rise) when certain adaptation measures should be implemented
reduce risk and/or impacts to coastal resources

Importantly, land divisionsandlot line adjustments in high hazankas can change hazard
exposure and shouttlereforebe undertaken only when they can be shown to not warsen
create newulnerability. In particular, no new lots reconfigured lots with new development
potentialshould be created if they cannot be@eped without additional shoreline hazard
risks

Strategies to Avoid Resourcel mpactsand Minimize Risks

The best way to minimize risks to development and coastal resources is to avoid areas that are or
will become hazardouss identified by theea &vel rise scenarios analysis in the previous steps
Such avoidance often includes changes to the proposed project to bring the size and scale of the
proposed development in line with the capacity of the project$iteever, f it is not feasible

to siteor design a structure to completely aveah ével rise impacts, the applicanty need to

modify or relocatehe development to prevent risks to the depeient or to coastal resources.

Some changes, such as the use of setbacks, may be necessarytaetiod the project. Other
changes, such as managed retreat or added floodproofing, may be useful as adaptive strategies
that can be used after the initial project complet@msiderations involved in choosing and
designing an appropriate adaptatiomtggy may include those listed beldeeChapter7 for

more information orspecificadaptation measuresor a list of guidebooks, online

clearinghouses, and otheza ével rise adaptation resources, 8@pendix C

o0 Assesdesign Constraints:Determine whether there are aignificant site odesign
constraints that might prevent future implementation of posséadevel rise adaptation
measuresSome project locations mdne constrained due to lot size, sea level related
hazards, steep slopes, fault lines, the presence of wetlands or other ESHA, or other
constraints such that no safe develeptrarea exists on the pardeleally, such parcels
would be identified during theCP vulnerability analysis, and the land use and zoning
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designations would appropriately reflect the constraints of theHtgever, in some
cases development maged tdbe permitted even if it cannot avoid pdtential hazards
As stated above, cashould bedken in these cases to avoid resource impacts and
minimizerisksas much apossible by developing and implementingea ével rise
adaptation plan for the proposed development. In creating this plan, it is important to
identify any design comsints that will limit the ability to implement adaptation
strategies in the future, as described below.

o ldentify Adaptation Options: Identify possible adaptation strategisach as those
found inChapter J for the proposegroject, and ealuate each adaptation option for
efficacy inprotecting the developmenklso, evaluate the consequences from each
proposedadaptéion measure to ensure it wilbt have adverse impacts on coastal and
sensitive environmental resources, utthg visual impacts and public access.

For example, an option that is often consideresgéarével rise is to elevate the
development or the structures that are providing flood protection. However, elevated
structures will change the scenic quality arglial character of the area. Also, elevation
of the main development may be of little letggm utility to the property owner if the
supporting infrastructure, such as the driveways, roads, utilities or septic systems are not
also elevated or otherwisegtected. Elevation of existing levees or dikes can provide
flood protection for an area of land and all the development therein. However, the
foundation of the levee or dike musive been designed to support the additibeaght

or else it may have to be expanded andrtbeeased footprint of the foundation could
have impacts on intertidal area, wetlands, or other natural resources. Thus, {ieernfong
options for adaptation should be considered as part of any permit actiosute ¢éhat
current developmertecisions are not predetermining resource impacts in the future.

o Utilize Adaptation PathwaysiAd apt at i on pat hwayso refers t
in which planners consider multiple possible futures and analyze the robustreand
flexibility of various adaptation options across those multiple futures. In the context
of sea level rise planningif the likelihood of impacts is expected to increase with rising
sea level, it may be necessary to design the initial project for aoment ofsea ével
rise but to alsanclude design flexibilitythat will allow future project changes or
modifications to prevent impacts if the amounteé ével riseis more than anticipated
in the initialdesign.Changes and modifications could imdé the use of foundation
elements that will allow for building relocations or removal of portions of a building as it
is threatened or reserving space to mowsitmwaste treatment systems away from
eroding areas or areas that will be susceptible igragrwater table or increased
flooding.

o Develop Project Modifications Highly constrained sites may not be able to support the
amount of development that an applicant initially plans for the site. Even a small building
footprint may be at risk from flooding or erosion under regh ével rise scenariofn
such cases, it Wbe important to work closely with the appropriate planning staff to
develop a project option that can minimize hazards from the iderddi@ével rise
scenarios for as long as possible, and then incrementally retreat once certain triggers are
met. S me examples of triggers could be that erosion is within some distance of the
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foundation, or monthly high tides are within some distance of the finished floor elevation.
The time period for relocation or removing the structure would be determined by
changng site conditions but relocation would most likely occur prior to the time period
used in Step 1 to determine |lotegm site constraints.

o Plan for Monitoring: Develop a monitoring program or links to other monitoring efforts
to ensure that the proposeathatation measures will be implemented in a timely reann
Following amonitoring protocol and requirements for evaluasieg ével rise impacts to
coastal habitats over tinoan help tadentify the triggers that would lead ttevising
project life, othe project modifications oadditionaladaptation efforts.

Expected outcomes from Step Bhis step may involve an iterative process of project
modifications and reexamination of impacts, leading to one or more alternatives for the project
site. Thealternative that will minimize risks from coastal hazards and avoid or minimize impacts
to coastal resources should be identified. Possible adaptation options could be identified and
analyzed, if appropriate. If the site is very constrained, modificatmiise expected project life
might be suggested.

Step5 ¢ Finalize project design and submit CDP application

After Step 4, the applicant should have developed one or more project alteraativdentified
a preferred alternativd he alternatives should include adaptation strategies to minimize impacts
if hazards cannot be avoided entirely. TW2P applicatiorstep involves the following:

1. Work with the planning staff to complete the CDP application Depending upon the
proposed mject and extent of prior interactions with the planning staff, the initial
submittal may be the first time the planner has been provided with information about the
general project or the preferred alternative. Once a proposed project is submitted, the
coastal planner will need to become familiar with the project location, area around the
project site, the proposed actions and the studies and analyses that have been undertaken
in support of the application. The planner will review the application for catenss to
ensure that there is sufficient information to analyze the project for all appropriate LCP or
Coastal ActChapter 3 policies. If analysis for sea level rise concerns is needed, the
planner will also check that analyses for sea level rise resks been included in the
submittal. Much of the imfrmation developed in StepsAlwill be useful for the
application process. THauggestedFiling Checklist for CDP Application@ocated at the
end of this chapteovers the typical information that migbe included in a CDP
application necessary for planning review of the sea level rise aspects of the proposed
project. Applicants who are unfamiliar with the permit process should consult the local
government website, Coastal Commission wepsiteontact the appropriate district
office for instructions on how to complete a CDP application.

The review of an application might involve an iterative process, wherein planning staff
requests more information about the proposed project, project &éitemanalysis of the
hazards or identification of potential resource impacts to help in the review for
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compliance with the LCP or the Coastal Act. At the same time, planning staff may
request that some of the technical staff review the submitted mabesedure that there
is sufficient information in all technical information and analyses to suppodisiaeon
the proposed projecthis process may be repeated until the application provides the
studies, analysis and project review necessary fonpigmeview.

2. Submit a complete CDP applicationOnce a complete application has been accepted,
the planning staff will do a more thorough review and analysis of the potential hazards
and resource impacts associated with the proposed project. Ideafiarnher will have
requested all necessary project information at the filing stage. In some instances,
additional information may be needed after the application has been accepted. This is
normally limited to clarifications of some of the information otttier details about some
of the possible, but not preferred alternatives. During this stage in the CDP application
process, the planner may identify necessary project modifications that were not part of
the initial application, or identify various condit®ithat will be needed if the project is to
be approvedChapter7 includes many of the possible project modifications and permit
conditions that might be used to addresa ével rise concerns and potential resource
impacts.

During the project analysis, the planning staff will review all submitted material,
discussing the proposed project with other staff members, and obtaining further technical
review. Working with their supervisors and managers, they will also develop a staff
recommendation and prepare a staff report that supports the proposed recommendation.
Please consult the Coastal Commissi@bsite(http://www.coastal.ca.gov/cdp/cdp
forms.htm) or contactyour district office for instructions on how to complete a CDP
application.

3. Permit action. Once the proposed project has been through planning review and a staff
recommendation has been prepared, the proposed project will be brought to hearing
before either théocal planning commission or the California Coastal Commisdiba.
outcome of the hearing process will be project approval, approval with conditions, or
denial. Based on the regulatory decision, the project may be constructed, or additional
modificationsand condition requirements may have to be met.

4. Monitor and revise. CDP approvals may include conditions that require monitoring.
Applicants should monitor the physical impactseé ével rise on the project site,
provide reports and updates to plannsteff and introduce adaptive changes to the
project in accordance with the permit and permit conditions.

Expected outcomes frorBtep 5 This step, combined with supporting documentation from the

previous steps, should provide a basis for evaluatingtbggpp s ed pr oj ect 6 s hazar
impacts that can result frosea kevel rise. Such an analysis will provide one of the bases for

project evaluation and complements the other resource evaluations and analyses that are part of

a complete 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 )

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

considering SLR

Determine how the project may impact coastal resources (below) 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 ),

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.

Figureld. Flowchart forstepsto addresssealevelrise in Coastal Development Permits
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Suggestedriling Checklist fo6ea kvel Rise Analysis

U Proposed/Expected Project Life
U Sealevel Rise Projectionsed in Impacts Analyses
U ImpactsAnalyses (possibly from Vulnerability Assessment)

o Structural and Geologic Stability
A Identify current tidal datum
A Perform Geotechnical Report and Erosion Analysis
A Identify blufftop setback and safe building area
A Show setback, safe building area and proposeject footprint (site mapjs

o Erosion Amount over Expected Project Life
A Perform Coastal Processes Study and Erosion Analysis
A Quantify total erosion amount for proposed project site
A Show retreat along with proposed project footprint (site maps)

0 Floodingand Inundation Risks

A Perform Coastal Processes Study and WRwep Analysis

Quantify flood elevation and flooding extent

Show flood extent with proposed project footprint (site map)

Show flood elevation on site profile, with proposed project elevation
Provide Flood Certificate if in FEMA designated-§68r Flood Zone

o Tipping points fosea évelriseimpacts, specific to proposed project site

> > > > >

changes due tgea kvel rise and related impacts

0 Public Access and Recreation
A Show access resources and future changes (site maps)

0 Water Quality, surface and groundwater

A Provide zone of groundwat elevation

o Coastal Habitats
A Provide wetlandielineation, ESHA determination, if appropriate
A Provide boundary determinations or State Lands review, if appropriate
A Show all coastal habitats and future changes (site maps)

0 Agricultural Resources
A Showagricultural resources and future changes (site maps)

o Natural Landforms
A Show all natural landforms and future changes (site maps)

0 Scenic Resources

o0 Overlay altoastalresources teestablishareassuitable fordevelopment (site maps)

0 Analysis of Proposed Project and Alternatives
o Provide anount(s)of sealevelrise used in project planning and design
Provide analysis of the proposed project and alternatives
Identify proposed currentrad future adaptation strategies
Show avoidance efforts (site map)
Identify hazard minimization efforts that avoid resource impacts (site maps)

O o oo

U Impacts tocoastalresources (possibly from Environmental Assessment) for current conditions

A Provide surface drainage patterns and runoff and future changes (site maps)

A Show views from public access and future changes due to access changes
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Example for Addressin§ea kevel Rise in Coastal Development Permits

To illustrate the process described in this chapterfow to addresssea ével risein the CDP
process, considdhree example projectsa wetland restoration project, a new bldibp residential
developmentwith a fronting beachand a new wastewatdreatment facility. These three exampl
will follow each of the recommended CDP steps, showing how the guidance could be applied]
specific situationsNote that these are simplified examples used to demonstrate the process
described in this chapter. Distons about how to address various challenges presented by sea
rise will be more complex than those illustrated beJamd the Coastal Commission encourage
applicants to coordinate with staff as necessary and feasiintighout the process

Step I Establish the projectedea Evel rise range for the proposed project

1 Wetland Restoration Projecta level risgrojectionranges should behosen based or
the goals of the project. For exampléwetland restoration efforts are intended as
mitigationfor a development project, the lifetime for the wetland restoration should
at a minimum, the lifetime of the development project. For wetland restoration projq
in which the desired outcome is the protection of the wetland in perpetsés ével
rise ranges should be projected over a minimum of 100 years, with consideration c
intervening years as well as the even longer term for ongoing adaptive manageme

1 Blufftop Residential Developmernithe lifetime of the project is assumed to be atdea
75 yearsunless the LCP specifies a different time perkdigh, low, and intermediate
sea ével rise projection ranges are established, appropriate for the proposed area
the assumed 7&ear project life.

1 Wastewater Treatment FacilityVastewatertreatment facilities are normally critical
infrastructure. For this exampla minimum life of 100 years is assumedless the LCH
specifies a different time periodidh, low, and intermediatesea ével rise projections
ranges are established, appropeafor the proposed area over the assumed 3@aror
longerproject life.

Step 2: Determine how impacts frorsea evel rise may constrain the project site

1 Wetland Restoration ProjedEurrent topography of the wetland area is mapped,
current barriers to itand migration are identified, and an analysis of erosion and
flooding potential (and subsequent effects to wetland extent) is performed for vario
sea ével rise scenarios. Potential changes to groundwater are evaluated. Potential
changes in sediment fles or other physical properties as a result of changing condit|
are examined. It is determined that this caseppen space exists behind the wetland
allow for inland migration over time.

i Bluff-top Residential Developmerithe average lonterm bead andbluff retreat rate,
erosion rate due to variousea evel rise scenarios, and erosion potential from 4@@r
storms and other extreme events are determin&skach and bluff erosion will vary wit|
sea level rise rate3.he geologic stability of the bluff over the life of the development
analyzed assuming that no protective structure (such as a seaitbty exists owill
be built.
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1 Wastewater Treatment Facilit§rosion and flooding potential over the lifetime okth
facility under both a low and a worstise scenarisea &vel rise projection are
analyzed, aare current and future wave rwp and storm impacts for 10@ear storms.
The geologic stability of the site over the life of the facility is analyzed asstimaithgo
protective structureeither exists owill be built. Potential damage to infrastructure (fc
example corrosion due to salater intrusion) is examined.

Step 3: Determine how the project may impact coastal resources, considering the influeng
sea level rise upon the landscape over time

1 Wetland Restoration ProjedCoastal resources present in the proposed project site
mapped andsea kvel rise impacts to these resources are analyzed over the lifetime
the project. It is unlikely that thproject will have any adverse impaan coastal
resources. Barriers to wetland migration are examined and it is determimtids case
that enough open space currently exists to allow for the wetland to migrate inland ¢
time. The few barriers thagxist can be modified in the future, if negsary. This will
allow forcontinued maintenance of habitat area and ecosystem services.

1 Blufftop Residential Developmemitapsare developedhat identify scenicviewshed,
the bluff extent, and adjacent coasthabitats including the fronting beach, and
descriptions of each are provided. Opportunities for public access are identified. I
to each of these resources as a resulseé ével rise are analyzed, as are impacts thé
would result from the develoment project. It is determined that the development ha
the potential toresult in the los®f a fronting beach if a protective structureimnstalled
However,development setbacks are designed to ensure ti@tsuch structure is
planned over the lifetimef the development under angea &vel rise scenario.

1 Wastewater Treatment Facilitfvlaps are developed that identify coastal resources irf
the area and impacts to these resources resulting fema evel rise are analyzed. As
with the bluff-top developmen, any protective structure would have detrimental
effects to the fronting beach, but no such structure is determined to be necessary.
potential impacts to adjacent habitat areas or to water quality as a result of damag
infrastructure (for examplsewage outflow or backup of seawater into the system) al
examined under the range ska &vel rise projections for the life of the facility.

Step 4: Identify project design alternatives that avoid resource impacts and minimize risks
the project

1 Wetland Restoration Projecin this example,here are no concerns related to
detrimental impacts to coastal resources as a result of this project. Natural barriers
be removed through grading and contouring of the land to ensure that the wetland
the ability to migrate inland witlsea ével rse and that hydrologic function will be
maintained. Inland areas are protected into the future to ensure the space will be o
for migration. Additionally, a plan is included to monitor changesemeével, sediment
dynamics, and overall health of the and so thatadaptive management options can|
be appliedas needed.
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T

T

Step 5: Finalize project design and submit CDP application

T

Blufftop Residential Developmerithe optimal site for a blutfop residential
development is one that avoids the hazards identified in Step 2 and impacts to coa
resources identifiedn Step 3 over the lieime of the project. If the proposed site doe
not avoid risks, alternativieocations on the project siteshould be identiéd and
examined. If no such locatiaxists, efforts should be made to minimize hazards anc
impacts to resarces or the project should be deniedlinimization efforts may include
building with an extra setback from the bldtice, developing a managed retreat plan
and designing buildings to be easily relocatéthe safe building envelawill not be
sufficient for a reasonablsized buildinglocal governments could consider allowing
reduced setbacks on portions of the site located away from the bluff face $ide or
front yard setbacks), racced oftstreet parkingadditional height on safe portiond o
thesitex 2NJ 20 KSNJ RSPSt 2LIYSy i { KINOseRalSsi y ¢
planned as such a device would result in the loss of the fronting béaplan to
monitor rates of erosion at various places along the bluff as well as any impacts to
adjacent resources is developed, and erosion rates/scenarios that would trigger the
need for retreat are identified.

Wastewater Treatment Facilitfthe optimal site for a wastewater treatment facility is
one that avoids the hazards identified in Step 2 angdacts to coastal resources
identified in Step 3 over the liféme of the project. If the proposed site does not avoi
risks, alternative sites should be identified and examined. If no such site exists, eff
should be made to minimize hazards and impdo resources. Minimization efforts
may include: building the facility further back from the beach, elevating outflow pip¢
and adding onavay valves to prevent backflow of seater into the system. A plan to
monitor erosion rates along the beach aslhas wave and storm impacts and any
impacts to coastal resources caused by the facility is developed.

Wetland Restoration Projecthe best site and design option is chosen and presente
the Commission or local government for the permit procégsplication includes likely
options for adaptive management to maintain wetlands and key monitoring needec
examine ongoing wetland fuation.

Bluff-top Residential Developmerithe best site and design option is chosen and
presented to the Commission or local government for the permit prod&gglication
includes analyses of hazard and resource risks and any plans for adaptive pesjgas
and proposed monitoring.

Wastewater Treatment Facilityfihe best site and design option is chosen and prese
to the Commission or local government for the permit procégsplication includes
analyses of hazards and resource risk and planst@nsinitoring.
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in Local Coastal Program&CP9g andCoastalDevelopmenfermits(CDPs) This

chapter describes some of the specific adaptation strategies to consider in these planning
and development review processes. Given the range of impacts that could occur as a result of sea
level rise, andie uncertainties surrounding projections of sea level rise over the lifetimes of
many coastal projects, communities, planners, coastal managers and project applicants will need
to use adaptation strategies to effectively address coastal hazard risketacicpastal
resources over time.

Chapters 5 and 6 provide guidance on the sequential processes for addressing sea level rise

As described in Chaptefsand6, adaptation strategies should be chosen based on the specific
risks and vulnerabilities of a region or project site and the cgigeé Coastal Act and LCP
requirements, with due consideration of local priorities and goals. Adaptation strategies may
involve modifications to land use plans, regulatory changes, project modificatiqresmit
conditions that focus on avoidance or mirgation of risks and the protection of coastal
resources.

Some adaptation strategies may require land use plans or proposed projects to anticipate longer
run impacts now, such as assuring that critical infrastructure is built to last a long time without
being put in danger, or rezoning hazardous areas as open space. Other adaptation strategies may
build adaptive capacity into the plan or project itself, so that future changes in hazard risks can

be effectively addressed while ensuring kiagm resourcerptection. In most cases, especially

for LCP land use and implementation plans, multiple adaptation strategies will need to be
employed. For projects, adaptation strategies may be addressed through initial siting and design
and through conditions that pride for specific adaptation over time.

The next sections provide an overview of the general categories of adaptation, éqitmmed
by a description of various specific adaptation strategies organized by type of coastal resource, as
outlined in Chapter3 of the California Coastal Act.

The adaptation options described in this chapter are intended to provide guidance for potential
LCP and permitting strategieNot all strategies listed here will be appropriate for every
jurisdiction, nor is this an exhative list of optionsHowever, as described in Chapters 5 and 6,

all local governments and all project applicants should analyze the possible effects of sea level
rise and evaluate how the strategies in this chaptexdditional supplemental strategiesuld

be implemented in LCPs or CDPs to minimize the adverse effects of sea level rise.

GENERAL ADAPTATION CATEGORIES

There are a number of options for how to address the risks and impacts associated with sea level
rise.Choosing tado nothingor f ol | owi ng-i at p o vneaple comdfidérédram n
adaptive response, but in most cases, the strategies for addressing sea level rise hazards will
require proactive plannin@ ensure protection of coastal resources and developSwerit

proactive adaptation strategies generally fall into three main categories: protect, accommodate,
and retreat.

For purposes of implementing the Coastal Act, no single category or even specific strategy
should be consi der ed t hetypéslofestsategies wilpbe appraprisdes a r
in different locations and for different hazard management and resource protection goals. The
effectiveness of different adaptation strategies will vary across both spatial and temporal scales.

In many cases, a hgid approach that uses strategies from multiple categories will be necessary,
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and the suite of strategies chosen may need to change ovehsiaiscussed later in the
document, the legal conteat variousoptions will also need to be considered in esitimtion
and ultimately, adaptive responses will need to be consistent with the CoashbAatheless,
it is useful to think about the general categories of adaptation strategies to help frame the
consideration of land use planning and regulatory aptin specific communities and places
along the coast.

Protect: Protection strategies refer to those strategies that employ some sort of engineered
structure or other measure to defend development (or other resources) in its current location
without chaiges to the development itself. Protection strategies can be further divided into
Afhardo and Asofto defensive measures or ar mor
structures such as seawalls, revetmetd bulkheadthatdefend against coastal hadsitike

wave impacts, erosion, and flooding. Such armoring is a fairly common response to coastal
hazards, but it can result in serious negative impacts to coastal resources, particularly as sea level
rises. Most significaty, hard structures form barrgethat impede the ability of natural beaches

and habitats to migrate inland over time. If they are unable to move inland, public recreational
beaches, wetlands, and other habitats will be lost as sea level continues to rise. This process is
commonlyrefeed t o as fApPpaswhied émsoshennarrowing of
the back of the beach on an eroding shoreline has been fixed in placee{Rlick012).Other

detrimental impacts may include negative visual impacts or interference with other ecosystem
services.

Figurel5. Photo depicting passive erosidfeff) Passive erosion in front of a revetment at Fort Ord, illustrating

the loss of beach where the development prevents the shoreline from migrating landward. The beach continues to
migrate inland on either side of the revetmenRi¢h) Recovery of the beach following removal of the revetment

and blufftop structure. $ourceCalifornia Coastal Records Pro)ect

ASofto armoring refers to the use of natur al
wetlands and other systems to buffer coastal areas. Strategieshliah Inourishment, dune
management, or the construction of #Aliving sh
systems to protect coastlines from coastal hazards while also providing benefits such as habitat,
recreation area, more pleasing visugbacts, and the continuation or enhancement of ecosystem
services. The engineering of green infrastructure is a somewhat newer concept in sgme cases

and because of this, the effectiveness of different strategies in different types of environments is

not necessarily welknown or tested. In cases in which natural infrastructure might not be
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completely effectiver may not be preferrea hybrid approach using both hard and natural
infrastructure could beonsideredAs described in Principle 10 of ghizuidance and in the
Safeguarding Californigplan (CNRA 2014) priority should be given to options that protect,
enhanceand maximize coastal resources and ssc@cluding giving full consideration to

innovative naturdased approaches such as living shoreline techniques or managed/planned
retreatAl t hough the Coastal Act clearly provides
devel op medirects that netv deavdlopneent be sited and designed to not require future
protection that may alter a natural shoreline.

AccommodateAccommodation strategies refer to those strategies that employ methods that
modify existing developments or design newealepments to decrease hazard risks and thus
increase the resiliency of development to the impacts of sea level rise. On an individual project
scale, these accommodation strategies include actions such as elevating structures, retrofits
and/or the use of nharials meant to increase the strength of development, building structures
that can easily be moved and relocated, or using extra setbacks. On a corsoalajty
accommodation strategies include any of the land use designations, zoning ordinances, or other
measures that require the above $ygfeactions, as well as strategies such as clustering
development in less vulnerable areas or requiring mitigation actions to provide for protection of
natural areas even as development is protected. As with protstrategies, some

accommodation strategies could result in negative impacts to coastal resources. Elevated
structures may block coastal views or detfemi community character; pHgupported

structures may, through erosion, develop into a form of girotection that interferes with

coastal processes, blocks accassl, at the extreme, results in structures looming over or
directly on top of the beach.

Figurele.t K232 RSLIAOGAY 3 a Yl y| BSriers REniNEBadgad ShoteliidRReteBt proj@cNd (G A 2 y @
which the parking lot was moved back and beach area was rest@edal composite by Rick Wilbor(feebruary
28, 2013); photo catesy of Surfrider Foundatipn
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Retreat:Retreat strategies are those strategies that relocate or remove existing development out
of hazard areas and limit the construction of new development in vulnerable areas. These
strategies include land use designations and zoning ordinances that enbaidaggin more

resilient areas or gradually removing and relocating existing development. Acquisition and buy
out programs, transfer of development rights programs, and removal of structures where the right
to protection was waived.€., via permit conlition) are examples of strategies designed to
encourage managed retreat.

Protect:

* Hard protection

* Soft protection/living shorelines

Accommodate: : ,
* Protect agricultural barriers for

* Siting and design standards flood protection

* Retrofit existing structures

Hybrid:

* Accommeodate over short-term,
relocate over long-term

* Stormwater management

* Update land use designations and
zoning ordinances

* Redevelopment restrictions
* Permit conditions
Retreat:

* Limit new development in
hazardous areas and areas adjacent
to wetlands, ESHA, other habitats

* Removal of vulnerable development

* Promote preservation and
conservation of open space

Figurel?7. Examples ofeneraladaptation strategies
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SPECIFIC ADAPTATION STRATEGIES

The following sections, organized by category of coastal resource, present measures that local
governments and coastal planners should consider including in their LCPs or individual CDPs.
The purpose of this organization is to allow coastal managers ajedtppplicants to easily

find strategies that will help address the specific resource vulnerabilities identified in Steps 1

of the LCP and CDP processes laid out in Chagtarsd6. In the develpment of LCP policies,

local governments should use adaptation measures that best implement the statewide resource
protection and hazard policies of the Coastal Act at the local level given the diverse geography
and conditions of different areas.

As partof identifying adaptation strategies, local governments should carefully examine the
potential impacts to coastal resources that could occur from various adaptation strategies. Some
adaptation strategies will need to be implemented incrementally oveasicmnditions change,

and many strategies will need to be implemented through both the LCP and CDP to be effective.
For each issue area, there is a description of potential impacts that could occur due to sea level
rise and a list of adaptation tools @tians to minimize impacts. To skip to a togitick on the

links below.

A. Coastal Development and Hazards

Public Access and Recreation
CoastaHabitats ESHA, andWNetlands
Agricultural Resources

Water Qualityand Supply

Archaeological and Paleontological Resources

O mmo O w

. Scenicand VisualResources

The lists in these sections should be consideedtierchecklists from which all optionseed to

be used, noexhaustive lists of all possible adaptation strategies. Sea level rise adaptation is an
evolving field, and policy language, cost considerations, effectiveness of various strategies, and
other topics are continuing to be developed. Planners, applicatitsaeners will need to think
creatively and adaptively respond to changing conditions, new science, and new adaptation
opportunities, and the Coastal Commission will continue to support and collaborate on these
efforts.

Additionally, sea level rise plamng may involve a number of traddfs among various

competing interests, and no single adaptation strategy will be able to accomplish all planning
objectives. Economic and social implications of various adaptation options will likely play into
the plannng process at the local level. 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 in light of Coastal Act requirements, and identify Veimak use designations,

zoning ordinances, and other adaptation strategies can be used to meet those goals.
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A. Coastal Development and Hazards

The Coastal Aatequires that new development be sited and designed to be safe from
hazards and to not adversely impact coastal resources (Coastal Act Sections 30235
30253).The maimgoals that relate to hazards and coastal developnseat

o Update land use designatis, zoning maps, and ordinandesaccount for
changing hazard zones

0 Includesea ével rise in hazard analyses and policies

o Plan and locate new development to be safe frbazards, not require protection
over its entire lifespanand be protective of coss resources

0 Incorporate sea level rise adaptation into redevelopment policies
o Encourage the removal of development that is threatenedé&y eével rise

o 'aS aaz2Fidé 2N ayl GdzNY £ ¢ az2fdziazya |
existing endangeredtructures

o Limit bluff and shoreline protective devices to protect existing endangered
structures

o Require special considerations for critical infrastructure and facilities

o Protect transportation infrastructure

Chapter 3of the Guidance covesthe impacts tocoastal developmenthat might result
from sea level rise. Certified LCPs should already have policies and standards to ass
that coastal development is safe over its anticipated lifetime and that it does not
adversely impct other coastal resourceblowever, LCP policies and standards may ne
to be updated in light of new knowledge and to consider sea level rise hazards.
Adaptation options have been developed to support tlevelopmentgoals othe Coastal
Act through boh LCP policies and CDP conditions, dedfdllowingstrategies cover a
range ofoptions for addressing the ideified goals of the Coastal Act.

Goal: Update land use designations, zoning maps, and ordinances to
account for changing hazard zones

A.1  Establish mapped hazard zones or overlaydJpdate land uses and zoning
requirements to minimize risks from sea level rise in identified hazard zones or overlay
areas. For example, limit new development in current and future sea level hazard zones
and encorage removal of existing development when threatened.

A.la ldentify zones that require a more rigorous sea level rise hazards analysis
Specify areas where a closer analysis of sea level rise is necessary at the permit
application stage to avoid or minimizeastal hazards and impacts to coastal
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resources. Ensure that the mosttojolate information on sea level rise is
incorporated in such analyses.

Goal: Include sea level rise in hazard analyses and policies

A2

Update policies to require sea level rise to bacluded in hazard analyses and
management plansLCP policies should include requirements to analyze projected sea
level rise. Consider specific projection scenarios to be anal{@eelChapter f the
Guidancedor a descrigbn of scenario planningLCPs could also specify which analyses
are required for various types of projects/development (see Step 2 of Chapidor
Appendix Bfor suggested analyses).

A.2a

A.2b

A.2c

A.2d

Site-specific evaluation of sea level riséJpdate policies, ordinances, and permit
application requirements to include a requiredsjecific evaluation of coastal
hazards due to sea level rise over the full projected life of apoped
development. Analyses sHdibe conducted by a certifiedv@ Engineeror
Engineering Geologistith expertise in coastal processes.

Incorporate wave runup zones and sea level rise in coastal flood hazard

maps: Develop coastal flood maps thatlude areas that will be subject to wave
action and flooding due to sea level rise. These maps may be able to rely upon
existing flood maps, such as the FEMA Flood Insurance Rate Maps, for current
flood areas and base conditions, but should be augmeeniteclude future
conditions, including sea level rise, likely to occur through the life of proposed
new development.

Incorporate sea level rise into calculations of the Geologic Setback Line

Update geotechnical report requirements for establishing thl@e Setback

Line (bluff setback) to include consideration of bluff retreat due to sea level rise
in addition to historic bluff retreat data, future increase in storm or El Nifio events,
and any known sitgpecific conditions. The report should be congaldby a

licensed Geotechnical Engineer or an Engineering Geologist.

Include sea level rise in wave runup, storm surge, and tsunami hazard
assessmenté: Sea level rise should be included in wave runup analyses,
including storm event and tsunami hazard sssents. This should include
evaluating tsunami loads/currents on maritime facilities and coastal structures.
Since tsunami wave runup can be quite large, sea level rise projections of only a
few inches may not have a large impact on these assessmen&vdrdar time
periods or scenarios where sea level rise projections are large (pkfhaps

more), it would be appropriate to include sea level rise because it could change
the results to a significant degree.

44 Tsunami evacuatiomaps are based upon current sea level conditions and they will need to be updated with
changes in sea level.
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A3

Establish shoreline management plans taddress longterm shoreline change due to

sea level riseCreate policies that require a management plan for priority areas that are
subject to sea level rise hazards, and incorporate the plan into the larger LCP if

applicable. Similar to an LCP, shorelimanagement plans generally include the short

and long term goals for the specified area, the management actions and policies necessary
for reaching those goals, and any necessary monitoring to ensure effectiveness and
success. Incorporate strategies neagsto manage and adapt to changes in wave,

flooding, and erosion hazards due to sea level rise.

Goal: Plan and locate new development to be safe from hanatds

A4

A5

A.6

require protection over its entire lifespamdbe protecive of
coastal resources

Limit new development in hazardous areadrestrict or limit construction of new
development in zones or overlay areas that have been identified or designated as
hazardous areas to avoid or minimize impacts to coastal resources and property from sea
level rise inpacts.

Cluster development away from hazard areasConcentrate development away from
hazardous areas. Update any existing policies that cluster development to reflect
additional hazard zones due to sea level rise.

A5a Concentration of development/smart growth Require development to
concentrate in areas that can accommodate it without significant adverse effects
on coastal resources. This strategy is applicable for community wide planning
through an LCP, but may also apply to CDPs for subdivisions or forlarge
developments involving large or multiple lots.

As5b  Transfer of Development Rights programs (TDR) Restrict development in one
area (Asending areao) and allow for the
area more appropriataréad) i ntEéRsecansee g
policies to implement a TDR program to restrict development in areas vulnerable
to sea level rise and allow for transfer of development rights to parcels with less
vulnerability to hazards. A TDR program can encourage the tedooaf
development away from-aisk locations, and may be used in combination with a
buy-out program.

Develop adequatesetbacks for new developmentEnsure structures are set back far
enough inland from the beach or bluff edge such that they will nenté@ngered by

erosion (including sea level rise induced erosion) over the life of the struettireyt

the use of a shoreline protective devM#en used to address future risk, setbacks are
normally defined by a measurable distance frondantifiable location such as a bluff

edge, line of vegetation, dune crest, or roadway. Establish general guidance and criteria
for setbacks in LCPs that consider changes in retreat due to sea level rise. Require
detailed, sitespecific analyses through IBES and CDPs to determine the size of the
setbacktaking into consideration sea level rise and establish the expected life of the
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structure (for example, the time period over which the setback should be effective).
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Figurel8. Photo depicting a dvelopmentsetback in Pismo Beac{SourceCalifornia Coastal Records Project

A7

A.8

Limit subdivisions in areas vulnerable to sea level riséProhibit any new land

divisions, including subdivisions, lot splits, lot line adjustments, and/or certificates of
compliance that create new beachfront or blufftop lots unless the lots can meet specific
criteria that ensure that when the lots are deeslpfhe development will not be exposed
to hazards or pose any risks to protection of coastal resources.

Update development siting code,and design standards to avoid, minimizegr

reduce risks from coastal hazards and extreme eventBstablish and imphaent

building codes andtandards for building siting and construction that avoid or minimize
risks from flooding and erosion and increase resilience to extreme events within sea level
rise hazard zones. Sustandardsind applicable building code proviemshould be

included in LCPs as additional development controls in areas that are identified in the
LCP as hazard areas, and applied in specific projects through a CDP.

A8a Update flood protection measures to incorporate both FEMA and Coastal
Act requirements: Require new development located in areas subject to current
or future flood/wave action to be sited and designed to be capable of withstanding
such impacts in compliaeavith both FEMA and Coastal Act requirements. For
example, ensure that implementatioradaptatiormeasures such as elevation of
habitable areas, brealway wallsetc will be consistenwith bothLCP and
FEMA provisions.
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A.8b Limit basements andirst floor habitable space Where applicable, in areas
likely to be subject to current or future flood/wave action, revise residential
building standards to prohibit habitable space at elevations subject to wave/flood
risk. Specifically address potential impactdatements on loagnge adaptation
options such as landward relocation or removal.

A8c Evaluate impacts from flood protection measuresRequire new development
that must be located in areas likely subject to current or future flood/wave action
or elevated grundwater to evaluate potential impacts to adjacent or nearby
properties from all proposed structural flood protection measures to ensure that
these measures will not create adverse direct and/or cumulative impacts either on
site or oftsite.

A.9 Analyze options for removal when planning and designing new developmeridesign
options should not place an undue burden on future property owners or coastal resources.
For new development in high hazard areasesourceconstrained areas where managed
retreat might be an appropriate option at some time in the future, ensure that foundation
designs or other aspects of the development will not preclude future incremental
relocation or managed retreat. Foundation and building elements, such as deepened
perimeter foundations, caissons or basements, may be difficult to remove in the future, or
their removal may put adjacent properties at risk. Alternative design options should be
considered, and employed if site conditions allow.

A9a Develop a plan to emove or rebcate structures that become threatened:
Require new development authorized through a CDP that is subject to wave
action, erosion, or other hazards to be removed or relocated if it becomes
threatened in the future.

A9b Identify triggers for incremental removal of structures on constrained lots
When a lot is not large enough to accommodate development that avoids coastal
hazards for the expected life of the development, develop a project option that
minimizes hazards from the identified sea level rise scenan@s long as
possible, and then requires incremental retreat once certain triggers are met.

Triggers for relocation or removal of the structure would be determined by
changing site conditions such as when erosion is within a certain distance of the
foundation; when monthly high tides are within a certain distance of the finished
floor elevation; when building officials prohibit occupancy; or when the wetland
buffer area decreases to a certain width.

A9c Avoid shoreline protection for new developmentRequre CDPs for new
development in hazardous locations to include as a condition of approval a waiver
of rights to future shoreline protection that would substantially alter natural
landforms or cause otheragtse coastal resource impacts.

A.9d Limit the use of foundations or basements that can interfere with coastal
processesin locations where foundation or building elements, such as deepened
perimeter foundations, caissons or basements may be exposed to wave action
through rising sea level @rosion, require analysis of less extensive foundation or
building options.
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A9e Develop triggers for foundation and structure removal:lf no less damaging
foundaton alternatives are possibleyseire that the foundation design allows for
incremental removalsathe foundation elements become exposed, and develop
pre-established triggers, for example when the bluff edge or shoreline comes
within a certain distance of the foundation, for incremental or complete removal
that will avoid future resource impacts.

Fgure 19. Photo depicting eoding bluff and exposed caissons in Encinitas, Ri#atograph by Lesley Ewing

A.10

A.ll

Ensure that current and future risks are assumed by the property ownerNew
development should be undertaken in such a way that the consequences from
development in high hazard areas will not be passed on to public or coastal resources.
Recognize that over time, sea level rise will cause the public trust boundary to move
inland.Establish standards, permit conditions, and deed restrictions that ensure that
current and future risks are assumed by the property o@oasider policies that would
encourage or require property owners to set aside money, such as in the folonaf a b
as a contingency if it becomes necessamadify, relocate, or remove developmdémit
becomeshreatened in the future.

Real estate disclosureRequire sellers of real estate to disclose permit conditions related
to coastal hazards, or propertyfetgts or vulnerabilities, including information about

known current and potential future vulnerabilities to sea level rise, to prospective buyers
prior to closing escrow.
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Goal: Incorporate sea level rise adaptation into redevelopment policies

A.12 Avoid the expansion or perpetuation of existing structures in atisk locations: On an
eroding shoreline, the seaward portionamfexistingstructure may become threatened
as the setback or buffer zone between the structure and the mean high tide line or bluff
edge is reduced due ¢vosion of the beach or bluiVhen the seaward portion of the
structure no longer meets the standards or cletihat would be required for new
devel opment, idctonhecoineg oasfimarcture for pur
policiesand regulations. The following should be consideesdconsistent with the
Coastal Act, FEMA policies, and other relevant stadsldao address existing nen
conforming development to avoid the need for shoreline or bluff protective devices and
associated impacts to coastal resources.

A.12a Update nonconforming structure policies and definitions Develop policies
and regulations to defe nonconforming developmeri the area between the
sea and the first coastal roadway or other known hazard zoaesito
perpetuating development that may become at risk and requéns @rotective
deviceor extend the need for an existing protectiegice

A.12b Limit redevelopment or upgrades to existing structures in at risk locations
Use redevelopment policies or regulations to limit expansions, additions, or
substantial renovations of existing structures in danger from erosion. Require
removal of norconforming portions of the existing structuvenen possible,
when a remodel or renovation is proposed.

A.12¢c Limit foundation work wit hin the geologic setback areaTo facilitate removal
of non-conforming portions of an existing structureguCP regulations and
CDPs to limit newor replacemerfioundatiors or substantiaimprovementsother
than repair and maintenante the existing foundation when located seaward of
the Geologic Setback line. Approve significaetvfoundation work only whent
is located inland of the setback line for new developraedtwhen it will not
interfere with coastal processes in the future

A.12d Limit increases to existing nonconformities: Use LCP regulations and CDPs to
allow nonexemptrepair and maintenance and nfm@tionsonly if theydo not
increase the size or degree of rommformity of the existing structurd-or
shoreline or blufftop development, any decrease in the existingar@orming
setback would increase the degree of-nonformity.

A.12e Limit additions to non-conforming structures: Use LCP regulations and CDPs
to acknowledgehat additions to existing structwrehould be considered new
development that musbnform to the standards for new developmediuding
but not limited to avoiding future protective devic€snsider limitations on the
size of additions unless naonforming portions of the structure are remaved

A.12f Address existing protection of norconforming structures: Use LCP
regulations and BP conditions tgut current and future property owners on
noticethat if there is currently shoreline or bluff protection for an existing
structure, the structure is likely-ask and improvements to that structure in its
current locatioormay belimited. Also, consideacknowledginghat any rights to
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retain the existing protective device(s) apply only to the structure that existed at
the time the protective device was constructed or permitted.

A.13 Redevelopment of existing structuresDe f i ne fr e dsgatarirmnume nt 0O
replacement of 50% or more of an existing structure. Other options that may be used to
define what constitutes redevelopment or a replacement structure could include 1) limits
on the extent of replacement of major structural componantsas the foundation or
exterior walls, or 2) improvements costing more than 50% of the assessaoraised
value of the existing structure. Thedevelopmendefinition should take into
consideration existing conditions and patterd@felopmentpotential impacts to coastal
resourcesand the need fdsluff or shorelineprotective devices the structure remains in
its current,nonconforming location

A.13a Require redevelopment to meet the standards for new developmenise
LCPs and CDPs to require thahovations meeting the threshold for
redevelopment should not be approved unless the entire structure meets the
standards for new development, including but not limited to a waiver of right to
protection. Specify that if any existing neonforming elemets are permitted to
remain, those nenonforming elements are not subject to rights to protection
pursuant taCoastal Act SectioB0235.

A.13b Include cumulative improvement or additions to existing structures in the
definition of redevelopment:Use LCPregulations to acknowledge that
demolition, renovation, or replacement of less than f@%ess)of an existing
structure constitutes redevelopment when the proposed improvements would
result cumulatively in replacement of more than 50% of the existingtste
from an established date, such as certification of the LUP.

A.14 Remove existing shoreline protective device®n properties with existing shoreline
protective devices, use regulations to require removal of the protective device when the
structurerequiring protection is redevgded or removedf removal is not possible,
require a waiver of any rights tetain the protective device to protect any structure other
than the one that existed at the time the protective device was constructed oe@germitt

Goal: Encourage the removal of development that is threatened by sea
level rise

A.15 UseRollingEasements The term firolling easement o r ef
intended to allow coastal lands and habitats including beaches and wetlands to migrate
landward over time as the mean high tide line and public trust boundary moves inland
with sea level rise. Such policies often restrict the use of shoreline protective structures
(such as the Ano future seawall o lmii mitatio
new development, and encourage the removal of structures that are seaward (or become
seaward over time) of a designated boundary. This boundary may be designated based on
such variables as the mean high tide line, dune vegetation line, or othericlyina or
|l egal reqgui rement . Despite the t ectatedtéir ol | i
rolling easementactually involve the use of recorded easements.
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A.16

A.1l7

A.18

Develop an incentive program to relocate existing development at rislrovide
incentives to relocate development out of hazardous areas and to acquire oceanfront
properties damaged by storms, where relocation is not feasible. Consider creating a
relocation fund through increased development fedgu fees, or other funding
mechanisrs.

Transfer of Development Rights programs (TDR) See Strategy A.5b above.

Acquisition and buyout programs. Acquisition includes the acquiring of land from the
individual landowner(s). Structures are typically demolished or relocated, the property is
restored, and future development on the land is restricted. Such a program is often used in
combination with a TDR program that can provide incentives for relocation.

Undeveloped lands are conserved as open space or public parks. LCPs can include
policiesto encourage the local government to establish an acquisition plan or buyout
program to acquire property at risk from flooding or other hazards.

Goal : Use Asofto or Anatural 0 sol u

A.19

protection of existing endangered stuwres

Require the use of green infrastructure as a preferred alternativeUnder appropriate
shoreline conditions, require or encourage
solutions or Aliving shorelinesoinlas an al't
protection in order to protect development or other resources and to enhance natural
resource areas. Examples of soft solutions include vegetative planting, dune restoration,

and sand nourishment.

A.19a Establish a beach nourishment program and protocotsNew policies may be
needed to address increased demand or need for beach nourishment with sea level
rise. Policies within an LCP may identify locations where nourishment may be
appropriate; establish a beach nourishment program and protocols for conducting
beach nourishment; establish criteria for the design, construction, and
management of the nourishment area; and/or establish measures to minimize
adverse biological resource impacts from deposition of material, such as sand
compatibility specifications, timg or seasonal restrictions, and identification of
environmentally preferred locations for deposits. Beach nourishment programs
should also consider how nourishment options may need to change over time as
sea level rises.

A.19b Dune managementEstablish managnent actions to maintain and restore dunes
and natural dune process&aines provide buffers against erosion and flooding
by trapping windblown sand, storing excess beach sand, and protecting inland
areas, and they also provide habitat. This is likelytrafiective for areas with
some existing dune habitat and where there is sufficient space to expand a
foredune beach for sand exchange between the more active (beach) and stable
(dune) parts of the ecosysteld€Ps can identify existing dune systems and
dewelop or encourage management plans to enhance and restore these areas,
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including consideration of ways that the system will change with rising sea level.
CDPs for dune management plans may need to include periodic reviews so the
permitted plans can be updd to address increased erosion from sea level rise,
and the need for increased sand retention and replenishment.

Figure20. Photo depictingdzy S NB & i 2NJ (A 2y I {(Phftardid@dspoft 2 Ay i3> =Sy
SurfriderFoundation)

A.19c Regional Sediment Management (RSM) programsevelop a Regional
Sediment Management (RSM) program including strategies designed to allow the
use of natural processes to solve engineering problems. To be most effective,
RSM programs include éhentire watershed, account for effects of human
activities on sediment, protect and enhance coastal ecosyatansaintain safe
access to beaches for recreational purposes. LCPs can support development of an
RSM program and its implementatiand the ppgram should be periodically
updated to address @woing changes from sea level rise. Natural boundaries for
RSM may overlap within several LCPs, so regional cooperation may be needed
for best implementation. Individual actions such as a beach nourishrogt
would be accomplished through a CDP. Many coastal RSM programs have
already been developed and can be used as a resource. Geadtad Sediment
Management Workgroupebsite(andAppendix Q for more information.

A.19d Maintenance or restoration of natural sand supply Adjustment of the
sediment supply has been one of the ways natural systems have accommodated
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changes from sea level. Maintenance or restorafi@ediment involves

identifying natural sediment supplies and removing and/or modifying existing
structures or actions that impair natural sand supply, such as dams or sand mining.
LCPs could include policies and implementing standards that support-nature

based responses to sea level rise by maintaining and restoring natural sand supply.
Where applicable, develop policies and standards to prohibit sand mining,

regulate sand replenishment, and promote removal of dams or-gassing of

sand around damsl&ns should take into consideration changes in sand supply

due to sea level rissnd may identify and designate high priority areas for

restoring natural process@hese actions and policies can also be implemented
through a Regional Sediment Managem&®&MN) program.

A.19e Beneficial reuse of sediment through dredging managemerredging
involves the removal of sediment from harbor areas to facilitate boat and ship
traffic or from wetland areas for restoration. Dredging management actions and
plans may need toe updated to account for elevated water levels. Policies can be
developed with an LCP and/or carried out through a CDP to facilitate delivery of
clean sediment extracted from dredging to nearby beachestland areaghere
needed. Beneficial reuse @dment in this way can be coordinated through a
Regional Sediment Management (RSM) program and/or through coordination
with other jurisdictions.

Goal: Allow bluff and shoreline protective devices only to protect
existing endangered structures

A.20 Use hard protection only if allowable and if no feasible less damaging alternative
exists fAHardo coast al protection is a broad t
seawalls, revetments, cave fills, and bulkheads that block the landward retreat of the
shorelineln some cases, caissons and pilings may also be considered hard shoreline
protective devices. Due to adverse effects on shoreline sand supply and beach area
available for public use, such protective devices should be avoided when feasible. Under
current Aw, shoreline protection for existing structures in danger from erosion may be
allowed if coastal resource impacts are avoided or minimized and fully mitigated where
unavoidable.

A.20a Retention of existing shoreline protectionOn intensely developed, urbanized
shorelines, if the removal of armoring would put existing development at risk and
not otherwise result in significant protection or enhancement of coastal resources,
it may be appropriate to allow properly designed shwedrmoring to remain for
the foreseeable futursubject to conditions that provide for potential future
removal in coordination with surrounding developmétfaweverthe proper
short term responsdsnger term adaptation measurasd mitigation of ofgoing
resource impacts should be determined through updated csptific LCP
planning and consideration of the existing rights and responsibilities of
development in the area (ssfeategieRA.217 A.25).
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A.21

A.22

A.23

Require monitoring of the structure: Requireperiodic monitoring of the shdiee
protectve deviceto examine for structural damage, excessive scour, or other impacts

from coastal hazards and sea level rise. Ensure that the structures remain within the initial

footprint and that they retain functiainstability.

Conditional approval of shoreline protectve device Use LCP regulations and permit
conditions to require monitoring of impacts to shoreline processes and beachatidth
at the project site and the broader area and/or littoral chaile and provide for such
actions as removal or modification of armoring in the futureisfno longer needed for

protection oif site conditions change.

A.22a

A.22b

A.22c

Limit the authorization of shoreline protective devices to te development

being protected:Use LCP regulations and CDP conditions to reqo@enits for

bluff and shoreline protective devices to expire when the currently existing
structure requiring protection is redeveloped, is no longer present, or no longer
requires a protective device, whaler occurs first. Prior to expiration of the
permit, the prperty owner should apply for ao@stalDevelopment Brmit to

remove the protective device, or to modify or retain it if removal is not feasible at
that time.

Require assessment of impacts fronxesting pre-Coastal Act or permitted

shoreline armoring: Use LCP regulations and permit conditions to specify that
expansion and/or alteration of a pt@astal Act or legally permitted bluff or
shoreline protective device requires a new GIDR the revievghould include an
assessment of changes to geologic site and beach conditions including but not
limited to, changes in beach width relative to sea level rise, implementation of any
long-term, large scale sand replenishment or shoreline restoration prograins

any ongoing impacts toublic access and recreation from the existing device.

Reassess impacts and need for existing armoring over timdse LCP

regulations and CDPs to provide for reassessment of the impacts from protective
devices at specific trigger points, includwhensubstantial improvement or
redevelopment of the structure requiring protectsoproposegor when existing
armoringis being modified or expandeBeassessent should consider the effect
any significant improvement to a structure requiring protection will have on the
length of time the protective device will remain, ainithe existing armoring is

still required,acknavledge that it is authorized to protect the existing structure
only. The CDP review should assess existing site conditions and evaluate options
to modify, replace, or remove the existing device in a manner that would
eliminate or mitigateny identified inpacts that may be occurring on public

access and recreation, scenic views, sand sugpdyother coastal resources, if
feasible.

Require mitigation for impacts of shoreline protective devicesFor unavoidable
public resource impacts from shoreline stiwes permitted under the Coastal Act,
require mitigation of resource impacts over the life of the structure as a condition of
approval for the development permit. For exdéenrequire landowners to payitigation
fees and/or completther mitigation actins for the loss of sandy beach and other
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adverse impacts on public access and recreation due to shoreline protection devices.
Importantly, mitigation measures should be planned in such a way that sea level rise will
not impair their efficacy over time. @¢r mitigation measures could include acquisition

of other shoreline property for public recreational purposasstruction of public access

and recreational improvements along the shorgéind/or easements to protect lateral
access along the shorelimeareas where seawalls eliminate sandy beach

A.23a Reassess mitigation over time as necessatmpacts of shoreline structures,
including to shoreline and sand supply, public access and recreation, ecosystem
values, and other relevant coastal resources, glieufully mitigated. Where
reassessment of an approved structure is authorized, phasing of necessary
mitigation may be appropriate.

A.24 Limit retention of existing shore protection: On lots with existing pr&€oastal Act or
permitted armoring, consider requiring a waiver of rights to retain such protection for any
structures other than the structure that existed at the time the armoring was constructed or
permitted.

A.25 Removal of shoreine protection structures The removal of shoreline protection
structures can open beach or wetland areas to natural processes and provide for natural
responses teea level rise. LCPs can specify priority areas where shoreline protection
structures shoulbde removed if they are no longer needed or in a state of great disrepair,
including areas where structures threaten the survival of wetlands and othes,habitat
beaches, trails, and other recreational areas. Once these priority areas have been
identified,assessment of potentiats&ing of structures and removal of armoring could
be required by a CDP as redevelopment occurs.

Figure21. Photo depicting remaad of shoreline protective structur&emoval of rock revetment restores access
and allows natural bluff erosion at the Ritz Carlton in Half Moon murceCalifornia Coastal Records Project

A.25a Remove shoreline protective structures located on public land®ver time,
sea level rise will cause the public trust boundary to move inlatige structures
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as originally approved were located on uplands but that land becomes subject to
the public trusin the future, the State Lands Commission or any local
governmenbr other entityacting as trustee for public trust lands could require the
structures to be removed. The Commission or local governments could approve
permit conditions to ensure permitsegbtain authorization to retain or remove
structures if they ever become located on public trust lands. Removal might also
be accomplished through noegulatory means such as offering incentives for
removal to property owners or by incorporating remafadublic structures into
Capital Improvement Plans.

Goal: Require special considerations for critical infrastructure and
facilities

A.26 Plan ahead to preserve function of critical facilitiesAddressing sea level rise impacts
to critical facilities and infrasucture will likely be more complex than for other
resources and may require greater amounts of planning time, impacts analyses, public
input, and funding. To address these complexitisblish measures that ensure
continued function of critical infr&sucture, or the basic facilities, service, networks, and
systems needed for the functioning of a community. Programs and measures within an
LCP could include identification of critical infrastructure that is vulnerable to SLR
hazards, establishment of lap for managed relocation ofask facilities, and/or other
measures$o ensure functioa continuity of the critical services provided by infrastructure
at risk fromsea level risand extreme storms. Repair and maintenance, elevation er spot
repair ofkey components, or fortification of structures where consistent with the Coastal
Act may be implemented through CDPs

A.26a Develop or update a longterm public works plan for critical facilities to
address sea level risdDevelop a longerm management plan aaldress the
complexities of planning for sea level rise that incorporates any potential
maintenance, relocation, or retrofits and structural changes to critical facilities to
accommodate changes in sea level, and obtain Coastal Commission certification.

A.27 Apply high sea level rise projections for siting and design of critical facilitiesGiven
the planning complexities, high costs, and potential impacts resulting from damage, there
is reason to be particularly cautious when planning and designing newl taitibties
and/or retrofitting existing facilities. Ensure that critical facilities are designed to function
even if the highest projected amounts of sea level rise occur and that sites with hazardous
materials are protected from worsise scenario séavel rise impacts.

A.27a Design coastaldependent infrastructure to accommodate worst case scenario
sea level riseInclude policies that would require proposals and/or expansion
plans to address sea level rise for coastal dependent infrastructure that must
neassarily be sited in potentially hazardous areas, such as industrial, energy, and
port facilities. Such facilities should be designed to withstand worst case future
impacts while minimizing risks to other coastal resources through initial siting,
design, ad/or inclusion of features that will allow for future adaptation.
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A.28

Site and design wastewater disposal systems to avoid risks from sea level.rise
Wastewater treatment and disposal systems are particularly challenging in that they are
often located in ages that will be impacted by sea level rise. Ensure that these systems

are not adversely affected by the impacts of sea level rise over the full life of the structure
and ensure that damage to these facilities would not result in impacts to water quality or
other coastal resources. Avoid locating new facilities in hazardous areas if possible. If
complete avoidance is not possible, minimize elements of the system that are in
hazardous areas (for example, locate the main facility on higher ground and oaly plac
pump stations in potentially hazardous areas), and design any facilities in hazardous areas
to withstand worstase scenario sea level rise impacts.

Goal: Protect transportation infrastructure

A.29

A.30

A.31

Identify priorities for adaptation planning and response: Carry out vulnerability
analyses to identify chronic problem areas that are highly subject to erosion, wave
impacts, flooding, or other coastal hazards or that maybe become so in the near future.
Coordinate with Caltranand local public works/transportati agencieso address high
priority areas and increase monitoring efforts of chronic problem areas.

Add policies to address impacts to transportation routeslf transportation facilities

are at risk from sea level rise, coordinate with Calteantslocalpublic
works/transportation agencigsestablish new alternative transportation routes or a plan
to ensure continued alternative transportation and parking is available that allows for
continued access to beaches and other recreation areas.

A30a Integrate LCP/land use planning processes with transportation planning
processesUpdates and changas LCPs and other land use planning efforts
should be jointly planned, evaluated, and implemented with Coordinated System
Management Plans, Regional Transportatian®| and other transportation
planning efforts to ensure that letgym land use and access goals and needs are
aligned.

Allow for phased implementation of realignment and relocation projectsin some

cases it may be necessary to make incremental changes in transportation networks so that
access to and along the coast can be maintained while also addressing coastal hazards
over the longerm. For example, a phased approach may allow for introreline

protection to maintain an existing road alignment while future realignment plans are
evaluated and pursued. Such phased approaches should be coordinated witha@édltrans
local public works/transportation agencasl aligned with longerm LCP panning and
adaptation goals. Individual projects will be implemented through CDPs.
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Road relocation inland

Figure22. Photo depicting fannedretreat for major publicinfrastructure ThePiedra Blancas Highway 1
Realignmentvill move narly 3 miles (5km) of Highway 1 5Q@¥52 m)inland (SourceCalifornia Coastal Records

Projec)

A.32 Plan and design transportation systems to accommodate anticipated sea level rise
impacts: Ensure thatransportation networks are designed to function even if the highest
projected sea level rise amounts occur. Efforts to realign, retrofit, and/or protect
infrastructure should be coordinated with Caltrdosal public works/transportation
agenciesand LCP planning efforts, and individual projects will be implemented through
CDPs.

A.32a Retrofit existing transportation infrastructure as necessary:In instances
where relocation is not an option, repair damage and/or retrofit existing structures
to better withstath sea level rise impacts. For example, use stronger materials,
elevate bridges or sections of roadways, and build larger or additional drainage
systems to address flooding concerns.

A.32b Build redundancy into the system:Provide alternate routes, as possilde, t
allow for access to and along the coast in instances in which sections of roadways
may become temporarily impassible as a result of coastal hazards. Ensure that
alternate route information is provided to residents and visitors to coastal areas.

A.33 Incorporate sea level rise considerations into Port Master Plans and other port
activities: Ensure that ports and related infrastructure are designed to function given
anticipated sea level rise. In some cases, this may mean initially designing strtactures
accommodate projected sea level rise impacts. Other options may include planning for
and ensuring capacifgr future adaptive actions.

A.33a Retrofit existing port infrastructure as necessaryGiven the coastalependent
nature of many port structures, it ynaot be feasible to site or relocate
development to avoid hazards. In these instances it manptbeappropriate to
include efforts to accommodate and withstand sea level rise during actions to
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A.33b

A.33c

A.33d

repair or retrofit existing structure®ptions may includesingmore robust
designs omaterials or elevating structures.

Minimize resource impacts that may result from future use of shoreline
protective structures: If existing, coastatlependent port structures require
shoreline protective structures, minimissource impacts as feasible and
consistent wittChapter 3 and/aChapter 8 of the Coastal A@s applicablehy
encouraging inland expansion of protective devices rather than further fill of
coastal waters.

Ensure that linkages to overland transportationnetworks are able to adapt

to sea level rise impactsCoordinate with relevant stakeholders to ensure that
linkages between port infrastructure and overland transportagtworks will be
resilient to future sea level rise impacts.

Ensure that lesseeand other parties understand sea level rise risks and
vulnerabilities: Coordinate with lessees and other stakeholders to ensure that they
understand the risks associated with development in hazard areas as well as the
responsibilities that come with sucawlopment.
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B.

Public Access and Recreation

One of the highest priorities in the Coastal Act is the mandate to maximize public acg
and recreational opportunitieg and alonghe coast. The maigoals and Coastal Act
policies (Sections 30210, 30220, 30221, 30213) that relate to paduess and recreation
are to:

o0 Maximizepublic access and recreational usg protectingbeachesand other
coastal areas suitabler such use

o Protect lowercostvisitor and recreational facilitiesnd accessways

Chapter 3of the Guidance covesthe impacts to public access and recreation that migh
result from sea level rise or the interaction sea level rise witdevelopmentpatterns.
Certified LCPs should already have policies and standards to assure that existing pu
access and visitor serving amenities are protected and that maximum public access
planned for and provided with new development when warranteéldwever, LCPolicies
and standards may need to be updated to consider sea level rise haAaiasation
options have been developed to support the access godlseo€oastal Act through both
LCP policies and CDP conditions, dredfollowingstrategies cover a ramgofoptions for
addressing the ideified goals of the Coastal Act.

Goal: Maximize public access and recreational use by protecting

B.1

beaches and other coastal areas

Incorporate sea level rise into a comprehensive beach management strategpdate

or develop a new comprehensive beach management strategy to address loss of beach
areas, including loss of lateral access, or changes in beach management due to sea level

rise. Establish a program to minimize loss of beach area through, as egagropriate, a
beach nourishment program; restoring sand and sediment supply to the littoral cell;
removal, adjustments, or maintenance to shoreline protection structseesf; marmade
structures such as terminal groins or artificial reefs to retaimsedtt or other actions.

B.1a Develop a sediment management and sand replenishment strated¢gentify

natural sediment supplies and remove and/or modify existing structures or actions

that impair natural sand supply, such as dams or sand mining. LCP snuxbudid
policies and implementing standards that support ndased responses to sea
level rise by maintaining and restoring natural sand supply. Where applicable,
develop policies and standards to prohibit sand mining, regulate sand

replenishment, andpmote removal of dams or the-pgssing of sand around

dams. Plans should take into consideration changes in sand supply due to sea level

rise. These actions and policies can also be implemented through a Regional
Sediment Management (RSM) program.

Chapter 7: Adaptation Strategies 144



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

B.2

Plan ahead to replace loss of access and recreation arebtentify replacement

opportunities or otherwise plan ahead for how to replace recreation areas and accessways
that will be lost due to inundation or damage associated with sea level rise. An LCP could
designate and zone lands for this through, for example, a phased overlay or other
regulatory measures that ensure that access and recreational areas are available in the
future. Local governments may choose to provide additional incentives to encourage
credion of new recreation areas or opportunities. Such incentives could include grant for
protection new recreation areas or tax breaks for recreation related businesses.

B.2a Protect existing open space adjacent to the coastlan for future coastal
recreationakpace and parkland by protecting open space adjacent to coastal
habitats so that beaches and other habitats can migrate or so that there is open
space available as parkland or other areas are lost.

B.2b  Plan for removal of structures that limit inland migration of beaches
Seawalls and other development adjacent to beaches and other coastal habitats
will impede the ability of these habitats to migrate inland and will therefore result
in the inundation and eventual loss of these areas. Consideration shouldrbe giv
to removing and relocating these structures to ensure that beaches and other
habitats are able to persist over time. Additional detail on removal of structures
can be found above i andHazeeds i€eatsitah OFfvel
chapter.

Goal: Rotect lower cost visitor and recreational facilities and

B.3

B.4

accessways

Site and design access sites and facilities to minimize impacdisld policies that

require public access sites, segments of the @@drecreation and visiteserving

facilities to be g¢ed and designed to avoid impacts from sea level rise, while maximizing

public access and recreation opportunities. Examples of siting and design standards for
development can be found in section A. Where facilities can be safely sited for the near
term bu future impacts are likely, require an adaptive management plan detailing steps

for maintenance, retrofitting, and/or relocation.

B.3a Require mitigation of any unavoidable impacts For unavoidable impacts to
public access or recreation from shoreline armooingther development, require
mitigation of impacts through the addition of new public access, recreation
opportunities, visitoserving accommodationsr Coastal Trail segmentsr
payment of fees to fund such improvements. Importantly, mitigation mesasu
should be planned in such a way that, if possible, sea level rise will not impair
their efficacy over time.

Plan ahead to replace loss of visiteserving and recreational facilities Develop a

plan to replace any visitegerving facilities that are $ due to impacts from sea level
rise, maximizing continued provision of affordable options and an appropriate mix of
accommodations over time. For example, an LCP could include standardsteo re
existing visitorserving and recreational facilities whitrey become impacted by sea
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B.5

level rise and/or could identify and zone for future areas to be reserved for these
functions.

Add requirements for retrofit/relocation of public access and recreation sites at risk

The LCP can add policies that require @Wnpublic access and recreation areas, sections
of the CCT, visitor serving accommodations, or related recreation facilities to be
retrofitted or relocated if they become threatened from erosion, flooding, or inundation.
For new facilities and public acegsites, the CDP conditions of approval can specify

how maintenance, retrofit, or relocation will take place. Policies and plans should be
designed to be adaptive so that retrofits and or/relocations are implemented as sea level
rise impacts occur.

B.5a Retrofit or relocate recreation and visitor-serving facilities. Consider options
to retrofit existing recreation and visiteerving facilities to better accommodate
sea level rise impacts. Such retrofits could include use of different building
materials and/orelocating facilities.

B.5b  Retrofit or relocate vertical accesswaysConsider options to retrofit existing
accesswayi reduce impacts from sea level rise. Such retrofits could include
using different materials that can better withstand impacts;aneating the
layout or other features of accessways to lessen damage and other impacts. Also
begin to plan for and idéify triggers and options for relocating accessways over
time as conditions change.

B.5c  Retrofit or relocate sections of the Coastal TrailUse boardwalks, bridges,
and/or other design features to ensure continuity of the CCT in sections that are
vulnerable t6SLR hazards. Some sections may need to be relocated over time. An
LCP could identify vulnerable sections of the CCT and establish a phased
approach to relocate sections of the trail in such a way that is consistent with
provisions of the Coastal Act aedsureghat the CCT remains within sight,
sound, or smell of the sea.

Goal: Foster efforts to better understand impacts of sea level rise

B.6

Support research on impacts to recreation and public acces€hanges in sea level

will affect wave conditions and sident transport, but additional research is needed to
understand how these changes will affect specific conditions for surfing and other
recreation activities. While such research programs may be outside the scope of
individual local jurisdictions, statemts of support for the local issues that need to be
addressed can help guide research agendas at the regional state or federal level. Or, such
needs can serve to guide grant applications to undertake the needed projects within a
jurisdiction. To the extergossible, add policies to promote research on sea level rise
impacts to recreational activities like surfing or other coastal recreational uses in the LCP
jurisdiction.
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C.CoastalHabitats, ESHA, antlVetlands

TheCoastal Acprovides for the protection of both land and marine habitatsnkndates
that ESHA and marine resources shall be protected against significant disruption of
value and shall be maintained, enhanced, and restored as feasible (Sections 30230,
30240, 30240(a), 30240(b)lhemain goals and Coastal Act policies that relate to coas
habitatsare to:

Protect, enhance, and restore sensitive habitats
Avoid significant disruption to sensitive habitats
Avoid significant impacts to habitats from adgnt development

O O O o

Manage sediment in ways that benefit habitats

Chapter 3of the Guidance covesthe impacts tocoastal habitats and resourcésat might
result from sea level rise or the interactiofh sea level rise witdevelopmentpatterns
Certified LCPs should already have policies and standamistwe thatESHA, wetlands,
and other coastal habitats and resources are protected to the maximum extent feasil
However, LCP policies and standards may need to be uptiamzhsider sea level rise
hazards Adaptation options have been developed to support trabitat protectiongoals
of the Coastal Act through both LCP policies and CDP conditionshefallbwing
strategies cover a range options for addressing the @htified goals of the Coastal Act.

Goal: Protect, enhance, and restore sensitive habitats

C.1 Open space preservation and conservatiorPreserve land for its ecological or
recreational value. This may involve limiting or prohibiting development and any uses
that conflict with ecological preservation godl€Ps can establish transfer of
development rights programs to offset reduced development potential and can develop
open space management plans that evaluate and consider the impacts of sea level rise,
extrame events, and other climate change impacts. LCPs can establish open space and
conservation areas through land use designations and zoning, redevelopment restrictions,
acquisition and easement programs, and setback and buffer requirements.

C.1a Update policiesto provide for new or restored coastal habitat Update policies
to require new coastal habitat to be provided or for degraded areas to be restored
to account for the expected loss of existing habitat that will occur when
development blocks the necessapjamd migration due to sea level rise. Use an
adaptive management approach where applicable. Encourage policies that provide
for conservation or restoration of multiple habitat types.

C.1b Identify areas for public acquisition: New or updated LCPs can estable
program to partner with state, federal, and-paofit organizations to acquire and
protect natural resource areas for public use, including areas that could serve as
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refugia for species impacted by sea level rise, or areas that could be appropriate
sites for coastal habitat creation or restoration.

C.1c Establish conservation easements or other development restrictions to
protect habitat: Establish a formalized program to identify, acquire, and manage
areas appropriate for some form of conservation protediasements or other
strategies may be used to limit or restrict development on portions of a lot parcel
that are most vulnerable to SLR impacts. The program might develop standard
agreements to be used for easements and identify the entities thatadutloe
easements. A conservation easement program could be established on a
community wide basis through an LCP and implemented on a parcel by parcel
basis through individual CDPs.

C.1d Require open space protection as a component of new development located
adjacent to coastal habitats The LCP can require permit conditions for new
development in certain areas that buffers around natural resource areas be
protected through a conservation easement, deed restrictions, or other comparable
mechanism.

C.le Use RollingEasements See Strategy A.15 above.
c.1f  Transfer of Development Rights programs (TDR) See Strategy A.5b above.

Goal: Avoid significant disruption to habitats

C.2 Use ecological buffer zones and/or increase the size of buffeBuffer zones are
intended to pract sensitive habitats from the adverse impacts of development and
human disturbance. An important aspect of buffers is that they are distinct ecologically
from the habitat they are designed to protect. LCPs can establish requirements for
ecological buffes and provide guidance on how to establish or adjust these buffers to
accommodate sea level rise. CDPs should require buffers to be designed, where
applicable, to provide fAhabitat migration
species to migrate l@nd or upland as sea level rises.

C.2a Consider sea level rise buffer zonedJpdate buffer zone policies to allow room
for coastal habitats to migrate with changes in sea level. The size of the buffer
needed to allow for migration will vary depending on thgividual wetland or
habitat type, as well as sigpecific features such as natural or artificial
topography and existing development. For instance, in flat areas, a larger buffer
may be needed, but in steep areas, a smaller buffer may be acceptable.

C.3 Avoid impacts to Marine Protected Areas Recogni ze the i mportanc
network of marine protected areas (MPAS) in protecting the diversity and abundance of
marine life. Understand that planning and permitting decisions made on land could have
impacts on these areas, particularly as conditions change with sea level rise, and avoid
disruptions to these habitats as feasible and applicable.

C.4  Protect specific ESHA functions:Environmentally Sensitive Habitat Areas (ESH#kg
areas thaare critically important for the survival of species or valuable for maintaining
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biodiversity.These areas can include nursery grounds, spawning areas, or highly diverse
areas. Where at risk from sea level rise, the LCP should establish measures tthensure
continued viability of the habitat areas, such as protection of migration zones, habitat
corridors, and other applicable adaptation strategies, as listed below. EShk&ntitedt

risk from sea level rise should also be afforded special protection in the LCP to serve as
refugia.

C.4a Protect wildlife corridors, habitat linkages, and land upland of wetlands to
allow habitat migration: Preserve open areas that are adjacent tamaslto
allow for migration of these habitats as sea levels rise.

C.4b Protect refugia areas Protect refugia, or areas that may be relatively unaltered
by global climate change and thus can serve as a refuge for coastal species
displaced from their native haat due to sea level rise or other climate change
impacts.

C.4c Promote increased habitat connectivity to allow species movement
Connectivity refers to the degree to which the landscape facilitates animal
movement and other ecological flows. Roads, highwagslian barriers, fences,
walls, culverts, and other structures can inhibit movement of aniDed&lop
LCP policies that will enable identification of important animal movement
corridors. Develop regulations to protect these corridors for present aral futur
conditions, taking into account habitat shifts from climate change. In LCPs and
through CDPs, require that new structures such as highways, medians, bridges,
culverts, and other development are designed to facilitate movement of animals.

c.4d Facilitate wetland and other habitat migration: Reserve space for
mi gration corridoro or areas into which
as sea level rise induced inundation of existing wetland areas dectivs.LCP,
identify potential habitat ngration corridors. These areas could be reserved for
this purpose in an LCP through land acquisition, use designations, zoning buffers,
setbacks, conservation easement requirements, and clustering development. LCPs
should also consider developing a plandoquisition of important habitat
migration corridors.

Goal: Avoid significant impacts to habitats from adjacent development

C.5 Limit new development in areas adjacent to wetlands, ESHA, and other coastal
habitats: Restrict the construction of new developrnim areas that are adjacent to
wetlands, ESHA, and other coastal habitats in order to preserve buffers and open areas to
allow for habitat migration.

C.5a Cluster development away from coastal habitatsExisting LCPs will likely
have policies that already n@ice clustering of development. To address sea level
rise, these policies might need to be updated to include clustering development
away from land where wetlands and other coastal habitats could migrate with sea
level rise.
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C.5b  Limit subdivisions: Update subi@ision requirements to require provision for
inland migration of natural resource areas or to require lots to be configured in a
way that allows such migration. Lot line adjustments may sometimes be
appropriate if they facilitate locating physical develgmnt further away from
hazards or sensitive resources.

Figure23. Photo depicting the preservation and conservation of open space along an-twkerboundary.
North end of Pismo Beach from 197&f() to 2002 (ight). (SourceCalifornia Coastal Records Project

Goal: Manage sediment in ways that benefit habitats

C.6

Identify opportunities for Regional Sediment ManagementSediment supplies will be
important for the longerm sustainability of many beaches and wetland areas. Strategies
to maintain or restore natural sediment supplies and to coordinate sediment removal
efforts with opportunities for reuse can provide multiple benefits to coastalsteosy

See Strategy A.19c above for more detail on RSM programs.

C.6a Restore natural sediment sources to wetland&estoration of natural
hydrodynamic systems will help to ensure the ability of wetlands to persist with
sea level rise by ensuring that sedimsravailable for wetland accretion. Such
actions may include restoring natural channels in streams and waterways that
have been armored or channelized. Organizing and coordinating such efforts may
be accomplished through a Regional Sediment Management Plan

C.6b ldentify opportunities for beneficial reuse of sediment to support wetland
restoration: Consider facilitating the delivery of clean, dredged sediment to areas
where former wetlands have subsided or to areas where existing wetlands are or
may become sediemtlimited as sea levels rise.

Goal: Incorporate sea level rise into habitat management actions

C.7

Include sea level rise in sitespecific evaluations Update policies to require site

specific biological evaluations and field observations of coastalatabiinclude an
evaluation of vulnerability to sea level rise where appropriate. Such an evaluation should
consider both topographic features as well as habitat and species sensitivities (for
example, sensitivity to inundation and saltwater intrusion).
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C.8

C.9

Incorporate sea level rise in restoration, creation, or enhancement of coastal

habitats: Update policies to require sipecific biological evaluations and field
observations of coastal habitat to include an evaluation of vulnerability to sea level rise.
Such an evaluation should consider both topographic features as well as habitat and
species sensitivities (for example, sensitivity to inundation and saltwater intrusion).
Habitat restoration, creation, or enhancement projects should be designed to avithstan
impacts of sea level rise and adapt to future conditions. As applicable, the LCP should
contain policies to ensure restoration and management techniques account for future
changes in conditions. CDPs for restoration projects should incorporate seséaad
provisions to ensure habitats can adapt with changing future conditions.

Update habitat management plans to address sea level rigedd policies stating that

the effects of sea level rise should be addressed in management plans fohabd#atal

For example, plans should evaluate the full range of sea level rise impacts to coastal
habitats, and develop a strategy for managing coastal habitats given changing sea level
rise conditions. Existing management plans may need to be updatetrtevad

monitoring and restoration requirements to address sea level rise. The strategies listed
below are examples of strategies that could be included in habitat management plans.

C.9a Use an adaptive management approach in ecosystem management,
restoration, or design: Habitat management plans and/or other habitat projects
should establish an adaptive management approach, with clearly defined triggers
for adaptive actions. Such an approach would allow for and ensure that coastal
habitats are able to migrate anansition with changes in sea level.

s i

Figure24. Photo depicting habitat protection at Salinas River State Beach. Dunes are roped off to protect Snowy
Plover nesting habitatSourceCalifornia Coastal Records Pro)ect
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C.10 Pursue strategies to protect ecosystem function under a range of future sea level rise
or climate change scenariasThe LCP and/or habitat management plans can
recommendoastal habitat management strategies that strive to protect ecosystem
function in the future. Strategies include protecting a wide range of ecosystem types,
protecting refugia, protecting wildlife and habitat corridors, and establishing methods to
monitorecosystem change over time.

C.10a Update monitoring requirements for coastal habitats As part of the LCP
and/or habitat management plans, consider establishing a monitoring protocol and
requirements for evaluating sea level rise impacts to coastal habitatswe
Such a protocol would also help identify triggers at which additional adaptation
options are necessary.
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D. Agricultural Resources

Agriculture is a priority use within the Coastal Act, which mandates that the maximun
amount of prime agricultural land shall be protected and maintained (Sections 30231
30241, 30242)Themain goals and Coastal Act policies that relate to agricubine¢o:

Protect the maximum amount of prime agricultural land
Limit conversion of lands suitable for agriculture to raggricultural uses
Minimize impacts to water quality that could result from agricultural practices

O O O o

Promote water conservation efforts

Chapter 3of the Guidancedescribeghe impactsto agricultural resources that may resulf
from sea level riseCertified LCPs should already have policies and standasistwe
that agricultural resources are protected to the riaum extent feasibleHowever, LCP
policies and standards may need to be updated to address sea level rise hazards.
Adaptation options have been developed to support gdggicultural protectiorgoals of
the Coastal Act through both LCP policies and Chéitamns, and he followingstrategies
cover a range odptions for addressing the ideified goals of the Coastal Act.

Goal: Protect the maximum amount of prime agricultural land

D.1 Identify and designate areas suitable for agricultural production tareplace
agricultural production areas that could be lost to sea level risddentify any non
sensitive open or developed ardaasth within and outside of the Coasfaine,which
could potentially be used to replace agricultural land that is lost to\s®aitee. Update
LCP designations and/or policies to protect these identified areas for agricultural
production and, as applicable, to provide for their conversion to agridulsea
Encourage and support regional coordination as feasible and applicable.

D.1a Establish SLR-specific agricultural protection program: Establish a formal
program to identify, acquire, incentivize, and manage areas appropriate for
new/renewed agricultural use and/or for protection of current and/or future
agricultural uses. Suchgmram should target key areas and properties where
agricultural conversion threats are highest, and should dovetail with existing
agricultural protection programs. Easements and other legal restrictions may be
used as part of such program to help limitestrict development in areas where
agricultural land and production are most vulnerable to sea level rise impacts. The
program might develop standard language and/or legal documents that can be
used for easements or other property restrictions. The pnagivauld be flexible
enough to be able to be implemented on both a large scglé{ough LCP
policies and programs) as well as on a smaller seade through the CDP
process).
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D.2  Protection, maintenance, and adaptation of dikes and leveeRepairing ad
maintaining existing flood barriers such as dikes and levees may beedfeosve way
to continue to protect agricultural areas. While some repair and maintenance activities are
exempt from the need for a CDP, the repair and maintenance exemptiorotlapply to
repair and maintenance work that is located within an ESHA, within any sand area,
within 50 feet of the edge of a coastal bluff or ESHA, or within 20 feet of coastal waters.
LCPs could identify opportunities for these kinds of actions andrerbkat they are
appropriately permitted, with consideration to the environmental protection and
restoration goals of the Coastal Act. While landowners have the right to repair and
maintain existing legal levees in their current configurations, the Caianiand local
governments administering LCPs have the authority to regulate, via the CDP process, the
proposed methods of repair and maintenance. To raise, reconfigure, enlarge, or widen
levees is not repair and maintenance and requires a Coastal DexeidpermitSuch
activities may not be consistent with the Coastal Act or certified LCP, such as in cases
involving wetland fill impacts. However, where there are opportunities to restore marine
resources and the biological productivity of wetlands anghesss, it may be possible to
permit a dike/levee reconstruction project that provides for substantial restoration.

Goal: Limit conversion of lands suitable for agriculture to-non
agricultural uses

D.3 Limit conversion of agricultural land to other developedland uses Develop policies
to assure maximum environmentally feasible protection of rural agricultural land, open
space, and other coastal resources, including areas that may be considgnéah@&on
agricultural land at this time. Anticipate areas tlmtld become more difficult to farm
and identify strategies to avoid or mitigate the potential impacts.

Goal: Minimize impacts to water quality that could result from
agricultural practices

D.4 Include sea level rise in water quality protection policiesWhereneededcoordinate
with regional watequality controlboardsto add policies to reduce water pollution from
runoff should agricultural lands become flooded or inundated due to sea level rise.

D.4a Minimize water quality impacts from flooding of agricultural lands:
Agricultural practices that are designed to minimize water quality impacts, such
as those designed to minimize runoff, may need to be updated or enhanced to
ensure water quality protection if sea level rise results in more frequent flooding
of agrialtural lands.

D.4b  Add policies to address saltwater intrusion Add policies to protect water
supply for priority coastal agriculture, including polictesaddress saltwater
intrusion, such as limits on groundwater withdrawal or diversification of water
supples. Strategies to pump freshwater and/or highly treated wastewater into
aquifers to reduce saltwater intrusion should be minimized in areas with limited
freshwater resources.
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Goal: Promote water conservation efforts

D.5 Maximize water conservation to protectpriority agricultural water supplies :
Saltwater intrusion and other climate change impacts may result in reduced water
availability. LCP policies should be updated to establish or enhance standards related to
water conservatioand/or to identify opportuties for water recycling, dual plumbing
systemsand the like For more information on options such as relocating wells and
reducing pumping in sensitive aquifers, see the following section on Water Quality and
Water Control Management.

D.6 Identify alternate water sources for agriculture Establish a program to identify
alternate water sources for agriculture.
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E. Water Quality and Supply

Themain water quality protection policy of the Coastal Act requires minimizing the
adverse effects of wastewater discharges, runoff, and groundwater depletion in ordel
protect the biological productivity and quality of coastal waters, as described iroBecti
30231. The main goals related to water quaiitglude:

Control runoff and stormwater pollution
Minimize adverse effects of wastewater discharges and entrainment

Prevent depletion of groundwater supplies from saltwater intrusion

O O O o

Improve longterm water quality through research

Chapter 3of the Guidance covesthe impacts tocoastal waters from increased runoff,
wastewater discharge and saltwater intrusion into groundwater sources from sea levg
rise. Adaptation options hve been developed tlimit the amount of pollutants that enter
coastal waters through runoff or discharges.

Goal: Control runoff and stormwater pollution

E.1 Update water quality Best Management Practices (BMPskEvaluate and update

BMPs to account fochanges in water quality and supply issues due to sea level rise, as

applicable. Updates could include practices to provide greater infiltration/inflow of

rainwater, increased stormwater capture and/or water recycling programs, the use of low
impact develpment, improved maintenance procedures for public sewer mains, policies

to address impaired private sewer laterals, and other proactive measures.

E.2 Include sea level rise in stormwater management plans and actiarSontrol the
amount of pollutants, sediments, and nutrients entering water bodies through

precipitationgenerated runoff. LCPs should include sea level rise and extreme storms in

stormwater management plans and actions. CDPs for stormwater infrastsictuiict
consider sea level rise.

E.2a Increase capacity of stormwater infrastructure Actions to reduce impacts
from higher water levels could include widening drainage ditches, improving
carrying and storage capacity of tidaihfluenced streams, installingrger pipes

and culverts, adding pumps, converting culverts to bridges, creating retention and

detention basins, and developing contingency plans for extreme events.
Encouraging and supporting these types of efforts upstream may also be
important.

E.2b Use green stormwater infrastructure to the maximum extent feasible Employ
natural, orsite drainage strategies to minimize the amount of stormwater that
flows into pipes or conveyance systems. These strategies include low impact
development, green roofs, permkapavements, bioretentiona., vegetated
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swales, rain gardens) and cistedrSPs can include policies that require green
infrastructure be used whenever possibligeu of hard structures. Incorporate sea
level rise and extreme storms into the design.

E.2c  Retrofit existing development with inadequate stormwater infrastructure
Identify and prioritize development in lelying or other atrisk areas with
inadequate stormwater infrastructure and take steps to retrofit these systems to
better accommodate sea level rise driven changes. Retrofits should incorporate the
green infrasucture options detailed in strategy E.2c above as applicable.

Goal: Minimize adverse effects of wastewater discharges and
entrainment

E.3 Add policies to address water quality risks from wastewater treatment plants, septic
systems, and ocean outfalisConsder establishing a program to retrofit, relocate, or
eliminate ocean outfalls and other wastewater infrastructure deemed at risk. Alternatives
include modifications to outfall lines, the use of green infrastructure, and redesign of
waste and stormwater &gms.

E.3a Update siting and design policiesAdd policies to ensure that new ocean
outfalls, wastewater treatment facilities, and other facilities that could negatively
impact water quality if flooded or inundated, are sited and designed to minimize
impactsfrom sea level rise. Avoid construction of new stormwater outfalls and
direct stormwater to existing facilities with appropriate treatment and filtration
where feasible. Where new outfalls cannot be avoided, plan, site, and design
stormwater outfalls to mimize adverse impacts on coastal resources, including
consolidation of existing and new outfalls where appropriate. Consolidate new
and existing outfalls where appropriate.

E.3b  Retrofit, relocate, or eliminate outfalls deemed "at risk™: An ocean outfall ig
pipeline or tunnel that discharges municipal or industrial wastewater, stormwater,
combined sewer overflows, cooling water, or brine effluents from desalination
plants to the sea. LCPs should identify areas where sea level rise could affect flow
of wastevater from outfalls and lead to backup and inland flooding, and plans
should be made to retrofit, relocate, or eliminate these outfalls to prevent damage
and impacts to water quality. Additionally, CDPs for new ocean outfalls should
consider sea level rise the design.

E.3c Reduce or find alternatives for septic systems in hazardous areddooding,
inundation, and changing groundwater dynamics may result in impacts to septic
systems, which rely on leach fields for dispersal of wastewater, that could cause
water quality impairments. Options to reduce the potential for these impacts by
redesigning or eliminating septic systems in hazardous areas should be identified.
New development that will rely on septic systems should be limited in hazardous
areas.
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Goal: Prevent depletion of groundwater supplies from saltwater
intrusion

E.4 Groundwater Management Plan and coordinate monitoring, operation, and
administration of a groundwater basin or portion of a groundwater basin with the goal of
fostering longterm sustainiility of the resource. The LCP can add policies that specify
limits or establish other standards for the use of groundwater and sensitive aquifers.
These policies should be made in accordance with other regional water planning efforts,
such as Integratddegional Water Plarss well as relevant state water polic€®Ps
involving the use of groundwater should address groundwater management issues.

E.4a Add policies to address saltwater intrusion into aquifersConsider adding
policies that establish a lorigrm strategy for addressing saltwater intrusion in
aquifers, including limiting development that would use sensitive aquifers as
applicable. For some areas of the state, additional information is needed on the
site-specific impacts of sea level rise on dqts. For these areas, the LCP could
identify the local information needs and promote the establishment of a research
program to increase understanding of the vulnerability of coastal aquifers.

E.4b  Limit groundwater extraction from shallow aquifers: Groundwate extraction
from shallow aquifers can increase susceptibility to saltwater intrusion.
Regulating development to limit or prevent extraction and avoid overdraft from
vulnerable aquifers can reduce the impacts of saltwater intrusion and preserve
fresh groudwater supplied.CPs or CDPs can add restrictions to the use of
aquifers susceptible to saltwater intrusion and can encourage measures to recharge
shallow aquifers that are depleted.

E.4c Relocate wells and water intake facilitiesldentify opportunities to relocate
wells and water intake facilities away from hazards and/or areas where saltwater
intrusion may be a problem.

E.4d Restrict development of new wells in sensitive areaRequire new water wells
to be sited away from areas whesaltwater intrusion could occur.

E.4e Limit development that relies on vulnerable water suppliesLimit or restrict
new development in areas that are dependent on water supplies that are or will
become susceptible to saltwater intrusion.

E.4f  Ensure adequate longerm water supplies:When siting and designing new
development, ensure that adequaatd sustainable@ater sources are available for
the lifetime of the development and suitable for the intended use of the
development, considering potential impacts ofleeal rise and saltwater
intrusion upon groundwater supplies.
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Goal: Improve longerm water quality through research

E.5 Identify research and monitoring needs to more precisely understand local issues
Research programs may be established to antdigzgarticular local challenges related
to water quality and supply as a result of sea level rise. Opportunities for innovative
solutions to these challenges should be identified.

E.5a Clearly define areas at risk The LCP should include an updated inventory of
potential pollutant sources due to sea level rise, including toxic waste sites, ocean
outfalls and wastewater treatment facilities at risk of inundation, as well as
aquifers and wells at risk of saltwater intrusiBiolicies may also be added to
prioritize lowlying contaminated sites for remediation and restoration.
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F. Archaeological and Paleontological Resources

TheCoastal Acprovides for the protection of archaeological and paleontological
resources, stating in Section 30244 that:

G 2 K SiakBlopment would adversely impact archaeological or paleontological
resources as identified by the State Historic Preservation Officer, reasonable
YAGAILFGA2Y YSIFadz2NBa akKhkff 0SS NBI dzA NB

Chapter 3of the Guidancediscusseshe impacts toarchaeological and paleontological
resourceghat might result from sea level ris€ertified LCPs should already have polici
and standards t@nsure thatthese resources are protected to the maximum extent
feasible, however, such poligeand standards may need to be updated to consider seg
level rise hazards hE followingstrategies cover a range options for addressing the
identified goals of the Coastal Act.

Goal: Protect archaeological and paleontological resources

F.1  Add policies to protect archeological and paleontological resources frosea evel
rise: Add policies to require sitspecificevaluation of potentiadea ével rise impacts to
archeological and paleontological resources on a development site. The LCP can also add
requrements that a monitoring program and plan be established as a condition of
approval for development located on a site with artifacts vulnerabkeatével rise.
Adaptation or protection strategies used may depend on the significance of the
archaeological resources in question.

F.1a  Consult with relevant tribes for guidance:If resources are at risk, the
appropriate entity or Native American tr{geshould be contacteto develop a
coordinatednanagement plan for artifact8ee, for example, th@alifornia
Natural Resources Agency Final Trid@onsultation Policyor additional
guidance.

F.1b  Coordinate with the State Historic Preservation Officer (SHPO):In line with
the provisions of the Coastal Act, work with the State Historic Preservation
Officer to identify actions to protect archaeologicadl gpaleontological resources.
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G.Scenic and Visual Resources

The scenic value of the coast is a resource of public importance. As noted in Section
of the Coastal Act, development shall be sited and designed to:

Gt N2GSO0G @A S g acedn and bcghR cdadtaPayeds, td riirBmize the
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As stated irChapter 3of the Guidance some options to address rising sea¢ls, such as
elevating structures or utilizing seawalls or bluff retention devices, have the potential
alter or degrade the visual character of an ar€artified LCPs should already have
policies and standards &nsurescenic and visual resourcesgrotected to the
maximum extent feasible, but these may need to be updated to consider sea level ris
hazardsCoastal regions with scenic overlays or designated scenic corridors, or those
areas designated as scenic in the California Coastal PreseraatidRecreation Plan in
particular should pay close attention to actions that could be used to minimize risks t
development. The following adaptation options address some of the methods for
protecting the scenic qualities of the coast.

Goal: Protect vievs to and along the ocean and scenic coastal areas

G.1

Cha

Establish design standards to protect visual resourcetlpdate and/orad design

standards to ensure that adaptation measures protect visual resources while minimizing
hazards. Adaptation strategies such as shoreline armoring or elevation techniques should

be designed such that the visuals are subordinate to, and in characterewith, th
surrounding visual resources of an area.

G.1a Establish standards for the use of caissons or other means of elevating

structures: Ensure that the use of caissons or other elevation techniques do not

result in negative visual impacts. Develop policies reggrdinere elevation of

structures may be allowable, and establish standards guiding the use of these
techniques. Ensure that the appearance of caissons will not detract from the scenic

character of an area if or when they become visible as a result ofnecogither
processes.

G.1b Maintain height limitations in scenic areas Avoid modifications to height
limits in scenic areas and pide for options to modify roelines or elevate the
lowest flood elevation for flood pratgon in a manner that is consistevith

scenic charactem some cases it may be appropriate to update height limitations

to allow for elevation in response to sea level rise hazards. However, such
decisions will require tradeffs and will need to strike a balance in terms of

adapting tcsea level rise and protecting visual resoueses community character
in line with the requirements of the Coastal Act.
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G.1c Develop or redevelop property to be safe from hazards without impairing
scenic resourcesEmphasize the use of adaptation stratethiaswill not impact
visual resources. Such strategies may include -¢éiort retrofits with plans for
longer term relocation or removal.

G.1d Establish new scenic communitiedDesignate areas with significant visual
resources that could be negatively impadig@ddaptation responsesd, due to
seawalls ofispidep homes) as scenic communities with special protections.
Establish standards in LCPs to specifically protect visual resources in these areas.

Figure25. Photo depictingrotection of visual resources and public access. A seawall visually blends in with the
natural bluff while surfing access is also provide®laeasure PointSanta Cruz (2013pd¢urceCalifornia Coasta

Records Projegt

Chapter 7: Adaptation Strategies 162


http://www.californiacoastline.org/
http://www.californiacoastline.org/

California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

/| KIF LJG SN vy

/| 2y G SE{

[ S3I €
t fFyyAy3d

Chapter 8: Legal Context of Adaptation Planning 163



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

and use law is dynamic and must be interpretecapptied based on caseecific factors

at tre time of decision. Nonethelesga ével rise and adaptation planning raise a number

of important legal issues that coastal managers should consider as they develop and apply
adaptation strategies.

This secton includes discussion of the legal contexts for addressing:
1 Seawalls and other shoreline protective devices
1 The public trust boundary
1 Potentialprivate propertytakingsissues

SEAWALLS AND OTHER SHORELINE PROTECTIVE DEVICES
Section 30235 of the Coastal Act provides that seawalls and other forms of construction that alter

natural shoreline processes fishaépenddteusep@r mi t t
to protect existing structures or public beaches in damger érosion, and when designed to
el iminate or mitigate adver s despitmptiecGoastalddet | oc a

provisions that could often serve as the basis for denial of shoreline protective (fevices
example, Bw development requing shoreline protection can also conflict with Coastal Act
policies requiring protection of public access and recreation, coastal waters and marine
resources, natural landforms, and visual resoyrtes CoastaCommission has interpreted
Section 3023%sa more specifioverriding policy thatequires thepproval of @astal
Development Brmits for constru@bn intended to protect coastd¢pendentise$’ or existing
structures if the other requirementsSatction 30235 are also satisfi®d.he Commissiorthus
will generally permit a shorelingrotective devicé (1) there is an existing structure, public
beach, or coastalependent use that is (2) in danger from erosion; and (3) the shoreline
protectionis both required to address the dangee (east environmentaligamaging, feasible
alternative) and (4) designed to eliminate or mitigate impacts on sand supply.

In contrast to Section 30235, Coastal Act Section 30253 requirgs tha w d e véeal sospunmreen t
stability and structural integrit}n d  nei t her create nor contri bute
destruction of the site or surrounding areaany way require the construction of protective

devices that would substantially alter natutahdforms alondluffsand clifsd T h e

Commissiorhas long applied this policy to implement appropriate kiyffand shoreline

setbacks for new development. Such setbacks are based on an assessment of projected erosion

and related hazards at the site for the life of the proposed development and Hrelpherisu

seawalls and other protective devices that could lead to adverse impacts would not be necessary

in the future.

“5 Coastaldependent uses are those that require a site on, or adjacent to, the sea to be able to functionliat all. (Pub
Resources Code, § 30101.)

46 Some commenters argue that because shoreline armoring often conflicts with Coastal Act policies other than
Section 30235, the Commission should evaluate proposed armoring under the conflict resolution provisions of the
Act. (See Pulic Resources Ca § 30007.5, 30200(b).) Because the conflict resolution provisions require the
Commission to resolve the conflict in a manner which on balance is the most protective of significant coastal
resources, this approach could result in the more frequent destabi@line armoring, especially when it is

intended to protect residential development or other uses that the Coastal Act does not identify as priority uses.
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Additionally, from its earliest days, the Com
the riskso of de amlcaagial bufis wahereaiskg of dstal hazdrds are
present. Since at least the late 1990s, the Commission has approved many new developments
with required deed restrictions that specifically prohibit any future construction of shoreline
protection forthese developments. These deed restrictions require that property owners waive
any rights that may exist for a shoreline structure under Section 30235 and thus internalize the
risks of building in an inherently hazardous location. This, in turn, will ptatgoreline areas

with natural resources or other access, recreational, or scenic value, including as required by
Section 30253. If and when the approved development is threatened by erosion and becomes
uninhabitable, these deed restrictions preventahstouction of a shoreline proteatidevice

and require property owners to remove the development, as well as clean up any debris that may
result from erosion undermining the developniént.

Read together, the most reasonable and stréogivard interpredtion of Coastal Act Sections

30235 and 30253 is that they evince a broad legislative intent to allow shoreline protection for
development that was in existence when the Coastal Act was passed, but avoid such protective
structures for new developmentnowlj ect t o t he Act . I n this way
purpose to protect natural shoreline resources and public access and recreation would be
implemented to the maximum extent when newstgdie-entitled development was being

considered, while shorelndevelopment that was already entitled in 1976 would be
Agrandfatheredo and all owed to protect itseldf
Act tests even if this resulted in adverse resource impacts. Such grandfathering of existing
conditiors is common when new land use and resource protection policies are put in place, and
the existing develoom@memi nlge ®omes fAnon

Even still, in the case of Coastal Act Section 30235, existing development is only entitled to
shoreline protection it is in fact in danger, and the proposed shoreline protection is the least
environmentallydamaging alternativio abate such dangdt may be that in certain

circumstances existing development can be modified or feasibly relocated, or that other non
structural alternatives such as reducing blufftop irrigation or pursuing beach replenishment, may
effectively address the risk to the development without the need for a shprelieetive device

In practice, implementing Sections 30235 and 30253 has been challenging because many urban
areas are made up of both developed and undeveloped lots. In addition, many developments in
existence in 1976 have since b edeling, dilditend,evel ope
and complete demolition and rebuild. The reality of effective shoreline management is that the
Coastal Act and LCPs must address and be applied to a wide variety of physical and legal
circumstances that may not be addressed by a sipplieation of the clean Coastal Act

distinction between existing development that may be entitled to shoreline protection and new
development that is not. In some urban areas, for example, one may find intermingled shoreline
developments that pigate theCoastal Act, both with and without shoreline protection,post

Coastal Act developments approved by the Coastal Commission or local governments pursuant

to an LCP that theoretically wonbét need shore

““This legal instrument is not an easemeraasabita¢rodést does |
Once a development is removed, a site may have potential for new development if it is once again set back and
restricted against future shoreline protection device construction.
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developmentshat may have prdated the Coastal Act but that were redeveloped pursuant to a
coastal development permit. Moreover, some of the @osstal Act developments may have
conditions that prohibit shoreline protection while adjacent properties may beeefwilor have

a protective device because they-gate the Act.

For purposes afmplementing this @idance, it is important that local governments, property

owners, development applicants, and others take full advantage of available legal tools to

mitigate hazards and protect resources,todb so in way that considers the specific legal

context and circumstances of LCP updates and individual development decisions in context and
on a casdy-case basis. For example, althoulyd Coastal Act does nexdicitly define what
gualifies as an Aexisting st,hawcthistetmasdo f or t he
interpreted in specific cases and through LCPs may be critical to the success of an adaptation
strategy over the longun.

The Commission has edlvely infrequently evaluated whether structures built after 5966ild

be treated as eniitedto sbtelinenpgotectianrparsuantit@&on 30235.

When it has, thshoreline protectiobeing proposed to protect the structhas ofteralso been
identified asnecessaryo protect adjacent pr@oastal At structure$® In a few instances,

however, the Commission has treated structures built after 1976 as existing structures entitled to
shoreline protection even if no adjacent-@@astal At structure also need protection.

Nonetheless, going forward, the Commission recommends the rebuttable presumption that
structures built after 1976 pursuant to a coa
term was originally intended relative applications foshorelineprotedive devicesand that the
details of any prior coastal development approvals should be fully understood before concluding
that a development is entitled to shoreline protection under Section 30235.

As mentionedin orderto find new development consistemith Section 30253 or related LCP
requirementsndto limit the potential proliferation airmoringto protect newly approved

structures, the Commission Hagsg used setbacks, assumption of risk conditions@ret the

last 1520years generally requied that applicants proposing new developnrehtzardous

shoreline locationgraive any rights underestion 30235 (or related LCP policies) to build

shoreline protection for the proposed new developniNatably,no appellate decision addresses
whetherhe term fAexisting structureso in this cont
Coastal Act or instead includes structures in existence at the time the Commission acts on an
application for shoreline protectipar otherwise addresses theerplay between 30235 and

30253

LCP updates are an opportunity to clarify how the distinction between existing and new

development will be applied in specificareamn d s ome LCP6s hkBove already
example]ocal governments have sometimescsiped a date by which a structure must have

been constructed in order to qualify as an nfne
whether it may be eligible for shoreline protectibnMarin Couwnty, theLocal CoastalProgram

8 Forexample CDP A-3-CAP-99-023-A1, Swan and GreeWalley Corporation Seawallln this situation, repairs

to maintain a seawall fronting the preastal Swan Residence could only be undertaken by encroachment onto the
adjacent property, Green Valley Corporation; however, the Green Valley Corporatioopeset had been

approved with a condition to prohibit any future shore protection.
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policy that implemerst Section 30235 specifies that existing structures are those that existed on
the date the LCP was originally adopted (May 13, 1982Rs can also codify the prohibition on
shorelineprotective device for new development, such as tollowing provision fom the San

Luis Obispo County North Coast Area Plan standard:

Seawall Prohibition Shoreline and bluff protection structures shall not be permitted to
protect new development. All permits for development on bluftsporeline lots that

do not have a legally established shoreline protection structure shall be conditioned to
require that prior to issuance of any grading or construction permits, the property owner
record a deed restriction against the property thaguwres that no shoreline protection
structure shall be proposed or constructed to protect the development, and which
expressly waives any future right to construct such devices that may exist pursuant to
Public Resources Code Section 30235 and the SarOhispo County certified LC#

The distinction between existing and new development inherent in the Coastal Act is often
directly raised by proposals for redevelopment as well. Ghidance thus deals directly with
potential approaches for managing stioe hazards and protecting coastal resources as
shorelines are redeveloped (§d®apter 7 Strategy A.1R Most recently, the Commission
approved a Land Use Plan the City ofSolana Beach that includes many policies desigoe
address the existing residential development pattern along the high, eroding bluffs of the City.
Al t hough further elaboration is yet to come
the Solana Beach LUP is a good example of an effort tphpatically address the need to
mitigate the risks to residential development, provide for some redevelopment pethiltal
moving the line of new development inlarayoid and minimize newluff protection and
seawallsand perhaps remoywotective dewges in the future tminimize impactgo natural
landformsandto protect thebeachfor longterm public use

Local governments and other shoreline managers should also take into accaltitabgh a
public agency may not denyGoastalDevelopmenPermit for a shoreline protective devittet
meets all of the testsder Section 3023&nd equivalent LCP policiethis does notimit the
authority of public agencies to refuse to allow construction of shoreline protective devices
pursuant to some authity other than the Coastal Adtor example, if a private property owner
requests permission from a public ag¢echasy t o
a local or State park or public beath)protectadjacenprivate property, the puislagency
would generally have the authority as the landowner not to agree to the encroaSiméanty,
agencies that are trustees of public trust Idadsh as the State Lands Commissaod Port
Districts) have the authority to prohibit structurestlare not consistent with public trust uses
and prioritized public trust needs, values, and principlablic trust uses includearitime
commerce, navigation, fishing, boating, wabeiented recreation, and environmental
preservation and restoratidsyt do not typically includ@onwater dependent uses such as
residential or general commercial and office u3ésis, trustee agencibave the authority to
refuse to allow, or to require remowa| shorelinearmoringlocated on public trust lands
includingif thatarmoringunreasonably interferes with public trust uses

9 Communitywide standard 15C.
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Approval of a @astalDevelopment Permit for shorelimemoringunderSection 3035 may be
unavoidablen certain circumstanceblonethelesshe construction of shoreline armorwgl
oftencause impacts inconsistesith other Coastal Act requiremeniscluding Section 30235 s
requirement that a shorelipeotective devicée the leasenvironmentally damaging, feasible
alternative for addressing shoreline hazaFads exampleas discussed abovéection 30253(b)
prohibitsnew developmeifitom in any way requiring the construction of protective devices that
would substantially alter natural landforms along bluffs and clffereline protective devices
can also adversely affect a wide rangetbiercoastal resources and uses that the Coastal Act
protects Theyoftenimpede or degrade public access and recreation along the shoreline by
occupying beach area or tidelands, lju@ng shoreline sand suppbndby fixing the back of

the beach, ultimately leading to the loss of the beach. Shoreline protection structures thus raise
serious concerns regardingnsistency with the public access and recreation policies of the
CoastalAct. Such structuresan fill coastal waters or tidelands and harm marine resources and
biological productivity in conflict with Sections 30230, 30231, and 30288y oftendegrade

the scenic qualities of coastal areas and alter natural landforms irctcertfh Section 30251
Finally, by halting shoreline erosion, they can prevka inland migration of intédal habitat,
saltmarshes, beaches, and otloev-lying habitats that rising sea levels will inundate.

Evenwhen an agencgpprove a Coastal Bvelopment Brmit for shoreline armoring, the

agency has the authority to impose conditions to mitigate impacts on shoreline sand supply and
to minimize adverse impacts on other coastal resoui@esOcean Harbor House Homeowners
Assn. v. California Coaal Comm.(2008) 163 Cal.App2215, 242; Publi®Resources Code,
§30607.3° Any approved shoreline structure, therefore, must avoid or mitigate impacts that are
inconsistent with Coastal Act policies.

Because of the wide range of adverse effectsstiaeline protective devices typically have on
coastal resources,iiiGuidancerecommendavoidance of hard shoreline armoring whenever
possible This can entaitlenying development in hazardous locatj@i®wing only

development that is easily removalals the shoreline erogdes requiring new development to

be set back far enough from wawmupzones or eroding bluff edges so that the development
will not need shoreline armoring during its anticipated lifetiménr e Co mmi ssi onb&s pr e
when reviewiig proposed development in shoreline locations that are potentially vulnerable to
shoreline erosion, waveinup or inundation has been to require applicants to waive rights to
shoreline protective devices in the futuaad, more recently, to require redtion and/or

removal should such development become endangered in the &gefehapter 7: Adaptation
Strategiedor further details regarding alternatives to the afdgard armoring structures.

PUBLIC TRUST BOUNDARY

The State of California acquired sovereign ownership of all tidelands and submerged lands and

beds of navigable waterways upon its admission to the United States in 1850. The State holds

and manages these lands for the benefit of all people of the Stawdaride purposes

consistenwwitht he common | aw Public Trust Doctrine (n
that title to sovereign land is held by the State in trust for the people of thePsialie.trust

50 Indeed, as noted above, 30235 itself clarifies that even when approvable, such structures should be designed to
eliminate or mitigate any adrse impacts on local shoreline sand supply.
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uses include maritime commerce, navigatitghing, boating, wateoriented recreatioryjsitor-
serving facilitiesand environmental preservation and restoratdom-water dependent uses such
as esidential and general office or commercial Legienerallyinconsistent with public trust
protedions anddo not qualify as public trust uses.

In coastal areas, the landward location and extent of the State's sovereign fee ownership of these
public trust lands are generally defined by reference to the ordinary high wateiGndriCode

8670), as neasured by the mean high tide I{iBorax Consolidated v. City of Los Ange{&935)

210 U.S. 10)these boundaries remain ambulatory, except where there has been fill or artificial
accretion. More specifically, in areas unaffected by fill or artificiakeiton, the ordinary high

water mark and the mean high tidediwill generally be the samie. areas where there has been

fill or artificial accretion, the ordinary hi
generally defined as the Ida@n of the mean high tide lijast prior to the fill or artificial

influence.lt is important to note thauch boundaries may not be readily apparent from present

day site inspection&arpenter v. City of Santa Moni¢a944) 63 C. A. 2772, 787)

The mean high tide line the intersection of the shoreline with thlevation othe average of all

high tides calculated over an 18;6ar tidalepoch This property line is referred to as

Aambul at or y 0 fifstpgradualwhangesdoahe eblare due to factors such as

variations in the height and width of sandy beaches, shoreline erosion or accretion, and uplift or
subsidence of land can change the location of where the mean high tide line meets the shoreline.
Secondthe elevation of the na@ high tiddine itself changs over time and is likely to increase

at an accelerating rate in the future due to sea levelig.time, sea level rise witontinue to
graduallycause the public trust boundary to move inldwlndaries betwegpublicly-owned
waterways and adjoining private properties (referred tittasal along lakes and seas and

riparian along rivers and streams) have always been subject to the forces of nature and property
boundary law reflects these realities.

Acceleratimg sea level riswiill likely leadto moredisputes regardintipe location ofroperty
boundaries along the shoreljregncelands that were previouslgndward ofthe mean high tide
line have become subjecttotBd at e 6 s andwprtectionshdhgpublic trust. These
disputes, in turn, will affect determinations regarding what kinds of structures anuases
allowed or maintaing in areas that, because of &l rise, either are already seaward of the
mean high tide line, are likely to becoseaward of the mean high tide line in the future, or
would be seaward of the mean high tide line if it waatefor artificial alterations to the
shoreline.

California casd¢aw does not explicitly address how shoreline structures such as seawalls that
artficially fix the shorelinetemporarilyand prevent inland movement of the mean high tide line
affect poperty boundaries, if at all.he Ninth Circuit Court of Appeals, however, has interpreted
federal common law as allowing the owner of tidelands tglaitrespass action against a
neighboring upland property owner who built a revetmentgratented the natural inland
movemenbf the mean high tide lind he court ruled that the actual property boundary was
where the mean high tide line would have biédime revetment were not theaad that the

owner of the tidelands could require the upland owners to remove the portions of the revetment
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t hat were no longer | oc at @nuitedStatestvhMing@"Clrrand o wn
2009) 583 F.3d 1174, 1189 90.)

POTENTIAL PRIVATE PROPERTY TAKINGS |SSUES

The United States and California constitutions prohibit public agencies from taking private

property for public use without just compensation. Section 30010 of the Coastainiarly

prohibits public agencies implementing the Coastal Act from granting or denying a permit in a
manner that takes or damages private property for public use without payment of just
compensation. The <c¢l assi c ndgenkyiacggirsesdittesocenar i o
private property in order to build a public facility or otherwise devote the property to public use.

In 1922, however, the United States Supreme Court ruled that regulation of private property can
constitute a taking even if thegulation does not involve acquisition of title to the property. As
Justice Oliver Wendell Hol mes stated, ndAwhile
regul ation goes too f ar Penhsylwvanid oal Goev. Mabanogni zed
(1922) 260 U.S. 393, 415.)

Courts have struggled in the 90 years since then to give agencies and property owners a more
definite sense of exactly when a regulation i
three basic categories of takings that oacur in the context of land use regulation. Different

legal standards apply depending on what kind of taking is at issuegé®eeally Lingle v.

Chevron USA, Inq2005) 544 U.S. 528).

The most straightforward test applies to what is variously called a categoricap¢otse,or

A L u ctakings, which occurs when a regulation deprives an owner of all economically

beneficial use of the property. (Segcas v. South Carolina Coastal @wcil (1992) 505 U.S.

1003).An agency that completely deprives a property owner of all economically beneficial use

of the property will likely be found liable for a taking unless background principles of nuisance
orproperty |l aw independentl y r est €Causthave he owne
generally been very strict about when they apply this test. If any economically beneficial use

remains after application of the regulation, even if the value otieats a very small percentage

of the value of the property absent the regulatory restrictibncastaking has not occurred.

Where a regulation significantly reduces the value of private property but does not completely
deprive the owner of all econoaailly beneficial use, the multi a ¢ PemmCefn t tesa | 0

applies Penn Central Transportation Co. v. City of New Y@®@78) 438 U.S. 104). This test

has no set formula, but the primary factors include the economic impact of the regulation, the

extent towhich the regulation interferes with distinct, reasonable investiresked

expectations, and the character of the governmental action. When evaluating the character of the
governmental action, courts consider whether the regulation amounts to a ghysisiain or

instead more generally affects property interests through a program that adjusts the burdens and
benefits of economic life for the common good. Whether a regulation was in effect at the time a
owner acquired title is also a relevant factot,ibunot by itself dispositive. (Sd&alazzolo v.

Rhode Island2001) 533 U.S. 606,632 33 ( O6 Co n n o r ,Becduse thisdestiakes r r i n g
such a wide range of factors into account, caselaw does not provide clear guidance about the
situationsinwhih a r egul ati on iPennCe k ethlgny.BRPennCentdl i f vy as
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claim is unlikely to succeed, however, unless the plaintiff can establish that the regulation very
substantially reduces the value of the property.

The third category of takimy c | ai ms applies to Aexactions, 0 t
decisions that require a property owner either to convey a property interest or to pay a mitigation

fee as a condition of approval. (Sgellan v. California Coastal Comni1987) 483 U.S. 825;

Dolan v. City of Tigard1994) 512 U.S. 374&oontz v. St. Johns River Water Management Dist.

(2013) 133 S.Ct. 25860nder theNollan/Dolanline of cases, the agency must establish a
Anexuso between the conditi onandtbegfiectsaftheg a pr o
project that that property interest or payment is mitigating. That property interest or payment

must also be roughly proportionalttieimpact that it is intended to mitigate. California, the

Ocean Harbor Housease is a good ergle of a shoreline structure impact mitigation

requirement that was found by the courts to meet the relevant standards of nexus and
proportionality.

Various recommendations of this Guidance may potentially give rise to takings concerns.
Because the deatmination of whether a particular regulation may in some circumstances be
applied in a way thatonstitutes a taking is so factensive and contesdpecific, this Guidance

cannot provide a simple set of parameters for when agencies should either aptiogs to a

land use regulation or consider purchasing a property interest. That said, land use restrictions that
prevent all economically beneficial use of the entirety of a propertg vulnerable thucas

takings claims unless those uses would gyalif a nuisance or are prohibited by property law
principles such as the public trust doctrine. Agencies can minimize the risk of these claims by
allowing economically beneficial uses on some of the property and by exploring whether legal
doctrines regardg nuisance, changing shoreline property lines, or the public trust independently
allow for significant limitatims on the use of the properBstablishing a transferrable

development rights program for properties that are subject to significant development restrictions
may also minimize potential exposure to takings claims.

Where a proposed development would &fe $rom hazards related to degel rise in the near
future, but cannot be sited so as to avoid those risks for the expected life of the structure,
agencies may consider allowing the structure, but requiring removal once it is threatened.
Property owners may argue that they have lat tig protect threatened structures even if they
have waived rights to shoreline protection under the Coastal Act, but a recent federal court of
appeal ruling casts significant doubt on the existence of any common law right to attempt to fix
an ambulatorghoreline boundary through artificial structures such as seawalldiiged

States v. Milne(9" Cir. 2009) 583 F.3d 1174, 1189.90).

If an agency is contemplating requiring property owners to dedicate open space easements or
other property interests requiring the payment of fees to mitigate project impacts, the agency
should be careful to adopt findings explaining how requiring the property interest or payment is

51What qualifies as the entirety of a property adso be the subject of dispuiéhe property will normally include
all legal lots on which the proposed development would be located, but can also inkkrdetstthat are in
common ownership and adjacent to, or in close proximity with, the lots that would be devéRgmbtbrman v.
United StategFed. Cir. 2005) 429 F.3d 1081, 10®istrict Intown Properties Limited Partnership v. District of
Columbia(D.C. Cir. 1999) 198 F.3d 874, 880.)
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both logically related to mitigating an adverse impact of the project and rougbplyrpooal to

that impact. Legislatively adopting rules that establish the exact criteria for determining when to
require these exactions and, if so, their mag
takings claims? With respect to mitigation fee€alifornia cities and counties should also

comply with applicable requirements of the Mitigation Fee Act @omentCode, §6600@t

seq).

52The California Supreme Court has ruled that courts should be more deferential towards agencies when reviewing
fees imposed pursuant to legislatively enacted rules of general applicability than when reviewingdeed onpan

ad hoc basisHhrlich v. City of Culver City1996) 12 Cal.4th 854, 881.) The rationale is that fees imposed pursuant
to rules of general applicability that involve little discretion are less likely to impose disproportionate burdens on
propery owners than fees determined on an ad hoc .basis
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CURRENT AND FUTURE COASTAL COMMISSION EFFORTS:

The Commissiomasa Strategic Plarior 20132018(2013a)that identifiesmany action items

that the Commission or partner organizations plan to take to address the challenges of sea level
rise and climate change. The first priority in Bteategic Plams for the Commission to adopt

Seal evel RsePolicy Guidance for use ihocal Coastal ProgranhCP) planning and project

design (Action 3.1.1), and th@3uidance reflects significant progress toward accomplishing this
task.The objectives and action items frahe Strategic Plan relatéo sea ével rise and climate
change ar@resentedavithin the following pages.

The Commission is also involved in a number of other efforts that meet the climate change

planning goals laid out iits StrategicPlan These i nclude efforts rela
normal operating business, such as ongoing coordination with local government partners and

other agencies, as well as specially funded projects designed to meet specific needs. Several of
these efforts tat are currently underway or that staff identified as next steps during the

completion of this Guidance document are listed beldve.Commissioranticipaes that these

itemswill be completedver the next two to five years, in coordination with othexvaht

partners and research institutions, as staff capacity and funding allows.

1. Continue an active program of publicoutreach on sea evel rise The Commission will
striveto provide public information abosgea ével rise issues through public workshaihe
Commi ssi onds web s iancourpabkceducatog grqgraithe t r e a ¢ h
Commission will work to enhance efforts to coordinate with-iloeome and underserved
populations and communities.

2. Develop methods for quantifying impacts to coastal resources from shoreline armoring
projects. The Coastal Commission staff has inittheeProject of Special Merit (funded by
NOAA)tobui I d upon the Commi ssionds exmpactsi ng ef
of shoreline development projects to public access and recreation by working with beach
ecologists and a valuation economist to devalopethodo quantify impacts to biologita
resources and beach ecologie final productis anticipated tdoeaset of guidelines to use
in assessing the impacts of proposed shoreline armoring projects and a method(s) for
calculating the full value of recreational and ecological loss resulting from installation of
shoreline armoring projects (where they may h@rayed as consistent with the Coastal Act).

3. Adopt policy guidance and model ordinance language for resilient shoreline residential
development in hazardousareas affeded by sea evel rise. Under another NOAAunded
Project of Special Merit, the Coastal Commission will conduct a statewide survey to
characterize physical shoreline conditions for residential areas along the coast. Informed by
this assessment, staff will identify and analyze policy and legal issuesvielogment and
redevelopment in hazardous areas, factorirgpaével rise projections that will change
shoreline conditions over tim#/orking collaboratively with local governments, staff will
use the policy and legal analysis to develop policy guielamc model ordinance language.
The project will build upon thiSuidanceand 1 s consi stent with the
Strategic Plamgoals.
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4. Enhance coordination and planning efforts related to developing adaptation strategies
for critical infrastructu re. Addressingsea ével rise impacts to critical infrastructure is
particularly complex and will require greater amounts of planning time, stakeholder input,
and funding. The Commission will support planning efforts in a number of ways including,
for exanple:

a. Providing glidanceor participating in working groups that examimeanaged retreat
of critical infrastructure, including when to consider managed retreat rather than
continue with repairs and maintenance in lighted ével rise.

b. Coordinating closgl with Caltrans to address transportation issues. Planning efforts
may include integrating LCP planning and regional transportation planning processes;
coordinating and supporting phased approaches for realignment projects; and
identifying priorities for daption response.

c. Coordinating with prt and harboeuthorities and other relevant stakeholders to
address vulnerabilitiespecific to ports, harbors, fisheries, and navigatmal, to
develop and enhance adaptation strategies that are particularly applicable for coastal
dependent infrastructure and other port needs.

d. Coordinating with the State and Regional Water Quality Control Boards to consider
vulnerability issues related toater supply and wastewater capacity infrastructure in
California.

5. Consider producing additional guidance documents, including

a. Broader climate change guidance addressing other climate change impacts to the
coastal zone.

b. Onepage fact sheets on somdaptation measures such as green infrastruahare
conservation easements.

c. Guidance on t he udenemdnagémremt,\beachgougshnente | i ne s
and so orfor California, including an assessment of areas or coastal situations where
these stréegiescould be effective, what they need to succeed, monitoring
requirements, and maintenance.

d. Guidance for how to address impacts to critical infrastructure, assets and resources
that cross jurisdictional boundaries, and ports, harbors and other -aestaldent
resources.

6. |l mpl ement the Coast al C o mnotherstate aif@tsand e s ponsi b
legislation.

a. Gover nor BltdyEredwive Apar B30-15 stateghat state agencies
shall take climate change into account in their planning and investment deasidns
employ full life-cycle cost accounting to evaluate and compare infrastructure
investments and alternativekhe order requires agencies to ensuag piiority is
given to actions that build climate preparedness and reduce greenhouse gas emissions,
provide flexible and adaptive approaches, protect the state's most vulnerable
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populations, and promote natural infrastructure solutibhs.Coastal Commsson
will continueto integrate these principles into its planning and regulatory work.

b. AB2516, authored by Assemblymember Gordon and approved in Sept@tiber
established lanning for Sea Level Rise Databdkat 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, regiongaanas
public and private entities to address sea level Tise.Coastal Commission will
contribute data to this effort, including information about gfantied LCP updates.

c. The Coastal Commission will also paipiate in the implementation of the 2014
Safeguarding Californipl an, al ong with the Ocean
Resolution on the Implementation of the Safequarding California Re&nprinciples
are and will continue to be incorporated into Coastal Commission work, including

protection of Californiads most vulnerabl

reduction with emissions reductions, and the development of metrics andarslmfat
progress on efforts to reduce climate risk.

Coastal Commissionti@tegic Plan20132018Excerpts
Actions Related to Sea Level Rise and Climate Change

GOAL 1: Maximize Public Access and Recreation

Objective 1.1¢ Enhance Public Access througlpdated Beach Access Assessment and Constraints
Analysis

Actions:
1.1.5 Identify locations where access may be limited or eliminated in the future dsedevel
rise and increased storm events and begin planning for other options such as new ver
accessways to maintain maximum beach access (see also Action 3.2.1).

Objective 1.4¢ Expand the California Coastal Trail System through Enhanced Planning and
Implementation

Actions:
1.4.4 Identify locations of the CCT that might be at risk from rising seadedeincreased storn|
events and begin planning for trail relocations or other alternatives to insure continue

functionality of the CCT (see also Action 3.2.1).

GOAL 3: Address Climate Change through LCP Planning, Coastal Permitting\datery
Collabaation, and Public Education

Objective 3.1¢ Develop Planning and Permitting Policy Guidance for Addressing the Effects of Cli
Change on Coastal Resources

Actions:
3.1.1 Adopt generakea kvel rise (SLR) policy guidance for use in coastal permitting and
planning, and amendments based on best available science, including the final re
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Objective 3.2¢ Assess Coastal Resource Vulnerabilities to Guide Development of Priority Coastal
Adaptation Planning Strategies

Actions:

3.1.2

3.1.3

3.14

3.1.5

3.1.6

3.1.7

3.2.1

3.2.2

3.2.3

3.24

from the NationalResearch Council of the National Academy of Science erfiidad
Level Rise for th€oasts of California, Oregon, and Washindthme 2012).

Based on the general SLR policy guidance, identify and develop specific regulato
guidance for addressing coastal hazards, including recommendations for analytic
methods for accounting for SLR andreased storm events in project analysis,
standards for redevelopment and development in hazard zoegg pluff top and
flood zones), buffers for coastal wetlands, and policies for shoreline structure des
and impact mitigation.

Develop a work pragm to produce policy guidance for coastal permitting and LCP,
account for other climate change related impacts and adaptation planning includir
wetland, marine and terrestrial habitat protection, habitat migration, risk of wildfire
water supply angyroundwater protection.

Provide public information and guidance through workshops, presentations to loca
government.etc. Assist local governments with interpretation of scientific or other
technical information related to climate change as&h ével iise that could be of use
in adaptation planning.

Contribute to relevant statevide efforts on climate change and adaptation as a
YSYOoSNI 2F GKS { G G &Cpastahd Oceah \Wdsking Gaup. 2 y

Coordinate with Natural Resources Agency, Offidelafining and Research, Californ
D2OSNYy2NDRa hTFAOS 2F 9YSNHSyOe { SNIBA
guidance on climate change in updating general plans, hazard mitigation plans an
other planning documents used by local governments.

Coordnate with the State Lands Commission to addssssével rise and shoreline
change and implications for the management of public trust resources.

Conduct a broad vulnerability assessment of urban and rural areas to identify prio
areas for adaptation planning, such as community development, public infrastruct
public accessways, open space or public beachgskafrom sea level rise. Identify ar
participate in orgoing vulnerability assessments and adaptation planning efforts a
feasible.

Work with CalTrans and other public agency partners to assess and address roac
rail, and other transportation infrasticture vulnerabilities, particularly along Highwa
One and other coastal roads and highways.

Work with the Department of Water Resources, State Water Resources Control B
and local agencies to assess and address water and wastewater treatment plant
vulnerabilities along the coast.

Work with the Conservancy, California Department of Fish and Gsio}eJS Fish and)
Wildlife, and other partners to assess the vulnerability of wetlands and other sens
habitat areas. Identify habitats that are particllavulnerable climate change and/or

Chapter 9: Next Steps 177



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

habitats that may be important for future habitat migratioe.§, wetland transitional
areas).

3.2.5 Work with the Coastal Observing Systems, researchers, and others to identify anc
develop baseline monitoring elements to bat understand and monitor changes in
coastal conditions related teea ével rise and other climate change impacts.

3.2.6 With the Conservancy and OPC, develop and implement a competitive grant prog
to provide funding to selected local governments to condudherability assessments
I YRK2NJ G§SOKYyAOlIt addzRASa GKFd OFy oS
change and inform updates to LCPs.

ADDITIONAL RESEARCH NEEDS

Additional researcls needed tonore fullyunderstand and prepare &®a ével rise. The

research needs are directed toward research institutions at academic, state, federal, and local
levels. The Commission will strive to collaborate with and support research relatzaléoel

rise science and adaptatjoncluding with theefforts and ongoingvork of theCalifornia

Climate Change Research Plan

1. Modeling. Sea ével rise science is an evolving field, and new science i@ change
and refine our understanding of the dynamicseat ével rise and its associated impacts to
both natural and built environments. As such, there is a continual need for models to be
developed, updated, and refined to ensure that we contimnse the best understanding of
sea ével riserelated impacts as possible.some cases, the modelling capabilities already
exist, but there is a need for such modelling to be applied to local areas to understand specific
localized impactsSeveral tos in particular that are in need of better or more refined
modeling include:

a. Fluvial dynamics as they relate to and interact with rising sea levels

b. Habitat evolution modelse(g, SLAMM) that project future locations of wetlands
and other coastal habitats

c. The inteaction of other climate changelated impacts with the impactssxda
level rise(e.g, changing precipitation patterns, increased frequency and/or
intensity of storms)

2. Improved estimates of local vertical land motionSeveral independent processagacial
isostatic rebound, groundwater withdrawals, plate&zements and seismic activity
influence vertical land motion. Current guidance on sea level projections ddjustge
scale vertical land motiomorth and south of Cape Mendocino. These adjustments do not
properly address locatiotisat are moving differentlfrom the region such as Humboldt
Bay. A peerreviewed methodology is needed to determine:

a. Instances wén it will be important to modify the regionsea ével rise
projectionsfor local vertical land motion

b. Types of exiing information on land motio(e.g, tide gauge records, satellite
data, lanebased GPS stations) that provide the best estimatesabfdad trends
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c. A procedure for adjusting state or regioseh evel rise projections for sub
regional or local conditions

d. Additional data that are neatl® implement this procedure

3. Baseline data and monitoringsystems Baseline monitoring datareneeded foroastal and
nearshore waters, bdwss, bluffs, dune systems, ngaore reefs, tide pools, wetlandsd
other habitat aredas better understand these systems, monitor tremdsdetect significant
deviations from historic conditions that miag related t@ea ével rise and other aspects of
climate changeBetta storm event monitoring data aakso needed to support refinements
and calibration of models used to project and analyze impacts.

A system for monitoring and tracking the cumulativgacts of projects in the coastal zone,
including both new development and any adaptation strategies, is needed to better understand
the impacts of development in the facese& ével rise and the efficacy of various adaptation
methods. Monitoring systesrmay be needed at a variety of scales, including at the local,
regional, and state level.

4. Methods for estimating change in erosion rates and shoreline change due to futsea
level rise.There is a need for@eerreviewed methodology for estimatingasige in erosion
rates due tgea ével rise for bluffs, beaches, and other shorelines exposed to efasion.
improved understanding of future erosion rates is necesshejter evaluate projects
affected by such erosion, including in termgaliculaing an appropriate setback distance.

5. Analysis ofsea kevel rise impacts to coastal access and recreatidro improvepublic
access planning effortsjore information is needed about hega &vel rise could affect
public access areas and recreation througtiee state, including changes to waves and
surfing, and the potential economic costs of these impadtitional information about how
these changes will affect lowercome populations and underserved communities is
particularly important.

Many curretly accessible beach areas have the potential to become inaccessible due to

impacts fromsea ével rise. Shoreline armoring and emerging headlands could isolate

connected beaches wislea ével rise, which will block lateral acce$&ising sea level will

also tend to constrict beaches that are prevented from migrating landward by shoreline

armoring and development. Some blufftop trails will become inaccessible as segments of

trail are lost to erosionn addition, changes in beach conditi@amsl sediment dyamicsdue

to sea ével rise could affect wavesand surfingas can the rise itself
outd surf spots combined with theed,@aherk of sp
new O0trippingé elements can be encountered i
waves) Research on the specifics of these impacts will help the Commission and others
understand the details of the potential impacts to coastal accesceration.

6. Methods to evaluate impacts to coastal resources from shoreline protectidResearch is
needed to develop and improve methods to evaluate and mitigate for the adverse impacts to
recreation, public access and beach ecology from shoreline agpodjects. This
information will be used to determine a set of mitigation options that may be considered for
use when evaluating individual permit applications to offset anticipated losses to beach
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ecology and resources caused by shoreline armoringcisojghe Coastal Commission staff
is currently working on developing resource valuation guidelines as part of a Project of
Special Merit (se€oastal Commission Effort #2

7. Analysis ofsea evel rise impacts to wetlands and strategies for preserving wetlands
throughout the state.Additional research is neededassess the vulnerability of wetlands

and other sensitive habitat areas to climate change, and to identify adjacent areas that may be

important for future habitat migratioe.g, wetland transitional areasjurther work is also
needed to develop management strategies that are adaptable to local wetland conditions and
sea ével rise impacts, such as the following:

a. Methodologies foestablishing natural resource area buffertigdn light of sea
level rise

Approachegor identifying andprotecting migration corridors
Guidance for increasing wetldrsediment supply and retention
Techniques for developing an adaptivetland restoratioplan

®© a0 o

Monitoring criteria

8. Assessment of@astalhabitat functions in light of sea kevel rise and other climate
change impactslt is necessary to develop a better understanding of the value and benefits
that intact natural habitats provide, especiallthay relate to increasing coastal resiliency to
sea ével rise. In addition, further research is needed to identify the coastal habitats that are
most likely to experience adversepacts fronsea ével rise andxtreme storms, and what
the associated lef ecosystem services will mean for coastal populations. Research is also
needed to identifgtrategies to ameliorate the vulnerabilities.

9. Potential effects ofsea evel rise ongroundwater and coastal aquifers.Additional
research is needed to quaytifie potential effect aea ével rise on freshwater aquifers
located along the California coast, and the degree to vge@kvel rise could lead to new
incidences of intrusiorResearch should includ@) an evaluation of the potenti@icidence
andseverity of saltwater intrusion at the scale of individual aquifers, under vagaus/el
rise scenariqgb) criteria to use when deciding if saltwater intrusion requires mitigation or
responsand (c) identification of strategies to address the ingpasing groundwater and
saltwater intrusion have on agriculture

10. Analysis of nonenvironmental factors that influencesea ével rise adaptation. As
suggested in a number of places throughout this Guidance, there are factors beyond just
environmental coterns that will influencsea ével rise planning. Such factors include
environmental justice/social equity, economic, and legal considerations, among others.
Understanding how these social concerns interact with environmental vulnerabilities will be
important when assessing adaptation planning opportunities and challenges.
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he following terms were collected from the 2@08&lifornia Climate Change Adaptation

Strategy®, thelntergovernmental Panel on Climate Change Third Assessment Beport

the Coastal Commissionés Beach *mBnddhei on and
California Coastal Agtunless otherwise noted. Some of these definitions are not used in the text
of the report, but are included as a resource on caatasdd adaptation issues.

Adaptation: Adjustment in natural or human systems in response to acteapected climatic
stimuli or their effects, which minimizes harm or takes advantage of beneficial opportunities.

Adaptation Pathway: A planning approach addressing the uncertainty and challenges of
climate change decisiomaking. It enables consideratiorof multiple possible futures, and
allows analysis/exploration of the robustness and flexibility of various options across those
multiple futures.>®

Adaptive capacity: The ability of a system to respond to climate change (including climate
variability andextremes), to moderate potential damages, to take advantage of opportunities, and
to cope with the consequencés.

Adaptive management:Involves monitoring the results of a management decision, and
updating actions as needed and as based on new informatioesults from the monitoring.

Ambulatory (as used in public trust boundarje#/loveable subject to change, or capable of
alteration®

Aquifer: An underground layer of porous rock, sand, or other earth material containing water,
into which wells maye sunk.

Armor : To fortify a topographical feature to protect it from erosiemn{ constructing a wall to
armor the base of a sea cliféy to construct a featufe.g, aseawalldike, or levee)to protect
other resources(g, development oagricultural land) from flooding, erosion, or other hazards.

AtmosphereOcean General Circulation Models ¢r Atmosphere-Ocean General Climate
Models; ACGOM) : Threedimensional globainodels that dynamically linkaean density,
circulation and sea levalsing wind stress, heat transfer between air and sea, and freshwater
fluxesas criticalvariables(See alsaGeneral Circulation Mode)s

Baseline(or Referencg: Any datum against which change is m
baseline, 0 in which c as-dayconditions. fi mightadsmbiea obser v
%3 CNRA 2009
*]PCC 2001

%> Many of these definitions were extracted from:ACE 1984 Griggsand Savoy 1985 and Flick 1994.
56 Ocean Protection Council 2018

" Willows and Connel2003

8 West's Encyclopediaf American Lav2008

Glossary 182


http://resources.ca.gov/docs/climate/Statewide_Adaptation_Strategy.pdf
http://resources.ca.gov/docs/climate/Statewide_Adaptation_Strategy.pdf
http://www.ipcc.ch/ipccreports/tar/
http://www.coastal.ca.gov/coastact.pdf

California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

Afuture baselineodo, which is a projected futur
interest €.g, how would a sector evolve without climate warming). It is critical to be aware of
what change is measured against which baseline to ensure proper interpretation. Alternative
interpretations of the reference conditions can give rise tapteutiaselines’

Beach The expanse of sand, gravel, cobble or other loose material that extends landward from
the low water line to the place where there is distinguishable change in physiographic form, or to
the line of permanent vegetation. The seaMiarid of a beach (unless specified otherwise) is the
mean low water line.

Beach nourishment Placement of sandnd/or sediment(g.,beneficial reuse of dredged
sedimentpn a beach tprovide protection from storms and erosion, to create or maitain
wide(r) beach, and/or to aid shoreline dynamics throughout the littoralf&&lproject may
include dunes and/or hard structures as part of the design.

Bluff (or CIiff) : A scarp or steep face of rock, weathered rock, sediarettir soil resulting

from erosion, faulting, folding or excavation of the land mass. The cliff or bluff maysineple

planar or curved surface or it may be dligp in section. For purposes of (the Statewide

Il nt erpretive Gui de limitedeodghpse fedtures habirfg dertioat reliéf bften f f 0
feet or more and fiseacliffo is a cliff whose

Bluff top retreat (or ClIiff top retreat) : The landward migration of the bluff or cliff edge,
causedy marineerosion of the bluff or cliff toe and subaerial erosion of the bluff or cliff face.

Caisson:A supporting piling constructed by drilling a casing hole into a geologic formation and
filling it with reinforcing bar and concrete; used for folations (See dso Piling)

Climate change: Any longterm change in average climate conditions in a place or region,
whether due to natural causes or as a result of human activity.

Climate variability: Variations in the mean state of the climate and other statist@s (
standard deviations, the occurrence of extrg¢rmesll temporal and spatial scales beyond that of
individual weather events.

Coastaldependent development or useAny development or use which requires a site on, or
adjacent to, the sea to be atidunction at alf°

Coastalrelated development:Any use that is dependent on a coadeglendent development
61
or use

Coastal resourcesA general ternused throughout the Guidance to refethimse resources
addressed in Chapter 3 of the California Coastal Act, including beaches, wetlands, agricultural

% Moser 2008
8 pyblic Resources Code39101
51 public Resources Code39101.3
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lands, and other coastal habitats; coastal development; public access and recreation
opportunities; cultural, archaeological, and paleontoligiesources; and scenic and visual
gualities.

Development:On land, in or under water, the placement or erection of any solid material or
structuredischarge or disposal of any dredged material or of any gaseous, liquid, solid, or
thermal waste; grad@ 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), anthany
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; nartgin, 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,red timber operations which are in accordance with a timber harvesting plan
submitted pursuant t eNejedlyEoreptiPractide sfilay3 (sommencing h e
with Section 45115

EcosystemBased Managemen{EBM): An integrated approach tesource management that
considers the entire ecosystem, including humans, and the elements that are integral to
ecosystem function¥.

Ecosystenservices: Benefits that nature provides to humans. For example, plants, animals,
fungi and micreorganisms prduce services or goods like food, wood and other raw materials,
as well as provide essential regulating services such as pollination of crops, prevention of soil
erosicgzl and water purification, and a vast array of cultural services, like recreationearse af
place.

Emissionsscenarios Scenarios representing alternative rates of glgiednhouseas

emissions growth, which are dependent on rates of economic growth, the success of emission
reduction strategies, and rates of clean technology develdpnd diffusion, among other
factors®

Environmentally Sensitive[Habitat] Area (ESHA): Any area in which plant or animal life or
their habitats are either rare or especially valuable because of their special nature or role in an
ecosystem and whiatould be easily disturbed or degraded by human activities and
development§®

Erosion: The wearingaway of land by natural forcesn@ beach, the carrying away of beach
material by wave action, currents the wind.Development and other neratural foces €.g,

%2 public Resources Cod&30106
®¥NOC2011

% Hassaret al. 2005

% Bedsworth and Hanak 2008

% public Resources Code30107.5
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water leaking from pipesr scour caused by wave action against a seamaly create or worse
erosion problems.

Eustatic: Refers to worldwide changes in sea level.

Feasible(asusedimi| east environmental | y): Capablaaflbemg f ea s
accomplished in a successful manner within a reasonable period of time, taking into account
economic, environmental, social, and technological faéfors.

Flood (or Flooding): Refers to normally dry land becoming temporarily covered in nvatter
periodically €.g, tidal flooding) or episodicallyg.g, storm or tsunami floodind}

General Circulation Models (or General Climate Models; GCM): A global, three

dimensional computer model of the climate system which can be used to sinontete

induced climate change. GCMs are highly complex and they represent the effects of such factors
as reflective and absorptive properties of atmospheric water vapor, greenhouse gas
concentrations, clouds, annual and daily solar heating, ocean temgegtdrice boundaries.

The most recent GCMs include global representations of the atmosphere, oceans, and land
surface® (See alscAtmospherigOcean GeneraCirculation Modeld

Greeninfrastructure : Refers to the use of vegetative planting, dune management, beach
nourishment or other methods that mimic natural systems to capitalize on the ability of these
systems to provide flooand erosiomprotection, stormwater management, and other ecosystem
servies while also contributing to the enhancenmrdreationof natural habitat areas.

Greenhouse gaseGHGS): Any gas that absorbs infrared radiation in the atmosphere.
Greenhouse gases inclugarbon dioxidemethanenitrous oxide ozone chlorofluorocarbons
hydrochlorofluorocarbonsydrofluorocarbonsperfluorocarbonssulfur hexafluoride®

Hard protection: A broad term for most engineered features such as seawalls, revetments, cave
fills, and bulkheads that block the landward retreat of the shoréee.alsdRevetment,
Seawall,Shoreline protectiedevice}

Impact assessmentThe practice of identifying and evaluating the detrimental and beneficial
consequences of climate change on natural and human systems.

Inundation: The process of dry land becoming permanently drowned or submerged, such as
from dam construction or frosea ével rise’

87 California Coastal Acg 30108

% Flick et al.2012

%9 NASA Earth Observatory Glossary
Y UNFCCC2004

™ Flick et al.2012
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Local CoastalProgram (LCP): A local government's (a) land use plafig,zoning ordinances,

(c) zoning district maps, and (d) witheensitive coastal resources areas, other implementing
actions, which, when taken together, meet the requirements of, and implement the provisions and
policies of, this division at the local levél

Mean sealevel: The average relative sea level over aquk such as a month or a year, long
enough to average out transients such as waves andR&latve sea leve$ sea level measured
by a tide gauge with respect to the land upon which it is situ@eedalsoSea level changséa
level risg

Mitigation (as used in climate science set of policies and programs designed to reduce
emissions of greenhouse ga&es.

Mitigation (as used in resource managemnjeRtojects or pograms intended to offset impacts
to resources

Monitoring : Systematic ollection of physical, biologicabhemical,or economic dateor a
combination of these data on a project in order to make decisions regarding project operation or
to evaluate project performance.

Passiveerosion: The process whereby erosion causes the shoreline to retreat and migrate
landward of any hardened structures that have fixed the location of the back beach therefore
resulting in the gradual loss of beach in fronthef hardened structure

Permit: Any license, certificate, approval, or other entitlement for use granted or denied by any
public agency which is subject to the provisions of this diviéfon

Piling (or Pile): A long, heavy timber or section of concrete or metal driven or drilled into the
eath or seabed to serve as a support or protediBae. alsaCaisson

Potential impacts: All impacts that may occur given a projected change in clinmratkiding
impacts that may result from adaptation measures.

Public Trust Lands: All lands subject tothe Commoriaw Public Trust for commerce,

navigation, fisheries, recreation, and other public purp&sddic Trust Lands include tidelands,
submerged lands, the beds of navigable lakes and rivers, and historic tidelands and submerged
lands that are pres#y filled or reclaimed and which were subject to the Public Trust at any
time.” (SeealsoTidelands Submerged lands

2 Public Resources Code30108.6
3 Luers and Moser 2006

" Public Resources Cod30110
5 Public Resources Codgl3577
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Radiative forcing: Radiative forcing is a measure of the influence a factor has in altering the
balance of incoming and outgoing energy in the Eamthosphere system and is an index of the
importance of the factor as a potential climate change mechanifime l?CC]repot radiative
forcing values are for changes relative to-imaustrial conditions defined at 1750 and are
expressed in Watts per square meter (¥)/t

Redevelopment At a minimum, replacement of 50% or more of an existing structure. LCPs
may also considencludinglimits on the extent of replacement of major structural components
such as the foundation or exterior watlsimprovements costing more than 50% of the assessed
or appraisedalue of the existing structure

Revetment A sloped retaining wall; a facing of stone, concrete, blocksagpetc.built to
protect an embankment, bluff, or development against erosion by wave action and d@eents.
alsoHard protection,Seawal] Shoreline protective deviges

Risk: Commonly considered to be the combination of the likelihood of an event and its
consequencsési.e., risk equals the probability of climate hazard occurring multiplied the
consequences a given system may experi€nce.

Scenaricbased analysisA tool for de\eloping a sciencbased decisiemaking framework to
address environmental uncertainty. In general, a range of plausible impacts based on multiple
time scales, emissions scenarios, or other factors isapedeto inform further decisiemaking
regarding e rangeof impacts and vulnerabilitie§

Sea level The height of the ocean relative to land; tides, watthospheric pressure changes,
heating, cooling, and other factors cassa ével changes.

Sea kvel changedea kvel rise:Sea level can chandgegth globally and locally, due ta)(

changes in th shape of the ocean basing,dbanges irthe total mass of water and @hanges

in water density. Factors leadingdea ével rise under global warming include both increases in
the total mass of watérom the melting of landbased snow and ice, and changes in water
density from an increase in ocean water temperatures and salinity clelgésesea ével
riseoccurs where there is a local increase in the level of the ocean relative to the lahd, wh
might be due to ocean rise and/or lagdel subsidenc€.(See alsdMeansealeve| Thermal
expansiof

Sea kvel rise impact:An effect ofsea ével rise on the structure or function of a system

®IPCC 2007
""Burtonet al.2004
B NOAA 2010
1PCC 2007
8'pcGCC2007
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Seawall: A structureseparating land and water areas, primarily designed to prevent erosion and
other damage due to wave action. It is usually a vertical wood or concrete wahlosed to a
sloped revetment. €& alsdHard protection RevetmentShoreline protective deviges

Sediment Grains of soil, sand, or rock that have been transported from one location and
deposited at another.

Sedimentmanagement:The systenbased approach to the managenuémipastal, nearshore
and estuarine sediments through activities that atfectransport, removal and deposition of
sediment to achieve balanced and sustainable solutions to sediment related needs.

Sensitivity: The degree to which a system is affected, either adversely or beneficially, by
climaterelated stimuli. The effect mdye direct €.g, a change in crop yield in response to a
change in the mean, range, or variability of temperature) or indaeggtglimatic or non

climatic stressors may cause people to be more sensitive to additional extreme conditions from
climate clange than they would be in the absence of these stressors).

Shore protection Structures or sand placed at or on the shore to reduce or eliminate upland
damage from wave action or flooding during storms.

Shoreline protective devices:A broad term foconstructedeatures such as seawalls,
revetmentstiprap, earthen bermsave fills, and bulkheads that block the landward retreat of the
shorelineand are used to protect structures or other features from erosion and other. [Gazards
alsoHard protecion, Revetment, Seawpll

Still water level: The elevation that the surface of the water would assume if all wave action
were absent.

Storm surge A rise above normal water level on the open coast due to the action of wind stress
on the water surface. $to surge resulting from a hurricane also includes the risaiarlevel
due to atmospheric pressure reduction as well as that due to wind stress.

Submerged lands:Lands which lie below the line of mean low tiéSee alsdPublic Trust
Lands Tideland$

Subsidence Sinking or dowrawarping of a part of the earth's surface; can result from seismic
activity, changes in |l oadings on the earthos

Tectonic: Of or relaing to thestructure of the a r trusttasdhe largescale processes that
take place within it

Thermal expansion An increasen watervolumein response toraincreasan temperaturg
throughheat transfer

81 public Resources Codel3577
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Tidal prism: The total amount of water that flows into a harbor or estaadput again with
movement of the tide, excluding any freshwater flow.

Tidal range: Theverticaldifference between consecutive high and \eaters.The Great

Diurnal Range is the difference between mean higher high water and mean lower low water; the
Mean Range of tide is the difference in height between mean high water and mean It water.
Tidelands: Lands which are located between the lines ofmhéghtide and mean low tid®&
(SeealsoPublic Trust LandsSubmerged lands

Transfer of DevelopmentRights (TDR): A device by which the development potential of a

site is severed from its title and made available for transfer to another loddte@aowner of a

site within a transfer argaayretain property ownership, but not approval to develop. The owner
of a site within a receiving area may purchiaasferable development rights, allowing a
receptor site to be developed at a greater def{sity.

Tsunami: A long period wave, or seismic sea wave, caused by an underwater disturbance such
asanearthquakesubmarine landslide, or subaetatdslide (slope failure from land into a water
body) Tsunamis can cause significant flooding in {ying coastal areas and strong currents in
harbos. (Commonly misnamed @idal wave

Vulnerability : The extent to which a species, habitat, ecosystem, or human system is susceptible
to harm from climate change impacts. More specifically, the degree to whysteasis exposed

to, susceptible to, and unable to cope with, the adverse effects of climate change, including
climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate
of climate variation to which a system is egpd, as well as of neslimatic characteristics of

the system, including its sensitivity, and its coping and adaptive capacity.

Vulnerability assessmentA practice that identifies who and what is exposed and sensitive to
change and how able a given gystis to cope with extremes and charlgeonsiders the factors
that expose and make people or the environsgstteptible to harm and accéssatural and
financial resources available to cope and adapt, including the ability foretdtt, external
coping mechanisms, support networks, and st’on

Wave: A ridge, deformation, or undulation of the surface of a liquid. On the ocean, most waves
are generated by wind and are often referred to as wind waves.

Wave height The vertical distance from a watreugh to crest.

Wave length(or Wavelength): The horizontal distance between successiaeecrests or
between successive troughs of waves.

82 NOAA 2013

8 public Resources Codgl3577
8 cal OPR1987

8 Tompkinset al.2005

Glossary 189



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

Wave period: The time for a wave crest to traverse a distance equal to one wavelength, which is
the time for twosuccessive wave crests to pass a fixed point.

Wave runup: The distance or extent that water from a breaking wave will extetiteup
shoreline, including up beachbluff, or structure.
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DRIVERS OF SEA LEVEL RISE

he main mechanisms driving increaseglobal sea level are: 1) expansion of sea water
as it gets warmer (thermal expansion),&)dncreases in the amount of water in the
ocean from melting of lantdased glaciers and ice sheets as well as hinurced
changes in water storage and groundwater pumping (€treld?008; Wadaet al. 2010;
Konikow 2011)* The reverse processes can cause global sea level to fall.

Sea level at theegional and local levelsften differs fromtheaverage global sea level.

Regional variabilitym sea level results from largeeale tectonics and ocean and atmospheric
circulation patternsThe primary factors influencing local sea level include tides, waves,
atmospheric pressure, winds, vertical land motion and short ducii@mges from seismic

events, storm@ndtsunamis. Other determinants of local sea level include changes in the ocean
floor (Smith and Sandwell 1997), confluence of fresh and saltwater, and proximity to major ice
sheets (Clarlet al. 1978;Perettest al.2013).

Over the longterm, sea level trends in California have generally followed global trends (Cayan
et al.2009; Cayaret al.2012.However , gl obal projections do

regional water | evel s oraterllezetsdre infereaneed by adgea n g e s .

scale oceanographic phenomena such as the El Nifio Southern Oscillation (ENSO) and the
Pacific Decadal Oscillation (PDO), which can increase or decrease coastal water levels for
extendederiods of timeFigure A1 showshow EI Nifio and La Nifia events have corresponded
to mean sea | evel i n Cal i f or mlsoaffedated bytplate p a st
tectonics and earthquak&zhanges to wateas well adand leves are important factors in

regionally downscaled projections of future sea levefollows that thesealevel rise

projections specific to California are more relevargffortsin the coastal zone of California

than projections of global mean sea level.

! Large movements of the tectonic plates have been a third major mechanism for changes in global sea level. The
time periods for plate movements to significantly influence global sea level are beyond the time horizons used for
even the most fareaching lad-use decisions. Plate dynamics will not be included in these discussions of changes
to future sea level.

2 For further discussion of regional semdkvariations and regional sea level rise projectionsyseet al. 2010,
Slangeret al.2012 andLevermannet al.2013 as examples
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the monthly mean sea level has varied greatly throughout the years aatdéveral of the peaks occurred during
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http://www.elnino.noaa.gov/(ENSO datd)

APPROACHES FORPROJECTING FUTURE GLOBAL SEA LEVEL RISE

This section provides an overview of some of the more-kvelivn approaches that have been
used to project sea ldwehanges and their relevance to Califordippendix Bwill cover how
these projections can be used to determine water conditions at the local scale.

There is no single, weliccepted technique for projecting futsesa ével rise. Understanding
futuresea evel rise involves projecting future changes in glaciers, ice sheets, and ice caps, as
well as future groundwater and reservoir storage. Two subjects in particular present chiallenges
sealevel rise modeling. Firstuture changes to glaciers, ice sheaitsl ice caps are not well
understood and, due to the potential for-inear responses from climate change, they present
many difficulties for climate models (Overpeck 2006; Pfeéfeal. 2008; van den Broeclet al

2011; Alley and Joughi@012; Shepherdt al.2012; Littleet al.2013). Second, the actual
magnitudes of the two humamnduced changespumping of groundwater and storage of water

in reservoirg are poorly quantified, but the effects of these acéisiire understood and can be
modeled (Wadat al.2010) Despite these challenges, $®zel rise projections are needed for
many coastal management efforts and scientists have employed a variety of techniques to model
sealevel rise, including:
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Extrapolaton of historical trend;

Modeling the physical conditions that cause changes in sea level;
Empirical or semempirical mé¢hods; and

Expert elicitations

e

There are strengths and weaknesses to each approach, and users ofeaey/rssaprojections

should recognize that there is no perfect approach for anticipating future conditions. This section
provides users of the Guidance document with a general undergtafidieveral of the most

widely used sedevel rise projection methodologies and thegpectiveadvantageand
disadvantagegigure A2 providesa visual summary of several of the more commonly cited
projections of future global and regional $&eel rise.
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Figure A2. Sedevelrise projectionsfor year 2100 from scientific literaturé&raphic summary of the range of
averagesea evel rise (SLR) projections by end of century (22200) from the peereviewed literature as

compared to the recent National Research Council regorffalifornia, Oregon and Washington. The light blue
shaded boxes indicate projections for California. Ranges are based on the IPCC scenarios, with the low range
represented by the B1 scenario (moderate growth and reliance in the future on technologicahtion and low

use of fossil fuels) and the high part of the range represented by the A1FI scenario (high growth and reliance in the
future on fossil fuels). Details on the methods used and assumptions are provided in the original references.
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Extrapolation of Historical Trends

Extrapolation of Istorical trend in sea level has been used for many years to project future

changes in sea level. The approach assumes that there will be no abrupt changes in the processes
that drive the longerm trend, anthat the driving forces will not changdowever,drivers of

climate change and séavel rise, such as radiative forcing, are known to be changmnaihis

method is no longer considered appropriate or viable in climate science.

A recent modificationd the hstorical trendmethod discussed aboveshaeen to estimate rates
of sedevel rise during the peak of the last interglacial (LIG) period (~125,000 years before
present, when some drivers of $eeel rise were similar to those todaghd use thesasproxy
recordsto projectsealevel rise rates to the 2Tentury. For example, Katsmatal.(2011) and
Vellingaet al. (2008) used the reconstructed LIG record ofleeal change (from Rohlingt al.
2008) to reconstruct séavel rise rates duringapid climate warming, and applied these rates to
estimate sea level gears2100 and 2200. Similarly, Kopgt al. (2009) used seavel rise rates
inferred from theLIG to estimate a range of skxvel rise forYear2100 betweend-3 ft (0.3-1

m). Compaed to traditional Istorical trendextrapolation, this modified approach has the
advantage of including the dynamic responses of ice sheets and glaciers to past global climates
that were significantly warmer than the present, but is limited by the laogetaimties

associated with proxy reconstructions of past sea level.

Physical Models

Physical climate models use mathematical equations that integrate the basic laws of physics,
thermodynamics, and fluid dynamics with chemical reactions to representgpyscesses

such as atmospheric circulation, transfers of heat (thermodynamics), development of
precipitation patterns, ocean warming, and other aspects of climate. Some models represent only
a few processes, such as the dynamics of ice sheets orcolerd Other models represent larger
scale atmospheric or oceanic circulation, and some of the more complex General Climate Models
(GCMs) include atmospheric and oceanic interactions.

Physical models of sdavel changes account for the thermal expansion of the ocean and the
transfer of water currently stored on land, particularly from glaciers and ice sheets (€trairch
2011).Currently coupledAtmosphereOceanGeneralCirculationModels (AOGCMs) and ice
sheet modelare replacingnergybalance climate models as the primary techniques supporting
sea level projections (IPCC 2013). Ocean density, circulation anevatare dynamically
connected in AOGCMs as critical components of the models includecsusfind stress, heat
transfer between air and sea, and freshwater fl&@&CM climate simulations have recently
been used as input for glacier models (Marzeioal. 2012) which project landvater

contributions to sekevel.

The Intergovernmental Pdren Climate Change (IPCC) is one of the main sources of peer
reviewed, consensdmsednodelinginformation on climate change. The IPCC does not
undertake climate modeling, but uses the outputs from a group of climate models that project

% During the last interglacial, global mean temperature w2&Clwarmer than the piadustrial era (Levermanet
al. 2013), while global mean sea level was lik&6/429.5 ft 6-9 m) abowe present mean sea level (Kogtgal.
2009; Dutton and Lambeck 2012; Levermantial. 2013).
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future temperatw, precipitation patterns, and deeel rise, based on specific emission
scenariosEarly in the 1990s, the IPCC developed basbdel input conditions to ensure
comparable outputs from the various models. The IPCC initially developed scenarios of future
emissions, based on energy development, population and economic growth, and technological
innovation. Four families of scenarios (Al, A2, B1, and B2) and subgroups (A1B, A1FI, A1T)
were developed and used for climate andeesl rise projectionfor early IPCC repors$ (1990,

1995, 2001, 2007). IPCC used 4 new scenariothfs " Assessment Rep@ARS5) in 2013

based on Representative Concentration Path{R@®s)that are different greenhouse gas
concentration trajectories. Thesajéctories bear similarities,tbut ae not directly comparable

to the earlier emission scenari®sojections in IPCC AR5 (2013) differ from the earlier IPCC
projectons due to improgments in climate science, changes due to the new scenarios, and
changes in the models to accommodate the new inputs, with improvements in climate science
and model capabilities driving the bulk of the changes.

Onefinding oftheearlier2007 IPCC reportalledfor improvedmodeling of ice dynamics.

Focused research on ice dynamics to improve the ability of climate models to address the scale

and dynamics of change to glaciers, ice sheed ice capgas subsequently undertak@ng,

Priceet al.2011; Shepherdt al.2012; Winkelmaret al.2012; Bassis and Jacobs 2013; Ligte

al. 2013).Recent modeling results presented in the AREC 2013) reflect the scientific
communityds increased understanding in, as we
glacier melting and ocean thermal expansiosemével change. AR5 scenarios reflect a greater

range of global selavel rise (2898 cm based on improvechodelling of lanéice contributions

SemtEmpirical Method

The semiempirical method for projectingea ével rise is based on developing a relationship
between sea level and some factor (a proxgftenatmospheridcemperature or dhative forcing

T and using this relationship to project changestolevel. An important aspect fitre proxy is

that theras fairly high confidence in models of its future changes; a key assumption that is made
by this method is that the histoalaelationship between sea level and the proxy will continue

into the future. One of the first projections of this kind was based on the habtetationship

between global temperature changes and sea level changes (Rahmstorf 2007). This semi
empirical appoach received widespread recognitfonits inclusionof sealevel rise projections.
These projections looked at the temperature projections for two pfeti®usiPCC (2007)

emission scenarios that span the likely future conditions within thep drame@waoski B1, an
optimistic, lowrgreenhouse gasmisson futureand A1IFl a mor eastidbuwasli mefses si |
intensive futuré. The Rahmstorf2007sealevel riseprojections were used in the California 2009
Climate Change Scenarios Assessn(€alyan2009).

Since the initial seraempiiical projections for future sdavel rise (Rahmstorf 2007), other
researchers have published different projections based on the IPCC scenarios, using different

*When the IPCC began examining climate change, the available models used a broad range of inputs. In an attempt
to evaluate the different model outputs based on the different model charactexibgcghan the inputs, the IPCC
developed a number of standgmenhouse gammission scenarios. These scenarios are descrilb&esponse

Strategies Working Group I[IPCC 1990). In general, the B1 scenario projdutsldowest temperature and sea leve
increases and the A1FI projects the highest increases.
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data sets or besit relationships’ Notably, Vermeer an®ahmstorf (2009) prepared a more
detailed methodology that includes both stiertn responses and longerm responses between
sedlevel rise and temperaturéhese 2009 projections of deael rise were used in thieterim
Guidance on Sekevel RisdOPC2010) and the California 20Mulnerability and Assessment
Report(Cayan 2012).

There are also several new seanipirical sedevel rise projections based on scenarios other

than those developed by the IPCC. For instance, Katstr&@ln(2011) use@ hy br i do appr o
that is based on one of the newer radiative forcing scenarios and empirical relationships between
temperature change and sea level. Future projections were then modified to include contributions
from the melting of major ice sheets basedexpertjudgmefit Thi s yi el ds what t
endo SLR prYegrselo0andd2208 untleo several emissions scenarios.

Zecca and Chiari (2®) produced serempirical sedevel rise projections based on their own

scenarios of when fossiléuresources would be economically exhausted. Though based on a
different set of assumptions about human behavior/choices, in terms of global temperature and
radiative forcing, the scenarios do not differ greatly from the IPCC scenarios. The results are
identi fied asuibeolevg asaé prageations forthigh, medium, low fuel use
scenarios, and Amitigationodo (extreme and i mme
The report then provides projections for the 2Q@00 time period.

Expert Elicitation

Expert elicitation is ne of the newer methods that hdeen used for projecting or narrowing
ranges of future sea level risggsing epert judgment has been an important aspect of scientific
inquiry and the scientific metho@he method of &pert elicitation is a formalized use of experts
in climate science and sea level change to help either narrow uncertainty for sea level
projections, or to help withpecifyingextremes ofrange. The elicitation method normally
begins with exprts refiningmodel output informatiorOne of the first attempts to use expert
elicitation for sea level rise was a study by Titus and Naraydr@@6) when it was thought

there was only 1% probability that sea level would ex@®@&dt (1m) by Year21(0. In 2011,

the Arctic Monitoring and Assessment ProgramReport(AMAP 2011)surveyed the climate
literature to construct a range of estimatesea level risby the year2100, and thenseda

panel of experts to decide on a smaller, more plausibler&igg surprisingly, the projections
supported by the AMAP expertdIfright in the middle of the range shownkigure A2.

Bamber and Aspinall (20138jsed a statistical analysis of a large number of expert estimates to

® Semiempirical projections of sdavel rise using relationships between water level and radiative forcing such as
those from Grinstedt al. (2009, Jevrejevaet al.(2010), Katsmarmt al.(2011) Meehlet al. (2012, Rahmstorkt

al. (2012), Schaeffeet al.(2012), and Zecca and Chiari (2012) have shown general agreement with the projections
by Vermeer and Rahmstorf (2009). The Grinstedl. projections have a wider range than those of Vermeer and
Rahmstorf, while thdevrejevaet al. projections are slightly lower. All sereimpirical methods project that sea level

in Year 2100 is likely to be much higher than linear projections of histdrieadls and the projections from the

2007 IPCC.

® Expert judgment has long been part of the scientific process. Expert elicitation, which is a formalized process for
using expert judgment, has grown in importance and is discussed as a separate &ppogebting future sea
level rise.
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devel@ their projected range of future sea leyebjecting sea level rise by 2100 ranging from
1i 4.3 ft (0.33 1.32 n), under one of the intermediate AR5 scenarios (RCP 4.5)

Hortonet al (2014) surveyed experts in sea level science, based upon published papers, to
develop a probabilistic assessment of loegn sedevel rise (bythe year2100 and 2300),
assuming two very different scenarios. Under one scenario, aggressivevediaddmit
greenhouse gaoncentrationshat would cause global temperature to increase slightiy
about 2050 when it would slowly drop (AR5
temperatures would continue t oscenario)bExpearts e t
determined that it is likely that sea level rise could remain b8I8vit (1 m) for the low

emission scenario (RCP 2.6), but that the likely range of futuriegelerise for the high

emission scenario (RCP 8.5) could8-9.8 ft (2-3 m).

S
r

Kopp et al (2014) haveeombined detailed process modeling, community assessments and expert
elicitation to assign probability distributions of local $&eel rise through 2200 fodentified
communities around the world. Under the high concéaotracenario, RCP 8.5, Ko al
estimate the fAmaxi mum physdtaecbad.2lftY.5 p)dostseiydat e r
2100 This study also finds thata ével rise along the Pacific Coast of the US is close to the
global average, andeHikely range okea évelis 2-3.3 ft(0.6-1.0 m) by the year2100 at San
Francisco, under the high concentration scenario. In coritrastas of high subsidence such as
Galveston, Texashe likely range otea ével in by 210Ganges fron8.3 to 5ft (1.0-1.5 m).

And, at many of the localities that were examined, including San Franciscoyrtbet in-10

year flooding event is likely to occur every other year by 2100 (five times more frequently) due
to sea ével rise; the frequency of theid-100 year event is expected to doublethy year2100

with seadevel rise.

Coastal communities cannot ign@ea ével rise in longerm planning, permitting and project
design.The four different approaches to projecting futsea ével rise all have vgig strengths
and weaknesses.sAioted earlier in thisection projections like modelswill not be completely
accuratebutthey are important tools for evaluation etreles$. The most commonly cited
projections provide futursea ével as a ranges a way tallow for many of the uncertainties
that are part of future climate change. Often, projectiosseatvel rise rely upon multiple
approaches. For example, the 20d&ional Research CouncNRC) report was developed
through expert judgmentdhcombined information from both physical models and semi
empirical projections.

"George E.P. Box, mathematician and statistician is
are useful .o
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BEST AVAILABLE SCIENCE ON SEA LEVEL RISE

Global Projections of Sed_evel Rise

The best available scienoa global sea ével rise projections is currently tHeCC Fifth
Assessment Report: Climate Change 2@4R35) released in September 2013. The new report
now projects a more rapgka ével rise than thBourth Assessme(®R4) released in 200 By
Year2100, the AR5 projects globséa ével to be more than 50Btgher (2698 cm) than the

old projections (1&9 cm) when comparing similar emission scenarios and time pefioels.
increase iIMARS5 sea ével projeabnsresults from improved modéllg of landice contributions.
Substantial progress in the assessmemixteme weather and climate evelmés also been made
sincethe AR4 asmodels now better reproduce phenomena likéethgifio-Southern Oscillation
(ENSQ IPCC 2013).

National Projections of Sed_evel Rise

Thethird National Climate AssessmdiNCA) was released in May 201Melillo et al), and
includes the current beatailable science otlimate change angea ével riseat the national
scale® Thesea ével rise projections in the NCA were informed by the 2012 NOAA report titled
Global Sea Level Risgcenarios for the United States National Climate AssesgPaimiset

al.). This reporprovides a set of four scenarios of future glate eével rise, as well as a
synthesis of the scientific literature on globah ével rise. The NOAA ClimatProgram Office
produced the report in collaboration with twelve contributing auth®he report includes the
following description of the four scenariotsea ével rise by the year 2100

1 Low scenario: The lowest sea level change scenaaioge of8 in (20 cm) is based on
historical rates of observed sea level change.

1 Intermediate-low scenario: The intermediatéow scenariod rise of1.6 ft 0.5 m) is
based on projected ocean warming

1 Intermediate- high scenario: The intermediatdigh scenarioq rise 0f3.9 ft (1.2 m) is
based on projected ocean warming and recent ice sheet loss

1 High scenario: The highest sea level change scenariage 0f6.6 ft (2 m)) reflects ocean
warming and the maximum plausible contribution of ice sheet loss andlgtaadting.

TheParriset al (2012 reportrecommends that the highest scenario be considered in situations
where there is little tolerance for ridkalsoprovides steps for planners and local officials to
modify these scenarios to account for lamahditions.These steps are intended for areas where
local sea ével rise projections have not been developed Californiathe 2018 OPCSLR
Guidancereport (below) provides scenarios that have been refined for use at the local level,

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

® Authors include NOAA, NASA, the B Geologic Survey, the Scripps Institution of Oceanography, the US
Department of Defense, the US Army Corps of Engineers, Columbia Utyvéha University of Maryland, the
University of Florida, and the South Florida Water Management District.
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and the Coastal Commission recommends using ti@PC projections rather than the global
or national scenarios

Califor nia-Specific Projections of Sed evel Rise and Best Available Science

The State of California has longsupported the development of scientific information on
climate change and sea level rise to help guide planning and decisimaking. For example,
the State helped support the development of tH2012 National Research Count{NRC)
report, Sealevel Rise for the Coasts of California, Oregon, and Washington: Past, Present,
and Future, which provided an examination of global and regionakea kvel rise trends and
projections of future sea levelThis report was then incorporated into the Ocean Protection
Counc i | Shase Sed@velRise Guidanceand wasconsidered the best available science
on sealevel rise for California.

More recently, and in response to the release of new scientific studies related to sea level

rise, Governor Brown directed the OPC to synthesize recent science on sea level rise and
incorporate findings into updates to the Stée Guidance. In April 2017, a working group of

OPCOGs Science Advisory team (comprised mainly
academic institutions in California and throughout the country) released a report titled

Rising Seas in California: An Update on Sdaevel Rise Sciencd he report highlighted

seven key findings:

1. Scientific understanding of sea level rise is advancing abpid pace Sea level rise
projections have increased substantially over the last few years, particularly for late
in the 21st century and under high emissions scenarios, due to our evolving
understanding of the dynamics of ice sheet loss. However, thesestill significant
uncertainty reqarding these processes.

2. The direction of sea level change is cle@oastal California is already experiencing
the impacts of rising sea levels, and impacts will increase in the future.

3. The rate of ice loss from the @enland and Antarctic ice sheets is increasihce sheet
loss will soon overtake thermal expansion of seawater #se primary driver of
rising sea levelsDue to a variety of ocean circulation dynamics, ice loss from
Antarctica, and particularly West Antarctica, has an outsized impact on California
compared to the rest of the world(Figure A-3). Continued research on this dynamic
is critical for accurately projecting future sea level rise along our coast.

4. New scientific evideece has highlighted the potential for extreme sea level.rRecent
research (e.q., DeConto and Pollard, 2016; Sweet et al., 2017) has found that, if
greenhouse ga emissions are not curtailedglaciological processes could cross
thresholds that lead to rgidly accelerating and efectively irreversible ice lossThe
probability of this_extremescenario is currently unknown, but its consideration is
important. Significant reductions in greenhouse gas emissions may reduce the
likelihood of this extreme scenario, but does not completely eliminate the risk.
Importantly, it is difficult to determine if the world is on the track for extreme and
irreversible ice loss for some time because the processes that drive extreme ice loss
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in the later part of the century or beyond are different than those that are driving

ice loss now.

WAIS

Figure A3.{ SI t SPSf WFAYISNIINAY(iaQ NBvwatkfaiping the EBrdBN enstBn§ R A & (i N
gravitational and rotational effects. The maps depict the relative response of-kmael to the loss of ice mass

from (a) Greenland Ic&heet (GIS) and (b) West Antarctic Ice Sheet (WAIS). The color bar represents the

fractional departure of relative sea level rise from that expected given the ice contribution to global mean sea

level. For example, when ice is lost from the Greenland lbe& the relative effect on the US West Coast is 75%

of the sealevel rise expected from the water volume added to the ocean. By comparison, when ice is lost from

the West Antarctic Ice Sheet the US West Coast experiences 125% déwelaise from that epected from the

water volume added from Griggs et al. 201}

5. Probabilities of specific setevel increases can inform decision& probabilistic
approach to sea level rise projections, combined with a clear articulation of the
implications of uncertainty and the decision support needs of affected stakeholders,
is the most appropriate approach for use in aolicy setting.

The OPC Scientific Working Group utilized a comprehensive probability approach

based on Kopp et al. (2014) that estimates both a comprehensive probability

di stribution and the Il ikelihood of extreme
that probabilisti ¢ projections do not provide probabilities of occurrence of sea level

rise, but rather probabilities that the ensemble of climate models used to estimate
contributions of sea level rise (from thermal expansion, ice sheet loss, oceanographic
conditions etc) will predict a certain amount of sea level rise.

Note that the probabilistic projections do not consider the H++ extreme ice loss
scenario. The extreme ice loss studies were not included in the inputs to the model
ensemble, which means the probability igtributions may be an underestimate™

6. Current greenhouse gas emissions policy decisions are shaping our coastal future
Before 2050, differences in SLR projections under different emissions scenarios are

10 The 4" California Climate Assessment developed projections that present a broader range of SLR estimates than the

Rising Seas sciencereportandhe 2018 OPC SLR Guidance. Both programsé proje
contributions to SLR from primary sources using different methods, including model projections and expert input.

However, the 4" Assessment incorporates the findings from theecent studies regarding the potential for rapid loss of

Antarctic ice sheets (which results in the H++ scenario of about 10ft. of SLR by 2100) into its probabilistic projections

whereas the OPC reports do NOT include this possibility in the probabilistiprojections, as explained above.
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minor. After 2050, SLR projections increasingly d@end on the trajectory of
greenhouse gas emissions. If greenhouse gas emissaeaot curtailed worldwide,
we will see significantly higher rates of sea level rise during the second half of the

century.

7. Waiting for scientific certainty is neither a safeor prudent option Taking action
today to assess vulnerabilities and identify and implement adaptation strateqgies will
prevent much greater losses than will occur if action is not taken. Taking a
precautionary approach that considers high and extreme soarios is critical for
safequarding the people and resources of coastal California.

This scientific infor mat iStataSedavel RiserGaidancp:or at ed
2018 UpdateThe OPC Guidance includes projection tables for 12 tide gauges along the

California coast for each decade from 2030 to 2150. OPC further recommends utilizing

three different projection scenarios to quideplanning, permitting, investment, and other

decisions based on the type of project, its ability to cope with or adapt to sea level rise, and

the consequences to the environment and the project associated with sea level rise. The
projection table for the San Francisco tide gauge is provided belowT@ble A-1), and tables

for other California tide gauges are presented ilAppendix G. The 2018 OPC SLR

Guidance (along with the foundational Rising Seas scieaceport) is currently considered

best available science on sea level rise for the State of California.

The Coastal Commission recommends that the low, medhigh, and extreme risk
aversion scenarios from the OPC 2018 -Seael Rise Guidance be caferedin all
relevant local coastal planning and coastal development permitting decisions.
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Table Al. Sea Level Rise Projections for the San Francisco Tide Gg@feC 2018)

Projected Sea Level Rise (in fe€dan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet etal. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 1.1 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 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 climatemodel 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 @dtiecaution and acknowledgement of increased
uncertainty around these projections.

11 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 occurrerrejections are with
respectto a baseline year of 2000 (or more specifically, the average relative sea level over 180809. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include lowemissions scenarios,y 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 ascessary, including

if emissions trajectories change.
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his Appendix provides technical informatioggarding how taletermine local hazard

conditions for sea level rise planning efforts. This process is described more broadly as

Steps 13 in Chapters 5 and 6 in this documeartd includes determining a range of sea
level rise projections and analyzing the physicalat$f@and possible resource impacts of sea
level rise hazards

Water level varies locallysothis analysis must be performed oregional orsite specificbasis,

and applicants and planners should prioritize obtaining data or conducting researclomette c
geographical scal@he 2018 OPC Sed evel Rise Guidancds considered the best available
science on_ Cal i f or n|aadtse Conangsiom reeommends asing iewhean |
sea levelise projections are needed. Equivalent resources magdukeby local governments

and applicants provided that the resource is-peaewed, widely accepted within the scientific
community, and locally relevarif.

Much of the research by tihetergovernmental Panel on Climate ChangC(C) and others has
focused on global and regional changes to mean sea level. However, the coast is formed and
changed by local water and land conditidrmzcal tidal range influences where beaches,

wetlands and estuaries will establish; waves and currents are major driskeesealine change;
andstorms and storm waves are often the major factors causing damage to coastal development.
It is local conditions that influence beach accretion and erosion, storm damage, bluffaetreat
wetland function.

Local water levels alonthe coast are affected by local land uplift or subsidence, tides, waves,
storm waves, atmospheric forcing, surge, basoe oscillations, and tsunamis. Some of these
factors, such as tides and waves, are-pvesent and result in evehanging shifts ithe local
water level. Other drivers, such as storms, tsunamis,-seismic uplift or subsidence, are
episodic but can have important influesoa water level when they occur. The following
section discusses these factors in the contesg@ievelise and how to incorporate them into
planning and project analysis.

In most situations, high water will be the main project or planning concern. For wetlands,
intertidal zone betwedow and high tides will be of concern, while in some special sitagtio

such as for intake structures, low water might be the main concern. In situations where low water
is the concern, current low water is likely to be the low water planning condition and there may
be no need to factor futusea levetise into those pject or planning situations. imostother
situations, hazards analyses will need to accoursdardevelise. The following box identifies

some of the key situatioms which itmay be important for coastal managers and applicants to
considersea levetise during project review.

" This appendixs written in sub a way that it complements theterials from the 2012 NRC Reparid the2018
OPC SLR Guidance, which is currently considered thest available science on sea levg in California

As new reports are issued in the future, Commission staff will assess whether theybghcmtddered the best
available science and updale approaches or terminologythis Appendix accordingly
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General situations needing sea level rise analysis include when the project or plannir
site is:
1 Currently in or adjacent to an identified floodplain

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

1 Currently in a location protected from flooding by constructed dikes, levees,
bulkheads, or other floogtontrol or protective structures

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

Reliant uporshallow wells for water supply

For situations where futusea ével conditions will be importarior the analyses of hazards or
resource impactghe followingsectionsare provided as guidance for determining local hazards.
Figure B1 shows the general progression for going from global sea level projections to the
possible consequences or impacts that can result from local water levels.

The following information provides guidance on using temporalhd regionallyappropriae

sea level rise projections to determine future tidal elevations and inundation, future still water,
future shoreline change and erosipatential flooding, wave impacts and wave runup, and
flooding from extreme eve

Most of these aalyses must awir sequentiallySea level rises used to determine changes in

tidal conditions, and tidal conditiomsecombined withfuture surge, El Nifio Southern

Oscillation (ENSO) events, and Pacific Decadal Oscillations (PDOs) to estimate local still water.
Changps in the frequencies of still water levels willturn affect erosion rateandthe amount of
erosion will affect future wave impacts, runup and flooding.

To be consistent with other sections, these different efforts are presented as Steps, with a
disaussion of how to accomplish each and the expected outcome. Depending upon the planning
or project concerns and required analysis, it may not be necessary to procdsességpand

readers should use their judgment as to wherhsare relevant to thegoncerns. For example,

if the concern is about runup on a renosive slope due to an increase in the still water level of
5.5 ft (1.7 m) the guidance on wave runup analysis may be all that is necessary.

8 Importantly, the 2018 OPCSLR Guidance includes projections tables for 12 tide gauges throughout
California, and for every 10 years from 2030 to 2150. As such, adjusting the projections to account for more
localized conditions or specific years is likely unnecessary. This is a changenfi the 2012 NRC report, which
included projections for north and south of Cape Mendocino and for only three time periods. Thus, sections
within this Appendix that pertained to developing temporally and spatially-adjusted projections (including
mathematic interpolation methods) have largely been removed in the 2018 update
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Step Ii
Step 2
Step 3
Step 4
Step 5
Step 6

Develop temporallyand spatiallyappopriate sea level rise projections
Determine tidal range and future inundation

Determine still water level changes from surge, El Nifio events and PDOs
Estimate beach, bluff, and dune change from erosion

Determine wave, storm wave, wave runup, and flooding conditions
Examine potential flooding from extreme events

! b2dS 2y | @8RNBReylIYAO a2RSfa OSNhAdzA a.
It is important to be aware of the differences between acstledd 6 | (1 K& dzo T A f
hydrodynamic models, and the related pros and cons of each for analysis of sea level 1
AYLI OGad LYy 3ASYSNIEX aolKGdzo FAEEE NB
based solely on elevation. In other wordssef level is projected to risef3(1 m), thereby
increasing flooding/inundation from a current elevation of #6L(B m)to +13ft (4 m), these
models will, in general, flood everything below the #1@m)elevation. The modelindoes
not take into cosideration whether the new flood areas are connected to the ocean, no
does it consider how the changes to the water level will change wave propagation or
overtopping of flood barriers. This is a significant oversimplification of the processes
involved inflooding, but it provides value in allowing individuals to gain a broad view of
general areas that could be impacted by sea level rise without requiring a great deal of
technical information.

Conversely, ydrodynamic modeling takes into account thetaiés of local development
patterns and the characteristics of waves and storms, and can therefore provide a muc
0SUOGSNI dzyRSNEGFYRAY3I 2F 20t aSI t S@SH
models. In particular, hydrodynamic models take iatzount factors that alter flooding ant
inundation patterns and impacts. Such factors may include the extent and orientation o
developmentc for example roadways and linear features that tend to channelize water
flows, and buildings or flood barriersahcan block and divert flowsas well as the
conditions that contribute to flooding and inundation, such as wave conditions, flow
velocities, the extent of overtopping, and so on. Although the initial development of the
modeling grid that is used to degtithe community development patterns can be quite
time-consuming to create and the model output will change with differing grid designs
(Schubert and Sanders 2012), once the grid is developed, hydrodynamic modeling can
used to better characterize areas$ flooding and to distinguish areas of concentrated
flooding from those areas that may experience small amounts of flooding only during p
conditions (Galliert al.2011,2012).

Significantly, many of the analyses described in this Appendix are the kinds of analyse:
32 0Se@2yR ol GKGdzo FAffE& Y2RSEAy3a (G2 A\
the more locationspecific impacts for which planners should prepare.
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From Global Sea-Level Rise

INPUTS

-
Ocean Temperature

Warmer = sea level up

Cooler = sea level drop

kOcean Water Mass
More water/floating ice = sea level up
Less water/floating ice = sea level drop

kSeismic and aseismic changes
Subsidence = sea level up
Uplift = sea level drop

Winds, Circulation, Low-pressure
systems, El Nifio, PDO

.

( Tides
High tide = sea level up
Low tide = sea level drop

to Local Consequences

Global Mean
Sea Level

A 4

Regional Mean
Sea Level

N

Local Mean
Sea Level

v

-
Shoreline Change
Erosion = sea level up
Accretion = sea level drop

-

Waves

-

A 4

Local still
Water Tidal
Datum

v

—

h 4

Local Water
Conditions

-

CONSEQUENCES

Inundation and
Groundwater Salinity

Flooding, Wave
Damage, and Erosion

Figure Bl. General pocess fotranslatingglobal sealevelrise tolocalconsequences
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Step 1¢ Develop emporally- and spatially-appropriate sea levelrise projections

a. ldentify the nearest tide gauge

The 2018 OPC Sed evel Rise Guidancecontains projection tables for 12 tide gauges
along the California coast in order to account for localized trends in relative sea level
rise, related mainly to different rates of vertical land motion. The 12 tide gaugesre
mapped in Appendix 2 of the OPC Guidance (andapied in Appendix G here). OPC
directs users to identify the nearest tide gaug® the project or planning siteand to use
the associated projection table in planning and periitting. In some cases it may be
appropriate to interpolate between two tide gauges (if the project site is equidistant
between tide gauges) or to use more localgpecific scientific data, if available. In many
cases, though, the differences among projeotis (either between two tide gauges or
from _more localized data) are likely to be small, and therefore may be insignificant
compared to overall uncertainty in modeling and/or future greenhouse gas emissions
scenarios.

b. Determine appropriate planning horizon or expected project lifeand identify relevant
sea level rise projections

The first step in @ea levelise analysiss to determine the appropriate planning horizon
based on the expected life of the project. Thgdorhe life of a project or planning horizon,
the greater the amount eéa levelise the project or planning area will experience.

Local governments should select their planning horizons to evaluate a broad range of
planning concerns. Planning honsxould address the 2Qear time period that is typical for
General Planupdatesas well aghe longrange planning that is necessary for infrastructure
and new developmerithe 20-year planning horizon may help identify areas within the
coastal zone that are now or will soon be vulnerable to searieestlated hazards as an aid
for focusing adaptation planning on the areas of greatest lneeal. Coastal Programi.CP)
planning will likely use multiple planning horizons and undertake hazards analyses for
multiple time periods, multiple sea level rise projectjardoth.

At the project level, the LCP may provide insight into the time period that should be
considered for thexpected project life. At present, LCPs typically provide only a single
standardif any) for the expected life ad structure or developmergyuch a$0, 75, or 100
years. Future LCPs and L@fnendmenrd (LCPAs)may find it useful to provide greater
guidance on expected project life, with differentiations among major development or use
classifications. For example, a general range may be chosen based on the type of
development such that temporary structures, ancillary development, amenity structures, or
moveable or expendable construction should identify a relatively short expected life of 25
years or less. Residential or commercial structuvbegh will be around longeshould

choose a time frame of 75 to 100 years to consider. A longer time frame wédi@0r more
should be considered for critical infrastructure like bridges or industrial facilities or for
resource protection or enhancement projects that are typically meant to last in perpetuity.
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For projects with long lead times, the analysis ofantp from sea level rise should use the

projections for the time period when the development will be in use, rather than the current
periodbecauséhe trajectory ofuture sedevelriseis not expected to be linedtor example,

a project built today will experience lessa levetise over a 5§ear lifetime about 1.9 feet

under thehifighiedriiusnrk aversi ono scenar)ithan at t he
the same project if it were built in the year 208bdut5f e et under -higlhe A medi t
ri sk aversiono scenari o )dhus,fitisimpoBamtio Fr anci sco
understand the anticipated project life of a structure and the associated planning horizon

before starting an analysis feea levelise concans.

As explained in Chapteb and6, the point of this step is not to specify exactly how long a
project will exist (and be permitted for), but rather to identify a projectitiieframe that is
typical for the type of development in question so that the hazard analyses performed in
subsequent steps will adequately consider the impacts that may occur over the entire life of
the development.

Once the appropriate planning/project horizon has been identified, thassociated
projection for that time period can be identified using the projection tables from the
2018 OPCSLR Guidance. These tables include projections for each decade from 2030
to 2150.

As explained elsewhere in this Guidance, project characteristics (including its ability to
withstand or adapt to different sea level rise amounts and the consequences associated
with underestimating the amount of sea level rise that occurs) should igle users in
choosing which scenario to assess for a particular planning horizon. As general
guidance, the Coastal Commission continues to recommend that planners or project
applicants take a precautionary approach by evaluating higher sea level rise amagn

(for example, the mediumhigh risk aversion scenario for most development, or the
extreme risk aversion scenario for critical infrastructure).
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Step 2¢ Determine tdal range and titure inundation

One of the most basic examinations of changindesed conditions has been to determine the

new intersection aiean sea level or other tidal datdisith the shoreline. This is a basic

Abat htubo analysis since it | ooks oiely at the
regularly submerged under water)subject to tidal or wave actioRor example, future subtidal
levels would be the current subtidal limit plus projected regional meahevelise. Future

intertidal zones would be bounded by the future higher highléivel (current higher high water

plus projected regionakea levelise) and future lower low tide levels (current lower low water

plus projected regionaka levelise)* For some projects, such as wetland restoration, the
identification of future inndation zones may be the only sea level analysis needed for project
evaluation. However, if the shoreline is eroding, the location of this elevation would need to also
incorporate the rate of erosion. So, if the shoreline is expected to erode due &ethurage

attack, not only will the intertidal zone move up in elevation, it will be both higher than and
inland of the current zone.

Future WaterElevation=Current Tidal Datum + Projected Sea Level Rise
OR

Future WaterLocation= Intersection ofuture Water Elevation with Future Shore Locati

Future water location wikxtend to theew inundation elevatioon the future shorelin€n

beaches with a gradual slope, this can move the inundation location significantly inland, based
on the geomeir conditions of the beach. (This typeanalysis is often called the Bruun Rule).

On a stable beach with a slope of 1:X (Vertical:Horizontal), every foot of vestedkvelise

will move the hundation area horizontally & inland. For a typical:60 beach, every foot of

sea level would move theundation zone inland by 6Q 1f the beach is eroding, the loss due to
erosion will add to the loss resulting fronundation.

Figure B2 shows the influence of tides aséa levetise on lowwave energy beachebable B

1 provides some useful resources for inundation studies. Local Tidal Elevations are available
from tide gauges maintained by NOAA. Where there are no nearby gauges, NOAA recilsmmen
the VDatum software.

99 Tidal datums are based on the latest National Tidal Datum Epoch (NTDE) published by &f0/&fe the mean
of the observed sea levels over ay#ar period The latest published epozh19832001.This tidal epoch can be
considered equivalent to the year 2000 baseline foDE€ projections.

100 Hjstorical trends of high and low tide have changed differently than mean sea levek{Eick003). Based on
historical trends, the changéo various tidal elements are likely to track closely with, but not identically with,
changes to mean sea level. The future variability of changes to the tidal components, compared with changes to
mean sea level will normally fall within the uncertaifity sea level rise projections and can be disregarded in
almost all situations. As this phenomenon of tidal change is better understood and can be modeled, it may be
appropriate in the future to include the changes in tidal components into the analysigdation and various water
level projections.
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Future Mean Sea Level

Sea Level Rise

Current Mean Sea Level

Current Tidal Range

Figure B2. Sedevel rise anadthanges taide range andntertidal zone. (Source: L. Ewing, 2013

Table Bl. General Resources for Inundation Studies

Resource

Aerial Photographs

Description
Useful for general information on
shoreline trends; ortheectified
photos can help quantify trends

Link
California Coastal Records Project,
www.californiacoastline.org
Huntington Library; Local Libraries

LIDAR

Fairly detailed topography providing
GIS layers for current conditions ari
comparable with LIDAR data sets f
temporal changes.

NOAA DigitaCoast
http://coast.noaa.gov/digitalcoast/data/|
coastallidar

Topographic Maps

Useful for basemaps to overlay site
changes; often not at a scale to
distinguish small changés
inundation or tidalaction.

USGS Map Center,
http://www.usgs.gov/pubprod/maps.ht
mi

NOAA Sea Level
Rise and Coastal
Flooding Impacts
Viewer

Useful to show changes in water
level location if there are no change
in the land due to erosion.

NOAA Digital Coast,
https://coast.noaa.gov/digitalcoast/tool
s/slr.html

NOAA Tidal Data

Measured and predicted tidal
components for locations along the
open coast andh bays.

NOAA Center for Operational
Oceanographic Products and Services
http://tidesandcurrents.noaa.gov/

NOAA Technical
Report NOS 2010
01: Technical
Considerations for
use of Geospatial
Data in Sedevé
Change Mapping
and Assessment

Provides technical guidance to
agencies, practitioners, and decisio
makers seeking to use geospatial
data to assist with sea level change
assessments.

NOAA National Ocean Service
http://www.tidesandcurrents.noaa.gov/
publications/tech rpt 57.pdf
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A Vertical Datum Transformation
program that allows users to
VDatum Software | transform geospatial data among
various geoidal, ellipsoidal and tida
vertical datums.

Represents inundation location and
depth for the San Francisco Bay, th
SacramenteSan Joaquin River Delt
and California coast resulting from
different increments of sea level
CalAdaptg rise coupled with extreme storm
Exploring events. Incorporates real, time

/[ It AF 2 NJY A| series water leel 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 et al., 2017).

NOAA National Ocean Service,
https://vdatum.noaa.gov/

http://cal-adapt.org/tools/slkcalflod
3d/

Estimating Sea
Level for Project

Caltrans Office of Land Surveys,

Provides guidance on converting http://www.dot.ca.gov/hg/row/landsur

tidal datums and predicting future

Initiation veys/SurveysManual/Estimating Sea
sea levels
Documents vel_vl.pdf

Outcome from Stef: Provide information on the projected changes to the tidal range and
future zones of inundation. For locations without any influence from erosion, storm surge, or
wave energy, the identification of new inundation areas may be sufficient for project analysis
and planning efforts. This projected new inundation area may also be useful for anticipating the
likely migration of wetlands and leenergy water areas or as input for analysis of changes
groundwater salinity. For most open coast situations, this métion will be used to inform

further projectplanning andanalysis that examines erosion, surge and storm wave conditions.

Step 3¢ Determinestill water changes fromsurge, El Nificevents, and PDOs

Estimates of surge, El Niflo, and PDO walvation changes are developed primarily from
historical records. There are no statiele resources for this information, although it may be
included in some Regional Sediment Management Plan st@kesral guidance on water level
changes that can bepected from surgéel Nifio evens, and PDOss provided inTable B2.

The remaining discussion provides general information on some of these phenomena
provided to acquaint readers to the main issues associated with paenomenon.
Readers with a strong background in oceamospheric conditions may want to skim or
skip the rest of this section

Appendix B: Developing Local Hazard Conditions 230


https://vdatum.noaa.gov/
http://cal-adapt.org/tools/slr-calflod-3d/
http://cal-adapt.org/tools/slr-calflod-3d/
http://www.dot.ca.gov/hq/row/landsurveys/SurveysManual/Estimating_Sea_Level_v1.pdf
http://www.dot.ca.gov/hq/row/landsurveys/SurveysManual/Estimating_Sea_Level_v1.pdf
http://www.dot.ca.gov/hq/row/landsurveys/SurveysManual/Estimating_Sea_Level_v1.pdf

California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

The Pacific Ocean is a complex system. Sea level in the Pacific Ocean responds to multiple
oceanic and atmospheric forcipjenomena, occurring with different intensities and at different
temporal and spatial scales. Some phenomena may reinforce each other, wisil@ayrest in
opposition, reducing the net effect. Scientists and researchers are attempting to identify the
various signals from the multiple phenomena, but these are nascent sciences and there is still
much we need to learn.

Regional water levels can be influenced by surge as well as by high and low pressure systems.
Surge is a shoiterm change in water elevwan due to high wind, low atmospheric pressure, or
both. It is most often associated wigastCoast andsulf Coast hurricanes that can cause up to

15 or 20 ft (46 m) or more of shorterm water level rise over many miles of the coast. Along the
WestCoast, storm surgéends to benuch smaller, and is rarely a coastal hazard, except in
enclosed bays. In southern Californtaarely exceeds& ft (0.3m) and in central California, it

rarely exceeds 2 ft (01®). Surge becomes a concern as one of sevenallative factors that

cause a temporary rise in sea level. Each rise may be small, but when surge occurs during high
tides and/or in combination with storms, it increases the threat of coastal flooding, wave,impacts
and erosion.

Two of the more recognéd phenomena that affect water temperature in the Pacific are the El
Nifio-Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO). ENSO cycles,
which occur on inteannual timescales (approximatelr 3reas), not onlyinvolve ocearbasin
spanning changes in sea surface temperature (SST) and in the depth of the mixed layer in the
Equatorial Pacific, but also drive changes in ocean conditions and atmospheric circulation at
higher latitudes. El Nifio events result in the transfer of warm sunfatars into the normally

cool eastern equatorial Pacific, resulting in elevated SST and water levels along much of the west
coast of the Americas. El Nifios also tend to increase the strength and frequency of winter low
pressure systems in the North Pacifihese events can persist for months or years at a time, and
strongly influence local and regional sea level. For example, the pulse of warm water from the
large 198283 El Nifio causewater levels alon@alifornia to be elevated by approximately-0.4
0.7ft (0.120.21 m) for many months, with shagdrm water elevation peaks upapproximately

1 ft (0.3 m Flick 1998). The opposite phase of ENSO, characterized by unusually cool SSTs and
lower water elevations along the eastern Pacific margin, are tallsifia events. Between El

Nifios and La Nifas are periods of neutral SST and water elevation changes.

The PDO is an ENS@Oke pattern of SST and atmospheric variability occurring over multiple
decades. In contrast to ENSO, the PDO is more strongly expressed in the North Pacific than in
the tropicsThe positive or warm phase of the PDO is associated witkually warm surface

water throughout the eastern North Pacific (along the western US coast), while the negative or
cool phase PDO is associated with colder than normal svétemwith the ENSO effects, the

warm phase PDO has tended to cause elevatddwadsiin the eastern Pacific and along the
California coast, while the cool phase of the PDO tends to lower sea level in this region.

The PDO has basiwide influence. Elevated water levels in one part of the Pacific are often
accompanied by lowered watevels elsewhere. The cool phase PDO can result in a drop of
water level along the eastern Pacific (westernGd&st) and a rise in water level along the

western Pacific. Recently, sea level along the western Pacific has been rising about three times
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fager than the global mea®a levelise rate due in part to the PDBromirskiet al.2011,

Merrifield 2011).This does not mean the eastern Pacific will experiseadevelise that is

three times faster than the global meaa levetise when theresithe next shift in the PDO, but

does show that the PDO can have a major influence onWwastnand regional sea level.

The above discussion of El Nifio and the P&y suggest that thyeare wellunderstood
phenomenawith easily anticipatedhanges in selavel. However, it is important to note that El
Niflos have varying strengths and intensities, resulting in different sea changes from one event to
the next. Aso, changes in regional mean sea level along the eastern Pacific have not always
shown a strongonnection to the PDO cycles. An apparent jump in regional mean sea level
occurred after the mid970s shift to the warm phase of the PDO, yet the expected continued rise
in sea level along the West Coast seems to have been suppressed by oth@idergasge

records for the Washington, Oregamd California coasts have shown no significant inter

annual rise in sea level from 1983 to 2011 (Castaal. 2008; Bromirskiet al.2011, NOAA
2013).Bromirskiet al. (2011, 2012) postulate that persistedngshore 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 famitdhavecaused a

drop in sea levekancding out thesea rise that would otherwise be expected from a warm phase
PDO signal.

Water level changes from surge, atmospheric forcing, El Bv@gms and the PDO can occur in
combination.The water elevationhanges from each factor mbag only about ft (0.3 m)or

less, butachcan cause changes in the water level over a time period of days, months, or a few
yearsi far more rapidly thasea levelise. In combination, they caotentiallycause a

significant localized increase in water level.

When high wateranditions occur in combination with high tides, and with coastal storms, the
threat of coastal flooding, wave impacts and erosion also increases. These conditions can be
additive, as shown iRigure B3. Also, these changes irater level will continue to be

important to the overall water level conditions along the California coast and they need to be
examined in conjunction with possible changes due to regseadkevelise.

As stated earlier, estimates of surge, El Nifio RD® water elevation changes are developed
primarily from historical records. There are no staide resources for this information,
although it may be included in one of tRegionalSediment Management Plans, available for
many coastahreas (sehttp://www.dbw.ca.gov/csmy/ Generabuidance on water level
changessurge and El Nifioevens is provided imable B2.
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Extreme Still Water Level (High Water)

Mean Sea Level
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A |

Tidal Range

Figure B3. Change$o extremetill water level due tosurge, El Nifio events, and PD(®ource: L. Ewing, 2013

Table B2. General Resources for 2emining Still Water Elevatioigurge, El Nifio events, and PDOs

Resource

NOAA Sea Level
Rise and Coastal
Flooding Impacts
Viewer

Displays potential future sea levels within

Description

wetland areas, and providessualizations
for various amounts of sea level rise. For
bays and estuaries, it also provides
information on inland areas with the
potential to flood if existing barriers to wate
connectivity are removed or overtopped.
Communicates spatial uncertainty of
mapped sea level rise, overlays social and
economic data onto sea level rise maps, a
models potential marsh migration due to s¢
level rise Maps do not include any influenc
of beach or dune erosion.

Link

NOAA Digital Coast,
https://coast.noaa.gov/digitalco
ast/tools/slr.html

Pacific Institute Sea
Level Rise Maps

DownloadablePDF magshowing the
coastal flood and erosion hazard zones frg
the 2009 study. Data are overlaid on aeria
photographs and show major roads. Also
available are an intecdive online map and
downloadable maps showing sea level risq
and population and property at risk, miles ¢
vulnerable roads and railroads, vulnerable
power plants and wastewater treatment
plants, and wetland migration potential.

http://www.pacinst.org/reports/
sea level rise/maps/

C2NJ 04KS wnndg N
Impacts of Sea Level Rise on tf
[ TEAF2NYAL [ 21
http://pacinst.org/publication/t
he-impactsof-sealevelrise-on-
the-californiacoast/

CatAdaptc
Exploring
It ATF2NYA

Represents inundation location and depth
for the San Francisco Bay, the Sacramentg
San Joaquin River Delta and California cos
resulting from different increments of sea

http://cal-adapt.org/tools/sle

level rise coupled with extreme storm
events. Incorporates real, time series wate
level data from past (near 100 year) storm
events to capture the dynamic effect of

calflod-3d/
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storm surges in modeling inundation using
a three dimensional hydrodynamic model
(per Radke et al., 2017).

Plans for regions of the state tdentify how
governance, outreach and technical
Regional Sediment | approaches can support beneficial reuse o
Management Plans| sediment resources within that region
without causing environmental degradatior
or public nuisance.

http://www.dbw.ca.gov/csmw/

Outcome from Stegd: Provide estimates of water elevations that can result from surge, El Nifio
evens, and PDOs. When combingdth the sea level changes to the tidal range, developed in
Step 4, thsecan provide information on the extreme still water level. For most open coast
situations, this information will be used to inform further project analysis and planning that
examines erosion, surge and storm conditions.

Step 4¢ Estimatebeach,bluff, and dune change fromerosion

Predictions of future beach, bluff, and dune erosion are complicated by the uncertainty
associated with future waves, storms and sediment supply. As a result, thesenglenspecific
accepted method for predicting futureablk erosion. At a minimum, projects should assume that
there will be inundation of dry beach and that the beach will continue to experience seasonal and
inter-annual changes comparable to historical amounts. When there is a range of erosion rates
from hisprical trends, the high rate should be used to project future erosion with rising sea level
conditions (unless future erosion will encounter more resistant materials, in which case lower
erosion rates may be used). For beaches that have had a relatibleystigterm width, it

would be prudent to also consider the potential for greater variability or even erosion as a future
condition. For recent studies that provide some general guidance for inchedihgyetise in an
evaluation of bluff and dune @sion, see, for example, Hebergeal.(2009) or Revelkt al.

(2011). Other approaches that recognize the influence of water levels in beach, bluff, or dune
erosion can also be usddhble B3, at the end of this section, pides some resources that can

be used for projecting future erosion.

The following sections discuss specific concerns associated with beach, bluff and dun
erosion and are provided to acquaint readers to the main issues associated with each)
systemReaders with a strong background in coastal systems may want to skim or skKi|
rest of this section.

Beach Erosion

Beach erosion and accretion occur on aigoimg basis due to regular variability in waves,
currents and sand supply. The movement off ganand off of beaches is an ongoing process.
Along the California coast, periods of graduakgming beach change will be punctuated by
rapid and dramatic changes, often during times of large waves or high streamflow events.
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The overall dynamics of laeh change have been described many tiff&and moves on and

off shore as well as along the shore. Normal sources of sand to a beach are from rivers and
streams, bluff erosion or gullies, and offshore sand sources. Sand leaves a beach by being carried
downcoast by waves and currents, either into submarine canyons or to locations too far offshore
for waves to move it back onto shore. Beaches are part of the sagjersediment dynamics of

the littoral cell, and in very simple terms, beaches accrete # sard comes onto the beach

than leaves and beaches erode if more sand leaves than is added. Changes in sand supply are a
major aspect of beach change.

Beach changes are often classified as being either seasonal-teriofigterannual changes.
Seasonathanges are the shifts in beach width that tend to occur throughout the year and are
usually reversible. During late fall and winter, beaches tend to become narrower as more high
energy waves carry sand away from the beach and deposit it in offshorEhsislater

followed by beach widening as gentler waves again bring sand landward, building up a wider
dry-sand summer beach. These changes are considered seasonal changes, and if the beach widths
return to the same seasonal width each year, then élcl k&periences seasonal changes but no
long-term or interannual changes. If the seasonal beach widths become progressively wider or
narrower, these changes become {1 or interannual changeand suggest a loAgrm

beach change treridaccretion ifthe beach is widening and erosion if the beach is narrowing.

If development is at or near beach level, erosion of the beach can expose the development to
damage from wasz flooding, and foundation scour. Additionally, waves that hit the coast bring
with them vegetation, floating debris, sand, cobbles, and other material which can act like
projectiles, adding to theave forces antlood damage.

At presentapproximately66% of the California beaches have experienced erosion over the last
few decades, \h the main concentration of eroding beaches occurring in southern California
(Hapkeet al.2006). This erosion has been due to a combination of diminished sand supplies and
increased removal of sand by waves and currents. With rising sea level, beanhisidsly to
increase due to both increased wave eréfgyat can carry sand offshore or away from the

beach, and to decreased supply of new sediments to thé €oast

There are several factors that will contribute to the effectgaievetise on sasonal and inter
annual beach change. There will be the changes to the beach due to inundation by rising water
levels, as shown iRigure B4 (seethediscussion on inundaticgarlier in this Appendifor

more information on how to determine this change). If the beach cannot migrate inland to
accommodate these changes, then the inundation will result in a direct loss or erosion of beach
width. This will result in a narrower seasonal beach as welttasannual loss of beach.

101 See for example, Bascom 1980, Komar 1998, and Geiggks2005.

102]n shallow water, wave energy is proportional to the square of the water depth. As water depths increase with sea
level rise, wave energat the same location will likewise increase.

103 Many parts of the developed coast are already experiencing drops in sand supplies due to upstream
impoundments of water and sediment, more impervious surfaces, and sand mining.
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Seasonal and intemnual beach conditions will also be affected by changes to waves and
sediment supply. Since waves are sensitive to bottom bathymetry, changes in sea level may
change the diffraction and refraction of wavesh&y approach the coast, thereby changing the
resulting mixture of beaehccreting and beaetéroding waves. However, the influence of

climate change (not just rising sea level) on wave conditions, through changes in wave height,
wave direction, storm fregency, and storm intensity, will likely be far more significant than the
slight changes from bathymetric changes. In addition, changing precipitation patterns will
modify the amount and timing of sediment delivery to the beach.

Vegetation migration

A
Future Mean Sea Level Future Tidal Range

Sea Level Rise

A
Current Mean Sea Level Current Tidal Range

Figure B4. Changes to thentertidal zone with sealevelrise anderosion, without wavempacts (Source: L. Ewing,
2013.

Bluff Erosion

A second type of erosion occurs on coastal bitfffShere is no fullyaccepted methodology for
estimating future bluff erosion witbea levetise. Guidance for coastal analysts in Hawaii is to
assume erosion will increase as a proportion of historical erosion (Hwang 2005). One approach
used in the past ihe Commission has beendapply one othe higlter ratesf historical erosion

to represent average future trends. A more prelsased methodology, used in the Pacific

Institute study of erosion due to rising sea level, is to correlate future erogsmftaiuffs with

a higher still water level that will allow waves to attack the bluff more frequ@ndépergeret al.
2009; Revelkt al.2011). This approach assumes that all bluff erosion is due to wave impacts
andthaterosion rates will change ovaéme as the beach or bluff experiences more frequent or
more intense wave attack. Such an approach should be considered for examining bluff erosion
with rising sea level. Other approaches that recognize the influence of water levels in beach,
bluff, or duneerosion can also be used.

104 Bluffs can be built or expard during interglacial cycles or following seismic uplift. Many of the marine

terraces that are visible along the California coast are remnants of past beach areas that have been uplifted to become
bluffs and cliffs. However, natural bluff rebuilding isv@lennial or multimillennial process, and it will not occur

during the time periods over which most development projects are evaluated.
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Bluff retreat occurs via many different mechanisms. Landslides, slumps, block failures, gullies,
and rillingare examples of bluff retreat. At the most basic level, bluff retreat or collapse occurs
when the forces leading to collapse of the bluff face are stronger than the forces holding the bluff
in place. Forces causing bluff retreat can include earthquakes, burrowing animals, gravity,

rain, surface runoff, groundwater, and sheet flow. Coastal bluffs have the added factor of wave
attack. Resistance to collapse is mainly a characteristic of the bluff material. For example,
granitic bluffs like those alontine Big Sur coast retreat at a much slower rate than the soft
sandstone and marine terrace bluffs of Pacifica.

Coastal bluff erosion can occur throughout the year, but it often occurs during or after storm
periods, when the dry beach will be narrow on-eaistent. When coastal bluffs are fronted by

wide sand beaches, most waves break on the beach face and the beaches protect the bluffs from
direct wave attack. When the beach is narrow, there is less buffering of the wave energy and
waves can break dirdgtagainst the bluffs. A general depiction of bluff retreat with rising sea

level is provided irFigure B5.

Bluff retreat is often episodicthe bluff may be stable for a number of years and then retreat by
tens of feet in &ew hours or a few days. If the changes to a bluff are examined through endpoint
analysig(i.e., looking first at the initial position of the bluff and then at the position of the bluff
sometime in the futujeresearchers can determine the amount ofatetinat has occurred during

the time from the initial to final positions. This gives information on an average retreat rate that
has occurred, bygrovidesno insightabout the conditions leading to the retreat, the size of

retreat, frequency of retreatents, or the progression of retreat and no retreat. The average
retreat rates can give some indication of likely future changes, but they provide little information
about when the next retreat episode might occur or how large it might be.

HH

Current Bluff Face —

Future Bluff Face

F 3
Future Mean Sea Level Future Tidal Range

Sea Level Rise v

F 3
Current Mean Sea Level i Current Tidal Range

Figure B5. Blufferosion withchanges irsealevel (Source: L. Ewing, 20113
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Dune Erosion

Just as there is no fullgccepted methodology for estimating changes to beach or bluff erosion
with sea levelise, there is no fulhacceptedanethodology for dune erosioA.methodology

somewhat similar to that for bluff erosion has been developed for dunes (Hedieah2009;

Revellet al.2011), and such an approach should be considered for examining dune erosion with
rising sea levelOther approaches that recognize the influence of water levels in beachybluff
dune erosiomayalso be used.

Dune erosion occurs when the waves break at or near the dunes, pulling sediment out of the
dune. This process deposits sand onto the beaahte nearshore area, but can result in short
term dune retreat. If sand is not returned to the dunes following these periods-térshort

retreat, the sand losses will contribute to kbeign dune erosiobamage will occur to

development located orudeswhen the dune retreats back to the location of development, either
through reversible, shetérm retreat or longerm erosion.

For individual cases, determinations of future retreat risk are based on thgesiifec conditions
and professionalralysis and judgment. However, the lack of information about the
contributions of all the erosive forces to dunes and the bdaoh interactions makes it
challenging to anticipate future changes to coastal dune retreat due to rising sea level and
increasd wave forces. As with beaches and bluffs for most situations, historical conditions
provide a lower limit for future dunetreat, or the upper limit oluneadvancedor those sites
that are now experiencing accretion or gisiability. Projections of fiure erosion should either
1) use the high range of historical erosidndevelop &ea levelise influenced erosion rate, as
done by Hebergest al. (2009 or Revellet al.(2011); or, 3) develop another approach that
considers shoreline changes that lé&kely to occur under rising sea level conditions.

Table B3. General Resources for Information on Beach, Bluff and Dune Erosion

Resource

Aerial Photographs

Description
Useful for general information on shorelin
trends; orthorectified photos can help
quantify trends

Link
California Coastal Records Project,
www.californiacoastline.org
Huntington Library; Local Libraries

LIDAR

Fairly detailed topography thaan provide
GIS layers for current conditions and is
comparable with LIDAR data sets for
temporal changes

NOAA's Digital Coast,
http://coast.noaa.gw/digitalcoast/data/c
oastallidar

USGS National
Assessment of
Shoreline Change
with GIS
Compilation of
Vector Shorelines

Statewide interannual beach and bluff
erosion; GIS shorelines available for sanq
shorelines & cliff edge, showing historical
changedor longterm (70 to 100 years)
and shortterm (25 to 50 years). No
projections of future erosion rates
available.

Sandy ShorelinesOpen File Report
20061219,
http://pubs.usgs.gov/of/2006/1219and
GlSData in Open File 206251,
http://pubs.usgs.gov/of/2006/1251Bluff
Shorelineg; Open File Report 20687133,
http://pubs.usgs.gov/of/2007/1133and
GIS @Ata in Open File 200¥251,
http://pubs.usgs.gov/of/2007/1112
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Regional Sediment

Summaries of seasonal and letegm

CSMW Website,
http://dbw.ca.gov/csmw/default.aspx

Engineers, Coast of
California Studies

Management . . California Beach Erosion Assessment
: erosion studies
Studies Survey,
http://dbw.ca.gov/csmw/library.aspx
US Army Corps of Studies for many regions are available

Summaries ofeasonal and lonterm
erosion studies

through an internet search (addresses &g
too numerous to list here)

Beach Profiles and
Surveys

Detailed beach or bluff changes with time

bh! ! Qa S5A3IAGFE [ 21
https://coast.noaa.gov/digitalcoast/tools
US Army Corps of Engineers; Regional
Beach Studies; University Studies

The Impacts of Sea
Level Rise on the
California Coast
(Pacific Institute
Report)

Expected changes to bluff position over
time for sea level rise &f.6 ft (1.4 m) from
2000 to 2100 for California coast from
Oregon border through Santa Barbara
County.

Pacific Institute Website,
http://www.pacinst.org/reports/sea leve

|_rise/maps/

CoSMoS

Currently available for Point Arena to the
Mexico border, with a statewide
expansion anticipated in 2018/2019. The
Coastal Storm Modeling System (CoSMo
is a dynamic modeling approach tha
allows detailed predictions of coastal
flooding due to both future sea level rise
and storms, and integrated with londerm
coastal evolution (i.e., beach changes an
cliff/bluff retreat)

https://walrus.wr.usgs.gov/coastal proc
sses/cosmos/

http://data.pointblue.org/apps/ocof/cms
/

TNC Coastal
Resilience

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

Monica.

http://maps.coastalresilience.org/califorrn
ia/

Outcome from Sted: Provide projections of future lontgrm beach, bluff or dune erosion that
takes into accourgea levetise. For locations without any influence from storm surge, or wave
energy, the identification of the extent of beach, bluff or dune erosion may be sufficient for
project analysis and planning efforts. This projected new erosion area may also be wseful fo
anticipating the appropriate setback distance for otherwise stable land forms (If slope simbility
a concern, refer to Commission guidance on setbditks /www.coastal.ca.gov/V¥1.5
2mma3.pdj). For most open coast situations, this information will be used to inform further
project analysis and planning that examines erosion, surge and storm conditions.
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Step 5¢ Determine wave, storm wave, wave runup, andflooding conditions

The main concernsith waves, storm waves, and runup are flooding and damage from wave
impacts. Flooding is the temporary wetting of an area by waves, wave runup, surge, atmospheric
forcing (such as water elevation during El Nifio events) and, at river mouths, the combhatio
waves and river flows. Wave impacts occur when fgigargy waves, often associated with

storms, reach backshore areas or development. Coastal flooding and wave impacts are worst
when they coincide with high water level events (high tide plus highdation). As sea level

rises, inundation will move inland, and so will flooding and wave impacts. Beach erosion will
aggravate these conditions and add to the inland extent of impacts.

Flooding

In most situations, factors that result in high water conitisuch as tides, surge, El Nifio
evens, and PDOs, should be used to determine fleeelsand flood areas, as shown below. If
the area is exposed to storm waves, these forces should be examined as well.

Future Flooding Levet Higher High Tide + &&evel Rise + Surge + Forcing + Wave Rur
Flooding Areas- Flooding + Seasonal Eroded Beach +-Tengy Beach Erosion

Waves

Waves, like tides, cause constant changes to the water levels that are observed at the coast. The
rhythmic lappingof waves on the beach during summer can be one of the joys of a beach visit.
At other times of the year, waves can increase in size and energy and damage or destroy
buildings, and cause erosion of bluffs and cliffs. Routine ocean waves are generated by wi
blowing across the surface of the watadcan travel far from their source, combining with

waves generated from other locatidaproducehe rather erratic and choppy water levels that

are seen in most of the oce&s waves move into shallow wat@nd approach land, they are
strongly modified by the offshore bathymetry. They take on a more uniform appearance, aligning
somewhat parallel to the shoreline through processes of refraction and diffraction. During most
of the year, moderate shqrériod wares break once they are in water depths of approximately

1.3 times the wave height.

Wave impacts depend greatly upon storm activibpth the intensity and the duration of the
storm. Normally projects have used design wave conditions comparable Gdipeal event.
For critical infrastructure or development with a long life expectabhayay be advisable to use
a greater design standard, such as ay2@® or 506year eventlt may be suitable for some
proposed projects to adjust design wavethefrequency of high energy waves to analyze the
consequences of worsening wave impacts.

Waves also vary greatly with bathymetry; offshore reefs and sand bars can cause waves to break

far from the coast and greatly reduce the energy of the waves that cenoeeshherefore,
changes in offshore water depths edterthe nature ofnearshore wave propagation and
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resultant onshore waves. For areas with complex offshore bathymetry, wave impact changes due
to rising sea level may neéal beexamired in the contexof both offshore and nearshore
conditions.

Wave impacts to the coast, to coastal bluff erosion and inland develgmemt be analyzed

under the conditions most likely to cause harm. Those conditions normally occur in winter when
most of the sand hasoved offshore leaving only a reduced dry sand beach to dissipate wave
energy (this seasonal change in beach width is often referred to atesmoor seasonal

erosion). On beaches that will experience togrgn erosiontrendsexpected to occur overgh

entire expected life of the development should also be considered. Just as the beach conditions to
analyze should be those least likely to protect from damage over the life of the development, the
water level conditions considst should alsbe those mst likely to contribute to damage over

the life of the development. Waves that cause significant damage during high tide will be less
damaging during low tide; all other things being equal, waves will cause more inland flooding
and impact damage when walevels are higher. Since water levels will increase over the life of
the development due to rising sea level, the development should be examined for the amount of
sea levelise (or a scenario skea levelise conditions) that is likely to occur througitahe

expected life of the development. Then, the wave impact analysis should examine the
consequences of a 1-9@ar design storm eveusing thecombinedwater levels that are likely to
occurwith high water conditions angka levetise,as well asa long-term and seasonally eroded
beach.

Eroded Beach Conditions Seasonal Erosion + Lehgrm Erosion*
High Water Conditions: High Tide + Relative Sea Level Rise* + Atmospheric Forcing
Wave Conditions= 100year Design Storm + High Water + Eroded Beach

* The time period for both longerm erosion and relative sea level rise will be at least as
long as the expected life of the development.

The remaining discussion provides general information about waves, the California wz
climate, and coastdlooding. It is provided to acquaint readers to the main issues
associated with waves and coastal flooding. Readers with a strong background in way
coastal processes may want to skim or skip the rest of this section.

Storm Waves

During storm conditins, winds can transfer large amounts of energy into waves, increasing
wave height, length, and period. Energy transfer to waves depends upon three conditions: the
wind energy that is available to be transferred to the water (intensity); the length of/éme

which the wind blows (duration); and the area over which the wind blows (the fetch). As any of
these conditions increases, the energy in the waves will increase, as will the energy that these
waves bring to the coastline. Coastal scientists sepasates that are generated far from the
coast (swell) from waves that are locally generated (seas). Storms in tRaaifid can cause
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stormlike wave conditions along the coast, even when there are no storms in the area. Likewise,
a local storm can causwmem waves along one part of the coast while waves in other sections of
the coast may be fairly mild.

Some of the worsggtorm wave conditions occur when there are intense storms along a large

portion of the coast and when this large, distantly genesatetl combines with local seabhe

1982/83 EIl Nifio has been cited often as one of the more damaging storm seasons in recent times.
In late January 19838vaves from a distant storm combined with locally generated waves and the
highest tides of the year. iBhone storm caused substantial damage along much of the California
Coast. The coast was not able to recover befegzias of storms in February and March caused
additional damage. The full 1982/83 EIl Niflorstcseason resulted in damagepproximately

3,000 homes and 900 businesses and destruction of 33 buildings. Damages exceeded $100
million to structures and $35 million to public recreational infrastructure (in 1982 dollars; Flick
1998).

Wave Runup

Wave runup, as depicted iigure B6, is the distance or extent to which water from a breaking
wave will spread ughe shorelineMuch of the wave energy will dissipate during breaking, but
wave runup can also be damaging. The rumager moves quickly and can scour or erode the
shoreline area@ncluding thebeacl), damage structures, and flood inland areas.

Damage from waves and wave runup may increase in the future, due both to rising sea level and
to changes in storm intensiyd frequency. Waves will break farther landward when water

levels are higher. Therefore, increased water levels due to tides, surge, ENSO or PDO variability,
or sea levetise will enable more wave energy to reach the beach, back shore, or inland
developnent. The higher water levels do not change the waves. Rather, higher water levels
change the point of impact, the extent of runup, and the frequency of wave impact. In locations
where high waves now hit the coast, that frequency will incréasecationswhere high waves

rarely hit the coast, exposure to wave impacts will increase. Increased exposure to wave impacts
or wave runup can cause a greater risk of flooding, erosion, bluff failure, and/or damage to
development. But, since the focusing of wavergnés strongly influenced by offshore

bathymetry, locations of wave exposure naggochange with rising sea level and modifications

in wave propagation might result from future differences in water depths.
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Summary

Coastal flooding is a significant problem now and it will increase with rising sea level. At
present, about 210,000 people in California are living in araégskdtom a 100year flood event
(Hebergert al.2009). A rise in sea level of 55 in (1.4 m) with no change in development
patterns or growth along the coast could put 418,000 to 480,000 people at risk froryearl 00
flood (Cooleyet al.2012).An additional fraction of the California population that relies on
critical infrastructure located in potentially hazardous areas is also vulnerabtecerabes in
storm intensity or in the density of development in flgwdne areas will increase the number of
people at risk from flooding.

The frequency and intensity of high wave events depends upon the storm conditions that

generate the waves. There is less consistency in the output of climate models related to

projections of future storm conditions than thieas been for temperature projections. A recent

report on coastal floodingfroyears2 000 t o 2100 for the Californi
activity is not projected to intensify or appreciably change the characteristics of winter nearshore
wave actvity of thetwentyf i r st ¢ e nt wtraly2012,(p.BB8)Thim contisuation of

current storm conditions is not, however, an indication that storms will not be a problem in the
future. Storm damage is expected to continue, aseaifevetise bythe end of the twentfirst
century reaches the high projections of about
coastal flooding events of much greater magnitude than those during th83L&BRlifio will
occurannually 6 ( Brebah20t2spk 36)

For most situations, the 18@ar storm event should be used as the design storm. This is
equivalent to a storm with a 1% annual probability of occurrence. However, most development
does outlast one year and this probability of occurrencegyomer time such that there is a 22%
probability of occurrence during25-yearperiodand over 53% probability that this storm will
occur at least once during a-y&ar period. Even so, the 1§6ar storm event, like the 18@ar

flood event, is often useas a design standard for development. However, for structures with a
very long projected life or for which storm protection is very critical, a largery2@0 or 500

year event might be appropriate.
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Table B4 lists many of he resources that are available for finding regional or-state
information on waves and flooding. Local communities may have records of major erosion
episodes or flood events as well.

Table B4. General Resources fétooding and Wave Impacts

Resource

CDIP (Coastal Data
Information
Program)

Description |
Current and historical information on wind,
waves, and water temperature, wave and swell
models and forecastings of 2013, there are 19
active stations along th€alifornia coast.

Link

http://cdip.ucsd.edu/

Flood Insurance
Rate Maps (FIRMSs)

FEMA is updating coastal flood maps. Existing
FIRMs are based on 1980s topography; floodin
includes seasonal beach change but not long
term erosion. Maps do not include sea level rist
Inclusion of a site shows a flood hazard; but
exclusion does not necessarily indicate a lack ¢
flood hazard.

FEMA Flood Map Service
Center,
https://msc.fema.gov/port
al

FEMA Flood Hazarc
Mapping Guidance

Subsection D.2 8rovides guidance for
calculating wave runup and overtopping on
barriers.There are special cases for steep slope
and where runup exceeds the barrier or bluff
crest.

https://www.fema.gov/me
dia-

library/assets/documents/1l
3948

Regional Sediment

Some studies show elements of beach flooding

http://dbw.ca.gov/csmw/d

I FEAT2NYA

Management and wave impacts efault.aspx
Studies P elaut.asp.
Represents inundation location and depth for
the San Francisco Bay, the SacrameSan
Joaquin River Delta and California cdas
CatAdaptc rgsultlnq from (_:ilfferent increments of sea level htto://cal-
) rise coupled with extreme storm events. nitp.rcal-
Exploring adapt.org/tools/slkcalflod

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 ahree dimensional
hydrodynamic model (per Radke et al., 2017).

3d/

US Army Corps of
Engineers, Coastal
Engineering Manual

Detailed information on all aspectf deepwater
wave transformation, shoaling, runup, and
overtopping.

https://www.publications.u
sace.army.mil/lUSACGE
Publications/Engineer
Manuals/

European
Overtopping
Manual

Descriptions of available methods for assessing
overtopping and its consequences. Provides
techniques to predict wave overtopping at

seawalls, flood embankments, breakwaters ang
other shoreline structures facing waves.
Supported by wekbasedprograms for the
calculation of overtopping discharge and desig|
details.

http://www.overtopping-
manual.com/
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Currently available for Point Arena to the
Mexico border, with a statewide expansion
anticipated in 2018/2019. The Coastal Storm | https://walrus.wr.usgs.gov/
Modeling System (CoSMoS) is a dynamic coastal processes/cosmos
modeling approach that allows detailed
predictions of coastal flooding due to both http://data.pointblue.org/a
future sea level rise and storms, and integrated pps/ocof/cns/

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

An online mapping tool showing potential
impacts from sea level rise and coastal hazardj
designed to help communities develop and
TNCCoastal implement solutions that incorporate http://maps.coastalresilien
Resilience ecosystembased adaptation approaches. ce.org/california/
Available statewidewith more detailed
modelling for Monterey Bay, Santa Barbara,
Ventura, and Santa Monica.

CoSMoS

Outcome from Step: Provide projections of future flooding and wave impacts resulting from
waves, storm waves and runup,itekinto accounsea levetise.

Step 6¢ Examine potential flooding from extreme events

Extreme event§®, by their very nature, are those beyondrtbemal events that are considered
in most shoreline studies. Examples of extreme events that might occur along the California
coast include:

1 Anindividual storm with an intensity at or above the -4@@r event

1 A series of large, longuration storms durmhigh tides

1 A local storm that coincides with the arrival of distant swell and high tides

1 Rapid subsidence, as might happen alondNibrthern Glifornia coast during a
Cascadia Subduction Zone earthquake

1 Globalsea levelise greater than that projected to occur by 2100, when combined with a
large storm during normal tides

Planning and project analysis need to consider and anticipate the consequences of these outlier
events. In many situations, this assessment mighgbeldative consideration of consequences

that could happen if an extreme event does occur. Analysis of the consequences of extreme
events presents opportunities to address some of those potential impacts through design and
adaptation.

105]n jts report orManaging the Risks of Extreme Events and Disasters to Advance Climate Change Adapgation

IPCCdefines extreme events as fia facet of <climate variab
defined as the occurrence of a value or weather or climate variable above (or below) a threshold value near the upper
(or |l ower)ofendbbe (fidamgé sof) observed values of the vari al
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In California, thee may be some worsening of extreme precipitation and inland flooding from
projected changes to atmospheric rivers, narrow bands of concentrated moisture in the
atmosphere. In general, however, future extremes are likely to be comparable to the extremes of
today, but with the added influences#fa levetise. Extreme storm waves or floods can be
addressed with the guidance provided earlier, except that the extreme storm conditions would be
used. For tsunamis it is recommended that, for most situatiorepphepriate projection cfea
levelrise be added to the currently projected inundation level from tsunamis. This will provide a
close approximation for future inundation from extreme tsunamis. If a detailed analysis of future
tsunami impacts is neededethnalysis should be conducted by someone experienced in

modeling tsunami waves.

Tsunamis

Tsunamis are large, lofgeriod waves that can be generated by submarine landslitherial
landslides (slope failures from land into a water body), large subenaarrthquakes, meteors, or
volcanic eruptions. They are rare events, but can be extremely destructive when they occur. The
extent of tsunami damage will increase as rising water levels allow tsunami waves to extend
farther inland. Thus the tsunami inundatzone will expand inland with rising sea level. There

has been no research that suggests that climate change will increase the intensity or frequency of
seismicallygenerated tsunamis. However, the number and size of coastal subaerial landslides
may inadease because of increased coastal erosion cea tevelise, which in turn may

increase the potential for tsunamigenic landslides along the California coast (Highland 2004;
Walderet al.2003).

The detailed changes to the inundation zone isthg sea level need to be determined by

modeling however, modeling of longvaves, such as tsunamis, is a specialized area of coastal
engineering, and will not be covered in this gen@u@tlance. For most situations, it will be

sufficient to get informton on possible inundation from the most recent tsunami inundation

maps (currently on the Department of Conservation website,

http://www .conservation.ca.gov/cgs/geologic_hazards/Tsunami/Inundation_Maps/Pages/Statewi
de Maps.aspx . The California Geological Survey and
Emergency Services are creating new tsunami inundation maps based on probabilistic tsunami
hazard analysisGPTHAWG 2015) As a rough approximation, the change to the tsunami
inundation level can be estimated as equal to the changger elevation due to sea levall-ft

rise in sea level could be assumed to resultlisitaise in the inundation elevation. However, in
many places, particularly shallow bays, harbors, and estuaries, the change in tsunami inundation
zone is likely to scale neimearly withsea levetise and require careful modeling. California
Geological Surey is also working to evaluate the impacte# levetise with numerical

tsunami modeling to verify that an additive approach (tsunami height + SLR) is the appropriate
method for integrating SLR andunami inundation togethdn areas with high tsunarhazards,

or where critical resources are at risk, a-sfecific analysis odea levelise impacts on tsunami
hazards is crucial, and someone experienced in modeling tsunami waves sluausutied

Summary

Many different factors affect the actuahter levels that occur along the coast and resulting
hazards. In California, waves and tides have the largest routine effect on water levels. Tsunamis
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may have a very large, but infrequent effect on water leSels.levelise will affect water
levels allalong the coast. Until the mickntury, tides and storms are expected to have the
biggest effeon local water levels, witkea levelise being a growing concerAfter Year
205(Q sea levetise is expected to become increasirigfjuential onwater kevels and in
contributing to damages to inland areas from flooding, erosion and wave inzddes B5
provides a general characterization of all the factors that can affect local water levels, with
general estimates of theimge and frequency of occurrence.

Outcome from Stefs: Projections of potential flooding from extreme events including rapid
subsidence, extreme precipitation, and tsunamis.

Table B5. Factors that Influence Local Water Le€elnditions

Factors Affecting Typical Range Typical Range Period of

Water Level for CA Coast (ft) for CA Coast (m Influence Frequency
Tides 3¢10 1¢3 Hours Twice daily
Low pressure 1.5 0.5 Days Many times a year
Storm Surge 2¢3 0.6¢1.0 Days Several times a year
Storm Waves 3¢15 1¢5 Hours Several times a year
El Nifio events
(within the ENSO | <1.5 <05 Months- Years | 2¢ 7 years
cycle)
TSUNami waves 20¢ 50 (max) 6 ¢ 15 (max) Minutes, Hours, | Infrequent but
3¢ 10 (typical) | 1¢ 3 (typical) Days unpredictable
g\llsetroilgglysee;?sLevel 0.7 0.2 Ongoing Persistent
OPCSea Level
Projections
2000¢ 2050 1.1c2.7 0.3¢0.8 Ongoing Persistent
(SF tide gauge; see
alsoApp.
OPCSea Level
Projections
2000¢ 2100 3.4¢10.2 1.0¢3.1 Ongoing Persistent
(SF tide gauge; see
alsoApp. Q

Note that dl values are approximatns. The conversions betweeeef and netershave been rounded to maintain
the general ranges and they are not exact conversiSosircesFlick 19980PC 2018Personal communications
from Dr. Robert GuzgScripps Institution of Oceanography), Dr. William O'Reilly (Scripps Institution of
Oceanography and University of California, Berkeley), and Rick Wilson, California Geological Survey; and
professional judgment of staff.
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state agencyproduced resources, and data clearing houses reladed &vel rise. These
resources will be particularly relevant for informiggeps 16 of theLCP planning
process Chapter . Tables include:

This section contains lists eéa ével rise viewers, guidebooks, guidance documents, and

0 TableC-11 Sea Level Rise Mapping Tools
This may be particularly relevant for Step8.1

0 TableC-271 Sea level Rise Data and Resource Clearinghouses.
Thismay be particularly relevant for Stepsil

o0 TableC-31 Adaptation Planning Guidebooks.
This may be particularly relevant for Step8.1

o TableC-41 Resources for Assessing Adaptation Measures.
This may be particularly relevant for Step 4

o0 TableC-51 Examples of Sehevel Rise Vulnerability Assessments in California.
This may be particularly relevant for Step8.1

o TableC-671 California Climate Adaptation Plans that Address ISazl Rise
This may be patrticularly relevant for Stepd.1

o TableC-71 California State Agency Resources
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Table ClL. Sealevel Rise Mapping Tools

Tool Description Link
Statewide
Displays potential future sea levels with a
NOAA Digital slider bar. Communicates spatial

Coast Sedevel
Riseand Coastal
Flooding Impacts
Viewer

uncertainty of mappedea ével rise,
overlays social and economic data os&a
level rise maps, and models potential mai
migration due tosea evel rise. Maps do no|
include any influence of beach or dune
erosion.

https://coast.noaa.gov/diqit
alcoast/tools/sIr.html

CatAdaptq
Exploring

I EAT2NY
Climate

Represents inundation location and depth
for the San Francisco Bay, the Sacramen
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 leel data from past (near 10(
year) storm events to capture the dynamic
effect of storm surges in modeling
inundation using a three dimensional
hydrodynamic model (per Radke et al.,

2017)

http://cal -
adapt.org/tools/slkcalflod

3d/

Climate Central
Surging Seas

Overlays seéevel rise data with socio
economic information and ability to analyz
property values, population, socio

economic status, ethnicity, and income or
areas at risk. Carompare exposure across
the whole state or selected county.

http://sealevel.climatecentr
al.org/ssrf/california

Pacific Institute
Sea kvel Rise
Maps
(Hebergeret al.
2009)

Downloadable?DF mapshowing the
coastal flood and erosion hazard zones
from the 2009 study. Data are oveideon
aerial photographs and show major roads
Also available are an intecive online map
and downloadable maps showisga evel
rise and population and property at risk,
miles of vulnerable roads and railroads,
vulnerable power plants and wastewater
treatment plants, and wetland migration

http://www.pacinst.org/rep
orts/sea level rise/maps/

For the 2009 reportThe
Impacts of Sedevel Rise on
the California Coasstee
http://pacinst.org/publicatio
n/the-impactsof-sealevel
rise-on-the-californiacoast/

potential.
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Sea kevel
Affecting Marshes
Model (SLAMM)

Simulates the dominant processes involve
in wetland conversions and shoreline
modifications during longerm sea ével
rise. Map distributions of wetlands are
predicted under conditions of accelerated
sea ével rise, and results are summarized
tabularand graphical form.

http://www.warrenpinnacle.
com/prof/SLAMM

Coastal Storm
Modeling System
(CoSMoS); tool

hosted by Our
Coast Our Future

Currently available for Point Arena to the
Mexico border,with a statewide
expansion anticipated in 2018/2019. The
Coastal Storm Modeling System (CoSMo
is a dynamic modeling approach that
allows detailed predictions of coastal
flooding due to both future sea level rise
and storms, and integrated with longerm
coastal evolution (i.e., beach changes ang
cliff/bluff retreat)

https://walrus.wr.usgs.qov/c
oastal processes/cosmos/

http://data .pointblue.org/ap
ps/ocof/cms/

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 ecosystenbased adaptation
approades Available statewide with
more detailed modelling for Monterey
Bay, Santa Barbara, Ventura, and Santa
Monica.

http://maps.coastalresilienc
e.org/california/

Humboldt BaySea
Level Rise
Adaptation
Project

This project i multiphased, regional
collaboration. Phase | produced the
Humboldt Bay Shoreline Inventory,
Mapping, and Sea Level Rise Vulnerabilit
Assessmenwhich describes current
shoreline conditions andulnerabilities
under the current tidal regimePhase |l
included hydrodynamic modeling to
develop vulnerability maps of areas
surrounding Humboldt Bay vulnerable to
inundation from existing and future sea
levels. Phase Il produced thiamboldt Bay
Sea Level Rise Modeling Inutida
Mapping Reporaand theHumboldt Bay Seg

Level Rise Conceptual Groundwater Mod

All reports are available at:

http://humboldtbay.org/hu
mboldt-bay-sealevelrise-
adaptationplanningproject
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Table . Sealevel Rise Data and Resource Clearinghouses

Resource

Description

California State

Adaptation
Clearinghouse

Hosted by the ORIntegrated Climate

Adaptation and Resiliency Program
(ICARP), a centralized source of
information that provides the
resources necessary to guide decisior
makers at the state, regional, and locg
levels when planning for and
implementing climate adaptatio
projects to promote resiliency to
climate change in California.

http://opr.ca.gov/clearinghou
se/adaptation/

or

https://resilientca.org/

CaliforniaClimate

Offers a point of access to climate
change data and related resources,
information about the science that
produced it, and the opportunity to

http://climate.calcommons.o

Exchange (CAKE)

Commons communicate with others about ro/
applying climate change science to
conservation in California.
. Provides an online library of climate
Climate . .
. adaptation case studies and resource;s
Adaptation : : .
plus ways to connect with an online | http://www.cakex.org/
Knowledge

climate adaptation commmnity/
network.

Ecosystem Based
Management
Tools Network
Database

Provides a searchable database of tog
available for climate adaptation,
conservation planningea ével rise
impact assessn, etc.

http://www.ebmtools.org/ab
out ebm tools.html

Climate.Data.gov

Recently launched federal governmen
data portal that includes a number of
data sets on climate change, including
sea ével rise impacts.

http://www.data.gov/climate
/

NOAA Digital
Coast

This NOAAponsored website is
focused on helping communities
address coastal issues. The Digital Cq
provides coastal datdools, training,
and information from reputable

sources

http://coast.noaa.gov/digitalc
oast/
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Table G3. Adaptation Planning Guidebooks

Title

Scanning the
Conservation
Horizon

(National Wildlife
Federation 2011)

Description

Designed to assist conservation and
resource professionals to better plan,
execute, and interpret climate change
vulnerability assessments.

https://www.nwf.org/~/medi

Link

a/pdfs/globat
warming/climatesmart

conservation/nwfscanningthe
conservationhorizonfinal923]
1.ashx

Adapting to Sea
Level Rise: A Guidg
T2NJ / | £ AT
Coastal

Communities
(Russell and Griggg
2012)

LYGSYRSR (02 | aaasg
managers and community planners ir
developing adaptation plans feea
level rise that are suited to their local
condtions and communities.

http://seymourcenter.ucsc.ed
u/O0OB/Adapting%20t0%20S
a%20Level%20Rise.pdf

California
Adaptation
Planning Guide
(APG)

(Cal EMAICNRA
2012)

Provdes guidance to support regiona
and local communities in proactively
addressing the unavoidable
consequences of climate change.
Includes a stefby-step process for
local and regional climate vulnerabilit
assessment and adaptation strategy
development.

http://resources.ca.gov/clima
te/safequarding/locabkction/

Preparing for
Climate Change: A
Guidebook for
Regional and State
Governments
(Snoveret al.2007)

Assists decisiomakers in a local,
regional, or state government preparg
for climate change by recommending
detailed, easyto-understand process

for climate change preparedness bas
on familiar resources and tools.

http://cses.washington.edu/d
b/pdf/snoveretalgh574.pdf

Adapting to
Climate Change: a
Planning Guide for
State Coastal
Managers

(NOAA2010)

Guide offers a framework for state
coastal managers to follow as they
develop and implement climate
change adaptation plans in their own
states.

https://coast.noaa.gov/czm/
media/adaptationquide.pdf
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Using Scenarios to
Explore Climate
Change: A
Handbook for
Practitioners

(NPS 2018

Describes the fivstep process for
developing multivariate climate
change scenarios taught by the Glob
Business Network (GBN). Detailed
instructions are provided on how to
accomplish each step. Appendices
include a hypothetical scenario
exercise that dmonstrates how to
implement the process and some ear
examples of how national parks are
using climate change scenarios to
inform planning and decision making

http://www.nps.qov/subjects
/climatechange/upload/CCS¢
enariosHandbookJuly2013.p
f

Scenario Planning
for Climate Change
Adaptation: A
Guidance for
Resource
Managers
(Mooreet al.2013

Stepby-step guide to using scenarios
to plan for climate change adaptation
for natural resource managers,
planners, scientists, and other
stakeholders working at a local or
regional scale to develop resource
management approaches that take
future climatechange impacts and
other important uncertainties into

account.

http://scc.ca.qov/files/2013/0
7/Scen
planning 17july2013 FINAL

3.pdf
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Table &4. Resources for Assessing Adaptation Measures

Resource Description Link
General
Explores 18 different lardse tools that
Georgetown can be used to preemptively respond to

| tAYLGS
Climate Adaptation

the threats posed bgea ével rise to both
public and private coastal development

http://www.georgetowncli
mate.org/resources/adapt

Toolkitc SeaLevel | and infrastructure, and strives to assist | ation-tool-kit-sealevet
Rise and Coastal | governments in determining which tools yise-and-coastatland-use
Land Use to employ b meet their unique socio

economic and political contexts.

GThis report provides a framework that

community leaders and planners can us

to make more economically informed

decisions about adapting to sea level rig

, and storm flooding. The fotstep

What Wlll framework can be used to perform a https;//coast.noaa.qov/da.t
Adaptation Cost? | 1 iotic assessment of costs and benefil &/diditalcoast/pdf/adaptati
(ERGI 2013 of different adaptation approaches acroi 20-report.pdf

a community, or to focus in on select
infrastructure. The report also discusses
the expertise needed at each step in the
LINR OS & & ®¢

Center for Ocean
Solutions:
Adaptation in
Action: Examples
from the Field

Providescase studies of various
adaptation strategies including overlay
zones, norconformities, setbacks,
buffers, development conditions,
shoreline protection devices, managed
retreat, capital improvement programs,
acquisitionprograms, conservation
easements, rolling easements, tax
incertives, transfer development rights,

and real estate disclosures.

http://www.centerforocea

nsolutions.org/des/defaul

t/files/Application%200f%

20Land%20Use%20Pract
es%20and%20To0ls%20t
%20Prepare.pdf
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Combatting Sea
Level Rise in
Southern
California: How
Local Government
Can Seize
Adaptation
Opportunities
While Minimizing
Legal Risk

(Herzog and Hecht
2013)

Identifies how local governments can
harness legal doctrines to support
aggressive, innovative strategies to
achieve successfagka evel rise
adaptation outcomes for Southern
California while minimizing legal risk.
Broadly outlines likelgea ével rise
impacts in Southern California, and
evaluates the risks and opportunities of
potential protection, accommodation,
and retreat adaptation strategies that
local governments could deploy.

http://www.law.ucla.edu/
~/media/Files/lUCLA/Law/|
ages/Publications/CEN _E
M_ PUB%20Combatting%
OSealevel%20Rise.ashx

Strategies for ErosiofiRelated Impacts

Evaluation of
Erosion Mitigation
Alternatives for
Southern
Monterey Bay

Provides a technical evaluation of variol
erosion mitigation measures, conducts i
cost benefit analysis of some of the mo
promising measures, and includes
recommendations for addressing coasta
erosion in SoutherMonterey Bay. The
report is intended to be relevant for
other areas of California as well.

https://montereybay.noaa
.gov/research/techreports
ftresapwa2012.html

Rolling Eaements

Rolling Easements
A Primer
(Titus 2011)

Examines more than a dozen different
legal approaches to rolling easements.
differentiates opportunities for
legislatures, regulators, land trusts,
developers, and individual landowners.
Considerglifferent shoreline
environments €.g, wetlands, barrier
islands) and different objectives.,
public access, wetland migration)

http://papers.risingsea.net
/rolling-easements.html

No Day at the
Beach: Sea Level
Rise, Ecosystem
Loss, and Public
Access Along the
California Coast
(Caldwell and Segs
2007)

Provides a description gka evel rise
impacts to ecosystems and public acces
strategies to address these impacts, an
case study examples of rolling easemer
strategies for the California coast.

http://scholarship.law.ber
keley.edu/cgi/viewcontent
.cgi?article=1833&context

=elq
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Natural Resources

PRBO Climate
Smart
Conservation

Lists scienckased, climatesmart
conservatiorplanning and management
tools and methods, includingstoration
projects designed for climate change an
extremes.

http://www.pointblue.org/
priorities/climate-smart
conservation/

US Forest Service
System for
Assessing
Vulnerability of
SpeciesClimate

Quantifies the relative impact of
expected climate change effects for
terrestrial vertebrae species.

http://www.fs.fed.us/rm/g
rasslandshrubland
desert/products/species
vulnerability/savsclimate-

changetool/

Reducing Climate
Risk with Natural

Change Tool
The Nature Presentsa series of nine case studies in| http://www.nature.org/ou
Conservancy: GKAOK yI GdzNJ £ X & 3N rinitiatives/regions/northa

successfully used to mitigate climate
impacts. The economic costs and benef

merica/unitedstates/califo
rnia/ca-greenvsgray

CDFW Essential
Habitat
Connectivity
Project

Infrastructure of the green infrastructure are compare( report-2.pdf
report GAUK GNIRAGAZ2YITE q
G¢KS /FEAFT2NYALF 58

Wildlife and the California [partment of
Transportation (Calans) commissioned
team of consultants to produce a
statewide assessment of essential habit
connectivity by February of 2010, using
the bestavailable science, dasets,
spatial analysesnd modeling
techniques.The goal was to identify larg
remaining blocks of intact habitat or
natural landscape and model linkages
between them that need to be
maintained, particularly as corridors for
wildlifS @ ¢

https://www.wildlife.ca.go
v/Conservation/Planning/C

onnectivity

CDFW Areas of
Conservation
Emphasis tool

Provides a mapping tool and reports on
the best available statewidespatial
information on California's biological
richness, including species diversity,
rarity, and sensitive habitats, as well as
recreational needs and opportunities
throughout the state, including fishing,

hunting and wildlifeviewing.

http://www.dfg.ca.qgov/bio
geodata/ace/
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Table . Examples of Sdzevel Rise Vulnerability Assessments in California

Title

Humboldt Bay Sea

Description

Multiphase project to assess vulnerability

Level Rise

Adaptation
Planning Project

of Humboldt Bay shoreline and adjacent
areas to sea level rise and coastal
hazards.

Link

http://humboldtbay.org/hum
boldt-bay-sealevetrise-
adaptationplanningproject

Marin Ocean Coast

| 3383383 @dzZ ySNI oA
ocean coastal areas to sea level rise,

Sea Level Rise

specifically evaluating SLR and storm

Vulnerability scenarios through approximately 2100.
Assessmenf2018) | Findings are organized both by asset typ

and community.

https://www.marincounty.or
g/depts/cd/divisions/plannin
g/csmartsealevek
rise/csmartpublications
csmartinfospot

San Francisco Sea
Level Rise EXxisting

Summarizes existing data and analyses

Data and Analyses

SLR vulnerability within the @astal Zone

Technical
Memorandum

(2016)

and lays the foundation for San
CNI yOA&a0204&8 LINRLRA

http://default.sfplanning.org/
plansand

programs/locd coastal prgm
/20160506.SFLCP_SLR Te(
Memo.FINAL.pdf

Plan Half Moon Bay
Sea Level Rise

Vulnerability
Assessmen{2016)

Identifiesthe primary vulnerabilities
within Half Moon Bay and sedforth next

http://nebula.wsimg.com/08
49a308eececc2c58ce202¢e?2

steps that the City and other involved
agencies may take to further assess and

1bade?AccessKeyld=06ACH
5216D33A5C3B0&dispositio

address these vulnerabilities

=0&alloworigin=1

City of Monterey
Final Sea Level Rise
and Vulnerability
Analyses, Existing
Conditions and
Issues Report (2016

Provides a sciencbasedassessment of
climate change vulnerabilities that
includes extensive field data gathering,
and compilation of existing data and
information.

https://www.monterey.org/P
ortals/0/Policies

Procedures/Planning/WorkP
ogram/LCP/16 0316 FINAL
Monterey ExistingConditions
wAppendixA WEB.pdf

City of Pacific Grove

Provides an evaluation of potential
significant impacts of climate change for

http://www.cityofpacificgrov
e.org/sites/default/files/gene

Climate Change

GKS OAartGeqQa O2ladlf

ral-documents/localcoastal

program/palcp-final-

Vulnerability on how anticipated climate change may
Assessment (2015) | affect people, resources, and

infrastructure along the coast.

vulnerabilityassessment
011515.pdf

City of Morro Bay

Provides a best estimate of likely future

Assessment (2017)

Community conditions, based on local demographic
Vulnerability and projections and the most recently
Resilience available scientific projections of future

climate condifons, given current trends.

http://www.morrobayca.gov/
DocumentCenter/View/1067
6/FinalDraft--Revised
Conmmunity-Vulnerability
and-ResilienceAssessmens-
6-17?bidld
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City of Goleta
Coastal Hazards

Provides a sciencbased assessment thal
includes extensive field data gathering,
compilation of existingdata and
information, and the patrticipation of

Vulnerability
Assessment and

stakeholders such as citizens, business
owners, local organizations, and

Fiscal Impact Repor

community leaders. Enhances communif

(2015)

planning by identifying coastal hazards
and associated vulnerabilities that are in
balance with fscal resources.

https://www.conservationgat
eway.org/ConservationPract
ces/Marine/crr/library/Docu
ments/GoletaCoastalVulma

bility.pdf

City of Oxnard Sea

Maps and identifies areas and assets at

http://nebula.wsimg.com/64
b81b1805381307f1e6492bf1

Level Rise Atlas

(2016)

risk to existing and future conditions,
including sea level rise.

87b6d9?AccessKeyld=D913
DASFC16C8BCDB9&dispos
n=0&alloworigin=1

County of San Dieq(
Climate Change

Vulnerability
Assessment (2017)

Identifies the primary theats from a
changing climate facing the
unincorporated areas of San Diego
county, and its vulnerability to these
threats.

https://www.sandiegocounty
.gov/content/dam/sdc/pds/a
dvance/cap/publiceviewdoc
uments/PostBOSDocs/CAP?
OAppendix%20D%20
%20Climate%20Change%2(
ulnerability%20Assessment.
df

City of Imperial
Beach Sea Level

Identifies vulnerabilitiesfrom sea level

http://www.imperialbeachca.

rise and coastal hazards; a range of
adaptation strategies including tradeoffs

gov/vertical/sites/%7B6283C
AACE2BBDADFAATF*#

Rise Assessment

and economicsand recommends

(2016)

strategies over time that are politically
digestible and economically feasible.

8D4ECD543E0F%7D/upload
100516 IB Sea Level Rise
ssessment FINAL.pdf

Sarta Barbara Sea
Level Rise
Vulnerability Study
(Russeland Griggs
2012)

Assesses the vulnerability of the City of
Santa Barbara to futursea evel rise and
related coastal hazards (Mears2050 and
2100) based upon past events, shoreline
topography, and exposure t&ea evel rise
and wave attack. It also evaluates the
likely impacts of coastal hazards to spec
areas of the City, analyzes their risks an(
GKS /AdG&Qa loAfAGS
recommends potential adaptation

responses.

http://www.enerqy.ca.qov/20
12publications/CEGOC-
2012039/CE00-2012

039.pdf
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City of Santa Cruz
Climate Change
Vulnerability
Assessment
(Griggs and Haddad
2011)

Delineates and evaluates the likely

impacts of future climate change on the
city of Santa Cruz, analyzes the risks thg
these hazards pose for the city, and ther
recommends potential adaptation
responses to reduce the risk and exposu
from these hazardsiithe future.

http://seymourcenter.ucsc.ed
u/O0OB/SCClimateChangeVy
erabilityAssessment.pdf

Developing Climate
Adaptation
Strategies for San
Luis Obispo County;
Preliminary
Vulnerability
Assessment for
Social Systems
(Moser 2012)

Describes the likely impacts of climate
change on the resources and social
systems of San Luis Obispo County, and
assesses key areas of vulnerabilBga
level rise is identified as a noat source of
risk to fishing, coastal tourism, coastal
development, and infrastructure.

http://www.enerqgy.ca.qov/20
12publications/CEGQO0-
2012054/CEE00-2012

054.pdf

Monterey Bay Sea
Level Rise
Vulnerability Study
(Monterey Bay
National Marine
Sanctuary and PWA
ESA; In progress)

Will assess potential future impacts from
sea ével rise for the Monterey Bay regior
The project will estimate the extent of
future coastal erosion in Monterey Bay
due to acceleratedea evel rise and
evaluate areas subjected to coastal
flooding by inundation from wave action
and/or storm surges. The project will
update and refine existing Monterey Bay
coastal hazard zones maps (sian and
flooding).

Project scope and grant
details:
http://scc.ca.gov/iwebmaster
ftp/pdf/sccbb/2012/1201/20
120119Board03D Monterey
Bay Sea Level Rise.pdf

Sea Level Rise
Vulnerability Study
for the City of LA
(Adapt LA)

(USC Sea Grant
2013)

This report provides a summary of the

initial research on the pential impacts of
sea level rise and associated flooding frg
storms for coastal communities in the Cit
of L.A. The study concentrates on the

/I AGeQa GKNBS O2Ilai
Palisades from Malibu to Santa Monica;
Venice and Playa del Rey; and Satir®e

Wilmington and the Port of Los Angeles.

http://dornsife.usc.edu/uscse
agrant/laslr/

*{ S8 | faz

i KS

| A ERAGrdantiebsiteRolyaystatiasichag of €ea level rise

work completed by granteegupdated on an approximately quarterly basis)
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Table &. California Climate Aaptation Plans that Address Skeavel Rise

Title

Marin Ocean
Coast Sea Level

Presents neaf, medium, and longterm

Description

options to accommodate, protect
against, or retreat from the threats of
SLR and extreme evengnd isintended

Rise Adaptation

02 AYVTF2NY al NAY [/ 2

Report (2018)

Program (LCP), coastal permitting, and

other county goals related to SLR
preparation.

Link

https://www.marincounty.or
g/depts/cd/divisions/plannin
g/csmartsealevek
rise/csmartpublications
csmartinfospot

Morro Bay Sea
Level Rise
Adaptation
Strategy Report
(2018)

Presents adaptation strategies for three
sites within the City, selectedtb
represent the general exposure of a typ
of hazard or asset

http://www.morro -
bay.ca.us/DocumentCenter
iew/11753/Sea _evelRise
Adaptatbn-ReportJanuary
2018

Adapting to
Rising Tides
(ART) Project

The ART project is a collaborative
planning effort led by the San Francisco
Bay Conservation and Development
Commission to help SF Bay Area
communities adapt to rising sea levels.
The projecthas started with a
vulnerability assessment for a portion of
the Alameda County shoreline.

http://www.adaptingtorisingt
ides.org/

Santa Cruz
Climate
Adaptation Plan

An update to the 2007 Hazard Mitigatior
Plan, the adaptation plan includes
strategies and best available science fo
integrating climate change impacts into
City of Santa Cruz operations.

Complete plan is available:
http://www.cityofsantacruz.c
om/home/showdocument?id
=23644

San Diego Bay
Sea Level Rise
Adaptation
Strategy

The strategy provides measures to
evaluate and manage risks frasea ével
rise and other climate change impact
and includes a vulnerability assessment
community assets at risk, and broad
recommendations to increase resilience

of these assets.

http://icleiusa.org/wp-
content/uploads/2015/08/Sa
n-DieqoSeal eveiRise.pdf

F {SS I f

az

i KS LEPIGaait wdbsifora stafus shart\osgalavel rise work

completed by grantees (updated on an approximately quarterly basis).
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https://www.marincounty.org/depts/cd/divisions/planning/csmart-sea-level-rise/csmart-publications-csmart-infospot
https://www.marincounty.org/depts/cd/divisions/planning/csmart-sea-level-rise/csmart-publications-csmart-infospot
https://www.marincounty.org/depts/cd/divisions/planning/csmart-sea-level-rise/csmart-publications-csmart-infospot
http://www.morro-bay.ca.us/DocumentCenter/View/11753/Sea-Level-Rise-Adaptation-Report-January-2018
http://www.morro-bay.ca.us/DocumentCenter/View/11753/Sea-Level-Rise-Adaptation-Report-January-2018
http://www.morro-bay.ca.us/DocumentCenter/View/11753/Sea-Level-Rise-Adaptation-Report-January-2018
http://www.morro-bay.ca.us/DocumentCenter/View/11753/Sea-Level-Rise-Adaptation-Report-January-2018
http://www.morro-bay.ca.us/DocumentCenter/View/11753/Sea-Level-Rise-Adaptation-Report-January-2018
http://www.adaptingtorisingtides.org/
http://www.adaptingtorisingtides.org/
http://www.cityofsantacruz.com/home/showdocument?id=23644
http://www.cityofsantacruz.com/home/showdocument?id=23644
http://www.cityofsantacruz.com/home/showdocument?id=23644
http://icleiusa.org/wp-content/uploads/2015/08/San-Diego-Sea-Level-Rise.pdf
http://icleiusa.org/wp-content/uploads/2015/08/San-Diego-Sea-Level-Rise.pdf
http://icleiusa.org/wp-content/uploads/2015/08/San-Diego-Sea-Level-Rise.pdf
https://www.coastal.ca.gov/lcp/grants/
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Table €7. California State Agency Resources

Document

California Natural

Safeguarding

California Plan:

2018 Update
(2018)

An update to the 2014 Safequarding document:

Description and Link

http://resources.ca.gov/docs/climate/safeguarding/upc
ate2018/safequardingaliforniaplan-2018update.pdf

Safeguarding

California from
Climate Change
(2014)

An update to the 200€alifornia Climate
Adaptation Strategy
http://resources.ca.gov/docs/climate/Final _Safeguard
g _CA Plan July 31 2014.pdf

Resourcesigency Summarizes climate change impacts and

California recommends adaptation strategies across seven

Climate sectors: Public Health, Biodiversity and Habitat,

Adaptati Oceans and Coastal Resources, Water, Agricultu

ptation .

Strategy(2009 Forestry, and Transportatlon and Energy:
http://resources.ca.gov/docs/climate/Statewide Adapt
tion_Strateqgy.pdf
This 2008 Executive Order required the CA Natut
Resources Agency to develop a statewide climate
adaptation strategyandrequesed thatthe

Executive Orden National Academy of Sciencesnvene an

S13-08(2008) | independent scientific panel to assess sea level r
in California

Office of the http://www.climatechange.ca.gov/state/executive_ord
Governor rs-html

Executive Order

This 2015 Executive Order established an interim
greenhouse gas reduction target of gércent

below 1990 levels by 2030 to expand upon the
targets already included in AB32ad emphasized

D2 IS NY 2 NX
of Planning and
Research

B-30-15(2015) the need for adaptation in line with the actions
identified in theSafeguarding Californidocument
http://gov.ca.gov/news.php?id=18938

Definin Rgsource quide _develcmj by _the Integrated

—gVuInerabIe Climate Adaptation and Resiliency Program

Communities in
the Context of

(ICARP#s a startingpoint for practitioners to use
when first considering how to define vulnerable
communities in an adaptation context.

Protection Council

(and the Coasts &

Climate http://opr.ca.gov/planning/icarp/vulnerable
Adaptation communities.html
State of Provides guidance for incorporating sea level rise
California O California Sea | projections into planning and decision making
alifornia Ucean || aye| Rise Updated to includeRising Seascience 2018:

Guidance: 2018

http://www.opc.ca.gov/updatingcaliforniassealevek

Update (2018)

rise-guidance/
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http://resources.ca.gov/docs/climate/safeguarding/update2018/safeguarding-california-plan-2018-update.pdf
http://resources.ca.gov/docs/climate/safeguarding/update2018/safeguarding-california-plan-2018-update.pdf
http://resources.ca.gov/docs/climate/Final_Safeguarding_CA_Plan_July_31_2014.pdf
http://resources.ca.gov/docs/climate/Final_Safeguarding_CA_Plan_July_31_2014.pdf
http://resources.ca.gov/docs/climate/Statewide_Adaptation_Strategy.pdf
http://resources.ca.gov/docs/climate/Statewide_Adaptation_Strategy.pdf
http://www.climatechange.ca.gov/state/executive_orders.html
http://www.climatechange.ca.gov/state/executive_orders.html
http://gov.ca.gov/news.php?id=18938
http://opr.ca.gov/planning/icarp/vulnerable-communities.html
http://opr.ca.gov/planning/icarp/vulnerable-communities.html
http://www.opc.ca.gov/updating-californias-sea-level-rise-guidance/
http://www.opc.ca.gov/updating-californias-sea-level-rise-guidance/
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Oceans Climate
Action Team, or
CGCAT)

Rising Seas in
California: An

Update on Sea
LevelRise
Science

Provides a synthesis of the state of the science o
sealevel riseand formsthe scientific foundation
for the updated OPC SLRu@ance.
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/ri
singseasin-californiaanupdate-on-sealevetrise-

science.pdf

Resolution on
Implementation
of the
Safeguarding
California Plan
for Reducing
Climate Risks
(2014)

Resolves that OPC staff and the State Coastal
Leadership Group on SLR will develop an action
to implement theSafeguarding Californialan.
http://www.opc.ca.gov/webmaster/ftp/pdf/agenda
items/20140827/ltem5 OPC Aug2014 Exhibit |
Safequarding_Resolution ADOPTED.pdf

Resolution on
Sea Level Rise
(2011)

Recognizes that state agencies should address S
through various actions such as the consideratior
SLR risks in decision making, investment of publi
funds, stakeholder engagement, state SLR guida
updates,etc.

http://www.opc.ca.gov/webmaster/ftp/pdf/docs/O
PC_Seal evelRise Resolution Adopted031111.p

California State
Sealevel Rise
Guidance
Document
(2013)

Provides guidance for incorporating sea level rise
projections into planning and decision making for
projects in California. Updated to include NRC
projections March 2013:
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/2
013 SLR_Guidance Update FINAL1.pdf

California Coastal
Conservancy

Climate Change
Policy(2010)

Includes policies on Ipnsideration of climate
change in project evaluatig2) consideration ofsea
level rise impacts in vulnerability assessments,
3) collaboration to support adaptation strategies,
and4) encouragement of adaptation strategies in
project applications mitigation and adaptation
http://scc.ca.qov/2009/01/21/coastatonservancy
climate-changepolicyand-projectselection
criteria/

Project
Selection
Criteria(2011)

Addssea ével rise vulnerability to projectelection
criteria: http://scc.ca.gov/2009/01/21/coastal
conservancyclimate-changepolicy-and-project-
selectioncriteria/
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http://www.opc.ca.gov/webmaster/ftp/pdf/docs/rising-seas-in-california-an-update-on-sea-level-rise-science.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/rising-seas-in-california-an-update-on-sea-level-rise-science.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/rising-seas-in-california-an-update-on-sea-level-rise-science.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/agenda_items/20140827/Item5_OPC_Aug2014_Exhibit_1_Safeguarding_Resolution_ADOPTED.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/agenda_items/20140827/Item5_OPC_Aug2014_Exhibit_1_Safeguarding_Resolution_ADOPTED.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/agenda_items/20140827/Item5_OPC_Aug2014_Exhibit_1_Safeguarding_Resolution_ADOPTED.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/OPC_SeaLevelRise_Resolution_Adopted031111.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/OPC_SeaLevelRise_Resolution_Adopted031111.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/2013_SLR_Guidance_Update_FINAL1.pdf
http://www.opc.ca.gov/webmaster/ftp/pdf/docs/2013_SLR_Guidance_Update_FINAL1.pdf
http://scc.ca.gov/2009/01/21/coastal-conservancy-climate-change-policy-and-project-selection-criteria/
http://scc.ca.gov/2009/01/21/coastal-conservancy-climate-change-policy-and-project-selection-criteria/
http://scc.ca.gov/2009/01/21/coastal-conservancy-climate-change-policy-and-project-selection-criteria/
http://scc.ca.gov/2009/01/21/coastal-conservancy-climate-change-policy-and-project-selection-criteria/
http://scc.ca.gov/2009/01/21/coastal-conservancy-climate-change-policy-and-project-selection-criteria/
http://scc.ca.gov/2009/01/21/coastal-conservancy-climate-change-policy-and-project-selection-criteria/
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Guidancédor
addressing
climate change
in CA Coastal
Conservancy
projects (2012)

Includes the following steps: &pnduct initial
vulnerability assessment, 2pnduct more
comprehensive vulnerability assessmentré&juce
risks and increase adaptive capacity, apdiéntify
adaptation options:
http://scc.ca.qgov/2013/04/24/guidancéor-

grantees

Climate Change

AmendsBay Plarto include policies on climate
change andea ével rise. Policies requiré) asea
level rise risk assessment for shoreline planning 4
larger shoreline projectsand?) if risks exist, the
project must be designed to cope with flood/éds
by mid-century, andncludea plan to address flood

2?nyelr3uljamnen ¢ r'isks vatAend,of cenEury. Assessm,egts are vrequirec
(2011) aARsyUATe £ € UeLJSg 27
San Francisco Bay uncertainty, consequences of defense failure, ang
Conservation and risks toregisgin,g habitat frcv)mA p(opo§e@<ﬂd
Development LINRUSOUAZ2Y RSOAOSa¢y
Commission http://www.bcdc.ca.gov/proposed bay plan/bp g
(BCDC) mend_108.shtml
Provides the background staff report identifying
Livingwitha |@dzf ySNI 0 Af AGAS&E Ay GKS
Rising Bay: environmental systems, as well as the potential
Vulnerability impacts of climate change on public health and
and Adaptation | safety. The report provides the basis for alisiens
in San Francisc( of the proposed findings and policies concerning
Bay and on its | climate change:
Shoreling2017) | http://www.bcdc.ca.gov/BPA/LivingWithRisingBay
df
California EstimatingSea | Provides guidance on converting tidal datums an
Department of Level for Projeci predicting future sea levels.
Transportation Initiation
(Caltrans) Documents http://www.dot.ca.gov/hg/row/landsurveys/Survey
(2012 sManual/Estimating_Sea_Level vl1.pdf
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http://scc.ca.gov/2013/04/24/guidance-for-grantees
http://scc.ca.gov/2013/04/24/guidance-for-grantees
http://www.bcdc.ca.gov/proposed_bay_plan/bp_amend_1-08.shtml
http://www.bcdc.ca.gov/proposed_bay_plan/bp_amend_1-08.shtml
http://www.bcdc.ca.gov/BPA/LivingWithRisingBay.pdf
http://www.bcdc.ca.gov/BPA/LivingWithRisingBay.pdf
http://www.dot.ca.gov/hq/row/landsurveys/SurveysManual/Estimating_Sea_Level_v1.pdf
http://www.dot.ca.gov/hq/row/landsurveys/SurveysManual/Estimating_Sea_Level_v1.pdf
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Guidance on
Incorporating
Sea Level Rise
(2011)

Provides guidance on how to incorporate sea levs
rise concerns imdt programming and design of
Caltrans projects. Includescreening criteria for
determining whether to include SLR and steps fo
evaluating degree of potential impacts, developin
adaptation alternatives, and implementing the
adaptation strategies:
http://www.dot.ca.gov/ser/downloads/sealevel/qu
de_incorp_slr.pdf

Addressing
Climate Change
in Adaptation

Provides a clear methodology for regional agenci
to address climate change impacts through

Regional adaptation of transportation infrastructure:
Transportation | http://www.dot.ca.qov/hg/tpp/offices/orip/climate
Plans: A Guide | _change/documents/FR3 CA Climate _Change
for MPOs and | ptation _Guide 201382-26 .pdf

RTPA$2013)

Districtwide Cgltrans is currently in the process of complfating
Vulnerability climate change and sea Ievgl rise vulnerability
~LANeTabily assessments for eaotf its Districts.

Assessments

(2018, ongoing)

http://www.dot.ca.gov/transplanning/ocp/vulnerab
ility-assessment.html

Cal OES

California Multi
Hazard
Mitigation Plan
(Draft SHMP
2018

The California (CA) State Hazard Mitigation Plan
60{latiyv NBLINB&aSyila GKS
mitigation quidance document providing an
dzLIRIF SR Fylfteara 2F (K
current hazards, hazard mitigation goals and
objectives, and hazard mitigation strategies and
F QlA2yad ¢KS LI Iy NBSLN
commitment to supporting a comprehensive
mitigation strategy to reduce or eliminate
potential risks and impacts of disasts in order to
promote faster recovery after disasters and,
overall, a more resilient state
http://www.caloes.ca.gov/fofindividuals
families/hazardmitigation-planning/statehazard
mitigationplan

State Lands
Commission

Application for
Lease of State
Lands

Requires assessment of climate change risks, an
preference is given to projects that reduce climaté
change risks:
http://www.slc.ca.gov/Forms/LMDApplication/Lea|
eApp.pdf
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http://www.dot.ca.gov/ser/downloads/sealevel/guide_incorp_slr.pdf
http://www.dot.ca.gov/ser/downloads/sealevel/guide_incorp_slr.pdf
http://www.dot.ca.gov/hq/tpp/offices/orip/climate_change/documents/FR3_CA_Climate_Change_Adaptation_Guide_2013-02-26_.pdf
http://www.dot.ca.gov/hq/tpp/offices/orip/climate_change/documents/FR3_CA_Climate_Change_Adaptation_Guide_2013-02-26_.pdf
http://www.dot.ca.gov/hq/tpp/offices/orip/climate_change/documents/FR3_CA_Climate_Change_Adaptation_Guide_2013-02-26_.pdf
http://www.dot.ca.gov/transplanning/ocp/vulnerability-assessment.html
http://www.dot.ca.gov/transplanning/ocp/vulnerability-assessment.html
http://www.caloes.ca.gov/for-individuals-families/hazard-mitigation-planning/state-hazard-mitigation-plan
http://www.caloes.ca.gov/for-individuals-families/hazard-mitigation-planning/state-hazard-mitigation-plan
http://www.caloes.ca.gov/for-individuals-families/hazard-mitigation-planning/state-hazard-mitigation-plan
http://www.slc.ca.gov/Forms/LMDApplication/LeaseApp.pdf
http://www.slc.ca.gov/Forms/LMDApplication/LeaseApp.pdf
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California State
Parks

Sea level rise
guidance ify
developmeny

Will provide guidance to Park staff on how to ass¢
impacts to parklands.

Groups of state
agencies

Explores local and statewide vulnerabilities to

Ca}llfornla climate change, highlighting opportunities for taki
Climate Change ) . . _
A p o concrete actions to reduce climatghange impacts:

/I Sy i §ND e . :

http://climatechange.ca.gov/climate action_team
Assessment ,

eports/third assessment/

Provides a decisiomaking framework intended for
California use by local and regional stakeholders to aid in th
Climate interpretation of climate science and to develop a
Adaptation systematic rationale for reducing risks caused, or
PlanningGuide | exacerbated, by climate change (2012):
(APG) http://resources.ca.gov/climate/safequarding/local

action/
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http://climatechange.ca.gov/climate_action_team/reports/third_assessment/
http://climatechange.ca.gov/climate_action_team/reports/third_assessment/
http://resources.ca.gov/climate/safeguarding/local-action/
http://resources.ca.gov/climate/safeguarding/local-action/

California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

This page intentionally left blank

Appendix C: Resources for Addressing SLR 272



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

Appendix D: General LCP Amendment Processing Steps 273



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

(LCP) or LCP amendmenthe Coastal Commission offerd.acal Coastal Program

(LCP) Update Guid¢hat outlines théroadprocess for amending or certifying an LCP
including guidance for both Land Use Plans and Implementation. Riacksiresesmajor
Coastal Acttoncernsincluding public accessecreation and visitor serving facilities, water
gualty protection, ESHA and natural resources, agricultural resources, new development,
archaeological and cultural resources, scenic and visual resources, coastal hazard®, shorel
erosion and protective dees; energy and industrial development, and tirtdrels.Therefore,
this Sea Level Rise Policy Guidansigould be used in conjunction with the LCP Update Guide
to perform complete LCP amendments or certificatidihe following figure depicts thgeneral
LCP amendment process.

Sealevel rise is one of many topics that should be addressed in a Local Coastal Program
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California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

Figure I: General LCP Amendment Processing Steps

| Local gov't conceptualizes proposed revision I:

| Determine if it is an LCP amendment

KEY: Shaded entries denote
steps that local government
takes as lead entity; non-shaded

Draft amendment & notice that such amendment is entries are Coastal Commission
steps as lead entity.

available for review

v

Prepare staff report, mail notice of hearing at least
10 working days before hearing

v

Hold hearings & decide on content of amendment at
least 6 weeks after notice of availability
v
APPROVE

Prepare submittal package & send to Coastal Commission
v

Coastal staff determines if complete & informs local gov't
within 10 working days of receipt, or longer for unusual
circumstances

Prepare staff report, mail notice at least 10 calendardays before hearing |

!

Coastal Commission hears & approves or denies amendment by 6o days after
filing for IP only. LUPs or both: go days, with 1 year extension possible for any
of these submittals

Deny, then
approve with
modifications

Deny as
submitted

APPROVE as
submitted

X

Hold hearing, consider modifications within Decide whether to
6 months; 1 year extension possible pursue

ACCEPT
modifications

Do not accept
modifications

Send acceptance to Coastal Drop
Commission proposal
v

Coastal Commission
acknowledges acceptance

v ¥
Local gov'ttakes any needed actions
to putamendmentin effect
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Project Implementation Funds

The following table includes a list of grant funding available for implementation déselarise
adaptation projects and prograrikich of this information was compiled byteo ver nor 6 s
Office of Emergency Servicé€al OES).

Contact

Grant Name

Proposition 1 &
Proposition 84
Competitive
Grant Programs

Ocean Protection
Council

Purpose
Funding from Prop 1 is intended to fund

projects that provide more reliable water
supplies, restore important species and
habitat, and develop a more resilient and
sustainably managed water system
(water supply, water quality, flood
protection, and environment) that can
better withstand inevitabe and
unforeseen pressures in the coming
decades. Proposition 84 funds may be
used for a wide range of purposes
including scientific research, adaptive
management, and conservation of
marine resources.

OPC
http://www.opc.ca.gov/cate
gory/fundingopportunities/

Proposition 68
Funds

Proposition 1

California Coastal

Proposition 68grants for a variety of
purposes including creating parks,
protecting coastal forests and wetlands,
and climate adaptation

Proposition 1Grants for multibenefit

Coastal Conservancy
http://scc.ca.gov/2018/10/1
O/proposition-68-draft-
guidelines/

ecosystem and watershed protection an(
restoration projects.

http://scc.ca.gov/grants/pro

Grants Conservancy "
position-1-grants/
. Climate Ready Grants are focused on
Climate Ready . . . , .
supporting planning, project http://scc.ca.gov/climate
Grants ; ” - "
_— implementation and multragency change/climateready
coordination to advance actions that will| program/
increase the resilience of estal
communities and ecosystems
Support actions at the local and regional
. ; Caltrans
SB 1 Adaptation level to advance climate change )
- Caltrans - http://www.dot.ca.gov/hg/t
Planning Grants | — adaptation efforts on the state Jarants. ml
pp/g .

transportation system
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http://www.caloes.ca.gov/
http://www.caloes.ca.gov/
http://scc.ca.gov/2018/10/10/proposition-68-draft-guidelines/
http://scc.ca.gov/2018/10/10/proposition-68-draft-guidelines/
http://scc.ca.gov/2018/10/10/proposition-68-draft-guidelines/
http://scc.ca.gov/grants/proposition-1-grants/
http://scc.ca.gov/grants/proposition-1-grants/
http://scc.ca.gov/climate-change/climate-ready-program/
http://scc.ca.gov/climate-change/climate-ready-program/
http://scc.ca.gov/climate-change/climate-ready-program/
http://www.dot.ca.gov/hq/tpp/grants.html
http://www.dot.ca.gov/hq/tpp/grants.html
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Proposition 68

Ocean Protection

Provide funding for projects that plan,
develop, and implement climate
adaptation and resiliency projects,
including projects that assist coastal

Council

communities with adaptation to sea level

Ocean Protection Council
(website to comé

rise. These funds caalso support
technical assistance and community

access projects

Hazard Mitigation
Grant (HMG)
Program

Administered by:
Cal OES

Funded by:

US Department of]
Homeland
Security, Federal
Emergency
Management
Agency(FEMA)

Provides grants to states and local
governments to implement lonterm
hazard mitigation measures after a majo
disaster declaration. The purpose of the
HMGP is to reduce the loss of life and
property due to natural disasters and to
enable mitigatbn measures to be
implemented during the immediate
recovery from a disaster.

Cal OES
http://www.caloes.ca.gov/ca
l-oes
divisions/recovery/disaster
mitigationtechnical
support/404hazard
mitigation-grantprogram

FEMA
https://www.fema.gov/hazar
d-mitigation-grantprogram

Administered by:

Cal OES

Cal OES http://www.caloes.ca.gokca
Provides grants to assist states and I-oesdivisions/hazarel
o Funded by: communities in implementing measures | mitigation/pre-disaster
Flood Mitigation L . ——
. US Department of| reduce or eliminatehe longterm risk of | flood-mitigation
Assistance (FMA) o
Program Homeiland flood damage to buildings, mgnufacturec
Security, Federal | homes, and other structures insurable | FEMA
Emergency under the NFIP. https://www.fema.gov/flood
Management -mitigation-assistance
Agency (FEMA) program
To provide supplemental Federal disaste
grant assistance for debris removal,
emergency protective measures, and thg
US Department of| repair, replacement, or restoration of
Homeland disasterdamaged, publicly owned FEMA
Public Assistance | Security, Federal | facilities and the facilities of certain https://www.fema.gov/publi
(PA) Program Emergency Private NorAProfit (PNP) organizations. | c-assistancdocalstate-
Management The PA Program also encourages tribal-and-non-profit
Agency (FEMA) | protection of these damaged facilities

from future events by providing assistang
for hazard mitigation measures during th
recovery process.

Community
Development
Block Grant
(CDBG) Program

US Department of]
Housing and
Urban
Development

Program works to ensure decent

affordable housing, to provide services t
the most vulnerable in our communities,
and to create jobs through the expansior

and retention of businesses.

HUD
http://portal.hud.gov/hudpo
rtal/HUD?src=/program_offiq
es/comm_planning/commun
itydevelopment/programs
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http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/404-hazard-mitigation-grant-program
http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/404-hazard-mitigation-grant-program
http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/404-hazard-mitigation-grant-program
http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/404-hazard-mitigation-grant-program
http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/404-hazard-mitigation-grant-program
http://www.caloes.ca.gov/cal-oes-divisions/recovery/disaster-mitigation-technical-support/404-hazard-mitigation-grant-program
https://www.fema.gov/hazard-mitigation-grant-program
https://www.fema.gov/hazard-mitigation-grant-program
http://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/pre-disaster-flood-mitigation
http://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/pre-disaster-flood-mitigation
http://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/pre-disaster-flood-mitigation
http://www.caloes.ca.gov/cal-oes-divisions/hazard-mitigation/pre-disaster-flood-mitigation
https://www.fema.gov/flood-mitigation-assistance-program
https://www.fema.gov/flood-mitigation-assistance-program
https://www.fema.gov/flood-mitigation-assistance-program
https://www.fema.gov/public-assistance-local-state-tribal-and-non-profit
https://www.fema.gov/public-assistance-local-state-tribal-and-non-profit
https://www.fema.gov/public-assistance-local-state-tribal-and-non-profit
http://portal.hud.gov/hudportal/HUD?src=/program_offices/comm_planning/communitydevelopment/programs
http://portal.hud.gov/hudportal/HUD?src=/program_offices/comm_planning/communitydevelopment/programs
http://portal.hud.gov/hudportal/HUD?src=/program_offices/comm_planning/communitydevelopment/programs
http://portal.hud.gov/hudportal/HUD?src=/program_offices/comm_planning/communitydevelopment/programs
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US Department of]

To provide planning assistance to Feder

NRCS

Watershed Agriculture, state and local agencies for the j
N http://www.nrcs.usda.gov/w
Surveys and Natural Resource | development or coordination of water an ; -
’ . .| ps/portal/nrcs/main/national
Planning Conservation related land resources and programs in
; : : /programs/landscape/wsp/
Service watersheds and river basins.
US Department of| To provide technical and finaial
: : . . . NRCS
Watershed Agriculture, assistance in planning and executing )
. . http://www.nr cs.usda.gov/w
Protection and Natural Resource | works of improvement to protect, - "
. . ps/portal/nrcs/main/national
Flood Prevention | Conservation develop, and use of land and water
. . /programs/landscape/wfpo/
Service resources in small watersheds.
US Department of| To acquire and develop outdoor
Land and Water Pe q; bou NPS
. the Interior, recreation areas and facilities for the i .
Conservation : : http://www.nps.gov/lwcf/in
National Park general public, to meeaturrent and future
Fund Grants . dex.htm
Service needs.

SBA Disaster Loal
Program

US Small Busines
Administration

SBA provides lownterest disaster loans tq
businesses of all sizes, private ruomofit
organizations, homeowners, and renters
SBA disaster loans can be used to repai
replace the following items damaged or
destroyed in a declared disaster: real
estate, personal property, machinery ang
equipment, and inventory and business
assets.

SBA
https://www.sba.gov/conten
t/disaster-loanprogram

Clean Water Act
Section 319
Grants

US Environmental
Protection Agency

To implement state and tribal nepoint
source pollution manageent programs,
including support for nosstructural
watershed resource restoration activities

EPA
https://www.epa.gov/nps/31
9-grantprogramstatesand
territories

FloodControl
Works/
Emergency
Rehabilitation

US Department of]
Defense, Army
Corps of
Engineers

To assist in the repairs and restoration o
public works damaged by flood,
extraordinary wind, wave or water action

USACE
http://www.usace.army.mil/
Missions/EmergencyOperati
ons/NationalResponseFram
work/FloodControl.aspx

USACE

Emergency US Department of| To prevent erosion damages to public ;
. . http://www.mvr.usace.army.
Streambank and | Defense, Army facilities by the emergency construction . . ;
. . . mil/BusinessWithUs/Outread
Shoreline Corps of repair of streambank and shoreline ; i
: ) . hCustomerService/FloodRis
Protection Engineers protection works (33 CFR 263.25) ;
Management/Section14.asp
USACE
www.usace.army.mil
US Department of]
Small Flood Defense, Army To reduce flood damages through small See also:

Control Projects

Corps of
Enginees

flood control projects not specifically
authorized by Congress.

https://www.cfda.gov/index
?s=program&mode=formé&tdg
b=core&id=2216ee03c69db/
37c431036a5585ede6
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http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wsp/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wsp/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/landscape/wfpo/
http://www.nps.gov/lwcf/index.htm
http://www.nps.gov/lwcf/index.htm
https://www.sba.gov/content/disaster-loan-program
https://www.sba.gov/content/disaster-loan-program
https://www.epa.gov/nps/319-grant-program-states-and-territories
https://www.epa.gov/nps/319-grant-program-states-and-territories
https://www.epa.gov/nps/319-grant-program-states-and-territories
http://www.usace.army.mil/Missions/EmergencyOperations/NationalResponseFramework/FloodControl.aspx
http://www.usace.army.mil/Missions/EmergencyOperations/NationalResponseFramework/FloodControl.aspx
http://www.usace.army.mil/Missions/EmergencyOperations/NationalResponseFramework/FloodControl.aspx
http://www.usace.army.mil/Missions/EmergencyOperations/NationalResponseFramework/FloodControl.aspx
http://www.mvr.usace.army.mil/BusinessWithUs/OutreachCustomerService/FloodRiskManagement/Section14.aspx
http://www.mvr.usace.army.mil/BusinessWithUs/OutreachCustomerService/FloodRiskManagement/Section14.aspx
http://www.mvr.usace.army.mil/BusinessWithUs/OutreachCustomerService/FloodRiskManagement/Section14.aspx
http://www.mvr.usace.army.mil/BusinessWithUs/OutreachCustomerService/FloodRiskManagement/Section14.aspx
http://www.usace.army.mil/
https://www.cfda.gov/index?s=program&mode=form&tab=core&id=2216ee03c69db437c431036a5585ede6
https://www.cfda.gov/index?s=program&mode=form&tab=core&id=2216ee03c69db437c431036a5585ede6
https://www.cfda.gov/index?s=program&mode=form&tab=core&id=2216ee03c69db437c431036a5585ede6
https://www.cfda.gov/index?s=program&mode=form&tab=core&id=2216ee03c69db437c431036a5585ede6
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Legislative Findings Relating toSea Level Rise

Section 30006.5 of the Coastal Act states (Legislative findings and declarations; technical advice
and recommendations) states (emphasis added):

The Legislature further finds and declares that sound andytisogentific

recommendations are necessary for many coastal planning, conservation, and
development decisions and that the commission should, in addition to developing its own
expertise in significant applicable fields of science, interact with memb#re of

scientific and academic communities in the social, physical, and natural sciences so that
the commission may receive technical advice and recommendations with regard to its
decisionmaking, especially with regard to issues such as coastal erosior@ndyy

marine biodiversity, wetland restoration, thaestion ofea kvel rise desalination

plants, and the cumulative impact of coastal zone developments.

Public Access and Recreation
Section 30210 of the Coastal Act (Access; recreational opptesirposting) states:

In carrying out the requirement of Section 4 of Article X of the California Constitution,
maximum access, which shall be conspicuously posted, and recreational opportunities
shall be provided for all the people consistent with pusdifety needs and the need to
protect public rights, rights of private property owners, and natural resource areas from
overuse.

Section 30211 of the Coastal Act (Development not to interfere with access) states:

Development shall not interfere withthbeu b1 i c6s ri ght of access
acquired through use or legislative authorization, including, but not limited to, the use of
dry sand and rocky coastal beaches to the first line of terrestrial vegetation.

Section 30212 of the Coastal Act (Ne@velopment projects) states:

(a) Public access from the nearest public roadway to the shoreline and along the coast
shall be provided in new development projects except where: (1) it is inconsistent with
public safety, military security needs, or the piiton of fragile coastal resources, (2)
adequate access exists nearby, or (3) agriculture would be adversely affected. Dedicated
accessway shall not be required to be opened to public use until a public agency or
private association agrees to accept rasgbility for maintenance and liability of the
accessway.

Section 30214 of the Coastal Act (Implementation of public access policies; legislative intent)
states:

(@) The public access policies of this article shall be implemented in a manner that takes
into account the need to regulate the time, place, and manner of public access depending
on the facts and circumstances in each case including, but not limited to, the following:

(1) Topographic and geologic site characteristics.
(2) The capacity of the site sustain use and at what level of intensity.
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(3) The appropriateness of limiting public access to the right to pass and repass
depending on such factors as the fragility of the natural resources in the area and the
proximity of the access area to adjateesidential uses.

(4) The need to provide for the management of access areas so as to protect the privacy
of adjacent property owners and to protect the aesthetic values of the area by providing
for the collection of litter.

(b) It is the intent of theegislature that the public access policies of this article be

carried out in a reasonable manner that considers the equities and that balances the
rights of the individual property owner with the public's constitutional right of access
pursuant to Sectioa of Article X of the California Constitution. Nothing in this section

or any amendment thereto shall be construed as a limitation on the rights guaranteed to
the public under Section 4 of Article X of the California Constitution.

(c) In carrying out thgoublic access policies of this article, the commission and any other
responsible public agency shall consider and encourage the utilization of innovative
access management techniques, including, but not limited to, agreements with private
organizations whih would minimize management costs and encourage the use of
volunteer programs.

Section 30220 of the Coastal Act (Protection of certain waiented activitiesjtates:

Coastal areas suited for wateriented recreational activities that cannot ready
provided at inland water areas shall be protected for such uses.

Section 30221 of the Coastal Act (Oceanfront land; protection for recreational use and
developmentstates:

Oceanfront land suitable for recreational use shall be protected for recreational use and
development unless present and foreseeable future demand for public or commercial
recreational activities that could be accommodated on the property is already aelgqua
provided for in the area.

Section 30223 of the Coastal Act (Upland areas) states:

Upland areas necessary to support coastal recreational uses shall be reserved for such
uses, where feasible.

Wetlands and Environmentally Sensitive Resources
Section 30231 of the Coastal Act (Biological productivity; water quality) states in part:

The biological productivity and the quality of coastal waters, streams, wetlands,
estuaries, and lakes appropriate to maintain optimum populations of marine organism
and for the protection of human health shall be maintained and, where feasible,
restoredé

Section 3023%f the Coastal ActDiking, filling or dredging; continued movement of sediment
and nutrients) states:
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(a) The diking, filling, or dredging of opewmastal waters, wetlands, estuaries, and lakes
shall be permitted in accordance with other applicable provisions of this division, where
there is no feasible less environmentally damaging alternative, and where feasible
mitigation measures have been pdrd to minimize adverse environmental effects, and
shall be limited to the following:

Section 30240 of the Coastal Act (Environmentally sensitive habitat areas; adjacent
developments) states:

(a) Environmentally sensitive habitat areas shall be proteaggdnst any significant
disruption of habitat values, and only uses dependent on those resources shall be allowed
within those areas.

(b) Development in areas adjacent to environmentally sensitive habitat areas and parks
and recreation areas shall be sited and designed to prevent impacts which would
significantly degrade those areas, and shall be compatible with the continuance of those
habitat and recreation areas.

Coast al Act Section 30121 defines fAWetlando a

"Wetland" means lands within the coastal zone which may be covered periodically or
permanently with shallow water and include saltwater marshes, freshwater marshes,
open or closed brackish water marshes, swamps, mudflats, and fens.

The California Code of Regulations Section 13577(b) of Title 14, Division 5.5, Article 18
defines AWet:!l ando as foll ows

(1) Measure 100 feet landward from the upland limthefwetland. Wetland shall be

defined as land where the water table is at, near, or above the land surface long enough to
promote the formation of hydric soids to support the growth of hydrophytes, and shall

also include those types of wetlands whemgetation is lacking and soil is poorly

developed or absent as a result of frequent and drastic fluctuations of surface water levels,
wave action, water flow, turbidity or high concentrations of salts or other substances in

the substrate. Such wetlands darecognized by the presence of surface water or
saturated substrate at some time during each year and their location within, or adjacent

to, vegetated wetlands or deejater habitats. For purposes of this section, the upland

limit of a wetland shall beefined as:

(A) the boundary between land with predominantly hydrophytic cover and land with
predominantlymesophytic or xerophytic cover;

(B) the boundary between soil that is predominantly hydric and soilghat
predominantly nonhydric; or

(C) inthe case of wetlands without vegetation or soils, the boundary between land that
is flooded or saturated at some time during years of normal precipitation, and land that
IS not.

(2) For the purposes of this s etatdhabmt t he t
created by the presence of and associated with agricultural ponds and reservoirs where:

Appendix F: Coastal Act Policies Relevant to SLR and Coastal Hazards 284



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

(A) the pond or reservoir was in fact constructed by a farmer or rarfoner
agricultural purposes; and

(B) there is no evidence (e.g., aerial photodrsyphistorical surveyetc) showing that
wetland habitat predated the existence of the pond or reservoir. Areas with drained
hydric soils that are no longer capable of supporting hydrophytes shall not be
considered wetlands.

In addition, Coastal Act&ct i on 30107.5 defines AENnvironment

"Environmentally sensitive area” means any area in which plant or animal life or their
habitats are either rare or especially valuable because of their special nature or role in
an ecosystm and which could be easily disturbed or degraded by human activities and
developments.

Agricultural and Timber Lands

Section 30241 of the Coastal Act (Prime agricultural land; maintenance in agricultural
production)states:

The maximum amount of priragricultural land shall be maintained in agricultural
production to assure the protection of the
shall be minimized between agricultur al an

Section 30242 of the Coastal Act (Lands suitablefprcultural use; conversion) states:

All other lands suitable for agricultural use shall not be converted to nonagricultural
uses unless (1) continued or renewed agriculture use is not feasible, or (2) such
conversion would preserve prime agriculturahthor concentrate development
consistent with Sectiad0250 Any such permitted conversion shall be compatible with
continue agricultural use on surrounding lands.

Section 30243 of the Coastal Act (Productivity of soils and timberlands; conversiors) state

The longterm productivity of soils and timberlands shall be protected, and conversions
of coastal commercial timberlands in units of commercial size to other uses or their
division into units of noncommercial size shall be limited to providing faxssacy

timber processing and related facilities.

Archaeological and Paleontological Resources
Section 30244 of the Coastal Act (Archaeological or paleontological resources) states:

Where development would adversely impact archaeological or paleontdloggoarces
as identified by the State Historic Preservation Officer, reasonable mitigation measures
shall be required.
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Marine Resources
Section 30230 of the Coastal Act (Marine resources; maintenance) states:

Marine resources shall be maintained, enbed, and where feasible, restored. Special
protection shall be given to areas and species of special biological or economic
significance. Uses of the marine environment shall be carried out in a manner that will
sustain the biological productivity of cdabwaters and that will maintain healthy
populations of all species of marine organisms adequate fortErmg commercial,
recreational, scientific, and educational purposes.

Section 30231 of the Coastal Act (Biological productivity; water quality) state

The biological productivity and the quality of coastal waters, streams, wetlands,
estuaries, and lakes appropriate to maintain optimum populations of marine organisms
and for the protection of human health shall be maintained and, where feasiblezdesto
through, among other means, minimizing adverse effects of waste water discharges and
entrainment, controlling runoff, preventing depletion of ground water supplies and
substantial interference with surface waterflow, encouraging waste water reclamation
maintaining natural vegetation buffer areas that protect riparian habitats, and

minimizing alteration of natural streams.

Section 30233 of the Coastal Act (Diking, filling or dredging; continued movement of sediment
and nutrients) states:

(a) Thediking, filling, or dredging of open coastal waters, wetlands, estuaries, and lakes
shall be permitted in accordance with other applicable provisions of this division, where
there is no feasible less environmentally damaging alternative, and where feasible

mi tigation measures have been provided to

(d) Erosion control and flood control facilities constructed on watercourses can impede
the movement of sediment and nutrients that would otherwise be carried by storfim runof
into coastal waters. To facilitate the continued delivery of these sediments to the littoral
zone, whenever feasible, the material removed from these facilities may be placed at
appropriate points on the shoreline in accordance with other applicablesiwag of

this division, where feasible mitigation measures have been provided to minimize adverse
environmental effects. Aspects that shall be considered before isSDoagptl

Development &mit for these purposes are the method of placement, tineaobfy

placement, and sensitivity of the placement area.

Section 30234 of the Coastal Act (Commercial fishing and recreational boating faGtiies:

Facilities serving the commercial fishing and recreational boating industries shall be
protected ad, where feasible, upgraded. Existing commercial fishing and recreational
boating harbor space shall not be reduced unless the demand for those facilities no
longer exists or adequate substitute space has been provided. Proposed recreational
boating facilties shall, where feasible, be designed and located in such a fashion as not
to interfere with the needs of the commercial fishing industry.
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Section 30234.5 of the Coastal Act (Economic, commercial, and recreational importance of
fishing) states:

The eonomic, commercial, and recreational importance of fishing activities shall be
recognized and protected.

Coastal Development
Section 30250 of the Coastal Act (Location; existing developed area) states:

(a) New residential, commercial, or industrial @é&pment, except as otherwise provided

in this division, shall be located within, contiguous with, or in close proximity to, existing
developed areas able to accommodate it or, where such areas are not able to
accommodate it, in other areas with adequaiblig services and where it will not have
significant adverse effects, either individually or cumulatively, on coastal resources. In
addition, land divisions, other than leases for agricultural uses, outside existing
developed areas shall be permitted onhyere 50 percent of the usable parcels in the

area have been developed and the created parcels would be no smaller than the average
size of surrounding parcels.

(b) Where feasible, new hazardous industrial development shall be located away from
existingdeveloped areas.

(c) Visitor-serving facilities that cannot feasibly be located in existing developed areas
shall be located in existing isolated developments or at selected points of attraction for
visitors.

Section 30251 of the Coastal Act (Scenic wisdal qualitiesktates:

The scenic and visual qualities of coastal areas shall be considered and protected as a
resource of public importance. Permitted development shall be sited and designed to
protect views to and along the ocean and scenic coastabato minimize the alteration

of natural land forms, to be visually compatible with the character of surrounding areas,
and, where feasible, to restore and enhance visual quality in visually degraded areas...

Section 30253 the Coastal Act (Minimizatiohadverse impactstates in part:
New development shall do all of the following:
(a) Minimize risks to life and property in areas of high geologic, flood, and fire hazard.

(b) Assure stability and structural integrity, and neither create nor cort&ibu

significantly to erosion, geologic instability, or destruction of the site or surrounding

area or in any way require the construction of protective devices that would substantially
alter natural landforms along bluffs and cliffs...

Section 30235 of th€oastal Act (Construction altering natural shorelstajes:

Revetments, breakwaters, groins, harbor channels, seawalls, cliff retaining walls, and
other such construction that alters natural shoreline processes shall be permitted when
required to serveoastaldependent uses or to protect existing structures or public
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beaches in danger from erosion, and when designed to eliminate or mitigate adverse
impacts on local shoreline sand supply. Existing marine structures causing water
stagnation contributingo pollution problems and fishkills should be phased out or
upgraded where feasible.

Section 30236 of the Coastal Act (Water supply and flood control) states:

Channelizations, dams, or other substantial alterations of rivers and streams shall
incorporatethe best mitigation measures feasible, and be limited to (I) necessary water
supply projects, (2) flood control projects where no other method for protecting existing
structures in the flood plain is feasible and where such protection is necessarylfor pub
safety or to protect existing development, or (3) developments where the primary function
is the improvement of fish and wildlife habitat.

Ports
Section 30705 of the Coastal A@iiking, filling or dredging water arepstates:

(a) Water areas mayebdiked, filled, or dredged when consistent with a certified port
master plan only for the following: &

(b) The design and location of new or expanded facilities shall, to the extent practicable,
take advantage of existing water depths, water circulasiation patterns, and means
available to reduce controllable sedimentation so as to diminish the need for future
dredging.

(c) Dredging shall be planned, scheduled, and carried out to minimize disruption to fish
and bird breeding and migrations, marinalitats, and water circulation. Bottom

sediments or sediment elutriate shall be analyzed for toxicants prior to dredging or
mining, and where water quality standards are met, dredge spoils may be deposited in
open coastal water sites designated to minirpatential adverse impacts on marine
organisms, or in confined coastal waters designated as fill sites by the master plan where
such spoil can be isolated and contained, or in fill basins on upland sites. Dredge
material shall not be transported from caalstvaters into estuarine or fresh water areas

for disposal.

Section 30706 of the Coastal A€il() states:

In addition to the other provisions of this chapter, the policies contained in this section
shall govern filling seaward of the mean high tie within the jurisdiction of ports:

(a) The water area to be filled shall be the minimum necessary to achieve the
purpose of the fill.

(b) The nature, location, and extent of any fill, including the disposal of dredge
spoils within an area designatear ffill, shall minimize harmful effects to coastal
resources, such as water quality, fish or wildlife resources, recreational
resources, or sand transport systems, and shall minimize reductions of the
volume, surface area, or circulation of water.
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(c) Thefill is constructed in accordance with sound safety standards which will
afford reasonable protection to persons and property against the hazards of
unstable geologic or soil conditions or of flood or storm waters.

(d) The fill is consistent with navigahal safety.

Section 30708 of the Coastal Atbation, design and construction of port related
developmenfisstates:

All port-related developments shall be located, designed, and constructed so as to:
(a) Minimize substantial adverse environmentalactp.
(b) Minimize potential traffic conflicts between vessels.

(c) Give highest priority to the use of existing land space within harbors for port
purposes, including, but not limited to, navigational facilities, shipping industries,
and necessary supg@nd access facilities.

(d) Provide for other beneficial uses consistent with the public trust, including, but
not limited to, recreation and wildlife habitat uses, to the extent feasible.

(e) Encourage rail service to port areas and multicompany uteciities.

Public Works Facilities
According to Coastal Act Section 30114, public works facilities include:

(a) All production, storage, transmission, and recovery facilities for water, sewerage,
telephone, and other similar utilities owned or operated by any public agency or by any
utility subject to the jurisdiction of the Publigtilities Commissionexcept ér energy
facilities.

(b) All public transportation facilities, including streets, roads, highways, public parking
lots and structures, ports, harbors, airports, railroads, and mass transit facilities and
stations, bridges, trolley wires, and other rethfecilities. For purposes of this division,
neither the Ports of Hueneme, Long Beach, Los Angeles, nor San Diego Unified Port
District nor any of the developments within these ports shall be considered public works.

(c) All publicly financed recreationdhcilities, all projects of the State Coastal
Conservancy, and any development by a special district.

(d) All community college facilities.

Greenhouse Gas Emissions Reduction
Section 30250(a) of the Coastal Acb¢ation, existing developed arestats in part:

(a) New residential, commercial, or industrial development, except as otherwise provided
in this division, shall be located within, contiguous with, or in close proximity to, existing
developed areas able to accommodate it or, where such areas are ntt able
accommodate it, in other areas with adequate public services and where it will not have
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significant adverse effects, either individually or cumulatively, on coastal resources. In
addition, land divisions, other than leases for agricultural uses, ciesxsting

developed areas shall be permitted only where 50 percent of the usable parcels in the
area have been developed and the created parcels would be no smaller than the average
size of surrounding parcels.

Section 30252 of the Coastal Act (Maintena and enhancement of public accessies:

The location and amount of new development should maintain and enhance public access
to the coast by (1) facilitating the provision or extension of transit service, (2) providing
commercial facilities within oadjoining residential development or in other areas that

will minimize the use of coastal access roads, (3) providing nonautomobile circulation
within the development, (4) providing adequate parking facilities or providing substitute
means of serving theevelopment with public transportation, (5) assuring the potential

for public transit for high intensity uses such as hige office buildings, and by (6)

assuring that the recreational needs of new residents will not overload nearby coastal
recreationareas by correlating the amount of development with local park acquisition

and development plans with the provision of onsite recreational facilities to serve the new
development.

Section 30253(d) of the Coastal Act (Minimization of adverse impatzss in part:
New Development shall:

(d) Minimize energy consumption and veh
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Figure GL. Map of tide gauge locations (from OPC 2018)
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Table GL. Sea Level Rise Projections for theescent Citfide Gaug€® (OPC 2018)

Projected Sea Level Rise (in feefyescent City

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversio
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’:  LINR 0 | 6 A f| (no associated probability)
2030 0.3 0.5 0.8
2040 0.4 0.9 1.4
2050 0.7 15 2.3
2060 0.9 2.1 3.3
2070 1.2 2.8 4.5
2080 1.6 3.7 5.9
2090 2.0 4.7 7.4
2100 2.5 5.9 9.3
2110* 2.5 6.2 11.0
2120 3.0 7.4 13.1
2130 3.4 8.7 15.3
2140 3.9 10.1 17.8
2150 4.4 11.6 20.6

*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 211Q@y@l$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.

106 propabilistic 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 occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, whi le the OPC tables include low emissions scenarios)lg 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 updag¢ best available science as necessary, including
if emissions trajectories change.
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Table G2. Sea Level Rise Projectis for the North Spit Tide Gaud¥ (OPC 2018)

Projected Sea Level Rise (in fedtorth Spit

Probabilistic Projections H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)

Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range” 1-in-200 chance Single scenario

(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.7 1.0 1.2
2040 1.1 1.6 2.0
2050 15 2.3 3.1
2060 1.9 3.1 4.3
2070 2.4 4.0 5.6
2080 2.9 5.1 7.2
2090 3.5 6.2 8.9
2100 4.1 7.6 10.9
2110* 4.3 8.0 12.7
2120 4.9 9.4 15.0
2130 55 10.9 17.4
2140 6.2 12.5 20.1
2150 6.8 14.1 23.0

*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 shificertainty estimates

(see Kopp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

107 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 litkeod of occurrence.Projections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluadi
Additionally, while the OPC tables include low emissions scenariosnly 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 vill continue to update best available science as necessary, including
if emissions trajectories change.
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Table G3. Sea Level Rise Projections for the Arebave Tide Gaud& (OPC 2018)

Projected Sea Level Rise (in feedyena Cove

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.7 1.0
2040 0.7 1.2 1.6
2050 1.0 1.8 2.6
2060 1.3 2.5 3.7
2070 1.7 3.3 5.0
2080 2.2 4.3 6.4
2090 2.6 5.4 8.0
2100 3.1 6.7 9.9
2110* 3.2 7.0 11.6
2120 3.8 8.2 13.9
2130 4.3 9.7 16.2
2140 4.8 111 18.7
2150 54 12.6 215

*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
(se2 Kopp et al., 2014). Use of 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

108 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 ke an associated likelihood of occurrencérojections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OB recommends evaluating
Additionally, while the OPC tables include low emissions scenariosnly 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 hecessary, including
if emissions trajectories change.
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Table G4. Sea Level Rise Projections for tReint ReyesTide Gaug&® (OPC 2018)

Projected Sea Level Rise (in fed®pint Reyes

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.6 0.8 1.0
2040 0.8 13 1.8
2050 1.1 2.0 2.8
2060 15 2.7 3.9
2070 1.9 3.5 5.2
2080 2.4 4.6 6.7
2090 2.9 5.6 8.3
2100 3.5 7.0 10.3
2110* 3.6 7.3 12.0
2120 4.2 8.6 14.3
2130 4.7 10.1 16.6
2140 5.3 11.5 19.2
2150 5.9 13.1 22.0

*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). Usé 2110 projections should be done with caution and acknowledgement of increased
uncertainty around these projections.

109 probabilistic projections for the height of sea level rise and the H++ scenario are presented. The H++
projection is a single sceario and does not have an associated likelihood of occurrendérojections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosnly high emissions scenarios, which
represent RCP 8.5, are included here because global greenhouse gas emissions are diyrgacking along

this trajectory. The Coastal Commission will continue to update best available science as necessary, including
if emissions trajectories change.
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Table G5. Sea Level Rise Projections for the San Francisco Tide G2¢g&€C 2018)

Projected Sea Level Rise (in feedan Francisco

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 13 1.8
2050 1.1 1.9 2.7
2060 15 2.6 3.9
2070 1.9 3.5 5.2
2080 2.4 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 projesticchould be done with caution and acknowledgement of increased
uncertainty around these projections.

109 propabilistic projections for the height of sea level rise and the H++ scenario are presed. The H++
projection is a single scenario and does not have an associated likelihood of occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidanceo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosnly high emissions scenarios, which
represent RCP 8.5, are included here because global greenhouse gasssions 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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Table G6. Sea Level Rise Projections for the Monterey Tide Galif@©PC 2018)

Projected Sea Level Rise (in fedf)onterey

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 1.2 1.7
2050 1.1 1.9 2.7
2060 1.4 2.6 3.8
2070 1.8 3.4 5.1
2080 2.3 4.4 6.6
2090 2.8 5.5 8.2
2100 3.3 6.9 10.1
2110* 3.4 7.2 11.8
2120 4.0 8.5 14.0
2130 4.5 9.9 16.4
2140 51 11.3 18.9
2150 5.7 12.9 21.8

*Most of the available climate modeéxperiments 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 wittian and acknowledgement of increased
uncertainty around these projections.

111 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 occurrerrejections are with
respect to a baseline year of 2000 (or merspecifically, the average relative sea level over 199009. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosply 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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Table G7. Sea Level Rise Projections for the Port San Luis Tide GKy@PC 2018)

Projected Sea Level Rise (in fedRprt San Luis

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.7 1.0
2040 0.7 1.2 1.6
2050 1.0 1.8 2.6
2060 1.3 2.5 3.7
2070 1.7 3.3 5.0
2080 2.1 4.3 6.4
2090 2.6 5.3 8.0
2100 3.1 6.7 9.9
2110* 3.2 7.0 11.6
2120 3.7 8.2 13.8
2130 4.3 9.6 16.2
2140 4.8 111 18.7
2150 54 12.6 215

*Most of the available climate model experiments do nektend 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 acldusmhent of increased
uncertainty around these projections.

112 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 occurrerrejections are with
respect to a baselingear of 2000 (or more specifically, the average relative sea level over 199009. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions soarios, 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 uidiclg

if emissions trajectories change.

Appendix G: Sea Level Rise Projections for 12 Californi&aidges 299



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

Table G8. Sea Level Rise Projections for the Santa Barbara Tide G&l@PC 2018)

Projected Sea Level Rise (in feédanta Barbara

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.4 0.7 1.0
2040 0.7 11 1.6
2050 1.0 1.8 2.5
2060 1.3 2.5 3.6
2070 1.7 3.3 4.9
2080 2.1 4.3 6.3
2090 2.6 5.3 7.9
2100 3.1 6.6 9.8
2110* 3.2 6.9 11.5
2120 3.7 8.2 13.7
2130 4.2 9.5 16.0
2140 4.8 11.0 18.6
2150 5.3 12.6 21.4

*Most of the available climate model experiments do not extend beyond 2100. i#seilting 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.

113 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 occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosnty 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 sciee as necessary, including
if emissions trajectories change.

Appendix G: Sea Level Rise Projections for 12 Californi&aidges 300



California Coastal Commission Sezvel Rise Policy Guidance
Draft Science Update, October 2018

Table G9. Sea Level Rise Projections for the Santa Monica Tide Gali(2PC 2018)

Projected Sea Level Rise (in fe€ganta Monica

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.8 1.0
2040 0.8 1.2 1.7
2050 1.1 1.9 2.6
2060 1.4 2.6 3.8
2070 1.8 3.4 5.1
2080 2.3 4.4 6.5
2090 2.8 5.5 8.1
2100 3.3 6.8 10.0
2110* 3.5 7.2 11.7
2120 4.0 8.5 14.0
2130 4.5 9.8 16.3
2140 51 11.3 18.9
2150 57 12.9 21.7

*Most of the available climate model experiments do not extend beyond 2100. The resulting reductiorodel
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 mjections.

114 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 occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, whil e the OPC tables include low emissions scenarios\ly 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 updatéest available science as necessary, including
if emissions trajectories change.
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Table G10. Sea Level Rise Projections for the Los Angeles Tide GRY@PC 2018)

Projected Sea Level Rise (in fedtps Angeles

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.5 0.7 1.0
2040 0.7 1.2 1.7
2050 1.0 1.8 2.6
2060 1.3 2.5 3.7
2070 1.7 3.3 5.0
2080 2.2 4.3 6.4
2090 2.7 5.3 8.0
2100 3.2 6.7 9.9
2110* 3.3 7.1 11.5
2120 3.8 8.3 13.8
2130 4.3 9.7 16.1
2140 4.9 111 18.7
2150 54 12.7 215

*Most of the available climate model experiments do not extend beyond 2100. The resulting reduction in model
availability causesa 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.

115 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 occurrerrejections are with
respect to a baseline year of 2000 (or merspecifically, the average relative sea level over 199009. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosply 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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Table G11. Sea Level Rise Projections for the La Jolla Tide Gati@PC 2018)

Projected Sea Level Rise (in fedts Jolla

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.6 0.9 1.1
2040 0.9 13 1.8
2050 1.2 2.0 2.8
2060 1.6 2.7 3.9
2070 2.0 3.6 5.2
2080 2.5 4.6 6.7
2090 3.0 5.7 8.3
2100 3.6 7.1 10.2
2110* 3.7 7.5 12.0
2120 4.3 8.8 14.3
2130 4.9 10.2 16.6
2140 54 11.7 19.2
2150 6.1 13.3 22.0

*Most of the available climate model experiments do not extend beyond 2100. The resulting reduction in model
availability causes a small dip in projectiotetween 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

116 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 occurrerrejections are with
respect to a baselingear of 2000 (or more specifically, the average relative sea level over 199009. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions soarios, 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 uidiclg

if emissions trajectories change.
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Table G12. Sea Level Rise Projections for the San Diego Tide Gal@@PC 2018)

Projected Sea Level Rise (in feegan Diego

Probabilistic Projections (in feet) H++ Scenario
(based on Kopp et al. 2014) (Sweet et al. 2017)
Low Risk Aversion Mgdlum-ngh Extreme Risk Aversiol
Risk Aversion
Upper limit of "likely range" 1-in-200 chance Single scenario
(~17% probability SLR exceed{ 6 n ®p’z  LINR 0 | 6 A f| (no associated probability)
2030 0.6 0.9 1.1
2040 0.9 13 1.8
2050 1.2 2.0 2.8
2060 1.6 2.7 3.9
2070 2.0 3.6 5.2
2080 2.5 4.6 6.7
2090 3.0 5.7 8.3
2100 3.6 7.0 10.2
2110* 3.7 7.5 12.0
2120 4.3 8.8 14.3
2130 4.9 10.2 16.6
2140 54 11.7 19.2
2150 6.1 13.3 22.0

*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, dbagea 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.

117 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 occurrerrejections are with
respect to a baseline year of 2000 (or more specifically, the average relative sea level over -P@®@B. Table is
adapted from the 2018 OPC SLR Guidancéo present only the three scenarios OPC recommends evaluating
Additionally, while the OPC tables include low emissions scenariosnty 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 sciee as necessary, including
if emissions trajectories change.
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California Coastal Commission

District Offices

@ District office location
District

‘ Del Norte
" North Coast

Humboldt North Central Coast

Central Coast
South Central Coast

Mendocino South Coast

San Diego Coast

‘Sonoma

Marin g
. *San Francisco

San M"a)teo
Santag.
Cruz |
Monterey)
San Luis
Obispo

|

Santa Barbara

— Ver;tura y
0s
> A Angeles
® Orange
~ San
@Diego

/7 South Central includes Malibu &
Santa Monica Mtns of LA Co.

Figure H1. Location of Coastal Commission Offices
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COASTAL COMMISSION DISTRICT OFFICE CONTACT INFORMATION

North Coast (Del Norte, Humboldt, Mendocino Counties)
(707)826-8950

Headquarters and North Central Coast(Sonoma, Marin, San Francisco, San Mateo Counties)
(415)904-5200

Central Coast(Santa Cruz, Monterey, San Luis Obispountie$
(831)427-4863

South Central Coast(Santa Barbara and Ventura Counties, and the Malibu portion of Los
Angeles County)
(805)585-1800

South Coast(Los Angeles (except Malibu) and Orange Counties)
(562)590-5071

San Diego(San Diego County)
(619)767-2370

COASTAL COMMISSION STAFF SEA LEVEL RISE TEAM
Principal Contributors to this Document

Charles Lestelkxecutive Director

Susan HanscliChief Deputy Director

Jack AinsworthSenior Deputy Director

SherilynSarb,Deputy Director

Dan Carl,Deputy Director

Chris PedersorChief Counsel

Michelle Jespersorkederal Programs Manager

Lesley Ewing,Senior Coastal Engineer

Liz Fuchs,Manager, Statewide Planning

Hilary PapendickCoastal Program Analyst

Kelsey Ducklow L CP Grant Coordinator/Climate Change Analyst
Carey Bathal .CP Grant Coordinator/Climate change Analyst
Mary Matella,Environmental Scientist

Lauren GarskeSea Grant Fellow

Elena Perez5ea Grant Fellow

Other contributing &ff includes members of the Technical Services Unit and the Coastal
Commision Climate Change Task Force; Chief of Enforcement, Lisa Haage; Deputy Director
for Energy and Ocean Resources, Alison Dettmer; Web Developer, Zach Moreno.

Questions? Please call ksgdy Ducklow at 419042335 or Carey Batha at 418045268, or
email SLRGuidanceDocument@-coastal.ca.gov
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