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5.2 Organizations

0-55 San Francisco Baykeeper
COMMENT RESPONSE
0-55-1 This is a general comment that includes introductory remarks and serves to introduce the
@ o . . o
D more specific comments that are responded to in detail below. As a result, no specific
SAN FRANCISCO . .
BA‘}‘KE:‘EP“ER response is provided here.
®
April 27, 2021 0-55-2 This is a general comment that includes introductory remarks and serves to introduce the
Transmitted Via Electronic Mail more specific comments that are responded to in detail below. As a result, no specific
response is provided here.
E;‘.?F"]quffk}]]ﬂ'&if:”l,ﬂij"‘i Building Department As discussed in the Draft EIR in Section 4.8.2, Regulatory Setting, under Land Use Covenants,
& < " i Vi l
Suite 2114 and as explained further in Consolidated Response 4.16, Remediation Plans, Land Use
CA9 . . . . . .
g;f???b)(g;fgo Covenants, and Human Health and Ecological Risk Assessment, the Project site is subject to
Hmail: PVollmann@oaklandea.gov existing land use covenants (LUCs), operations and maintenance (O&M) agreements, soil and
groundwater management plans, and risk management plans, all enforced by the California
RE: Cnmmentfs of San Francisco Baykeeper on the Waterfront Ballpark District at Howard Department of Toxic Substances Control (DTSC), the regulatory agency with jurisdiction. These
Terminal Draft Environmental Impact Report . . .
LUCs and their associated plans would be replaced and consolidated before the start of
i B 3 construction to account for the changes to the Project site. The substantive requirements of
ear City o aldland: . . . o 4
these replacement documents would be similar to those in the existing documents, but they
Thank you for the opportunity to review and comment on the Draft Environmental [mpact would be specifically tailored to ensure protections appropriate for the types of anticipated
Report (DEIR) for the proposed Waierfront Ballpark District at Howard Terminal (“Project”™). San A o . . . . ) o
Francisco Baykeeper has actively monitored this developing project and met with members of the construction activities and uses, |nc|ud|ng aIIowmg residential use (WhICh IS cu rrently
cfommunity and t}}e Project proponent to discuss our concerns. WeAal_Jpreciate the uppcrtuui_gy o prohibited) under specified conditions.
formally state cur concerns and help to shape the final plans for this important part of the City of
Oakland. . .. s .
Similar to the existing plans, the remediation plans prepared under the requirements of the
_ San Francisco Baykeeper (“Baykeeper”) is a non-profit public benefit corporation existing LUCs and the mitigation measures discussed in Draft EIR Section 4.8, Hazards and
0-55-1( organized under the laws of the State of California with its oftice located at 1736 Franklin Street, 3 . L. L.
Suite 800, Oakland, Califomia, 94612, Baykeeper submits these comments on behalf of its Hazardous Materials, Impact HAZ-2, would provide further description of the remediation
e e steps, which would include maintaining a cap over the Project ite. As explained in
and hold polluters and government agencies accountable fo create healthier communities and help Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of Mitigation
Aldlife thrive, Bavkeeper patrols he water, inyvesti gates : . Mluters, ¢ strengthens laws . . . .
Iﬂlud S&lﬁe B:)y E‘Jﬁ”ﬂiﬁﬁﬁlﬂ?&fﬁf&;?Cﬂ?ﬁ;“}fﬁifﬁ‘; Eﬂdﬁiﬁnjﬁl‘s&:ﬁw e Measures, the mitigation measures in the Draft EIR are actions that would be enforced by
environment, wildlife, and natural resources of San Francisco Bay and its tributaries for the benefit DTSC and the chief building official. Grading, building, or construction permits, and certificates
of its ecosystems and communities. Baykeeper furthers its goals through education, advocacy, £ imil ti its f buildi d Id tbei d
restoration, and directly initiates enforcement of environmental laws on behalf of itself and its Ot occupancy or similar operating permits Tor new buildings and uses, would not be issue
members, until DTSC and the chief building official have approved the various actions required by the
L INTRODUCTION m|t|gat|0n measures.
While Baykeeper appreciates the many exciting opportunities offered by the vision of a As discussed in Draft EIR Section 4.8.1, Environmental Setting, under Human Health and
waterfrent ballpark development, we remain committed to our mission to protect the Bay from its . . . .
0-55-2 | greatest threats. One of those is the threat posed by toxic sites throughout the Bay Area. These sites ECO/OgICG/ Risk Assessment, a human health and ECOIOglcaI risk assessment (HHERA) has been
have the potential to leach harmful pollutants and chemicals into the Bay. Unfortunately, the Project prepared, using all testing results collected through August 2020 for the Project site. The
is proposed on just such a site. Any contemplated development at the Howard Terminal site must HHERA developed specific target cleanup levels that would be protective of human health and
the environment. For further explanation of the HHERA, see Consolidated Response 4.16,
DTS- Poliion hatine: 1 300 KEEP BAY i Remediation Plans, Land Use Covenants, and Human Health and Ecological Risk Assessment.
wnn.baykeeoer.org
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0-55
COMMENT RESPONSE
0-55-3 This is a general comment that includes introductory remarks and serves to introduce the
more specific comments that are responded to in detail below. As a result, no specific
response is provided here. See also Response to Comment 0O-55-2 regarding site remediation.
prioritize the safety of surrounding communitics and the Bay by cleaning up the toxic pollution As discussed in Draft EIR Section 49, Hydro/ogy and Water Quality, Section 491,
i ) S e e Environmental Setting, under Sea Level Rise, the anticipated effects of sea level rise have been
plan for remediation necessary for one ol the most polluted places in the entire Bay Area.
and continue to be investigated for the margins of San Francisco Bay, including the area at
GEeE This incredibly complex site—consisting of five waterfront subareas built on Bay fill and H dT inal. Vari lati . iects al the bay’ ins t tf
subjected to long-term industrial use, with a resulting wide range of contaminants of concern owar erminal. Various regulations require projects along the bay's margins to account ror
(COCs) present in soil and groundwater, and at risk from both sca level rise and liquelaction? the anticipated amount of sea level rise and include the required sea level rise assessment
requires a thorough site analysis to protect and properly inform the public, The DEIR is not that, A . .
full assessment of the impacts of the Project would require a detailed understanding of the soil and conducted by the Port of Oakland (See Draft EIR Section 4.9.2, ReQUIatory Settmg)-
shallow groundwater contamination on this site. Such a detailed understanding could be found in a
Remedial Action Workplan (RAW) compiled by the California Iepartment of Toxic Subslances As discussed in Draft EIR Section 493, Slgnlflcance Crlterla, under ApprOClCh to AnCIIySIS, a sea
Control (DTSC). However, a RAW is proposed for the site only affer the DEIR is finalized . . . . . . .
level rise design basis memorandum was prepared for the Project, including sea level rise
Overall, the Project contradicts several of Baykeeper’s Lop priorities for protecting the Bay. adaptation strategies proposed for both the medium-high risk aversion and extreme risk
First, active and legacy industry along the Bay shore poses a pollution risk as rising seas flood . . . . . . . .
contaminated lands. Like many other urban a as the Bay Arca developed, industries formed aversion scenarios. The discussion in Draft EIR ImpaCt HYD-5 includes an anaIVSIS of pOtentlal
along ]nl.h)l'l ofnslshores. )lmufac[mlng facilities, refineries, food processing. and sh1pya.rds‘lme.d flood impacts related to sea level rise. The Project design includes raising the floor levels of
the Bay in areas like Vallejo. Richmond. Qakland, and southeast San Francisco. Hundreds ol active . . . . i
0552 | industrial sites and over 1,000 known or likely contaminated historic sites will be subject to flooding structures to avoid flooding from sea level rise. In addition, Impact HYD-5 requires
even with a conservative 7-foot rise in sea levels. Few policies are in place to plan for risks to implementation of Mitigation Measure HYD-3: Sea Level Rise Final Adaptive Management and
communities and wildlife as seas rise and storm surges inundate these sites. i . . . )
7 o 7 Contingency Plan, which would ensure that adaptation strategies would be implemented and
. Baykoeper has analyzed publicly availabledataitotidentify Josations where heavy and light enforced as necessary to address sea level rise. The plan would be subject to the review and
industry are likely to flood under current projections. The Project fits squarely within that profile. ) . A L .
Conservative estimates indicate we can expect at least 1 meter of sea level rise by 2100.2 and flood approval of the City of Oakland and the California State Lands Commission. If the City or the
- A Likelv e : : : Bavi o ) 7 - ) e
pronsfareas will.likely be submierged.byistrong storms, 1z shosen'by, Baykeeper sumtaps™a majonty State Lands Commission were to find that the plan does not meet the conditions related to
sea level rise, the Project could not proceed.
1 See, e.g., Department of Toxic Substances Control, Human Health and Feological Risk Assessment for the Athletics
Ballpark Development Howard Terminal Site (Revised August 24, 2020) (*Risk Assessment”), pp. 1-6. According to the - . . .
Risk Assessment, the “Site includes three separate cleanup sites,” each with “a separate DTSC oleanup number” and 0-55-4 This is a general comment that includes introductory remarks and serves to introduce the
cach with already existmg Land Use Covenants that would have to be substantially altered, with the required public . f h d d . d | b | | . f
process, o ullow Project Construction. Id at p. 2. “The COCs identified for the Site {including the three cleanup sites) more specific comments that are responded to in detail below. As a result, no specific
include cyanide, heavy metals, petroleum hydrocarbons, polycyclic aromatic hydrocarbons (“PAHs™), and semi-volatile H ; H - H H
organie compounds (SVOCs) and volatile organic compounds (“VOCs™ in soil and groundwater. Soll, soil gas, and response Is pl’OVIded here. Responses to the more detalled Speclflc comments are prOVIdEd n
groundwater impacts have been identified and remain at the Site.” Id. at p. 3 _ _ _GG_
* According to the California Legislative Analysist’s Office, "California’s coast could experience SLR ranging from Responses to Comments 0-55-28 and 0-55 29’ belOW.
about hall ol 1 [oot by 2030 up 1o about 7 feet by 2100, Periadic events like storms and high tides will produce even
higher water levels and increase the risk of flooding. Rising seas will also erode coastal chiffs, dunes, and beaches which 0O-55-5 Th|s isa general comment that includes introd uctory remarks and serves to introduce the
willaffect shorefiont structures and recreation.” Petek, Gabriel. "Preparing for Rising Seas: How the State Can Help e . . e
Support Local Coastal Adapration Efforts.” (2019). The Ocean Protection Council is less conservative, and has found more Speclflc comments that are respol’]ded toin detall beIOW. As a result, no SpecIfIC
that, “[a]fter 2030, sca-level rise projections increasingly depend on the trajectory of greenhouse gas emissions. For . .
exanple, under the extreme - scenario rapi ice shoet loss on Antaretics could drive rates of sea lavel risa in response is provided here. See also Responses to Comments 1307-2-11, 0-27-59, and 0-27-60.
California above 50 mm /vear (2 inchesAear) by the end of the century, leading to potential sea-level rise exceeding 10 L. . K . . . .
feet.” Geean Protection Council (OPC). 2018. State of California Sea-Level Rise Guidance: 2018 Update. In addition, see Draft EIR Section 4.3, Biological Resources, for more information, analysis,
3 See, Shoreview: Sea Level Rise & Pollution Risk 1o the Bay, available al P . P . . . . .
hitps://baykeeper crg/shoreview/pollution html (not yet updated to the more accurate 7-10 feet of sea level rise mitigation, and permitting related to in-water work effects on marine and estuarine biological
estimates); see, aiso, Bay Conservation and Development Commission Adapting to Rising Tides Bay Area, available at B
https:/explorer adaptingtorisingtides.org/explorer (up to 12 feet of sea level rise available for mapping). Morcover, sea resources and water q uallty.
level rise estimates always have the potential to get werse, as has been the case in recent years
0-55-6  This is a general comment that includes introductory remarks and serves to introduce the
more specific comments that are responded to in detail below. As a result, no specific
2 response is provided here.
Waterfront Ballpark District at Howard Terminal 5-888 ESA /D171044

December 2021



5. Responses to Individual Comments

COMMENT

of the industrial facilitics in the Bay Arca arc clustered along the shoreline within or near arcas
expected to flood—raising the risk of industrial waste leaching into the Bay watershed.

Simply put, the Project is proposed for a dangerous toxic site, imperiled by sea level rise,
with an inadequate remediation plan. According to the Ocean Protection Council, “[h]igh confidence
in projections of sea-level rise over the next three decades can inform preparedness efforts,
adaptation actions and hazard mitigation undertaken today, and prevent much greater losses than will
occeur if action is not taken. Consideration of high and even extreme sca levels in decisions with
implications past 2050 is needed to safeguard the people and resources of coastal California.” Ocean
Protection Council (OPC) (2018), State of California Sea-Level Rise Guidance: 2018 Update
(attached as Exhibit 24). The rough outlines presented in the DEIR include simply capping hazardous
materials, This fails to head the advice of the Ocean Protection Council, and is insufTicient for a site

Second. aside from the risks associated with toxic substances on the site, the Project is. at its
core, shoreline development in an arca directly threatened by sea level rise. The rough outlines
presented in the DEIR indicate that the Project plans to increase the elevation of the site with fill,
thus hardening it 1o rising sea elevations. This is problematic in several ways, as will be detailed in
these comments, including potential impacts to surrounding areas from this hardening and removing

Finally, the Project’s proposed management of stormwaler is inadequate. The rough outlines
presented in the DEIR indicate that the Project plans to utilize existing infrastructure to direct
stormwater away from the site and into the Middle Harbor. With every significant rainfall event,
millions of gallons of polluted stormwater originating from industrial sites such as IToward Terminal
pour into storm drains and local waterways. The consensus among agencies and water quality
specialists is that stormwater pollution accounts for more than half of the total pollution entering
surface waters each year, making stormwater the largest source of pollution to San Francisco Bay.
When it rains, pollution like trash. oil, pesticides, fertilizers. household chemieals, and legacy toxic
pollutants are washed into the Bay without being treated or filtered. Iinpervious surtaces on roofs,
driveways, streets, buildings, and parking lots send rainwater rushing into gutters and storm drains
This storm water—carrving all the pollution it collects along the way—then gets emptied into crecks
and sloughs that flow into the Bay, or directly into the Bay itsell. Such discharges of pollutants from
industrial facilities contribute to the impairment of downstream waters such as the Bay and harm
aquatic dependent wildlife, These contaminated discharges can and must be controlled for the

The Project’s plan to maintain the status quo is not acceptable. Not only does it fail to
address pollutants directly discharged to the Bay. but it also fails to address the interaction of more
intense storms with rising sea levels and groundwater, all of which is projected to result from climate

* Also available at hitp://www ape ca gov/webmaster/fip/pdfiagenda_item s/20180314/Item3_Exchibit-

0-55
0-55-2
with the magnitude and diversity of toxic conditions present, here.
0-55-4
the possibility of managed retreat.
0-55-5
ccosystem to regain its health.
0-55-6
change. According Lo the latest science,
A OPC SLR Guidance-rd3.pdf.
1

2 BCDC, 2021. San Francisco Bay Plan Climate Change Policy Guidance, July 2021.
3 Moffat & Nichol, 2021. Coastal Flooding, Proposed Grading Strategy, Sea Level Rise Adaptation, and Public Access on Wharf, Oakland Athletics Howard Terminal Project, July 9, 2021.

5.2 Organizations

RESPONSE

The Draft EIR analysis uses the best available science for sea level rise projections, as
determined and adopted by the State of California to inform state guidance.! The
methodology for assessing potential future flood impacts follows San Francisco Bay
Conservation and Development Commission (BCDC) guidance.2 This guidance calls for using
the current Federal Emergency Management Agency (FEMA) 100-year flood event as the basis
for projecting future flood hazards. BCDC (2021) recognizes that the FEMA 100-year flood
event is based on historic data, and thus, does not reflect the possibility of future increased
storm intensity that the comment raises by referencing Heogh-Guldberg et al. (2018). BCDC
notes that consideration of other risk factors, such as the range of sea level rise projections,
helps account for the risk of increased storm intensity. In addition, at the direction of state
legislation, Assembly Bill (AB) 1191, the Project considers the changes in flood hazards
through 2100 for the medium-high and extreme risk aversion sea level rise scenarios.

The Project proposes to elevate much of the site more than 6 feet above the current base
flood elevation, the flood event associated with extreme storm surge with a 100-year return
period. Some portions of the site would initially accommodate lower amounts of sea level rise
and would then undergo adaptation measures in response to sea level rise,? as described in
Mitigation Measure HYD-3. By constructing the Project at higher elevations and providing for
future adaptation, the Project would accommodate both sea level rise, and, if they do occur,
changes in the frequency of extreme events. Mitigation Measure HYD-3 includes a monitoring
program that would review future best available science regarding the rate of sea level rise
and the frequency of extreme events.

California Ocean Protection Council and California Natural Resources Agency (OPC), 2018. State of California Sea-Level Rise Guidance 2018 Update.
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0-55

0-55-6

0-55-7

0-55-8

0-55-9

COMMENT

Sea level rise also amplifics the impacts of storms and wave action, with
robust evidence that storm surges and damage are already penetrating
farther inland than a lew decades ago, changing conditions for coastal
ecosvstems and human communities. This is especially true for [] low-
Iying coastal communitics, where issues such as storm surges can
transform coastal areas. Changes in the frequency of extreme events, such
ag an increase in the [requency of intense storms, have the potential Lo
overwhelm the capacity for natural and human systems to recover
following disturbances.

Hoegh-Guldberg, et al. (2018), “Impacts of 1.5°C (Global Warming on Natural and Human Systems,”
TPCC Special Report (references omitted, attached as Exhibit 3%).% This interaction poscs an
additional flooding threat to communities surrounding the Howard Terminal site, especially
considering the burden of toxic pollution carried by surrounding sites.

By failing to consider and mitigate these impacts, the DEIR also fails to consider a multitude
of opportunities for green infrastructure, stormwater capture, and stormwater treatment. [f existing
contaminants can be removed or reliably walled ofT from surface and groundwaler, then the Project
could be moditied to capture stormwater, recharge local or deep aquifers, attenuate flow into the
Middle Harbor, and even to reuse stormwater on site. Incorporating these elements into the Project
could make it beneficial to adjacent communities and to the Port, and a model for future
development along the Bay's shoreline. However, whether these positive outcomes materialize
depends on the type, distribution, and, critically, treatment of contaminated soils and shallow
groundwater on the site.

Regarding Baykeeper’s concerns about Project’s direct impacts to the Bay, we do not know
how cffective the cleanup of the Project site is going to be. While there are some potential solutions
posed in the DEIR, we have to know more before we can evaluate those solutions. Regarding
Baykeeper’s concerns over Project impacts to neighboring communities. the DEIR is inadequate to
inform us as to the problems communities will be dealing with for generations to come. The DEIR
fails to answer important questions, such as how many truck trips arc acceptable to surrounding
communities, how much pollution can be safely left in place without harming the people who live
nearby, and what sea level rise impacts residents may be most concerned about. The Tactual basis for
answering these questions is left conspicuously absent from the DEIR, in turn leaving these
questions functionally unanswerable,

IL THE CALIFORNIA ENVIROMENTAL QUALITY ACT

The lack of critical information in the DEIR directly implicates the Project’s compliance with
the California Environmental Quality Act (CEQA). California requires that environmental impacts

* Also available at https:/fwww_ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15 Chapter3 Low Res pdf.

© See, also, Biging. et al 2). Tmpacts ol Predicted Sea-Level Rise and Exireme Storm Events on the Transportation
Tnfrastructure in the San Francisco Bay Region. California Energy Commission. Publication number: CEC-500-2012-
040 (attached as Lxhibit 4, also available at https:/uc-ciee.org/ciee-

ald/downloads/Impacts®s200f%20Sea%20L evel%20Rise%200n %20the %o 20T ransportation®n20Infrastructure o 20in%o20t
he?20Bay*a20Arca pdf)

5.2 Organizations

RESPONSE

0-55-7  This is a general comment that includes introductory remarks and serves to introduce the
more specific comments that are responded to in detail below. As a result, no specific
response is provided here. See Responses to Comments 0-27-59 and 0O-27-60.

0-55-8  This is a general comment that serves to introduce the more specific comments that are
responded to in detail below. As a result, no specific response is provided here.

0-55-9  This comment provides a summary of CEQA provisions and case law. This comment raises
neither significant environmental issues nor specific questions about the analyses or
information in the Draft EIR that would require response pursuant to State CEQA Guidelines
Section 15088. The comment will be included as a part of the record and made available to
the decision makers prior to a final decision on the proposed Project.

Waterfront Ballpark District at Howard Terminal
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0-55
COMMENT

from development proposals like the Project be taken into account by agency decisionmakers.
CEQA and its implementing regulations “embody California’s strong public policy of protecting the
environment.” (Yomlinson v. Counly of Alameda (2012) 54 Cal.4th 281, 283.) To this protective end,
the California Supreme Court has explained that “CEQA was enacted to advance four related
purposes: to (1) inform the government and public about a proposed activity’s potential

0-55-9| environmental impacts; (2) identify ways to reduce. or avoid, environmental damage: (3) prevent
environmental damage by requiring project changes via allemaltives or mitigalion measures when
feasible: and (4) disclosc to the public the rationale for governmental approval of a project that may
significantly impact the environment.” (California Building fndustry Assn. v. Bay Area dir Quality
Management Dist. (2015) 62 Cal.4th 369, 382.) As will be discussed fully in the subsequent sections
of this comment letter, the Project’s lailure Lo disclose in the DEIR the information necessary Lo
inform the public of the Project’s potential environmental impacts and failure to provide adequate
mitigation to reduce those impacts below the threshold of significance is a violation of CEQA.

“At the “heart of CEQA’ [citation] is the requirement that public agencies prepare an EIR for
any ‘project” that ‘may have a significant effect on the environment.” [Citation.]™ (Friends of
College of San Mateo Gardens v. San Mateo Counly Community College Dist. (2016) 1 Cal.5th 937,
944, citations omitted.) “Given the statute’s text, and its purpose ol informing the public about
potential environmental consequences, it is quite clear that an EIR is required even if the project’s
ultimate effect on the environment is far from certain. [Citation.]” (California Building Industry
Assn. v. Bay Area Air Quality Management Dist. (2015) 62 Cal 4th 369, 382-83, italics and citation
omitted.)

“The foremost principle under CEQA is that the Legislature intended the act “to be
interpreted in such manner as to afford the fullest possible protection to the environment within the
0-55-10 | reasonable scope of the statutory language.”” (Laurel Heights Improvement Ass'n v. Regents of Univ.
of Cal. (1988) 47 Cal. 3d 376, 390 (“Laurel Heights ™). quoting Friends of Mammoth v. Board of
Supervisors (1972) 8 Cal.3d 247, 259.) An EIR’s most basic, fundamental purpose is to “provide
public agencies and the public in general with detailed information about the effect which a
proposed project is likely to have on the environment; to list ways in which the significant effects of
such a project might be minimized; and to indicale alternatives to such a project.” (Pub. Resources
Code, § 21061; see CEQA Guidelines, § 15003(b)—(e).) “Because the EIR must be certified or
rejected by public officials, it is a document of accountability. IF CEQA is scrupulously followed, the
public will know the basis on which its responsible officials either approve or reject environmentally
significant action, and the public, being duly informed, can respond accordingly to action with which
it disagrees.” (Laurel Heights 1, supra, at p. 392.) The LIR “protects not only the environment but
also informed self-government.” (/d.)

“The ultimate inquiry, as case law and the CEQA guidelines make clear, is whether the EIR
includes enough detail ‘to enable those who did not participate in its preparation to understand and to
consider meaningfully the issues raised by the proposed project.”” (Sierra Club v. Cly. of Fresno
(2018) 6 Cal. 5th 502, 516, quoting Faurel Heights [, supra, 47 Cal.3d at p. 405.) “Whether an EIR
will be found in compliance with CEQA involves an evaluation of whether the discussion of
environmental impacts reasonably sets forth sufTicient information to foster informed public
participation and to enable the decision makers to consider the environmental factors necessary to
make a rcasoned decision.” (Berkeley Keep Jets Over the Bay Com. v. Bd. of Port Cmrs. (2001) 91

0-55-10

5.2 Organizations

RESPONSE

This comment is a summary of CEQA provisions and case law. This comment raises neither
significant environmental issues nor specific questions about the analyses or information in
the Draft EIR that would require response pursuant to State CEQA Guidelines Section 15088.
The comment will be included as a part of the record and made available to the decision
makers prior to a final decision on the proposed Project. See Responses to Comments O-55-1
through 0-55-9 and 0-55-11 through O-55-39.
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0-55
COMMENT RESPONSE
0-55-11 This comment is a summary of CEQA provisions and case law. This comment raises neither
significant environmental issues nor specific questions about the analyses or information in
the Draft EIR that would require response pursuant to State CEQA Guidelines Section 15088.
The comment will be included as a part of the record and made available to the decision
Cal. App. 4th 1344, 1356.) “An EIR should be prepared with a sufficient degree of analysis to . . . . .
©:55:10 provide decisionmalkers with information which enables them to make a decision which intelligently makers priortoa final decision on the proposed Project. See Consolidated Response 4.2,
takes account of environmental consequences.” (CEQA Guidelines, § 15151.) Formulation, Effectiveness, and Enforceabi/ity Of Mltlgatlon Measures.
Because of its duty to minimize environmental harm, one of the most important functions of . . - . . .
an LIR is the study of appropriate mitigation measures. It must describe feasible mitigation measures 0-55-12  This comment is a summary of CEQA provisions and case law. This comment raises neither
that could minimize significant adverse impacts. (CEQA Guidelines. § 15126.4(a)(1).) An EIR may significant environmental issues nor specific questions about the analyses or information in
not defer the formulation of mitigation measures to a future time. (CEQA Guidelines, § . . . .
05511 15126 4(a)(1)(B).) The legal standard for review of such deferral of mitigation is that the Draft EIR that would require response pursuant to State CEQA Guidelines Section 15088.
“*[iJmpermissible deferral of mitigation measures occurs when an EIR puts oft analysis or orders a The comment will be included as a part of the record and made available to the decision
report without either setting standards or demonstrating how the impact can be mitigated in the . . L. i .
manner described in the EIR." (Pres. Iild Santee v. City of Saniee, 210 Cal. App. 4th 260, 280-81 makers prior to a final decision on the proposed Project. See Consolidated Response 4.1,
(2012) (EIR deficient because of an “absence of standards or guidelines™), quoting Clover Valley Project Description.
Foundation v. City of Rocklin (2011) 197 Cal. App.4th 200, 236.)
Finally, CEQA prohibits agencics from “piccemealing”™ the review of a project’s 0-55-13 This is a general comment that serves to introduce the more specific comments that are
environmental impacts by e&aminillg cnl._vsome stages or aspects of the project while omming later responded to in detail below. As a result, no specific response is provided here. With regard to
stages or related aspects. (CEQA Guidelines, § 15378(a). Cal.Pub.Res.Code § 21065.) A “project” 5 ) .. .
0-55-12| under CEQA is defined as “the whole of an action, which has a potential for resulting in either a the commenter’s examples of the Draft EIR’s a”eged def|C|ech: see the followmg responses:
direct physical change in the environment, or a reasonably foreseeable indirect physical change in
the environment.” (/d.) CEQA forbids segmenting a project into separate actions in order to avoid (1) See Responses to Comments 0-55-14 through O-55-38.
environmental review of the “whole of the action.” (Bozung v. Local Agency Formation Comm 'n, 13
Cal.3d 263, 283-84 (1975);, Rural Landowners Ass'n v. City Counedl (1983) 143 Cal. App.3d 1013, . . P o
1024: Nelson v. Couny of Kern, 190 Cal. App. 4th 252, 272 (2010.) (2) See Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of
Mitigation Measures.
The DEIR is deficient for many of the reasons the statutes, regulations, and case law
describe, above. Examples include: (1) the DEIR provides insufficient information to adequately cc_
inform the government and the public about the Project’s environmental impacts; (2) the DEIR fails (3) See Response to Comment 0-55-31.
to adequately identify ways to mitigate environmental damage: (3) the DEIR does not require project . 3 3 .
changes or alternatives sufficient to prevent environmental damage; (4) the DEIR does not (4) See Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of
adequately explain the feasibility of mitigation and alternatives; (5) the DEIR fails to include i ;
0-55-13| gufficient information to provide accountability from the approving agency and the project Mltlg ation Measures.
proponent to the public for the decisions made when building the Project, and thereby fails to protect
informed self-government; (6) the DEIR does not include sufticient information to enable those who (5) See Responses to Comments 0-55-14 thrOUgh 0-55-38.
did not participate in the deecision-making to understand the issucs raised by the Project; (7) the
DLIR does not enable decisionmakers or the public to intelligently take into account the (6) See Responses to Comments 0-55-14 through O-55-38.
environmental consequences of the Project; (8) the DEIR impermissibly defers mitigation measures;
and (9) the DEIR piccemeals the review of the Project’s environmental impacts. The subscequent
sections of this comment letter will fill out these deficiencies with specific examples from the DEIR. (7) See Responses to Comments 0-55-14 through 0-55-38.
I  HAZARDS AND HAZARDOUS MATERIALS (8) See Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of
T R NS S SO BT SR Mitigation Measures, regarding the alleged deferral of mitigation.
appropriately mitigated. . . L. .
(9) See Consolidated Response 4.1, Project Description, regarding purported
piecemealing.
6
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As discussed above, sea level rise poses an inherent risk to toxic hotspots such as the
proposed Project site. All around the country we are already seeing the catastrophic consequences of
these risks. In 2017, Hurricane Harvey flooded numerous heavy industrial facilities and wastewater
treatment plants in the Houston, Texas, region. Local, state, and federal authorities had not planned
for flooding on that scale, and the deluge spread huge volumes of toxic industrial contamination in
residential neighborhoods, commercial properties. and neighboring wetlands and waterways.

In the Bay Arca, increased El Nifio storm intensity, coupled with sea level rise and the threat
of earthquake-borne tsunamis, will almost certainly result in widespread flooding and the release of
toxic contaminants from otherwise safe sites. Remediation of contaminated sites such as the
proposed Project site must account for the long-term risks of flooding from sea level rise or storm
surges. This threat must be managed comprehensively both from the perspective of the Bay as a
whole and on a site-by-site basis. If even one link in the chain is broken, the whole Bay will suffer.

In many cases, sites that have been deemed safe under current conditions—where surface
water or groundwater cannot reach contaminants and transport them to the Bay or nearby
neighborhoods—will not be safe in the future. Yet today’s laws, regulations, and planning
documents, including the DEIR, do not adequately take this risk into account. In most instances,
contaminants at these sites have already leaked out of underground storage tanks or were spilled as
part of routine industrial processes. Such risks are out of sight and difficult to identify in the absence
of rigorous analyses and expert assessments. Regulators. including the Regional Water Quality
Control Board, Department of Toxic Substances Control, and county agencies lasked with tracking
and assessing such issues have few resources to conduct thorough analyzes of complex toxic sites
and force adequate eleanup.

One example of a nearby site where remediation required under current regulatory oversight
did not adequately take into account sea level rise is the Brooklyn Basin project. Brooklyn Basin is
located on a former industrial site south of Jack London Square in Oakland. This site was known to
host a number of contaminants including hydrocarbons. PCBs. heavy metals, and other harmful
volatile organic compounds. Remediation prior to construction did not adequately take into account
the possibility that the site would be inundated, in which case the underlving contaminated soil and
groundwater will posc a significant threat to residents and wildlife. This project was conceived
nearly 20 years ago and required a $1.5 billion investment to complete. Other sites, such as Howard
Terminal, will require more foresight and more mvestment to do what is needed uptiont, instead of’
passing the bill down to future generations.

Another cautionary tale involves the redevelopment of the Hunters Point Naval Shipyard,
one of the region’s most notorious attempts to clean up heavily contaminated lands. The San
Francisco shipyard closed in 1994 after decades of operation. Among other military operations, the
site hosted the Naval Radiological Defense Laboratory, which conducted atomic research and
decontamination, resulting in radiological contamination of the site. It was designated a Superfund
site in 1989, The sile is also widely contaminated by PCRBs, heavy metals, and hydrocarbon-related
pollutants. In the 2000s, the Navy hoped to pass on the responsibility for remediating the site to
Lennar, a private development company, for a 700-acre redevelopment project. In 2011, a court
ruling required the Navy to first conduet an environmental cleanup prior to transter of the site to
private ownership. Residential redevelopment is now oceurring on lands deemed safe. However,

0-55-14

5.2 Organizations

RESPONSE

As discussed in Draft EIR Section 4.9, Hydrology and Water Quality, under Sea Level Rise,
various recent studies have been conducted to estimate the amount of sea level rise under
various climate scenarios and land use considerations. Consequently, the Port of Oakland
prepared a sea level rise assessment to prepare Port property and assets for impacts of sea
level rise. In addition, the Tidal Datums and Sea Level Rise Design Basis Memorandum? and
Coastal Flooding, Proposed Grading Strategy, Sea Level Rise Adaptation, and Public Access on
Wharf Oakland Athletics Howard Terminal Project® prepared for the Project include sea level
rise adaptation strategies proposed for the medium-high risk aversion and extreme risk
aversion scenarios. San Francisco Bay is expected to experience about 1.1 feet of sea level rise
under the low risk aversion projection, or up to 1.9 feet of rise under the medium-high risk
aversion projection. By 2070, this increases to 1.5 to 1.9 feet of sea level rise under the low
risk aversion projection, and to 3.1 to 3.5 feet under the medium-high risk aversion projection.
The projections for 2100 sea level rise are 2.4 to 3.4 feet under the low risk aversion
projection, and 5.7 to 6.9 feet under the medium-high risk aversion projection.

As discussed in Chapter 3.0, Project Description, Section 3.11.1, Sea Level Rise, fill would be
added to most of the Project site such that the floor elevations of residential buildings would
be at or above 10 feet City of Oakland datum (COD). The majority of the ballpark structure
would be at 5-10 feet COD or higher. Consequently, the proposed raising of elevations of the
Project site would be above estimated future base flood elevation of San Francisco Bay for up
to 6 feet of sea level rise. In addition, the projected sea level rise would not be able to raise
groundwater levels beneath the Project site to above ground surface levels. To further ensure
that sea level rise would not adversely affect the Project site, a cutoff wall and groundwater
drainage system would be installed beneath the ballpark as described in Draft EIR Section
3.12.2, Stormwater, under Cutoff Wall, and in Section 4.9.4, Impacts of the Project. This
system would collect groundwater from behind the cutoff wall and pump that water to the
bay. For other areas not raised to 10 feet COD or higher, a sea level rise final adaptive
management and contingency plan would be developed to describe monitoring, triggers, and
implementation of measures to address future sea level rise impacts.

As discussed in Draft EIR Section 4.8, Hazards and Hazardous Materials, under Current Nature
and Extent of Onsite Contamination, contaminated soil and groundwater is currently
encapsulated beneath the existing hardscape and behind the quay wall and wooden bulkhead
wall to prevent exposure to people and the environment. The projected sea level rise would
be expected to also raise groundwater levels beneath the Project site to higher elevations.
This may also mobilize some of the encapsulated contamination. However, as discussed
above, the elevation of the Project site would be raised so that groundwater would not be

4 Moffat & Nichol, 2019. Tidal Datums and Sea Level Rise Design Basis. Prepared for the Oakland Athletics. December 18, 2019.
5 Moffat & Nichol, 2021. Coastal Flooding, Proposed Grading Strategy, Sea Level Rise Adaptation, and Public Access on Wharf, Oakland Athletics Howard Terminal Project, July 9, 2021.
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able to reach the ground surface. The previously noted cutoff wall and groundwater drainage
system under the ballpark would further ensure that groundwater would not be able to reach
the ground surface. The groundwater collected in the drainage system would be treated prior
to release to San Francisco Bay. Consequently, the raising of elevations across the Project site
and the installation of the cutoff wall and drainage system would prevent exposure of people
and the environment to contaminated materials.

See Response to Comment 0-55-14, which explains that the anticipated effects of sea level
rise were taken into account in the design of the proposed Project.

This comment refers to a separate hazardous materials site that is not located at or adjacent
to Howard Terminal. The investigation and remediation activities at the separate site were
conducted by others in response to conditions unique to that site, and are therefore not
relevant to this Project. The comment is included herein for the record. Note that as discussed
previously in Response to Comment 0-55-14, the anticipated effects of sea level rise and the
potential to mobilize contaminants at the Howard Terminal site have been investigated and
the design of the proposed project accounts for this.

This comment refers to a separate hazardous materials site that is not located at or adjacent
to Howard Terminal. The investigation and remediation activities at the separate site were
conducted by others in response to conditions unique to that site, and are therefore not
relevant to this Project. The comment is included herein for the record. Note that as discussed
previously in Response to Comment 0-55-14, the anticipated effects of sea level rise and the
potential to mobilize contaminants at the Howard Terminal site have been investigated and
the design of the proposed project accounts for this.
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0-55-18 This comment repeats information provided in Section 4.8, Hazards and Hazardous Materials,
regarding the chemicals present in the fill and soil currently encapsulated under the hardscape
cap at concentrations above regulatory screening levels, and then expresses concern
redevelopment of a large portion of the site is still mired in controversy, including falsification of . .
data related to radiation-contaminated soils. Given that the site lies just above current sea level, rega rdmg several t0P|C5, as addressed below.
serious concerns remain as walers rise 1o potentially leach contamination 1o the soil surface and into
the Bay. Unstable Soils
CREELT Huiters P oint has acquifed the:mghtmarishiaspeat of Groundhog Day bécaniss. afes e The commenter makes a general statement about “unstable soils” but provides no evidence in
thought were safe keep making headlines as a danger to residential and commercial use. At Hunters
Point, housing was built in toxic, undesirable arcas. Compounding that issuc, it has now become support. As described in Draft EIR Section 324, EXiSting Wharf Conditions, Utl//t/es, and Site
clear that sea level rise will mobilize contaminants from non-remediated areas to threaten nearby
comunnities and theientire Bay with the dangerous:impactsiof leaching jcontamination. I isierifical Conditions, fill and soil at the site are currently under hardscape that covers the entire site.
that the DEIR take these sorts of impacts into account and lay oul a comprehensive plan for proper . X i
mitigation and remediation that ineludes guarantces that future generations will not be left to pay the The fill and soil are sepa rated from the estuary by a concrete quay wall protected by riprap. As
bilks. described in Draft EIR Section 3.13, Construction, the proposed Project would add fill across
b. Remediation of the hazardous waste present on the site requires a detailed plan the site to raise the floor elevations of structures above the anticipated amount of sea level
sented to th blic art of the DEIR . P . .
R TR S S REL o rise. This fill would be imported clean fill that would be properly compacted. The quay wall
The Project site presents a gordian knot of pollution compounded by low-lying unstable soils would be raised to meet the new grou nd surface elevation. Thel’efore, there would be no
and sea level rise. Hazards and hazardous materials are diseussed in the DEIR at section 4.8, which bl il h .
states that the site has a “long history of industrial use that has resulted in the contamination of fill, unstable soils at the site.
soil, and groundwater.” DEIR at 4.8-1. The rogues” gallery of chemicals of concern (COCs) present
on the site include: petroleum hydrocarbons as gasoline, diesel, and motor oil, including benzene and Contaminated Groundwater and Aquatic Receptors
naphthalene; cyanide; heavy metals such as arsenic, cobalt, and lead; organochlorine pesticides such
as dieldrin; polychlorinated biphenyls (PCE) including Aroclor 1234 and 1260; semi-volatile As explained in Draft EIR Section 4.8, Hazards and Hazardous Materials, Section 4.8.1,
organic compounds (SVOCs). including polycyclic aromatic hydrocarbons (PAIIs), and volatile X i X i i
organic compounds (VOCs).” DEIR at 4.8-9 — 4.8-15. Screening levels for these contaminants Environmental Setting, Current Nature and Extent of Onsite Contamination, groundwater
0-55-18] ¢xceed residential and commercial benchmarks. See, e.g., DEIR Figures 4.8-2, 4,8-3, and 4.8-4 : .
(onsite areas with screening level (residential, commercial, ete.) exceedances for soil gas, soil, and samples collected from wells located on the estuary side of the quay wall Venfy that
groundwater); DEIR at 4.8-11 (“most of the Project site has soil gas with COCs at concentrations contamination is not detected on the estuary side of the quay wall. Therefore, groundwater
that exceed commercial screening levels, which would also exceed the lower residential screening . . . . .
levels;” “much of the Projeet site has soil with COCs at concentrations that exceed commereial beneath the site does not pose a risk to aquatlc receptors' As explalned above in the response
screening levels, which would also exceed the lower residential screening levels. Additional areas of to the comment on unstable soils, fill would be added across the site to raise the site above
the Project site have soil with COC concentrations that exceed commercial sereening levels.™). . . . .
the anticipated amount of sea level rise, and the quay wall would be raised to meet the new
 Groundwater. in particular. “ds in contact with waters of the Estuary, which could cxpose raised site elevation. Therefore, the raised quay wall would continue to prevent contaminated
aquatic receptors to chemicals in groundwater.” DEIR at 4.8-10 — 4.8-11. This is alarming because d f hi h dth db . d risk .
“certain onsite areas have free product floating in groundwater.” 4.8-11. Historical depth to groundwater from reaching the estuary and there wou € no increased risk to aquatic
groundwaler at the site is a mere 510 12 feet below the surface, and is already subject to tidal receptors.
fluctuation of several feed daily. DEIR at 4.8-15. Local site hydrology (including rate of
groundwater flow to the estuary) and contamination of groundwater are likely to change under sea P . .
level rise scenarios.® increased storm intensily. as a result of seismic activity. and/or during site Mobilization of Contaminants by Sea Level Rise
? The DEIR [ails to consider the presence petroleum metsbolites, also known as hydrocarbon oxidation products (HOPs), As discussed previously in Response to Comment 0-55-14, the anticipated effects of sea level
m gmundwmer . . e . . B
® See, 2,2, Plane, 1 11ill, K.; May, C. A Rapid Assessment Methodl to Identify Potential Groundwater Flooding rise and the potential to mobilize contaminants at the Howard Terminal site have been
Hotspots as Sea Levels Rise in Coastal Cities. Water 2019, 11, 2228 htps://doi org/10.3390/%11112228 (attached as . . . . .
Exhibit 5, also available at https:/www.mdpl.com/2073-4441/11/1 172228 htm) {"Our study suggested that there is |nVESt|gatEd and the dESIgn of the proposed ProJECt accounts for this.
8
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0-55-19 Asdiscussed in Draft EIR Section 4.8.2, Regulatory Setting, under Land Use Covenants, and
explained further in Consolidated Response 4.16, Remediation Plans, Land Use Covenants, and
Human Health and Ecological Risk Assessment, the Project site is subject to existing LUCs,
O&M agreements, and associated plans, all enforced by DTSC, the regulatory agency with
construction. As will be discussed further, below, the DEIR must anticipate these changes before e g . . . .
0-55-18( digmissing concerns about the effect of groundwater contamination on surrounding environments jUrISdICtIOI’l. These LUCs and their associated plans would be replaced and consolidated and
and communities. require approval by DTSC before the start of construction to account for the changes to the

In order to address these concerns, the Project should produce a detailed plan for remediating Project site. The substantive reqUirementS of these replacement documents would be similar
the hazardous waste present on the site, as it ha_s for othgrpoteunal PrOJecF 1mp§\cts.’]r§tez§d. the to those in the existing documents, but they would be specifically tailored to ensure
DEIR has a plan for producing a plan.'® This piecemealing and segmentation of the DEIR is . i . . o . )
insufficient under CEQA protections appropriate for the types of anticipated construction activities and uses, including

Biexwinglhishinpis sz Roresseeon M ifpepmssioniant Sprosliol Coasshiited BATH, allowing residential use (which is currently prohibited) under specified conditions.

s LUCs and Associated Plans.” DEIR at 4.9-21. A mitigation measure summarizing the contents ol an L. .. L .
=7 as-yet-not-completed Remedial Action Workplan (RAW) is not adequate to meet the public Similar to the existing planS, the remediation PlanS prepa red under the requirements of the
participation, information, and planning requirements of CEQA.!! Instead, this mitigation is to existing LUCs and the mitigation measures discussed in Draft EIR Section 4.8, Hazards and
develop a mitigation. ‘The DEIR provides no opportunity for the public or decision makers to . . L. L.
evaluate the mitigation itself: thus, it is not possible to determine whether the mitigation is or will be Hazardous Materials, Impact HAZ-2, would pI’OVIde further descrlptlon of the remediation
adequate. steps, which would include maintaining a cap over the Project site.

One of the many problems with this approach is that the DEIR presumes that the unspecified . ) ) ) . .
mitigation measures will be 100% effective. Mitigation is never 100% effective. While serious As explained in Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of
impacts may be mitigated, they are not completely eliminated, and an important part of the publics Mitigation Measures, the mitigation measures in the Draft EIR would ensure that regulatory
interest in the transparency protected by CEQA is the ability to evaluate residual effects. i tsh b t bef thei P di buildi tructi it

requirements have been met berore the Issuance ot grading, building, or construction permits,
i In many cases, becauss of the DEIR's strategy of delaying most planning for toxics and certificates of occupancy or similar operating permits for new buildings and uses. DTSC is
remediation, control measures and suggestions for possible mitigation strategies are left optional and o X . R K
are not adequately evaluated in the DEIR. For example, construction risk management control the agency with jurisdiction and would be responsible for reviewing and approving the
remediation plan and related documents. These documents cannot be approved until the EIR
signilicant potential for groundwater [ooding m impertant Silicon Valley economic hubs (e.g., Mountain View, East is certified and would be Specifically crafted to address risks identified in the risk assessment
Palo Alto, Redwood City), East Bay cities with fast-growing populations (e.g,, Gakland, Hayward, Fremont), and major
transportation infrastructure, ineluding freeways (e.g., Interstate 580) and airports (Qakland Intemational Airport, San that has already been appI’OVEd by DTSC.
Francisco International Airpert). Gur results indicate that flooding from emergent groundwater could impact more land
by area than direct SLR flooding, with a SLR scenario of one meter in seven of the nine Bay Area counties, and in the DTSC has an established publlc pa rticipation process that facilitates and encourages pUb'lC
region asa whole ™)
? While Baykeeper lacks expertise in traffic matters, the measures taken by the Project to account for reduced trips and to st H H ) H H H . . -
provide a Draft Transportation Management Plan as part of the DEIR appear to be relatively complete discussions of the partIC|pat|on' The DTSC PUbllC Pa rtlupatlon Manual IS avallable at: https.//dtsc.ca.gOV/Wp
issues. See, e.g., DEIR at 3-41 and 3-42 (“Appendix TRA, Transportation Supporting Information, contains the Draft H _ H e H i
et Mo Hosl i e cpaione Sl 2 it 1o Bt s ek conten.t/ L.JpIoads/S|tes/31/2018/O7/ DTSC PubllcPart|.C|patlonM_anuaI.pdf. This _manua_l states that
Wittt el s, 5 g puh vt I iy gL o ommsat i oo st eyl remediation documents must be posted on the publicly accessible DTSC website EnviroStor. The
g site, 5 on promoting pedestrian, hicycle, and transit access, thereby reducing motor . . . .
vehicle impaets to the site and surrounding neighborhoads™), For the same reasons that the Project needs a detailed address for the PrOJect'S EnviroStor Webpage IS https://WWW,enWrOStOr,dtSC,Ca,gOV/
transportation and patrking plan (health and safety of the public and mitigation of elimate chanpe effects), the DEIR also . . . .
needs a detailed plan for management of toxic wastes. contaminated soils, and contaminated groundwater pu b|Ic/profl|e_report.asp?g|oba|_|d=01440006. Upon receipt and approval by DTSC, the Land
19 There are multiple plans to develop plans in the DETR. In addition to the contemplated but uncompleted Remedial . A . .
Action Workplan (RAW), the Project is planning on changing land use covenants that prohibit residential use, updating Use Covenant and Remed|a| Action Workplan WOUId be pOStEd to the PrOJECt'S EnviroStor
operations and maintenance plans, compiling a soil and groundwater management plan, and consolidating existing P - . . - .
cleanup decision documents for various portions of the Project site, none ol which actions have been (aken or documents WEbpage' In addltlon' DTSC prondeS paper copies Of documents fOr pUbIIC review at dESIgnated
yet exist. DEIR at 4 8-33 — 4.8-44. Therefore, none of these [inal plans are adequately described in the DEIR H H H H H H . H
1LTSC may even require a Remedial Action Plan instead of a RAW, as the remediation challenges faced by the Project repOSItorles n the |0C3| communlty, mCIUdlng at the DTSC Offlce at 700 Heinz Avenue’ Berkeley'
gre substinlal, RAWsare ysyally rsgerved for mare limited excavationiind eleanup activites) See Health &bafety The public would be able to access the documents and provide comments to DTSC by submitting
Code § 253336 (waver of RAT requirement for removal actions that cost less than $2 million) K o K o X X R
comments to the Public Participation Specialist, whose email address is provided on the
webpage. The public could also submit comments by mail to DTSC. The public comment period
9 would be a minimum of 30 days, as required by Health and Safety Code Section 25356. Note that
public access to these documents is required by the Public Records Act, Government Code
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0-55-20] measures are labeled “optional.” DEIR at 4.8-34. These and other such measures should be made

0-55-21

0-55-22

0-55-23

0-55-24

0-55-25

mandatory and evaluated in the DEIR.

Construction and maintenance impacts are also left to be evaluated in not yet completed
plans that would detail how all excavated materials would be disposed of. DEIR at 4.8-49. And
engineered equivalents to caps do not discuss the potential for rising groundwater due to sea level
rise. DEIR at 4.8-49. Instead, the DEIR merely states that there will be no impacts because the cap
and other measures will be adequate and will be maintained, without any measures securing such
maintenance. DEIR at 4.8-50.

Another example is the DEIR s treatment of stormwater mitigation. The DEIR describes this
mitigation solely in terms of redirecting it away from the Project (see, e.g.. DEIR at 4.9-28 (“Design
and final grading of the Project site would result in capture of all site runoff into the newly installed
stormwaler drainage system once the site has been resurfaced and structures begin construction™);
but see Section 4.16, Utilities and Service Systems). Flooding, pollution, and irrigation needs would
be minimized by seeking to increase infiltration and retention of water on-site. If hazardous
materials and contaminated soils remain on site, this could complicate efforts to increase stormwater
retention and infiltration (or make them inadvisable). ‘This is another reason to ensure that hazardous
materials and contaminated soils that may be mobilized by water are completely removed from the
site.

A linal example of the DEIR’s reliance on unspecified future plans is the DEIR’s treatment
of mitigation for future liquefaction conditions. Instead of addressing these impacts, the DEIR defers
to the California Building Code’s requirements for mitigation. This fails to assess potential impacts
of the Project on site conditions as well as cumulative impacts to nearby areas. Onsite and nearby
liquefaction could make existing or future caps unstable, and could influence the migration of
contaminated groundwater. Impacts should be evaluated in the DEIR, not deferred to a future Final

Geotechnical Report. Once again, the DEIR makes a plan to make a plan. DEIR at 4.6-15 — 4.6-22.

The DEIR fails to treat the threat of groundwater contamination with the gravity it deserves
According to the DEIR, groundwater contamination is not of concern as “observed levels of COCs at
Iloward Terminal do not pose a significant risk to the environment, including aquatic organisms at
the groundwater-Inner Harbor interface.” 4.8-17. This conclusion is based solely on current
conditions and completely fails to take into account the most recent scientific research, as well as
common sense, which forecasts that as sea levels rise groundwater will rise as well. This renders
suspect any remediation or mitigation measure that involves capping or leaving contaminated soils
in place.

These failures amount to deferred mitigation in violation of CEQA. “[S]uccess or failure of’
mitigating the [P]roject’s impacts™ depends on what actions the yet-to-be-approved various
remediation and mitigation plans will require, as was the case in Pres. Wild Santee v. City of Suntee,
210 Cal. App. 4th 260, 281 (2012). As stated in that casc, “|a]n EIR is inadequalte il *[t]he success or
failure of mitigation efforts ... may largely depend upon management plans that have not vet been
formulated, and have not been subject to analysis and review within the EIR.” (/d., quoting
Communities for a Betier Environment v. City of Richmond (2010) 184 Cal. App.4th 70, 92 and San
Joaguin Raptor Rescue Center v. County of Merced (2007) 149 Cal. App.4th 643, 670.) So, too, here

10

6 ENGEOQ, 2021. Liquefaction Information, Howard Terminal Redevelopment, Oakland, California, July 7, 2021.
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Section 6250, California Health and Safety Code Section 25103, and various other laws and
policies.

Note that at the time of the publication of the Draft EIR, it was assumed that a removal action
workplan (RAW) would be prepared. Subsequent to the publication of the Draft EIR, the
Project sponsor conservatively elected to prepare a remedial action plan (RAP). The Draft RAP
is anticipated to be submitted to DTSC in early 2022.

The commenter misunderstands the list of construction risk management measures present
on Draft EIR p. 4.8-34, as well as additional risk management measures listed on subsequent
pages. Page 4.8-34 presents a listing of dust control measures. The list of “Basic Control
Measures for all Construction Sites” and “Enhanced Control Measures: for Construction Sites
Greater than Four Acres” would be required for all construction activities that disturb ground
at the Project site. The “Optional Control Measures” are additional dust control measures that
may be implemented depending on site conditions and on the effectiveness of the previously
listed dust control measures.

For concerns regarding reliance on future plans, see Response to Comment O-55-19; for
concerns regarding sea level rise, see Response to Comment O-55-14. The Draft EIR quantifies
the anticipated amount of soil to be removed from the Project site in Table 4.8-3 (p. 4.8-43) at
about 200,000 cubic yards. Draft EIR Section 4.16, Utilities and Service Systems, p. 4.16-12,
notes that the Altamont Landfill has a permitted capacity of 87.1 million tons with 46 percent
of that capacity remaining (i.e., 40 million tons or about 27 million cubic yards).

See Responses to Comments 1307-2-11, 0-27-59, and 0-27-60.

The liquefaction analysis is presented in Draft EIR Section 4.6, Geology, Soils, and
Paleontological Resources, Impact GEO-1. The preliminary geotechnical analysis provided
preliminary recommendations for addressing liquefaction. Upon completion of the CEQA
documentation, the Project would be required by the California Building Code, and by the City
of Oakland Building Code and Grading Regulations, to conduct a final geotechnical
investigation that would further inform the final Project design and provide recommendations
to address all identified geotechnical issues, including liquefaction. The Liquefaction
Information memorandum prepared by ENGEO on July 7, 2021, provides additional
explanation and analysis of the effects of liquefaction.® For a discussion of the topics of
deferral of mitigation measures and reliance on future documents in the analysis, see
Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of Mitigation
Measures.
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0-55-24  See Response to Comment O-55-14.

0-55-25 This comment is a summary of CEQA provisions and case law. This comment raises neither
significant environmental issues nor specific questions about the analyses or information in
the Draft EIR that would require response pursuant to State CEQA Guidelines Section 15088.
The comment will be included as a part of the record and made available to the decision
makers prior to a final decision on the proposed Project. See Response to Comment O-55-14.
See also Consolidated Response 4.2, Formulation, Effectiveness, and Enforceability of
Mitigation Measures.
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0-55-25| the success of the mitigation measures proposed in the DEIR depend wholly on the formulation of

0-55-26

0-55-27

future plans that have vet to be approved by the relevant regulatory agencies.'?

IV. PROJECT DESCRIPTION
a. Climate Change and Sea Level Rise

Flooding and groundwater management are important clements of the projeet’s planning,
Baykeeper is concerned that climate change has not been adequately taken into account by the DEIR
for these clements. For instance. the Project’s reliance on Federal Emergency Management Agency
(FEMA) maps may be misplaced. The DEIR slates that, “[a]ecording to [FEMA’s| Flood Insurance
Rate Map (FIRM), the majority of the Project site is located outside of the 100-year flood zone and
would not impede or otherwise redirect any flood flows to other areas.” DEIR at 3-8. 100-year
storms of the past may occur more frequently in the future because of climate change, and the DEIR
is not accounting appropriately for flood risks and the known trend in those risks." In addition, new
information on the potential for groundwater to rise as a result of sca level rise has not been
adequately incorporated into the DEIR’s flood risk and groundwater management elements. The
Project site is essentially at sea level right next lo the Bay, and anticipates lNooding, so a map that
shows it is outside of the flood zone is inherently unreliable.

Furthermore, the DEIR’s Project Description in Chapter 3 is not clear about what sea level
rise elevations were used in the DEIR's assessment of sea level rise preparedness and mitigation.
This description should be consistent with Section 4.9.

The DEIR s description of sea level rise mitigation is as follows:

The Projeet site would be clevated such that proposed grades include an
allowance for sea level rise. ... the Project’s proposed grading plan calls
for the addition of soil throughout much of the Project site to raise the
ground surface elevations. In addition, the finished floor elevations of all
residential buildings on the site, except development block #18 at the
comer of Embarcadero West and Clay (see Figure 4.9-1). are proposed to

12 The DEIR even fails to establish target levels for safe remediation of the dangerous pollutants present at the Project
site. By stating that future remediation plans will rely on the Final Project ELR, it appears that the Project is attempting to
pet target remediation levels approved ahead of time withour actually deseribing them in the DEIR. This is impermissible
under CEQA.

13 FIRM maps ealoulate the risk of flooding using existing sea level conditions, FTRM maps do not sccount for sea level
rise. Risk to the site includes: (1) rising ambient mean high high water (MHHW) up to and perhaps eding 10 feet;
(2) a substantially larger 100-year flood zane based on new ambient MHHW, and (3) rising eroundwater and associated
elfects on structures and infrastruciure {e.g. contaminant mobilization, volatle infiliration, and hquelaction). See, e.g.,
Hoegh-Guldberg, et al (2018), “Tmpacts of 1 5% (lobal Warming on Natural and Human Systems ® TPCC Special
Report (“Mean sea level is increasing, with substantial impacts already being felt by coastal ecosystems and
communities. These changes are interacting with other factors, such as strengthening storms, which together are driving
larger storm surges. infrastructure damage. erosion and habitat loss" (refercnees omitted)

7
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See Response to Comment 0-55-6 regarding how the proposed Project would accommodate
the potential for more frequent storms.

See Response to Comment O-55-3 regarding how the proposed Project accommodates the
potential for groundwater rise in response to sea level rise.

The comment does not provide any new information to support the claim that either FEMA’s
mapping of current flood hazard zones or the mapping of proposed Project conditions in the
future?, which relies upon best available science and guidance from California, are incorrect or
somehow unreliable.

In the Final EIR, a paragraph has been added to Section 3.11.1 to characterize the proposed
Project’s design basis for sea level rise resilience that is consistent with Section 4.9 (additions
are underlined and deletions are eressed-eut):

In accordance with state guidance and AB 1191, the Project’s design basis for sea level
rise resilience extends to 2100 (Moffatt & Nichol 2021a). For the proposed residential
buildings and ballpark structure, the Project at its Buildout phase will accommodate more
than 6.0 feet of sea level rise with minimal adaptations. For the streets and open space
areas, the Buildout phase will accommodate at least the upper range of 2050 sea level
rise projections of 1.9 feet. For portions of the site that are not initially resilient to
potential 2100 sea level rise, a Sea Level Rise Final Adaptive Management and
Contingency Plan will be developed based on Moffat & Nichol (2021a) which identifies
specific adaptation measures that would be used to address sea level rise. Moffat &
Nichol (2021a) augments Moffat & Nichol (2019) augmented and has been included as
part of the Final EIR. The Final Plan will address the sea level rise conditions that may
occur in the future based on information available at that time and will describe the
specific monitoring, triggers, and implementation of adaptation measures that will
provide resilience to the portions of the Project site which become exposed to flood
hazard due to future information on actual and projected sea level rise.

Elevating the Project site to reduce flood exposure due to future sea level rise is the
Project’s primary adaptation measure. The Project’s proposed grading plan involves
adding soil throughout much of the Project site to raise the ground surface elevations at
least several feet-te above the base flood elevation of 3.9 feet COD to-reduce-flood
exposure-due-to-future-seatevelrise. Overall, the Project creates a large area of raised
ground along the shoreline. The Project sponsor proposes finished floor elevations of all
residential buildings on the site to be at or above 10 feet COD to accommodate future
increases in the base flood elevation due to future sea level rise. The one exception

Moffat & Nichol, 2021. Potential Extents of Inundation, Oakland Athletics Howard Terminal Project, September 27, 2021.
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would be on development block at the corner of Embarcadero West and Clay Street,
which would have a finished floor elevation of 6.0 feet COD, higher than the base flood
elevation, based on the preliminary grading plan. Proposed roadway elevations on the
Project site would be approximately 9-14 feet CODabeve-the-City-of-Oakland-Datum for
most internal roads and 4.9 feet CODity-ef-Oakland-Batum-on the north edge of the
Project site to match with the existing grade of adjacent properties. The majority of the
proposed ballpark structure would be at elevations of 5-10 feet City-ofOakland
BatumOD and higher, with the potential for lower elevations at field level suites and
adjacent areas.

The comment appears to misinterpret the Draft EIR, claiming that “the DEIR acknowledges a
high risk (50% or more) that structures will be inundated under Current Sea Level Rise
projections during 100-year storm events.” The Draft EIR explains how the proposed Project
would provide resilience to the 100-year storm event and 6.9 feet of sea level rise, the
projected 2100 sea level rise with a 0.5 percent chance of occurrence (two orders of
magnitude less than the risk mentioned in the comment) (see Draft EIR pp. 4.9-33 through
36).
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be at or above 10 feet [City of Qakland Datum (COD)Y'] to accommodate
tuture increases in the base flood elevation (BFE) due to future sea level
rise (see Table 4-9.1 in the Environmental Setting). At an elevation of 10
feet COD, the finished floors would remain above the BFE for up to 6.1
feet of sea level rise. This amount of sea level rise by 2100 falls with the
guidance range (5.7-6.9 feet) for medium-high risk aversion from the state
(Cal OPC, 2018).6 and is above the guidance range (2.6-3.5 feet) from
BCDC, Although the ¢levations for the proposed finished floors only fall
within, not above, the medium-high risk aversion range for 2100, the
incremental difference of 0.8 feet does not cause substantial additional
risk, since minimal adaptations, such as subtle modifications to grades,
would be required to keep up with rising sca levels under the medium-high
risk aversion scenario. Additionally, the medium-high risk aversion
projection has only a (.5 percent probability of being exceeded (Cal OPC,
2018) and the proposed finished floor elevation meets the medium high
risk aversion sea level rise range through 2090 (Table 4.9-1).

DEIR at 4.9-33 (explanatory lootnote added). The DEIR continues,

The majority of the proposed ballpark structure would be at elevations of
5-10 feet COD and higher (with the potential for lower clevations
discussed below). At this elevation, the finished loors would remain
above the BFE for 1.1 to 6.1 feet of sea level rise. An exception would be
some field-level suite areas of the ballpark (these areas would include
social space, dining areas and back of house operations), which would be
at (-4 teet COD. This elevation range is below to just above the current
BFE. and would increasingly fall below the BFE with sca level rise. The
ballpark may also include garage and storage enclosures at lower
clevations then the current BI'L, which is typically acceptable for building
code compliance. provided their use is limited and provided that these
arcas meet the definition of an enclosure and other engineering design
requirements for an enclosure (e.g., FEMA, 2017). The raised ground
between these suite areas and San Francisco Bay would reduce the coastal
flood exposure of the suite areas.”

DEIR at 4.9-34. Thus, the DEIR acknowledges a high risk (50% or more) that structures will be
inundated under current Sea Level Rise projections during 100-year storm events. The DEIR's
dismissive treatment of this finding notwithstanding. this is an unacceptable level of risk.
particularly given that projections for SLR continue to increase and climatologists expect that 100-
year stormn intensity will increase on current climate change trajectories.

1 This refers to a baseline elevation similar to the lNorth American Vertical Datum (the betwean NAVD and COD is: 0
feet COD = 5.77 feet NAVD); in other words, a surface of zero clevation to which heights of various points are
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The DEIR's efforts to mitigate or analyze real threats of flooding from SLR and intense
storms is minimal. The DEIR acknowledges that additional measures will be needed in the future,
post-2100 (if not sooner), yel it does not deseribe those measures so that they can be evalualed: nor
does it seek to implement those measures in advanee to increase public safety. See, e.g., DEIR at
4.9-35 (accounting for some risk scenarios through 2090 or 2100 and stating that “adaptations would
be required in the future to keep up with rising sea levels™). In addition. public spaces along the
waler are not resilient to 2100 predicted bay tidal surges. Mitigation measures should not be lefl as
vaguc promiscs 1o adapt lo rising . and should extend through the end of the projected life of the
project, including either conversion of the site to some other use, such as adaptation wetlands, or a
plan to permanently protect the site from sea level rise.

The increased elevation of the site detailed in the sections quoted above could also have
unstudied consequences on surrounding neighborhoods and nearby sensitive sites. Water that enters
the Bay at high tide must go somewhere; as high tides increase, there will be more water and it will
inundate more land. Every seawall or other armoring structure built. including the planned increased
clevation of the Project, in turn increases hydrological pressure on surrounding arcas. In this case,
aceording to the DEIR, nearby hazardous material sites that may be more seriously impacted as a
result of the Project’s armoring include Schnitzer Steel, the Pacific Gas & Electric Compressed
Natural Gas Station, the Port of Oakland and Downtown Oakland Compressed Natural Gas Station,
the Pacific Gas and Electric Oakland- 1 Manufactured Gas Plant, the Port of Oakland Cinema
Project, Jack London Square Parcel D. the Port of Oakland’s Site A Ferry Terminal, the Merrit Two
Site, the Terradev Jefferson LLC Property, E-I) Coat, Inc., and Kast Bay Ford Truck Sales. DEIR at
4.8-17 — 4.8-23. Each of these sites has unique pollution concerns and the impacts of increased
inundation of neighboring sites due to the Project’s armoring are not discussed in the DEIR.

b. Maritime Reservation Scenario

Under the Maritime Reservation Scenario, the port has the option to reclaim 10 acres on the
southwest corner of the parcel for expansion of the ship turning basin within 10 years. Compare
DEIR Figures 3-13, 3-15, 3-17, and 3-18 (sumunarized in Section 3.20); Figures 3-13. MRS and 3-
15. MRS (impacts on the project from the port exercising this option). If the Port exerciscs this
option, “[tlhe Waterfront Park would be reduced from 10.3 acres to 6.9 acres™ (DEIR at 3-38),
“public trust-related uses on Blocks 8 and 167 will be impacted; and the Bay Trail benefit will be
impacted (i.e., the Bay Trail will be reduced in this area). DEIR at 3-37.

Construction impacts may continue to affect the community over may vears. This drawn out
timetable is inadequately studied in the DEIR and could create adverse community conditions that
are deeply concerning to Baykeeper and our members. The fact that the Port has ten years Lo exercise
this Maritime Reservation option creates a significant unknown in Project effects. Will Project
proponents develop this area with public amenities as initially planned and then rip them out if the
Port exerci ts option? Or will these benefits not occur at all until it is clear that the Port is not
excreising its option? Either way, it is difficult to evaluate Project impacts with the uncertainty of
construction impacts extending 10 years and bevond. According to the DEIR, overall, the “Project
would be constructed over several years and include on-site construction activities, construction
along the railroad corridor, and off-site infrastructure construction such as the transportation
improvements.” IDEIR at 3-43. Phasc I construction will take 2 years (though the DEIR
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Once the buildout phase of the Project is completed, more than three-quarters of the Project
area would be raised above the base flood elevation occurring in conjunction with at least

6 feet of sea level rise. Additional measures to account for additional sea level rise® are
described in Mitigation Measure HYD-3. In addition, Mitigation Measure HYD-3 provides
measures linked to specific amounts of sea level rise that would be implemented for the
minor portions of the Project site resilient to less than 6 feet of sea level rise. For instance, the
wharf, which provides public access, would be above the base flood elevation for up to 3 feet
of sea level rise. After that, adaptation measures would be implemented, such as installing
parapet walls along the wharf edge or changing the programming and user experience to
accommodate the infrequent and temporary inundation. Mitigation Measure HYD-3: Sea Level
Rise Final Adaptive Management and Contingency Plan (Draft EIR, p. 4.9-37) stipulates that
prior to the issuance of the first grading permit for the Project, the Project sponsor shall
develop a final adaptive management and contingency plan for sea level rise that would
further specify the adaptation measures to be implemented.

The Project site is part of a shoreline unit whose flood protection was analyzed in Hummel
and Stacey (2021) for effects on other parts of the San Francisco Bay shoreline. This study
found that the effect of protecting the more than 35 miles of shoreline comprising the unit
that includes the Project area did not have the larger effects seen by some other bay shoreline
units: even with 2 meters of sea level rise, the off-site increases in water level due to
protecting all of the Oakland, Alameda, and San Leandro shoreline unit was less than 2
inches.? In addition, the Project area is only 0.6 mile of the shoreline unit in which it resides.
Therefore, the proposed Project would not cause significant changes to flood hazards in
surrounding areas, and any hazard due to inundation of pollution on surrounding areas
remains the responsibility of the surrounding areas, not the responsibility of the Project.

The analysis of the Maritime Reservation Scenario in each section of Draft EIR Chapter 4
considers the conservative timing assumptions of when the Port could exercise its option and
associated construction could commence, including relative to development of other parts of
the Project. The analysis in the Draft EIR is complete and no change to the document or the
analysis is warranted.

8 Moffat & Nichol, 2021. Coastal Flooding, Proposed Grading Strategy, Sea Level Rise Adaptation, and Public Access on Wharf, Oakland Athletics Howard Terminal Project, July 9, 2021.

9 Hummel and Stacey, 2021. Hummel, M. A., & Stacey, M. T. (2021). Assessing the influence of shoreline adaptation on tidal hydrodynamics: The role of shoreline typologies. Journal of Geophysical Research: Oceans,
126, €2020JC016705.
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acknowledges it may be Tonger), the next phase is likely to take more than 4 years, and final buildout
may occur within 8 calendar years. Ilowever, the Maritime Reservation Scenario gives the Port a 10-
year option to decide 1o expand the turning basin, so the 8-year buildout is only possible il the Port
exercises its option on the tuming basin earlier than 10 vears. DEIR at 3-55.

The DEIR does not analvze hydrological or flooding impacts any differently under the
scenario where the port exercises ils option on 10 acres ol the site [or expansion of their boat wiming
arca. See, e.g.. DIER at 4.9-36. These uncertaintics make it very difficult to evaluate whether the
Project’s sea level rise and flooding mitigation might benefit from an expansion of the turning basin.
The DEIR should evaluate these potential benefits, or the lack thereof, as the creation of additional
space in the turning basin would create more space for waler Lo go (e.g., especially during a storm).
Further, if the Port did not usc that space, the DEIR should evaluate the benefits of an alternative that
would use that space to mitigate storm surge effects through marsh restoration or a horizontal levee.

¢. Trees and Landscaping

Site landscaping can have a major impact on minimizing and mitigating the Project’s
environmental impacts. Specifically, assuming that contaminated soil and groundwater on site will
be removed or fully mitigated (i.e., permanently prevented from contacting ground or surface water),
landscaping should be designed to maximize stormwater capture and beneficial use of stormwater
and grey water. In addition. landscaping of the site should be designed to maximize carbon
sequestration and mitigation of local air quality impaets (including high air temperatures) while
minimizing the need for irrigation and application of pesticides and fertilizers. Baykeeper
recommends emphasizing plantings that require no pesticides or herbicides or artificial lawn and
garden care products as such products are likely to contaminate groundwater and surface water.
Because fresh water supplies are limited in the Bay Area and unsustainable diversion of water
jeopardizes the Bay ccosystem and water quality, we also recommend that the Project prioritize
plants that require little or no imported water for irrigation after establishment and any irrigation
water that is needed (including for the baseball field itself) should preferentially utilize recaptured
stormwater and/or grey water. In addition, landscaping soil treatments (e.g., compost) and plantings
can have a significant effect on carbon sequestration on the Project site; planting and soil
management decisions should maximize carbon sequestration.

The DEIR’s description of site landscaping does not identify landscaping elements other than
trees and does not address maintenance, soil treatment, or irrigation plans. The DEIR provides
minimal description of plant choices for the site. saying simply, “The Project anticipates
approximately 600 trees within the boundaries of the Project site.” DEIR at 3-46. Similarly, there is
no deseription or specilics regarding pesticides anticipated to be used (the T.andscaping section could
and should address this and, specifically, the Project should commit to not using pesticides, exeept in
well-defined, extreme situations). According to the DEIR, “[o]peration of the Project would include
urban uses of pesticides, cleaners, and other common household products that could enter
stormwater runoff.” DEIR at 4.9-21. This is insufTicient, and the DEIR should specify amounts and
plans to properly mitigate impacts. Furthermore, there is also no description of the stormwater
gardens identified in Figure 3-19. The constituents and capacity of features such as stormwater
gardens should be fully described. Baykeeper recommends incorporating soil modifications and
amendments, as well as physical features such as swales and retention basins in the landscaping or
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The flood hazards that pose potential hazards to the Project area are from the entirety of San
Francisco Bay. Compared to the volume of the bay, additional flood storage volume that could
be created in the turning basin, either for an enlarged boat turning area or for marsh
restoration, are negligible. This is consistent with Response to Comment 0-55-29. As
described in that response, modeling by Hummel and Stacey (2021) that assessed the impacts
of changing the flood storage volume for the entire shoreline unit (that includes the Project
area) found off-site effects of less than 2 inches, even with 2 meters of sea level rise.’? Adding
flood storage from the storage basin would be a much smaller change than the change for the
entire shoreline unit. Therefore, the alternative land uses proposed in this comment would
not affect flood levels and do not need to be analyzed by the EIR.

As described on Draft EIR p. 3-51, stormwater treatment areas for the runoff from the Project
site would be located in parks and landscaping (within the ballpark and on the remainder of
the Project site), in addition to streets, and in development areas near the catch basins or
inlets. Landscape-based treatment, bioretention, or flow-through planters are proposed; the
ballpark’s grass field would be a permeable surface on grade and therefore would also provide
the benefit of reduced runoff. The Draft EIR continues that “The parks and open spaces within
the development (see Figure 3-13) would provide landscape based treatment areas within, or
adjacent to, the footprint of each park and open space.” The comment mentions benefits that
landscaping of the site could achieve related to reduced air pollutant and greenhouse gas
emissions.

See Responses to Comments 1307-2-11, 0-27-59, and 0-27-60. Stormwater gardens identified
in Figure 3-19 are described on Draft EIR p. 3-45 as areas where more informal clustering of
street trees would be planted along the east-west streets in the Project site. The term
stormwater gardens has been defined to be more consistent with Section 4.9, Hydrology and
Water Quality, and Section 4.16, Utilities and Service Systems, as pervious surface areas
planted with vegetation for stormwater filtration and bioretention. The following text on Draft
EIR p. 3-47 has been revised in response to this comment:

e Secondary Street Tree Clusters, which would be more-informal clustering of Street
trees along the secondary network of east-west streets and within stormwater
gardens, defined as pervious surface areas planted with vegetation for stormwater
filtration and bioretention;

10 Hummel and Stacey, 2021. Hummel, M. A., & Stacey, M. T. (2021). Assessing the influence of shoreline adaptation on tidal hydrodynamics: The role of shoreline typologies. Journal of Geophysical Research: Oceans,
126, €2020JC016705.
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0-55-34  This comment repeats concerns regarding sea level rise, addressed previously in Response to
Comment 0-55-14. This comment also references increasing storm activity and known seismic
activity. The comment does not provide information regarding how the commenter believes
storms and seismic activity would change patterns of groundwater movement. As discussed in
oxEa3 cisterns for the structures, to maximize water retention on site and in the soil. This approach to f . I Ri h | . fth . . Idb ised
landscaping will reduce the potential for flooding on the site or in the surrounding area, improve the Draft EIR Section 3.11.1, Sea Level Rise, the elevations of the Project site wou e raised to
water quality of any storm runofl, and minimize consumption of imported irrigation water on site. accommodate the anticipated amount of sea level rise. As discussed in Section 3122[
V.  IIYDROLOGY AND WATER QUALITY Stormwater, a new stormwater drainage system would be installed to manage stormwater.
P Impact HYD-5 in Draft EIR Section 4.9, Hydrology and Water Quality, analyzes
a. sroundwater
potential flood impacts from sea level rise and concludes that the Project site would be
Corftaminaied mroundwdlermist be resfed gnd Tfilier cotaminaifonprovenied. Just elevated such that proposed grades would include an allowance for sea level rise. In
because there may be limited evidence that contaminated groundwater is leaking into the Bay. now . . ) . . )
(see, e.g.. DEIR at 4.8-15), does not mean that will remain true in the luture. Rising local sea levels, addltlon, Mltlgatlon Measure HYD-3: Sea Level Rise Final Adaptlve Management
increasing storm intensity, known seismic activity, and development under the Project all threaten to : : : : : .
change patterns of groundwater movement (vertically and horizontally). Therefore, the DEIR s and Con.tmgency Plan W?UId require the pre.pa ration and Imple.mentat.lon.Of a sea level rise
statement that “[g|roundwater is estimated at a depth of 3 10 12 feet below the ground surface and adaptatlon plan, as requlred by AB 1191. This plan would require monitoring of sea levels
05534 likely tluctuates several faet daily with the tidal action, due to the presence of the adjacent San . . . . .
Francisco Bay,” is not a sufficient evaluation, DEIR at 4.9-4 (citing ENGEQ 2019). “Groundwater adjacent to the ProJECt site, deVEIopment of a plan of adaptatlon strategies based on
beneath the Project site is contaminated from previous historical uses on the Project site.” DEIR at measures identified in the mitigation or equiva|ent measures, and implementation
4.9-4. Changed patterns in groundwater flow, either by themselves or in combination with the f ad . . ded. Th d ide inf . laini
movement of toxins on the site, could lead to harmful impacts to the Bay and to the human of adaptation actions, as needed. e commenter does not provide information explaining
communities on the water's edge. Removing the contaminated groundwater and soils eliminates how future seismic events would affect groundwater flow patterns.
these risks.
Bavkeeper is concerned that the Project is proceeding prior to completion of the 0-55-35  See Responses to Comments 0-27-59, 0-27-60, 0-27-61, and 0-27-62.
Groundwater Management Plan for the East Bay Plain. According to the DEIR, the Project site lies
above the “Fast Bay Plain (DWR Groundwater Basin No. 2-9.01) an important and beneficial
groundwater basin underlying the East Bay, extending from Richmond to Hayward. ... This deep 0-55-36  See Responses to Comments 1307-2-11, 0-27-59, 0-27-60, 0-27-61, and 0-27-62.
basin provides municipal, industrial. and agricultural water supply. EBMUD and City of Hayward
05535 are currently working on the preparation of a Groundwater Management Plan for the East Bay Plain
(EBMUD, 2018).” DEIR at 4.9-3. There is real potential for damage to this Public Trust
groundwater resource from this Project (via construction, disturbance and exposure of hazardous
materials and contaminated soils, impacts of rising sea levels as they interact with the modified site,
and project landscaping and landscaping operations and maintenance). Baykeeper recommends that
s0il management, hazardous waste mitigation, construction, and landscaping be tailored specifically
to protect and enhance the groundwater resources of the East Bay Plain aquiter in the vicinity of the
Project

b. Surtace water and flood risks

The Project DEIR focusses on directing stormwater off site, into the Middle Harbor, as
quickly as possible. The DEIR states that, *“[w]hen heavy rains are coupled with higher-than-normal
tides, tide levels can slow the drainage of runofT into San Francisco Bay, increasing the potential for

0-55-36 | urban stormwater flooding.” DEIR at 4.9-4. As described in the DEIR, stormwater management
currently consists of collection and export of stormwater into the Bay. See, e.g., DEIR at 4-9-27.

This approach will only exacerbate tlooding of adjacent areas (and maybe portions of the
Project site) under conditions where heavy rains correspond with higher-than-normal or higher-than-
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historical tides (e.g.. under SLR projections). Rather, the Project should explicitly plan to retain,
manage, and treat stormwater before it enters the Middle TTarbor.

The need for complex stormwater routing and ongoing water quality testing and management
operations would be minimized if (1) hazardous materials, contaminated soils, and polluted
groundwater currently on the site were completely remediated (i.e., removed and replaced with clean
fill) and (2) the Project was designed to caplure stormwater and use it for beneflicial purposes (e.g.,
maintaining soil moisture for landscaping: irrigation water, groundwater recharge). Contaminated
soil on site poses an immediate risk, and must be removed or fully mitigated (i.¢., permanently
prevented from contacting ground or surface water). as discussed earlier. It would be preferable to
clean the site and then encourage stormwaler infiltration to groundwater in order to (1) treat
stormwaler by filtration through soil and (2) reduce potential for Tocalized Tooding during storm
surge events.

The DEIR should discuss the types of pollutants that might be carried in stormwater that
discharges to the Bay. The DEIR states that “the use of vehicles on the Project site could result in the
release of minor amounts of oil, grease, and other mechanical compounds that could enter
stormwater runofl.” DEIR at 4.9-21. However, there is no discussion of the types or quantities of oil,
grease, and other mechanical compounds that are expected to be carried by stormwater to the Bay. It
should be possible to estimate these quantities based on results from other, similar parking situations
clsewhere. Also, there is no description of ongeing contamination of the site with micro-plastics
(e.g.. as arise from degradation of tires) and how those substances are transported to the Bay by
stormwater.

Treatment of stormwater through bioswales and other green infrastructure design can reduce
toxins in stormwater (including oil, pesticides, herbicides, and microplastics) before they enter the
Bay. Landscape plantings and soil amendments (e.g.. compost or biochar) can also increasc the
amount of stormwater retained on site significantly. In addition, green infrastructure can be used to
increase stormwater retention times and minimize flooding from storms that occur during high tides.
For example, cisterns or retention basins that capture run-off from residential and parking structures
and roadways can limit stormwater runofl to Middle Harbor during flooding events. The captured or
retained stormwater can be repurposed for on-site uses, minimizing overall water demand on the site.
Minimizing surface runofT can be a key environmental benefit of the Project for the local community
and for neighboring land uses.

i. Flood risk

The DEIR places structures, including potential housing, within a 100-year flood hazard arca.
DEIR at 4.9-29. This could impede or redirect flood flows, exposing people or structures to a.
significant risk of loss, injury or death involving flooding. /d. The DEIR does not adequately
evaluate or mitigate for these impacts. ‘The DEIR's suggestion that perhaps the struetures of concern
are not actually in the FEMA flood zone reflects a reliance on the precision of the FEMA flood
estimates that is not warranted. DEIR at 4.9-27. Indeed, the DIER also questions the accuracy of
these estimates with its statement that, “[gliven parts of development block #18 are within the
STHA, future surveys are warranted to verify that the building floor levels are above the base flood
clevation.” /d. Estimates of future Sea Level Rise in this arca are increasing; similarly, the scverity

16

5.2 Organizations

RESPONSE

0-55-37 See Responses to Comments A-12-43, 0-27-59, 0-27-60, and O-55-33. See Draft EIR Chapter 3,
Project Description, pp. 3-46 and 3-47, for information on landscaping providing stormwater
filtration and bioretention.

0-55-38 See Response to Comment 0-27-59.
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0-55-39 This comment is predicated on other comments in this submittal; see Responses to Comments
0-55-2 through 0-55-38. As the designated lead agency under CEQA, the City has prepared
and circulated the Draft EIR to meet or exceed CEQA requirements, including (for example)
. | . \ oo o ! requirements related to writing, emphasis, degree of specificity, technical detail, and
of future storms is expecled Lo increase; il current FEMA [lood estimales are slightly inaccurate (as . . . . . . .
the DEIR suggests is possible), it s just as likely that the risk of site flooding is higher than what is discussion of environmental impacts (State CEQA Guidelines Sections 151401 151431 151461
reflected in the FEMA estimates than that less flooding will occur. Furthermore, sites that are now 15 147[ and 15126 through 15127) Regarding the statement that the Draft EIR should be
on the edge of FEMA’s zones of concern are likely to fall within flood zones in just a few years. The . R . R .
Project must assume that arcas that arc “on the cdge” of risk now will actually flood at or soon after revised and rec"cu'atEdr information has been added to the Draft EIR (See Chapter 7r Clty'
flooding is projected to oceur. Initiated Updates and Errata in the Draft EIR), and no significant new information (e.g.,

0-55-38 Mitigation Measure HYD-2, Structures in a Flood Zone, says the final grading plan will information leading to a new significant impact or a substantial increase in the severity of an
show structurcs above the 100-vr flood zone er “would not place structures within flood hazard arca impact) has been added since publication of the Draft EIR Consequently the Draft EIR need
that structures in the 100-year flood zone impede or redivect flood flows, exposing people or X R i : X ’
siructures o a significant risk of loss, injury or death involving flooding, and impacts would be less not be recirculated. See Consolidated Response 4.3, Recirculation of the Draft EIR, for more
than significant.” DEIR at 4.9-29. More detail should be provided in the DEIR about what siructures information
are expected to be in the flood zone and how those structures will be built so as to avoid impeding or .
redirecting flows. Impacts trom flood risks to nearby hazardous sites should also be evaluated. See. . . . . . .

e.g, DEIR at 4.8-17 — 4.8-23 {nearby hazardous material sites). Regarding the funding of cleanup, CEQA does not require that the financial details of a
VI CONCEUSION proposed project be addressed in the EIR. CEQA requires only that the party or parties
responsible for implementing all mitigation measures identified to address significant

Any final FIR produced for the Project must answer the questions posed by these comments, : . . . P . . . . .
and provide [or appropriate mitigation for significant impacts. 1T the DEIR is unable 1o reasonably environmental ImpaCtS be detailed in a mltlgatlon momtormg and reportmg program, which
detail toxic materials cleanup measures, one potential mitigation is to provide for a secure financial will also detail the timing and responsible party or parties for monitoring and compliance
mechanism for accomplishing the worst case, or most expensive, cleanup scenario. Such a . . .
mechanism could include a bond put forward by the Project proponent. (State CEQA Guidelines Section 15097)

Absent such security, the uncertainty presented in the DEIR has been shifted from the Project The comment letter includes several attachments that are not specific to the Project, and do
proponent and the authorizing agency, where CEQA contemplates responsibility lying for evaluating : PP : : I :

S e L it e Tt _not ralse_a S|gn|f|cant environmental issue or. specific questions about the analyses. or _
requirements of CEQA, this does not meet the Oakland A’s “pledge fo redevelop and privately information in the Draft EIR that would require response pursuant to CEQA Guidelines Section
finance the site, we will fully remediate these environmental issues al no cost Lo taxpayers.” Oakland . . .

A's Ballpark Environmental Justice and Stewardship Initiative, 2019 (attached as Hxhibit A). This 15088. The attachments will be included as a part of the record and made available to the
DEIR does not lay out a plan that will remediate Project’s environmental issues at no cost to decision makers prior to a final decision on the proposed Project,
taxpayers. Instead, it borrows against the future to pay for more excesses, today. When that bill
comes due, however, there is no guaraniee that the A’s will be ready and eager (o pay it.
Baykeeper respecttully requests that the issues described in these comments—issues that
amount to a deficient DEIR-—be addressed in a recirculated DEIR, as required by CEQA.
Sincerely,
/
M. Benjamin Lichenﬁgr_g/
Staff Attorney
San Francisco Baykeeper
17
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Preparing for Rising Seas:
How the State Can Help Support
Local Coastal Adaptation Efforts

Cover Photo: The cover image of high tides along the Embarcadero in 3an Francisco was taken by
Dave Rausnbuehler, @daverf via Flickr,
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Executive Summary

Important for Coastal Communities to Begin Preparing for
Sea-Level Rise (SLR)

California Faces the Threat of Extensive and Expensive SLR Impacts. Calilornia’s coasl
could experience SIR ranging from about half of 1 foot by 2030 up to about 7 feet by 2100
Pericdic ovents like storms and high tides will preduce oven higher water lovels and increase the
risk of flooding. Riging seas will alse erede coastal cliffs, dunes, and beaches which will affect
shorefront structures and recreation.

Most Responsibility for SLR Preparation Lies With Local Governtirents, However, the
State Has a Vested Interest in Ensuring the Coast Is Prepared. Most of the development
along the coast is owned by either private entities or local governments —not the state,
Additienally, moslt land use policies and decisions are made by local governmenls, and they are
mosl knowledgeable aboul their cemmunilies. Local governments will need Lo grapple with which
axisting infrastructure, propertios, and natural resources to try to protect from the rising tides;
which to modify or move; and which may be unavoidably affected. However, given the statewide
risks, the state can play an important role in encouraging and supparting local efforts and helping
to alleviate some of the challenges local governments face.

Many Coastal Communities Are Only in the Early Stages of Preparing for SLR. |he
progress of SLR preparation across the state's coastal communities has been slow. Moreover,
few coaslal communilies have yel begun implementing projects Lo respoend Lo Lhe Lhreal of rising
seas. Goaslal communilies musl increase bolh the extent and pace of SLR preparalion elforls if
California is to avold the most severe, costly, and disruptive impacts in the ceming decados

Delaying SLR Preparations Will Result in Lost Oppartunities and Higher Costs. Planning
ahead means adaptation actions can be stralegic and phased, helps ‘buy time" before more
extreme responses are needed, provides opportunities to test approaches and learn what
works best, and may make overall adaptation efferts more affordable and improve their odds for
success. |he next decade represents a crucial time peried for taking action to prepare for SLR.

Local Adaptation Efforts Face Several Key Challenges

Funding Constraints Hinder Both Planning and Projects. | ocal governments cite funding
limitations as their primary barrier te making progress on coastal adaptation efforts.

Limited Local Government Capacity Restricts Their Ability to Take Action. The novelty of
the climate adaptation field makes it hard for local governments to locate and hire individuals with
appropriate experience and expertise.

Adaptation Activities Are Constrained by a Lack of Key Information. | ocal governments
cite a need for additional data and technical assistance to help inforim their adaptation decisions

Few Forums for Shared Planning and Decision-Making Impede Cross-Jurisdictional
Collaboration. Even though the inlerrelaled eff of SLR make cross-jurisdictional planning
ntial, local governments lack formal and stre ic ways to learn from each other or make:
ns together about coastal adaptation issues

Wi, |a0.ca. gov 1
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Responding to SLR Is Not Yet a Priority for Many Local Residents or Elected Officials.
Because many California residents are nol yel aware of how and when SLR mighl affect their
communilies, coaslal adaplalion acliens are nol a high priority for them Lo request from Lheir local
governments.

Protracted Process for Atfaining Project Permits Delays Adapfation Progress. Ach
regulatery approval for coastal adaptation projects is complicated and takes a long time.

ieving

LAO Recommendations for Supporting Local Adaptation Efforts

While our recommendations represent incremesnlal sleps hal will nel be sufflicient Lo addrass
all the anticipated impacts of SILR, they ropresent prerequisites aleng the path to more robust
statowide preparation

Foster Regicnal-Scale Adaptation

Cstablish and assist regional climate adaptation collaborative groups to plan together and
learn from sach cther regarding how to respond to the effects of climate change.

.

.

Encourage development of regional coastal adaptation plans to address key risks that LR
poses Lo the region, as well as stralegies the region will take Lo address them,

.

Support implementation of regional adaptation efferts by centributing funding towards
construelion of prejects identified in regional plans.

Support Local Planning and Adaptation Projects
i s and counties te conduct vulnerability assessments, adaptation
1 plans for spocifi

Increase assistance for ¢
plans, and

Supporl coaslal adaplalion projects with widespread benefils such as those thal pilol new
tochnigques, protect public resources, reduce damage to crifical infrastructure, or address the
needs of vulnerable communitics

-

Facilitate post-construction menitoring of state-funded demenstration projects to leam more
about which adaptation strategies are effective.

Provide Information, Assistance, and Support
Establish the California Glimate Adaptation Genter and Regional Support Network to provide
technical support and information to local governments ch adapting to climate change impacts.

.

.

Develop a standardized methodology and template that local governments can use to
conduct economic analyses of SLH risks and adaptation strategies.

.

Direct the California Natural Resources Agency Lo review and report back regarding how
regulatory permitling processes can be made more efficlent.

Enhance Public Awareness of SLR Risks and Impacts

+ Require coastal flooding disclosures for real estate transactions te spread public awareness

aboul SLR and allow Galifornians Lo make informed decisions aboul the risks of purchasing

certain coastal properlies.

Require that state funded adaptation plans and proj lude robust public enga

efforts to help develop societal awareness aboul SLR, build asceplance for adaptation steps,

and ensure the needs of vulnerable communities are addressed.

* Di
by SLR to develep public engagement in and urgens

state departments to conduct a public awareness campaign about the threats posed
for taking action.
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State’s Climate Change Response Wil
Require Both Mitigation and Adaptation. In
recent years, Calitornia has taken steps to limit
Lhe effects of climale change by enacling policies
and programs Lo reduce emissions of greenhouse
gases. While these offorts — if combinad with similar
global initiatives —ultimately may constrain the
total ameunt of warming the planst experiences,
scientisls are conclusive thal some degree of
climate change already is inevilable. The changing
climate will have several consedquential effects
on Galifernia over the coming decades. Indeed,
such impacts have already begun. In recent years,
the state experienced a severs drought, multiple
serious wildfires, and periods of record-breaking
heal, all of which scientists suggest likely are
harbingars of future conditions. In addition to
these more apisodic events, science has shown
that the changing climate will result in a gradual
and permanent rise in glebal sea levels. Given the
significant natural resources, public infrastructure,
housing, and commerce located along California's
810 miles of ceastline, the certainty of rising seas
poses a serious and costly threat. As such, in the
coming years Lhe slale will need Lo broaden ils
focus from sfforts to mitigate the sffects of climate
change te also undertake initiatives centered on
hows communitios can adapt to the approaching

impacts

Report Responds fo Increasing Legislative
fnterest in Climate Adaptation. This repaort
responds to increasing legislative interest in
determining how the state can best prepars for
the impacts of climate changs, including sea-lsvel
rise (SLR). In recent years, the Legislalure
has held several hearings on SLR and coastal
adaptation, formed two related select commitless,
and delberated multiple legislative proposals on
these topics. In additicn, the Governcr and some
legislalive members have indicaled interesl in placing
anaw general obligation bond on the 2020 kallol for
voter approval that would provide funding for climate
adaptation activities

Report Focuses on How Stafe Can Support
Local Coastal Adaptation Efforts. Although the

Wi, |a0.ca. gov

risk presented by SLR is an issue of statewide
importance, mest of the waork to prepare for and
respond Lo these changes has lo lake place al the
local level. This is because mosl of Lhe development
along the coast is owned by cithar private entitics or
local governments - not the state. Additionally, most
land use policies and decisicns are made by local
gevernments, and they are mest knowledgeable
aboul the needs and specific circumslances facing
their communities. However, the state can play

an important rele in encouraging and supporting
local efforts and helping te alleviate some of the
<hallenges that lozal governments face in preparing
for SLR. Given the importance of protecting the
stale’s residents, economy, and natural resources
from censiderable damages, this report focuses en
heow the Legislature can help support and expedite
progiess in preparing for rising seas al the local
level. (While the state will alse need to take action
to prepare for potential impacts to assets for which
it has primary responsibility —like coastal highways
and state parks —censideration of those steps is
oautside the scope of this report.) This focus and
our recammendalions represent a conlinualion

of lhe slale’s long-slanding role in facilitaling and
incontivizing implamentation of state objoctives at
the lecal level. While adopting our recommended
actions will no sufficient to address all the
projested impacts of SLR, they represent important
incremental sleps lowards grealer preparalion
across Lhe slale.

Findings informed by Extensive Interviews
and Research. The lindings and recommend
presented in this report are informed by interviews
we conducted with over 100 individuals. These
interviewees ropresented local governments
from across the state, academic ressarchers,
cormmunity groups, nongovernmental organizations,
[ederal agencies, and slale deparlmenls. We also
reviewed relevant reporls and academic lileralure,
inclucing sevaral statowide survays condustad on
the topics of coastal adaptation, climate change
preparation, and local government planning, The
resources we reference within the report are listed in
Lthe “Appendix.”
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Coast Will Experience Encroaching Seas
in Coming Decades. Climale scienlisls have
developed a consensus that one of the offects
of & warming planat is that global sea lovels will
rise. The degree and timing of SLR, however, is
still uncertain, and depends in part, upen whether
global greenhouse gas emissions and lemperalures
continue lo increase. Figure 1 displays recent
scientific quidance compiled by the state for how
sea levels may rise in various coastal arcas of
Galifornia in the coming decades. As shown, the
magnitude of SLR is prejected to be about half of
1 foot in 2030 and as much as 7 feet by 2100. The
eslimales shown in the figure represent the range
between how sea levels might rise acress the state
under two different climate change scenarios. The
battom end of the rangs reflects the lower bound
of & "likely” scenario (with a projected 86 percent

Range of Sea-Level Rise
Projections for the California Coast?

chance of oceurring). The lop end reflecls the
upper bound of & higher risk and more impactiul
scenaric (with a prejected 1 in 200 chance of
ocourringl. As shown, the range betweoen theso
scenarics is greater in 2100, reflecting the
increased level of uncertainty about the degree ot
climale change impacls the planel will experience
further in the future,

Figure 2 displays a detailed rmap ot how Nt
SLR projections lranslale inlo polential flooding in
the San Francisco (SF) Bay Area. The map shows
flooding prejectad to oceur with 2 foot of SIR
combined with a ten year storm surge ithat is, the
temporary flood effects from a storm that has a
one-in-ten likelihood of cccurring in a given year).
This combination of events would resull in a total
waler level of over 4 leel. As shown, under this
scenaric —and given existing shoreline protections
and conditions — many portions
of the SF Bay shoreline would
become inundated. For example,
as highlighted in the map, this
would result in severe flooding
for Foster Gity, the Oakland

Ineergerting the efiects of paterli Ice loes Torm e West ANl oo Shee
From the Hi foria a3 Lavel Ao G
Agency ard the Qaifomia Sosen Fratesion

il

F Exlirales rspraant the ra617s awsan ' ol saturios il 88 percenil cheros O coouring snd sussrics
vath 2 70500 dans of 20T, Fang e doss 0ot ivd.da satmates sesndater wit
o h e sigrvicartly higher

o0 Decument pusisned by the Caliarnia kanral Feseurces

E-.( DT — o | International Airport, and the
7= Sa PR i e toll plaza for the SF Bay Bridge
5] Monterey — & in Cakland. This combination of
| Los Angeles —i SLR and storm is well within the
5= San Diego —1 range of pessibilities that could
§ 4: occur within the next 50 years.
E 4 Sombining a significantly high-tide
| event with SLR would result in
2: 119,020 aa, d e even more severe flooding across
] H-I I I L the region than that shown in this
7 T 1 IIHHn ] map.
< a7
- | . [ . i Storms and Future Climate
2030 2050 2100 Impacts Could Raise Water

Levels Further. Although they
would have substantial impacts
the SLR scanarios displayed

in Figure 1 likely understaie
the increase in waler levels
that coastal communities will
actually experience in the

“dremel seanes

LEGISLATIVE ANALYST'S OFFIGE

Waterfront Ballpark District at Howard Terminal

Response to Comments / Final Environmental Impact Report

5-910

ESA /D171044
December 2021



5. Responses to Individual Comments

0-55 0-55
COMMENT

AN LAO REPORT

coming decades. This is because climale change
Potentlal Impacts of Sea-Level Rise {SLR) and Flooding In the San Francisco Bay Area is projectod to contributa to more fraquent and
Fregicted Shoreline Flooding With 2 Feet of SLR and a Ten-Year Storm Sunge® extreme storms, and the estimates shown in

Figure 1 do not incorporate potential increases in
sea levels caused by storm surges, exceptionally
high "king lides,” or ElINifo evenls, These periodic
evenls could produce nolably higher waler levels
than SLR alone. Moreover, the data displayed
in the figure do not include significantly higher
eslimales assccialed with "extreme” scenarios that
incorporate the effects of potential ise loss from the
West Antarctic lce Sheel. The likelihood of these
severe scenarios oceurring is still uncertain, but

c. It there is considerable loss in the polar
clontists mate that San Francisco
could experience over 10 fest of SLR by 2100,

SLR impacts Have Potential to Be Extensive
and Expensive. The potential changes in sea levels
W ¢ = and coastal storms will impact both hurnan and
?;f;fsglﬂge Oaldand natural rescurces along the coast. These events

| will increase the risk of flooding and inundation
* of buildings, infrastructure, w
grounchwater ba LA 2015
by the Risky Business Project estimatead that if
current global greenhouse gas emission trends
continue, between $8 billion and $10 billion
of existing property in California is likely to be
underwater by 2050, with an additional $6 billion
to 310 billien at risk during high tide. A rece
sludy by researchers from Lhe U.S. Geological
Survey (USGS) nates that by 2100, roughly
& feet of 5Lt and recurring annual storms could
impact over 480,000 California residents {based
on 2010 sensus data) and $119 Billion in property
value {in 2010 dollarsy, When adding the potential
impacls of a 100-year slorm, lhese eslimales
increase Lo 600,000 people and over $150 killion of
proporty value.

= Finsburgh

lands, and

nornic as

S NN
o

Gaidand
mzem T onar
Aimort

Rising seas will also erode coastal cliffs, dunes,
and beaches —alfecting shorefront infrastructure,
houses, businesses, and recreation. The state’s
Safeguarding California Plan cites that for every
foot ot SLH, 50 to 100 fest of beach width could
be lost. Moreover, a recent scientific study by
USGS researchers predicled thal under scenarios
of 3 to 6 fest of SLR—and absent actions to
mitigate such impacts —up to two-thirds of
Southern California beaches may become

2 Brear SOMAIDE e lesens Tz B0 AT 1000 £M05 oM 3 SO TEtNES 3 0neqn-Bn KEiNoed of 00UANg i 3givenea
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campletely eroded by the year 2100, Such a loss
would impact not only Galifornians’ access to
and enjoyment of key public resources, but also
beach-dependsnt losal esanemies. While no
entity has completed a comprehensive economic
menl of beach-relaled recrealion across

: state, a 2016 report by the Genter for the
Blue Econormy estirmated that Calif 's ocaan
scenomy —including touriem, recreation, and
marine transportation —is valued at over $44 billion
per year,

SR Impacts Could Have Fiscal Implications
at Both Local and State Levels. The potential
impacls of SLR also could have negalive impacls
on the economy and lax base—hbath locally and
statewide — if significant damage occurs to cortain
key coastal infrastructure and ofhor assets. Those
include ports, airporls, railway lines, beaches and
parks used for recreation, and high-technology
campanies located along the SF Bay, Furthermore,
it property values fall considerably frorm the
increased risk and frequency of coastal flooding,
over lime this will affect the annual revenues upon
which those local governments depsnd. To the
degree local property tax revenues drop, this also
could affect the state budget because the California
Constitution requires that lesses in certain local
property tax revenues used to support local schools
be backfilled by the slale’s General Fund.

SLR Threatens Vuilnerable Populations. Not
all of the assets threatened by SLR are exponsive
hemes and afflusnt communitiss. In contrast, many
communities with more vulnerable populations
also face the risk of more frequent flooding. Such
populations include renters {who are less able
te prepare their residences for flood events),
individuals not profi it in English fwho may not be
ablelo a itical information aboul polential
SLR impacts), residents with no vehicle (who may
find it more difficult to evacuate), and residents
with lower incemes {who have fewer resources
upen which to rely to prepare for, respond to, and
recover from flood events). For example, a 2012
sludy conducled by the SF Bay Gonservalion and
Development Gommission's (BODG) Adapling
to Rising Tides Project found that ST Bay Arca
locations at risk of inundation from SLR included
more than 2,000 renter-occupied households,
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over 2,500 linguistically isolaled households,
over 2,000 houscholds with no vehicle, and over
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15,500 individuals living in houssholds earning less
than 200 porcent of the federal poverty level

COASTAL ADAPTATION ACTIVITIES CAN HELP LESSEN

SLR IMPACTS

While the estimates cited above highlight the
potential damages, costs, and disruption that
SLR could cause, stralegies lor moderaling such
impacts exist.

Three Primary Options Exist for Adapting
to SLR. The slale, coaslal communilies, and
private proporty ownors ossontially have throe
categories of strategies for responding to the
threat that SLR poses to assets such as buildings,
other infrastructure, beaches, and wetlands, As
shown in Figure 3 {on page 8), they can (1} build
hard or soll barriers Lo lry lo slop or bufler the
eneroaching wator and protect the asscts from
flooding, {7) modify the assots so that thoy can
accommeodate regular or periedic flooding, or
(3) relocate assets from the potential flood zone
by moving them to higher ground or further inland.
Each of these oplions comes wilh lrade-offs, as
discussad in the figure, and nof all strategics will
waork in overy situation. Cormmunitios and rosidonts
are understandably reluctant to relocate existing

properties, as this will be disruplive, expensive, and

in some cases nol logistically possible, Armoring

much of the coasl 1o protect most assels, however,

also is not practical. Not only would such an
approach be prehibitively expensive and have
decreasing effecliveness over lhe years as more
intensa wave action migrates inland, it also would

disrupt natural erosion processes such that it would

cause much of the sand on the state’s beaches lo
disappear.

Selecting which combination of SLR adaptation
approaches to use in a particular location is an
involved process necessitating scientific research,
locally specilic information, public and stakeholder
input and support, both high-level and dstailed
planning, and— in many cases —additional funding
Local governments planning for SLR are also

Wi, |a0.ca. gov

balancing other —and sometimes sompeting — land
use ohjectives, As we discuss in the box on
page 9, SLR presents parlicular challenges for
coastal jurisdictions — and the state  sceking to
axpand the supply of housing units.

Undertaking Coastal Adaptation Activities
Likely Less Costly Than Avoiding Action.
The types of adaptation efforts deseribed in
Figure 3 can not enly help mitigate disruptive SLR
impacts, in many cases they also make sense from
a fiscal perspective. That ig, while such activities
might require up-front investments, the cosls of
failing to adequately prepare for the impacts of
SR likely would cost even more. Recent research
found a streng benefit-te-cost ratio for undertaking
mitigation projects ahead of disasters compared
Lo spending on disasler response and recovery.
Specifically, a Federal Emergency Management
Agency (FTMA)-sponsored study by the National
Institute of Building Sciences found that for every
51 the tedsaral government invested in various
types of pre-disaster mitigation activities in recent
years, il avoided public and privale losses Lolaling
$6. Designing new slruclures Lo be more resilient
to natural hazards was also found to be financlally
advantageous. For example, in the case of rivering
flooding, the study estimates that for every extra
51 spent to build new buildings higher out of the
floodplain than internaticnal building codes require,
$5 in llood damage-relaled cosls was avoided.,
While: the study was based on retrospoective data on
other typos of disasters and did not consider future
SLR-related ceastal flooding, similar principles likely
apply. That is, investing in adaptation activities that
will help to mitigate significant flooding, damage,
disruplion, and erosion thal will olherwise oceur
from SLH is almost certainly a less costly appreach
overall campared to not taking such actions.
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Figure 3

Three Key Strategies for Adapting to Sea-Level Rise (SLR)
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SLR Complicates State’s Housing Objectives

The polential impacls of sea-level rise (SLR) ereale complicalions for a different stale and
local priority — iharcasing housing availability and affordability. California faces a serious housing
shortage, and the state’s coastal arcas are experioncing the most acute population growth, high
housing costs, and demand for more affordable housing, Our office has estimated that en lop
of the 100,000 to 140,000 housing units typically built in the state each year, California prebably
would have to build as many as 100,000 additional units annually —almost exclusively in its
coaslal communilies —Lo seriously miligale housing aflfordability problems. In recent years, the
state has implemented a number of measures intended to encourage lecal governments to build
more housing, including previding additional funding and instituting now penaltios for jurisdictions
that fail to comply with state housing laws.

Flooding caused by S| R poses two serious impadiments to coastal jurisdictions secking to
meet these state housing objectives. First, over the coming decades some existing housing
units along the ceast will experience regular flooding and become uninhabitable. Second,
some parcels of land that do not currently contain housing—and therefere may seem like apt
localions for new developmenl —also face the likelihood of lloeding in fulure years, While local
governments may be reluclant lo adopl policies restricling development on these parcels given
their current viability, the future hazards make thermn risky locations to construct new housing.
Cortain adaptation strategics described in Figure 3 could help to safeguard some oxisti
properties and land parcels from the effects of SLR—including protecting them through armaoring,
or bullding or retrofitting structures sush that they can accommedate flooding. As dessribed
in the figure, however, these strategies come with trade-offs, including costs and effects on
adjacent a : of SR that is predicted over the next century cle: sct lanc
: additional challenges for local governments — and the state — as they
seek Lo expand housing eplions for Californians in coastal regions.

LOCAL RESPONSES TO SLR WILL BE KEY TO
STATEWIDE PREPAREDNESS

Lies With Local Governments . . . Most of the

Adld
are made at the local level, and local governments the 1076 Calif
are most familiar with the specific circumstances
facing their communities. As such, responsibility
to prepare ter and respond to the impacts of SLR
lies primarily with the affected local communities.
Deciding how Lo confrent these challenges and
implement the slralegies descr
be both difficult and costly. | ocal governments will
need to grapple with which existing infrastructure,

Most Responsibility for SLR Preparation from the rising tides; which to modify or move; and

which imay be unavoidably affected.

developrment along the coast is owned by sither . .. However, the State Has a Vested
vate entiti o local governments —not th ate. Interest in Ensuring the Coast Is Prepared.
itionally, mosl land use poli As dis cd inmore detail later in this report,

nia Goastal Act grants the
spacial jurisdiction over land use dec s along
the coast, Specifically, unlike other areas of
California, along certain portions of the coast the
state possesses the authority to regulate activities
that change the intensity of use of land, with the
intended geal of ba evelopment with
prolecting the envirenment and puk: SCESS.
This authority, combined with a motivation to

tato

1in Figure 3 will a

properties, and natural resources to try to protect

Wi, |a0.ca. gov

minimize costly and traumatic damage for residents

and Lheir properly, creales a slrong ralionale and
incentive for the state to help ensura that local
jurisdictions plan for and take action to adapt to
SLR. Galifornians could experience sericus public
health and safety impacts if local governments do
nol lake proper sleps Lo prepare for how SLR will
affect cerlain coastal infrastructure. Such impacts
include threats to drinking watar from impacts to
coastal groundwater aquifers and water treatment
plants, and damage Lo levees in the Sacramento
San Joaquin Delta), sewage treatment, local

5.2 Organizations
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lransportalion infrastruclure, and olher essenlial
facilitics such as hospitals and schools. Morcover,
the state is charged with overseeing natural
resources on behall of the public trust and, thus

is respensible for ensuring the preservation of
public access 1o he coasl and the heallh of coastal
wellands, wildlife, and habilals, As discussed

SIR damages alse would have
implications, which the state will want to try to
minimize.

CALIFORNIA IS IN BEGINNING STAGES OF PREPARING

FOR SEA-LEVEL RISE

In this section we uss how the state
and lacal governme urrently are engaged in
preparing Lo adapt Lo the impasts of SLR.

State-Level Efforts

Multiple State Departments Have
SLR-Related Responsibifites. As summarized
in Figure 4, a number of slale deparlments are
engaged in offorts to propare for and respond
to the impacts of SIR. Additionally, senior-lovel
staft from h of the departments shown in the
figure —together with representatives from the
Delta Stewardship Council—meel periodically Lo
discuss slalewide policy and priorilies Lhrough a
Sea level Risc | cadership Team thay have formed.
Besides the aclivities described in the figure,
many state departments also are taking initial
steps to assess how SLR will impact the state
acililies and essenlial services for which they are
by Governor
o 5-13-08 {which
in 2008 directed state agencies to begin planning
for LR and climale impacts), and several iteralions
of the Safeguarding California Man {which was
campiled by the California Natural Resources
Agency [CNRHA] and serves as the roadmap tor
steps that state agenci
lake Lo respond Lo Lhe changing climale). One
department managing significant state asssts that
are at risk from SI1 is the California Department
of Transportation {Caltrans), which manages

and departments should

state highways along the coast. Anoth the:
Department of Water Resour which manages
the State Waler Projecl, a waler conveyance
system that is highly dependent on the integrity of
the levees in the Sacramento San Joaquin Delta to
successiully move drinking water from the northern
te the southern part of the state.

Additional Departments May Have More
Involvement With SLR Adaptation in the Future.
Two state 5 not shown in Figure 4 that
have had limite rolvarment with SIR activitios
thus far but may have increased rcles in the
future are the Strategic Growth Council (SGC)
and California Office of Emergency Services
{GalOES). Gurrently, 3G0 administers se
programs that al rirmarily o 3
gresnhouse gas emissions, and its engagement on
SLR-related issues has been relatively limited. As
the state expands its focus beyond climate change
mitigation into a greater emphasis on adaplation,
however, the Legislature may choose to task 5G0
with additicnal responsibilities given the Council's
experience in managing climale-relaled programs.
Additionally, GalOES dirscls disasler preparednsss
and response activities in Galifornia, including
overseeing | disaster mitigation planning efforts
and administering associated federal programs and
funding. Gerrespondingly, as California cermmunities
increase preparalion for and begin Lo experience
Llhe impacts of SLR, CalOES likely will play a role in
supporting such offorts

al state
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State Has Been Engaged in SLR Planning,
Data Collection, and Information Dissemination.
The state has published a numbor of reports in
recent years concerning SLR prejections and steps
the state and local governments might take to
respond. Among these is Lthe Stale of California
Level Rise Guidance Document, which was
initially adopted in 2010 and most shitly updated
in 2018. This documnent — developed by the Goean
Protection G OPC) in coordination with other
partner agencies —provides (1) a synthesis of the
best available science on SLR projections and
rales for Galifernia, (2) a stepwise approach for
and local governments to evaluate
N tions and ralated hazard inf
in their decision-making, and (3} preferred coastal
adaplation approaches. Other SLR-related plans
and reports the slate has released in recent years

ion

AN LAO REFORT

consisls ol mulliple companion reports), four
Galifornia Glimate Change A it roports
{also encompassing multicle companion reperts),
the California State Hazard Mitigation Plan, and
Paying It Forward: The Path Toward Clirate-Safe
Infrastructure in California.

Additicnally, pursuant to Chapter 606 of 2015
(5B 246, Wieckowski), the Governor's Office
of Planning and Research (OPR} cperales the
Integrated Climate Adaptation and Resilicnce
Program. This program is intended to dovelop a
cohesive and coordinated response to the impasts
of climate change across the state and has two
components, First, a Technical Advisory Gouncil
helps OPR and the slale improve and coordinate
climate adaptation activitios. Second, OPR has
created a scarchable online public database of
adaptation and resilience resources —known as

Clearinghouse includes resources such as local
plans, educational materials, policy guidance, data,
resoarch, and caso studies

Slale departments have underlaken cerlain other
inttiatives to support SLR related activities around
the state, some of which are mentioned in Figure 4.
For example, BCDC has developed the Adapting
te Rising lides Program whish prevides adaptation
planning supporl, guidance, Lools, and informalion
le SF Bay Area agencies and organizalions, BCDC
has alse doveloped detailed maps of how patential
future flooding rmight impact the SE Bay ragion. The
State Coastal Conservancy {SCC) has develeped
additicnal SLR resources and helps te coordinate
lhe: California Goastal Resilience Nelwork, which
presents monthly webinars on coaslal adaplation
PG has undertaken several initiatives, including
a recently enacted contract to conduct a relatively

include several flerations of the alorementioned
Safeguarding Califomia Pian {each of which

the State Adaptation Clearinghouse—including
some related to SLR and coastal adaptation. The

Figure d

California Coaslal
Commission

SF Bay Conservation and
Development Commission

Qcean Protection Council

State Coastal Conservancy

State Lands Commission

Governor's Office of
Planning and Research

Department of
Parks and Recreation

State Departments With Major Sea-Level Rise (SLR) Related Responsibilities

Regulates the use of land and water in the coastal zone, excluding the San Francisco (SF) Bay Area.
{The coastal zone generally extends 1,000 yards inland from the mean high tide line.) Reviews
and approves Local Coastal Programs (LCPs)—plans that guide development in the coastal zone.
Maintains parmitting authority over proposed projects In areas in the coastal zone with ne approved
LCP and for state-managed lands such as state parks.

Reviews and issues regulatary permits for projects that would fill or extract materials from the SF
Bay, and works to preserve public access along the bay's shore. Participates in the SF Bay Area's
multiagency regional effart to address the impacts of SLR on shoreline communities and assets.
Administer s the Adapting to Rising Tides Program to support SLR-related planning and projects in the
SF Bay Area

Allocates grants for SLR and coastal adaptation projects and research. Conducts and disributes data
and information to help local jurisdictions and state departments plan for SLA, including developing
the State of Caiifornia Sea-Level Aise Guidance Document.

Allocates grants for and undsrtakes projects to preserve, protect, and restore the resources of the
California coast and the SF Bay Area. Provides grants for planning and projects through its Climate
Ready Program to increase the resilience of coastal communities and ecosystems to climate change
impacts such as SLA.

Stewards sovereign state lands, including those located betveen the ordinary high water mark of tidal
waters and the boundary between state and federal walers three miles offshore. Monitors sovereign
state lands the Legislature has delagated to local municipalities o manags in trust for the peopla of
California.

Administers the Integrated Climate Adaptation and Resilience Program, which includes a web-based
dearinghouse that compiles information about climate change adaptation research and projects,
including those related fo SLR.

QOwne and manages more than one-quarter of California's coastline. Responsible for protecting and
conserving these beaches, wetlands, and other coastal resources en behalf of the public.

Wi, |a0.ca. gov

small-scale public awareness campaign about the
risks associated with SLR.

State Has Provided Limited Funding for
Coastal Planmning and Projects. In additicn to
undertaking slale-level planning and research, the
slale has also provided some limiled funding lor
SLR planning and projects. Figure 5 summarizes
the: funding appropriated by tho | egislature for
coastal adaptation activities over the past five years
{£014-15 through 2018-20), tetaling $67 million.
These funds have been provided lrom a variely
of sources. The Legislalure has utilized bonds as
the: largje: of funcling for the oastal
adaptation activitics ($26 million}, fellewed by the

OUrGe
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Ervironmental Liconse Plate Fund {(S17.5 milliony
and the Greenhouse Gas Reduction Fund

{$14.8 million). Much of this funding has been

or will be used for grants to local governments
and nongovernmental organizations for planning
and projects, including through SCGs Climale
Ready Program. The totals shown in the: figure
include $25 million tor G and nearly $4 million
for GG appropriated in the 2078-19 Buaget Act
that can be used for coastal adaptlation projects,
some of which likely has not yet been allocated
for specific projects. In addition, a portion of the
funds have been used for state department staff to
undertake activities that assist local governments,
such as slall supporl from BCDG and the Goastal
Gommission for local planning efforte.

In addition to the funding specifically for coastal
adaplation shown in Figure 5, some cther slate
funds have suppoerted related work in recent years.
This includes a program run by the Division of
Boaling and Walerways within he Deparlment ol
Parks and Recreation {State Parks) that allocates
grants for local be
replenishment projects. Some other funding has
been provided through sub-grants from other
state departments. For example, both BGDG and
some local governiments have received funding
from Caltrans for coastal adaptation planning and
projects that invelve transportation infrastructure.
Some of BGDG's work supporling adaplalion
planning in the SF Bay Area has also been
supported by some small grants from the Delta

Stewardship Gouncil, and SGG has

ch arosion control and sand

Figure 5

Summary of Recent State Funding for Coastal Adaptation

2614-15 Through 2018-20 (In Miflions)

Qcean Protection Council Grants for adaptation projects, stalewide

research projects.

adaptation projects.

Grants for local adaptation planning and
to update Local Coastal Programs, staff
support for those local planning efforts.

Regulatory review of adaptation projects,

California Coastal
Commission

San Francisco Bay

Conservation and grants for searlevel rise planning, staff
Development Commission suppaort for regional planning efforts.
Total

State Coastal Conservancy  Grants for sea-level rise planning, grants for

received grants from the California
Department ol Fish and Wildlife Tor
wellands resloralion projecls,

Federal-Level Efforts

$346 Federal Government Has
Supported Some Coastal
154 Adaptation Activities in

California. In general, the federal
JOVernim: ol i proparing for
SLR in Galifernia has largely been
23 te support the state and local
agencies by providing technical
assistance, scientific research
$61.3 and information, and sorme lirmited
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funding. The primary lederal agencies engaged in
5l R related activitics in California are the National
Deoanic and Atmospheric Administration (NOAA}
and USGS. As discussed in the nearby box,
FEMA has not h
adaplation aclivilies Ihus far, bul likely will play a
larger role in the fulure.

NOAA Provides Technical Assistance and
Some Funding. NOAA works collaboralively
wilh Lhe slale Lo implement Lhe federal Coaslal
Zone Managaement Act and help protect coastal
rosources. Significant 51 R related initiatives that
NOAA is undertaking in California include providing
training on ceastal adaptation planning. develeping
Lools (including the “Sea Level Rise Viewer” thal
provides dslailed digilal maps of polenlial SLR
flooding), and collaborating on data cellection

much invelvament in coastal

Role of FEMA in Coastal Adaptation
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inilialives. In addition, NOAA annually provides
funding te the three state departments designated
to help implemeont the Coastal Zone Managomaont
Act—the Coastal Commission, BCDC, and SCG.
Between 2016 and 2018, NOAA allocated a tatal
of aboul $11 million Lo these three deparlmenls
for their engeing coastal management activitics,
of which about $1.8 million was explicitly for
SLR-related projects and policy development.
NOAA has also provided some specific one-time
grants to state departments and local governments
for SLR-response initiatives in California, including
$690,000 to San Diege County for a coastal
cy project described below.

USGS Provides Scientific Research and SLR
Modelding. Unlike not give
out grants to the state or local agencios; rather,

FEMA Helps Communities Prepare for and Respond to Disasters. Tho Foderal Fmargency
Management Agency (FEMA) works with the California Office of Fmergency Services (CalOFS)
te help prepare for and recover from disasters, Therefore, like GalOES, FEMA likely will play a

rale in supporting the state's coastal communities as they get

dy for and respond to sea-level

rise (SLR} impacts, Such sfforls could include providing federal disaster miligation funding for
projecls designed Lo reduce the lulure impacts of SLR. Aller a slale experiences « federally
declared disastor, FEMA provides it with funding te undertake activitios intoended to losson the
impacts of future disasters through the Hazard Mitigation Grant Pregram. For example, in 2018
{after experiencing several wildfire disastars) California received over $500 millicn in disaster
mitigaticn funding from FEMA. The state also received dlose to $500 million in 2017, when
federal disasters were declared after wildfires and severe storms.

FEMA Funds Could Be Used for Coastal Adaptation Projects. While the Legislature could
help identity priorities for the use of such funds, thus far it has deferred to CalOES to select
which areas of focus and specific projecls Lo supporl —subijecl lo approval from FEMA—when

Lhe slale receives dis:
provent future disasto

Ler miligalion funds. In general, GalOES has opled lo use such funds lo
5 of the type that recently eccurred. For example, it plans to use

ntially

all of the 2018 funding on wildfire mitigation prejects. However, this is not a FEMA-imposed
requirement. While FEMA does have some requirements arcund how disaster mitigation funds
must be used—including that funded projects mest its coest-benstit analysis paramesters —it
allows lhese funds o be used Lo help lessen the polential impacts of many lypes of disaslers,
nol jusl those thal a slale recenlly experienced, As such, the slale could use FEMA pre-disasler
funds for coastal adaptation projocts to mitigate future SR ralated flooding — even if FEMA
provides the funds after the state experiences wildfire rolated disasters. CalOES indicates it plans
te use abeut 550 millien from the 2017 allecation of federal disaster mitigation funds for coastal
projects. In general, howsver, this has not been a primary area of focus for sush funds thus far.

Wi, |a0.ca. gov

c research, which (hose
agencios can then utilize. The largest SIR related
activity in which USGS is engaged in Galifornia

is development of the Coastal Storm Madsling

1 (CoSMoS). This is a dynamic modsling
approach Lhal inlegrales prediclions for {1} future
SLR, (2} future coastal storms, and (3) leng-lerm
ovolving ceastal trends such as erosion to beaches
and bluffs. Because it forecasts the potential
interactions of these multiple events and impacts,
this tool—which USGS has already completed

for most of the state—allows for more detailed
local prediclions of future coastal fleoding than

alse contributed some funding to |
GoSMoS.) In addition to develeping G
USGS is engaged in various olher scientific
research endeavors that relate to SLR, including
monitoring coastal erosion and groundwater
hazards, sea-tloor mapping, and the Hazard
Exposure Reporting and Analytics project that
assesses lhe polenlial secicecenomic impacls of
SLR within California's coastal communitics

Local-Level Efforts

Local Governments Can Undertake Multiple
Steps to Prepare for SLA. “Whilz the magnitude
and timing of SLR still are unknown, many of
California’s coastal communities have begun
preparing for what level of risk thay face and how
they might respond over the coming decades,
Figure & highlights the key steps in this process, As
step for local governments typically
B ot an a sment to ascertain how
their residents, infrastiuclure, and services might
be affected under different SLR scenarios. Next,
they develop a high-level adaptation plan for how
they might address those identified vulnerabilities.
Subsequently, they begin to undertake the three
ot actually applying adaptation stra
gate those risks —developing delailed
onslrucling projecls, and undertaking
ongoing maonitoring and modifications to ensure
effectivenass. While in many cases communities
may undertake adaptation projects —such as
building up sand dunes or restoring wetlands to

serve as a wave buller, or relocaling infraslruclure
oul of Mood zones —they alse may implement new

icics as part of their adaptation strate
These could include imposing limits on {13 whore
and when hard armoring may be used (in order
to prevent the ercsion of beaches), (2) new
development, or (3} rebullding in certain coastal
areas.

Ihe process descried in Figure B represents
a deliberale, stralegic approach Lo undertaking
coaslal adaplalion. However, slale law does
net require that local governments progress
sequantially through the steps describod in the
figure—nor, indeed, that they undertake sach
step at all. (As noted sarlier, Coastal Commission
slall does encourage local governments Lhal are
updalting their Local Goastal Programs [LOPs] lo
undertake SR vulnerability assessmonts)) Local
governments could opt to skip the first several
proactive planning steps of this process and
instead implement response activities on a reactive
basis once they begin to experience SLR impacts.
As we discuss laler, however, Lo the degres local
communities avoid undertaking proactive risk
a rrent and planning acti N the hee
they may lose some opportunities for minimizing
damage and disruptive SLR impacts in fulure years,

Many Coastal Communities Have Begun
Freparing for SLR, but Only in Early Stages.
Data suggest that many communities around the
slale have begun lo prepare for the efflects of
climate change. For example, OPR's slalewide
Annual Plarning Survey found in 2018 that
&0 percent of respending citics and countics have
plans or strategies to adapt to the impacts of
shange. (This survey did not ask abcut SLR
spedifically) However, a closer look at the status of
adaplalion planning around the slale s
ctions that are
s of climate change, majority
of coastal jurisdictions still are only in the initial
stages of the 511 preparation process displayed
in Figure &. Specifically, a recent statewide survey
called the 2016 California Coastal Adapiation

term,

Needs Assessment Survey—conducted as part of
Cafifornia’s Fourth Climate Change A
asked coaslal professionals aboul the current
status of their adaptation work. Respondonts
included representatives from the local, state, and
fedearal levels of government, as well as private

sessment —
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consullants and nongovernmenltal organizalions.
About onc third of respondents indicated they
were primarily engaged in detecting and gathering
information—such as by condusting vulnerability
assessments. About half of respendents said they
were developing adaplalion and projecl plans —Llhe
second and third sleps of the adaplation process
shown in Figure 6. Cnly 16 parcent indicated

that they had transitioned te implementing and
menitoring projects and pelicies, While these
responses show slight progress compared te a
similar survey conducted in 2011 —in which a
larger share reported they were slill assessing
their climate risks —the results show that few
cormmunitios are yet ready to bedin implormenting
SLR adaptation projects.

Morcovar, the fact that most of the survey
respondents indicated that they are engaged
in sorme phase of adaptation wark is not
representative of the whole state, as highlighted

0-55
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by he OPR survey dala. Thal is, Lhis survey's
responses scomingly over represented coastal
professionals who are engaging in adaptation
work and under-represented these communities
that have not yel begun this type of work. That
aven wilhin this skewed sample group so few
respondents indicated they are implementing
projects underlines how much preparation work
remains to be undertaken statewide,

Several Types of SLR Planning Efforts
Underway at Local Level. While some local
governments are undertaking SLR vulnerability
assessments and adaptation plans on their own
inilialive, such efforls are also prompled by three
key slalulory requirements. First, as described
in the box on the next page, the 1676 Galifornia
Goastal Act encouraged coastal communities to
davelop LOPs, which include policies to govern
new and existing development along the coast
and protect coastal resources in accordance with

State Has Special Jurisdiction

5.2 Organizations
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Over Land Use Decisions in the Coastal Zone

Enacted in 1978, the California Coastal Act gives the state a unique role in planning and

regulating the use of land and water along the coast. Spoecifically, within the coastal zone

unlike

other areas of Galifornia—the state possesses the autharity to regulate the construction of

buildings, divigiens of land, and act

ities that change the intensity of use of land or publ

access

to coasltal waters, (The land covered by the coaslal zone is specifically delinealed in statute and
varies in width from several hundred feet in highly urbanized areas up to five miles in certain

rural arcas, and excludes the San Francisco Bay Area.) The basic goals of the Coastal Act ara to
balance development along the coast with protecting the environment and public access. The
Act includes specific policies Lhal address issues such as shoreline public access and recreation,
habitat protection, landform alteration, industrial uses, water quality, transportation, development
design, ports, and public works. The Coaslal Act tasks the California Goastal Commission with
implementing these laws and prolecting coastal resources, As such, entities seeking to undertake
development activities within the coastal zone must first attain a coastal development permit from
the Coastal Cormmission. {In general, local governments make decisiens about land use outside

the coastal zone.)

The Goastal Commission may delegate some permitting authority to the 76 cities and countics

Key Step

s for Local Governments to Prepare for Sea-Level Rise (SLR)

Conduct Vulnerability Assessment

#9100 uncieratan: 5 might arect the
5055 7o polenliz impacts 1o
[2uch as dinking water and emergenc

R inurdation sos
srly, anc naural esources) and

el vErious

{ructure,

aleng the coast if they develop plans — known as | ocal Coastal Programs (| CPs) - to guide
development in the coastal zone. The LCPs specify the appropriate lecaticn, type, and scale

of new or changed uses of land and water, as well a8 measures to implament land use palicies
{such as zoning ordinances). The Coastal Gommission reviews and approves (“cerlifies”) these
plans to ensure they protect ceastal resources in ways that are consistent with the goals and
pelicies of the Coastal Act. Lecal governments have incentives to complets cartified LCPs, as
they can then handle development decisions themselves (although stakeholders can appeal such
decisions Lo the Coastal Gemmission). In contrast, any project undertaken in the coastal zone in
communities without certified LCPs must attain a parmit from the Coastal Gommission. To date,
nearly 90 percent of the applicable geographic area is covered by a certified L CP.
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state law. Since most LGPs were developed around
S0years ago—belore the nesd to account for the
potential effects of climate change—some coastal
communities are beginning to work on updates to
address SLR. The Goastal Commission reports that
38 jurisdictions are in the process of updating their
LCPs for SLR, including 30 that have completed
vulnerability assessments. (Goastal Commission
slall encourages using SLR wlnerability
assassments to inferm LGP updates.) Thus far,
only three local governments have completed all
stages of updating their LGPs for SLR and had
thern certified by the Coastal Gornmission. As
shown earlier in Figure 5, slale funding grants
have partially supported these sfforls. Specilically,

the Coastal Commission reports that between
2013 and September 2019, il provided 50 grants
totaling nearly $7 million to 37 lozal jurisdictions for
Sl R-related LGP updates

Second, Chapter 808 of 2015 (5B 3749, Jackson)
requires communities to update the safety element
of their General Plans to address the risks posed
by climale change no laler than 2022, Dala suggesl
that local jurisdictions still are: in the process of
working to meot this roquircment. Spocificalty,
about 30 percent of the cities and counties that
responded to OPR’s 2018 survey reportad that they
have addressed climate adaplation in their adopted
General Plan policies,

LEGISLATIVE ANALYST'S OFFIGE

Waterfront Ballpark District at Howard Terminal
Response to Comments / Final Environmental Impact Report

5-916

ESA /D171044
December 2021
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Third, Ghapler 5892 of 2013 (AB 691, Muralsuchi)
required cortain coastal citics and special districts
to conduct an assassment of how thoy propose to
address SLR cn the granted public trust coastal
lands tor which they are responsible. {These are
sovereign slale lands for which the Legislalure
has delegated management o local municipalities
for sg: sd usas, such as piers, ports, harbors,
airports, and recreation.) For cach applicable
jurisdiction, these assessments must include:

(1) an inventory of public trust assets that are
vulnerable to SLR; (2} how SLR may impact those
assels in lhe short, medium, and long term; {3} an
evaluation of the financial costs as: <
the: R impacts — including for nonmarket
alues such as recreation and ecosystem
services; and (4) a description of how polential
SLIR adaptation strategies could address the
identified vulnerabilities and a proposed time frame
for implamenting such measures. The State Lands
Somm n the proc: of reviewing th B
reparls, which had Lo be submilled by July 2019,

Some E) les of Regi | Collaboration
on SLAR Planning Exist, but Efforts Are Limited.
Because the effects of SLR de not step at the
city border or caunty line, local jurisdictions would
benefit from working together with their neighbors
on a regicnal basis to collaborate on plans for
addressing the interrelated impacts. While:
regional collaboralive efforls have been initiated
acrose the state, thess initiatives still are emesrging
and uneven, Perhaps the largest
effort consists of seven regional
groups that have termed in various
araas of tha state to work on
climale change adaplalion issues —
including bul not limited Lo SLR—
as highlighted in Figure 7. The
| ocal Government Gommission
and OPR help facilitatz a network
for these groups to commu
known as the Alliance of Regional
Collaboralives for Glimale
Adaptation (ARGGA). Howaver,
thase regional groups have
experienced varying levels of
participaticn and activity, Mest of
the groups meet only intermittently

ome
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to informally share information, none has workec
on develeping a regional SIR or climate adaptation
plan, and typically, they do not have permanent
dadicated funding or staff. In some cases, lacal
Jurisdictions are only eligible to participate in their
region's collaboralive i they are willing and able
to pay an annual administrative fee. As such, not
all cities and counties locatod within the regions
sncompassed by these ARGGA groups are
active participants that benefit from the potential
collaboration. {Orange County is the only coastal
county not encompassed by any of the ARRCA
regional collaboratives.)

The SF Bay Area has made lhe mosl progress
on multicounty regional SLR collaborative efforls. In
a survey of SF Bay Area stakeholders conducted by
University of Galifornia {UG), Davis, rescarchers in
the fall of 2018, close to 60 percent of respondents
reported that they had shared information about
SLR with other organizations in the last year, and
about 15 percent said that they had engaged in
some joint SLR planning with other organizations.
Moreowver, in 2016, volers in the nine-counly region
passed Measure AA, establishing the SF Bay
Restoration Authority and imposing a parcel fax
that is projected to raise about $25 million annually
tor 20 years to fund projects to protect and restore
the bay. o suppart this effort, the Autherity has
eslablished —and funded —lhe "SF Bay Resloralion
Regulatory Integration Team,” which is intended
to expadite and simplify the parmitting procoss

Groups Participating in the
Alliance of Regional Collaboratives for Climate Adaptation

\/ Bay Area Climate Adaptation Metwork

v Capital Region Climate Readiness Collaberative

te, / Cenlral Coast Climate Collaborative

\/ Los Angeles Regional Collaborative for Climate Action and Sustainability
\/ Morth Coast Resource Partnership

v s Diego Regional Climate Collaborative

\/ Sierra Climate Adaptation and Mitigation Parmership

Wi, |a0.ca. gov
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Tor welland resloralion and flood management
projects. Additionally, BODG is initiating efforts
to coordinate the development of a "Regional
Adaptation Plan” for the SF Bay Area

Othor limited examples of regional collaboration
related to SLR exist around the state at the county
level, For example, seme counties have conducted
vulnerability assassments and adaptaticn planning
specilically lo address Lhe Lhreal of SLR across Lhe
jurisdiclions wilhin Lheir counlies, These include
Marin and San Mateo. San Mateo Gounty also
just recoived statutory approval to roconstitute
an existing special flood district to specifically
address the anticipated impacts of SLR across the
county. Additionally, San Diego Gounly undertook
a lhres-year inilialive (lunded by granls rom NOAA

and SCG) called the “"Resilisnl Goasllines Projecl of
Greater San Diego” to coordinate several local SIR
initiatives, gather scientific information on a regional
basis, develop tocls and rescurcas, and connect
community members and scientitic experts to work
logether,

In an eftert to help enceurage regional climate
adaplation efforts, the Legislalure recently
passed Chapler 377 of 2018 (SB 1072, Leyva).
This legislation creates a program to assist
under resourced communities in deoveloping the
capacity to access grant funding for climate change
mitigation and adaptation proje: 3G will
adminisler the program, and slill is in Lhe process
of determining ils structure, selection crileria, and
funding sour

STRONG CASE EXISTS FOR LOCAL GOVERNMENTS
TO ACCELERATE ADAPTATION ACTIVITIES

The relatively limited progress that local
governments have made in preparing for SLRE may
nol seem overly concerning, given that most of
the intense impacts of SLA sl are decades in
the future. Howey, aiting too long to initiate
adaptation efforts likely will mal wuting an
effective response mare difficult and costly. Taking
action ahead of when sea levels are projected Lo

Figure 8

actions are needed.

SLR threats hecome more pressing.

Benefits of Taking Action Early to Prepare for Sea-Level Rise (SLR)

\/ Planning Ahead Means Adapiation Actions Can Be Sirategic and Phased. Early planning can allow coastal communities o
adopt a phased approach that undertakes escalating actions when certain predetermined conditions or *triggers” are reached.

\/ Undertaking Near-Term Actions Can “Buy Time™ Before Move infensive Responses Are Needed. Pulfing certain adaptation
projects and strategies in place now can help postpene and extend the peried before which subsequent, more difficult-to-implement

\/ Early Implementation Prevides the Opportunily {o Test Approaches and Learn What Works Best. Acting to implement
adaptation strategies in the near term will provide the opportunity to monitor, evaluate, and revise them in the coming years before

Eforts More L

significantly encroach on the coast would enable
local governments to benefit in several important
ways, as summarized in Figure 8 and discussed
below,

Planning Ahead Means Adaptation Acfions
Can Be Strategic and Phased. Time allows cilies
and counlies lo {1} be slralegic, phased, and

/ Taking Action Earlier May Make Qverall

for coastal adaptation can allow local governments to spread costs over a longer period of time.

\/ Coming Decade Represents a Key Window for SLR Preparation. Some adaptation strategies—such as fortifying certain fidal
mar shes—may not be effective against SLA unless they are implemented before sea levels fise to higher levels.

amultiyear, multistep strategic plan
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thoughtful aboul which approaches will work besl
for their communities; (2} gather community input;
and (3} implement projects and policies that may
take many years te put into effect. Planning ahead
can allew coastal communities te adopt a phased
approach for when il will underlake escalaling
actions thal is dependent upon when certain
predetermined conditions or “trig
For example, such a strategy might state that the
community will relocate its waslewalter treatment
plant once sea levels are observed to have

risen by 1 foot locally, and that in the meantime,
slakeholders will identily a new location for the
plant, develop d T I
funding so the
once the identified threshold has been reached.

A phased approach based on defined triggers
can also help address community concerns that a
local government might be acting “prematurely” to
address SLR and thareby affecting their property
values unn rily. The State of Califoniia
Sea-Level Rise Guidance Docurnent encourages
coastal communitios to utilize "adaptation
pathways" with multiyear, progressive steps —but
such an approach requires time to develop and
irnpslernent.

are roached.

Undertaking Certain Near-Term Actions Can
“Buy Time”™ Before More Intensive Responses
Are Needed. Putting certain adaptation projects
and slralegies in place now can help postpone
and extend the period before which subsequent,
mere difficult-to-implement actions are needed, Tor
example, building up wetlands or sand dunes in
cortain arcas could help buffer the effects of SLR
and coastal storms and pretect the development
behind Lhem for he coming lew decades, Even il
such a slralegy would have decreasing elfecliveness
ohce s0a levals rise to highar lovels, implomenting
such a project in the near term could delay the date
at which the buildings begin to regularly flood and
naerd to be relocated or elevaterd.

Early Implementation Provides Opportunity to
Test Approaches and Learn What Works Best.
Near-term action allows for tirme to test theories and
delermine Lhe mosl elfeclive approaches. Because
SLR pos uniqque set of challenges, many
uncertainties exist around which potential adaptation
strategies might be most effective, For example,
scientists are unsure of how successtul wetland

Wi, |a0.ca. gov
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oration projocts will be
waves during mere severe coastal storms. Acting

te implement adaptation strategies in the near term
will provide the epportunity te menitor, evaluate, and
revise thermn in the coming years. This can help the
slale and local governmenls as ain which lypes
of approac will be best tor particular locations
andfor tor widesproad application as SLR threats
becoms more pressing.

t buffering the foree of

Taking Action Earlier May Make Overall
Adaptation Efforts More Affordable. Undartaking
a multiyear, multistep strategic plan for coastal
adaptation can allow local governments to spread
cosls over a longer period of lime and thereby
make them mere affordable. A mullivear financing
approach —such as utilizing bonds — for large
projocts also provides the epporfunity for costs
te be borne by both current and future taxpayers,
which is reasonable since such projects are intended
to provide benefits over many years. Moreover, if
local governments take the oppertunity to test out
SLR response approaches, they and other coastal
communities can learn “besl praclices” from those
pilot projects and likely will be able to replicate
similar approaches in more efficient, cost-effective
ways in the future,

Coming Decade Represents Key Window
for SLR Preparation. Experts suggest the next
len or so years represent a crucial lime period fer
action to prepare for SLR. After that point,
levels may al by arcund 1 foot
in many locations ar in Figure 1
Once sea levels have risen to higher levels, the
planning window narrows and options for how local
governments can respond become meore limited.
Fer exarnple, a somprehensive scientitic study ot
the SF Bay, The Baylands and Clirnate Change,
suggesls lidal mar hal are eslablished by 2030
are more likely to flourish and provide wave-buffering
benefits. After that point, marshes may not have
sufficient time to develep and fortify — by building
up sediment and growing plants —and will instead
. Coastal communities that delay
SLR response aclivilies unlil coaslal lloeding is more
imminent lose opportunities Lo implement proaclive,
incremental, and ground tested adaptation
responses. Instead, they will be forced into a more
reactive mode with the nesd to address the threat
irnmediately.
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LOCAL ADAPTATION EFFORTS FACE KEY

CHALLENGES

Despile the significant threals posed by Lhe
projecled changes in the coming years and the
compelliing reasons to take action soon, most
local governments still are only in the carly stages
of preparing for LR, as discussed earlier. Data
suggest that local governments ress in
adapling lo the impacts of SLR is conslrained
by a number of key challenges. For example,
Figure 9 displays the top cight barriors that coastal
professionals ntificd in the 2016 California
Coastal Adaptation Needs Assessment Survey
as being “big hurdles” in their adaptation efforts
The academic literature on coastal adaptation and
the many interviews we conducted in researching
this report identified some additional common
Figure 10 summarizes our compilation
1allenges, which we describe in more detail

Survey Results Highlight

Significant Barriers to Coastal Adaptation
Percent of Coastal Professionals Indicating Barrier Is a Big Hurdle

ack of funding e
rmplzmert & plan

Lawk of nedi g 1
Frecars @ plan

Lazk of coardnatian

Funding Constraints Hinder Both
Planning and Projects

Local Governments Cite Funding Limitations
as Primary Barrier to Making Progress on
Coastal Adaptation Efforts. Funding for both
coastal adaplation project implementation and
planning are paramount concerns for local
goevernments secking to prepare for SLR. These
funding challenges were identified in nearly all

of the interviews we cenducted in researching

this report, and alsa are reflected as the first

and third mosl cited hurdles, respectively, in the
survey dala displayed in Figure 9. A different
statewide survey condusted in 2017 asked local
gevernment representatives specifically which
adaplation-relaled aclivities they needed funding
te conduct over the coming five years. (This survey
did not ask about SLR or coastal adaptation
specifically ) The responses are
displayed in Figure 11 on page
22. As shown, comparatiely
lower —but still significant —
proportions of respondents
indicate the need for funding to
conduct initial assessment and
planning activities, with a much
higher share needing funding

Lo implement and evaluale
projects, That survey also asked
local governments whether they
had yet acquired the necessary
funds to undertake the identifiec
adaptation activities —fewer than
2 percenl responded allirmalively.
Aboul 82 percenl of respondentls
indicatod thoy had securad some
funding, whereas about two-thirds
responded they had secured none

From: 5. Meoar, J. “ril Fart, A Hgwion Merm, N, Sag)
s Genl ey wing Eficrt. G
AR Neegs s T OANITA Fourth

of the nesded funding
Responses from cur
interviewess and both of the
above surveys appear o align
with the lrends ciled earlier —lhal

20

LEGISLATIVE ANALYST'S OFFIGE

Waterfront Ballpark District at Howard Terminal

Response to Comments / Final Environmental Impact Report

5-918

ESA /D171044
December 2021



5. Responses to Individual Comments

0-55

sources.

Meeds Ass

0-55

Figure 10

hard for local

5.2 Organizations

COMMENT

from foundations or other private sources and
& porcent from the federal government

Limited Local Government Capacity
Restricts Ability to Take Action

Local Governments Lack Sufficient Staff and
Technical Expertise to Address SLR. Inadequale
internal capacily lo underlake adaplation planning
is also a significant barrior to local
aevernments' SIR preparation efforts, We heard
this frustraticn expressed repeatedly in our
with local government staft indicating
they need Lo address adaplalion planning aclivilies
in addilicn Lo their primary job responsibililies,
Additionally, local government intorviewaoos
indicatod that staffing constraints ofton moan
that they do not have the capacity to complete
|z successful grant

the weork necessary to col
applications for the funding that the state offers

[or adaplalion planning and projecls — hereby
compeunding their challenges in making progres
on coastal adaptation efforts.

In OPR's 2078 Annuai Pianning
Survey, 80 percent of responding
cilies and counties indicaled they
had very lillle or no slaffing and
shnical capacity to address
climate change or adaptation.
These lindings are mirrored in the
survey rasponses highlighted in
Figure 9. Specifically, insufficient
slaff resources Lo analyze and
assess information was the
second most commonly cf
hurdle to coastal adaptation
efforts, ciled by 58 percent
of respondents, Interestingly,
some progress to address these
capacity issues appears to have
been mads in recent years, as a
comparalively higher percenlage
of coastal professionals

ol
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many bul nol all communiliss have made headway from existing seurces to respond to a large, is because exisling properly values in some areas
in beginning to plan for climate change impacts long term, uncertain threat such as SIR is difficult of the coast likely will decrease if those buildings
{which is why comparatively fower cite the need for when local governments have to balance such becomne or are at risk of becoming flooded, thereby
planning funds), but few have moved into enacting expenditures against many other immediate cver time affecting the property tax revenues
those plans, Moreover, these data suggest that short-term priorities. Such priorities might include generated for the local jurisdiction.
funding is a primary contributor o hal lack of housing shorlages, homelessness, schools, Only Limited Amounts of Adaptation
progress. The expressed need for funding likely is aging infrastructure Funding Have Been Available From Other
aresult of constraints on available local funding as impacts such as ir Sources. | acal gevernment responcants to
well as on funding from state, private, or federal funding commitments likely alzo ars factors for lhe 20716 Californi wslal Adaptation MNeeds and projo
the 53 percent of survey respondents shown in Assessmenl Survey indicaled Lhal while local
Limited Local Funding Faces Many Figure & who cite the challenge of facing many sources have provided one third of their coastal
Competing Priorities. Tvon though responsibility other pressing, all-consuming issues as a big adaptation funding thus far, stato funds provided i
for addressing SLR lies primarily with local hurdle in addressing SLR.) Additionally, California the: largest share— cent. As shown earlier in
gevernments, our interviews indicated that they local governments’ ability to generate revenues Figure 5, however, these funds have been relatively
struggle Lo identify local funding sources they for activities is conslrained by certain constitutional modest, Neverlheless, these findings highlight the
can dedicale Lo preparation aclivilies, This is limitations, including Proposition 13 (1978, which important role thal slale resources have played
achoad by the 2016 Galifomia Geastal Adaptation limits increases in local property taxes) and in encouraging the coastal adaptation activitios
et Survey, with respondents Proposition 218 {1966, which requires meeting a that have oceurred Lo dale. Responses to the
indicating that only about one-third of the funding twe-thirds loca er threshold in order to raise alorementicned survey indicate that funding they
currently supporting their adaptation activities certain local taxes and faes). Moreover, local have received for their adaptation activities from
comes from local sources, One chiel explanation revenues available for adaplalion aclivilies may olher sources are even more limiled —10 percent
for these responses is that allocating funding be further constrained in the fulure by SLR. This
Local Adaptation Efforts Face Key Challenges Local Governments Exé)ress Need for
Funding to Advance Adaptation Activities
‘/ _ N Survey Respondents Indicating Need For
Fundh_wg Constraints Hinder Both Pf_annlngand Profects. Local governments cite funding limitations as their primary barrier Funding for Adaptation Activity in Next Five Years (2017)
1o making progress on coastal adaptation efforts. This is largely because local funding faces many competing priorities and
constraints, and enly limited amounts of adaptation funding have been available from other sources. Activity
\/ Limited Local Government Capacity Restricts Their Ability fo Take Action. The novelty of the climate adaptation fisld makes it
to locate and hire individuals with priate experience and exper tise to plan for the impacts of sea-
level rise (SLR). These capacily limitations are particularly mallenglng for small and disadvantaged communities.
\/ Activities Are Ce by a Lack of Key Local cite a need for addilional data and
technical assistance to help inform their adaptation decisions, especially around the cosls, trade-offs, and potential ecenomic
implications of SLR impacts. The novelty of coastal adaptation efforts means that this type of information is even more in
demand—and limited. Engape:4ih comininky
/ Few Forums for Shared Planning and Decision-Making Impede Cross-Jurisdictional Collaboration. Even though the
interrelated effects of SLR make cross-jurisdiclional planning essential, local governments lack forums and resources for
discussing and ptanning for SLR on a regional basis.
\/ Responding fo SLR Is Mot Yef a Priorlty for Many Local Resldents or Elected Officlals. Because many California residents Gondust vumé‘-‘“ ity
are Nt yet aware of how SLR might affect their communities or consider the threat as being far off in the futurs, coastal adaption samant
actions are hot a high priority for them, This makes it difficult for local elected officials or government staff to champion Lnpopular
SLA respense aclions, e B &0 o 1005
v o M Sk 4 .S
Protracted Process for Attaining Project Permiis Defays Adapiation Progress. Achieving approval for coastal adaptation PesoLnce. Local G
projects is complicated and takes a long ime, in part because they represent a new: challenge for the existing environmental C?ﬁ,‘j’, w”“f,;_,w& Aoy
reguiatory system, This is particularly problematic because coastal communities face a pressing need to make progress on
preparing for SLR before its impacts become more widespread
21 22
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insufficient staff resources as
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being a big hurdle—67 percent compared Lo
58 percent in the 2016 survey.

Adaptation Expertise {s Not Widespread. A
couple of key faclors may explain these capacily
challenges. The first is a direct result of the funding
constraints noted earlier —limited funds often
translate te a limited ability to hire a sufficient cadre
of qualitied staff. Additicnally, becauss climate
adaplalion is a new lield, local governments find it
hard lo beale individuals wilth appropriale scientific,
engineering, and legal experience and expartiso
to know how to plan for the impacts of SR, aven
it they could manags to s re the funds to hire
mere staft. The 2076 California Ceastal Adaptation
Meeds Assessment Survey reporl slales thal "most
coaslal praclilioners are slill sssenlially learming
about adaptation ‘on the job’ rather than through
formal training opportunities.” Specifically, the
survey found that only about 40 percent of local
government respondents indicated that they had
received any formal training in adaptation,

Small and Disadvantaged Communities
Particularly Challenged by Capacity Limitations.
Our research indicales lhe challenges associaled
with limited government capacity to address climate
adaptation needs are especially pronounced for
smaller communities and those whose residents
have a lower average income and/or lower property
values. These communilies oflen have smaller
governmenl administrations and fewer financial,
business, philanthropic, and community resources
upon which te draw. As such, these communitics
likely find it even harder than their larger and
better-resourced neighbors to hire and maintain
experienced staff dedicated to adaptation work —
which in turn alse makes il even more challenging
to compete for imited grant funding. This raises
an important social equity concern about how
adequate preparation for SLR may be influenced
by the relative size and wealth of a particular
community.

Adaptation Activities Constrained by
Lack of Key Information

Local Governments Cite a Need for Additional
Data to Help Inform Adaptation Decisions. In the
intervisws we conducted in preparing this report,
onz of the most frequently ¢

o obstacles 1o

Wi, |a0.ca. gov
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coaslal adaplalion was a lack of informalion Lo help
guide decisicn making. Spccifically, local entitics
oxpressed uncertainty about how to proceed with
SLR preparation because they are unsure about
datails such as:

Trade-0Offs of Adaptation Options. Data

and examples thal mighl help inform which
adaplalion oplions mighl be mosl appropriale
for their community and what factors to
consider when making these decisions

.

Cost of Adaptation Options. Rough
estimates for how much different options
might cost to implement and whal factors
influence those costs

.

Ecenomic Implicatiens of Adaptation
QOptions and SLR Impacts. The polential
eocenomic impacts of implementing various
adaptation options, including the *no action”
alternative.

Locally Specific SLR Projections.
Spacialized ostimates and maps for how
exactly SLR and ceastal storms might
aftect specific locations, neighberhoods,
infrastructure, and resources in heir
communilies,

.

Legal Clarifications. A legal analysis clarifying
Lhe respoensibililies —and liabilities —local
governments face with rogard to SI R,
particularly related to how potential changes in
the mean high-tide line, land use policies, and
city services might affect private properties.

Ihe first four information prioritiss were also
cited by city and ceunty respondents to the 2076
rnia Coastal Adapialion Needs A
Survey when asked which types of information they
porceive as most useful for assessing the risks
from climate change to local coastal resources.
Specitically, about 75 percent rated information on
the trade-otts of adaptation as very usetul, and a
similar percenlage said Lhe same aboul infermalion
on lhe cosls of adaplation (representing the top
two responses to the question). The usefulness of
econamic and community vulherability assessments
sach wers rated as very usetul by about 80 p
of respondents. {Ihe survey did not ask abeut legal
informalion.)

essment

cent
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The lack of information on Lthe polential
ccenomic impacts that 51 R might have on the
community was raised repeatedly threughout the
interviews we conducted for this report. Even
for the lecal governments that have conducted
initial SLR planning aclivilies, few vulnerabilily
assessmenls include these Lypes of consideralions,
Similarly, anly a handtul of completed adaptation
plans across the state include an analysis of
the econcmic trade-offs of employing potential
adaptaticn strate
include evaluating and comparing the short- and
long-lerm cosls and benefils of approaches
like: building seawalls, adding sand to beaches,
restoring wetlands, and sating infrastructure
Feedback from our interviewess suggests they have
not underlaken these types ol analyses because
they are complicated and expensive to conduct,
with few examples available to serve as models
Yat without an understanding of the econamic
implications associeted with SLR or the costs and
benefits of the steps they could lake lo address
those impacts, local governments are constrained
in determining the best path forward

Novelty of Coastal Adaptation Efforts
Means Information |s Even More in Demand —
and Limited. Interviewees who were able to
gather the necessary information to cemplete
vulnerability assessments and high-level adaptation
plans indicaled thal they were unclear how Lo
determine what specifically they should do next,
That the coastal adaptation field is so new is a
large contributor to this information gap. These
uncharted waters present a doubtsle challenges —
local governments have never undertaken such
work before and therelore are urgenlly in need of
guidance, examples, and dala lo help them make
thase novel decisions. Howeover, such information
is not widely available because few others have
undertaken such work either,

Technical Assistance Not Widely Available,
Interviewees cited a lack of —and desire for —
entities to which they might ba able to tumn for
advice, technical assistance, comparison data,
and real-world examples 1o help inform their
adaptation d fong. As noted sarlier, OPR created
the Adaptation Glearinghouse, which provides
an online database of resources for adaptation

s, For example, this could
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planning and projects. Qur intorviows and availabsle
rescarch, howeover, sugaest use of this wobsite is
not yet widespread, This is due both to a lack of
awareness about the resource, and alsc because
users find it overwhelming and difficult to navigate.
Rather, local enlilies express a desire for {1) models
and planning templates they can recreate or moc
to meet their local cireurnstances, and (2) exports
sall upon to discuss and help address

< needs. The Clearinghouse has only
limited examples that meet the first need and does
not have staff available to address the second.
Sorme entities have provided technical assistance
for coastal adaptation efforts within their regions
such as the Adapling Lo Rising Tides Program
administered by BCDG in the SF Bay Area and

the University of Southern Galifornia Sea Grant
program in Los Angeles —but these resources are
net available statewics.

Few Forums for Shared Planning
and Decision-Making Impede
Cross-Jurisdictional Collaboration

Local Governments Lack Robust Forums for
Discussing and Planning for SLR en a Regional
Basis. Lacal governmenls across California lack
forrmal and strategic ways to leam from each
other, share information, or make decisions
togethsr about coastal adaptation issues. As noted
earlier, while some regional collaborative efforts
are underway across the state, such initiatives
are largely informal, they lack funding and staff,
and their level of activity and partisipation vary
by region. Moreover, with the ption of a
couple of counlywide plans, no region has yel
developed a coordinated plan for how it will
address S| R impacts on a regional basis, This
lack of coordination was frequently mentioned
as a signiticant concern by the individuals we
intarviewed, and was highlighted as a big hurdle
by aboul one-quarler of survey respondenls in
Figure 9. When UG Davis researchers surveyed
stakeholders in the ST Bay Arca about the largost
barriers they face in working collaboratively with
other stakehaclders on SLR issues, the most
common response was the lack of an overarching
regional plan Lo address SLR.

xC
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Cross-Jurisdictional Planning Is Challenging.
Distinctions acress local governments — including
burcaucratic and administrative differencoes, as
well as varying interests and priorities —ahways
onal planning and coordination
difficull. Inlerviewees indicaled thal addressing the
needs of their own jurisdictions alieady presents
a challenge, and the prospect of incorporating
thase of their neighbors inte their planning efforts
feels like an overwhelming lask. Moreover, they
expressed concerns that regional planning efforts
might prioritize the requests of other jurisdictions
over their own—especially if their cily is small or
wiclds comparatively less political influence —and
alse that finding cornmen ground around adagtation
actions could be difficult. Finally, interviewses
stated that regional collaboration would require
additional staff time —particularly to organize and
attend forums for such discussions 1o lake place—
and their resources already face censtraints.

Interrelated Effects of SLR Make
Cross-Jurisdictional Planning Essential. Given
these complications, the lack of collaborative
ciforts around SI R is not surprising. However, the
widespread impacts of SLR make coordinated
regicnal planning fundamental to sifective
preparation —and the lack of such efforts is
therefore particularly concerning. Lecal jurisdictions
planning on their own will not be able to address
the SLR impacts thal might have substantial
impacts on thair own community but are dependent
upon their neighbors taking action. [or example,
residents of ane city may be precluded from getting
to and from their homes or work or from accessing
emergency services if a key transportaticn
thoroughlare floods in & neighboring cily. Moreover,
SLR response ons laken by one jurisdiclion
could have significant effocts on thelr neighboring
cities. For example, if one city decides teo construct
hard armoring structures —such as seawalls —to
protact structures along much ot its coastline, the
ensuing erosion processes could remove most of
lhe sand frem lhe beaches in a neighboring eily,
Thase intercennacted S1R impacts increase tho
importance of ceordination, shared input, and joint
planning. Even multi-jurisdicticnal planning efforts
might ke insufficient to adequately address future
SLR impacts if they fail Lo include key landowners

make cross-juri
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and stakeholdars —such as utilitics, railroads,
Caltrans, State Parks, refineries, and ports — who
will be necessary participants in making future land
use dacisions for the region

Responding to SLR Is Not Yet a
Priority for Many Local Residents or
Elected Officials

Many California Residents Do Not See Need
for Immediate Action to Address SLR. Two
of the barriers cited in the survey data shown
in Figure 9 relate to public perceptions about
the risk of SLR —the lack of public demand Lo
lake adaplalion action and the lack of social
accoptability of adaptation strategies. These
dynamics were echood in many of the interviows
we cendusted in preparing this report, and have
been on display in some high-profile community
mobilizalion efforls against proposed SLR
adaplation aclions in ¢erlain coaslal communities
in recent months.

Much ol he public lack of engagement aboul or
resislance Lo coaslal adaplalion efforls seems lo
stem from twa koy factors, First, many California
residonts are gonerally unaware of projections
about how SLR might impact them. Few
communities have undertaken public awareness
campaigns aboul SLR or broadly disseminated
maps of areas thal are projecled Lo Mleod in the
coming years. Morcover, potential SI R ceastal
flooding is not currently required to be disclosed
during real estate transasctions —in sontrast with the
risks associated with forest fires, earthquakes, or
floods, (Existing lload risk nolifications are based
on historical flood events and therefore do nol take
potential SLR impacts into account.} Galifornia law
requires that these potential hazards be disclosed
te prospective property buyers. Because residents
may not know about SLR predictions or sea
many obvious SLR-related impacts happening
now, coaslal adaplation actions likely are nol a
high priority for them to request from their local
governments — aspecially compared to more current
pressing concerns. Second, even many coastal
residents who have some awareness that sea
levels are projected to rise likely view the threat of
SLR as being far off in the future. They therefore
feel that ter their local governments to take SLR
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response aclions thal might allect their properly
values or lifestyle in the near future is premature
and inappropriate — even if those acticns ara enly
planning for what future adaptation responses
might be. For example, several coastal communities
Lhal drafled adaplation plans menlioning the
possibilily of relocating infrastructure in the future
befora it boecomes flooded (somatimes referred
to as “managed refreat”) have faced vociferous
public backlash —largely because of residents’
concerns that such changes might impact their
own properties now or in the future.

Local Elected Officials Currently Face
Disincentives fo Champion Unpopular
SLRA Response Actions. Resislance against
laking aggressive action on S5LR now is also
demonstrated in the attitudes and actions of
many local government leaders. As shown in
Figure 8, 29 percent of the survey respendents
identify the lack of leadership from elected officials
as a big hurdle lo making progress on coastal
adaptation activities. This dearth of enthusiasm
about adaptation may be semewhat pradictable,
as local officials typically try to reflect the prioritiss
of their constituents. Additionally, the most intense
impacts of SLA likely will not manifest for at least
a decade —and perhaps multiple decades —into
the future. Many current public officials may be
disinclined to face the backlash and potential
political consequences from enacling unpopular
palicies now when the evidsncea for and kensfits of
taking those actions may not be experienced until
long after they are out of office, A lack of public
support also makes it difficult for lecal governing
entities to advance proposals for raiging additional
revenues —such as lhrough new lees or laxes—lo
undertake adaplation projects now. Moreover,
local officials may ke reluctant to undertake any
adaptation actions or policies that would limit future
development or reduce existing property values in
fear of restricting or reducing the local revenues
on which they currently rely Lo provide governmenl
services,

Despite these disincentives, reluctance to
champion coaslal adaplation efforls is nol a
universal positicn acrese Galifornia's citiss and
counties. Rather, as noted earlier, many Galifornia
cities and counties are making scme progress on
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SIR preparation activitic
local clected officials around the state taking a
leadership role in such efforts,

a5, and oxamples exist of

Protracted Process for Attaining
Project Permits Delays Adaptation
Progress

Several coaslal professicnals wilth whom we
spokea in praparing this roport repertad that the
lengthy process for attaining approvals from state
and tederal agencies to implement adaptation
projects is a significant barrier to getting more
projects underway.

Achieving Approval for Coastal Adaptation
Projects Is Complicated and Takes a Long Time.
Ag wilth any developmenl projecl along the coasl
or SF Bay, adaplation projects musl go Lthrough
a raview and approval process and attain pormits
from numerous state and federal agencies to
ensure they are not causing undue harm to the
shwvironment. Although sush projects often difter
from lradilional construclion and infrastructure
projects in thal they may be nalure-based (such as
sand dune or wetland restoration projects), thay
are not exampt from the standard environmental
5. Agencies that typically rmust grant
regulatory approvals for coastal adaptation projects
include the U.S. Army Corps of Engineers, the U.S,
Fish and Wildlife Service, NOAA National Marine
Fisherics Service, the Regional Water Quality
Control Board, the California Department of Fish
and Wildlife, the Goastal Commission (for prejects
in the coastal zens), and BODG {tor projects along
the SF Bay). These agencies review poelenlial
projects Lo ascerlain how they might affect fish and
wildlife: and their habitats, water quality, and public
access to the shorcline.

review proc

In general, project propenents musl submil
soparate permit applications {and associatad foos)
to gach of the applicable agencios, cach of which
then undertakes its own independent revisw on its
own ition, each regulatory reviewsr
Lypically imposes its own permil requirements,
such as requiring aclivilies Lo help miligale any
anticipated cnvirenmental impacts. Becausc those
reviews are conducled independently from each
other, in some cases cne agency may impose
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permil condilions thal can duplicale or even
contradict those required by a different agency.

For example, while fedoral and stato fish and
wildlife agencies work to minimize project impasts
on at-rigk species, BCDG sesks to maximize public
access Lo lhe bay shore, These goals can be in
direct conflict, as impesing permil requirements

to add public access infrastructure and increase
human visitors can negatively impact wildlife. In
such cases, the project proponents must negotiate
between the agenciss Lo develop a set of project

requirements that they are capable of implementing.

Due Lo the delays associaled wilh these myriad
reviews and ensuing requirements, SGC estimates
that attaining permits for a typical adaptation
project can take at lsast one year from when such
applications are submitted. As discussed below,
this protracted time line is particularly problematic
for coaslal adaptation efforts given the relatively
narrew windew for implementing certain types of
projects.

SLA and Coastal Adaptation Projecis
Represent New Challenge for Existing
Environmental Regulatory System. In general,
the existing set of regulalory requirements for
coastal projects was established several decades
ago to protect against environmental damage
that might be caused by development along the
coast or SF Bay. Most of these req
developed long before 5LR became a concern,
and as such did not contemplate the types of
adaptation prejects currently being proposed or the
coming challenges such projects are intended to
address. For example, BODG has long had policies
against allewing sedimant to be dumped or added
within lidal walers Lo avoid filling in the SF Bay,
which was a signiflicant concern in the 1960s Lhal
led to BCDG's areation and underlying statutory
authority, However, many bay shore adaptation
projects require the addition of sediment to build
upr existing tidal marshes and wetlands te enable
thern (and the wildlife thal live there) Lo wilhsland
higher waler levels and waves. This disconnecl has
led to probloms and delays with attaining BGDG's
approval for proposad wotland restoration projocts
in recent years. (As nated later, BCDG racently
medified its Bay Fill policy to address this concern.)

2ments were
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Similarly, to protect coastal rasources the
Goastal Commission has a rigorous process for
evaluating and permitting coastal development —
such as hotels, housas, parking lots, or water
treatment plants —that has historically posed a
rigk Lo such resources, The Coaslal Gommission's
gulatory review structure: has not typically
been faced with how to evaluate natural
infrastructurs projects that are intended to make
the coastline mere resilient and that can benefit
the environment —such as "living shoreline”
projects that add sand and plants to the shore to
buffer wave acticn and enhance coastal habitats.
{Certain other types of adaptation projects, such as
relocaling a road or infrastructure inland, however,
may more closaly resembls traditional development
projects } Because existing regulatory review
policies were not developed te evaluate these
new types of projects, they can face increased
sarutiny, requirements, and delays cormparad to
mare lradilional and lamiliar projects (such as
adding piles of rocks Lo the shore Lo armor the
coast ahead of a storim). The increased rigor,
can in
turn create disincentives for coastal communities to
allempl innovalive or nalure-based approaches,

Permitting Approach Is Particularly
Problematic for Climate Adaptation Projects.
Complaints thal the environmenlal permilling
syslemn is complicaled and prolracled are nol
unique to coastal adaptation projects. Sush
criticism has often been raised by proponents of
many types of projects, including for traditional
types of construction and development as well
as nalure-based projects such as those Lhal
reslore slreams or remove dead lrees and dense
underbrush from forests. However, such issues
raise particular concarns for coastal adaptation
projects for two key reascns, First,
communities face a pressing need to make
progress on preparing for SLR before ils impasts
becorme more widespread, and his nesd wil
become increasingly urgent in the coming years
as sea lovels continue to rise. As discussad carlier,
the next decads represents a siusial time period
for implementing certain types of projects —such
as enhancing coaslal marshes —before rising waler
levels preclude their effectiveness, As such, coastal

complication, and time for these reviews

rastal
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communilies cannal allerd Lo wail al leasl a year Lo
attain approvals for cach project  nor, collectively,
can tho state, if it wants to improve SIR

preparedness levels across Califernia. Second, the
state should be encouraging a wide complement
of polential approaches lo address SLR, including
innovative natural infrastruclure projects that
provide cnvirenmental benefits. As discussed, the
current regulatory review regime may be having the
opposite effect.

While seme limited examplos of offorts to
addross these issues oxist, they do not apply
to coastal adaptation projects statewides. For
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example, as noled earlier, the SF Bay Area has
created the regional SF Bay Restoration Regulatery
Integration Team to expedite and simplify the
permitting process for certain prejects. This team
is ceordinating
actoss all lhe applicable slale and federal agencies,
however only for SF Bay Area welland projecls
funded with lecal Measure AA funds. Additionally,
CNRA has formed a work group te look into ways
to coordinate and expedite regulalory review
processes, but thus far that effort is limited to
permits for forest health projects and does not
apply to ceastal adaptation.

mit review and requirements

STATE CAN HELP EXPEDITE LOCAL SLR ADAPTATICN

EFFORTS

As discussed earlier, lhe slale has a stiong
interest in helping to ensure that local governments
take sufficient actions to mitigate the potential
scenomic, environmental, and public health risks
associated with SLR. Morecver, given that delaying
adaplation work can resull in missed opportunities
and higher cosls, a slrong case exisls lor lhe slale
to help remove barriers at the local level in order to
oxpodite such work:

State Can Play Key Role in Supporting
Local Adaptation Efforts. Coastal communitics
must increase both the extent and pace of SR
preparation efforts it California is to aveid severe,
costly, disruptive, and harmful impacts in the
coming decades. The slale has neilher the capacily
nor the authorily lo assume primary responsibility
for planning, developing policies, or implomenting
rosponse activitios across California's many coastal
communities. Furthermore, local governments
are most attuned to the particular needs and
circumstances facing thelr communities. However,
Lhis does nol mean the slale should avoid any
invelvernent in coastal adaptation activitics — the
statewide risks and potential impacts of inadedguate
preparation are too great. The state can play an
impartant rels in encouraging and supporting
lacal efforts and helping te alleviate some of the
challenges local governments face, For example,
the: state can use its over-arching position to help
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facililale coordinalion across jurisdiclions and lake
advantage of cconomies of scale by collecting and
disseminating helpful information statewide. Tho
state can also take action te ensure public trust
s like beaches, wetlands, and coastal
access are preserved, Additionally, the state can
help ensure (hal local adaplalion efforls adegualely
address the needs of vulnerable communitics that
might not have the political ¢r financial resources
to guarantes they receive sufficient preparation and
protection

State Cannot Bear Majority of Costs of
SLR Preparation . . . The state does not have
the fiscal resources o fund most of the coastal
adaplation aclivilies thal ultimalely will be needed
to prepare tor SLR. Nor would expecting statewide
taxpayers to fully subsidize such activitios be
appropriate, given that most coastal propertias
and infrastructure are ownad by and primarily
benefit local governments or private entities. Local
aovernments have the primary responsibility for
planning, authorizing, rmaintaining, and operating
their local infrastructure, and they —and their
residents —correspondingly should pay the costs
associated with these astivities, including how
their infrastructure may need to be modified for
SLA. As is the case wilh most local infrastructure
costs —including construstion and maintenance of
water and sewer systems, roads and transportation
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ms, and school facililies —Lhe bulk of funding
for climate adaptation activitics will need to come
from local sources

. .. However, State Investments Can Help
Spur Other Actions, Because of the state
interest in ensuring that coastal communities
are adequately prepared, however, the state has
rmacls and will want to continue making some
conlribulions Lo assist local governments in their
SLR adaplalion eflorls. Slale dellars can serve as
"seed monay” that help to spur adaptation project
planning efforts for which local governmeants cannot
generate sufficient impetus or funding to get started
on their own. Lecal gevernments report they often
find obtaining local funding sources —such as new
dedicaled laxes, bonds, or loans —easier when
thay are requesting the menies to construct specific
projects, in centrast Lo planning activilies. As such,

AN LAO REFORT

slale funds play a parlicularly important role in
helping support these initial stages of adaptation
work. Stato funds can also be a koy factor enabling
the construction of adaptaticn prejects, pairing
with local funds to help partially offset what still will
be si nt upfront costs for local governments,
This is consistent with the role the state has played
as a sontributing funder for many other types of
local infrastructure prejects. For exampls, the state
frequently funds portions of lecal walter supply
and lransportation projects, and contributes to
the construction of local public school buildings.
State tunds could be especially important fer
large: nal adaptation projects (which are more
it and complicated Lo implement) and projec
in scenamically disadvantaged communities (which
often face additional challenges in generating local
funding).

RECOMMENDATIONS FOR LEGISLATIVE STEPS

LAQ Recommendations
Figure 12
Intended to Help Address Key -

Logcal Barriers, Help Expedite
Adaptation Progress. While
eftectively preparing for and

responding to SER will be a difficult \/ Foster Regional-Scale Adaplation

» Establish and assist regional climate adaptation collaborative groups.
« Encourage development of regional coastal adaptation plans.

= Supportimplementation of regional adaptation efforts.

task for local governments, the
threat is en its way. Gonsequently,
the challenges local jurisdictions
face will become significantly
greater it they de not make
additional progress in the
vears. We believe the Legislature
can play an important rals in
helping to increase the types,
pace, and scale of coastal
adaptaticn efforts around the

state. In this section, wa make

several recornmendalions for how \/ Enhance Public Awareness of SLR Risks and Impacts.
« Require coastal flooding disciosures for real estate ransactions.
« Aequire that state-flunded adaptation plans and prejects include robust public

adaptation that local governments engagement.
= Direct state departments to conduct public awareness campaign about treats posed

Lhe Legislalure can help alleviale
some of the kay barriors to coastal

are experiencing. Figure 12
sumrmarizes our recormmencdations,
which we discuss in more delail

bySLA

y of LAO R dations to Support and Enhance
Coastal Adaptation Efforts

v Support Local Planning and Adaptation Projects

« Increase assistance for cities and counties to plan for sea-evel rise (SLR).
orming + Support coastal adaplation projects with widespread benefits.
 Facilitale monitoring of state-funded demonsiration projects.

\/ Provide Information, Asslstance, and Support
« Establish the California Climate Adaptation Center and Regional Support Nebwork.
« Develop a standard methodology for economic analyses of SLA risks and responses.
* Require a review of how regulatory permitting processes can be made more afficient

below,
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Foster Regional-Scale Adaptation

More widespread collaboration and planning
for the inter-jurisdictional sffects of SLR not
only will help contribute to grealer statewide
coastal preparedness, it can also help address
coastal communities' challenges with limited
funding, informatien, and capacity. We have three
recommendations for how the lature: can
fosler adaptation efforls at the regional sca

Establish and Assist Regional Climate
Adapftation Gollaborative Groups. Wo
rezommend the Legislature support climat
adaptation work at a regional scale. Specifically,
we recommend establishing collaborative groups
in several regions across the slale Lo plan logether
and learn from each other regarding how to
raspond to the ot climate change
groups ¢an help build on gome of the nas
collaberative efforts on climate adaplation thal are
already underway in some regions but help make
them more consistent, sustainable, and available
across all areas of the state,

&,

@

By sharing informalion and resources, such
groups have the po ial to s many of
identifiod by coastal
professionals. They can help with coordinating how
Lo respend Lo cross-jurisdictional climate impacts,
creating efficiencies and economies of scale, and
building capacity through shared learning and
peoling of resources. Participants should primarily
include representative:
bul the groups should also creale a forum for them
te liaison with other key planning partner
community-based organizations, state age
and utilities,

s from local governments,

While collaboration will be particularly helpful for
SLR preparation because of the cross-jurisdictional
effects of coaslal flooding, we believe limiling the
e groups solely to ceastal regions
s would be a i opportunity. Local
governments must confront and plan to address
multiple climate-relaled challenges, including an
increased risk of wildfires, droughts, and incidents
of extreme heat. Working with and learning from
regional neighbors will be not enly helptul but
essential in all of these interrelated offorts,

ancl
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In implementing this recormmendation, the
| eqislature will want to carcfully consider how to
define and delineate regions, how many regions Lo
fund, and which entities should sarve as the fiscal
and administrative agents for the groups. These
collaboralive groups should be large enough Lo
encoimpass impacts that will affect the whole region
and take advantage of cconomies of ssale, but
not 8o large that they inavitably everlook important
issues, concerns, and constiluents sp: to the
regien. Mereover, they should consider natural
processes that will impact participants similarly
{such as tidal impacts and sand migration patterns)
around which onal planning makes particular
sense. Based on exisling regional models and
feedback we selicitad in researching this report,
wae think the state should look to fund around 10 or
12 collaberative groups. Because of its experience
adrministering clirmate mitigation programs and
its current work establishing a regional program
pursuant o 5B 1072 (as menlicned on page 18},
we recormnmend the Legislalure direcl 5GG Lo
administer this program, including doveloping
criteria for selecting regions and regional
leads, soliciting applications, and choosing the
collaborative leads ter sach region. The seven
exisling ARCCA groups highlighled in Figure 7 on
page 17 may be appropriate enfitics to lead this
effort in some regions because of their previous
work and relaticnships, but this may not be the
case in all areas of the state. Moreover, nct all
counties are covered by the exisling ARCGA
qroups.

In order te sustain the regional groups on an
ongoing basis, we recommend providing them
wilh an annual approprialion. The amounl of
stafe funding to provide to cach region should
be sufficiont to support a couple staff mombers,
adminis
te plan and share infermation together {such as
meelings and conferences) —perhaps around
S500,000 per region annually. The overall cosl Lo
the state will depend upen how many regions the
| eqgislature chooses to fund. This lovel of consistont
base funding should make certain the groups can
be sustained, howsaver it will not ke sufficient to
fund all of their aclivities. To ensure local buy-in and
accountabilily that the groups” work remains helpful

ative costs, and regular epportunities
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and relevanl lo them, collaboralive parlicipanls
should also be expected to confribute to the
groups' costs and operaticns. These contributions
could include in-kind staff time and involvement as
well as a physical location to house the staff and
group's operalions,

Encourage Development of Regional Coastal
Adaptation Plans. In addition to establishing and
suslaining forums for regional collaboration around
alimale issues, we also recommend lhe Legislalure
support those groups in doveloping ceastal
adaptation plans. These plans should addross
key vulnerabilities and risks that SLR poses to
the region, as well as adaptaticn strategies the
region will lake lo address them, We envision such
a regional plan as distinel from planning sfforls
ocourring at the individual city and county levels in
that it would focus on more broad, interconnected,
cross-jurisdictional issuss that would be outside
the scope of single-jurisdiction plans and projects
Additionally, we view these plans as an opportunily
to incentivize the region to work together to help

addrass the neads of under-resourcad cormmunitics

that might not be able to adequately prepars if |sft
to plan their own, as well as public trust resources
which benefit all local constituents, The plans
should not be simply a collection of unrelated
vulnerabilities and prejects compiled by the re
but rather should be focused on issues that have
diclional importance. To ensure Lhis
smphagis, we recommend the Legislature require
that these plans be focused on three categories of
regional issues:

* Interrelated natural effects such as erosion
and sand migration patlerns, as well as
wietlands that buffor wave action

Interrelated human impacts such as
addressing polential flooding in imporlant
transportation carridars and for important
infrastructure that affect multiple jurisdictions.
* Key regional priorities such as addressing
the needs of vulnerable communities,
preserving public access to the shoreling, and
protecting natural resources such as beaches
and coaslal habilals.

Because these regional coastal adaptation
plans would be coordinated and d oped by the
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regional collaborative groups desaribod above, we
similarly recommend the | egislature task SGO with
their administration. We recommend the Legislature
direst 3GC 1o develop ariteria for what the plans
should include {pursuant to pricrities specified

in legislation}, whal lypes of enlilies should be
included in the development process, as well as

a process for reviewing and approving the plans
once they have been developed to ensure they
meet the required elements. We recommend the
Legislature appropriate funding for grants that SGG
would allecate to the regional collaborative groups
te support the development of these plans. The
state has provided funding for regional plans in
other seclors thal can serve as models for these
coastal adaptation plans. These include regional
transportation plans, integrated regional water
management plans, and sustainable communities
strategies. Based on these examples, we sstimate
that a few million dollars per regicn is a reasonable
amaounl Lo provide for plan development, Assuming
Lhe slale eslablishes belwesn six and eighl
collaborative groups that ehcompass the coast,
adopting this recommendation would have an
overall ene-time cost of $16 million to $30 million.
Ihis armeount likely would net be sufficient to cover
all cosls lor these planning ellorls, bul we belisve
axpecting that lecal governments contribute a
sharc of the costs is reasonable.

While the slale’s regions lace a number of
climate-rolated challenges for which they have to
prepare, we recommend focusing state support
for this initial planning effert on ceastal adaptation.
Because of its cross-jurisdictional impacts and
imminence, we think SLR is a filling issue for
Lhe slale lo select for a pilol regional adaplalion
planning initiative. As such, only the regional
collaborative groups containing coastal countics
would be eligible tor this proposed planning
grant. Limiting the exercise in this way can help
participaling cities and counties undertake and
accomplish the work more quickly comparead Lo il
they had to also address potential regional impacts
from wildfires, droughts, and heat. {Tha state
should not prohibit regional cellaborative groups
from widsning the scope of their adaptation plans
should they wish Lo do so, bul should only provide
funding for a largeled coaslal focus.) IT this regional
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planning exercise proves Lo be preduclive and
cffective, the | egislature could consider funding
similar efferts to addross other climato throats in
the future.

In arcas whaore planning offorts already are
underway, regional coastal adaptation plans can
build upon and cennect work that has already
been undertaken by individual citiss and counties
help fill in gaps, and focus the emphasis on issues
of regional impoertance. In olher areas of lhe
state whera fewer planning efforts have yet beon
undartaken, maore initial research and planning will
be nesded. Additionally, an overall regional plan
could encompass sub-regional plans and projects
based on whal makes he mosl sense for the
region. For example, lhe adaplalion plan lor the SF
Bay Arca may bo divided inte a sot of intorrclated
strategies for the North Bay that differ from those
developed for the East Bay.

Consistent with many other local planning
sfterts —including LOPs —we do not propose
making the development of regional coastal
adaplation plans a required stale mandate. Even
il the Legislalure were Lo make Lhese planning
cffarts optional, we bolieve most jurisdictions and
regions would participate. This is because coastal
communities already have a raticnale to seek to
aveid the potential damages and disruption from
SLR; the slale providing a forum, struclure, and
funding to undertake regional planning can help
remove barriers and facilitate those communitios
taking essential stops to mact those objoctives.
Additienally, implementing our recommendalion to
provide future project funding that is contingent
upon the development of these plans —as
discussed nexl —would provide incentives for cilies
and counties to participate in these regional efforts.

Support Implementation of Regional
Adaptation Efforts. Once hey have developed
coastal adaptation plans, we recommend the
| egislature provide seme funding to help rogions
begin implementing the projects identifie these
plans. Because of its experience in allecating
grants for coaslal projects, we recommend the
Legislature task SCCG with administering this
program. As noted earlior, the need for funding to
undertake projects is a primary barrier for coastal
communities seeking Lo prepare for SLR. The state
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making a commitment to help assist in the funding
of projocts — even if it might be appropriated across
multiple years—will help incentivize participants
te spend time on collaberative planning. State
cantributions for implementing larger-scale,
mulliyear coaslal adaplalion projects will be
particularly important because such projects likely
will b mere logistically complicated and expensive
te undertake if multiple jurisdictions are invalved.
As discussed earlier, we recommend the state
require that local governments also acquire funding
contributions from other sources for these projects.
Estimating an appropriate range of funding
for the slale lo provide for coaslal adaplation
projects is difficult until regional plans and
pricr are devoloped and submitted. However,
stakcheolders whom we interviewad for this report
emphasized that having some certainty thal
project implementation funding will be available
and forthcoming from the state will be a critical
factor for ensuring robust participation by lecal
gevernments in the planning precess. Given the
magnitude of the threals posed by SLR, regional
projects could easily cost billions of dollars.
Because local governments likely will not be ready
to spend these funds for a few years —until after
they complete regional plans and initial project
dasign work —the Legislatura could select an initial
largel amount Lo plan Lo sel aside now and revisil
Lthal amount as plans and project proposals are
developed, particularly in the contoxt of its otheor
spending priorities. For example, if the | egislature
is considering asking volters to approve a new
general obligation bond for climate adaptaticn
in the coming years, il could reserve a porlion
ol lhese lunds [or regional coaslal adaplalion
projocts

Support Local Planning and
Adaptation Projects

Not all SLR preparation efforts are appropriate
te undertake at the regional scale. Individual cities
and counties also will d to address anticipated
impacts within their own jurisdictions thal de not
have a regional impact. Moreover, communities
around the state share the need to learn more
aboul which types of coaslal adaplalion stralegies
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are mosl efleclive. We have Lhree recommendalions
to help achicve these objectives

Increase Assistance for Cities and Counties
to Plan for SLA. ‘While some SLR impacts would
be coverad by our proposed regional planning
effort, this would not preclude the need for cities
and counties te plan for how they will address their
rmore localized vulnerabilities. We recommend the
Legislalure provide addilional supporl lor individual
jurisdiclions Lo conlinue Lo plan for Lhe ellecls of
SR, Speadifically, we recommend the | egislature
appropriate funding te SCC for a grant prograrm
that would oftset a portion of local gove
costs for conducting vulnerability assessments,
adaplation plans, and detailed plans for specific
projecls. This would conlinue previous sfforls
funded through SCC's Climate Ready Program
The funding would help communities that have not
vet completed the initial steps of the SLR planning
process. Moreover, even cities and counties
thal have compleled vulnerabilily assessments
and adaptation plans report a need for financial
assistance in developing detailed project plans
and feasibility studiss, and in proceeding through
the environmental permitting process —aclivities
for which obtaining private financing is often more
difficult.

Based on indicaticns from previous rounds of
Climale Ready Program grant funding, we find thal
roughly $5 million per year for the next five years
wolld be reasonable to help local governments
make additional progress in 51 H planning. After
five years the Legislature can reassess the need
to sentinue providing these planning funds,
or whether by that point the local demand for
funding has largely shifled from planning Lo project
implementation. These planning funds weuld be
in addition ta the $1.5 million per year in ongaing
Gresnhouse Gas Reduction Fund menies the
GCoaslal Gommission currently uses to support local
governments in planning for SLI and updating their
LCPs. {The Coastal Comimission uses half of these
funds for lecal grants and half for statt support.}

Support Coastal Adaptation Projects With
Widespread Benefits. In addition o planning
funds, wes also recormmend the Legislature support
local jurisdictions in undertaking coastal adaptation
projects. As discussed, project implementation

rments’
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funding is the most significant barrier to adaptation
progress cited by coastal professionals, and state
funding plays a crucial role in helping to spur
investments from other sources. IHowever, limited
state funding should not be used to benefit a small
number of privale properly owners, bul rather be
targeted for projects with widespread benefits,
cormmend the Lagislature
appropriate funding explicitly to suppart these
types of projects. Specifically, we recommend the
Legislature provide funding to SCC to administer a
competitive grant program for coastal adaptation
projects that fall under at least one of the following
four categories:

To this end, we

* Pilot Demonstration Projects to Test
Adaptation Strategies. Such prajects
should be designed to experiment with
innovative approaches, learn about which
slralegies are—or are nol —mosl elfeclive

in different conditions, and include methods
for dissarminating lessons loarned to othor
jurisdictions.

Projects With Broad Public Benefits. Such
projects should protect public resourcaes such
as beaches, wetlands, shoreline access, and
fish and wildlife habitat,

Projects for Critical Infrastructure. Such
projzcts should demonstrate that they
address signiticant risks to public health and
salely by reducing polenlial damage Lo public
infrastruclure such as waler lrealmenl planls
or highways

-

Frojects Addressing the Needs of
Vuinerable Communities. Such projects
should benefit communities in which a large
propertion of residents have comparatively
low incomes and therefore likely would not
slherwise be able lo underlake adequale SLR
preparalicn.

Facilitate Monitoring of State-Funded
Demonstration Projects. \We recommend the
Legislature facilitate some multivear monitoring,
evaluation, and future modification —or *adaptive
management” —of ceastal adaptation projects.
Specifically, we recornmend that state grants
ded for construction of coastal adaptation
projects intended te pilot new approaches —as
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described above—also include sufficient funding
to conduct soveral years of post construction
follow up activitios. The | eqgislature can direct
SCC to design adaptation project grant awards to
support these additional costs.

In order to verify which types of coastal
adaptaticn projects are most effective, project
implermenters will nead to centinue to chserve
and polenlially modifly therm aller construction is
compleled. While ongeing moniloring and adaplive
management is recommended for any type of
projoct - aspodially those that are nature based
such practices are particularly essential for tal
adaptaticn projects for twe reasons. First, because
of the unprecedented challenge that SLR presents,
many response slralegies will necessarily be new
and untested. Sccond, conditions will shift as sca
levels rise, potentially affecting the project’s original
design and performance. These uncertainties add
to the need to monitor the project to evaluate
whether medificalions are necessary in the coming
years.

In most cases, when he slale provides grant
funding for capilal projects, responsibility for
undertaking - and paying for - post construction
activitios such as maintenance and monitoring falls
to the grantess. Becausea of the oft-mentioned
fiscal constraints lecal governments face, howsver,
such aclivities do nol always lake place al a robust
level. For these coastal adaplation projects, we
beliove: a strong rationale exists for the state to help
support such costs and ensure that meaningful
scientific menitoring and adaptive management
ceour. This is because of the statewide usefulness
of learning lessons from new and innovative coastal
adaplalion projects, as well as the imporlance to
the public of ensuring their ultimate success in
mitigating SLR impacts. We be that the state
helping to fund such follow-up work will ensure
that it takes place and thereby help to inform the
quality and amount of knowledge about effective
adaptation strategies across the state. That, in turn,
can help address the need that local governments
cite for additional information about the trade-offs
of coaslal adaplation slralegies. Posl-conslruclion
follow-up activities can help answer the key
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questions of “how woll does the stratogy work,
does it last, and how can we make it work bettor?”
To this end, we recommend the state require that
ion of receiving state funding, lecal
grantees must submit regular project reports

Lo SGO summarizing project performance and
carned, SCC could then disseminate this
1 through the aforemaontioned recional
climate zollak:orative groups and the Galifornia
Climate Adaptation Genter and support network we
propose below.

While the amount needed for these follow-up
activities will vary by project, a rough guideline
might be aboul 10 percent of the amount provided
for construetion. For example, if SGG allocaled a
grant of $10 million te construct a living shoreling
project, it might then also provide an additional
&1 millien 1o be used over several y
monitoring and adaptive management. This
proportional approach likely will not cover all of
the associated costs. As with preject construction
costs, state funding can help enable and enhance
monitoring efforts, but project proponents
should be expected to help pay the full costs of
post-construction activities.

as a Gon

inforrnat

ars for

In addition to project-spesific follow-up
activities, we recommend the Legislature allow
SC0 to use a portion of adaptation project funds
Lo conducl—or award grants for another entily
te conduct —large scale scientific monitoring on
coastal conditions. For exampls, this could include
tracking changes in beach width along a whole
regicn of ceastline—rather than each jurisdiction or
project grantee having to conduct such monitoring
for its own portion of beach. Such larger scale
monitoring nat only could take advantage of
economies of scale, it alse could allow tor analyses

across different localions Lo Lesl the effecliveness
of strategies smployed in one area as compared to
those in another.

Implementing this recommendaticn need
net require a separate appropriation from the
Legislature. However, the Legislature should
consider (hese post-conslruclion costs when
determining the overall amount it wants to
appropriate for coastal adaptation.
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Provide Information, Assistance, and
Support

As discussed earlier, local governments are
struggling with how to determine next steps
in preparing for SLR and seeking tools to help
make such decisions. The state is uniquely
positicned to take advantage of economies
of scals, centralized cormmunication forurms
and experlise, and slala-level authorily Lo help
supporl local adaplation efforls. We have three
specific recommendations to help advance these
objectives.

Establish California Climate Adaptation
Center and Regional Support Network. Ve
recommend the Legislature establish a system
for providing technical support and information to
local gov ments on adapting to climate change
impacts, The goal of this systern would be Lo
connect practitioners undertaking adaptation
work with state policy and guidance, useable
scientific information, and technical assistance
that is both easily accessible and applicable. This
systam weuld seek to address local governments’
frequently expressed need for “a person Lo call
Lo answer Ltheir questions and provide real-world
advice, guidance, expertise, and examples of
how to proceed with adaptation work. Because of
the many climate-related challenges facing lecal
governmenls, we recommend Lhis efforl nol be
limited Lo coaslal adaplation and the threal of SLR
but rather be designed to support a bread array of
climate adaptation efforts.

Specilically, we recornmend Lhe Legislature
establish the California Climate Adaptation Center
with funding for a staff of roughly 20 employees
We estimate this would cost a few million dollars
annually. We recormimend that about half of these
smployees be localed in a cenlral localion —such
as Sacramenlo—and represent experlise in several
disciplines essential to adaptation work, For
example, these could include exports in planning,
endineering, land use law, finance, and community
outreach. [he remaining statf could be located in
regional localions —ideally co-localed wilh stall
from our proposed regional climale collaboralive
groups — so they can be an casily accessible
and fariliar *go-to” resource for nearby local
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govornmaonts. Those regicnal staff should scek to
davelop robust relationships at the local level and
be engaged in local planning and collaborative
mestings and efforts. Regional-based staff should
work together with Center-based staff as a network
e share informalion and besl praclices across
the state, disseminate updates and guidance from
various state agencies to local governments, as
well as provide feedback from local governments
back lo state policymakers about challenges and
needs al the local level. The Center should also be
charged with establishing formal partherships with
the state's universities and coastal researchers to
hedp provide a bridge between local governments
and the lalesl scientilic information. Because of ils
work oversesing the Integrated Glimate Adaptation
and Resilience Program, we recommend the
Center be housed under OPR as an expansion of
that effort. As discussed sarlier, that program is
intended te develop a cohesive and ceordinated
responsa Lo the impacts of climale change across
lhe slale.

Develop Standard Methedology for Econemic
Analyses of SLR Risks and Responses. \We
recemmend the | egislature require OPG to contract
for development of a standardized methodology
and template for conducting sconomic analyses of
SLR risks and adaptation strategies. This template
can serve as a modsl for local governmenls Lo
use in conducling their own analyses Lo assess
their local risks and the best options for taking
action. It should guide local governments on
hew to undertake such an analysis, as well as
includs a database of pre-populated statewide
dala (such as employmenl dala by seclor) which
local governmenls can download in lieu having o
search for it on their own. In addition to traditional
market based factors, this methodology should
provide a framewark tor how local governments
might assign value te nonmarket facters such
as ecosyslem services and maintaining —or
losing —local beaches. Morsover, il should help
local governments in evaluating the cconomic
implications of a no action alternative te halp them
truly assess the trade-cffs of polential adaptation
stepe they might be considering.

Providing such a tool for local governments
across the state to use would achieve three
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important goals. First, the availabilily of such a

tool likely would lead te more local governments
conducting in-depth analyses of how SILR

might impact their communities. This increased
awarensss can in turn help spur additional
preparalion efforls across lhe slale and make

sure such efforls are more dala driven and cosl
offective. Second, the state completing this

activity can take advantage of cconomies of scale
and save laxpayers the costs of many individual
local governments having te develop or pay the

full costs of such work on their own. While local
governmenls still will incur some cosls Lo underlake
a customize
their expenses will be lower since they will not
have to start "from scratch.” Third, a consistent
melhodelogy would allow the stale Lo compare and
compile data across jurisdictions that conduct such
analyses lo gel a sense of stalewide sconomic risk
andt inform how future state investments should be
largeled.

xd local economic assessment,

Understanding the costs and benefits of varicus
adaptation approaches —including the implications
of avoiding taking action —is essential input for local
governments weighing the trade-offs of how they
should proceed. Moreover, such information will be
key far them to explain and defend their decisions
to lecal constituents —aspecially when such
decisions might be politically unpepular,

In order Lo supporl the development of &
standardized methadology and tamplate, we
cstimate that OPG would need roughly $1 million in
cne-time funding. A handful of examples of such
nalyses exist that can serve as modsls

ecenam
for developing a statewide template, including
lhose conducted for San Diege Gounty, the Gily
of Imperial Beach, and the five state Mid-Atlantic
region along the east coast of the U.S

Require Review of How Regulatory Permitting
Processes Gan Be Made More Efficient. W
recommend the | egislature diroct GNRA to explore
and implement opticns for a mere ceordinated
and efficient regulatory raview process for coastal
adaplalion projects, and lo report back 1o the
Legislature on suggestions for improvement,
This would be similar to the work the agency is
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undertaking to help simplify and expeodite the
permitting process for forest health projects. CNRA
might identify ways lo improve current processes
without changes to statute or additional resources,
such as by directing departments to consult with
each olher during their permil review process and
to coordinate the conditions and reqguirements
they Impose on preject proponents. CNRA'S revicw
might also reveal that changss te current law or
regulations are needed to address existing permit
complications. For example, BGDC recently revised
its policies to allow for the placement of increased
ameunts of sediment aleng the shora of the

Sk Bay for prejects that will restore and enhance
Lthe natural habilat. Additicnally, GNRA should

loak at the degres to which additional funding
might be necessary to help expedite review and
implementation of coastal adaptation projects. The
agency should also evaluate the exampls of the

5k Bay Restoration Hegulatory Integration leam

Lo gee il similar praclices could and should be
replicaled in other regions of the slate.

The slale’s environmental permilling system is
designed to protect valuable public trust resources.
We are not recommending these impoertant
protections be repealed, removed, or ignored.
However, the current protracted review process
is both causing undue delays fer implementing
coaslal adaplalion prejects and inhibiling innovalive
approaches thal need o be lried and lesled.
Bocause the state has a vestod intorest in local
gevernments making progress in preparing for
SLH and avoiding potential damage—and in them
taking such action scon—we recommend reducing
regulalory obstacles hal currenlly prevent them
from doing so.

Implementing this recommendation will not
have any uplront cosls for Lhe slale. GNR,
review, however, could conclude that significantly
expeaditing permit review time lines would require
hiring additional state department staff. The
Legislature could then decide it a compelling case
exists that departments cannot implement CNRA's
suggesled changes wilhin exisling rescurces and
whether Lo provide additional funding Lo improve
permitting procossas
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Enhance Public Awareness of SLR
Risks and Impacts

Coaslal communities cile the lack of support
for—and, in some cases, direct resistance to—
coastal adaptation activities from the public and
lacally elected leaders as a key barrier to SLR
preparation. This is primarily due to a lack of
public awareness about coming threats and the
nead Lo address SLR. As such, we offer three
recommendalions for how Lthe slale can help build
such awarenoss

Require Coastal Flooding Disclosures for
Real Estate Transactions. VWe recommend the
Legislature adopl legislation requiring that the sale
of coastal properties in areas at risk of flooding
frorm SRL be accompanied by a "Vulherable
Coastal Property Statement.” This would help to
ensure that buyers are aware of the risks posed
by SRL and other coastal hazards. Instituting
such a requirement would be comparable to
the real estate disclosures currently required for
properties at risk of forest fires thauakes,
or other types of flooding. Recuiring this
infermation weould help spread awareness aboul
SLR ameng the public and allow Californians o
make informed decisions about the risk they are
assuming before purchasing coastal properties.

Implementing this recommendation would
necessitate the stale determining how to define
which areas —and encompassed properties —
should be designated as “vulnerable” and require
disclosures, Moreover, the state would have
Lo decide which time lines and assumplions lo
make in selecting from the many potential SLR
scenarios that scientists have developed. Several
tools exist that could be utilized to draw these
maps, including the Co8Mo8 system developed
by USGS Lhal incorporales coaslal erssion lrends.
We recommend Lhe Legislalure direcl OPG Lo
assemble a technical advisory committee to help
detormine the best approach for implementing
this recernmendation, including a precess for
how often the maps should be updated to reflect
updaled projeclions.

While uncertainty exists around the degree
and time line for SLR, this is no different from
the natural hazards for which the slale already
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roguires roal estate disclosures. The state has
alrcady determined that despite the inherent
uncertainty, alerting purchasers when a property
faces a potential risk of future damage from
carthquakes, fires, or floods is important public
policy, The same ralionale applies Lo polential—
and, in some areas, probable — coastal fleoding.
Indead, the case for coastal disclosures is
arguably even strenger since the certainty of
some amount of SLR ocouring is greater than
that associated with threats such as earthquakes,
We acknowledge that implementing this
recommendation has the potential to impact local
propetly lax revenues il such disclosures resull
in a reduction in the markel value of affecled
coastal propertics. Specitically, if a proporty sclls
for a lower price than it otherwise would have
because of the buyers’ heightened awareness of
SLR-related flocd risks, the local governments
would receive less local property tax revenue
than if it sold for a higher price. As noled earlier,
to the degrees local property tax revenues drep,
Lthis also could aflect the slale budgel. This is
becauss the California Constitution requires that
decreases in certain local property fax revenues
used to supporl lacal schools be backfilled by
the state’s General Fund. Despite these potential

implications, we belisve a strong case still exists
for the slale Lo acililale grealer public awareness
aboul the risks thal buyers are assuming when
purchasing certain coastal propertios. Moraover,
the value of properties that experience flooding
when sea levels reach higher levels will eventually
dearsase regardless of whether or not the state
requires disclosure warnings

Require That State-Funded Adaptation
Plans and Projects Include Robust Public
Engagement. |l lhe Legislalure opls Lo eslablish
new grant programs to support coastal adaptation
planning and projects at the regional and local
levels, we recommend it ensure public outreach
and engagement are key components of those
pregrams. Specifically, in the statutes it adepts
Lo creale lhese programs, we recommend
direcling implementing departments —such as
SGC and SCC - to include meaningful public
involvement requirements in the criteria they
develop for adaptation planning and projest
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granl programs. We also recommend requiring
that the administering departments validate

the adoquacy of the public engagement offorts
that were undertaken by grant recipients before
ap ing tinal plans and grant awards. That is,
final approval of plans and grants by the slale
should be contingent upon the grantee showing
ovidenao that it met state recquirements for public
cngagement.

Qulreach Lo and parlicipalion of Lhe
public will be essential to both regional and
single-jurisdiction planning processos to help
devslop socistal awareness about SLR and
climate risks and te build acceptance for the
adaplation sleps thal will be undertaken,
Moreover, lo ensure Lhe nesds of vulnerable
communitics are included and accurately reflected
in the plans and proposed prejects, undertaking
broad-based cutreach efforts in ceordination with
community-based organizations is important

Direct State Departments to Conduct Public
Awareness Campaign About Threats Posed by
SLA. We recommend the Legislalure direcl slale
deparlments Lo inlensily their ellorls Lo increase
public awarcness of the time lines, risks, and
optiens for addressing S R. This should includea
developing rescurces which local governments
can use in their own local public educatien efforts,
such as lemplates for social media campaigns,
posters and signs, and easily cuslomizable
inundation maps. While cortain state departments
have developed some resources
reporls, fact sheels, and webinars—most are not
widely disseminated and many are not particularly
user-friendly. For example, many documents
contain lechnical scienlific language and do not
clearly explain how SLR will affect Calitornia
residents’ daily lives in the coming years

such as

We believe Lhal slale-level ellorls Lo sducale
the public about SLR can help local governments
in soveral ways. Among the most important
polential benefits would be to help the public
better understand the potential risks associated

s
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with SLR and develep a sense of ehgagemaent

in and urgency for taking action. Not only could
this reduce the active public resistance that
same lacal governments are encountering in

their SLR preparation activities, it could foster an
almosphere of organized support and advocacy
for such eftorts. Moreover, greater awareness
could build encouragement for—and pressure
on—lecal officials to take action. Another key
advantage of undertaking such a campaign on a
statewide basis is that it would preclude the need
for sach individual coastal community to develop
such materials and strategies on its own, thereby
saving taxpayer money.

We recommend the Legislalure direct slate
departments to focus on increasing public
awarcness and disseminating information
within their existing resources by making it a
priority within their regular operations. This
could include BCDC, 5CC, and the Goastal
Commission dedicaling a small portion of the
annual funding that they receive from NCAA to
implement the federal Goaslal Management Acl
towards expanding public awarensss activities.
Additionally, OPC reports that it recently entered
a contract for roughly $200,000 to initiate a
public aw:
a positive stap in this effort. We recommend the
Legislalure requesl regular updales lrom OPG
on Lhe progress and perceived effecliveness of
this campaign and what additional stops might
be merited — including, petentially, expanding the
scepe and reach of this work, The Legislature can
then evaluats whether additional appropriations
mighl be meriled in the lulure Lo make these
efforls more widespread and efleclive. The "Save
Qur Water” wator conservation campaign that
the state underteok during the recont statowide
drought can serve as an example of this type
of effort, however that was a more expansive
and expensive iniliative than what we are
recommending here.

el

eness campaign about SLK, which is
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IMPLEMENTING RECOMMENDATIONS

Multiple Funding Options Available. Given
Lhe relatively limiled level of stale involvernent and
funding in supporting local coastal adaptation offorts
thus far, many of our recemmendeod actions
unsurprisingly —would result in additional costs. We
de not identify specific funding sources for sach
aclivity, lhe Legislalure has mulliple oplions upen
which it could rely.

Seme of the costs asscciated with our
recormmendalions could be signilicant, such as il
lhe slale opls Lo play a large role in supporling and
expanding implementation of coastal adaptation
projects. The state would neod to rely on funding
sources that can support significant —multimillion
dellar—levels of spending for such projects, such as
the General Fund or lhe Greenhouse Gas Reduction
Fund. Olher recornmended aclions, however,
encompass more modest steps that are intended to
halp support local governments in their preparation
sfforts. For these activities —such as supporting
regional climate collaborative groups or developing
a lemplate for underlaking economic analyses—
the Legislature also has the option of using
funding sources that are able to support smallar,
less costly axpenditures. Such sources include the
Environmental License Plate Fund, which provides
roughly $50 million annually from the sale of license
plates for environmental programs and projects. The
slale has used this fund Lo supporl some coaslal
activi in the: past. Additicnally, over 830 million
remaing unappropriated that voters authorized for
coastal restoration and adaptation activities via
Propesition &8, the 2018 natural resources bond.
The Legiskture could direct these resources for
implementing some of our recemmendations —
particularly for suppeorting adaptation projects. As
noted earlier, the Legislature is also conternplating
proposals Lo ask volers Lo approve a new general
obligation bond targeted for climate adaptation
activities, which would obligate future General Mund
dellars to repay the bond.

Both State and Locai Gevernments Could
Look o Alternative Funding Sources fo Support
Adaptation Activities. In acldition to the funding

Wi, |a0.ca. gov

sources upon which the stale has historically relied
for coastal activitios — the General Fund, gencral
abligation bonds, the Greenhouse Gas Reduction
Fund, and the Environmental License Plate Fund —
the Legislature sould also prioritize other existing
sources to increase support for coastal adaptation
aclivilies, For example, the Legislalure could direct
CallES to use a portion of the federal funds the
state ofton receives from FEMA through the Hazard
Mitigation Grant Program for these purposes. As
discussed earlier, the stale receives significant
amounts of these funds in years after it experiences
federally declared disasters. The Legislature
histerically has deferrad to CalOES on how to utllize
these funds, and with a few limited axceptions,
Lhus far the department has nol largeled coaslal

= as a priority area of focus,
islature could alse direct Caltrans and the
California Transportation Commission to place a
greater priority on SLR adaptation projects in its use
of trangportation funds aleng the coast.

Similarly, local governments likely also will need
te identify funding sources to suppart intensificed
climate adaptation offorts. This could include
designing adaptation projects that allow them to
take advantage of other available funding sources
such as those targeted for transportation, recreation,
or water system infrastructure maintenance and
replacement projects, For example, it a local
government already has plans to upgrade an aged
waler lreatment plant using rate-payer funding, it
could incorporats features that would make the
project more resilient to future 511, such as by
elevating or moving key components of the facility.

Local governments <ould also pass news taxes,
fees, or bonds at the local level. A few examples of
such slralegies have already been approved by local
votars. These include Measure AA in the nine-county
SF Bay Area fwhich imposed a new parcel tax to be
used for shorsline restoration projects), Proposition
A in the City of San Iranciscoe {which authorized
a $425 million local general obligation bond to
repair and improve the Embarcadero seawall), and
Measure W in Los Angeles (which imposed a parsel
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lax Lo ke used for slormwaler caplure projecls thal
improve water quality and may alse increase wator
supply in the face of climate change and increasod
droughts).

Larger Fiscal Context of Implementing
LAO Recommendations. ['or all of the state
funding scurces we have identified as options for
implamenting our resommendations —both large
and comparalively smaller—the Legislalure already
laces many compeling prierilies. Direcling lunding Lo
implement our recommended actions and support
local governments in thair coastal adaptation offorts
would mean less funding available from any of these
sources for other state expenditures. As with all its
budgelary decisions, the Legislature will have Lo
balance ils mulliple priorities. While spending on
coastal adaptation now to prevent higher disaster
response and recovery costs in the future makes
sense, this is not the only pressing issue facing the
state and its budgetary resources. For example,
the Legislature h Iso sel imporlant goals for
addressing housing and hornelessness, paying
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down unfunded pension obligations, and expanding
access to child care and health cara —all of which
could create pressures for additional state funding.
Moreover, multiple indicators suggest an economic
slowdown could be on the horizon, which would
conslrain slale revenues and lurther complicate the
Legislature's budget decisions. The same types of
fiscal trade-offs also exist at the local lovel.

We nole, howsver, the coming decade is a
key period for escalating the pace and scale of
adaptation progress. As discussed, taking action
soon will allow coastal cormmunities —and the
state—to be more strategic about phasing in
responses lo SLR, and Lo learn whal approaches
work besl before the risk of severe floeding
becomes imminent. We bolieve that this sense of
urgenay and the costly implications of failing te
adequately prepare for SLR merit consideration
of cur recommendations alongside other state
priorities, especially while the state s still in a strong
fiscal position.

Recommended Actions Represent Next Step
in What Will Be a Muitiyear, Multistage Process.
The overall goals of our recommendations are to
prompt more widespread progress in local coaslal
preparation efforts, We believe implementing our
recommended steps would help build partnerships
and capacity at the local level that will both extend
adaptation activities to more coastal communitics
and assisl Lhose Lhal are already engaged in
planning efforts to transition inte implementing
policies and projects. While these are incremental
steps that will not be sufficient to address all
the anticipated impacts of LR, they represent
prerequisites aleng the path te mors robust
slalewide preparalion. Specilically, in order Lo
adequalely address Lhe polential impacts of SLR
and avolid costly damade and disruption, local
governments must first establish collaborative
cross-jurisdictional relationships, strengthen their
knowledge base about which strategies waork {and
which do nol), and increase public awareness
aboul Lhe coming Lhreals. The Legislalure assisling
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them in these tasks in the near term will help lay
the groundwerk for local governments to tackle the
more difficult —and costly —decisions anc
future years as floodwalers beceme more imminent.
Given the scope of this report, we dovelopod
our recommendations specifically 1o expedite
coastal adaptation progress at the local level. Yet
we believe adopling our suggested aclions could
help facilitate stale-level adaptalion efferts as well.
Specifically, several of our recommendations alse
would benefit the state departments responsible for
preparing stale-owned assets —such as highways
and parks —for the impacts of climate change
and SLR. For example, state department actions
could be informed and improved by the experlise
heused within our proposed California Climate
Adaptation Center. Similarly, state departrments
that need te evaluate the potantial economic
impacts of SLR on stale assels could avoid
incurring some additional costs if they could rely
on a state-developed standardized methodology to
conduct such analyses.
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Additional Issues Will Need Legislative existing housing shortag
Attention in Future Years. This repert is meant cffective response will require thorough and
to be a preliminary step at looking at how the slrategic state-level planning and guidance.
Legislature can help address the specific slimate The Legislature may want to consider how
challenge of SLR. Additicnal astivities and to help local governments confront land use
investments will be needed as lal impacls decisions complicaled by SLR, including how
become more pressing and prevalent in the future. to facilitate and e ! o
We knowingly did not address cortain issues within whether to place restrictions on rebuilding after
this repart, cither because they were too complex a flood event, and how to support innovative
fer us to study in detail within our time frame or and resilient approaches to building and
because they fell outside of the ssepe we identified development.
for this report. In order for local governments and « Respanding to Changes in Insurance
lhe slale Lo effectively lackle the coming challenges Markets. As has started to coour in areas of
prt o by SLR and other climate risks, however, high wildfire risk, the cosl and availability of
lature will need to confront some of th properly insurance in coastal communities
difficult topics in the coming years. These include: likely will changa as the risk of SIR rolated
e i . flooding increases. The | egislature may want
¢ Clarifying Uncertamn Legal Questions. At e . 3 e .
X be o s Lo determine what role the state should play
some point, statutory clarification likely will be = = :
i te support California residents and business
needed lo address some unprecedented legal 5
f i ; owners when property nsurance becames
issues, These include guestions aboul when i I
= e A unattordatzlks or unavailable for some existing
and where seawalls can be built and fortified, 3
aiven the associated trade offs betweon props k .
protecting the assets behind them and the ¢ Ac_fdressmg Additional Lhmatefﬂeféfed
resulting erosion of nearby beaches. Risks and Challenges. Claarly, SR is not the
o Defining Statewide Priorities and .(m\y way that the cffocts of climate change will
o _ o impact California. The Legislature will alse need
Responsibilities. As threats become more g
o - ~ te determine how to prepare—and help local
pressing, the Legislature may want to set
% - " governments to prepare —for other challenges
slalewide priorilies and expeclalions lor 2
. i & e [ such as increases in intense heat evenls,
responding Lo SLR. For example, it will have . i e i
to waigh whether the state should step in to ¢ |-oug1 ; "_"N &, andinanciieading Trom
compel local jurisdictions to protect health 58 RIS
and safety and public resources if they fail to Further legislative involvernent in addressing these
adequately prepars for coastal floeding or i issuas will be important — particularly when statutory
they plan Lo implement actions thal will have changes are needed to clarify and resolve issues,
negative impacts on beaches, The Legislature offer guidance, or previde funding. The Legislature
may alse consider establishing statew has many avenues through which Lo engage in these
decision making guidelines for which types of Lepics, including holding policy and selecl commilles
resources and facilities should be protected heatings, propoesing and participating in robust
and which might have to be abandoned as sea deliberation aver legislation, and roguesting research
levels rise. and input from experts within state departments
& Rethinking How and Where We Build. As and universitiss. While the challenges facing the
water levels rise and areas of the st begin slale’s coaslline are daunling, the science is clear—
Lo experience regular flooding, it will constrain sed levels are rising. The impacts lhese coming
where new development can lake place, chan ultimately will have on Galifornia's residents,
and sorme existing propertics will have to be sconomy, and natural rescurces will depend directly
renovated o relocated. These challenges upen the actions that local governments and the
will be particularly difficult given the stale’s slale take lo prepare in the coming years.
Wi a0.ca.gov 41 LEGISLATIVE ANALYST'S OFFIGE
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What Has Changed Since the
2013 Update to the Guidance?

New policy context and expanded audience

State agencies were the target audience for the
earlier versions of this Guidance, which was initially
developed in 2010 and updated in 2013, However,
Execu tlve Sum ma ry over the past five years, there has been a multitude
of policy and |agislative directives and mandates
focused on improving climate adaptation and
resiliency in California at both the state and local
THE CLIMATE ACROSS CALIFORNIA is particularly vulnerable to sea-level rise caused level, including
s changing, and the effects, such as rising average by ice loss from Wi
ntain snowpack, more +  New scientific evidence has highlighted the
nd higher sea levels are expectad to

= Governor Brown's Executive Order B-30-15
directing state agencies to factor climate change
into their planning and investment decisions;

temperatures, shrinking r

ntense storms, vel rise.

continue and worsen in the coming decades. Sea-level + Probabilities of specific sea-level increases can - Senate Bill 379 (Jackson) requiring local
e TR ] S S f dacisions

se is caused by the tharmal expansion of warming [w orm decisior governments to incorporate climate adaptation and
ocean water and melting of land ice as the Earth = Current policy decisions are shaping our ¢coastal

resiliency strategias into their General Plans; and

= Senate Bill 248 (Wieckowski), which established
the Gowvernor's Office of Planning and Research's
Integrated Climate Adaptation and Resiliency
Program to coordinate local and state climate
adaptation strategies

warme. It is one of the most obvious manifestations future.
of the trend of cl|
and real threat to

te change and is an immediate + Waiting for scientific certainty is neither a safe
ives, livelihoods, transportation nor prudent option

economies, and the envirenment in California

The increased understanding of sea-level rise

n April 2017, catalyzed by direction fro anted

n Governor sheet loss wa

rojections and polar ic

Brown and tha naed to ensure that best available an update to the State’s sea-lavel rise guidance With this increased policy direction and improvad
science was informing sea-level rise planning document to ensure decisions were based on the understanding of possible impacts, the 2018
decisions in California, 2 Working Group of the best availabla science. Additionally, an increasad Guidance aims to respond to the neads for guidance
California Ocean Protection Council’s Science policy focus requiring state and local governmen that can help cities, counties and the State prepare
Advisory Team (OPC-SAT) released a report, entitled to incorporate climate change into decision making for, and adapt to, sea-level rise,

"Risin s in California; An Upd. r a-Level merited an update to address the needs of both state

Riga" Thea Rizing Seas Raport was preparad and and local audisnces.

pear-reviewed by some of the nation's foremost

experts in coastal processes, climate and sea-lavel This updated document, the "State of California
rise science, observational and modeling science, Leve Guidance" (Guidance), provides a = Scenario-based versus probabilistic sea-leval
ience-based methodology for state and rise projections. The 2013 version of the State's
vernmeants to analyze and assess the risks sea-level rise guidance provided scenario-

Significant advances in the scientific
understanding of sea-level rise.

the science of extrermes, and decision-making under
uncertainty The report synthesized the current

state of -level rise science, including advances associated with sea-level rise, and to incorporate based sea-level rise projections based on a

n rnodeling and improved understanding of the sea-level rise into their planning, permitting, and 2012 National Research Council report; these

processes that could drive extremne global sea-lavel nvestrnent decisions. This Guidance provides scenario-based projections were partially but

rise as a result of ice loss from the Greenland and not fully tied to specific emissions scenarios

Antarctic ice sheets The report found that Ll ik R e S R S presented in the Intergovernmental Panel on

5] 5= IR e tos e Caleniley Climate Change's Fourth Assessment Report and

+  Scientific understanding of sea-level rise is 2. A step-by-step approach for state agencies and do not include a likelihood of occurrence, Since
acvancing at a rapid pace ccal governments to evaluate those projections ‘the 2013 Guidance; theisciantific:community

«  Thedirection of sea-level change is clear; sea and related hazard information in decision has made significant progress in producing
levels are rising making, and probabilistic projections of futura sea level rise,

o  Therate of iceloss from the Graenland and 3. Preferred coastal adaptation approaches.

% and the team of scientists advising the Ocean
Antarctic ice sheets is increasing, and California
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Protection Council (OPC) on this Guidance
strongly recommended that decision-makers
use prababilistic projections to understand
and address potential sea-level rise impacts
and consequences. This updatad Guidance
thus incorporates probabilistic sea-level rise
projections, which associate a likelihaod of
accurrence {or probability) with sea-level rise
heights and rates, and are directly tied to a range
of emissions scenarios.

*  H++ scenario. The probabilistic projections
may underestimate the likelihood of extreme
sea-lavel rise (resulting from loss of the West
Antarctic ica sheeat), particularly under high
emissions scenarios. Therefore, the 2012 update
to the Guidance also includes an extrame
scenario called the H++ scenario. The probability
of this scenario is currently unknown, but its
consideration is important, particularly for high-
stakes, long-term decisions.

The science on sea-level rise will continue to evolve,
possibly significantly, in coming years. Continual
updates to our scientific understanding must be
expacted as observations and modals improve, and
as the environment continues to change. Plannars
should remain cognizant of this evolving picture,
while at the same time beginning to plan today
under this uncertainty. This Guidance is based on the
recognition that it is no longer appropriata to assume
a static environment in planning and decision making
and that communities can nonetheless effectively
plan and take action in such changing conditions

Extended stakeholder engagement in
Guidance development.

The 2018 update to the Guidance was developed by
OPC, in close coordination with a Policy Advisory
Committee with reprasentation from the California
Natural Resources Agency. the Governor's Office

of Planning and Research, and the California
Energy Commission. To improve coordination and
consistency in sea-level rise planning, OPC also
collaborated closely with state coastal management
agencies and other member agencies of the State's
Coastal and Ocean Working Group of California’s
Climate Action Team (CO-CAT). In addition, OPC,
with assistance from the Ocean Science Trust
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and engagement experts, solicited input from coastal stakeholders including local
governments, regional agencies, federal agencies, coastal consultants, environmental
groups, Tribes, and others to better understand the needs and concerns related to
planning for sea-leve| rise and related risks across the state,

Sea-level rise risk analysis and decision framework.

This Guidance provides a step-wise approach to help decision makers assess risk

by evaluating a range of sea-level rise projections and the impacts or consecquences
associated with these projections. Depanding on the finita factors of a proposad
project’s location and lifespan, decision makers can evaluate the potential impacts and
adaptive capacity of tha project across a spectrum of sea-leval rise projections. This
analysis will enable state agencies and local governments to incorporate the latest
sea-level rise projections and related hazard information to consider in different types
of decisions across California.

The following steps, outlined in the figure and in more detail below, provide a decision
framework to evaluate the consequences and risk tolerance of various planning
decisions. This framewaork should be used to guide selection of appropriate sea-

level rise projections, and, if nacessary, develop adaptation pathways that increase
resiliency to sea-level rise and include contingency plans if projections are exceeded or
prematurely reached:

>> STEP 1z / arest ti

>> STEP 2: Evaluate proj

>> STEP 3: For #

>> STEP 4: Evaluate potential impacts and adaptive capacity
range of sea-level rise projections and emissions scenarfos.
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Preferred Coastal Adaptation Planning
Approaches.

This Guidance expands the preferred coastal
adaptation planning approaches identified in CPC's
previous guidance, incorporating existing law,
expressad policy preferences by the Governor and
Legislature, and the goal of fostaring consistency
across coastal and ocean government agencies. The
following is @ summary of the new recommendations:

* Adaptation strategies should prioritize
protection of wvulnerakble communities and
take into consideration social equity and
environmental justice.

= Coastal habitats and public access should be
protected and preserved.

« Adaptation strategies should consider the
unique characteristics, constraints and values of
water-dependent infrastructure, ports and Public
Trust uses.

+  Acute increases in sea-level rise causad by
storm surges, El Nifio events, king tides, or large
waves should be considered. These events could
produce significantly higher water levels than
sea-level rise alone and will likely be the drivers
of the strongest impacts to coastal communities,
acosystems, and infrastructura.

+  {Cross-jurisdictional coordination and consistency
among permitting entities should be sought
in selecting sea-level rise projections, These
entities should also prioritize implementation
of consistent or complementary adaptation
strategies.

= Local conditions, including the diversity
of shoreline types, natural conditions, and
community characteristics, should be evaluated
to inform risk tolerance and adaptation decisions.

«  Adaptive capacity should be built into project
design and planning.

+ Risk assessment and adaptation planning efforts
should be conducted at community and regional
levels, when possible.
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Mapping Tools.

This Guidance also describes and providas links to
avariety of gecspatial and visualization taols to
assist decision makers in understanding the impacts
of sea-level rise. The document is accompanied by
alibrary and database of additional resources -
hosted on the State Adaptation Clearinghouse and
OPC’s website - to help visualize change, access
funding opportunities, gather policy and scientific
background related to specific jurisdictions, and
provide additional support to address a challenge

of this nature and magnitude. This library and
database will be released in mid-2018 when the State
Adaptation Clearinghouse is publicly launched.

How Often Will the State of
California Sea-Level Rise Guidance
be Updated?

Based on recommendations from OPC'’s Scientific
Working Group, OPC anticipates updating the
Guidance periodically, and at a minimum of avery five
years, toreflect the |atest scientific understanding
of climata change sea-laval rise in California. Rapid
advances in sea-level rise and climate science. and
subsequent release of relevant, pear-reviewed
studies from the Intergovernmental Panel on
Climate Change (IPCC), state and national climate
assessments, and ecuivalently recognized sources
may generate the nead for more frequent updates.
By incorporating periodic updatas at laast every five
years, this Guidance attempts to establish a strong
foundation for sea-lavel rise planning and decision
making at both local, regional, and statewide scales
that can be perpetuated in future updates to sea-
level rise projections.

In developing this Guidance, tha State took
intentional action to engage users and decision
makars to ensure that the scientific information and
policy direction was understandable and useful for
sea-lavel rise planning and adaptation efforts. Going
forward, OPC will continue to prioritize opportunities
for co-production of future decision-support
products by scientists, practitioners, and policy and
decision makers to further improve the translation of
sea-laval rise science into action.
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Introduction

The climate across California is changing,
and the effects, such as rising average
temperatures, shrinking mountain
snowpack, more intense storms, and
higher sea levels are expected to continue
and worsen in the coming decades.
Sea-level rise, caused by the thermal
expansion of warming ocean and melting
of land ice as the Earth warms, is one

of the most obvious manifestations

of the trend of climate change and is

an immediate and real threat to lives,
livelihoods, transportation, economies,
and the environment in California.

0-55
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The impacts of sea-lavel rise on California are
significant. The vast majority of Califo

via's

population lives in coastal counties and will directly
experience the effects of sea-level rise on homes,
roads, public services, and infrastructure More
fraquent and chronic flooding and erosion are
navitakle Inland populations are not immune. For
axample, Sacramento-San Joagquin River Delta
communities can expect to see inundation, saltwater
ntrusion, and transportation disruptions (for
people and goods); and even further from the San
Franciseo Bay and California coast, communities
will experience the far-reaching ripple effects of
coastal changes on lives and livelihoods. Californiz's
ocean economy - including tourism, recreation

and marine transportation - is the nation’s largest,
valued at over 344 billion per year This important
and lucrative sector will be directly disrupted by the
effects of sea-level rise Many of the facilities and
much of the infrastructure that support California’s

1. iow, Juith Colgan, Chares,and Jhaston, Pt “Coestaland O EonomicSummaresof the oastal
Srates.- pdte 20" atioral Ocean Ersnomics P Center e Bive Eonomy, Wil st
o It 1 Hoterr. 016 oy oml6
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acean economy. as well as the state’s many miles of
public beaches, lie within a few feet of the present
high-tide line and therefore are at risk from future
sea-leval rise and coastal storm events as a result of
a changing climate.

Bacause the threats cascade beyond the immeadiate
coastline, a proper and coordinated response and
clear guidance about how to plan and prepare for
change is crucial. California has exhibited strong and
global leadership across both climate adaptation
and mitigation. This Guidance seeks to bulld upon
that leadership by providing a bold science-based
methodology for state and local governments to
analyze and assess the risks associated with sea-
level rise. Catalyzad by direction from Governor
Brown in 2016, this Guidance document reflects
advances in sea-level rise science and addresses the
needs of state agencies and local governments as
they incorporate sea-level rise into their planning,
permitting, and investment dacisions.

State agencies wera the target audience for

the earlier versions of this Guidance, which was
initially developed in 2010 and updated in 2013,
However, over the past five years, there has been
a multitude of pelicy and legislative directives and
mandates focused on improving climate adaptation
and resiliency in California at bath the state and
local lavel, including: Governcr Brown's Exacutive
QOrder B- 30-15 directing state agencies to factor
climate change into their planning and investment
decisions; Senate Bill 379 (Jackson) requiring local
governments to incorporate climate adaptation and
resilisncy strategias inte their General Plans; and
Senate Bill 246 (\Wieckowski), which established
tha Governor's Office of Planning and Res2arch's
Integrated Climate Adaptation and Resiliency
Program (ICARP) to coordinate local and state
climate adaptation strategies.” Increased policy
direction and improved understanding of possible
impacts are driving the need for guidance that can
help cities, counties, and the State prepare for, and
adapt to, sea-level risa.
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In parallel with California’s leadership across the
climate change policy landscape, advances in
scientific understanding warranted an update to the
Guidance to ensure decisions were based on the best
available science.” These advances include improvad
sea-leve| rise modeling (namely, improved methods
for estimating probabilities of local sea-leval change)
and better understanding of potential ice loss fram
the Greenland and Antarctic ice sheets - and the
implications of this loss for both global average sea-
level rise and sea-level rise off the West Coast of the
Unitad States.

The 2018 update to the Guidance was daveloped
by OPC, in coordination with the California Natural
Rasources Agency, the Governor’s Office of
Planning and Research, and the California Energy
Commission. To ensure that the updated Guidance
was understandable and useful for local and state
decision making, the update process included
extensive public outreach, with interviews, listaning
sessions and public werkshops to solicit input from
local, regional, state and federal stakeholders, To
improve coordination and consistency in sea-level
tise planning, OPC also collaborated closely with
state coastal management agencies and other
member agencies of the State's Coastal and Ocean
Working Group of California’s Climate Action Team
(CO-CAT). See Appendix 1 for a full summary on the
Guidance development.

Purpese and Intended Use

The purposa of this Guidancea is to assist decision makers
at state and local levels in planning for, and making
decisions about, sea-level rise and related coastal
hazards in light of the current state of the science.

This Guidance aims to:

1. Synthesize - at a high level - the key findings
of the science report solicited in preparation
for this Guidance update, thereby establishing
what constitutes "tha bast available science,”
and outlining sea level projections and rates for
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California, for purposes of planning and decision
making by state and local governments;

2. Provide a step-by-step approach for state
agencies and local governments to incorporate
and adapt to the latest sea-laval rise projections
and related hazard information in different types
of decisions across California; and

3. Articulate OPC's preferred coastal adaptation
planning approaches in the context of existing
law, expressed policy preferences by the
Governor and the Legislature, and OPC's goal
to foster consistency across coastal and ocean
government agencies

This Guidance is consistent with OPC's commitments
to use the best available science in the management of
ocean resources. to employ a precautionary approach
in the face of scientific uncertainty and the potential
for significant harm, and to improve coordination
across government agencies in addressing the
complex challanges of climate change*

This statewide policy document is necessarily a
high-level framework that allows state agencies,
local authorities and other users to incorporate the
essential principles and recommeandations while
accommadating the diversity of processes and
decisions across agencies and authorities. It is not

a “how-to” guide but rather a guiding framework.
Thus, accompanying this policy Guidance is a library
and database of resources to help visualize change,
access funding opportunities, gather policy and
scientific background related to specific jurisdictions,
and in general provide additional support to address
a challenge of this nature and magnituds. This
database and library of resources will be available
on the State Adaptation Clearinghouse® in mid-2018,
as well as OPC's wabsite. It draws on an extensive
resource database developed pursuant to AB 2516,%
as well as additional resources compiled in response
to outreach conducted as part of the Guidance
update process

Planning, permitting, and investmeant dacisions
initiated after CPC's adoption of the 2012 Guidance
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should incorporate the updated analysis and
adaptation measures described below, Recognizing
the considerable time and resources necessary to
incorporate sea-level rise into planning processes,
planning or development projects currently
underway at the time of Guidance adoption should
complete those aeffarts while evaluating potential
adaptation pathways to prepare for projected
increases in sea-level rise contained herein. To the
extent possible, and where applicable, projects in the
scoping or early stages at the time of the Guidance
adoption should adjust sea-lavel rise projections

to incorporate the latest projections in order to
maximize a project’s lifatime and plan for a more
resilient coastline

Frequency of Future Updates

Based on recommendations from OPC'’s Scientific
Working Group, OPC anticipates updating the
Guidanee periodically, and at a minimum of every five
vears, to reflect the latest scientific understanding

of climate change driven sea-level rise in California.
Rapid advances in science and subsequent

release of ralevant, peer-raviewad studies from

the Intergavernmental Panel on Climate Change
({IPCC), state and national climate assessments, and
equivalently recognized sources may generate the
need for more frequent updates. By incorporating
periodic updates at least avery five years, this
Guidance attempts to establish a strong foundation
far sea-leval rise planning and decision making

at both local, regional, and statewide scales that

can bea perpetuated in future updatas to sea-leval
rise projections. Wherever possible, California is
integrating and aligning updates to the Guidance
with other State-mandated policy and assessment
afforts, such as the Governor’s Office of Planning and
Research's (CPR) Integrated Climate Adaptation and
Resiliency Program, the recammendations and next
steps of the Safeguarding California Plan, California’s
Fourth Climate Change Assessment, the Climate-
Safe Infrastructure Weorking Group, and various
guidance documents issued by the California Coastal
Commission and other regulatory agencies.
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COMMENT

0-55

5.2 Organizations

COMMENT

STATEOF CALIFORNIA SEA-LEVEL RISE GUIDAKCE

Guidance Implementation

This high-level Guidance was developed to help state and local governments analyz

the risks a
pathways and strategies that ensure community, regicnal, and stat
inthe face of rising seas. The updated projections and recommendations,

ciated with sea-level rise, and develop precautionary adaptation
ide resilience
hich fit

within a larger body of work assessing sea-level rise vulnerabilities and preparing

W

for future conditions, may be incorporated by state agencies into planning and

investment decisions. The Guidance may also be integrated into lacal government
planning and adaptation efforts through statutory, regulatory, and policy
mechanisms including, but not limited to: the Coastal Cormmission’s Local Coastal
Programs, the San Francisco Bay Conservation and Development Commissio

permitting proc and General Plans ug that must incl mate change

PCis committed

adaptation and resiliency strategies pursuant to Senate Bill 379. O

to continued outreach and collabe with stakeholders and agencie

re

effective implermentation of this ance
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Best Available Science to Support
Planning for Sea-Level Rise in California

Rising Seas In California: An Update
On Sea-Level Rise Science

n April 2017, at the request of CPC, a Working
Group of OPC’s Science Advisory Team (OPC-SAT)
released a report synthesizing the state of sea-
evel rise science entitled "Rising Seas in California
An Update on Sea-Level Science” (Rising Seas
Report)” The Rising Seas Report was prepared and
peer-reviewed by some of the nation's forermost
experts in coastal processes, climate and sea-level
rise science, observational and modeling science,
the science of extremes, and decision-rmaking
undler uncertainty. The Rising Seas Report, which
provicdes the scientific foundation for this update
to the Guidance, included advances in sea-level
rise medeling and improved understanding of the
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processes that could drive extreme global sea-
evel rise from ice loss from the Greenland and
Antarctic ice sheats This work, along with other
authotitative peer-reviewed science (as long as not
ess precautionary than the foundation set forth by
the Rising Seas Report) serve as the best available
science on which to base future planning and
investing decisions in California

Key findings from Rising Seas in California:
An Update on Sea-Level Rise Science

There are seven key findings from the Rising Seas

Report that provide a succinct summary statement

o»f and advancements

of the latest understanding
in sea-level rise science. The report providss the
foundation for state and local governments to make
dacisions associated with sea-level rise utilizing
timely, well-vetted scientific analysis. Its fundamental

messages, which are relied on throughout this

Guidance, are as follows:

1. Scientific understanding of sea-level rise
is advancing at a rapid pace.
Prajections of future sea-level rise, especially
under high emissions scenarios, have increased
substantially over the last few years, primarily
due to new and improved understanding of
mass loss from continental ice sheets. These
sea-laval rise projections will continue to change
as scientific understanding increases and as the
impacts of local, state, national and global policy
choices become manifest. New processes that
allow for rapid incorporation of new scientific
data and results into policy will enable state and
local agencies to proactively prepare.

N

The direction of sea-level change Is clear.
Coastal California is already experiencing the
early impacts of a rising sea level, including more
extensive coastal flooding during storms, periodic
tidal flooding, and increased coastal ercsion.

3. The rate of ice loss from the Greenland and
Antarctic Ice Sheets Is increasing
These ice sheats will socon become the primary
contributor to global sea-level rise, overtaking
the contributions from ocean thermal expansion
and melting mountain glaciers and ice caps.
Ice loss from Antarctica, and especially from
‘West Antarctica, causes higher sea-level rise in
California than the global average: for example, if
the loss of Wast Antarctic ice were to cause global
sea-level to rise by 1 foot, the associated sea-level
rise in California would be about 1.25 feet.

4, New scientific evidence has highlighted the
potential for extreme sea-level rise.
If greanhousa gas emissions continue unabatad,
key glaciclogical processas could cross
thresholds that lead to rapidly accelerating
and effectively irreversible ice loss. Aggressive
reductions in greenhcuse gas emissions may
substantially reduce but do not eliminate the
risk to California of extreme sea-level rise from
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Antarctic ice loss. Moreover, current observations
of Antarctic melt rates cannot rule out the
potential for extreme sea-level rise in the futura,
because the processes that could drive extreme
Antarctic Ice Sheet retreat later in the century
are different from the processes driving loss now.

Probabilities of specific sea-level increases

can inform decisions.

A 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
maost appropriate approach for use in a policy
setting. This report employs the framework of
Kopp et al. 2014 to project sea-evel rise for
three representative tide gauge locations along
the Pacific coastline: Crescent City in Northern
California, San Francisco in the Bay Area, and La
Jolla in Southern California. These projections
may underestimate the likelihood of extreme
sea-level rise, particularly under high-emissions
scenarios, so this report also includes an extreme
scenario called the H++ scenario. The probability
of this scenario is currently unknown, but its
consideration is important. particularly for high-
stakes, long-term decisions.

Current policy decisions are shaping our
coastal future

Before 2050, differances in sea-leval rise
proiections under different emissions scenarios
are minor but they diverge significantly

past mid-century. After 2050, sea-level

rise projecticns increasingly depend on the
trajectory of greenhouse gas emissions. For
axample, under the extrame H++ scanario rapid
ice sheet loss on Antarctica could drive rates of
sea-level rise in California above 50 mm/year (2
inches/year) by the and of the century, leading
to potential sea-lavel rise exceeding 10 faat.
This rate of sea-level rise would be about 30-40
times faster than the sea-level rise experienced
over the |ast century.
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7. Walting for sclentlfic certalnty Is nelther
a safe nor prudent option.
High confidence in projections of sea-level
rise over the next three decades can inform
preparedness effarts, adaptation actions and
hazard mitigation undertaken today, and prevent
much greater losses than will occur if action
is not taken. Consideration of high and even
extreme sea levels in decisions with implications
past 2050 is needed to safeguard the people and

resources of coastal California,

Global Greenhouse
Gas Emissions Scenarios

The pace and severity of sea-level rise will depend

on several factors, including - most importantly -

the pace and scale of global greenhouse gas (GHG)
emissions and the success of subsequent reduction
measures over this century. During the past five years,
the atmospheric greenhouse gas concentrations
have continued to increase. Since late 2015,
measurements of the atmospharic CO, concentration
have consistently exceeded 400 parts par million
(PPM). Recent concentrations are approximately

45% higher than the pre-industrial level, and about
2.5% higher than in 2012. Increases in CO, and cther
greenhouse gases have resulted in the Earth’s climate
system absorbing more energy than it is emitting
back to space. More than 920% of this excess heat

is baing capturad by the global ocean, leading to a
subsequent increase in sea surface temperatures and
ocean heat content. Rising temperaturas are melting
glaciers and ice sheets. Combined with the expansion
of seawater as it warms, these changes are causing
sea levels torise.

For this Guidance, the emissions scenarios includad
are tha same as those used by the Intergovernmental
Paneal on Climate Change's Fifth Assassment Report
(IPCC Fifth Assessment) and are called Representative
Concentration Pathways or RCPs, Thera are four
RCPs, named for the associated radiative forcing level,
in watts per scjuare meter, in 2100: RCP 8.5, 6.0, 4.5
and 2.6, Each RCP represents a family of possible
underlying socioeconomic conditions, policy options
and technclogical considerations, spanning from a
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|ow-end scenario (RCP 2.6) that requires significant
emissions reductions to a high-end, “business-as-
usual,” fossil-fuel-intensive emission scenario (RCP
8.5). For this Guidance, we focus on RCP 2.6 and RCP
8.5 to bound a range of potantial sea leval futures
based on GHG emissions trajectories

RCP 2 5, often referred to as a "business-as-usual”
scenario, is consistent with a future whera there

are few global efforts to limit or reduca emissions
Under RCP 8.5, global CO, emissions nearly double
between years 2015 and 2050. At the other end of
the spectrum. RCP 2.6 is an aggressive emissions
reduction scenario that assumas global greenhouse
gas emissions will be significantly curtailed. Under
this scenario, global CO, emissions decline by about
70% between 2015 and 2050, to zero by 2080, and
below zero thereafter. Though more aggressive, RCP
2.6 most closely corresponds to the aspirational
goals of the United Nations Framework Convention
on Climate Change (UNFCCC) 2015 Paris Agreement,
which calls for limiting global mean warming to less
than 2°C and achieving net-zero greenhouse gas
emissions in the second half of this century.

We include RCP 8.5 as an upper bound for California's
sea-level response projections because thus far, our
greenhouse gas emissions worldwide have continued
to follow the business-as-usual trajectory. Without

a significant and timely commitment to reducing
emissions across the globe, we will remain on this
dangerous trajectory. We include RCP 2.6 as a lower
bound because, although it will be challenging to
achieve, it is important that we align with California’s
ambitious greenhousa gas reduction efforts, California
has established emission reduction targets through
efforts such as Assembly Bill 32 (Global Warming
Solutions Act of 2008, which requires California to
reduce its GHG emissions to 1990 levels by 2020).°
Senate Bill 32 (which codifies a 2030 emissions
raduction target of 40% below 1290 levels),” and the
Under2 Coalition.”” Throughout this Guidance, we refer
to RCP 8.5 and RCP 2.6 as “high-emissions” and “low-
emissions” scenarios, respectively.
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Advances in Sea-Level Rise Modeling

The OPC Scientific Working Group extensively
analyzad different scientific approaches to
modeling sea-level rise. They ultimately concluded
that the best available approach today is the
comprehensive probability approach based on
Kopp et al. 2014, described below. Recognizing
that the comprehensive probability approach may
underestimate the likelihood of extreme sea-level
rise, particularly under high emission scenarios,
the Scientific Working Group also concluded

that the H++ extreme sea-level rise scenario in

tha Fourth National Climate Assessment should

be considered as well. A brief description of the
scientific approaches is described in part here, and in

significant detail in Rising Seas.

DISCUSSION OF
PROBABILISTIC PROJECTIONS

Probabilistic projections of sea-
leve| rise included in this Guidance,
based on Kopp et al. 2014 and the
Rising Seas Report, represent the
best available science. However,

it is important to understand how
these projections are developed
and recognize that they serve as

& guide for decision makers to
understand current knowledge
rather than as precise predictions of
future conditions. As with all climate
change projections, methodologies
will continue to evolve over time as
scientific knowledge and modeling
capakilities improve.

Bayeslan Probabllitles:
Scientffic statements about
the probability or likelihood of
differant futura pathways, such
as those made by probabilistic
sea-lavel rize projections or by
the Intergovernmental Panel on

5.2 Organizations
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One approach, commonly referred to as scenario-

based projections, focusas on providing scenarios

Climate Change, are examples of
Bayesian probabilities. Bayasian
probabilitiss are based upon a
synthesis of multiple lines of evidence
and represent an assessment of

the strength of the abservational,
medeling, and theoretical evidence

that span a range of possible futures, without
assessing the relative likelihood or probability

of those scenarios. Ancthar approach, called
probabilistic projections, focuses on estimating the
probability of diffarent levels of future sea-level
change, either by estimating a central projection with
an associated range or by attempting to estimate

a comprehensive probability distribution that also
estimates the likelihood of extreme "tail’ outcomes.
Probabilistic projections provide estimates of
probability distributions of possible future sea-level
rise outcomas, whearaas scanario-based projections
do not forecast future changes, but describe
plausible conditions that support decision making
under uncertainty.

lings of scientific svidenca but may
Under- or overestimate sea-level rise
contributions beyond 2050 and coulkl
lead to confusion if decision makers
are unclear about the difference
between Bayesian and frequentist
probabilities! Nonethaless,

supperting different future cutc
Probabilistic projections differ fram
‘requentist probabilities, as described
belowr.

Frequentist Probabilities:
Frequentist probabilities are basad
on the historical frequency of
oceUrrence, sUh as those commonly
seen in estimating disease rates or
determining flood risk. For example,
the 1% annual exceedance prebability
flood {or the 100-year flood) is

a flood of a level that historically
occurred in abaut 1in 100 years.

A Bayesian probabilistic framework
<an support improved decision
making and easily integrate new

ic projections represent
consensus an the best available
science for sea-level rise projections
through 2150. With continued
advances in sea-level rise scienca,
it is expected that probabilistic
projections will change in the future.
However, the evolving nature of se

level rise projections does not merit
taking a ‘wait and see’ approach.
Acting now is critical to safeguard the
people and resources of Califernia.
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Importantly, the scenario-based and probabilistic
approaches differ in how they represent the
dependence of future sea-level change on specific
greenhouse gas emission scenarios (RCPs)
Scenario-based projections are often informed by
greenhouse gas emissions scenarios but may not be
tied to specific RCPs and do not include a measure
of likelihood of occurrence. In contrast, probabilistic
projections estimate probability distributions
regarding sea-level rise under the various RCPs It is
important to note that probabilistic projections do
not provide actual probabilities of occurrence of sea-
level rise but provide probabilities that the ensemble
of climate models used to estimate contributions

of sea-level rise (from processes such as thermal
expansion, glacier and ice sheet mass balance,

and oceanographic conditions, among others) will
predict a certain amount of sea-level rise. As climate
science continues to evolve and modeals are updatad
in the future, the probability distribution of model
results - and the associated probabilities - are also
likely to change

The 2013 OPC Guidance was based on scenario-
based sea-level rise projections from the 2012
National Research Council report, which produced

a set of three scenarios (low, central, and high),

with greater weight given to the central scenario
Subsequently, in 2013, the IPCC Fifth Assessment
Report adopted a probakilistic approach and
produced estimates of the likely range of global sea-
level rise under different emission scenarios, where
‘likely’ covers the central 66% of the probability
distribution (i.e, the sea levels that fall within the
range created by the value that is 17% likely to occur
and the value that is 83% likely to occur). The IPCC
Fifth Assessment Report did not estimate sea-lavel
rise outside these central 66% probability ranges or
produce local projections for California.®

The IPCC Fifth Assessment served as a starting point
for further probabilistic modeling and represented
ashift away from scenario-based approaches
However, the absence of local projections and the
failure to account for estimated probabilities outside
the 86% range led Kopp et al 2014 to synthesize

12.See Rising Seas Feport, page 8
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several lines of evidence to estimate comprehensive
probability distributions for global mean sea level
and local relative sea level changes under different
amissions scenarios, In this approach, outputs from
process-basad models are combined with estimates
of contributions from the polar ice sheets derived
from an expert elicitation process.””

After considering a range of approaches, the CPC-
SAT Scientific Working Group concluded in the Rising
Seas Report that the comprehensive probabilistic
approach employed by Kopp et al. 2014 was most
appropriate for use in a policy setting in California.
Consequantly, for projections of sea-level risa other
than that associated with the West Antarctic ice melt
scenario, this Guidance adopts the comprehansive
probabilistic approach. Similar modeling methods
and frameworks have been utilized in cther states
and regions, including New York City™, New

Jersey", Oregon'®, regional groups in Washington
State”, and Boston'®. It is important to hote that

the comprehensive probabilistic approach may
underestimate the likelihood of axtrame sea-lavel
rise in the second half of this century and beyond,
particularly under high-amissions scenarios,”

To address the potential for extreme sea-level rise
as a rasult of ice loss from the West Antarctic lce
Sheet, this Guidance adopts the scientific approach
in the Rising Seas Report by incorporating an
extreme scenario—without an assigned probability—
that is based on more recent understanding of
Antarctic marine ice instability. lce loss from the
West Antarctic Ice Sheet has the potential to be

a key contributor to sea-lavel risa in California

in the coming decades. The CPC-5AT Scientific
Working Group concluded that the H++ extreme
sea-level rise scenario developad by Sweet et al,
2017 for the Fourth National Climate Assessment
should be considered alongside the Kopp et al.
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2014 comprehensive probability distributions for
the RCPs, Sweet et al. 2017 maintained a scenario-
based approach, but drew upon the Kopp et al. 2014
framework to localize projections and to discuss the
likelihood of scenarios under different emissions
pathways, Sweet et al, 2017 also developed an
“extreme” scenario, leading to 8.2 feet of global mean
sea-level rise in 2100 that is based on considerations
clerived from recent ice-sheet ohservations and new
model simulations from Deconto and Pollard 2016
and also other attempts in the literature to estimate
‘maximum physically plausible’ sea-level rise

Including consideration of this rapidly devaloping
science is critical given the important role of the
Antarctic lce Sheat in both local and global sea-
level rise projections. However, at this point, it is
difficult to estimate the probability that the H++
scenario will occur, and when the world may shift
to the H++ trajectory. Although sea-level rise is not
following the H++ scenario at this moment, this
scenario cannot be excluded for the second half
of this century given the potential for non-linear
acceleration of sea-level rise driven by positive
feedbacks of ice-sheet dynamics and the significant
consequances to California's coastlina,

The approach to sea-level rise projecticns for the
Guidance update is slightly more conservative than
California’s Fourth Climate Assessment, which

is currently underway and due out in fall 2018.
California's Fourth Climate Assessment directly
adopted the Antarctic projections of Deconto

and Pollard 2016, replacing in full the Antarctic
projections of Kopp et al.,, 2014, For the purposes

of use in policy guidance, the authors of the Rising
Seas Report chosa to include the H++ projactions

as a stand-alone scenario rathar than incorporating
ice sheet dynamics associated with this extreme into
the model ensemble used to generate probabilistic
projections. Because of the high level of uncertainty
associatad with physical processas that would trigger
the H++ scenario and the emerging nature of the
sclence, the authors felt the stand-alone scenario
application was more appropriate for planning and
permitting decisions at this time,
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Sea-Level Rise Projections for California

THE RISING SEAS REPORT PRESENTED
a range of sea-level rise projections for a subset

18 active yauges in California b

emission trajectories, acknowledging that projecte

sea-level rise has a significant range of variation

as a result of uncertainty in futu

greenhouse gas
emissions and their gecphysical effects, such as
the rate of land ice melt. Below are tables that build
din the Rising Se,

on these includ

Report for

projections over different time frames and emission
scenatios at the San Fran
details included for the San Francis

below can also be found for all 12 active tide gauges

tide gauge

along the California coast? in Appendix 3

The baseline for the s

level rise projections
presentad in the Rising Seas Report and this
Guidance is the year 20002 Projections begin at
203 tent with the 2013 Guidance; however,
the maximurn planning horizon has been extended

to 2150 to suppert precautionary planning and

1 making for projects with longer lifespans

20 v e ganges orations incluce: Crescent ity Horh St Eurehay, rena Cove, Poit Reyes,
San Francisco, Norserey, PortSan uis, Santa Berbare, Santa Nonus, Los Ageles,San Disgo and a oll
sex Appervix2for e

The pesr 2000 baseline  hased on the sverane refstive sea-lovel ise from 1991-2008,

How much sea-level rise will
California experience over
this century?

The following table provides probabilistic

projections for the height of sea

-level rise over

various timascales for RCP 2 € (low emissions) and
RCP 8 5 (high emissions), along with the extrame

sing

scenario and not

ic projection). These numbers do not
of EI Nifio, storms or other acute

sea-level rise. As discussedin more

detail below, before 205C fferences in sea

avel rise projections under differant emissions

cenarios are minor, and ¢
on the RCP 8.5 emission trajectory. Howev
beyond 2050, different em pathws
result in significantly different lev,

rise. Tharefore, this Gu

ently the world is

will

of sea-level

udes projections

nce in

only for a high greenhouse gas emissions sa

1o

ons for
ns scenarios from 2050

through 2050, and includes projec

high and low e
through 2150
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TABLE 1: Projected Sea-Level Rise (in feet) for San Francisco

Prebabilistic prejections for the height of sea-level rise shown below, along vith the H++ sconaric
(depicted in biue in the far right column), as seen in the Rising Seas Report. The H++ projection is
a single scenario and does not have an associated likelirood of occurrence as do the probabilistic
projections. Probabilistic projections are #ith Fespect to a baseiine of the year 2000, or more
specifically the average relative sea fevel over 1991 - 2009, High emissions represents RCP 8.5;
Jow emissions represents RCP 2.6, Recommended projections for use in low, medium-high and
exireme risk aversion decisions are outlined in biue boxes below.

50% probabiiliy ohability 5% probability 0.5% probrablify
5 leved rise meets vel rise sea fevel rise meets | sealevel rise meets
OF BXCeeds, s hefween. or exceeds,. OF BXCeRdS.
—
e
i) 0.4 0.5 - 0.5 0.6 oe 10
V4[] 06 0.5 - oe 1.0 1.3 e
| 0.9 (s} 11 14 19 27
6 Il 1O I 06 13 1.6 24
i | 1 | 08 - 1.5 1.8 26 39
10 | 11 * 1.5 1.9
070 1.4 = 1.2 2.4 52
13 1.2 2.5 39
| 1.7 1.2 24 3.0 4.5 6.6
[ 1.4 1.0 &y 28 a7
2 21 1.4 ¥ 29 36 5.6 B3
1.6 [ 10 2.4 X2 87
&5 16 - 54 44 5.9 10.2
|l 17 1.2 =, 28 54 6.5
i 26 1.2 35 45 73 na
1 | 1.9 1.2 28 5.5 | 74
| 3 2.2 41 52 14.2
1 1 21 1737 - 31 4.4 8.5
2.4 - 45 6.0 10.0 16.6
' 15 - EX 49 97
Mo | 26 5.2 68 121
| 2.4 R 3 55 i
4.1 | 28 % L8 57 219

*Most of the available climate model experiments do not extend beyond 2100, The resulting
reduction in model availabiiity causes a small dip in profections between 2100 and 2110, as weli as
3 SIft in UNcortainty estimates (soe Kopp etal. 2014). Use of 2110 projections shouid be done with

caution and with ackno wledgemant of increased uncertainty around these projections.
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When is sea-level rise going to exceed a particular
height in Califernia?

In addition to understanding the potential range of sea-level rise projections as
presentad in the table above, it may be helpful for decision makers to understand
when a particular level is projected to occur. The following table provides
information on the likelihood that sea-level rise will meet or exceed a specific height
over various timescales. However, the H++ scenario is not included in this table.
Again, this information is presented for a high-emissions scenario through 2050
and both low- and high-emissions scenarios post-2050. It is impaortant to note that
episodic events, such as king tides, storms, El Nifios, and waves may cause acute
increases in sea level heights socner than is shown in Table 2 below,

TABLE 2: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet} in San Francisco

Estimated probabfiities that sea-levef rise wiil meet or exceed a partictiar height are based on
Kopp et al. 2014, Al heights are with respect to 2 1991 - 2009 baseline; values refer to 2 19-year
average centered on the specified year. Areas shaded in grey have less than a 0.7% probabiiity of
occurrence. Values belovr are based on projections; for low (RCP2.6) the
starting year is 2060 as we are currently on a high emissions (RCP & 5) trajectory through 2050;
the H++ scenario is not included in this table.

SAN FRANCISCO - High emissions (RCP 8.5)

Probability that sea-level rise will meel o excesd, (excludes Hr+)

65% 3% 02% 0%
02% 0%

080 | 3% 34% 5% 09%  03%  01%  01%

0% | 96%  55% 4% 3% 09% 03% 02% 0% 0%
00 | 96%  TO%  78% 8% 3% Ph 05%  03%  02%  0I%
W50 | Wo% D% T9%  GI% 78%  15% % 4% 3% 2%

SAN FRANCISCO - Low emissions (RCP 2.6)

Probabifity that sea-level rise will meel o exceed. (exciudes Hi+)

207¢ 62% 4% 06%  02% 0%

74% n% 2% 04%  02%  01%
80%  20% 3% 0% 04%  02% 0% 01%
100 | sd% 3% 7% 2% 08% 04% 02%  O01% 0%
150 93%  62% A% 1% % 4% 2% 2% 1% 1%
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What will the rate of sea-level rise be in California?

The rate at which sea levels will rise can help inform the planning and
implamentation timelines of state and local adaptation efforts. Rates of sea-level
rise are also important to consider when evaluating the ability of natural and
restored coastal habitats to adapt to rising seas. In some cases, sea-level rise may
exceed the rate at which habitats, such as coastal wetlands, can accrete sediment,
migrate inland or to adjacent neighboring low-lying areas, resulting in flooding
and loss and dastruction of these important ecological systems. Undaerstanding
the speed at which sea level is rising can provide context for planning decisions
and establish thresholds for action to better protect habitats and their ecological
and resiliency benefits. The information in the table listed below is presented for a
high-emissions scenario through 2050 and both low- and high-emissions scenarios
post-2050.

TABLE 3: Projected Average Rate of Sea-Level Rise (mm/year)
for San Francisco

Probabifistic projections for tho ratos of soa-lovel rise shown beioa, along with the H++ sconario
(@epicted in bive in the far right column). Values are presented in this table as mm/ir, as opposed
to feel as in the previous two tanfes, to avoid reporting vaiues fn fractions of an inch. The H++
projection is a single scenario and docs not have an asseciated fikelihoed of cccurrence as de the
probabilistic projections. Probabifistic projections are with respect to a baseline of the year 2000,
or more specifically the average relative sea level over 1997 - 2009, High emissions represents
RCP 8.5, low emissions represents RCP 2.6. For fow emissions (RCP 2.6) the starting year is 2060
as we are currently on a high emissions (RCP 8.5 trajectory through 2050.

et al 2014)

50% probability robabilicy 5% probability 0.5% probability
jeved rise sea-ievel ise meets | sea-level rise meets
is beiweer. or exceds of excesds
Low " "
a Medium - High
Risk 1 ]
i Risk Aversion Risk Aversion
67 4.5 - 23 12 7 26
i 2060-2 5.3 21 8.2 12 92
missions  2060-208 95 | 64 - 13 7 28 4z
ssians 2080 5.2 23 - 91 4 28
mission: 2080-210 n G.0 - 15 22 37 =
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Guidance on How to

Select Sea-Level Rise Projections

SELECT SEA-LEVEL RISE PROJECTIONS
BY TAKING A STEP-WISE APPROACH
AND CONSIDERING A SUITE OF
FACTORS AND CONDITIONS.

This Guidance surnmarizes the best available sea-
evel rise science, which includes prebabilistic
projections, an extrems scenario, and a recognition
that these projecticns may change in the future
Although sea-level projections may change in the
future, when used as part of the risk managemeant
process outlined in this Guidancs, they pravide
vital information for adaptation actions and hazard
mitigation undertaken today. Decisions about
which sea-level rise projections to select - and the
necessary adaptation pathways and contingency
plans to ensure resilience - will be based on factors
ncluding location, lifespan of the given project or
asset, sea-level rise exposure and associated impacts,
adaptive capacity, and risk tolerance/aversion

An adaptation pathway is a planning approach
addrassing the uncertainty and challanges of climate
change decision-making. It enables consideration of
multiple possible futures, and allows analysis of the
robustness and flexibility of various cptions across
those multiple futures 3

Adaptive capacity is the ability of a systemor
community to evolve in response to, or cope with

the impacts of sea-level rise 24 Assets or natura
resources with high adaptive capacity will likely have
greater flaxibility and potential to withstand rising

ity may be inherent to the
asset, or ¢an be improved through forward-locking
elanning or design (for exarmple, including sufficient
physical space to allow for buffering effects or inland

sea levels Adaptive cap,

23 South West Climate Change Portal.C I i

it e el matechange com s/ h_pogessaptation_petha s phy

24, Willows Bl Rk Cormeleds.) 2003 Clmate Adaptation: Risk, Uncerbinty and Leciscomaking. IN1P
Technica | Regort. Oxore: IHCIP. 154 pp. it w.ubci o1 ok fwo rdpresswp-content PP IIP-RE
framewark.pst
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migration of habitats, or designing a structure that
can be easily relocated). Adaptive capacity is also

a function of the innate characteristics of a system
2.9, a community that is chronically under-resourced
may develop effective aclaptation strategies but

will likaly still be at a disadvantage comparad to
communities with more resources for advanced
planning and implermantation

Risk tolerance is the level of comfort associated with
the cansequences of sea-level rise and associated
hazards in project planning and design.® Risk
aversion is the strong inclination to avoid taking
risks in the face of uncertainty. State and local
governrnents should consider the risks associated
with various sea-level rise projections and determine
theair tolerance for, or avarsion to, those risks

Asgsessing risk requires evaluation of two dimensions
Ty uncertainty, which can be analyzed and assessed
using a range of sea-level rise projections, and

2) impacts or consequences, which may require

a combination of quantitative and qualitative
assessments. The step-wise approach we provide
guides decision makers through both dimensions

of the risk analysis. Depending on the finite factors
of location and project lifespan, decision makers

will evaluate the potential impacts and adaptive
capacity of the project across a spectrum of sea-
evel rise projections. This analysis will enable the
decision maker to select the appropriate projection
for the particular project while building in adaptation
pathways and contingency plans should that
projection be exceadsd. These steps complement
other State guidance documents that provide a step-
wise approach to the analysis nesded to incorporate
sea-level rise into planning and decision making, such
as the California Coastal Commission’s Sea Level Rise
Policy Guidance? and Draft Residential Adaptation
Policy Guidance.?

25 Parrs P RRomir. Y Rureft, DCaran, N et | Hal.F Haron, K KA, Mess. ) Oberscker, A
Sallenger, ¥eis. 202 Ghtz forthe Wk
HemaDAR PO 37 pp. ity stesnrios lotnlcharge gov/sies/defohFfles HOAA_SIR_i3_0 p

. o ) bull_hdopied Ses_level fise_

Pelicy_Guidance pd
7. hvugs fdoumants. wast | gowrepos/20THBwh/wEh-B-201T-exhitit. pdf page=2
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The following steps, outlined in the figure and in more detail below,
provide a decision framework to evaluate the consequences and risk
tolerance of various planning decisions, and should be used to guide
selection of appropriate sea-level rise projections, and, if necessary,
develop adaptation pathways that increase resiliency to sea-level rise
and include contingency plans if projections are exceaded:

>>STEP 1: /

>> STEP 2; Evaluate pi

>> STEP 3:

>> STEP 4: Evaluate polential impacts and adaptive capacity across a
range of sea-level rise projections and emissions scenarios.

>>STEP 1:

Sea levels and rates of sea-level rise will vary
along the California coast dua to variable land
elevations resulting from factors such as tectonic
activity and subsidence. This difference between
the height of the sea surface and the height of the
land is called relative sea level. and the National
Oceanic and Atmospheric Administration (NOAA)
provides a summary of the trends in the measured
relative sea lavel at 12 active tide gauges (water
lewel recorders) in California that have been
operating for at least 39 vears and up to 162
years.??! For localized sea-lavel rise projections,
relative trends in sea |level from changes in land
elevation should be factored into the analysis.
Therefore, of the 12 tide gauges across California,
start by identifying the tide gauge nearest to the
project location, in Appendix 2, This step will orient
the user to the appropriate projection table. If

the project is located in an area hetween two tide
gauges, refer to Appendix 2 to determine which
tidle gauge is closest to your location. If the project
is nearly equidistant between two tide gauges, it
is apprapriate to interpolate batween or average
the two tide gauges. The 12 active tide gauges
along the California coast cannot account for
spacific local variation across tha entire shoreline
of the state; however, data driven projections using
information from these tide gauges provides the
most scientifically rigorous approach to estimating
localized sea-lavel rise projections. If additional
scientific data is available, it may be evaluated and
considerad in local planning decisions,

26 s udessnteurents nves g
£, See A1 Seas Report, B 4, page

el
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>> 8TEP 2: Evaluate project lifespan.

Prior to 2050, differences in sea-level rise
projactions under diffarent emissions scenarios

are minor. This is because near-term sea-level

rise has been locked in by past greenhousea gas
emissions and the slow response times of the ocean
and land ice to warming. The long-lived nature of
most greenhouse gases means that their impacts
on the environment are felt and experienced long
after being emitted. Comparatively, after 2050,
sea-level rise projections increasingly depend on
the pathway of future greenhouse gas emissions.
Therefore, this Guidance only includes sea-level rise
projections based on a high scenario of greenhouse
gas emissions (RCP 8.5, “high emissions”) through
2050, and includes projections for both the RCP
2.6 "low-emissions” scenario as well as the RCP
8.5, "high-emissions” scenario after 2050 through
2150. The Guidance also includes an extreme sea-
level rise scenario, the H++ scenario, which is not
tied to a specific emissions trajectory but should

be considered for projects with a lifespan bhayond
2050 that have a low tolerance for risk, such as
large power plants, major airports and roads,
wastewater treatment plants, and hazardous waste
and toxic storage sites, Tha H++ scenaric may also
be relavant to communities considering regional

or general plans, climate action plans, local hazard
mitigation plans, regional transpartation plans,

and other planning efforts, due to the interralated
nature of critical infrastructure, homes, businesses,
etc. Determining project lifespan will guide whether
to avaluate sea-level rise projections for the high-
emissions scenario only (in the case of projects
with a lifespan that ends before 2050) or across
the range of high- and low-amissions scenarios for
projects with a lifespan beyond 2050.
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JUSTIFICATION FCR RECOMMENDED
LOW, MEDIUM-HIGH AND EXTREME
RISK AVERSION PROJECTIONS

This guidance document will inform a breacith of
planning and adaptation decisions at both the
state and local level. As such, it provides high-
level guidance on the appropriate range of sea-
level rise projections to be considerad in project
planning and design, while providing enough
flexibility to allow for local priorities and trace-
offs to cletermine final decisions. To ensure that
consicleration of sea-level rise is precautionary
enough to safaguard the people and resources
of California and that sufficient adaptation
pathways and contingency plans are developed,
we recommend that decisions evaluate a range
of prajections based on low, medium-high anc
axtreme levels of risk aversion:

Ji for with low risk
Use the upper value of the "likely range” for the
appropriate timeframe. This recommendation
is fairly risk tolarant, as it represents an
approximatsly 17% chance o being overtopped,
and as such, provides an appropriate projection
for adaptive, lower consequence decisions (2.9,
unpaved coastal traily but will not adequately
address high impact, low probability events,
Additionally, it is impartant to note that the
probabilistic projections may underestimate the
likelihood of extreme sea-leval rise, particularly
undler high-emissions scenarios.

Projection for decisions with medium - high
risk aversion: Use the 1-in-200 chance for the
appropriate time‘rame. The likelinood that sea-
level rise will meet or exceed this value is low,

p a precautionary proj that can be
used for less adaptive, more vulnerabkle projects
or populations that will experience madium to
high consequances as a result of underestimating
sea-level rise (e.gl. coastal housing development).
Again, this valus may underestimate the potential
for extreme sea-level rise,

Projection for decisions with extreme

risk aversion: Use the H++ scenario for the
appropriate timeframe. For high conseguanca
projects with a design life beyond 2050 that
have little to no adaptive capacity, would be
irreversibly destrayed or significantly costly

to relocats/rapair, or would have considarable
public health, public safety, or enviranmental
impacts should this level of sea-level rise occur,
the H++ extrame scanario should be included in
planning and adaptation strategies (e.g. coastal
power plant). Althaugh estimating the likelihood
of the H++ scenario s not possible at this time
(due to advancing science and the uncertainty
af future emissions trajectery). the extreme sea-
level rise projection Is physically plausible and
will provide an understanding of the implications
of a werst-case scenario,

STATE OF CALIFGRNIA SEA-LEVEL RISE GUIDANCE

Considering a range of different sea-level rise projections
allows decision makers to evaluate the vulnerability of people,
natural resources and infrastructure undar various future
flooding conditions, as well as their leval of comfort with over-
or underestimating sea-level rise. Because future projections

of sea-level rise along California’s coastline are uncertain (due
to uncertainty associated with modeling and tha trajectory of
global emissions), it is critical to consider a range of projections
to understand the consequences of various decisions, determine
the tolarance for risk associated with those dacisions, and to
inform adaptation strategies necessary to prepare for change

in the face of uncertainty. Wa recommeand using a set of
projections appropriate for low, medium-high and extreme levels
of risk aversion to evaluate a spectrum of potential impacts,
consequences and responses. (See adjacent call-out box for
justification on the recommended projections.)

For the low risk aversion sea-level rise projection, use the upper
end in the “likely ranga” as shown in Table 1 above or in Appendix 3.
For the medium-high risk aversion sea-level rise projection, use the
1-in-200 chance projection. For highly vulnerable or critical assets
that have a lifespan beyond 2050 and would result in significant
consequences if damaged, the H++ scenario (extreme risk aversion
projection) should also be included in planning analyses. For
example, for a project in San Francisco with a lifespan to 2050
under a high-amissions scanario (RCF 8.5), the recommended
range of projections from Table 1 are:

Low risk aversion projection: 1.1 feat
Medlum-high risk aversion projection: 1.9 feet
Extreme risk aversion projection: 2.7 feat

For projects with a lifespan beyond 2050, the range of low.
medium-high and extreme risk aversion projections should be
avaluated across the range of high and low emissions scenarios
(RCP 8.5 and RCP 2.6, respeactivaly). For example. for a project
with a lifespan te 2100, the recommended range of projections
from Table 1 are:

Low risk aversion projection: 2.4 - 3.4 feet
Medium-high risk aversion projection: 5.7-6.9 feat
Extreme risk aversion projection: 10.2 feet
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>> STEP 4; Evaluate potential impacts and adaptive capacity acioss a

range of sea level rise projections and emissions scenarios.

After the appropriate low, medium-high, and extreme risk aversion projections
have been identified based on location and timespan, the next step is to conduct
a vulnerability assessment to evaluate the potential impacts of sea-level rise on
the project and the project’s adaptive capacity. This can be done using the sea-
level rise mapping tools discussed later in this Guidance. In analyzing impacts and
adaptive capacity, considar tha following questions for each identified sea-laval
rise projection, which mirror components outlined in OPR’s risk management
approach of the Governor's Office of Planning and Research’s "Planning and
Investing for a Resilient California: A Guidekook for State Agencies®®™

Consequence of potential Impacts: If sea-level rise is not addressed adequately,
will the consequences of the project on equity, environment, economy and
governance (both to the development itself and to the surrounding environment
and community) be minimal, moderate. or catastrophic?

What Is at stake: Will vulnerable communities, coastal habitats, or critical
infrastructure be significantly impacted?

Adaptive capacity: Can people, natural systems, and infrastructure readily
respond or adapt to rising sea levals?

Economic impacts: Will failure to adequately plan for sea-level rise create
significant economic burden now or in the future?

Evaluating thase factors will help dacision makers understand the vulnarabilities

of people, assets and the natural environment under a range of sea-level rise
possibilities and detarmine their tolerance for tha risks associated with tha
consequences of over- or underestimating sea-level rise. This approach aligns

with ongoing efforts throughout the state to complete vulnerability assessments,
including the California Coastal Commission’s Statawide Sea Level Rise Vulnerability
Synthesis.” OPC recognizes that that the social, economic and environmental
impacts of sea-level rise at different levels of exposure may be difficult to quantify
and qualify, and ultimate decisions will require a balance of tradeoffs and pricrities
that may not be consistent across communities or jurisdictions.

30 LS fopy. 8 ovTpiaIng feni-ge il
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>> STEP 5:

b, fon F

‘OPC recommends utilizing a decision framework
to assist in evaluating tradeoffs and determining
the appropriate sea-level rise projections for the
condition and characteristics of the shoreline
being evaluated. The decision framework in
Appendix 4 builds on the work of OPR in response
to Governor Brown's Exacutive Crder B-30-15,

as well as the U.S, Climate Resilience Toolkit's
guidance.’? In genaral, decision makers may have
a higher tolerance for risk (or lower risk aversion)
when considering projects with a shorter lifespan,
minimal consequences, flexibility to adapt, or low
aconomic burden as a result of sea-level rise. In this
decision context, it may be approptiate to select
low sea-level rise projections across the range

of RCP 2.6 and 8.5. Howevar, for longer lasting
projects with less adaptive capacity and madium
to high consaqueances should sea-level rise he
underestimated, we suggest that decision makers
take the more precautionary, more risk-averse
approach of using the medium-high sea-level rise
projections across the range of emissions scenarios.
We further recommeand incorporating the H++
scenario in planning and adaptation strategies

for projects that could result in threats to public
health and safety, natural resources and critical
infrastructure, should extreme sea-level rise occur.

In addition to selecting sea-level rise projections,
coastal communities should consider phasing in
short and leng-term adaptation strategies over time
whan planning for sea-lavel rise. This concept of
adaptation pathways considers the challenges of
planning for uncertain timing and extent of rising
sea levels while providing a structure for sequencing
adaptation measures using the time horizon of
projected hazards from a changing climate. The
adaptation pathway approach links the choice of

Ll e sosiapisitoastalfiza ew
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near-term adaptation actions with identification of
pre-determined threshold events. Observation of
such threshold events would trigger subsequent
acticns in the planning or implementation stages of
adaptation strategies. Often an adaptation pathway
includes low-ragrat, near-term actions that presarve
future options to adjust if necessary. Chservable
events that might trigger new phases of adaptation
might include the extent of flooding, frequency of
damage, or the extent of economic development
along the coast. Thesa triggers should reflect a
community's risk tolerance, local conditions, and
adaptation vision.

Communities should look for signs that some
adaptation options have run their course and
plan adaptation pathways to transition actions as
needed. Analyzing a worst-case "high” projection
for the planning horizon of the project provides a
consarvative upper bound for planning pathways
based on current information. Following this
approach, which is used in other recent sea-level

rise guidance documents**** and cited in more
3

recent policy writing a community or project
might consider an adaptive plan, which includes
contingency responses if climate hazards occurs
more quickly than expected. The adaptive plan need
not choose between future options now, but would
include steps to keep future options open. For
instance, the plan could include identifying a future
inland site and zoning the land so that it would

be available in the future if needed. This trigger-
based adaptation planning is discussed further in
Recommendation 7 below.
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Recommendations for Sea-Level Rise
Planning and Adaptation

The step-wise approach above
provides guidance on how to select
sea-level rise projections by evaluating
risk and vulnerability. The following
recommendations provide guidance
on preferrad sea-leval rise planning
and adaptation approaches, with an
understanding that the diversity of
communities, uses, and natural resources
along California's coastline, as well as
planning for new development versus
existing structures, may merit different
approaches to building resilience.

1. Adaptation planning and strategies should
priotitize social equity, enviranmental justice and

the needs of vulnerable communities

Communities of celor, low-income communities,
and Mative Mations have be and will continue
w be, disproportionately overburdensad by

pollution and climate change Sea-le
add to thase burdens. Impacts such as increased

flooding, danac

el rise will

to homes and roads, disruption
o public transportation, elevated exposure to toxic
materials, and destri on of coastal sacred plac
and cultural sites will unduly affect vulnerab
cormnmunities. These impsz n manifest
complete community

displacement, loss of places
of ancient and contemporary cultural and historic
significance, loss of personal property, worsenad
health, reduced or lost wages, and loss of free or
affordable public access to the coast. Vulnerzhbla
communities may lack financial or other resources
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to plan for sea-level rise as well as the ability to
adequately respond to impacts once thay occur,

Sea-level rise planning that pricritizes social equity,
environmental justice and protection of the lives
and property of vulnerable communities should
include early public engagemeant of thase who will
be directly or indirectly affected by rising sea levels,
a focused characterization of impacts on exposed
populations and communities dependent on eritical

assets threatened by sea-level rise, and identification

of specific adaptation strategies to minimize or
mitigate these impacts. Engaging communities
that face existing inequalities already (or will face
unequal distribution of sea-level rise impacts) early
in the planning proceass will ensure that vulnarability
assessments and adaptation strategies accurately
reflect their risk, needs and priorities. State and
local governments should also prioritize technical
support and funding opportunities for planning
and adaptation efforts of vulnerable and Native
communities. Incorperating social equity and
anvironmental justice in sea-level rise planning and
adaptation strategies should

* Address environmental contamination risks
for coastal communities adjacent to industry
or toxic sites. Coastal environmental justice
communities tend to have fewer beachfront
homes at risk of inundation, but are often
separated from the coast by strips of industrial
facilities, ports and military installations
Sea-laval rise thraatens job sites for local
residents, risks spreading contamination
from cleanup sites, and can damage critical
energy, transportation or other infrastructure.
Prioritizing cleanup of sites threatenad by sea-
lavel rise can prevent toxic contamination from
spreading into nearby communities,

* Preserve access to and along the beach.
Protacting natural coastlines preserves
affordable cutdoor recreation access for
communities that often lack parks or other
sources of green space and face existing
health disparities. While many coastal cities in
California include expensive baachfront homeas,
the coast is used regularly for recraation by
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thousands of working class residents who are
visiting or live nearby. Sea-level rise planning
and adaptation strategies should pratect public
access to and along the beach to maximize free
or affordable use of the coast for tha benefit of
all Californians,

Prevent displacement by ensuring that
investments in coastal resilience protect local
Jobs and housing costs. In climate adaptation
policies, it is important to understand the
economic ties between vulnerable communities
and polluting industries along their coasts,

and how to build environmeantally haalthy

and economically vibrant communities
Deindustrialization of coastal areas and
restoration of natural coastal habitats can result
in major environmental banefits, but also job
losses and rent increases for the very same
communities who are intended to be protected
by these natural buffers. Coastal resilience
investments should provide ecanomic benefits
for adjacent working-class communities,
including anti-displacement housing policies
and local jobs programs.

Address economic Impacts on agricuiture
California has major agricultural regions

along the Central Coast - such as the Oxnard
Plain, Santa Maria Valley and Salinas Valley -
where tens of thousands of farmworkers are
employed in the filds and whose livelihoods
are threatened by seawater intrusion into
groundwater aquifers. Focused monitoring of
seawater intrusion in coastal agricultural areas,
restoration of coastal wetlands buffers, and
effective groundwater management to prevant
excessive pumping and restore groundwater
could help prevent major long-term economic
damage to agriculture and farmworkers.

Address emergency services and response

to natural disasters. Low-income, immigrant
communities and other vulnerable populations
are often left behind in access to information
and resources in the chaos of disaster response,
Proactive, deliberate planning in partnership
with marginalized communities can prevent
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this type of systemic failure in the event
of a flooding disaster. Emergency services
agencies should be prepared to translate

print and online communications and create a
more comprahensive vulnarable communities
emergency response plan through stakeholder
engagement. Known information about future
flooding risks should be made easily available
in all commeonly-spoken local languages and in
visual form

* Evaluate the social and economic impiications
of various adaptation strategies. Planning and
investment dacisions that will increase risk to
vulnerable communities should be avoided, and
actions to bolster resilience and social equity
should be prioritized.

2, Adaptation strategies should pricritize
protection of coastal hablitats and public access.

« Implement natural solutions for shoreline
protection, including managed retreat.
Strategies to protect shoreline development
from sea-level rise impacts should prioritize the
use of natural infrastructure where feasible or
appropriate and minimize shoreline armoring
and flood barriers. While hard structures or gray
solutions provide temporary protection against
tha threat of sea-level rise, they disrupt natural
shoreline procassas, accelerate long-term
erosion, may increase wave and storm run-up,
and can prevent coastal habitats from migrating
inland, causing loss of beachas and other
critical hahitats that provide ecosystem benefits
for both wildlife and people: therafore, they
should only ke used in appropriate locations
and situations. There is a breadth of resources
available to guide the implementation of natural
solutions including a recently released report,

Case Studies of Natural Shorelina Infrastructure

in Coastal California” as part of California’s
Fourth Climate Change Assassment.

Natural shoraline infrastructura means utilizing
the natural function of ecological systems or
processes to reduce vulnerability to specific
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environmental hazards and increase resilience of
the shoreline in order to perpetuate or restore
its ecosystem services. ™ Natural infrastructure
includes preservation or restoration of dunes,
wetlands and other coastal habitats and
leverages natural processes to raduce risk to
human lives, property and infrastructure by
providing a buffer against storm surge and
increased wave action, thus reducing shoreline
impacts and coastal erosion. These solutions
have been shown in many cases to be low
maintenance, cost-effective and adaptive to
changing conditions. Additicnally, natural
infrastructure provides multiple benefits bayond
flood protection including public access, habitat
for wildlife and improved water quality, thershy
building resilience while improving overall
acological function of coastal systems.

In addition to prioritizing natural infrastructure,
managed retreat should be considered as a
possible adaptation strategy to address rising
saa levels, Managed retreat refars to varying
approaches to managing coastal hazard risk

by structure relocation and/or abandonment

of land.™ These strategies can resultin a
landward redevelopment pattern and a managed
realignment of development along the coast so
that natural erosion and other coastal processes,
including beach formation and creation, can
continue. Managed retreat allows shorelines

to migrate inland naturally, rather than using
seawalls, flood barriers, of rock revetments to
anchor them in a specific location. This strategy
may involve removal of relocation of residential,
commercial, or industrial development and
restoration of natural areas to enhance
acosystem services, make sound infrastructure
investments, and provide additional protacticn
and safety against flooding through buffering
effects, as described above.
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Managed retreat will also provide added
protection for wetlands, marshes and other
important coastal habitats that will face
inundation or erosion if restricted from moving
landward by existing development or shoreline
armoring, Decision makers should prioritize
conservation, restoration and land acquisition
of properties that can provide needed open
space to accommodate inland migration in order
to preserve the natural function of wetlands and
other coastal ecosystems.

Restoration of wetlands and other coastal
habitats should remain a priority in California
even in the face of rising seas: even if present-
day restored wetlands transition to subtidal
habitat sometime in the future, there will still be
continued ecosystern benefits for wildlife and
people over the long term. In addition, wetland
restoration and other adaptation strategies that
provide greanhouse gas reduction benefits by
storing and sequestering carbon should

be prioritized.

* Preserve public access, including beaches
and coastal parks, while protecting natural
resources. Public access along California’s
coast is already being affaected by sea-lavel rise,
coastal flooding, and erosion. Coastal trails,
public beaches, park infrastructure, and other
state and public assets that are of high value
to Californians will increasingly be under threat
from higher sea levels, intensified wave action,
and accelerated coastal erosion.

Decision makers. including state and local
agencies that managa stata- or locally-owned
coastal assets, should assess the vulnerability
of public access and prioritize its protaction for
the invaluahle benefits it provides to residents
and visitors, Every effort should be made to
ensure that protection of public access or

park infrastructure does not degrade coastal
habitats, Beaches backed by development or
shoreline armaring will not be able to migrate
inland as sea levels rise, resulting in permanent
inundation over time and loss of public access.
Caonsideration should be given to allowing
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for natural shoreline retreat and relocation

of public access and park infrastructure to
preserve beach access and protect watlands,
dunes and other coastal habitats. Using natural
infrastructure to safeguard public access
facilities, parks, and trails or planning ahead to
relocate thase resources will halp ansure that
both public access and coastal habitats are
preserved for the long-term.

3. Adaptation strategies should consider the
unlque characteristics, constraints and values of
existing water-dependent infrastructure, ports and
Public Trust uses.

Existing water-dependent infrastructure and ports
support Public Trust uses vital to the State (such

as commerce, navigation, fisheries, and recreation}
and have unicue characteristics and constraints for
adaptation to sea-leval rise. Thay are often located
in densely developed coastal areas where managed
retreat, natural infrastructure solutions, and other
space-dependent strategies may not be feasible
Planners should continue to collaborata regionally
and with the State to develop adaptation strategies
for water-dependent infrastructure that will be
protected in place, as well as address strategies

to adapt existing infrastructure into the future.
Existing shoreline protective structures may need
to be repairad and ratrofitted to adapt to rising

sea levels. Negative impacts to other Public Trust
values, including coastal habitats and public access,
should be minimized in all existing and future use
of shoreline protective structures. Innovative and
resilient dasign alternatives to conventional gray
infrastructure should be explored when retrofitting
axisting protective structures or contemplating
future protective structures.

4. Consider episodic Increases In sea-level rise
caused by storms and other extreme events

Future sea-level rise projections presented in

this Guidance do not include acute increases in
water level associated with El Nifio events, king
tides, storm surges or large waves. Alone or in
combination, these events will produce significantly
higher water levels than sea-level rise alone, and
will likely be the drivers of the strongest impacts

RECOMMENDATIONS FOR SEA-LEVEL RISE PLANNING AND ADAPTATION | 3t

to coastal ecosystems, development and public
access over the next several decades. Water levals
reached during these large, acute events have
already caused significant damage aleny California’s
coast. For example, a strong El Nific combined with
a series of storms during high-tide events caused
more than 3200 million in damage (in 2010 dollars)
to the California coast during the winter of 1282~

&3. Additionally, in areas where rivers meet the
acean, the combined effects of sea-level rise, storm
conditions and higher riverine water levels could
further exacarbate flooding conditions in these
locations.

Furthermore, climate change may result in
increased frequency or intensity of coastal storms
and extreme events, posing even greater risks

for California's coastline from flooding, erosion

and wave damage. To adequately protect coastal
communities, infrastructure and natural resources,
decision makers should consider extrerne
oceanographic conditions in conjunction with
sea-level rise over the expected life of a project.

A range of existing mapping tools is available to
help evaluate storm-related coastal flooding, sea-
level rise and shoreline change and to evaluate
impacts and changa into the future; thesa mapping
tools are dascribad in detail below. In addition to
these tools, the San Francisco Bay Conservation and
Davelopment Commission’s {(BCDC) Adapting to
Rising Tides (ART) Program has developed rabust
and locally-relevant for the San Francisco Bay to
understand current and future flood risk. % It is
important to note that current Federal Emergency
Management Agency (FEMA) flood maps are based
on existing shoreline characteristics and wave and
storm climatology at the time of the flood study and
historic storm data; therefore, these maps will not
reflect flood hazards based on anticipated future
sea levels or increased storms associated with
climate change.”!
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5. Coordinate and collaborate with local, state

and federal agencies when selecting sea-level rise
projections; where feasible, use consistent sea-
level rise projections across multi-agency planning
and regulatory declisions.

Projact planning and design along the coast oftan
requires approval by multiple agencies across
local, regional, state and federal levels. To increase
efficiency and standardize risk evaluation, efforts
led by or under the regulatory authority of multiple
agencies should use tha same saa-level rise
projections to achieve consistency across specific
projects and regions, Cross-jurisdictional decisions
should alse pricritize implementation of consistent
or complementary adaptation strategies.

6. Consider local conditions to inform
decision making.

Local circumstances and associated sea-level rise
impacts should be assassed to inform adaptation
decisions that will protect communities and the
environment. The interplay between sea-level rise and
conditions such as contaminated soil, groundwater,
or stormwatar systems as well as beach and cliff
erosion can vary significantly along the coast and
should be evaluated at alocal level, The diversity

of shoreline types, natural conditions, community
charactaristics, services, assats, land ownership, and
local priorities may warrant differant approaches to
planning and adaptation, particularly when making
dacisions for new development versus maintenance
or replacement of existing assets necassary for public
health and safety, Adaptation pathways with a phased
approach can invoke the precautionary principle
while maintaining protection of community well-
being, the environment, and critical assets.

7. Include adaptive capacity in design
and planning.

Uncertainty around the magnitude and timing of
future sea-level rise, coupled with the potential
impacts of rising seas on California’s coastline,
warrant a proactive approach that builds adaptive
capacity into project design and planning. Projects
or resources that can more easily adapt to sea-lavel
rise will exparience fewear consecquences and will be
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more resilient against risks associated with sea-level
rise and other coastal climate-ralated impacts.

If designing a project to accommodate high or
extreme sea-level risa is not critical in the near tarm,
but the likelihood of impacts is expected to increase
with rising sea level, adaptive capacity should be
built inte project design or planning using triggers
and phased adaptation measures or adaptation
pathways, as described in Step 5 above. Triggers
are predetermined thresholds that, whan crossed
prompt implameantation of identified adaptation
measures. For example, one trigger mechanism
could raquire that, whan sea-leval rise reachas a
certain level, identified adaptive measures must be
taken. Alternatively, the occurrance of a specific
impact such as the flooding of a highway could

act as a trigger. An increase in the frequency of a
specific sea-level rise-associated impact, such as the
flooding of a coastal trail ten times in a year rather
than a historically tracitional three times a year, also
could be a trigger.

Adaptation measures may include, but are not
limited to, removal of threatenad structures
(including identification of partias responsible for
removal} or relocation of public access. Trigger-
based adaptation planning may alsc include the
following approaches: 1) a no-regrets response,
involving prohibition or restriction of development in
the most vulnerable areas; 2) a tempered response,
involving restriction or changing conditions for
redevelopment after an event; and 3) a proactive
response, involving investigation of opportunities

to ralecate vulnerable communities, critical
infrastructure or coastal habitats.

Providing adaptive capacity for higher sea-level
rise will allow projects to be designed for a more
moderate level of sea-level rise but planned with
anough flexibility that adaptation measures to
minimize impacts can be implementead if the amount
of sea-evel rise is higher than anticipated in the
original design. In other words, projects should be
scoped (planned and designed) with the potential
to be updated or changed if lower-probability,
higher-impact sea level rise projections come ta
occur. Design and planning efforts that include
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a trigger-based adaptation pathways approach
should include a monitaring component to ensure
timely implementation of adaptation or contingency
measures once impact or risk thresholds are crossed,

8. Assessment of risk and adaptation planning
should be conducted at community and regional
levels, when possible.

Sea-level rise planning dacisions made for one
municipality, or even one landownear, have the
potential to impact the resiliency of nearby
propearties and coastal habitats. A jurisciction that
chooses to implement natural infrastructure may
lose some of the benefits and protection from

this adaptation strategy if an adjacent community
decides to construct a seawall. Decision makers
should identify cpportunities to coordinate
regional adaptation planning efforts by: conducting
regional vulnerability assessments to evaluate
common risks; leveraging technical and financial
resources; and implementing consistent regional
adaptation strategies. BCDC’'s ART Program and
the San Diego Regional Climate Collaborative??
are examples of regional planning efforts that can
serve as madels for other regional planning efforts
throughout the state
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Tools Available to Visualize

Sea-Level Rise Spatially

THERE ARE SVITES OF EXISTING
GEOSPATIAL AND VISUALIZATION TOOLS
that can be readily paired with the latest and best
available sea-level rise projections. These include
CoSMoS/Qur Coast Our Future, #344 the NOAA
Sea-Level Rise Viewer, Cal-Adapt,*® The Nature
Conservancy (TNC) Coastal Resilience Teollkit®”
and Surging Seas Risk Finder4 Each viewer serves
& unique niche, target audience and role, has
strengths and limitations, and requires varying
levels of skill to use. More information on these
toels can be found on Sea the Future*® (formerly
known as Lifting the Fog) and on the State
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Adaptation Clearinghouse. In addition ta assisting
in the visualization and analysis of sea-level rise,
these taols are also helpful aids in communicating
about sea-level rise across local, state, and regional
commu

es and planning and dec n-making

venues. In general, we recommend that the most
detailed tocl available for a particular ares be used
for planning, though in some cases a suite of tools
should be evaluated to get a better picture of the
possible risks

» CoSMoS is a madel that has been developed
by the United States Geological Survey (USGS)
in order to allow for more detailed predictions
of coastal flooding due to both future sea-
level rise and storms integrated with long-
term coastal evolution (i.e, beach changes
and cliff/bluff retreat) aver large geographic
areas CoSMaS models the relevant physics
of a coastal storm (e g, tides, waves, and
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storm surge), which are then scaled down to
local flood projections for use in community-
level coastal planning and decision-making.
Rather than relying on historic storm records,
Co5Mo5 uses wind and pressure from global
climate models to project coastal storms

under changing climatic conditions during

the 21st century. CoSMo$ projections are
currently available for the north-cantral coast,
San Francisco Bay, and Southern California
Modeling is underway for the Central Coast, to
be completed in summer 2018. The North Coast
of California is expected to be complate by the
end of 2019. CoSMoS information can also be
accessed, viewed, and downloaded through the
Qur Coast, Our Future (OCOF) flood mapper,
which provides a user-friendly web-based tool
for viewing results. OCOF provides resources
and guidance for helping communities navigate
the information provided by CoSMoS.

The NOAA Sea-Level Rise Vieweris a
visualization tool for coastal communities
showing the potential impacts from sea-

level rise and coastal flooding. The NOAA
Viewer allows users to select the nearast
NOAA tide gauge and identify relative saa-
level rise scenarios based on the NOAA 2017
Technical Report™, which includes the federal
government’s most updated scenarios that will
inform the Fourth National Climate Assessment.
These scenarios ara similar to the probabilistic
ranges for California. The tool allows users to
visualize inundation by scenaric or year and
explors thresholds for lavea ovartopping. It also
includes the ability to look at flood frequency,
marsh migration, socio-economic impacts, and
uncertainty. The maps consicler static sea-
lavel rise on top of mean higher high water®
(MHHW) and are created using a "modified
bathtub approach that includes a hydrologic
connactivity assassment. This means that
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areas are only shown as inundated if there isa
feasible pathway for water to flow. The viewer
is a screening-level, planning toal that uses
nationally consistent data sets and analyses,
Data and maps can be downloadad directly
from the tool to enable users to develop

their own visualizations to gauge trends and
prioritize actions

Cal-Adapt makes scientific projections and
analyses available as a basis for understanding
local climata risks and resilience options. To
date, development has been supported by the
California Energy Commission and has targated
resilience needs of the energy sector. Released
in 2017, Cal-Adapt 2.0 dramatically expands
the capacities of the initial (2011} version of
Cal-Adapt in five main ways, providing new
climate projections, more powerful and flexible
visualizations, improved access to data, a public
applications programming interface (API)
platform that enables external development of
custom tools, and connection with supporting
resources such as OPR's Integrated Climate
Adaptation and Resiliency Program (ICARP).
Forthcoming enhancements to Cal-Adapt will
expand its sea-level rise tool to include selected
rasults from USGS5's CoSMoS model (portrayed
in detail by the Cur Coast, Cur Future tool)

as well as an expanded range of sea-lavel rise
projections for which UT Berkeley has modeled
inundation associated with an extreme storm
event for the Delta, San Francisco Bay, and the
entire California coast

The Nature Conservancy Coastal Resllience
tool is a visualization and decision support
platform where ecological, social, and economic
information can be viewed alongside sea-leval
rise and storm surge scenarios to develop

risk reduction and restoration solutions. The
decision support tool was first created in 2008
and now covers multiple regions including: 10
U.S. States (Alabama, California, Connecticut,
Florida, Louisiana, Mississippi, New Jersey,
New York, Texas, Washington), four countries
in Latin America (Mexico, Belize, Guatemala
Honduras) and three island nations in the
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Conclusion

EXACT RATES AND MAGNITUDE OF
SEA-LEVEL RISE IN CALIFORNIA

over the next century are uncertain, though

the direction of change is not. California has an
immediate opportunity to make smart, informed
and risk-based decisions that prepare our coastal
and inland communities for change while ingraining
sustainability, longevity. and resiliency into cur
planning, permitting, investment, development,
transportation, and recreational decisicns. This
Guidance document serves as a precautionary,
though realistic and scientifically rigorous,
recommendatien on how kest to approach sea-
level rise in California no matter the decision at
hand. The Guidance sheuld be cansidered and cited
throughout local, regional, and statewide sea-level
rise discussicns and decisions. And while sea-level
rise science is rapidly evolving, the Guidance was
prepared so that it can be a living decument and
swiftly updated as needed and recommended.,

Depending on the time or planning horizon being
considered, different sources of uncertainty (i e.,

emissicn scenaric or medel uncertainty) play
smaller or bigger roles in projections of sea-level
rise. For example, as we consider the more distant
future and our ability to predict what society will

do |lessens, different models will be more cr less
dependable, and the processes generating or driving
the extreme sea-level rise scenarios will unfeld. This
uncertainty is why the State included the extreme
sea-level rise scenario but did not assign a likelihood
or probability to this scenaric. Similarly, it is worth
explicitly neting that probabilistic prejections need
te be taken as an evolving represantation of the
scientific field, open te updates and modifications.
In this context of continued and unguantifiakle
uncertainties, incorporating long-range planning for
sea-level rise in decisions is increasingly urgent, We
know we will experience significant increases in sea-
level rise, though it remains a challenge to say when
this will cecur and with what level of confidence it
will occur in the given timeframe. This is precisely
why it ig critical to plan now for a range of
possibilities, and integrate these possikle futures in
planning and preparing across specific communities
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This risk-based approach outlined in the Guidance, with consideration of the full range
of outcomes including potentially conseguential cutcomas with low probability of
occurrence, is consistent with standard practice across risk-centered fields

Califernia’s state agencies and local jurisdictions along the coast and inland Delta
are taking action to assess the risks and reduce the anticipated short and long-

term impacts of climate change. Steps to incorporate sea-level rise in planning and
investment decisions must be taken at the local and State levels to be appropriately
relavant, precautionary, agile and progressive. This Guidance serves to increase our
understanding of risks as they relate to sea-level rise and apply a set of principles so
we are as adaptive and responsive as possible. While the Guidance currently pertains
mostly to tha coast, it is critical that we considar inland impacts of sea-level rise

for long-term planning and follow the same set of racommendations and principles
bayond the immeadiate coastal zona. For future updates to the Guidance, we will
incorporate inland sea-level rise modelling and projections to the extent they are
available and based on rigorous and peer-reviewed science.

This Guidance, accompanied by a set of resources provided on the State's
Adaptation Clearinghouse and OPC's wehsite, serves to be a living tool and resource
for state and local planners, decision makers, and stakeholders. It is deliberately
structured to be both precautionary and flexibile with a core set of racommendations
and principles that can readily infuse new scientific approaches and methods to sea-
lavel rise projections as thay arise, This adaptability and commitment to actionable
science is what will ensure that California is prepared and responsive to the host of
changes to come.

Finally, in developing this Guidance, tha State took intentional action to engage users
and decision makers to ensure that the scientific information and palicy direction

was understandable and useful for sea-level rise planning and adaptation efforts.
There is a continuad need for ongoing coordination and collaboration across state,
regional and local entities to guarantee effective implementation this Guidance. Going
forward, OPC will continue to prioritize opportunities for co-production of future
decision-support products by scientists, practitioners, and policy and decision makers
to further improve the translation of sea-level rise science into action
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Glossary

ADAPTATION (climate change): Adjustment in
natural or human systems to a new or changing
environment. Adaptation to climate change refers to
adjustment in natural or human systems in response
to actual or expected climatic stimuli or their
effects, which moderates harm or exploits beneficial
opportunities 53

ADAPTATION PATHWAY: An adaptation pathway
is a planning approach addressing the uncertainty
and challenges of climate change dacision-making
It enables consideration of multiple possible futures,
and allows analysis/exploration of the robustness
and flexibility of various options across those
multiple futures 54

ADAPTIVE MANAGEMENT: A process of
iteratively planning, implementing, and modifying
strategies for managing resources in the face of
uncertainty and change Adaptive managaemant
involves adjusting approaches in response to
ohservations of their effect and changes in the
system brought on by resulting feedback effects and
other variables 5

ADAPTIVE CAPACITY: The ability of a system

to respond to climate change (including climate
wariability and extremes), to moderate potential
damages, to take advantage of opportunities, and to
cope with the consequences ¢

53. Glossary of Climate Change lerms. Office o Airand Radlation/Ofice of Atmos pheric Programs Ulmate:
Change Division. September §, 2013: ttps //19janua 201 snapshot epa gov/dimatechange_ html

54 SouthWest Climate Cange Ports | Catchm ent Planning - Using Adaptation Pathway:

hitp:/fwww swimatechange wm.aufch_pagesfada pation_pathways php

85, IPCC Climate Change 2014: Im pacts, Adapta tion, a nd Vulnerability http-/fwww icc.chipdffassessment-
report/arsiwol WGIIARS A nnexl_FINAL peff

5. Willows Rl RK Connel teck ). 2003 Climate Adaptation: Risk, Uncertainty and Deckionma king. UKCI Technical
Report. Ocort UKCP. 154 p. hitp /. ukcip o ukfwordpress/wn-conte t/PDFS/UKCIP-Risk-framenvork

CLIMATE CHANGE: Climate change refers to
achange in the state of the climate that can ba
identified by changes in the mean and/or the
variakility of its properties, and that persists for

an extended period, typically decades or longer.
Climate change may be due to natural internal
processes or external forcings such as modulations
of the solar cycles, volcanic eruptions, and persistent
anthropogenic changes in the composition of the
atmosphere or in land use 57

COMMUNITY RESILIENCE: Cormmunity resiliance
is the ability of cornmunities to withstand, recover,
and learn from past disasters to strengthen future
response and recovery efforts. This can include but
is not limited to physical and psychological health of
the population, social and economic equity and well-
being of the community, effective risk commmunication,
integration of organizations (governmental and
nongovarnmantal) in planning, response, and
recovery, and social connectedness for resource
exchange, cohesion, response, and recovery 58

DISADVANTAGED COMMUNITIES: Areas
disproportionately affected by environmental
pollution and other hazards that can lead to negative
public health effects, exposure, or environmental
degradation, or with concentrations of people

that are of low income, high unemployment,

low levels of homeownership, high-rent burden,
sensitive populations, or low levels of educational
attainment =°

57 IPCC Climate Change 2014: Impa cts, Ada ptation, and Vulnerability https:/fwww ipcc chifepart/arSiwa2/
56, Los Angeles County Resiliente:

9. Californa Health 30711 it frwww leginfo.ca. b11-12/bill/sen/sh_0501-
0550/sh_535_bill_20120310_enrolled tml
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EMISSIONS SCENARIOS: Scenarios representing
alternative rates of global greenhcuse gas
emissions growth, which are dependent on rates of
economic growth, the success of emission
reduction strategies, and ratas of clean technology
devalopment and diffusion, among other factors,5¢

ENVIRONMENTAL JUSTICE: The structures,
policies, practices, and norms resulting in differential
access to the goods, services, and opportunities

of society by “race.” It is normative, sometimes
legalized, and often manifests as inharited
disadvantage. Examples include differential access
to quality education, sound housing, gainful
employment, appropriate medical facilities, and a
clean environment (Gov. Code §65040.12[2]).

EQUITY: Equity is just and fair inclusion into a
society in which all can participate, prosper, and
reach their full potential '

EQUITY (climate): The central equity challenges
for climate change policy involve sevaral core issues;
addressing the impacts of climate change, which

are felt unaqually: identifying whao is responsible for
causing climate change and for actions to limit its
effects; and understanding the ways in which climate
policy intersects with other dimensions of human
development, both globally and domestically.®*

EXTREME (climate) EVENTS: The occurrence of

a value of a weather or climate variable above (or
helow) a threshold value near the upper (or lowear)
ends of the range of observed values of the variable.®*

GLOBAL CLIMATE MODELS: A numerical
representation of the climate system that is based
on the physical, chemical, and biclogical properties
of its components. their interactions, and faedback
processes, and that accounts for all or some of its
known properties 5
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INTEGRATED CLIMATE ACTIONS: Program,
plans, or policies that simultaneously reduce
greenhouse gas emissions and decrease the risks
posed by climate change on the system where the
action is implemeanted.

MITIGATION (climate change): A human
intervention to reduce the human impact on the
climate system; it includes strategies to reduce
greenhouse gas sources and emissions and
enhancing greenhouse gas sinks.*”

MITIGATION (of disaster risk and disaster):
The lessaning of the potantial adversa impacts of
physical hazards {including those that are human-
induced) through actions that reduce hazard,
exposure, and vulnerability.

NATURAL & GREEN INFRASTRUCTURE:
Natural infrastructure means utilizing the natural
function of ecological systems or processes to
reduce vulnerability to specific environmental
hazards and increase resilience of the shoreline
in order to perpetuate or restore its ecosystem
services.”’

REPRESENTATIVE CONCENTRATION
PATHWAYS: Representative Concentration
Pathways (RCPs) are four greenhouse gas
concentration {(not emissions) trajectories adopted
by the IPCC for its Fifth Assessment Report in 2014,
The Reprasentative Concentration Pathways (RCPs),
which are used for making projections based on
these factors, describe four different 21st century
pathways of GHG emissions and atmospharic
concentrations, air pollutant emissions and land use
The RCPs include a stringent mitigation scenario
(RCP2.6), two intermediate scenarios (RCP4.5

and RCP6.0) and one scenario with very high GHG
emissions (RCP&.5).*
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RESILIENCE (climate): Resilience is the capacity
of any entity - an individual, a community, an
organization, or a natural system - to prepare for
disruptions, to racover from shocks and stressaes, and
to adapt and grow from a disruptive experience. 5

RISK: Commonly considered to be the combination
of the likelihood of an event and its consequences
-i.e. risk equals the probability of climate hazard
oceurring multiplied by the consequences a given
system may experience.’®

RISK AVERSION: The strong inclination to avoid
taking risks in tha face of uncertainty.

RISK TOLERANCE: A community's or decision
maker’s willingness to accept a higher or lower
probability of impacts.”’

SCENARIO-BASED ANALYSIS: A tool for
devaloping a science-hased decision-making
framework to address environmental uncertainty.
In general, a range of plausible impacts based on
multiple time scales, emissions scenarios, or other
factors is developed to inform further decision-
making regarding the range of impacts and
vulnerabilities.

SEA-LEVEL RISE: The worldwide average rise in
mean sea leval, which may be due to a number of
different causes, such as the thermal expansion of
sea water and the addition of water to the oceans
from the melting of glaciers, ice caps, and ice sheets;
contrast with relative sea-level rise.”
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VULNERABILITY: The propensity or predisposition
to be adversely affected. Vulnerability encompasses
a variety of concepts and elements including
sensitivity or susceptibility to harm and lack of
capacity to cope and adapt.™

VULNERABILITY ASSESSMENT: A practice that
identifies who and what is exposed and sensitive

to change and how able a given system is to cope
with extrames and change. It considers the factors
that expose and make people or the environment
susceptible to harm and access to natural and
financial resources available to cope and adapt,
including the ahility to self-protect, axtarnal coping
mechanisms, support networks, etc.”

VULNERABLE POPULATIONS: Yulnerahle
populations include, but are not limited to women;
racial or ethnic groups: low-income individuals and
families; individuals who are incarcerated or have
been incarcerated:; individuals with disabilities;
individuals with mental health conditions: children;
youth and young adults; seniors: immigrants and
refugees; individuals who are limited English
proficient (LEP): and Lesbian, Gay, Bisexual,
Transgender, Quaar, and Questioning (LGBTQAQ)
communities, or combinations of these populations.®
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Guidance Document Development

THE PURPOSE OF THE 2018 UPDATE TO

THE STATE’S SEA-LEVEL RISE GUIDANCE
(Guidance) was to reflect recent advances in ice
loss science and projections of sea-level rise and
focus on the needs of state agencies and local
governments as they incorporate sea-level rise into
their planning, permitting and investment decisions
The development of the Guidance update included
three components: 1) a science synthesis to reflect
the latest acvances in sea-level rise science; 2) a
robust public outreach and engagement effort to
ensure the updated Guidance is understandable and
useful for decision making; 3) and integration of
components 1 and 2 to create a science-based, user-
informed policy document

Updating the Sclence.

Ocean Science Trust (OST), with support from the
Ocean Protection Council (CPC), led the scientific
compeonent of the update and convened an OPC
Science Advisory Team (QPC-SAT) Working
Group. The Working Group members, who have
subject-matter experts in coastal processes, risk
assessment, climatic change. ice loss and ice sheet
behavior, and statistical modeling, included: Gary
Griggs, University of California Santa Cruz, OPC-
SAT (Working Group Chair); Dan Cayan, Scripps
Institution of Oceanography, GPC-SAT; Robert
Kopp. Rutgers University: Claudia Tebaldi, National
Center for Atmospheric Research; Helen Fricker,
Scripps Institution of Oceanography: Joe Arvai,
University of Michigan: and Reb DeConto, University
of Massachusetts,

Te ensure that the science synthesis could provide a
foundation for pelicy decisions made in the updated
Guidance, a Policy Advisory Committee (PAC)
comprised of CPC, the California Natural Resources
Agency, the Governor's Office of Planning and
Research, and the California Energy Commission
developed a list of questions to elicit information
about the current estimates of SLR for California
and how to understand the scientific context around

those estimates. The full list of PAC questions can
be found in Appendix 5.

Using the PAC questions as a guide, the working
group compiled and reviewed the latest climate
research, including the implications of recent
scientific advances on ice loss dynamics for updating
sea-level rise projections and provided a summary of
key findings along with updated projections for thrae
representative tide gauges in California. This science
summary, entitled “"Rising Seas in California: An
Update on Sea-Level Rise Science,” was prasented
to the California Ocean Protection Council at its

April 2017 meeting, where the Council then adopted
a resolution’” acknowledging the report as the best
available science on which the updatad Guidance
should bea based and directing OPC staff to engage
in an inclusive public engagement procass to share
the scientific findings and solicit feedback on how
the updated guidance documeant will be used

Public Outreach and Engagement.

Input from users of the guidance document was
solicited at multiple points throughout the update
process. In Fabruary, March and April 2017, an
engagement team led by Susanne Moser Research
& Consulting and Climate Access, a not-for-profit
organization, conducted interviews™ and five
listening sessions to better understand the neads
of those who will use the guidance document, In
addition, throughout the summer 2017, the OPC
and OST, with support from the engagement
team, convened four public workshops with state,
regional, and local stakeholders in Eureka, San

Resoluon o e CelfarniaDceen Protectien foanclen UpdeLing L Sete of Clifommia Seareve
s G dence Dacame, Adooted un 4gil %, 20 pcagnywbmser pdpdagen i
o201 0425 ABPTED-SIR-Resalution- 13
g et Led with regre en:
ferELion
sy, Bella Slew
ands (or

ot 0cal, ale 30 <l SoveTnments 1 g
el apin=is o menisson, a1 oim & Coailal
o, Cafore e Deparlrien: of Fubi i
Siatagic outh

AVRENDIY 12 GUIDANCE DOCUMENT DEVELOPMENT | 42

COMMENT

Waterfront Ballpark District at Howard Terminal

Response to Comments / Final Environmental Impact Report

5-951

ESA /D171044
December 2021



5. Responses to Individual Comments

STATE OF CALIFGRNIA SEA-LEVEL RISE GUIDANCE

Francisco, Los Angeles and San Diego. The purpose of these workshops was to
share the science findings and to solicit feadback on how stakeholders will utilize
the guidance document. Close to 400 coastal stakeholders from city, county, and
regional govaernment entities, consulting groups, non-profits, state and federal
agencies and tribal reprasentatives provided input that helped shape the framework
for the Guidance update and associated web resources,

QOPC also coordinated closely with the Sea-Level Rise Coastal Leadership Team
(California Coastal Commission, San Francisco Bay Conservation and Development
Commission, State Lands Commission, California State Parks, State Coastal
Conservancy) and the Coastal and Ocean working group of the State's Climate
Action Team (CO-CAT), an entity comprised of sanior level staff from California state
agencies with ocean and coastal resource management responsibilities.

Update to Policy Guldance.

Using the Rising Seas Report and the input from public engagement efforts, OPC
staff drafted a science-based, user-informed updated Guidance document in
coordination with the PAC and Sea-Level Rise Coastal Leadership Team. The draft
will be circulated for formal public comment in the fall of 2017, with final adoption by
the Ocean Protection Council scheduled for March 2018.

In response to user needs, the policy Guidance will be supported by a library and
database of resources to help visualize change, access funding opportunities, gather
policy and scientific background related to specific jurisdictions, and in general
provide additional support to address a challenge of this nature and magnitude.

This database and library of resources will be available on the State Adaptation
Clearinghouse in mid-2012, as well as OPC's websita.
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TABLE 1: Projected Sea-Level Rise

feet) for Crescent City

Probabilistic projections for the haight of sea-level rise shown below, along with the
H++ scenario (depicted in biuc in the far right column), as seen in the Rising Seas
Report. The H++ projection is a singfe scenarfa and does not have an associated
likelihood of occurrence as do the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 1991 - 2008, High emissions represents RCP B.5; low emissions
represents RCP 2.6. Recommended projections for use in low, medium-high and
extreme risk aversfon decisions are outfined In blue boxes below.

Probak

5.2 Organizations

COMMENT

STATE OF CALIFORNIA SER-LEVEL

BUILANIE

TABLE 2: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Crescent City

Estimated probabilities that sea-fevef rise will meet or exceed a particular height are
based on Kopp et al. 2014. All helghts are with respect to a 1991 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
fess than a 0.1% probability of occuirence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6) the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenarlo is not
included in this table.

CRESCENT CITY - High emissions (RCP 8.5)

SO% probability 66% g cbability 5% probability 0.3%
sea-level rise meets sea-ievel rise sea-ievel ise meets | sea-fevel mse meets
ar excends. is batween or exceeds, or excesds % 01%
Lo Medium - High B . BE W 0%
ot Risk Avarsion Risk Aversion
106 3% 2% 04%  oI% 0%
al oo - o3 0.4 o5 0.8
0.5 a1 -] ea 08 09 14 A% 2% 1% DA% 0.2%  0I%
o4 oz - o7 a9 15 23 w0 | e3m T 4% ™ 04% 0.2% 0% 01%
Low emissions A ol 0.7 1o 18 Mo | 7% 0% 9% 3% 1% 1% 0.2% 1% 01%
High emissions 060 06 0.2 0.9 13 21 33 W0 | 90% &% A0% 2% W% &% 3% 2% 1% 1%
w10 o o1 - o 13 2.4
w0n 0.4 - L& 1.7 24 45 CRESCENT CITY - Low amissions (RCP 2.6)
o1 - 16 31
Frobabillty that sea-leved rise will meei or exceed. (exciudes H+)
o5 -] 1e 2.2 37 5.2
Low emissians 0.7 ol 1.3 10
0%
High emissions 12 0.6 2.0 28 74
13% % 0.2% 1%
missions 07 ol 15 23 a5
20% 2% 1% 0.2% % 01%
High emissions 15 o7 -] 25 34 59 93
090 20 % e 0.2% o D%
Low emissigns o8 o2 -] s 24 53 090 | 20% 5% % 04% 0.2 o1% 0%
High emissions 1o* i oo -] 2s 54 62 o 6% 8% 2% W 0d% 0% OI% 0% 01%
Low emissions an o -1 20 83 sx% 3% 1% 6% 3% 2% 1% 1% 1% 1%
High emissions 2120 12 Lo 30 a1 7.4 131
Low emissions 1130 09 ol 1.9 3.7 7.3
High emissions E] 21 1 - 34 4.8 87 153
Low emissions ol 22 36 g4
High emissions 23 12 3.9 55 10,1 178
Low emissians 10 oo - || 24 4.2 a6
High emissions 2150 26 13 -] a4 6.2 1.6 20.6
*Most of the availabic ciimate mode! experiments de not extend beyond 2100. The resulting
reduction in model availability causes a smalf dip in projections between 200 and 210, as wellas
a shift in uncertainty estimates (see Kopp et al. 2074). Use of 2110 projections should be done with
caution and vith acknowidedgement of increased uncertainty around these projections.
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TABLE 3: Projected Average Rate of Sea-Level Rise (mm/year)
for Crescent City

Probabilistic projections for the rates of sea-level rise shown below, along with the H++
scenario (depicted in blue in the far right column.) Values are presented in this tabile

as mm/yr, as opposed fo feet as in the previous two tables, to avoid reporting values
in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likeiihood of occurrence as do the probabilistic projections. Probabiiistic
projections are with respect to a baseline of the year 2000, or more specifically the
average relative sea level over 1997 - 2009. High emissions represents RCP 8.5, low
emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as
we are currently on a high emisstons (RCP 8.5) trajoctory through 2050.

5% propaiitiy 556 probability
sea-lovel rise meels sea-fevel rise
o BAGEROS, i belween or BxGenos,
High emissions 2030 - 1050 8 16 & €4 26 " 23
Low emissions 2050 25 0.2 33 2.0 20
High emissions 2060 - 208 66 34 " 15 26 40
Law emissions 2060 - 2100 26 02 - 64 n 2
High emissions 2080 - 2100 7.7 34 - 13 19 £ 51
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TABLE 4: Projected Sea-Level Rise (in feet) for North Spit

Probabilistic projections for the height of sea-level rise shown below, along with the

H++ scenarfo (depicted in biue in the far right column), as seen in the Rising Seas
Report. The H++ projection is & singie scenario and does not have an associated
likelihood of accurrence as da the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 19891 - 2008. High emissions represents RCP 8.5; low emissions
represents RCP 2.6. Recommended projections for use in fow, medium-high and
extreme risk aversion decisfons are outlined in blue boxes beiow.

ar al, 2014)

50 probabiity 665 probabiliy 5% probabiity 0.5% probability
sea-ievel rise meets sea-tevel rise sea-level rise mests | sea-jevel rise mests
or axceads i betwean or axceeds or axceads
e Medium - High
A Risk Aversion
os - | a7 o8 1 12
o7 Al 12 16 20
1.2 0.9 L5 1.7 23 3l
Low emissi 13 e R v 2.8
High emissians 15 12 - f e 2.2 41 4.5
Low emissions 16 12 - 2 24 i5
High emissi 19 14 - f 24 29 a 56
missions 18 14 24 29 a4
High emissians 23 17 29 35 51 72
21 s - 27 3.4 53
2090 27 2.0 35 A3 6.z £
2100 23 17 - 31 39 63
2100 EX 23 an 51 76 169
emissions PAll 25 19 33 a9 71
High emissians mer 33 26 - 4.3 5.2 e 127
Low emissions 27 zo - | u 4.9 0z
High emiissians 5.7 ze - | a2 61 2.4 15.0
amissions 3 21 4 53 a.
High emissi 4.2 31 5.5 6.0 109 174
Low emissi M0 32 25 - | 22 5.9 107
High emissions 210 46 34 - 62 78 125 201
missi 150 34 25 e 6.6 121
High emissions 2150 5 37 68 87 14.1 23.0

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

reduction in model availabiiity causes a smalf dip in profections betwoon 2100 and 2110, as woli as
2 Shift in uncertainty estimates (see Kopp etal. 2014). Use of 2110 projections should be done with
caution and with acknovdedgement of increased uncertainty around these projections.
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TABLE 5: Probability that Sea-Level Rise will meet or exceed a particular
height (in feet) in North Spit

Estimated probabilities that sea-level rise will meet or exceed a particular height are
based on Kopp et al. 2014. All heights are with respect to 4 1997 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
less than a 0.1% probability of occurrence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6} the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenario is not
inciuded in this table.

NORTH SPIT - High emissions (RCP 8.5)

030 | o5%

040 | 272% 0%

6% 4% 01%
080 | 94% 2% 06%  01%

g% A0%  3A%  05% 0% OI%

0% 6T A% ZI% 05%

0.1%

1080 100% 3% 7% 1.8% 0.6%  0.3% 1% 0%
o0 | wew 4% 19% &% 2% A% 0.2%  0I%
W | wo% 10 % 76%  50%  20%  15% 2% 1% %

NORTH SPIT - Low amissions (RCP 2.6)

Frobabiliiy that sea-level rise wilf meet o exceed, Cexcludes H+

CYEA 03% 0%

W% Q0% 0.5

% 0%

a8% ©2% 0%

100% 2% 2%
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TABLE 6: Projected Average Rate of Sea-Level Rise (mm/year)
for North Spit

Probabiiistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenarfo (depicted in blue in the far right column.) Values are presented in this table

as mm/yr; as opposed to feet as in the previous two tables, to avoid reporting values
in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likelihood of occurrence as do the probabilistic projections. Probabilistic
projections are with respect fo a basefine of the year 2000, or more specifically the
average reiative sea level over 1991 - 20089. High emissions represents RCP 8.5; fow
emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050.

opp ef ol 2014)

50% prababiiiy G6% probebiiy 5% probabulity 0.5% probebiiy
sea-level rise mests sea-jevel rise sea-level rise ments | sea-evel rise meets
OF excesds, is belween. or exceeds, or exceeds,

2030 - 2050 27 64 - 1 14 19 28

74 S 4 24
ssions 2060 - 2080 n 82 - 16 20 4 44

emissions 2060 - 2100 7.4 4.5 3 n 16 29
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TABLE 7: Projected Sea-Level Rise (in feet) for Arena Cove

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in blue in the far right column), as seen in the Rising Seas
Report. The H++ projoection is a single scenario and does not have an associated
likeliraod of occurrence as do the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 1991 - 2009. High emissions represents RCP 8.5; low emissions
represents RCP 2.6, Recommended projections for use in fow, medium-high and
extreme risk aversion decisions are outiined In biue boxes below.

Prabat! apg el al, 2014)

50% probability 66% praba) 5% probabiliy 0.5% probatility
385 devel rise mects sea-feve, sea-devel rise meets | sea-fevel rze meers
or exeends i bet e or exceeds. o excocds
on Medium - High Extreme
Aoreradesd Risk Aversion Risk Aversion
High emissions 2030 0.5 0z - | o 05 0.7 10
040 as o3 - o7 09 158 16
2050 07 0.5 160 12 1.8 26
Low emissions 0.8 (42 11 14 2.2
High emissions 10 o6 - | 13 Sfb 37
09 os - 13 18
12 0.8 17 2.2 5.0
16 S 21
15 e e [ 28 4.3 6.4
090 12 o.r = 18 25 4.5
090 12 gt = 26 3.4 5.4 2.0
Low emissions 2100 L3 o7 21 30 .4
High emissions 21 == A1 6.7 0.0
Low emissions L4 0.8 P2 31 G0
High emissions 210 23 15 3.2 4.2 7.0 06
Low emission e 15 os - 25 38 Al
26 1w -] s L0 0.2 139
17 oa - ze a1 a1
29 19 - a3 57 9.7 16.2
1 os - 46 a4
High emissions 32 21 -] as 65 1 1.7
ssions L2 0.8 3.4 51 107
missions 36 23 5.4 73 12,6 215

*Most of the avaitable climate model experiments do not extend beyond 2100. The resulting
reduction in model availability causes a small dip in projections betwoen 2100 and 2§10, as woll as
a shift in uncertainty estimates (see Kopp et al. 2004). Use of 2110 projections should be done with
caution and with acknowledgement of increased uncertainty around these projections.
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TABLE 8: Probability that Sea-Level Rise will meet or exceed a particular
height (in feet) in Arena Cove

Estimated probabilities that sea-fevef rise will meet or exceed a particular height are
based on Kopp et al. 2014. All helghts are with respect to a 1991 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
fess than a 0.1% probability of occuirence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6) the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenarlo is not
included in this table.

ARENA COVE - High emissions (RCP 8.5)

L5%

7% 0.3%

44% 2%

8% 2% 0.2% 1%

22%  20% 3% O7%  0.2%  0U%  0U%
1090 BI% 40% 2% 2% o07%  03%  0.2% 0% 0.1%
2100 % 56%  20% 6% 2% 1% 0A%  02% 0% 0I%
2150 99% 9%  68%  40%  22%  12% &% % 2% 1%

ARENA COVE - Low emissions (RCP 2.6)

Frobabillty that sea-leved rise will meei or exceed. (exciudes H+)

01%

Q5% 0% 01%

2090 QL% 0E% 02N 00%
7100 2% O0T%  03% 0%
2150 n% 5% 3% 2% 1% 1% 1%
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STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 9: Projected Average Rate of Sea-Level Rise (mm/year)
for Arena Cove

Probabilistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenario (depicted fn blue in the far right column.) Values arc presented in this tabie
as mm/yr, as opposed fo feet as in the previous two tables, to avaid reporting values
in fractions of an inch. The H++ projection fs a single scenario and does not have an
associated likelihcod of occurrence as do the probabilistic projections. Probabilistic
projections are with respect to a baseline of the year 2000, or more specifically the
average relative sea level over 1997 - 2009. High emissions represents RCP 8.5, low
emissions represents RCP 2.6. For low emissions (RCP 2.6€) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050,

el al 20i4)

50% probabiliiy 665 piobabiliy 5% probebilily 0.5% prabability
sea-level rise meets sea-ievel rise sea-jevel rise meets | sea-jevel rise meets
ar exGenos, i betwern er exgeno or exceeds,

High em 2030 - 2050 5.8 35 - 84 1l 25
Law emissions 208012 4.4 21 = 74 n 22

emissions 2060 - 2080 6 S 17 20 42
Law enmissians 60 - 2100 a4 14 - B4 53 27
igh emissions 0 - 2100 96 50 = 15 6 54
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TABLE 10: Projected Sea-Level Rise (in feet) for Point Reyes

Probabilistic projections for the height of sea-level rise shown below, along with the

H++ scenario (depicted in biue in the far right column), as seen in the Rising Seas
Report. The H++ projection is & singie scenario and does not have an associated
likelihood of accurrence as da the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 19891 - 2008. High emissions represents RCP 8.5; low emissions
represents RCP 2.6. Recommended projections for use in fow, medium-high and
extreme risk aversion decisfons are outlined in blue boxes beiow.

based an Kopo el &l 2014)

50% probabitily 66% probability 5% probabiliiy Q.5% probability
a5 Jovel rise meers sea-level rise sen levelrise meets | sea-fevel Hae meets
or exeneds is between. or excoeds or oxcoeds.
Low. Hedium - High Extreme
e isk Aversion Risk Aversion
High emissions 2030 o4 0.5 - 0.6 0.6 o ¥
2041 (X3 o5 & [a%:] 1.0 13 e
2050 ca 06 3 14 2.0 28
16 0.7 13 16 2.4
11 e - || 15 19 27 3.0
1 o - | 16 2.0 51
14 10 19 2.4 35 5.2
13 oo - | 18 24 3.9
.8 | 30 45 5.7
15 1w - 2@ 28 ap
High emissions 21 e - | 20 37 55 e3
Low ons 1100 1% 10 25 35 57
High emissions 00 25 16 -] =s A5 7.0 103
Law emissions (] 12 26 35 6.4
High emissions o 26 19 kX3 45 73 12.0
Low emissions 19 12 7 2.9 4.0 75
50 22 - | az 5.4 i} 14.4
21 15 -] 32 45 0.5
130 3.4 24 - | a7 61 101 185
2.4 13 - |2k L0 EE
37 26 - | 53 5.2 ns 19.2
2.4 13 e 56 nz
41 28 5.0 78 131 22.0

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

reduction in model availabiiity causes a smalf dip in profections betwoon 2100 and 2110, as woli as
2 Shift in uncertainty estimates (see Kopp etal. 2014). Use of 2110 projections should be done with
caution and with acknovdedgement of increased uncertainty around these projections.
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TABLE 11: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Point Reyes

Estimated probabilities that sea-level rise will meet or exceed a particular height are
based on Kopp et al. 2014. All heights are with respect to 4 1997 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
less than a 0.1% probability of occurrence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6} the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenario is not
inciuded in this table.

POINT REYES - High emissions (RCP 8.5)

4%  04%

G6% 3™ 03% 01%

8% 13%  0.3%  0I%

36% 5% 0% 03%  0I%  0I%

56% 15% 3% 09%  0.3%  0.2% 1% 0%

0% 30% 9% 3% %

2% 01%

POINT REYES - Low emissions (RCP 2.6)

Frobabiliiy that sea-level rise wilf meet o exceed, Cexcludes H+

0.9%

0.4%  02% 0%

W% 4% 02%  0I% 1%

2% 00%  04%  02%  0l% 0%

63% 5% T 4% 2% 2% 1%
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TABLE 12: Projected Average Rate of Sea-Level Rise (mm/year)
for Point Reyes

Probabiiistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenarfo (depicted in blue in the far right column.) Values are presented in this table

as mm/yr; as opposed to feet as in the previous two tables, to avoid reporting values
in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likelihood of occurrence as do the probabilistic projections. Probabilistic
projections are with respect fo a basefine of the year 2000, or more specifically the
average reiative sea level over 1991 - 20089. High emissions represents RCP 8.5; fow
emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050.

opp ef ol 2014)

50% probabiliy 5% probsbility 0.5% prababiliy
sea-level rise mests sea-level rise ments | sea-evel rise meets
or exceeds, s betwern or exceeds, ar excesds.
6.8 45 - 94 12 18 26
s4 3 - a4 12 23
2.6 64 - 14 "® 29 45
53 2.4 - 93 “ 28
Ll 60 - 16 22 38 55
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STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 13: Projected Sea-Level Rise (in feet) for San Francisco

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in blue in the far right column), as seen in the Rising Seas
Report. The H++ projoection is a single scenario and does not have an associated
likeliraod of occurrence as do the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 1991 - 2009. High emissions represents RCP 8.5; low emissions
represents RCP 2.6, Recommended projections for use in fow, medium-high and
extreme risk aversion decisions are outiined In biue boxes below.

Prabat! apg el al, 2014)

50% probability 66% praba) 5% probabiliy 0.5% probatility
385 devel rise mects sea-feve, sea-devel rise meets | sea-fevel rze meers
or exeends i bet e or exceeds. o excocds
Lo Medium - High Extreme
R Risk Aversion Risk Aversion

High emissions 2030 0.4 0z - | o 06 au 10
040 o33 o5 - [eX:) 10 1% 12
2050 e 0.6 1 14 19 27

Low emissions 16 06 13 16 2.4
High emissions 1 o -] 15 18 26 39

i oa - |15 19 3]
14 160 19 2.4 5.3

13 ao - | 12 23

17 1.2 = 24 30 4.5 65

090 14 10 - 21 28 4.7
090 21 14 = 29 38 56 25

Low emissions 2100 16 10 24 3.2 57
High emissions 25 16 - 34 6.0 0.2

Low emissions 17 12 25 34 63
High emissions 210 26 19 35 45 73 o

Low emission e 13 12 -] ze 39 7.4
4 22 - a1 5.2 06 14.2

21 12 - = 44 ] 8.5
33 24 - | 48 8.0 10.0 16.6

22 15 - 34 49 3.
High emissions 37 26 - | s2 [ 1.4 191

ssions 2.4 13 3 55 e
missions a1 P 5.0 75 13.0 219

*Most of the avaitable climate model experiments do not extend beyond 2100. The resulting
reduction in model availability causes a small dip in projections betwoen 2100 and 2§10, as woll as
a shift in uncertainty estimates (see Kopp et al. 2004). Use of 2110 projections should be done with
caution and with acknowledgement of increased uncertainty around these projections.
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TABLE 14: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in San Francisco

Estimated probabilities that sea-fevef rise will meet or exceed a particular height are

BUILANIE

based on Kopp et al. 2014. All heights are with respect to a 1991 - 2008 baseline; values

refer to a 19-year average centered on the specified year. Areas shaded in grey have
fess than a 0.1% probability of occuirence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6) the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenarlo is not

included in this table.

SAN FRANCISCO - High emissions (RCP 8.5)

1%

3.3%

3% 0.4%

65% 3% 0% 01%

4% 13%  12%  0.2%  Ca%

93% 3% k=:

®
©
%
#

0.3%  0I%  01%

6% 55% 4% 3% 0.9%  03%  0.2% 0% 0.1%

0% 28% 8% 3% 1% 0.5%  0.5% 2% 0%

96%  79%  52%  28%  15% 2% A% 3% 2%

SAN FRANCISCO - Low emissions (RCP 2.6)

Frobabillty that sea-leved rise will meei or exceed. (exciudes H+)

0.2%

06%  O.2%

2% 0.4% 0% 0%

090 | eon  20% 10%  G4% 02K 0%
mo | sax 2% 2% Gp% 04% 0%
2150 a3% 6% T A% 2%
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TABLE 15: Projected Average Rate of Sea-Level Rise (mm/year)
for San Francisco

Probabilistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenario (depicted fn blue in the far right column.) Values arc presented in this tabie
as mm/yr, as opposed fo feet as in the previous two tables, to avaid reporting values
in fractions of an inch. The H++ projection fs a single scenario and does not have an
associated likelihcod of occurrence as do the probabilistic projections. Probabilistic
projections are with respect to a baseline of the year 2000, or more specifically the
average relative sea level over 1997 - 2009. High emissions represents RCP 8.5, low

STATE OF CALIFORNIA SER-LEVEL

BUILANIE

TABLE 16: Projected Sea-Level Rise (in feet) for Monterey

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in biue in the far right column), as seen in the Rising Seas
Report. The H++ projection is & singie scenario and does not have an associated
likelihood of accurrence as da the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 19891 - 2008. High emissions represents RCP 8.5; low emissions
represents RCP 2.6. Recommended projections for use in fow, medium-high and
extreme risk aversion decisfons are outlined in blue boxes beiow.

emissions represents RCP 2.6. For low emissions (RCP 2.6€) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050,

based an Kopo el &l 2014)

el al 20i4)

50% probability 66% probabiiy 5% probability 0.5% probabiliiy
se0 Jewet rize meets sea Jovel rise sen fovef e meets | sec fevel rise meets
or exereds 7 between. orexceeds or excords.
50% probabiliiy 665 probability 5% probatiily 0.5% probability Low o
sea-level rise mests 580 level rise sea-fevel rise meets | sea-fevel rise meets Risk L JEEETR
ar excends. i belween, e excesd or exceeds, Aversion RiskAnsoriih Bk
High em 2030 - 2050 &7 F7y 5 a3 1 26 High emissions 2030 o4 0.5 - oL 0.6 o 1.0
Low emissions 2060 -2 5.3 3 - a2 12 22 2041 a8 CEREE 0.9 12 7
emissions 2060 - 2080 ay 64 - 14 \ 20 42 2050 ¢8 G5 1 13 2 o
L missians 50 - 2100 52 23 - a1 7! 28 e (ex] 0.5 12 15 23
figh emissions 0 - 2100 n 6.0 - 1% 22 37 55 10 07 -114 1.8 26 3.8
10 os - | 14 1.9 3.0
13 0.0 12 95 34 51
1.2 o7 - [ 17 23 38
16 M -] 23 29 4.4 66
3 08 - 20 27 4.5
High emissions 290 13 = 28 3.5 55 ez
Low ons 7100 15 23 31 55
High emissions 2100 23 15 -] a3 43 6.9 161
Low emissions 16 10 2.4 33 &l
High emissions o 25 3.4 4.4 s .8
Low emissions 17 Gl [ 38 73
28 20 - | a0 5.2 By 14.0
19 -] so 42 83
130 31 e 59 93 15.4
20 mo -] sz a7 95
35 24 - | = 6.7 n.s 122
21 1 36 5.3 10
38 26 57 76 12.9 218
*Most of the available climate madel experiments do not extend beyond 2100, The resutting
reduction in model availabiiity causes a small dip in profections between 2100 and 2110, as wcli as
2 Shift in uncertainty estimates (see Kopp etal. 2014). Use of 2110 prajections shouid be done with
caution and with acknovdedgement of increased uncertainty around these projections.
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STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 17: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Monterey

Estimated probabilities that sea-level rise will meet or exceed a particular height are
based on Kopp et al. 2014. All heights are with respect to 4 1997 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
less than a 0.1% probability of occurrence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6} the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenario is not
inciuded in this table.

MONTEREY - High emissions (RCP 8.5)

2030 ©1%

040 | 2.5%

8% 29% A% D8%  03%  0I% 0%
1080 3% 48% 12% 3% 0R%  0.3%  0.2% 1% 0%
200 4% B3%  25% 7% 2% %

22%  0I% 01%

W50 | W% 93%  73%  A6%  25% 4% 7% A% 2% 2%

MONTEREY - Low emissions (RCP 2.6)

Frobabiliiy that sea-level rise wilf meet o exceed, Cexcludes H+

02% 0%

Q5% 02%  0I%  00%

07%  03%  02%  ol% 0%

6% 4% 2% 1% 1%
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TABLE 18: Projected Average Rate of Sea-Level Rise (mm/year)
for Monterey

Probabiiistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenarfo (depicted in blue in the far right column.) Values are presented in this table
as mm/yr; as opposed to feet as in the previous two tables, to avoid reporting values
in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likelihood of occurrence as do the probabilistic projections. Probabilistic
projections are with respect fo a basefine of the year 2000, or more specifically the
average reiative sea level over 1991 - 20089. High emissions represents RCP 8.5; fow
emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050.

opp ef ol 2014)

50% prababiiiy 5% probabulity 0.5% probebiiy
sea-level rise meats sea-fevel rise mens | sea-evel rise meets
or exceeds, 5 helween or exceeds, ar exCeeds.
6.3 40 - 90 n 25
4.9 26 ne n 22
a1 L 15 i 20 45
a7 12 - a7 13 27
10 55 - 16 22 37 54
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TABLE 19: Projected Sea-Level Rise (in feet) for Port San Luis

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in blue in the far right column), as seen in the Rising Seas
Report. The H++ projoection is a single scenario and does not have an associated
likeliraod of occurrence as do the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 1991 - 2009. High emissions represents RCP 8.5; low emissions
represents RCP 2.6, Recommended projections for use in fow, medium-high and
extreme risk aversion decisions are outiined In biue boxes below.

Prabat! apg el al, 2014)

50% probability 66% praba) 5% probabiliy 0.5% probatility
385 devel rise mects sea-feve, sea-devel rise meets | sea-fevel rze meers
or exeends i bet e or exceeds. o excocds
on Medium - High Extreme
Aoreradesd Risk Aversion Risk Aversion
High emissions 2030 0.5 0z - | o 05 0.7 10
040 as o3 - o7 oe 158 16
2050 07 0.5 160 12 1.8 26
Low emissions 0.8 o4 11 14 2.2
High emissions 10 o6 - | 13 Sfb 25 37
09 os -] 13 a7
12 0.8 17 2.2 33 5.0
16 S 21 G
15 e 2| [l 28 A 6.4
090 19 06 = 18 25 5
090 12 18] = 26 34 3 B0
Low emissions 2100 L3 o7 21 29 .4
High emissions 21 == A1 6.7 0.0
Low emissions L4 0.8 P2 31 59
High emissions 210 23 15 3.2 4.2 7.0 06
Low emission e 15 os - | 24 35 7.0
26 1w -] s 49 0.2 13.8
16 09 L 27 4.0 ] a0
29 20 - | 43 57 a5 16.2
17 os -] 30 45
High emissions 32 21 -] as &4 107
— Lo 08 33 51
missions 36 23 5.4 73 126 215

*Most of the avaitable climate model experiments do not extend beyond 2100. The resulting
reduction in model availability causes a small dip in projections betwoen 2100 and 2§10, as woll as
a shift in uncertainty estimates (see Kopp et al. 2004). Use of 2110 projections should be done with
caution and with acknowledgement of increased uncertainty around these projections.
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TABLE 20: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Port San Luis

Estimated probabilities that sea-fevef rise will meet or exceed a particular height are
based on Kopp et al. 2014. All helghts are with respect to a 1991 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
fess than a 0.1% probability of occuirence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6) the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenarlo is not
included in this table.

PORT SAN LUIS - High emissions (RCP 8.5)

44% 2% 02%  01%

22%  20% 3% O7%  0.2%  0U%  0U%

BI% 40% 2% 2% o07%  03%  0.2% 0% 0.1%

2000 2% 56%  20% &% 2% 1% 0d%  02% 0% 0I%

2150 9% 9% 66%  A0%  21% % &% % 2% 1%

PORT SAN LUIS - Low emissions (RCP 2.6)

Frobabillty that sea-leved rise will meei or exceed. (exciudes H+)

01%

Q5% 0% 01%

2090 Q7% Q5% 0.2% 0%
2100 2% O0T%  03% 0%
1150 3% 7%
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STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 21: Projected Average Rate of Sea-Level Rise (mm/year)
for Port San Luis

Probabilistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenario (depicted fn blue in the far right column.) Values arc presented in this tabie
as mm/yr, as opposed fo feet as in the previous two tables, to avaid reporting values
in fractions of an inch. The H++ projection fs a single scenario and does not have an
associated likelihcod of occurrence as do the probabilistic projections. Probabilistic
projections are with respect to a baseline of the year 2000, or more specifically the
average relative sea level over 1997 - 2009. High emissions represents RCP 8.5, low
emissions represents RCP 2.6. For low emissions (RCP 2.6€) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050,

el al 20i4)

50% probabiliiy 665 piobabiliy 5% probebilily 0.5% prabability
sea-level rise meets sea-ievel rise sea-jevel rise meets | sea-jevel rise meets
ar exGenos, i betwern er exgeno or exceeds,

Highem 2030 - 2050 5.8 35 - a.4 1 24
Law emissions 208012 45 21 = 72 n el

emissions 2060 - 2080 Y .4 - 14 17 2f 42
Law enmissians 60 - 2100 a1 2 - a0 53 27
igh emissions 0 - 2100 96 50 = 15 57 54
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TABLE 22: Projected Sea-Level Rise (in feet) for Santa Barbara
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Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in biue in the far right column), as seen in the Rising Seas
Report. The H++ projection is & singie scenario and does not have an associated
likelihood of accurrence as da the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 19891 - 2008. High emissions represents RCP 8.5; low emissions
represents RCP 2.6. Recommended projections for use in fow, medium-high and
extreme risk aversion decisfons are outlined in blue boxes beiow.

based an Kopo el &l 2014)

50% probabitily 66% probabiiy 5% probabiliiy Q.5% probability
se0 Jewet rize meets sea Jovel rise sen fovef e meets | sec fevel rise meets
or exereds 7 between. orexceeds or excords.
Low. Hedium - High Extreme
Sonenical lisk Aversion Risk Aversion
High emissions 2030 0.3 0.2 = 0.4 05 0. 10
2041 0s [%:3 =] aw oe 1 16
2050 07 0.4 1o 12 e 25
o7 04 1o 1.4 2.2
6.9 o -] 13 16 25 36
0.9 os - | 13 17 28
1 0.7 17 21 33 a9
10 o5 - [ 15 2.0 35
1.4 o - 2 27 4.3 63
b o6 ». 1e 2.4 4.4
High emissions i 11 = 2.6 3.3 53 8
Low ons 7100 1.2 0.6 2.0 28 53
High emissions 1100 21 12 s A1 6.6 2.8
Low emissions 13 07 21 30 59
High emissions o 22 14 Bz 4.2 6.9 ne
Low emissions 14 o7 - | 24 35 7.0
25 1 -] ose 43 B2 157
15 o - | 28 39 2.0
1150 29 18 -] a2 55 95 18.0
16 - | ze 4.4 a1
51 - | as .o 126
12 32 0.5
35 2.2 53 126 214

*Most of the available climate model experiments do not extend beyond 2100. The resulting
reduction in model availabiiity causes a smalf dip in profections betwoon 2100 and 2110, as woli as
2 Shift in uncertainty estimates (see Kopp etal. 2014). Use of 2110 projections should be done with

caution and with acknowiledgement of increased uncertainty around these projections.
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STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 23: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Santa Barbara

Estimated probabilities that sea-level rise will meet or exceed a particular height are
based on Kopp et al. 2014. All heights are with respect to 4 1997 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
less than a 0.1% probability of occurrence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6} the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenario is not
inciuded in this table.

SANTA BARBARA - High emissions (RCP 8.5)

040 | 1.3%

W% 02%

40% 2% 02%

2010 61% 7% 0E%  02%  0I%

0% 3% 07%  02%  0I%  0I%

37% % 2% 07%  0.3% 0.1% 1% 0%

53%  19% 6% 2% % 2% 0% I

2150 g% ET% 63% 39N 20% n% % 3% 2% 1%

SANTA BARBARA - Low emissions (RCP 2.6)

Frobabiliiy that sea-level rise wilf meet o exceed, Cexcludes H+

08%

0%

9% 03%  01%

1%

0.5% 0% 0%

0.2%

G 05% 1%

0.3%

06% o1% o

5% 3% 2% 1% 1% 1%
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TABLE 24: Projected Average Rate of Sea-Level Rise (mm/year)
for Santa Barbara

Probabiiistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenarfo (depicted in blue in the far right column.) Values are presented in this table

as mm/yr; as opposed to feet as in the previous two tables, to avoid reporting values

in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likelihood of occurrence as do the probabilistic projections. Probabilistic
projections are with respect fo a basefine of the year 2000, or more specifically the
average reiative sea level over 1991 - 20089. High emissions represents RCP 8.5; fow
emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050.

opp ef ol 2014)

50% prababiiiy 5% probabulity 0.5% probebiiy
sea-level rise meats sea-fevel rise mens | sea-evel rise meets
or exceeds, 5 helween or exceeds, ar exCeeds.
5.6 B4 > B2 n 16 24
41 19 = 10 2
X3 LAl s 12 16 20 a1
3 e - 7e 12 27
9.4 48 - 15 2 36 55
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STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 25: Projected Sea-Level Rise (in feet) for Santa Monica

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in blue in the far right column), as seen in the Rising Seas
Report. The H++ projoection is a single scenario and does not have an associated
likeliraod of occurrence as do the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 1991 - 2009. High emissions represents RCP 8.5; low emissions
represents RCP 2.6, Recommended projections for use in fow, medium-high and
extreme risk aversion decisions are outiined In biue boxes below.

Prabat! apg el al, 2014)

50% probability 66% praba) 5% probabiliy 0.5% probatility
385 devel rise mects sea-feve, sea-devel rise meets | sea-fevel rze meers
or exeends i bet e or exceeds. o excocds
Lo tHedium- High Extreme
R isk Aversion Risk Aversion
High emissions 1030 0.4 0.5 - [oye 06 o 1
1040 = oa - | os LX) 12 17
2050 s 0.6 1 13 19 26
Low emissions e 06 12 15 2.3
High emissions 1 o - | 14 18 26 38
10 o7 -] 14 19 40
13 160 18 23 34 51
12 as | az 23 38
17 11 = 23 = 4.4 6.5
2090 15 o8 - | 2o 2 46
090 2.0 145 = 2e 35 55 a1
Low emissions 2100 L5 0.0 23 31
High emissions 23 gt || e 43 6.8
Low emissions 16 10 24 33 &1
High emissions e 25 18 35 45 @z "7
Low emiss e 17 | | 38 7.3
29 20 -] 40 5.2 0L 4.0
12 u -z 42 ] 8.3
3.2 22 - | 45 5.9 98 163
ssions 20 - sz 4.7
High emissions 55 2.4 o 51 6.7 1E.3
ssions 2.9 8] 36 53
missions 39 26 5.7 76 2.7

*Most of the avaitable climate model experiments do not extend beyond 2100. The resulting
reduction in model availability causes a small dip in projections betwoen 2100 and 2§10, as woll as
a shift in uncertainty estimates (see Kopp et al. 2004). Use of 2110 projections should be done with
caution and with acknowledgement of increased uncertainty around these projections.
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TABLE 26: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Santa Monica

Estimated probabilities that sea-fevef rise will meet or exceed a particular height are

BUILANIE

based on Kopp et al. 2014. All heights are with respect to a 1991 - 2008 baseline; values

refer to a 19-year average centered on the specified year. Areas shaded in grey have

fess than a 0.1% probability of accurrence. Values below are based on probabilistic

projections: for low emissions (RCP 2.6) the starting year is 2060 as we are currently

on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenarlo is not

included in this table.

SANTA MONICA - High emissions (RCP 8.5)

0.5%

2% 0.2%
n% 1L0%
30% 1%

0%

0.2%

1%

o1% 0%

03%  0.2% 0% 0.1%
1% 0A%  0.2% 0%
11% 7% % 2%

21%

2%

SANTA MONICA - Low emissions (RCP 2.6)

01%

0.5%

1%

01%

2.4%

2.9%
2%

Probability that sea-fovel rise will meei o excead,

0.2%

Q5%

Q7%

%

Cexiutes Hi+y

0%

02%  01% 0%

03%  02%  01% 0%
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1% 1%
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TABLE 27: Projected Average Rate of Sea-Level Rise (mm/year)
for Santa Monica

Probabilistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenario (depicted fn blue in the far right column.) Values arc presented in this tabie
as mm/yr, as opposed fo feet as in the previous two tables, to avaid reporting values
in fractions of an inch. The H++ projection fs a single scenario and does not have an
associated likelihcod of occurrence as do the probabilistic projections. Probabilistic

STATE OF CALIFORNIA SER-LEVEL

BUILANIE

TABLE 28: Projected Sea-Level Rise (in feet) for Los Angeles

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in biue in the far right column), as seen in the Rising Seas
Report. The H++ projection is & singie scenario and does not have an associated
likelihood of accurrence as da the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 19891 - 2008. High emissions represents RCP 8.5; low emissions

represents RCP 2.6. Recommended projections for use in fow, medium-high and
extreme risk aversion decisfons are outlined in blue boxes beiow.

projections are with respect to a baseline of the year 2000, or more specifically the
average relative sea level over 1997 - 2009. High emissions represents RCP 8.5, low
emissions represents RCP 2.6. For low emissions (RCP 2.6€) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050,

based an Kopo el &l 2014)

el al 20i4)

50% probability 66% probabiity 5% probabiliiy 0.5% probability
300 Jovel rize meets scalevelsise | sea levcfrise moets | soa fovel rise mects
o exeneds is between. orexceeds or excoeds
50% probability 665 probabiliy 5% probabiily 0.5% probabiliiy Low T
sea-level rise mests 580 level rise sea-fevel rise meets | sea-fevel rise meets Risk L JEEETR
ar exGenos, is belween er exceno. or exceeds, Aversion RiskAnsoiih Bk

High emi 2030 - 2050 6.4 43 = 89 1l 24 High emissions 2030 0.3 2 | ek 0.6 0.7 10
Law emissions 2060 -2 4.9 28 - 78 il 22 inig i L o 12 W
emissions 2060 - 2080 20 50 - 1% 1 2 42 L) ar G5 L& 12 LB 2

Low emissions 60 - 2100 4.6 6 - B85 13 27 e S (€35 ) L &2
{igh emissions 0 - 200 o 5.6 5 15 02 37 54 10 07 -] 13 17 25 37

0.9 o6 -] 3 18 29
1.2 03 17 22 33 5.0

10 G 21 36
15 W e 28 4.3 64

1.2 o7 ». 1.8 20 4.5
High emissions e 1.2 = 27 3.4 53 e

Low ons 200 13 07 21 30 5.4
High emissions 2100 22 s e 41 67 2.9

Low emissions L4 22 31 6.0
High emissions 210" 2.3 1.5 53 43 71 15

Low emissions 15 oo - | 25 35 bl
2.4 e e s Lo [0F] 158

2050 17 oo - | ze a1
100 30 g6 - | as 97 16.1

18 oo - | s0 82
53 - | a0 65 71 18.7

18 3 51 0.6
37 5.4 73 12.7 215

*Most of the available climate model experiments do not extend beyond 2100. The resulting
reduction in model availabiiity causes a smalf dip in profections betwoon 2100 and 2110, as woli as
2 Shift in uncertainty estimates (see Kopp etal. 2014). Use of 2110 projections should be done with
caution and with acknovdedgement of increased uncertainty around these projections.
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TABLE 29: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in Los Angeles

Estimated probabilities that sea-level rise will meet or exceed a particular height are
based on Kopp et al. 2014. All heights are with respect to 4 1997 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
less than a 0.1% probability of occurrence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6} the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenario is not
inciuded in this table.

LOS ANGELES - High emissions (RCP 8.5)

7% 2%  GE%  02%  00%

24%  23% 3% 07%  02%  0I%  0I%
1080 0% 2% 2% 7% 0.3%  0.2% 1% 0%
00 | 92% 21% 6% 2% % 22%  0I% 01%
150 9% 68% A% 23%  12% % 4% 2% 1%

LOS ANGELES - Low emissions (RCP 2.6)

Frobabiliiy that sea-level rise wilf meet o exceed, Cexcludes H+

1%

0.5%  02% 0%

C% 0% 02%  01%  01%

2% 0T7%  03%  02%  0l% 0%

5% 3% 2% 1% 1% 1%
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TABLE 30: Projected Average Rate of Sea-Level Rise (mm/year)
for Los Angeles

STATE OF CAL FORNIA SER
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Probabiiistic projections for the rates of sea-fevel rise shown befow, along with the H++

scenarfo (depicted in blue in the far right column.) Values are presented in this table

as mm/yr; as opposed to feet as in the previous two tables, to avoid reporting values

in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likelihood of occurrence as do the probabilistic projections. Probabilistic
projections are with respect fo a basefine of the year 2000, or more specifically the
average reiative sea level over 1991 - 20089. High emissions represents RCP 8.5; fow

emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as

we are currently on a high emissions (RCP 8.5) trajectory through 2050.

opp ef ol 2014)

50% prababiiiy 5% probebility 0.5% probebiiy
sea-level rise meats sea-fevel rise mens | sea-evel rise meets
or exceeds, s hebween or exceeds, ar exceeds.
5.9 nE - 2.4 n 16 25
45 ZE 73 n 2
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TABLE 31: Projected Sea-Level Rise (in feet) for La Jolla

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in blue in the far right column), as seen in the Rising Seas
Report. The H++ projoection is a single scenario and does not have an associated
likeliraod of occurrence as do the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 1991 - 2009. High emissions represents RCP 8.5; low emissions
represents RCP 2.6, Recommended projections for use in fow, medium-high and
extreme risk aversion decisions are outiined In biue boxes below.

Prabat! apg el al, 2014)

50% probability 66% praba) 5% probabiliy 0.5% probatility
385 devel rise mects sea-feve, sea-devel rise meets | sea-fevel rze meers
or exeends i bet e or exceeds. o excocds
Lo tHedium- High Extreme
Aoreradesd lisk Aversion Risk Aversion
High emissions 2030 s 0.4 N [eX3 [:¥] 0.9 1
040 o7 o5 - [e2:] 1.0 13 e
2050 e 07 12 14 240 28
Low emissions 16 o7 13 17 25
High emissions 12 oo - | 18 19 27 39
12 og -] 18 2.0 3]
15 L B 25 36 5.3
14 T s 2.4 4.0
12 s 31 4.6 6.7
090 16 10 = | 2= 29 4au
090 22 16 = 3.0 £3:) B 25
Low emissions 2100 17 1 25 33 5.8
High emissions 26 L 46 71 0.2
Low emissions Lo 13 27 35 6.4
High emissions 210 28 2.0 37 47 75 2.0
Low emission e 20 13 - 30 a1 76
51 23 =] a3 55 Ly 4.5
22 14 - sz 45 ] 8.6
35 26 - | 49 63 10.2 166
2.4 15 -] ae 51 3.
High emissions 39 za - | 54 71 nz 19.2
ssions 25 13 o 57 il
missions 43 3.0 (3] 7.9 13.3 220

*Most of the avaitable climate model experiments do not extend beyond 2100. The resulting
reduction in model availability causes a small dip in projections betwoen 2100 and 2§10, as woll as
a shift in uncertainty estimates (see Kopp et al. 2004). Use of 2110 projections should be done with
caution and with acknowledgement of increased uncertainty around these projections.
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TABLE 32: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in La Jolla

Estimated probabilities that sea-fevef rise will meet or exceed a particular height are
based on Kopp et al. 2014. All helghts are with respect to a 1991 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
fess than a 0.1% probability of occuirence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6) the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050; the H++ scenarlo is not
included in this table.

LA JOLLA - High emissions (RCP 8.5)

4% 0.3% 0%

7% 15%  03%  0I%

N% 6% % 03%  00%  01%

52% 7% 4% 1.0% 0d%  0.2% 0% 0.1%

75% 3% 0% 3% 1% 0.5%  0.5% 2% 0%

97%  e3% 2% 33% % 2% 5% 3% 2%

LA JOLLA - Low emissions (RCP 2.6)

Frobabillty that sea-leved rise will meei or exceed. (exciudes H+)

0.2%

G.4%  02% 01%

2090 TN 4% 02% 0%
100 2% 09%  0d% 02%
2150 16% a% A% 3%

ADPENDIY 3: SEA-LEVEL RISE PROJECTIGNS FOR ALL 12 TIDE GAUGES | 76

Waterfront Ballpark District at Howard Terminal
Response to Comments / Final Environmental Impact Report

5-968

ESA /D171044
December 2021



5. Responses to Individual Comments

5.2 Organizations

0-55 0-55

COMMENT COMMENT

STATE OF CALIFARNIA SEA-LEVEL RISE BUIDANCE

TABLE 33: Projected Average Rate of Sea-Level Rise (mm/year)
for Los Jolla

Probabilistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenario (depicted fn blue in the far right colummn). Values are presented in this table
as mm/yr, as opposed fo feet as in the previous two tables, to avaid reporting values
in fractions of an inch. The H++ projection fs a single scenario and does not have an
associated likelihcod of occurrence as do the probabilistic projections. Probabilistic

STATE OF CALIFORNIA SER-LEVEL

BUILANIE

TABLE 34: Projected Sea-Level Rise (in feet) for San Diego

Probabilistic projections for the height of sea-level rise shown below, along with the
H++ scenario (depicted in biue in the far right column), as seen in the Rising Seas
Report. The H++ projection is & singie scenario and does not have an associated
likelihood of accurrence as da the probabilistic projections. Probabilistic projections
are with respect to a baseline of the year 2000, or more specifically the average
relative sea level over 19891 - 2008. High emissions represents RCP 8.5; low emissions

projections are with respect to a baseline of the year 2000, or more specifically the
average relative sea level over 1997 - 2009. High emissions represents RCP 8.5, low
emissions represents RCP 2.6. For low emissions (RCP 2.6€) the starting year is 2060 as
we are currently on a high emissions (RCP 8.5) trajectory through 2050,

represents RCP 2.6. Recommended projections for use in fow, medium-high and
extreme risk aversion decisfons are outlined in blue boxes beiow.

based an Kopo el &l 2014)

S0% probetility 66% probability 5% probabiliy 0.5% probability
sea Jovel rise mects sealevelrise | sea fovel rise meets | sen fevel rise meets
o excoeds s between. or exceeds or exceeds
50% proabiliiy 66% piobabilily 5% protabiily 0.5% probabiliiy Low T
sea-level rise mests 580 level rise sea-fevel rise meets | sea-fevel rise meets Risk L JEEETR
ar exGenos, is bebween er exceno or exceeds, Aversion RiskAnsoiih Birsdmcken
High emi 2030 - 2050 72 Bt = 88 1?2 e 26 High emissions 2030 g4 =] we 0.7 o9 i
Law emissions 2060-1 57 35 - s 12 22 2040 o7 a2 -] o8 1.0 1.3 18
emissions 2060 - 2060 a9 62 - 14 e 2 s 2050 o o7 12 14 20 2p
L missians 50 - 2100 53 34 - a2 1 28 e 18 o7 13 17 25
igh emissions 0 - 2100 il 55 = 7 22 i c4 1.2 09 = 16 1.9 27 33
1.2 os - | 1e 20 5
15 11 2.0 25 36 5.2
14 i [ 24 39
19 13 -] z2s 5 45 57
16 1.0 ». 22 29 4.0
High emissions 22 L& = 3.0 EF 8iF a3
Lowemissions 2100 17 11 2.5 33 5.2
High emissions 2100 26 e - | ze 15 70 02
Low emissions I 13 27 35 64
High emissions  2110” 28 2.0 37 a7 75 120
Low emissions 20 o] 41 76
i e e | ks su [y 14.5
22 in | Es 45 i
050 35 26 - | ae 63 10.2 156
24 [ T 51 28
0 ze - | sa 7 n7 19.2
25 15 ze &7 i
43 30 61 70 133 2.0
*Most of the available climate model experiments do not extend beyond 2100. The resulting
recuction in model availabiiity causes a smali dip Iy projoctions betwoon 2100 and 2170, as woli as
3 SHIFt in UNCEFtaNty estimates (566 Kopp etal 2014). Use of 2110 projections shouid be done with
caution and with acknovdedgement of increased uncartainty around these projections.
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TABLE 35: Probability that Sea-Level Rise will meet or exceed a
particular height (in feet) in San Diego

Estimated probabilities that sea-level rise will meet or exceed a particular height are
based on Kopp et al. 2014. All heights are with respect to 4 1997 - 2009 baseline; values
refer to a 19-year average centered on the specified year. Areas shaded in grey have
less than a 0.1% probability of occurrence. Values below are based on probabilistic
projections: for low emissions (RCP 2.6} the starting year is 2060 as we are currently
on a high emissions (RCP 8.5) trajectory through 2050;. the H++ scenario Is not
inciuded in this table.

STATE OF CALIFORNIA SER-LEVEL BISE GUIDANCE

TABLE 36: Projected Average Rate of Sea-Level Rise (mm/year)
for San Diego

Probabiiistic projections for the rates of sea-fevel rise shown befow, along with the H++
scenarfo (depicted in blue in the far right column.) Values are presented in this table
as mm/yr; as opposed to feet as in the previous two tables, to avoid reporting values
in fractions of an inch. The H++ projection is a single scenario and does not have an
associated likelihood of occurrence as do the probabilistic projections. Probabilistic
projections are with respect fo a basefine of the year 2000, or more specifically the
average reiative sea level over 1991 - 20089. High emissions represents RCP 8.5; fow

emissions represents RCP 2.6. For low emissions (RCP 2.6) the starting year is 2060 as

SAN DIEGO - High emissions (RCP 8.5} we are currently on a high emissions (RCP 8.5) trajectory through 2050,

opp ei ol, 2014)
2030 ©1%
AL [l 50% probabiliy 5% probability O.5% probabiliy
40%  O5% sea-fevel rise meets s00-Jevel rise sea-fevel sise ments | seaevel rise meets
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SAN DIEGO - Low emissions (RCP 2.6)
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APPENDIX 4:

Risk Decision Framework

(Adapted from the Governor's Office of Planning and Research’s

“Planning and Investing for a Resilient California: A Guidebook for State Agencies”)

This framawork serves to help planners and decision makers avaluate sea-level rise impacts

across a range of projections to inform appropriate design, adaptation pathways,

and contingency plans that build resilience.
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Questions from the Policy Advisory
Committee to the OPC-SAT Working Group

THE QUESTIONS BELOW were developed by the Policy Advisory Committee to the OPC-SAT Working
Group to elicit information about the current estimates of sea-level rise for the California coast and how to
understand the scientific context around those estimates, including the state of the science (e.g., areas of

uncertainty, emerging science), the importance of each contributor to sea-level rise, and sensitivity of the

estimates to policy actions. Sections noted in parentheses refarence locations in the Rising Seas Raport

where these questions were addressed.

Estimates of Sea-level Rise

1. What is the current range of estimates of sea leval
rise for the California coast? (Section 3)

a. What probabilitias can be assigned to those
estimates given the current state of science?
(Section 3.1}

b. Should more weight be given to certain
parts of tha range, and if so, why?
(Section 3.2)

2. Across the physically plausible range of sea-
level rise projections, is it possible to say which
scenario(s) are more likely than others?
(Section 3.1.2)

a. What progress has been made since the
existing State Sea-level Rise Guidance
Document was published in 2013 on
assigning probabilities to different
emissions, warming and sea-lavel rise
scenarios? (Section 3.1.2)

b. Which contributors to sea-lavel rise {e.g.,
thermal expansion, ica loss) are currantly
included in devaloping probabilistic sea-
level rise scenarios? (Section 3.1.2)

c. What is the OPC-SAT Working Group’s
recommendation on how to estimate the
likelihood of certain amounts of sea-level
rise occurring at future dates for a given
global emissions scenario? (Section 3.1.2)

APPENDIY 5: QUESTIONS FROM THE

d. What other approaches is the OPC-SAT
Working Group aware of, or could the
Working Group recommend, for presenting
uncertain sea-level rise projections?
(Section 3.1.2)

e. lsit possible to identify and characterize
the degree of uncertainty in different
contributors to sea-level rise? Where do the
biggest uncertainties lie and what causes
these uncertainties? (Box 3)

State of the Science

These questions are designed to elicit information on
the state of sea-lavel rise science, including emerging

issues and the treatment of ice loss in Antarctica.

3. What are the significant and notable emerging
insights in sea-lavel rise science since the current
State Sea-Level Rise Policy Guidance was issued?
Why do they warrant attention? (Section 2.2)

a. Have there been any notable changes in
understanding how thermal expansion of
ocean water contributes to sea-level rise?
(Section 2.1.1 and Section 2.2)

b. Have there been any notable changes in
understanding of the role of ice loss from
inland glaciers and major ice sheats?
(Section 2.1 and 2.2)

POLICY ADVISORY COMNITTEE T THE 0PC-SAT WORKING GROUP | #2
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€. Have there been any notable changes in
understanding of steric or dynamic ocean
current changes that affact regional sea-

level rise projections? (Section 3.1.2)

d. Have there been any notable changes in
understanding of local or regional land
movement that could affect projections of

relative sea level change? (Section 2.2)

4. Doas the OPC-5AT Working Group consider
the emerging science important and significant
enough to warrant consideration in the current
update to the State Sea-level Rise Guidance
Document? If yas, why? If no, why? Please
commeant on the current confidence in new
scientific insights or advances. (Section 2.2,
Section 3.11, Appendix 2)

o

. Existing models, including Kopp et al. (2014) and
Cayan et al. (2016), projact very different sea-leval
rise estimates under different emissions scenarios.
However, some scientists suggest that sea levels
in 2100 are determined by events in Antarctica,
regardless of future GHG emission levels and
trajectories. What is your scientific opinion about
this issue? (Section 2.1, Section 3.2)

o

What are the scientific advances in best
approaches to project sea-level rise since the
publication of the existing State Sea-level Rise
Guidance Document (2013)? What makes some
modeling approaches batter than others; in what
way? (Section 3.1

a. What are the strengths and weaknesses

of the different approaches for projecting
global sea-level rise? (Section 3.1}

=

Which approach or combination of
approaches would the OPC-SAT Working
Group recommend for estimating future
global sea levels? (Section 3.1.2)

7. What are the best/most reliable approaches
for translating global projections into regional
projections? (Section 3.1.2)

KRPENDIX 5:
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8. What are the factors that cause sea-level rise
projections to differ among locations?
(Section 2.1.2, Box 2)

9. How are these factors considerad in regional
projections? (Section 3.1.2)

0. Is the OPC-SAT Working Group aware of
additional research/modeling afforts, ete,
presently underway that should inform the
update to the State Sea-level Rise Guidance
Document? (Section 4.1)

a. How soon does the OPC-SAT Working
Group expect major breakthroughs in
understanding of sea-level changes? What
would constitute a major breakthrough?
How might these breakthroughs affect
sea-level rise projections? Given current
uncertainties in scientific understanding,
and the anticipated rate of accumulation
of new knowledge or observations, can the
Working Group provide a recommended
frequency for reviewing the latest available
science to update guidance for state and
local decision-makers?

(Section 1.4, Section 4.1, Appenciix 2)

=

Similarly, can the Working Group provide
recommendations, from a scientific
perspective, on how this science could
be considerad in a policy setting (2.9.,
establishing an appropriate frequency for
policy updates, establishing a scientific
B 1o R g G
(Section 1.4)

Understanding the Contributors to Local
Sea-Level Rise

1. In addition to projecting future sea levels, other
factors may also be important.

a. What is the state of science on identifying
future (a) tidal amplitude and/or phase,
and (b) frequency and intensity of extreme
events (2.g. high water due to storm surges,
ENSO avents)? (Box 1)

QUESTIONS FROW THE POLICY ADVISORY CONNITTEE TO THE OPC-SAT WORKING GROUP | 83
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b. What are the pros and cons of different
approaches of arriving at total water level?
(Box 4)

What is the OPC-SAT Werking Group's
recommendation on how to integrate
{global or regional) sea-lavel rise projactions
with expectad changes in tidal and extrame

(o

events? (Box 4)

d. What is the OPC-SAT Working Group's
assessment of the adequacy of
superimposing historical extreme avent
departures from mean onto projected mean
sea levels to estimate future values? (Box 4

Policy Sensitivity of Sea-Level Rise
Projections

12. How "policy dependent” are the diffarant
contributors to sea-level rise? (Section 2.3)

a. Are the different contributors to sea-level
rise equally sensitive to changes in global
emissions/temperature? (Section 2.1

b. How much sea-level rise can be avoided
or how much can it be slowed down by
significant emission reductions (e.g.,
achieving the global commitments made
at COP21 in Paris or 80% GHG emissions
reductions by 2050)7
(Section 2.1, Section 3.2, and Section 3.3)

¢. What new implications for planning and
decision making, if any, are introduced by
including ice loss scenarios in sea-level rise
projections (2.g., magnitude, timing, non-
linaar rates, nature of the impact)?
(Section 3.1.2. Appendix 2)

13. Sea-level rise projections typically use emissions
scenarios {e.g., IPCC emissions scenarios/
Representative Concentration Pathways (RCPs)
as inputs into general circulation/sea-level rise
models. The RCP 2.6 scenario (lowast IPCC
emission scenario) appears out of reach, giveh
current greenhouse gas emission trends, and the

unlikely development of more ambitious emission
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reduction targets in the near future. Is there any
physically plausible scenario under which it
remains sensible to retain such low-end scenarios
in the range of projections? If not, what is the
lowest plausible sea-level rise scenario?

(Section 3.1.1)

Sea-Level Rise Exposure vs. Risk-based
Assessment

14. Risk (often defined as probability multiplied by

15

consaquence) is a critical input to planning and
decision-making.?

a. What is the OPC-SAT Working Group’s
recommendation on whether and, if so
how to incorporate consideration of risk as
part of the State Sea-level Rise Guidance
Document to state and local decision-
makers? (Section 1.3, Section 4.2)

b. How would this approach take account
of the uncertainties in sea-level rise
projactions? (Section 4.2, Box 3)

. What other questions should we be asking that

we haven't asked? What other considerations

should he brought to bear on this topic?
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Impacts of 1.5°C of Global Warming on Natural and Human Systems

Executive Summary

This chapter builds on findings of ARS and assesses new stientific
evidence of changes in the climate system and the associated impacts
on natural and human systems, with a specific facus on the magnitude
and pattern of risks linked for global warming of 1.5°C ahove
temperatures in the pre-industrial period. Chapter 3 explores observed
impacts and projected risks to a range of natural and human systems,
with a focus on how risk levels change from 1.5°C to 2°C of global
waming. The chapter alse revisits major categories of risk {Reasons for
Concem, RFC) based on the assessment of new knawledge that has
become available since ARS

1.5°C and 2°C Warmer Worlds

The global climate has changed relative to the pre-industrial
period, and there are multiple lines of evidence that these
changes have had impacts on organisms and ecosystems, as
well as on human systems and well-being {high confidence). The
increase in global mean surface temperature (GMST), which reached
0.87°C in 2006-2015 relative to 1850-1900, has increased the
frequency and magnitude of impacts {high confidence), strengthening
evidence of how an increase in GMST of 1.5°C or more could impact
natural and human systems (1.5°C versus 2°C). {3.3, 3.4, 3.5, 3.6,
Cross-Chapter Boxes 6, 7 and 8 in this chapter}

Human-induced global warming has already caused multiple
ohserved changes in the climate system (high confidence).
Changes include increases in both land and acean temperatures, as well
as more frequent heatwaves in most land regions (igh confidence;.
There is also high confidence that global warming has resulted in an
increase in the frequency and duration of marine heatwaves. Further,
there is substantial evidence that human-induced global wamming has
led 1o an increase in the frequency, intensity andior amount of heavy
precipitation events at the global scale (medium confidence), as well
as an increased risk of drought in the Mediterranean region (medfum
confidence). {3.3.1,3.3.2,3.3.3,3.3.4, Box 3.4}

Trends in intensity and frequency of some climate and weather
extremes have been detected over time spans during which
about 0.5°C of global warming accurred {medium confidence).
This assessment is based on seweral lines of evidence, including
attribution studies for changes in extremes since 1950. {3.2, 3.3.1,
332,333,334

Several regional changes in climate are assessed to occur with
global warming up to 1.5°C as compared to pre-industrial
levels, including warming of extreme temperatures in many
regions {high confidence), increases in frequency, intensity andior
amount of heawy precipitation in several regions {high confidence),
and an increase in intensity or frequency of droughts in some regions
(medium confidence). {3.3.1, 3.3.2, 3.3.3, 3.3.4, Table 3.2}
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There is no single '1.5°C warmer world’ (high confidence} In
addition to the overall increase in GMST, it is important to consider the
size and duration of potential overshoots in temperature, Furthermore,
there are questions on how the stahilization of an increase in GMST of
1.5°C can he achieved, and how pelicies might be able to influence the
tesilience of human and natural systems, and the nature of regional
and subregional risks. Overshooting poses large risks for natural and
human systems, especially if the temperature at peak warming is
high, because some risks may be long-lasting and irreversible, such
as the loss of some ecosystems (fiigh confidence). The rate of change
for several types of risks may also have relevance, with potentially
large risks in the case of a rapid rise to overshooting temperatures,
even if a decrease t0 1.5°C can be achieved at the end of the 21st
century or later (medium confidence). If avershoot is to be minimized,
the remalning equivalent CO, hudget available for emissions is very
small, which implies that large, immediate and unprecedented global
efforts to mitigate greenhouse gases are required (figh confidence).
{3.2,3.6.2, Cross-Chapter Box 8 in this chaptert

Robust' global differences in temperature means and extremes
are expected if global warming reaches 1.5°C versus 2°C above
the pre-industrial levels (high confidence). For oceans, regional
surface temperature means and extremes are projected to be higher
at 2°C compared to 1.5°C of global warming {high confidence).
Temperature means and extremes are also projected to be higher at
2°C compared to 1.5°C in most land regions, with increases heing
2-3 times greater than the increase in GMST projected for some
regions lhiglt confidence). Robust increases in temperature means and
extremes are also projected at 1.5°C compared to present-day values
(high confidence) {3.3.1, 3.3.2). There are decreases in the occumrence
of cold extremss, but substantial increases in their temperature, in
particular in regions with snow or ice cover (high confidence) {3.3.1}.

Climate models project robust' differences in regional climate
between present-day and global warming up to 1.5°C, and
between 1.5°C and 2°C (high confdence), depending on the
variable and region in question (high confidence). Large, robust
and widespread differences are expected for temperature
extremes (high confidence). Regarding hot extremes, the strongest
warming is expected to occur at mid-latitudes in the warm season (with
increases of up to 3°C for 1.5°C of global warming, ie., a factor of twa)
and at high latitudes in the cold season {with increases of up to 4.5°C
at 1.5°C of glohal warming, ie., a factor of three) {high confidence)
The strongest warming of hot extremes is projected to occur in
central and eastern North America, central and southern Europe, the
Mediterranean region {including southern Europe, northem Africa and
the Near East), westem and central Asia, and southern Africa {medium
confidence). The number of exceptionally hot days are expected to
increase the most in the tropics, where interannual temperature
variahility is lowest; extreme heatwaves are thus projected to emerge
earliest in these regions, and they are expected to already become
widespread there at 1.5°C global warming {high confidence). Limiting
global warming to 1.5°C instead of 2°C could result in around 420
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million fewer peaple being frequently exposed to extreme heatwaves,
and ahout 65 million fewer people being exposed to exceptional
heatwaves, assuming constant vulnerahility (medium confidence)
{3.3.1, 3.3.2, Cross-Chapter Box 8 in this chapter}

Limiting global warming to 1.5°C would limit risks of increases
in heavy precipitation events on a global scale and in several
regions compared to conditions at 2°C global warming
(medium confidence). The regions with the largest increases in heavy
precipitation events for 1.5°C to 2°C global warming include: several
high-latitude regions {e.g. Alaska/western Canada, eastern Canada/
Greenland/lceland, northern Europe and narthern Asia); mountainous
tegions {e.g., Tibetan Plateau); eastern Asia (including China and Japan);
and eastern North America {medium confidence). Tropical cyclones are
projected to decrease in frequency but with an increase in the number
of wery intense cyclones {limited avidence, fow confidence). Heawy
precipitation associated with tropical cyclones is projected to be higher
at 2°C compared 1o 1.5°C of global warming (medium confidence).
Heawy precipitation, when aggregated at a global scale, is projected to
be higher at2°C than at 1.5°C of global warming (medium confidence)
{333,336}

Limiting global warming to 1.5°C is expected to substantially
reduce the probability of extreme drought, precipitation deficits,
and risks associated with water availability (Le., water stress) in
some regions (medium confidence). In particular, risks associated
with increases in drought frequency and magnitude are projected to be
substantially larger at 2°C than at 1.5°C in the Mediteranean region
{including southem Europe, northern Africa and the Near East) and
southem Africa (medium confidence). {3.3.3, 3.34, Box 3.1, Box 3.2}

Risks to natural and human systems are expected to be lower
at 1.5°C than at 2°C of global warming (high confidence). This
difference is due to the smaller rates and magnitudes of climate
change associated with a 1.5°C temperature increase, including lower
frequencies and intensities of temperature-related extrermnes. Lower
tates of change enhance the ability of natural and human systems
1o adapt, with substantial benefits for a wide range of terrestrial,
freshwater, wetland, coastal and ocean ecosystems (including coral
teefs) ibigh confidence), as well as focd production systems, human
health, and tourism {medium confidence), together with energy
systems and transportation (ow confidence). {3.3.1, 3.4}

Exposure to multiple and compound climate-related risks is
projected to increase between 1.5°C and 2°C of global warming
with greater proportions of pecple both exposed and susceptible to
paverty in Africa and Asia {frigh confidence). For global warming from
1.5°C to 2°C, risks across energy, food, and water sectors could overlap
spatially and temporally, creating new — and exacerbating current -
hazards, exposures, and wulnerabilities that could affect increasing
numbers of people and regions imedium confidence). Small island
states and economically disadvantaged populations are particularly at
risk {high confidence). {3.3.1,3.4.5.3,3.4.5.6,3.4.11,3.5.4.9, Box 3.5}
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Global warming of 2°Cwould lead to an expansion of areas with
significant increases in runoff as well as those affected by flood
hazard, compared to conditions at 1.5°C (mediuin confidence).
Global warming of 1.5°C would also lead t an expansion of the global
land area with significant increases in runoff {medium confidence} and
an increase in flocd hazard in some regions (medium confidence)
compared to present-day conditions. {3.3.5}

The probability of a sea-ice-free Arctic Ocean® during summer
is substantially higher at 2°C compared to 1.5°C of global
warming (mediurm confidence). Model simulations suggest that
at least one sea-ice-free Arctic summer is expected every 10 years
for global waming of 2°C, with the frequency decreasing to one
sea-ice-free Arctic summer every 100 years under 1.5°C (medium
[ AN i di avershoot will have no lang-
term consequences for Arctic sea ice coverage, and hysteresis is not
expected (high confidence). {3.3.8,3.4.4.7}

Global mean sea level rise (GMSLR) is projected to be around
0.1 m (0.04 — 0.16 m) less by the end of the 21st century in a
1.5°Cwarmer world compared to a 2°C warmer world (medium
confidence). Projected GMSLR for 1.5°C of global warming has an
indicative range of 0.26 — 0.77m, relative to 1986-2005, {medium
configenice). A smaller sea level rise could mean that up to 10.4 million
fewer people (hased on the 2010 global population and assuming no
adaptation) would be exposed to the impacts of sea level rise globally
in 2100 at 1.5°C compared to at 2°C. A slower rate of sea level rise
enables greater opportunities for adaptation (medium confidence).
There is high confidence that sea level rise will continue beyond 2100.
Instabilities exist for hoth the Greenland and Antarctic ice sheets, which
could result in multi-meter rises in sea level on time scales of century
to millennia. There is medium confidence that these instabilities could
be triggered at around 1.5°C to 2°C of global warming. {3.3.9, 3.4.5,
363}

The ocean has absorbed about 30% of the anthropogenic
carbon dioide, resulting in ocean acidification and changes te
carbonate chemistry that are unprecedented for at least the
last 65 million years (high canfidence). Risks have heen identified
for the survival, calcification, growth, development and abundance of
a broad range of marine taxonomic groups, ranging from algae o fish,
with substantial evidence of predictable trait-hased sensitivities (higir
confidence). There are multiple lines of evidence that ocean warming
and acidification corresponding to 1.5°C of global warming would
impact a wide range of marine organisms and ecosystems, as well as
sectors such as aquaculture and fisheries (righ confidence). {3.3.10,
344}

Larger risks are expected for many regions and systems for
global warming at 1.5°C, as compared to today, with adaptation
teqquired now and up 10 1.5°C. Howewer, risks would be larger at 2°C of
warming and an even greater effort would be needed for adaptation to
a temperature increase of that magnitude (high confidence). 3.4, Box
3.4, Box 3.5, Cross-Chapter Box 6 in this chapter}
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Future risks at 1.5°C of global warming will depend on the
mitigation pathway and on the possible occurrence of a
transient overshoot (high confidence). The impacts on natural
and human systems would be greater if mitigation pathways
temporarily overshoot 1.5°C and retumn to 1.5°C later in the century,
as compared to pathways that stabilize at 1.5°C without an overshoot
(high confidence). The size and duration of an overshoat would also
affect future impacts {a.g., irreversible loss of some ecosystems) (high
confidence). Changes in land use resulting from mitigation choices
could have impacts on food production and ecosystem diversity. 13.6.1,
362, Cross-Chapter Boxes 7 and 8 in this chapter)

Climate Change Risks for Natural and Human systems
Terrestrial and Wetland Ecosystems

Risks of local species losses and, consequently, risks of
extinction are much less in a 1.5°C versus a 2°C warmer world
(high confidence). The number of species projected to lose over
half of their climatically determined geographic range at 2°C global
warming (18% of insects, 16% of plants, 8% of vertebrates) is
projected to be reduced to 6% of insects, 8% of plants and 4% of
vertehrates at 1.5°C warming {medium confidence). Risks associated
with other biodiversity-related factors, such as forest fires, extreme
weather events, and the spread of invasive species, pests and
diseases, would also ke lower at 1.5°C than at 2°C of warming {frigh
confidence), supporting a greater persistence of ecosystem services,
[3.43,3.5.2)

Constraining global warming to 1.5°C, rather than to 2°C
and higher, is projected to have many benefits for terrestrial
and wetland ecosystems and for the preservation of their
services to humans (high confidence). Risks for natural and
managed ecosystems are higher on drylands compared to humid
lands. The glabal terrestrial land area projected to be affected by
ecosystem transformations (13%, interquartile range §-20%) at 2°C
is approximately halved at 1.5°C global warming to 4% (interquartile
range 2-7%) (medium confidence). Above 1.5°C, an expansion of
desert terrain and vegetation would occur in the Mediterranean
biome {medium confidence), causing changes unparallsled in the last
10,000 years (medium confidence). {3.3.2.2,3.4.3.2, 3.4.3.5, 3461,
3.5.5.10, Box 4.2}

Many impacts are projected to be larger at higher latitudes,
owing to mean and cold-season warming rates above the
global average (medium confidence). High-latitude tundra and
horeal forest are particularly at risk, and wocdy shrubs are already
encroaching intc tundra {high confidence} and will proceed with
further warming. Constraining warming to 1.5°C would prevent the
thawing of an estimated permafrost area of 1.5 t0 2.5 million km?
over centuries compared to thawing under 2°C {medium confidence)
{3.3.2,3.43,3.4.4}

Chapter 3

Ocean Ecosystems

Ocean ecosystems are already experiencing large-scale
changes, and critical thresholds are expected to be reached at
1.5°C and higher levels of global warming (figh confidence).
In the transition to 1.5°C of warming, changes to water temperatures
are expected 1o drive some species (e.g., plankton, fish) to relocate
1o higher latitudes and cause novel ecosystems to assemble {figh
confidence). Other ecosystems (e.g., kelp forests, coral reefs) are
relatively less able to move, however, and are projected to experience
high rates of mortality and loss {very high confidence). For example,
multiple lines of evidence indicate that the majority (70-90%) of
warm water {tropical) coral reefs that exist today will disappear even
if glabal wiarming is canstrained to 1.5°C (very high confidence).
{3.4.4,Box 3.4}

Current ecosystem services from the ocean are expected to be
reduced at 1.5°C of global warming, with losses being even
greater at 2°C of global warming (high confidence). The risks
of declining ocean productivity, shifts of species to higher latitudes,
damage to ecosystems (2.0., coral reefs, and mangroves, seagrass
and other wetland ecosystems), loss of fisheries productivity {at
low |atitudes), and changes to ocean chemistry (e.g., acidification,
hypoxia and dead zones) are projected to be substantially lowsr
when global warming is limited to 1.5°C (high confidence). (3.4.4,
Box 3.4}

Water Resources

The projected frequency and magnitude of floods and droughts
in some regions are smaller under 1.5°C than under 2°C of
warming (medivm confidence). Human exposure to increased
flooding is projected to be substantially lower at 1.5°C compared to
2°C of global warming, although projected changes create regionally
differentiated risks {medium confidence). The differences in the risks
among regions are strongly influenced by local socio-economic
conditions (medium confidence). (3.3.4, 3.3.5,3.4.2)

Risks of water scarcity are projected to be greater at 2°C than at
1.5°C of global warming in some regions (medium coitfidenice).
Depending on future sacio-economic conditions, limiting global
warming to 1.5°C, compared to 2°C, may reduce the proportion of
the world population exposed to a climata change-induced increase
in water stress by up to 50%, although there is considerable variahility
between regions imedium confidence). Regions with particularly
large benefits could include the Mediterranean and the Caribbean
(medium confidence). Socio-economic drivers, however, are expected
1o have a greater influence en these risks than the changes in climate
(medivm confidence). (3.3.5,3.4.2, Box 3.5}

Land Use, Food Security and Food Production Systems
Limiting global warming to 1.5°C, compared with 2°C, is

projected to result in smaller net reductions in yields of maize,
rice, wheat, and potentially other cereal crops, particularly in
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sub-Saharan Africa, Southeast Asia, and Central and South America;
and in the CO_-dependent nutritional quality of rice and wheat
(high confidence). A loss of 7-10% of rangeland livestock globally
is projected for approximately 2°C of warming, with considerable
£Conamic ¢ | for many c ies and regions (medium
confidence). {3.4.6,3.6, Box 3.1, Cross-Chapter Box 6 in this chapter}

Reductions in projected food availability are larger at 2°C
than at 1.5°C of global warming in the Sahel, southern Africa,
the Mediterranean, central Europe and the Amazon (medium
conffdence). This suggests a transition from medium to high risk of
regionally differentiated impacts an food security between 1.5°C and
2°C {medium confidence). Future economic and trade environments
and their response to changing food availability (medium confidence)
are important potential adaptation options for reducing hunger risk
in low- and middle-income countries. {Cross-Chapter Box & in this
chapter}

Fisheries and aquaculture are important to global food security
but are already facing increasing risks from ocean warming
and acidification (medium confidence). These risks are
projected to increase at 1.5°C of global warming and impact
key organisms such as fin fish and bivalves (e.q., oysters),
especially at low latitudes (medium confidence). Small-scale
fisheries in tropical regions, which are very dependent on habitat
provided hy coastal ecosystems such as coral reefs, mangrowes,
seagrass and kelp forests, are expected to face growing risks at1.5°C
of warming hecause of loss of hahitat {medium confidence). Risks
of impacts and decreasing food security are projected to become
greater as global warming reaches beyond 1.5°C and both acean
warming and acidification incraase, with substantial losses likely for
coastal livelihoods and industries {e.g., fisheries and aguaculture)
(medium to high confidence). {3.4.4, 3.4.5, 2.4.6, Box 3.1, Box 3.4,
Bex 3.5, Cross-Chapter Box 6 in this chapter}

Land use and land-use change emerge as critical features of
virtually all mitigation pathways that seek to limit global
warming to 1.5°C thigh confidence). Most least-cost mitigation
pathways to limit peak or end-of-century warming to 1.5°C make
use of carbon dioxide removal (CDR), predominantly employing
significant levels of bicenergy with carbon capture and storage
(BECCS) and/or afforestation and reforestation (AR in their portfolio
of mitigation measures (high confidence). {Cross-Chapter Box 7 in
this chapter}

Large-scale deployment of BECCS and/or AR would have
a far-reaching land and water footprint (high confidence).
Whether this footprint would result in adverse impacts, for example
on biodiversity or foad production, depends on the existence and
effectiveness of measures to conserve land carbon stocks, measures
to limit agricultural expansion in arder to protect natural ecosystems,
and the potential to increase agricultural productivity (medium
agreement). In addition, BECCS andior AR would have substantial
direct effects on regional climate through biophysical feedbacks,
which are generally not included in Integrated Assessments Models
(high confidence). (3.6.2, Cross-Chapter Boxes 7 and § in this chapter)
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The impacts of large-scale CDR deployment could be greatly
reduced if a wider pertfolio of CDR options were deployed, if a
holistic policy for sustainable land management were adopted,
and if increased mitigation efforts were employed to strongly
limit the demand for land, energy and material resources,
including through lifestyle and dietary changes (medium
confidence). In particular, reforestation could be assaciated with
significant co-benefits if implemented in a manner than helps restore
natural ecosystems {(high confidence). {Cross-Chapter Box 7 in this
chapter}

Human Heaith, Well-Being, Cities and Poverty

Any increase in global temperature (e.g., +0.5°C) is projected
to affect human health, with primarily negative consequences
(high confidence). Lower risks are projected at 1.5°C than at 2°C
for heat-related morhidity and moriality (wery high confidence), and
for ozone-related mortality if emissions needed for ozone formation
remain high (high confidence). Urhan heat islands often amplify the
impacts of heatwaves in cities (high confidence). Risks for some
wvectorhorne diseases, such as malariaand dengue fever are projected
to increase with warming from 1.5°C to 2°C, including potential
shifts in their geographic range (high confidence). Overall for vector-
borne diseases, whether projections are positive or negative depends
on the disease, region and extent of change (high confidence). Lower
risks of undernutrition are projected at 1.5°C than at 2°C (medium
confidence). Incorporating estimates of adaptation into projections
reduces the magnitude of risks (high confidence). {3.4.7, 3.4.7.1,
3483558}

Global warming of 2°C is expected to pose greater risks to urban
areas than global warming of 1.5°C (medfum confidence). The
extent of risk depends on human vulnerability and the effectiveness
of adaptation for regions (coastal and non-coastal), informal
settlements and infrastructure sectors (such as energy, water and
transpart} {(high confidence). {3.4.5,3.4.8}

Poverty and disadvantage have increased with recent warming
(about 1°C) and are expected to increase for many populations
as average global temperatures increase from 1°C to 1.5°C
and higher (medium confidence). Outmigration in agricultural-
dependent communities is positively and statistically significantly
associated with global tempaeratre (medimm confidence). Our
understanding of the links of 1.5°C and 2°C of glohal warming to
human migration are limited and represent an important knowledge
gap. {3.4.10,3.4.11, 5.2.2, Table 3.5}

Key Economic Sectors and Services

Risks to global aggregated economic growth due to climate
change impacts are projected to be lower at 1.5°C than at 2°C
by the end of this century {medium confidence). {3.5.2, 3.5.3}

The largest reductions in economic growth at 2°C compared
to 1.5°C of warming are projected for low- and middle-income
countries and regions (the African continent, Southeast Asia,
India, Brazil and Mexico) {ow to medium confidence). Countries
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in the tropics and Southern Hemisphere subtropics are projected to
experience the largest impacts on economic growth due to climate
change should global warming increase fram 1.5°C to 2°C {medium
confidence). 13.5)

Global warming has already affected tourism, with increased
risks projected under 1.5°C of warming in specific geagraphic
regions and for seasonal tourism including sun, beach and
snow sports inations (very high it ). Risks will be
lower for tourism markets that are less climate sensitive, such as
gaming and large hotel-based activities (figh confidence). Risks for
coastal tourism, particularly in subtropical and tropical regions, will
increase with temperature-related degradation {e.q., heat extremes,
starms} or loss of beach and coral reef assets (high confidence).
{3.3.6,3.4.4.12,3.4.9.1, Box 3.4}

Small isfands, and Coastal and Low-lying areas

Small islands are projected to experience multiple inter
related risks at 1.5°C of global warming that will increase with
warming of 2°C and higher levels (high confidence). Climate
hazards at 1.5°C are projected to be lower compared to those at 2°C
(high confidence). Lang-term risks of coastal flooding and impacts on
populations, infrastructures and assets (high confidence), freshwater
stress (medium confidence), and risks acrass marine ecosystems (figh
contfidence) and critical sectors imedium confidence) are projected to
increase at1.5°C compared to present-day levels and increase further
at 2°C, limiting adaptation opportunities and increasing loss and
damage {medium confidence). Migration in small islands finternally
and internationally} occurs for multiple reasons and purpeses, mastly
for bettar livelihood opportunities (high confidence) and increasingly
owing to sea level rise imedium confidence). {3.3.2.2, 3.3.6-8,
343.2,3442 344534412, 3453,3471, 3491, 35459,
Box 3.4, Box 2.5}

Impacts associated with sea level rise and changes to the
salinity of coastal groundwater, increased flooding and
damage to infrastructure, are projected to be critically
important in vulnerable environments, such as small islands,
lowr-lying coasts and deltas, at global warming of 1.5°C and
2°C (high confidence). Lacalized subsidence and changes to river
discharge can potentially exacerbate these effects. Adaptation is
already happening (high confidence) and will remain important over
multi-centennial time scales. {3.4.5.3, 3.4.5.4, 3.4.5.7, 5.4.5.4, Box
35}

Existing and restored natural coastal ecosystems may be
effective in reducing the adverse impacts of rising sea levels
and intensifying storms by protecting coastal and deltaic
regions (medfum confidence). Matural sedimentation rates are
expected to be able to offset the effect of rising sea levels, given
the slower rates of sea level rise associated with 1.5°C of warming
(medium confidence). Other feedbacks, such as landwiard migration
of wetlands and the adaptation of infrastructure, remain important
(medium conficfence). {3.4.4.12,3.4.5.4,3.4.5.7}

Chapter 3

Increased Reasons for Concarn

There are multiple lines of evidence that since AR5 the assessed
levels of risk increased for four of the five Reasons for Concern
(RFCs) for global warming levels of up to 2°C (high confidence).
The risk transitions by degrees of global warming are now: from high
to wery high between 1.5°C and 2°C for RFC1 {Unique and threatened
systems) {figh confidence); from moderate to high risk hetween 1°Cand
1.5°C for RFC2 (Extreme weather events) {medium confidence); from
mederate to high risk between 1.5°C and 2°C for RFC3 (Distribution of
impacts} {high confidence); from moderate to high risk between 1.5°C
and 2 5°C for RFC4 (Global aggregate impacts) (medium confidence);
and from moderate to high risk between 1°C and 2.5°C for RFCS
(Large-scale singular events) (medium confidence). {3.5.2)

1. The category ‘Unique and threatened systems’ (RFC1)
display a transition from high to very high risk which is
now located between 1.5°C and 2°C of global warming as
opposed to at 2.6°C of global warming in AR, owing to new and
multiple lines of evidence for changing risks for coral reefs, the
Arctic and biodiversity in general (high confidence). {3.5.2.1}

2. In Extreme weather events’ (RFCZ), the transition from
maderate to high risk is now located between 1.0°C and
1.5°C of global warming, which is very similar to the ARS
assessment hut is projected with greater confidence imedium
confidence). The impact literature contains litde information
ahout the potential for human society to adapt fo extreme
weather events, and hence it has not been possible to lecate
the transition fram 'high® ta 'very high' risk within the context of
assessing impacts at 1.5°C versus 2°C of global warming. There
is thus low confidence in the level at which global warming could
lead to very high risks associated with extreme weather events in
the context of this report {35}

3. With respect to the ‘Distribution of impacts’ {RFC3) a
transition from moderate to high risk is now located
between 1.5°C and 2°C of global warming, compared with
between 1.6°C and 2.6°C global warming in AR5, cwing to new
evidence about regionally differentiated risks to food security,
water resources, drought, heat expasure and coastal submergence
{high confidence). {3.5

4. In ‘global aggregate impacts’ (RFCA) a transition from
maderate to high levels of risk is now located between
1.5°Cand 2.5°C of global warming, as opposed to at 3.6°C of
warming in ARS, owing to new evidence about global aggregate
economic impacts and risks to Earth's bicdiversity (medium
confirlence). {3.5}

5. Finally, ‘large-scale singular events’ {RFC5}, moderate risk
is now located at 1°C of global warming and high risk is
lacated at 2.5°C of global warming, as opposed to at 1.6°C
{moderate risk) and around 4°C (high risk} in AR, because of new
obsenvations and models of the West Antarctic ice sheet (medium
confidence). {3.3.9,35.2,3.6.3}
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31 About the Chapter

Chapter 3 uses relevant definiticns of a potential 1.5°C warmer world
from Chapters 1 and 2 and builds directlyon their assessmentofgradual
versus overshoot scenarios. It interacts with information presented in
Chapter 2 via the prowision of specific details relating to the mitigation
pathways {29., land-use changes) and their implications for impacts
Chapter 2 also includes information needed for the assessment and

This chapter is necessarily transdisciplinary in its coverage of the
cimate system, natural and managed ecosystems, and human
systems and responses, owing to the integrated nature of the natural
and human experience. While climate change is acknowledged as a
centrally important driver, it is not the only driver of risks ta human and
natural systems, and in many cases, it is the interaction between these
two broad categories of risk that is important {Chapter 1).

The flow of the chapter, linkages between sections, a list of chapter-

ation of fon options (p in Chapter 4}, as  and crosshapter boxes, and a content guide for reading according
well as the context for considering the interactions of climate change  to focus or interest are given in Figure 2.1. Key definitions used in the
with i develop and for the of impacts on  chapter are collected in the Glassary. Confidence language is used
bility, poverty and i lities at the t hold to sut |t hout this chapter and likelihood statements feq., fikely, very
level (presented in Chapter 5). likely) are provided when there is high confidence in the assessment.
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Precipitation 331 |3.32 1334 |Box33 3311
334(335 5543801
Drought Floods.
334 Box3.2]3.42 33,1 3.35(342(345(33.1
Sectun Extrome Weather Snow, Permafrost and Soa Ics
Assosting 1.0°C 332565 35438633 M] 358 344 304|385 385]
344352 3.3
o0 Lovel
33934, 2
363
e
3 Section 33 Section 1.4
° Global and Regional Observed Impacts and ©  Ecosysteme Food Security
= Glimate Changes and Projccied Risks in Matural O 343(344/345(3412|Box  345|3412|355|352 | X-Box 6|
= Associsted Hacards and Hurman Systems 3 341892]358 XBox 7
& Q
& & Frashwater Oceans
- o 3423442 3371331013311 344 3412
2 | =
@
e =]
=] Ragional Outlooks Coastal and Low Lying Arvas
332(335 543 Boxdd [Box 335348 Boxds 554 (3412
32|545|Box3.5|854]855]
Section 1.5 Saction 36 aam
Avsided Impacts and Implications of Differant Cities
Reduced Risks 1.5°C and 2°G Pathways 545|348 545
| Health Key Economic Sectors and Services
347134121355 349 3492
Livelihoads and Povarty RFCs, Hot Spots and Tipping Points
63400 3442|5413 55.2| 554|850
Box 3.1 Box 12 Box33 Box34 Box 3.5 Box 36 _g X-Box B XBox7 X-Box 8
£z se Oroughtsinthe  Lessons from  Worm Water — Small sland  Economie 28 Fow Land Bused Carbon 15°C
H 3 Suhawn  Modiomnoen  PutWem  Cord Reslsin  Deloping  Damags from G Secuily  Dioxids Remavalin  Wanmer
Aica Basinandths  Climate 315°C States (SDS)  Cimato Change & Relationto 15°C of  Workls
Middie Fast  Fpisorles Wamer Workl [ Global Warming
Figure 3.1| Chapter = structure ard quick quide.

The underlying literature assessed in Chapter 3 is broad and includes a
large nurber of recent publications specific to assessments for 1,5°C
of warming. The chapter also utilizes information covered in prior
IPCC special reports, for example the Special Report on Managing the
Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation (SREX; IPCC, 2012), and many chapters from the IPCC
WG Fifth Assessment Report (ARS) that assess impacts on natural
and managed ecosystems and humans, as well as adaptation options
(IPCC, 201 4h). For this reason, the chapter provides information based
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ona broad range of assessment methods. Details about the approaches
used are presented in Section 3.2.

Section 3.3 gives a general overview of recent literature on ohserved
climate change impacts as the contaxt for projected future risks, With
a few exceptions, the focus here is the analysis of transient responses
at 1.5°C and 2°C of global warrming, with simulations of sfrort-term
stabifization scenarios {Section 3.2) also assessed in some cases. In
general, fong-term equilibrium stabifization responses could not be
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assessed owing to a lack of data and analysis. A detailed analysis of
detection and attribution is not provided but will be the focus of the next
IPCC assessment report [ARG). Furthermore, possible intenventions in
the climate systemn through radiation madification measures, which are
not tied to reductions of greenhouse gas emissions or concentrations,
are not assessed in this chapter.

Understanding the ohserved impacts and projectad risks of climate
change is crucial to comprehending how the waorld is likely to change
under global warming of 1.5°C above temperatures in the pre-industrial
period fwith reference to 2°C). Section 3.4 explores the new literature
and updates the assessment of impacts and projected risks for a large
number of natural and human systerns, By also exploring adaptation
opportunities, where the literature allows, the section prepares the
reader for discussions in subsequent chapters ahout oppertunities to
tackle both mitigation and adaptstion. The section is mostly globally
focused because of limited research on regional risks and adaptation
options at 1.5°C and 2°C. For example, the risks of 1.5°C and 2°C of
warming in urban areas, as well as the risks of health outcomes under
these two warming scenarios (e.g. climate-related diseases, air quality
impacts and mental health problems), were nat considered because
of a lack of projections of how these risks might change in a 1.5°C or
2°C warmer world. In addition, the complexity of many interactions
of climate change with drivers of poverty, along with a paucity of
relevant studies, meant it was not possible to detect and attribute
many dimensions of poverty and disadvantage to climate change. Even
though there is Increasing documentation of climate-related impacts on
places where indigenous people live and where subsistence-oriented
communities are found, relevant projections of the risks associated
with warming of 1.5°C and 2°C are necessarily limited.

To explore avoided impacts and reduced risks at 1.5°C compared with
at 2°C of global warming, the chapter adopts the ARS ‘Reasons for
Concern' aggregated projected risk framework {Section 3.5). Updates
in terms of the aggregation of risks are informed by the most recent
literature and the assessments offered in Sections 2.3 and 3.4, with
a focus on the impacts at 2°C of warming that could potentially be
avoided if wamming were constrained to 1.5°C. Economic benefits that
would be obtained (Section 3.5.3), climate change hotspots” that could
be avoided or reduced (Section 2.5.4 as guided by the assessments of
Sections 3.3, 3.4 and 3.5), and tipping points that could becircumvented
{Section 3.5.5) at 1.5°C compared to higher degrees of glohal warming
are all examined. The latter assessments are, however, constrained to
regional analyses, and hence this particular section does not include an
assessment of spacific losses and damages.

Section 3.6 provides an overview on specific aspects of the mitigation
pathways considered compatible with 1.5°C of global warming,
including same scenarios involving temperature owersheot abave
1.5°C global warming during the 21t century. Non-CO, implications
and projected risks of mitigation pathways, such as changes to land
use and atmospheric compounds, are presented and explored. Finally,
implications for sea ice, sea level and permafrost beyond the end of the
century are assessed.

The exhaustive assessment of literature specific to global warming
of 1.5°C abave the pre-industrial period, presented across all the
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sections in Chapter 3, highlights knowledge gaps resulting from the
heterogeneous information available across systems, regions and
sectors, Some of these gaps are described in Section 3.7,

3.2 How are Risks at 1.5°C and
Higher Levels of Global Warming
Assessed in this Chapter?

The methods that are applied for assessing observed and projected
changes in climate and weather are presented in Section 3.2.1, while
those used for assessing the observed impacts on and projected risks to
natural and managed systerms, and to human settlements, are described
in Section 3.2.2. Given that changes in climate associated with 1.5°C
of global warming were not the facus of past IPCC reports, dedicated
approaches based on recent literature that are specific to the present
report are also described. Background on specific methodological
aspects {climate model simulations available for assessments at 1.5°C
global warming, attribution of observed changes in climate and their
relevance for assessing projected changes at 1.5°C and 2°C global
warming, and the propagation of uncertainties from climate forcing
to impacts on ecosystems) are provided in the Supplementary Material
3.5M.

3.2.1  How are Changes in Climate and Weather at 1.5°C
versus Higher Levels of Warming Assessed?

Evidence for the assessment of changes to climate at 1.5°C versus
2°C can be drawn both from observations and model projecticns.
Global mean surface temperature {GMST} anomalies were about
+0.87°C {£0.10°C likely range} above pre-industrial industrial {1850~
1900) values in the 2006—2015 decade, with a recent warming
of about 0.2°C (£0.10°C) per decade {Chapter 1}. Human-induced
global warming reached approximately 1°C (+0.2°C fikely range) in
2017 (Chapter 1). While some of the observed trends may be due
to internal climate variability, methods of detection and attribution
can be applied 1o assess which part of the chserved changes may be
attributed to anthropogenic forcing (Bindoff et al., 2013b). Hence,
evidence from atwibution studies can be used to assess changes
in the climate system that are already detectable at lower levels of
glohal warming and would thus continue to change with a further
0.5°C or 1°C of glabal warming (see Supplementary Material 3.5M.1
and Sections 3.3.1, 3.3.2, 3.3.3, 3.3.4 and 3.3.11). A recent study
identified significant changes in extrames for a 0.5°C difference in
global warming based on the historical record {Schleussner et al,,
2017). It should also be noted that attributed changes in extremes
since 1950 that were reported in the IPCC ARS report {IPCC, 2013)
generally correspond to changes in global warming of about 0.5°C
fsee 3.5M.1)

Climate model simulations are necessary for the investigation of
the response of the climate system to various forcings, in particular
to forcings associated with higher levels of greenhouse gas
concentrations. Model simulations include experiments with global
and regional climate models, as well as impact models — driven with
output from climate madels — to evaluate the risk related t climate
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change for natural and human systems (Supplementary Material
3.5M.1). Climate model simulations were generally used in the context
of particular ‘climate scenarios’ from previous IPCC reports feg.,
IPCC, 2007, 2013). This means that emissions scenarios {IPCC, 2000)
were ysed to drive climate models, providing different projections
for given emissions pathvays. The results were consequently used in
a“storyline’ framework, which presents the development of climate
in the course of the 21st century and beyond for a given emissions
pathivay. Results were assessed for different time slices within the
model projections such as 2016-2035 {"'near ternt’, which is slightly
below a global warming of 1.5°C accarding to most scenarios, Kirtman
et al, 2013), 2046-2065 (mid-21st century, Collins et al, 2013), and
2081-2100 {end of 215t century, Collins et al, 2013). Given that this
teport focuses on climate change for a given mean global temperature
tesponse {1.5°C or 2°C), methods of analysis had to be developed and/
or adapted from previous studies in order to provide assessments for
the specific purposes here.

A major challenge in assessing climate change under 1.5°C, or 2°C
(and higher levels), of global vaming pertains to the definition of
a "1.5°C or 2°C climate projection’ isee also Cross-Chapter Box
8 in this chapter). Resolving this challenge includes the following
considerations:

A The need to distinguish hetween (i) transient climate responses
{ie., those that 'pass through' 1.5°C or 2°C of global warming),
(i) short-term stabilization responses {i e, scenarios for the late
21st century that result in stabilization at a mean global warming
of 1.5°C or 2°C by 2100), and {iii} leng-term equilibrium
stabilization responses fie, those occurring after several
millennia once climate {temperature} equilibrium at 1.5°C or 2°C
is reached). These responses can be very different in terms of
climate variables and the inertia associated with a given climate
forcing. A striking example is sea level rise (SLR). In this case,
projected increases within the 21st century are minimally
dependent on the scenario considered, yet they stabilize at very
different levels for a long-tem warming of 1.5°C versus 2°C
(Section 3.3.9).

B The "1.5°C or 2°C emissions scenarios’ presented in Chapter
2 are targeted to hold warming helow 1.5°C or 2°C with a certain
probahility fgenerally two-thirds) over the course, or at the
end, of the 21st century. These scenarios should be seen as the
operationalization of 1.5°C or 2°C warmer worlds. However,
when these emission scenarics are used to drive climate models,
some of the resulting simulations lead to warming above these
respective thresholds {typically with a probability of one-third, see
Chapter 2 and Cross-Chapter Box 8 in this chapter). This is due
both to discrepancies between models and to internal climate
variahility. For this reasen, the <limate outcome for any of these
scenarics, even those excluding an overshaot (see next paint, CJ,
include some probability of reaching a global climate warming
of mare than 1.5°C or 2°C. Hence, a comprehensive assessment
of climate risks associated with "1.5C or 2°C climate scenarios’
needs to include consideration of higher levels of vwarming (e.g.,
up to 2.5°C to 3°C, see Chapter 2 and Cross-Chapter Box 8 in this
chapter).
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C. Most of the “1.5°C scenarios’, and some of the “2°C emissions
scenarics’ presented in Chapter 2 include a temperature
overshoot during the course of the 21t century. This means that
redian temperature projections under these scenarios exceed
the target warming levels over the course of the century {typically
0.5°C-1°C higher than the respective target levels at most),
before warming returns to below 1.55C or 2°C by 2100. During
the overshoot phase, impacts would therefore correspond to
higher transient temperatura increases than 1.5°C or 2°C. For this
reasan, impacts of transient responses at these higher warming
levels are also partly addressed in Cross-Chapter Box 8 in this
chapter (on a 1.5°C warmer world), and some analyses for
changes in extremes are also presented for higher levels of
warming in Section 3.3 (Figures 3.5,3.6,3.9,3.10,3.12 and 3.13},
Most importantly, different overshoot scenarios may have very
distinct impacts depending on () the peak temperature of
the overshoot, (i} the length of the overshoot periad, and (iii) the
associated rate of change in global temperature aver the
time period of the overshoot. While some of these issues are
briefly addressed in Sections 3.3 and 3.6, and in the Cross-Chapter
Box 8, the definition of overshoot and related questions will need
10 be more comprehensively addressed in the IPCC ARG report.

D. The levels of global warming that are the focus of this report
(1.5°C and 2°C} are measured relative to the pre-industrial period
This definition requirss an agreement on the exact reference time
period ifor 0°C of warming) and the time frame over which the
global warming Is assessed, typically 20 to 30 years in length. As
discussed in Chapter 1, a climate with 1.5°C global warming is
ane in which temperatures averaged over a multi-decade time
scale are 1.5°C above those in the pre-industrial reference periad,
Greater detail is provided in Cross-Chapter Box 8 in this chapter.
Inherent to this is the cbservation that the mean temperature of
a*1.5°C warmer world' can be regionally and temporally much
higher (e.g., with regional annual temperature extremes involving
waming of more than 6°C; see Section 3.3 and Cross-Chapter
Box 8 in this chaptar).

E. The interference of factors unrelated to greenhouse gases with
mitigation pathways can strangly affect regional dimate. For
example, biophysical feedbacks from changes in land use and
imigation {e.g., Hirsch etal, 2017; Thiery et al., 2017), or projected
changes in short-lived pollutants {e.g., Z. Wang et al, 2017}, can
have large influences on local temperatures and climate
conditions. While these effects are not explicitly intagrated into the
scenarios developed in Chapter 2, they may affect projected
changes in climate under 1.5°C of glabal warming. These issues
are addressed in more detall in Section 36.2.2,

The assessment presented in the current chapter largely focuses on
the analysis of transient responses in climate at 1.5°C versus 2°C
and higher levels of global warming (see peint A. above and Section
3.3). It generally uses the empirical scaling relationship (ESR) approach
(Seneviratne et al., 2018c), also termed the time sampling’ approach
(James et al,, 2017), which consists of sampling the respanse at 1.5°C
and other levels of global warming from all available global climate
model scenarios for the 21st century {e.q., Schleussner et al,, 2016b;
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Seneviratne et al, 2016, Wartenburger et al,, 2017). The ESR approach
focuses mare on the derivation of a continuous relationship, while
the term 'time sampling" is mere commonly used when comparing a
limited number of warming levels (e.g., 1.5°C versus 2°C), A similar
approach in the case of regional climate medel (RCM) simulaticns
consists of sampling the RCM model output corresponding to the
time frame at which the driving general circulation model (GCM)
reaches the considered temperature level, for example, as done within
IMPACT2C (Jaccb and Solman, 2017}, see description in Vautard et
al. (2014). As an alternative to the ESR or time sampling approach,
pattern scaling may be used. Pattem scaling is a statistical approach
that deseribes relationships of specific climate responses as a function
of global temg change. Some presented [n this
chapter are based on this method. The disadvantage of pattem scaling,
hawever, is that the relationship may not perfectly emulate the models’
responses at each lacation and for each global temperature level
(James et al,, 2017). Expert judgement is a third methodolagy that can
he used to assess probable changes at 1.5°C or 2°C of global warming
by combining changes that have been atiributed to the observed time
period (corresponding to viarming of 1°C or less if assessed ower a
shorter period) with known projected changes at 3°C or 4°C ahove
pre-industrial temperatures (Supplementary Material 3.5M.1). In order
to assess effects induced by a 0.5°C difference in global warming,
the historical record can be used at first approximation as a proxy,
meaning that conditions are compared for two periods that have a
0.5°C difference in GMST warming {such as 19912010 and 1960~
1979, eq., Schleussner et al, 2017}, This in particular also applies to
attributed changes in extremes since 1950 that were reported in the
IPCC ARS report (IPCC, 2013; see also 3.5M.1). Using oksenvations,
hawever, it is not possible to account for potential nan-linear changes
that could occur above 1°C of global warming or as 1.5°C of warming
is reached.

In some cases, assessments of shert-term stabilization responses
are also presented, derived using a subset of madel simulations that
reach a given ternperature limit by 2100, or driven by sea surface
temperature (ST} values cansistent with such scenarios. This includes
new results from the "Half a degree additional warming, prognosis and
projected impacts’ (HAPPI) project (Section 1.5.2; Mitchell etal., 2017},
Notably, there is evidence that for some variables (e.g., temperature
and precipitation extremes), responses after short-term stabilization
(i, approximately equivalent to the RCP2.6 scenaric) are very similar
to the transient response of higher-emissions scenarios {Seneviratne et
al,, 2016, 2018¢; Wartenhurger et al,, 2017; Tebaldi and Knutti, 2018}
This is, howewer, less the case for mean precipitation {e.9., Pendergrass
etal, 2015}, for which other aspects of the emissions scenarios appear
relevant.

For the assessment of long quilibri bili ¥

this chapter uses results from existing simulations where available
(eq., for sea level rise}, although the available data for this type of
projection is limited for many variables and scenarios and will need to
be addressed in more depth in the IPCC ARG report.

Supplementary Material 3.5M.1 of this chapter includes further details
of the climate models and associated simulations that were used to
support the present assessment, as well as a background on detection
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and attribution approaches of relevance to assessing changes in
climate at 1.5°C of global warming.

3.2.2  How are Potential Impacts on Ecosystems Assessed
at 1.5°C versus Higher Levels of Warming?

Considering that the impacts ohserved so far are for a global warming
lower than 1.5°C (generally up to the 2006-2015 decade, i, for a
global warming of 0.87°C or less; see above), direct information on
the impacts of a global wamming of 1.5°C is not yet available, The
glcbal distribution of chserved impacts shown in ARS (Cramer et al,,
2014), however, demanstrates that methodologies now exist which
are capable of detecting Impacts on systems strongly influenced by
factors (2., urbanization and human pressure in general) or where
climate may play only a secondary role in driving impacts. Attribution
of observed impacts to greenhouse gas forcing is more rarely
performed, but a recent study {(Hansen and Stone, 2016) shows that
most of the detected temperature-related impacts that were reported
in AR {Cramer et al., 2014) can be attributed to anthropogenic climate
change, while the signals for precipitation-induced responses are more
ambiguous.

One simple approach for assessing passible impacts on natural and
managed systemns at 1.5°C versus 2°C consists of identifying impacts of
aqglohal 0.5°C of warming in the ohservational record (e.g., Schleussner
etal, 2017) assuming that the impacts would scale linearly for higher
levels of warming {although this may not be appropriate). Another
approach is to use conclusions from analyses of past climates combined
withmodelling of the relationships between climate drivers and natural
systems (Box 3.3). A mare complex approach relies on laboratory or
field experiments {Dove et al,, 2013; Bonal etal, 2016}, which provide
useful information on the causal effect of a few factors, which can be
asdiverse as climate, greenhouse gases (GHG), management practices,
and biological and ecclegical variables, on specific natural systems that
rmay have unusual physical and chemical characteristies {e.q., Fabricius
et al, 2011; Allen et al, 2017). This last approach can be important
in helping to develop and calibrate impact mechanisms and models
through empirical experimentation and obsarvation.

Risks for natural and human systems are often assessed with
impact models where climate inputs are provided by representative
cancentration pathway (RCP)-based climate projections. The number
of studies projecting impacts at 1.5°C or 2°C of global warming
has increased in recent times (see Section 3.4), even if the four RCP
scenarios used in ARS are not strictly associated with thess levels
of glohal warming. Several approaches have heen used to extract
the required climate scenarios, as described in Section 3.2.1. As an
example, Schleussner et al, (2016k) applied a time sampling {or ESR)
approach, described in Section 3.2.1, to estimate the differential effect
of 1.5°C and 2°C of global warming on water availability and impacts
on agriculture using an ensemble of simulations under the RCPB.5
scenario. As a further example using a different approach, lizumi et al
(2017) derived a 1.5°C scenario from simulations with a crop model
using an interpolation between the no-change (approximately 2010)
conditions and the RCP2.6 scenario (with a global warming of 1.8°Ciin
2100), and they derived the corresponding 2°C scenario from RCP2.6
and RCPAS simulations in 2100. The Inter-Sectoral Impact Madel
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Integration and Intercomparison Project Phase 2 (ISIMIPZ; Frieler et
al, 2017) extended this approach to investigate a number of sectoral
impacts on terrestrial and marine ecosystems. In most cases, risks are
assessed by impact madels coupled offline to climate models after bias
correction, which may modify long-term trends (Grillakis etal, 201 7).

Assessment of local impacts of climate change necessarily involves
a change in scale, such as from the global scale to that of natural
or human systerns (Frieler et al., 2017; Reyer et al, 2017d; Jacoh et
al, 2018). An appropriate method of downscaling {Supplementary
Material 3.5M.1) is crucial for translating perspectives on 1.5°C and
2°C of global warming to scales and impacts relevant to hurnans and
ecosystems, A major challenge associated with this requirement s
the correct reproduction of the variance of local to regional changes,
as well as the frequency and amplitude of extreme events (Vautard
et al, 2014}. In addition, maintaining physical consistancy between
downscaled variables is important but challenging (Frost et al., 2011).

Another major challenge relates to the propagation of the uncertainties
at each step of the methodology, from the glabal forcings to the global
climate and from regional climate to impacts at the ecosystem level,
considering local disturbances and local policy effects. The risks for
natural and human systems are the result of complex comhinations of
glcbal and local drivers, which makes quantitative uncertainty analysis
difficult. Such analyses are partly done using multimodel approaches,
such as multi-climate and multi-impact models (Warszawski et al,
2013, 2014; Frieler et al, 2017}, In the case of crop projections, for
example, the majority of the uncertainty is caused by variation among
crop models rather than by downscaling outputs of the climate models
used {Assenq et al, 2013). Error propagation is an important issue
for coupled models. Dealing correctly with uncertainties in a robust
probabilistic model is particularly important when considering the
potential for relatively small changes to affect the already small signal
associated with 0.5°C of global warming {Supplementary Material
3SM.1). The computation of an impact per unit of climatic change,
based either on rmodels or on data, is a simple way to present the
probakilistic ecosystem response while taking into account the various
sources of uncertainties (Franzek et al,, 2011).

In summary, in order to assess risks at 1.5°C and higher levels of
global warming, several things need to be considered. Projected
climates under 1.5°C of global warming differ depending on temporal
aspects and emission pathways. Considerations include whether global
temperature is (i) temporarily atthis level (L, is a transient phase on its
way to higher levels of warmingy, (i} arrives at 1.5°C, with or without
avershoot, after stabilization of greenhouse gas concentrations, or (jii)
is at this level as part of lang-term climate equilibrium {complete only
after several millennia). Assessments of impacts of 1.5°C of warming
are generally based on climate simulations far these different possible
pathways. Most existing data and analyses focus on transient impacts
(). Fewer data are available for dedicated climate model simulations
thatare able to assess pathwiays consistent with (ji), and very few data
are available for the assessment of changes at climate equilibrium i},
In some cases, inferences reganding the impacts of further warming of
0.5°C abave present-day temperatures (ie., 1.5°C of global warming)
can also be dravm from observations of similar sized changes (0.5°C)
that have occurred in the past, such as during the last 50 years.
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However, impacts can only be partly inferred from these types of
ohservations, given the strong possibility of non-linear changes, as well
as lag effects for some climate variables {e.g., sea level rise, snow and
ice melt). For the impact madels, three challenges are noted abaut the
coupling procedure: (i} the bias correction of the climate maodel, which
may modify the simulated response of the ecosystem, {ii) the necessity
1o downscale the climate model outputs to reach a pertinent scale for
the ecosystem without losing physical consistency of the downscaled
climate fields, and (jii] the necessity to develop an integrated study of
the uncertainties,

3.3  Global and Regional Climate
Changes and Associated Hazards

This section provides the assessment of changes in climate at
1.5°C of global warming relative to changes at higher global mean
ftemperatures, Section 3.3.1 provides a brief overview of changes to
global climate. Sections 3.3.2-3.3.11 provide assessments for specific
aspects of the climate system, including regional assessments for
temperature (Section 3.3.2) and precipitation (Section 3.3.3) means
and extremes. Analyses of regional changes are based on the set of
regions displayed in Figure 3.2, A synthesis of the main conclusicns
of this section is provided in Section 3.3.11. The section builds upon
assessments from the IPCC ARS WGI report {Bindoff et al, 2013a;
Christensen et al,, 2013; Collins et al, 2013; Hartmann et al, 2013;
IPCC, 2013} and Chapter 3 of the IPCC Special Report on Managing
the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation (SREX; Seneviratne et al,, 2012), as well as a substantial
bady of new literature related to projections of climate at 1.5°C and 2°C
of warming above the pre-industrial period {e.g., Vautard et al, 2014;
Fischer and Knutt, 2015; Schleussner et al,, 2016h, 2017; Seneviratne
etal, 2016, 2018¢; Déqué et al, 2017; Maule et al,, 2017; Mitchell et
al, 2017, 201 Ba; Wartenburger et al, 2017, Zaman et al, 201 7; Betts et
al, 2018; Jacob et al,, 2018; Kharin et al,, 201 8; Wehner &t al,, 2018h).
The main assessment methods are as already detailed in Section 3.2

3.3.1  Global Changes in Climate

There is high confidence that the increase in global mean surface
temperature (GMST) has reached 0.87°C (x0.10°C Jikely range}
above pre-industrial values in the 2006-2015 decade (Chapter 1).
AR5 assessed that the globally averaged temperature (combined
over land and ocean) displaysd a warming of about 0.85°C [0.65°C
to 1.06°C] during the period 1880~2012, with a large fraction of the
detected global warming being attributed to anthropogenic forcing
(Bindoff et al, 2013a; Hartmann et al,, 2013; Stocker et al,, 2013).
While news evidence has highlighted that sampling hiases and the
choice of approaches used to estimate GMST (eg., using water
versus air temperature over oceans and using model simulations
wversus chservations-based estimates) can affect estimates of GMST
increase (Richardson et al., 2016; see also Supplementary Material
3.5M.2), the present assessment is consistent with that of ARS
regarding a detectable and dominant effect of anthropogenic forcing
on observed trends in global temperature (also confirmed in Ribes
et al, 2017). As highlighted in Chapter 1, human-induced warming
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reached approximately 1°C (£0.2°C fikely range) in 2017. More
hackground on recent observed trends in global climate is provided
in the Supplementary Material 3.5M.2.

A glohal warming of 1.5°C implies higher mean temperatures
compared to during pre-industrial times in almost all locations, both
on land and in aceans (high confidence) (Figure 3.3). In addition,
a global warming of 2°C versus 1.5°C results in robust differences
in the mean temperatures in almost all locations, both on land and
in the ocean (high confidence). The land-sea contrast in warming
is important and implies particularly large changes in temperature
over land, with mean wamming of more than 1.5°C in most land
regions (high confidence: see Section 3.3.2 for more details). The
largest increase in mean temperature is found in the high latitudes
of the Morthern Hemisphere (high confidence; Figure 3.3, see Section
33.2 for more details). Projections for precipitation are more
uncertain, but they highlight robust increases in mean precipitation
in the Northern Hemisphere high latitudes at 1.5°C global warming
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versus pre-industrial conditions, as well as at 2°C global warming
wersus pre-industrial conditions {high confidence) (Figure 3.3). There
are consistent but less rohust signals when comparing changes in
mean precipitation at 2°C versus 1.5°C of global warming. Hence,
it is assessed that there is medivm confidence in an increase of
mean precipitation in high-latitudes at 2°C versus 1.5°C of global
warrning {Figure 3.3). For droughts, changes in evapatranspiration
and precipitation timing are also relevant {see Section 3.3.4}. Figure
3.4 displays changes in temperature extremes (the hottest daytime
temperature of the year, TXx, and the coldest night-time temperature
of the year, TN} and heavy precipitation {the annual maximum
5-day precipitation, RxSday). These analyses reveal distinct patterns
of changes, with the largest changas in TXx accurring on mid-latitude
land and the largest changes in TMn occurring at high latitudes
(both on land and in oceans). Differences in TXx and TNn compared
to pre-industrial climate are robust at both global warming levels.
Differences in TXx and TNn at 2°C versus 1.5°C of global warming
are robust across most of the globe. Changes in heawy precipitation
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are less robust, but particularly strong increases are apparentat high
latitudes as well as in the tropics at both 1.5°C and 2°C of global
warming compared to pre-industrial conditions. The differences in
heavy precipitation at 2°C versus 1.5°C global warming are generally
nat rabust at grid-cell scale, but they display cansistent increases in
most locations (Figure 3.4). However, as addressed in Section 2.3.3,
statistically significant differences are foundin several large regions and
when aggregated aver the global land area. We thus assess that there
is high confidence regarding global-scale differences in temperature
means and extremes at 2°C versus 1.5°C global warming, and medium
confidence regarding global-scale differences in precipitation means
and extremes, Further analyses, including differences at 1.5°C and 2°C
global warming wersus 1°C {ie, present-day) conditions are provided
in the Supplementary Material 3.5M.2.

These projected changes at 1.5°C and 2°C of global warming are
consistent with the attribution of ohserved historical global trends
in temperature and pracipitation means and extremes (Bindoff et al,
2013a), as well as with some observed changes under the recent
global warming of 0.5°C {Schleussner et al,, 2017}. These comparisons
are addressed in more detail in Sections 3.3.2 and 3.3.3. Attribution
studies have shown that there is high confidence that anthropogenic
forcing has had a detectable influence on trends in global warming
(wirtually certain since the mid-20th century), in land warming on
all continents except Antarctica (ikely since the mid-20th century),
in acean warming since 1970 {very Jikefy), and in increases in hot
extremes and decreases in cold extremes since the mid-20th century
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(very likely) (Bindoff et al, 2013a). In addition, there is medium

that forcing has i to increases
in mean precipitation at high latitudes in the Northem Hemisphere
since the mid-20th century and te global-scale increases in heavy
precipitation in land regions with sufficient observations over the
same period (Bindoff et al.,, 2013a). Schleussner et al. {2017) showed,
through analyses of recent observed tendencies, that changes in
temperature extremes and heavy precipitation indices are detectable
in observations for the 1991-2010 period compared with those
for 1960-1979, with a global warming of approximately 0.5°C
occurring between these two periods (high confidence). The observed
tendencies over that time frame are thus consistent with attributed
changes since the mid-20th century (high confidence).

The next sections assess changes in several different types of climate-
related hazards. It should be nated that the different types of hazards
are considered in isolation but some regions are projected to be
affected by collocated and/or cencomitant changes in several types
of hazards {high confidence). Two examples are sea level rise and
heavy precipitation in some regions, possibly leading together to more
flooding, and droughts and heatwaves, which can together increase
the risk of fire occurrence. Such events, also called compound events,
may substantially increase risks in some regions {2g., AghaKouchak et
al, 2014; Van Den Hurk et al, 2015; Martius et al,, 2016; Zscheischler
et al, 2018). A detailed assessment of physically-defined compound
events was not possible as part of this report, but aspects related to
overlapping multi-sector risks are highlighted in Sections 3.4 and 3.5.
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3.3.2  Regional Temperatures on Land, Including Extremes

3321 Observed and attributed changes in regional
temperature means and extremes

While the quality of temperature measurements obtained through
ground ohservational networks tends to be high compared to that of
measurements for other climate variables (Seneviratne et al, 2012,
it should be noted that some regions are undersampled. Cewtan and
Way {2014) highlighted issues regarding undersampling, which is
most problematic at the poles and over Africa, and which may lead
to biases in estimated changes in GMST (see also Supplermentary
Material 3.5M.2 and Chapter 1). This undersampling also affects the
confidence of assessments regarding regional observed and projected
changes in both mean and extreme temperature. Despite this partly
limited coverage, the attribution chapter of ARS (Bindoff et al. 2013a)
and recent papers (2., Sun et al, 2016; Wan et al., 2018) assessed
that, over every continental region and in many sub-continental

Change in extreme precipitation
(RxSday) at 2.0°C GMST warming precipitation (RxSday) (20°C - 1.5°C)

05 1 16 2 25
Difference in change in extreme

{mnimm terpesaia), TN (mizd
Supplementary Mater al 354 7
(00 SUpplerentary Mateiz

regions, anthropogenic influence has made a substantial contribution
1o surface temperature increases since the mid-20th century.

Based on the ARS and SREX, as well as recent literature (see
Supplementary Material 3.5M), there is high confidence (very fikely)
that there has been an overall decrease in the number of cold days
and nights and an overall increase in the number of warm days and
nights at the global scale on land. There is also high confidence (fikefy)
that consistent changes are detectable on the continental scale in
North America, Europe and Australia, There is high confidence that
these ohserved changes in temperature extremes can be attributed to
anthropogenic forcing (Bindoff et al, 2013a). As highlighted in Section
3.2, the ohservational record can he used to assess past changes
associated with a global warming of 0.5°C. Schleussner et al. (2017)
used this approach to assess observed changes in extreme indices for
the 1991-2010 versus the 19601979 period, which corresponds to
just about a 0.5°C GMST difference in the chserved recerd {based on
the Goddard Institute for Space Studies Surface Temperature Analysis
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(GISTEMP} dataset, Hansen et al,, 2010). They found that
changes due to 0.5°C of waming are apparent for indices related to
hatand cold extremes, as well as for the Warm Spell Duraticn Indicator
(WSDI). In particular, they identified that ane-quarter of the land has
experienced an intensification of hot extremes {maximum temperature
on the hottest day of the year, TXx} by more than 1°C and areductionin
the intensity of cold extremes by at least 2.5°C {minimum temperature
on the coldest night of the year, TNn). In addition, the same study
showed that half of the global land mass has experienced changes
in WSDI of more than six days, as well as an emergence of extremes
outside the range of natural variability {Schleussner et al, 2017).
Analyses from Schleussner et al. (2017) for temperature extremes are
provided in the Supplementary Material 3.SM, Figure 2.5M.6. It should
be nated that assessments of attributed changes in the IPCC SREX and
ARS reports were generally provided since 1950, for time frames also
approximately corresponding to a 0.5%C global warming {3.5M).

3.3.2.2 Projected changes in regional temperature means and
extremes at 1.5°C versus 2°C of global warming

There are several lines of evidence available for providing a regional
assessment of projected changes in temperature means and extremes
at1.5°C versus 2°C of global warming {see Section 3.2). These include:
analyses of changes in extremes as a function of glohal warrning based
on existing climate simulations using the empirical scaling relationship
(ESR) and variations thereof (2., Schleussner et al, 2017; Dosio and
Fischer, 201 8; Seneviratne et al., 201 B¢; see Section 3.2 for details about
the methedology: dedicated simulations of 1.5°C versus 2°C of global
warfring, for instance based on the Half a degree additional warming,
prognesis and projected impacts {(HAPPI) experiment {Mitchell et al,
2017} ar other model simulations {2.., Dosio et al,, 2018; Kjellstrém et
2l 2018} and analyses based on statistical pattem scaling approaches
(e.g., Kharin et al, 2018). These different lines of evidence lead to
qualitatively consistent results regarding changes in temperature
means and extremes at 1.5°C of global warming compared to the pre-
industrial climate and 2°C of global warming.

There are statistically significant differences in temperature means and
extremes at 1.5°C versus 2°C of glohal warming, both in the global
average (Schleussner et al, 2016b; Dosic et al, 2018; Kharin et al,
2018), as well as inmost land regions (high confidence) (Wartenburger
etal, 2017; Seneviratne et al, 2018c; Wehner et al., 2018b). Projected
temperatures over oceans display significant increases in means and
extremes between 1.5°C and 2°C of global warming (Figures 3.3 and
3.4). A general background on the available evidence on regional
changes in temperature means and extremes at 1.5°C versus 2°C of
global warming is provided in the Supplementary Material 3.5M.2. As
an example, Figure 35 shaws regienally-based analyses for the IPCC
SREX regions {see Figure 3.2) of changes in the temperature of hot
extremes as a function of global warming {corresponding analyses
for changes in the temperature of cold extremes are provided in the
Supplementary Material 3.5M.2). As demonstrated in these analyses,
the mean response of the intensity of temperature extremes in climate
madels to changes in the global mean temperature is approximately
linear and independent of the considered emissions scenario

itne et al, 2016; et al, 2017). Nonetheless, in
the case of changes in the number of days exceeding a given threshold,
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changes are al, with higher increases for rare
events (Fischer and Knutti, 2015; Kharin et al,, 2018); see also Figure
36. This behavicur is consistent with a linear increase in absolute
temperature for extreme threshold exceedances (Whan et al, 2015).

Asmentioned In Section 33,1, there is an impertant land—sea warming
confrast, with stronger warming on land (see also Christensen et al,,
2013; Collins et al., 2013; Senaviratne ot al, 2016}, which implies that
regional warming on land is generally more than 1.5°C even when
mean global warming is at 1.5°C. As highlighted in Seneviratne et al.
(2018), this feature is generally stronger for temperature extremes
(Figures 3.4 and 3.5; Supplementary Material 3.5M.2 ). For differences
in regional temperature extremes at a mean global warming of 1.5°C
versus 2°C, thatis, a difference of 0.5°C in glabal wamning, this implies
differences of as much as 1°C-1.5°C in some locations, which are twa
to three times larger than the differences in global mean temperature.
For hot extremes, the strongestwarming is found in central and eastern
North America, central and southern Europe, the Mediterranean,
western and central Asia, and southern Africa (Figures 3.4 and 3.5}
(medium confidence). These regions are all characterized by a strong
soil-moisture—temperature coupling and projected increased dryness
(Vogel et al, 2017}, which leads t2 a reduction in evaporative cooling
in the projections. Some of these regions alse show a wide range of
respanses to temperature extremes, in particular central Europe and
central Morth America, owing to discrepancies in the representation of
the underlying processes in current climate models (Vogel et al, 201 7).
For mean temperature and cold extremes, the strongest warmming is
found in the narthem high-latitude regions {high confidence). This is
due to ice-snow-albed feedbacks (Figure
3.3 and Figure 3.4, middle) related to the known "polar amplification”
mechanism {e.q., IPCC, 2013; Masson-Delmotte et al, 2013),

Figure 3.7 displays maps of changes in the number of hot days
(NHD) at 1.5°C and 2°C of GMST increase. Maps of changes in the
number of frest days (FD) can be found in Supplementary Material
3.5M.2. These analyses reveal clear pattems of changes between the
two warming levels, which are consistent with analysed changes in
heatwave occurrence {e.q., Dosio et al,, 2018). For the NHD, the largest
differences are found in the tropics (high confideirce), owing to the
low interannual temperature variahility there (Mahlstein et al, 2011),
although absolute changes in hot temperature extremes tended to
be lamgest at mid-latitudes thigh confidence) (Figures 3.4 and 3.5).
Extrame heatwaves are thus projected to emerge earliest in the tropics
and to become widespread in these regions already at 1.5°C of glohal
warming (high confidence). These results are consistent with other
recent assessments. Cournou and Robinson {2013} found that 20%
of the global land area, centred in low-latitude regions, is projected
to experience highly unusual monthly temperatures during Morthern
Hemisphera summers at 1.5°C of global warming, with this nurmnber
nearly doubling at 2°C of global warming.

Figure 3.8 features an objective identification of ‘hotspots’ / key
risks in temperature indices subdivided by region, based on the ESR
approach applied to Coupled Model Intercomparison Project Phase
5 (CMIPS) simulations (Wartenburger et al,, 2017). Note that results
based on the HAPPI multimodel experiment (Mitchell et al, 2017}
are similar (Seneviratne et al., 201 8c). The considered regions follow
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the classification used in Figure 3.2 and also include the global land
areas, Based on these analyses, the following can be stated: significant
changes in responses are found in all regions for mest temperature
indices, with the exception of i) the diumal temperature range (DTR) in
most regions, i} ice days {IDY, frost days {FD) and growing season length
(GSL) (mostly in regions where differences are zero, because, g, there
are no ice or frost days}, iii) the minimum yearly value of the maximum
daily temperature {TXn) in very few regions. In terms of the sign of
the changes, warm extremes display an increase in intensity, fraquency
and duration (2.9., an increase in the temperature of the hottest day of
the year (TXx) in all regions, an increase in the proporticn of days with
a maximum temperature above the %0th percentile of Tmax (TX90p)
in all regions, and an increase in the length of the WSDI in all regions;,
while cold extremes display a decrease in intensity, fraquency and
duration (e.g., an increase in the temperature of the coldest night of
the year {TNn} in all regiens, a decrease in the prapartion of days with
a minimum temperature below the 10th percentile of Tmin (TN10p),
and a decrease in the cold spell duration index (CSDI} in all regions).
Hence, while warm extremes are intensified, cold extremes become
less intense in affected regions.

Overall, large increases in hot extremes occur in many densely
inhahited regions (Figure 3.5}, for hoth warming scenarios compared
to pre-industrial and present-day climate, as well as for 2°C versus
1.5°C GMST warming. For instance, Dosio et al. (2018) concluded,
hased on a modelling study, that 13.8% of the world pepulation would
be exposed to 'severe heatwaves' at least once every 5 years under
1.5°C of global warming, with a threefold increase (36.9%) under 2°C
of GMST warming, cerresponding to a difference of about 1.7 billion
people betwaen the two global wamming levels. They alse concluded
that limiting global warming to 1.5°C would result in about 420
million fewer people being frequently exposed to extreme heatwaves,
and about 65 million fewer people being exposed to “exceptional
heatwaves' compared to conditions at 2°C GMST warming. However,
changes in vulnerability were not considered in their study. For this
reason, we assess that there is medium confidence in their canclusions.

In summary, there is high confidence that there are robust and
statistically significant differences in the projected temperature means
and extremes at1.5%C versus 2°C of global wamming, both in the global
averageand in nearly all land regions* {/fkely). Further, the ohservational
record reveals that substantial changes due to a 0.5°C GMST warming
are apparent for indices related to hot and cald extremes, as well as for
the WSDI (fikefy). A global wamming of 2°C wersus 1.5°C would lead o
more frequent and more intense hot extremes in all land regions®, as
well as longer warm spells, affecting many densely inhabited regions
(very likely). The strongest increases in the frequency of hot extremes
are projected for the rarest events {very fikely). On the other hand, cold
extremes would become less intense and less frequent, and cold spells
would be shorter {very fikelyl. Temperature extremes on land would
generally increase more than the global average temperature {wery
likely). Temperature increases of extreme hot days in mid-latitudes are
projected to be up to two times the increase in GMST, that is, 3°C at
1.5°C GMST warming (high confidence). The highest levels of warming
for extreme hot days are expected to occur in central and eastern Morth

* Using the SREX definition of reqian: [Figure 3 2)
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Armerica, central and southern Europe, the Mediterranean, western and
central Asia, and southemn Africa (medium confidence). These regions
have a strong soil-moisture-temperature coupling in common as well
as increased dryness and, cansequently, a reduction in evaporative
cooling. However, there is a sul ial range in the rep

of these processes in models, in particular in central Europe and
central Morth America {medium confidence). The coldest nights in high
latitudes warm by as much as 1.5°C for a 0.5°C increase in GWST,
correspending to a threefold stronger warming (high confidence). NHD
shows the largest differences betwaen 1.5°C and 2°C in the tropics,
because of the low interannual temperature variability there (high
confidence); extreme heatwaves are thus projected to emerge earliest
in these regions, and they are expected 1o become widespread already
at1.5°C of glabal warming (high confidence). Limiting global warming
t01.5°C instead of 2°C could result in around 420 million fewer people
being frequently exposed to extreme heatwaves, and about 65 millicn
fewer people being exposed fo exceptional heatwaves, assuming
canstant vulnerability (medium confidence).

3.33  Regional Precipitation, Including Heavy
Precipitation and Monsoons

This section addresses regicnal changes in precipitation on land, with
a focus on heavy precipitation and consideration of changes to the key
features of mensoons,

3331 Obsenved and attributed changes in regional
predipitation

Observed global changes in the water cycle, including precipitation,
are more uncertain than observed changes in temperature (Hartmann
et al, 2013; Stocker et al, 2013). There is high confidence that
mean precipitation over the mid-latitude land areas of the Northem
Hemisphere has increased since 1951 (Hartmann et al, 2013). For
other latitudinal zones, area-averaged long-term positive or negative
trends hawve low confidence because of peor data quality, incomplete
data or disagreement amongst available estimates (Hartmann et al,
2013). There is, in particular, fow confidence regarding obsenved trends
in precipitation in monsoon regions, according to the SREX report
(Seneviratne et al.,, 2012 and ARS (Hartmann et al., 2013), as well as
more recent publications (Singh et al., 2014; Taylor et al, 2017; Bichet
and Diedhiou, 2018; see Supplementary Material 3.5M.2),

For heavy precipitation, AR5 {Hartmann et al., 2013) assessed that
observed trends displayed more areas with increases than decreases in
the frequency, intensity and/or amount of heavy precipitation (ikefy).
In addition, for land regions where observational coverage is sufficient
for evaluation, it was assessed that there is medium confidence that
anthropogenic forcing has contributed to a global-scale intensification
of heavy precipitation over the second half of the 20th century (Bindoff
etal, 2013aj

Regarding changes in precipitation asscciated with global warming
of 0.5°C, the observed record suggests that increases in precipitation
extremes can be identified for annual maximum 1-day precipitation
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2331 fcontinued)
(RX1day) and consecutive 5-day precipitation {(RXSday) for GMST
changes of this magnitude {Supplementary Material 3.5M.2, Figure
35M.7; Schleussner et al.,, 2017). It should be noted that assessments
of attributed changes in the IPCC SREX and ARS reports were generally
provided since 1950, for time frarmes al i di
to a0.5°C glohal warming (3.5M).

PP f

3332 Projected changes in regional precipitation at 1.5°C
wversus 2°C of global warming

Figure 3.3 in Section 3.3.1 surmarizes the projected changes in mean
precipitation at 1.5°C and 2°C of global warming. Both warming
levels display robust differences in mean precipitation compared to
the pre-industrial period. Regarding differences at 2°C ws 1.5°C global
warrring, some regions are projected to display changes in mean
precipitation at 2°C compared with that at 1.5°C of global warming in
the CMIPS multimodel average, such as decreases in the Mediterranean
area, including southern Europe, the Arabian Peninsula and Egypt, or
increases in high latitudes. The results, however, are less robust acrass
models than for mean temperature. For instance, Déqueé et al. 2017)
investigated the impact of 2°C of global warming on precipitation over
tropical Africa and found that average precipitation does not show a
significant response, owing to two phenomena: (i} the number of days
with rain decreases whereas the precipitation intensity increases, and
(i) the rainy season accurs later during the year, with less precipitation
in early summer and more precipitation in late summer. The results
from Deque et al. (2017) regarding insignificant differences hetween
1.5°C and 2°C scenarios for tropical Africa are consistent with the
results presented in Figure 3.3. For Europe, recent studies (Vautard et
al, 2014; Jacob et al,, 2018; Kjellstrdm et al., 2018} have shown that
2°C of global warming was associated with a robust increase in mean
precipitation over central and northern Eurape in winter but only over
northem Europe in summer, and with decreases in mean precipitation
in centralfsouthern Eurape in summer. Precipitation changes reaching
20% have been projected for the 2°C scenario (Vautard et al, 2014)
and are overall more pronounced than with 1.5°C of global warming
(Jacob et al, 2018; Kjellstrim et al,, 2018).

Regarding changes in heavy precipitation, Figure 3.9 displays projected
changes in the S-day maximum precipitation (Rx5day) as a function
of global temperature increase, using a similar approach as in Figure
3.5. Further analyses are available in Supplementary Material 3.5M.2.
These analyses show that projected changes in heavy pracipitation are
more uncertain than those for temperature extremes. However, the
mean response of model simulations is generally robust and linear
(see also Fischer et al., 2014; Senevirame et al,, 2016). As observed for
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continent, although different indices for heawy precipitation changes
have been analysed. Based on regional climate simulations, Yautard
etal (2014} found a robustincrease in heavy precipitation everywhere
in Europe and in all seasons, except sauthern Eurcpe in summer at 2°C
versus 1971-2000. Their findings are consistent with those of Jacoh
et al. (2014), who used more recent downscaled climate scenarios
(EUROC-CORDEX) and a higher resolution {12 km), but the change
is not so pronounced in Teichmann et al {2018). There is consistent
agreement in the directicn of change in heavy precipitation at 1.5°C
of glotal warming over much of Eurape, compared to 1871-2000
(Jacob et al, 2018).

Differences in heavy precipitation are generally projected to be
small between 1.5°C and 2°C GMST warming {Figure 3.4 and 3.9
and Supplementary Material 3.5M.2, Figure 3.5M.10). Some regions
display substantial increases, for instance southern Asia, but generally
in less than two-thirds of the CMIPS models (Figure 3.4, Supplementary
Material 3.5M.2, Figure 3.5M.10), Wartenburger etal. (2017) suggested
that there are substantial differences in heavy precipitation in eastern
Asia at 1.5°C versus 2°C. Overall, while there is variation among
regions, the global tendency is for heavy precipitation to increase at
2°C compared with at 1.5°C {see 2., Fischer and Knuttj, 2015 and
Kharin et al, 2018, as illustrated in Figure 3.10 from this chapter; see
alsc Betts etal, 2018).

ARS assessed that the global monsoon, aggregated over all monsoon
systems, is fikely to strengthen, with increases in its area and intensity,
while the monsoon circulation weakens (Christensen et al, 2013). A
few publications provide mare recent evaluations of projections of
changes in mansoons for high-emission scenarios (e.g., Jiang and Tian,
2013; Jones and Carvalha, 2013; Sylla et al, 201 5, 201€; Supplementary
Material 3.5W.2 ). However, scenarios at 1.5°C or 2°C global warming
would involve a substantially smaller radiative forcing than those
assessed in ARS and these more recent studies, and there appears
1o be no specific assessment of changes in monsoon precipitation at
1.5°Cversus 2°C of global warming in the literature. Consequently, the
current assessment is that there is low confidence regarding changes
in monsoons at these lower global warming levels, as well as regarding
differences in monsoon responses at 1.5°C versus 2°C.

Similar to Figure 3.8, Figure 3.11 features an objective identification of
‘hotspots’ f key risks outlined in heavy precipitation indices subdivided
by region, based on the approach by Wartenburger t al (2017). The
considered regions follow the classification used in Figure 3.2 and also
include global land areas, Hotspots displaying statistically significant
changes in heavy precipitation at 1.5°C versus 2°C global warming
are located in high-latitude {Alaska/western Canada, eastern Canada/

temperature extremes, this response is also mostly independent of the
considered emissions scenario (e.g., RCP2.6 versus RCP.5; see also
Section 3.2). This feature appears to be specific to heavy precipitation,
possibly due to a stronger coupling with temperature, as the scaling of
projections of mean precipitation changes with global warming shows
some scenario dependency {Pendergrass et al, 2015).

Robust changes in heavy precipitation compared to pre-industrial

conditions are found at both 1.5°C and 2°C global warming (Figure
3.4). This is alsa consistent with results for, for example, the European
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landflceland, northem Europe, norther Asia) and high-elevation
feq., Tibetan Plateau) regions, as well as in eastern Asia (including
China and Japan) and in eastem North America. Results are less
consistent for other regions Note that analyses for meteorological
drought (lack of precipitation) are provided in Section 2.3.4,

In summary, observations and projections for mean and heavy
precipitation are less robust than for temperature means and extremes
(high cenfidence). Observations show that there are more areas with
increases than decreases in the frequency, intensity and/or amount of
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3.23.2 {combmed)

heavy precipitation fugh confidence). Several large regions display
statistically significart differences in heavy precipitation at 1.5°C
versus 2°C GMST warming, with stronger increases at 2°C global
wamning and there is a global tendency towards increases in heawy
precipitation on land at 2°C compared with 1.5%C warming {fugh
confidence]. Owerall regions that display statistically significant
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changes in heavy precipitation between 1.5°C and 2°C of global
wiaming are located inhigh latitudes (Alaskalwestern Canada, eastern
Canada/Greenland/celand, northern Europe, northern Asia) and high
elevation {e.g, Tibetan Plateau), as well as in eastern Asia (including
China and Japan) and in eastern North America {medium confiderce)
There is fowr confidence in projected changes in heawy precipitationin
other regions.
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Figura 311 | Significance of differnozs in regional mean preipiation and mnge of prcipitation indices benaean the 1.5°C and 2°C global mean wmpemR tagets
{rows). Definition of indices: PRCPTOT: mean precipitation; CW D cansecutive wet days; R 10rm: number of days with precipitation = 10 mm R imet number of days with
precipitation =1 mimg R 20mm: nu mber of days with precipitation =20 rmm; 95 pot; pmpotion of min falingas 95th pemantile or higher, R99ptat: prportion of minfalling &
S9th pama ik or higher, R 1day: intensity of maximun earty 1-day preipiation; B Sday: inersiy of maximum wearly S-dsy prcipitation; SDIL Simple Daily Imersiy Indax.
Columns indicate analysed mgions and ghobal land (see Figure 3.2 fo roefinitions). Sigrificant differnees am showenin light blue fwetting t2ndeney) o boven (drying terdency)
shading, with increases indicated with '+ a nd decreases indicated with '~*, while non-signifizant differnces ame shownin grey shading. The underling methodoiogy and the

data bask am the s me as in Figum 3.8 (e Suppleremary Materal 3 5.2 for mom detaits).

234 Drought and Dryness
3341 Observed and attributed changes

The IPCC ARS assessed that there was jow comfidarce in the sign of
drought trends since 1650 at the glabal scale, but that there was figh
confidance inobsenved trends in some regions of the world, including
drought increases in the Mediteranean and West Africa and drought
decreases in central Morth America and northwest Australia (Hatmann
et al, 2013; Stocker et al, 2013). ARS assessed that there weas fow
confdance in the attribution of global changes in droughts and did
not provide assessments for the attribution of regional changes in
droughts (Bindoff et al, 2013a).

The recent literature does not suggest that the SREX and ARS
assessmert of drought trends should be revised, except in the
Mediterranean region. Recert publications based onobservational and
modelling evidence suggest that human emissions have substantially
increased the probability of drought years inthe Mediteranean region
{Gudmundsson and Senewiratne, 2016, Gudmundsson et al, 2017).
Based on this evidence, there is medium confidesce that enhanced
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greenhouse foreing has contibuted to increased diving in the
Wediterranean region (including southem Eurape, northern Africa and
the Near East) and that this tendency will cortinue to increase under
higher lewels of global warming.

3342 Proeced changes in drought and dryness at 1.5°C
versus 2°C

There is medium confdence in projections of changes in drought
and dryness. This is partly congistert with AR5, which assessed these
projections as being Wkel (medium confidence)’ [Collins et al, 2013;
Stocker et al, 2013} However, given this medium confidence, the
current assessment does not include & likelihood statem ent, thereby
maintaining consistency with the IPCC uncertainty guidance document
(Masgtrandres et al, 2010} and the assessment of the IPCCSREX report
(eneiratne et al, 2012). The technical summary of ARS (Stocker et
al, 23} assessed that soil moisture drying in the Mediterranean,
southuestern USA and southem African regions was consistent with
projected changes in the Hadley cireulation and increased surface
temperatures, and it conduded that there was high confidence
in Jikedy surface drying in these regions by the end of this century
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Box 3.1 | Sub-Saharan Africa: Changes in Temperature and Precipitation Extremes

Sub-Saharan Africa has experienced the dramatic consequences of climate extremes becoming more frequent and mare intense over the
past decades {Paeth etal, 2010 Taylor et al, 2017}, In order to join international efforts to reduce climate change, all African countries
signed the Paris Agreement. [n particular, through thelr nationally d lined ibutions (NDCs), they itted to contribute to the.
global effort to mitigate greenhouse gas {GHG) emissions with the aim to constrain global temperature increases to ‘well below 2°C"
and to pursue efforts to limit warming to "1.5°C ahove pre-industrial levels”. The target of limiting global warming to 1.5°C above pre-
industrial levels is useful for conveying the urgency of the situation. However, it focuses the climate change debate on a temperature
threshold {Section 2.3.2), while the potential impacts of these global warming levels on key sectors at local to regienal scales, such as.
agriculture, energy and health, remain uncertain in most regicns and countries of Africa {Sections 3.3.3,3.3.4, 3.3.5 and 3.3.6)

Weber etal. (2018) found that atregional scales, temperature increases in sub-Saharan Africa are projected to be higher than the global
mean ternperature increase (at global wamming of 1.5°C and at 2°C; see Section 3.3.2 for further background and analyses of climate
model prajections). Even if the mean global temperature anomaly is kept below 1.5°C, regions between 15°5 and 15°N are projected to
experience an increase in hot nights, as well as longer and mere frequent heatwaves (e.g., Kharin et al,, 2018}, Increases would be even
larger if the global mean temperature were to reach 2°C of global warming, with significant changes in the occurrence and intensity of
temperature extremes in all sub-Saharan regions (Sections 3.3.1 and 3.3.2; Figures 3.4, 3.5 and 3.8).

West and Central Africa are projected to display particularly large increases in the number of hot days, both at 1.5°C and 2°C of global
warrning (Section 3.3.2). This is due to the relatively small interannual present-day variahility in this region, which implies that climate-
change signals can be detected earlier there (Section 3.3.2; Mahlstein et al,, 2011). Projected changes in total precipitation exhibit
uncertainties, mainly in the Sahel (Section 3.3.3 and Figure 3.8; Diedhiou et al,, 2018). In the Guinea Coast and Central Africa, only a
small change in total precipitation is projected, althaugh most models (70%;] indicate a decrease in the length of wet periods and a
slightincrease in heavy rainfall. Western Sahel is projected by most models {80%) to experience the strongest drying, with a significant
increase in the maximurm length of dry spells (Diedhiou et al., 2018). Above 2°C, this region could become more vulnerable to drought
and could face serious food security issues {Cross-Chapter Box 6 and Section 3.4.6 in this chapter; Salem et al, 2017 Parkes et al,
2018). WestAfrica has thus been identified as a dimate-change hotspot with negative impacts from climate change on crop yields and
production {Cross-Chapter Box 6 and Sectien 3.4.6; Sultan and Gaetani, 2016; Palazze et al, 2017). Despite uncertainty in projections
for precipitation in West Africa, which is essential for rain-fed agriculture, robust evidence of yield loss might emerge. This yield loss
Is expected to be mainly driven by increased mean temperaturs, while potential wetter or drier conditions — as well as elevated CO,
concentrations — could modulate this effect (Roudier et al, 2011; see also Cross-Chapter Box & and Section 3.4.6). Using Representative
Concentration Patway (RCP)8.5 Coordinated Regional Climate Downscaling Experiment (CORDEX) scenarios from 25 regional climate
modzls {RCMs) forced with different general circulation models (GCMs), Klutse et al (2018) neted a decrease in mean rainfall over
West Africa in models with stronger warming for this region at 1.5°C of global warming {Section 3.3.4). Mba et al. (2018) used a sirmilar
approach and found a lack of consensus in the changes in precipitation over Central Africa (Figure 3.8 and Section 3.3.4), although there
was a tendency towards a decrease in the maximum nurmber of consecutive wet days (CWD] and a significant increase in the maximum
number of consecutive dry days (CDD].

Quer southern Africa, models agree on a positive sign of change for with rising faster at 2°C {1.5°C-2.5°C) as.
compared 1o 1.5°C (0.5°C~1.5°C) of global warming, Areas in the south-western region, especially in South Africa and parts of Namibia
and Botswana, are expected to experience the largest increases in temperature {Section 3.3.2; Engelbrecht et al, 2015; Maire et al,
2018). The western part of southern Africa is projected to become drier with increasing drought frequency and number of heatwanes
towards the end of the 21st century {Section 3.3.4; Engelhrecht et al,, 2015; Dosio, 2017; Maure &t al,, 2018). At 1.5°C, a robust signal
of precipitation reduction is found aver the Limpopo hasin and smaller areas of the Zambezl basin in Zambia, as well as over parts of
Western Cape in South Africa, while an increase is projected over central and western South Africa, as well as in southern Narribia
(Section 3.3.4). At 2°C, the region is projected to face robust precipitation decreases of about 10-20% and increases in the number of
CDD, with longer dry spells projected over Namibia, Betswana, northem Zimbabwe and southem Zambia. Conversely, the number of
CWD is projected to decrease, with robust signals over Western Cape (Maure et al., 2018). Projected reductions in stream flow of 5-10%
in the Zambezi River basin have been associated with increased evaporation and transpiration rates resulting from a rise in temperature
{ Section 3.3.5; Kling et al, 2014}, with issues for hydroelectric power across the region of seuthern Africa

For Eastern Africa, Osima et al. {2018) found that annual rainfall projections show a robust increase in precipitation over Somalia and
a less robust decrease over central and northem Ethiopia (Section 3.3.3). The number of CDD and CWD are projected to increase and
decrease, respectively (Section 3.3.4). These projected changes could impact the agricultural and water sectors in the region (Cross-
Chapter Box & in this chapter and Section 3.4.8).
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under the RCPES5 scenaric. Howewer more recent assessments hawe
highlighted uncertainties in dryness projections due to a range of
factors, including variations between the drought and dryness indices
considered, and the effects of enhanced CO, concentrations on plant
wiateruse efficiency (Orlowssky and Senewiratne, 2012; Roderick et
al, 2015). Querall projections of changes in drought and dryness for
high-emissiong scenarios (e.g., RCPES, corresponding to about 4°C of
global warming) are uncertain in many regions, atthough a few regions
display consistent drying in most assessments (2., Seneviratne et al,
2012; Orlowsky and Seneviratne, 2013). Uncertainty is expected to be
ewen larger for conditions with a smaller signal-to-noise ratio, such as
for global warming levels of 1.5%C and 2°C.

Some published fiterature is now available on the evaluation of
differences in drought and dryness oceurrence at 1.5°Cand 2°C of global
warming for () precipitation minus ewapotranspiration {P-E, & general
measure of water awailability, Wartenbunger et al, 2017 Greve et al,
2018], (i) il moisture anomalies (Lehner et al, 2017 Wartenbunger
etal, 2017), {il) consecutive diy days (CDO) (schleussner et al, 2016b;
Wartenburger et al, 2077}, () the 12-month standardized precipitation
index Wfartenburger et al, 2017, () the Palmer drought sevenity index
(Lehner et al, 2017, and (vl annual mean noff (Schleussner et al,
2016, see also next section). These analyses hawe produced consistant
findings cverall, despite the knowm sensitivity of drought assessments to
chosen drought indices see above paragraph). These analyses suggest
that increases in drought, dryness or precipitation deficits are projeded
at 1.5°C or 2°C global warming in some regions compared to the pre-
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industrial or presert-day conditions, as well as between these two
global wiarming lewels, although there is substantial variability in signals
depending on the considered indices or climate models {Lebner et al,
2017, Schleussner et al, 2017, Greve et al, 2 018) {medium cofidence).
Generally, the clearest signals are found for the Meditemanean region
medim confidence)

Greve et al (2013, Figure 3.12) derives the sensitivity of regional
changes in  precipitation minus evapotranspiration to  global
tem perature changes. The simulations analysed span the full range of
awailable emission scenarios, and the sensitivities are derived using
a modified pattern scaling approach. The applied approach assum es
linear dependencies on global tem perature changes wihile thoraughly
addressing associated uncertainties via resam pling methods. Northern
high-latitude regions display robust responses tending towards
increased wwetness, while subtropical regions display a tendency
towvards diying butwith a large range of responses. While the internal
wariahility and the scenario choice play an im portant role in the owerall
spread of the simulations, the uncertainty stem ming from the climate
model choice usually dominates, aceounting for about haff of the total
uncertainty in most regions (Wartenburger et al, 2017; Greve e al,
201 8). The sign of projections, that is, whether there might be inereases
or decreases inwater availability under higher global warming lewels,
is particularly uncertain in tropical and mid-latitude regions. An
assessment of the im plications of imiting the global meantemperature
increase tovalues belowe () 1.59C or (i) 2°C shows that constraining
global warming to the 1.5%C target might slightly influsnce the mean

Figura 2,12 | Summen of the likelitaod of incmasestlecrasses in prcipitation minus eva pot AnspiRtian (P—E} in Coupled Model Interca rparison Prokct Phase S (CMIPS)
simulations cansidering al| scenanos and a mpresntathve subset of 14 clivate models (one fomeach modelling centre ). Ranel piots show the uncertainty distibution ofthe
sarsitvity of P—E to giobal tempemtum change, svemged for most IPCC Special Report on Managing the Risk of Extrene Everts and Disasters to Advance Climate Change
Adaptation (SREX) maions{ses Figur 3 2)ourtined inthe rap (fom G e etal, 20118
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response but could substantially reduce the risk of experiencing
extreme changes in regional water availability (Greve et al,, 2018).

The findings from the analysis for the mean response by Greve et al.
{2018) are qualitatively consistent with results from Wartenburger et
al. (2017), who used an ESR (Section 3.2) rather than a pattern scaling
approach for a range of drought and dryness indices. They are also
consistent with a study by Lehner et al. (2017), who assessed changes
in droughts based on soil moisture changes and the Palmer-Drought
Severity Index. Motably, these two publications do not provide a
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specific assessment of changes in the tails of the drought and dryness
distribution, The conclusions of Lehner et al. (2017) are that (i) risks of
consecutive drought years show little change in the US Southwest and
Central Plains, but robust increases in Europe and the Mediterranean’,
and that {ii} ‘limiting waming to 1.5°C may have henefits for future
drought risk, but such benefits are regional, and in some cases highly
uncertain’.

Figure 3.13 features projected changes in CDD as a function of global
temperature increase, using asimilar approach as for Figures 3.5 {based
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on Wartenburger et al., 2017). The figure also include results from the
HAPPI experiment (Mitchell et al, 2017). Again, the CMIP5-hased ESR
estimates and the results of the HAPPI experiment agree well. Note
that the responses vary widely among the considered regions.

Similar to Figures 3.8 and 3.1, Figure 3.14 features an objective
identification of *hotspots’ / key risks in dryness indices subdivided
by region, based on the approach by Wartenburger et al (2017}, This
analysis reveals the following hotspots of drying (i.e. increases in CDD
and/or decreases in P-E, soil moisture anomalies (SMA} and 12-month
Standardized Precipitation Index {SPI12), with at least ene of the
indices displaying statistically significant drying): the Mediterranean
region (MED; including southern Europe, northern Africa, and the Near
East), northeastern Brazil (NEEB) and scuthem Africa.

Consistent with this analysis, the available literature particularly
supports robust increases in dryness and decreases in water availahility
in southem Europe and the Mediterranean with a shift from 1.5°C to
2°C of global warming {medium confidence) (Figure 3.13; Schleussner
etal, 2016h; Lehner et al, 2017; Wartenburger et al, 2017; Greve et
al, 2018; Samaniego et al,, 2018). This region Is already displaying
substantial drying in the observational record (Seneviratne et al,, 2012;
Sheffield etal,, 2012; Greve et al,, 2014; Gudmundsson and Seneviratne,
2016; Gudmundsson et al., 2017), which provides additional evidence
supporting this tendency and suggests that it will be a hotspot of
dryness change at glohal warming levels heyond 1.5°C (see also Box
3.2). The other identified hotspots, southern Africa and nartheastern
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Brazil, also consistently display drying trends under higher levels of
forcing in other publications ie.g., Orlowsky and Senewiratne, 2013},
although no published studies could be found reperting observed
drying trends in these regions. There are substantial increases in
the risk of increased dryness (medium confidence) in hoth the
Mediterranean region and Southern Africa at 2°C versus 1.5°C of
glohal warming because these regions display significant changes
in two dryness indicators {CDD and SMA] between these two global
warming levels (Figure 3.14); the strongest effects are expected for
extreme droughts {medium confidence} (Figure 3.12). There is low
confidence elsewhere, owing to a lack of consistency in analyses
with different models or different dryness indicators. However, in
many regions there is medium confidence that most extreme risks of
changes in dryness are avoided if global warming is constrained at
1.5°C instead of 2°C {Figure 3.12).

In summary, in terms of drought and dryness, limiting global warming
10 1.5°C is expected to substantially reduce the probahility of extreme
changes in water availakility in some regions compared to changes
under 2°C of global warming {medium confidence). For shift from 1.5°C
to 2°C of GMST warming, the available studies and analyses suggest
strong increases in the probability of dryness and reduced water
availability in the Mediterranean region {including southern Europe,
northem Africa and the Near East) and in scuthem Africa imediuvm
confidence). Based on observations and medelling experiments, a
drying trend is already detectable in the Mediterranean region, that is,
atglobal warming of less than 1°C (medium confidence)
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Box 3.2 | Droughts in the Mediterranean Basin and the Middle East

Human society has developed in tandem with the natural environment of the Mediterranean basin over several millennia, laying
the grouneiwork for diverss and culturally rich communities, Even if advances in technology may offer some protection from climatic
hazards, the conseguences of climatic change for inhabitants of this region continue to depend on the long-term interplay between an
array of societal and environmental factors (Holmgren et al, 2016). As a result, the Mediterranean is an example of a region with high
vulnerability where various adaptation responses have emerged. Previous |PCC assessments and recent publications project regional
changes in climate under increased temperatures, including consistent climate model projections of increased precipitation deficit
amplified by strong regional warming (Section 3.3.3; Seneviratne et al., 2012; Christensen et al., 201 3; Collins et al,, 2013; Greve and
Seneviratne, 2015).

The long history of resilience to climatic change is especially apparent in the eastern Mediterranean region, which has experienced a
strong negative trend in precipitation since 1960 {(Mathbout et al, 2017) and an intense and prolonged drought episade between 2007
and 2010 (Kelley et al,, 2015). This drought was the longest and most intense in the last 900 years {Cook et al,, 2016). Some authors
{e.g., Trigo etal., 2010; Kelley et al, 2015) assert that very low precipitation levels have driven a steep decline in agricultural productivity
in the Euphrates and Tigris catchment basins, and displaced hundreds of thousands of pecple, mainly in Syria, Impacts on the water
resources {Yazdanpanah et al, 2016) and crop performance in Iran have alse been reported (Saeidi et al,, 2017). Many historical pericds
of turmoil have coincided with severe droughts, for example the drought which accurred at the end of the Bronze Age approximately
3200 years ago (Kaniewski et al., 2015). In this instance, a number of flourishing eastern Mediterranean civilizations collapsed, and rural
settlements re-emerged with agro-pastoral activities and limited long-distance trade. This illustrates how seme wulnerable regions are
forced to pursue drastic adaptive responses, including migration and sacietal structure changes,

The potential evolution of drought conditions under 1.5°C or 2°C of global warming {Section 3.3.4} can be analysed by comparing the
2008 drought (high temperature, low precipitation) with the 1960 dreught (low temperature, low precipitation) (Kelley et al, 2015).
Though the precipitation deficits were comparable, the 2008 drought was amplified by increased evapotransgiration induced by much
higher temperatures (a mean increase of 1°C compared with the 1931-2008 period in Syria} and a large population increase {from
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