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The earth and its inhabitants are facing a climate
emergency. Global heating creates extreme hazards
that cause significant harm to people, homes,
infrastructure, and the environment. In California,

we are already facing many climate-related impacts:
prolonged drought, extreme heat, massive wildfires,
hazardous air quality, flooding, and severe weather.

As the earth heats, polar and glacial ice is melting
much faster than predicted,! causing sea levels to rise
worldwide and reducing the earth’s defenses against
further warming. Combined with new, more severe
weather patterns like coastal storms, sea level rise
(SLR) presents a daunting challenge for waterfront
cities such as San Francisco.

San Francisco already experiences flooding and
erosion in our low-lying coastal areas during times

of high tides and severe weather. As the century
progresses, sea levels will continue to rise, and flood-
ing and related hazards will become more frequent
and intense, affecting ever-greater areas of the City.

This Sea Level Rise Vulnerability and Consequence
Assessment (Assessment) describes the vulner-
ability of public buildings and infrastructure to SLR
and coastal flooding and the consequences of
SLR-related flooding on people, the economy, and

1 Arecent study found that Arctic permafrost is thawing decades earlier
than predicted: https://www.theguardian.com/environment/2019/jun/18/
arctic-permafrost-canada-science-climate-crisis

the environment. The Assessment will be used to
inform how the City develops, prioritizes, invests, and
implements adaptation strategies to enhance San
Francisco's resilience to SLR and coastal flooding.

Approximately four square miles of San Francisco
(not including Treasure Island or San Francisco
International Airport [SFQ]) are located within the
City’s Sea Level Rise Vulnerability Zone.2 This area
could be flooded by a 100-year coastal flood event®
coupled with 66 inches* of SLR, an upper-range
scenario by end of century. These low-lying areas
are home to approximately 37,200 residents, approxi-
mately 17100 businesses, approximately 167,300 jobs,
new development, and a host of vital infrastructure.
This infrastructure includes roadways, water and
wastewater pipelines, power infrastructure, emer-
gency services, transit lines, parks and open spaces,
the Port of San Francisco (Port), and SFO.5

The Sea Level Rise Vulnerability Zone equates to 108 inches (66 inches of
SLR plus 42 inches of tidal and storm surge).

3 A100-year event means there is a 1 percent annual chance of the flood
event happening in any given year.

4 66 inches of SLR represents the upper-bound SLR projection for the end of
the century (i.e., 2100) associated with the best available science (National
Research Council, 2012) when the SLR Vulnerability Zone was adopted by
the City in 2014. In 2017, three new reports were released that increased
the upper-bound projections (USGCRP, 2017; Rising Seas, 2017; Sweet et
al., 2017); however, a revised and expanded SLR Vulnerability Zone has not
been adopted at this time.

5 San Francisco International Airport (SFO) is located south of the main City
of San Francisco, within San Mateo County and directly adjacent to San
Francisco Bay. However, SFO is part of the jurisdiction of the City and County
of San Francisco.

Photo by Wayne Hsieh (CC BY-NC 2.0
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Figure E.1 Sea Level Rise Vulnerability Zone
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PLANNING FOR SEA LEVEL RISE

San Francisco has been considering SLR in its
planning for many years. The City first approved SLR
Capital Planning Guidance in 2014, which it updated
in 2015 and 2019 (SLR checklist only).®

In March 2015, then-Mayor Ed Lee assembled the
Sea Level Rise Coordinating Committee in response
to the immediate and long-term threats from SLR and
coastal flooding. The SLR Committee was tasked
with developing a comprehensive understanding of
the threat of SLR to San Francisco and to create a
decisive plan of action.

The SLR Committee created the Sea Level Rise
Action Plan, released in March 2016. The Action Plan
called on City departments to work together to under-
stand the impacts of rising sea levels and to develop
strategies to protect our shoreline, critical public
assets and infrastructure, and public and private lands
and structures from current and future coastal and
SLR flooding.

The vision of the 2016 Sea Level Rise Action Plan
Vision is:

Make San Francisco a more resilient
city in the face of immediate and
long-term threats of sealevel rise
by taking measures to protect and
enhance public and private assets,

the natural environment, and quality
of life for all.

6 http://onesanfrancisco.org/sea-level-rise-guidance/

EXECUTIVE SUMMARY

Figure E.2 Sea Level Rise Action Plan Framework
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This report, the SLR Vulnerability and Consequences
Assessment (Assessment), represents steps 2 and 3
in the process outlined in the SLR Action Plan: Assess
Vulnerability and Assess Risk. These two steps have
been combined into this Assessment.

The Assessment evaluates publicly owned infra-
structure within the SLR Vulnerability Zone, identifies
the infrastructure’s vulnerability, and describes the
consequences for people, the economy, and the
environment. This information will inform capital plan-
ning, project design, and policy decisions for decision
makers, City agencies, and public stakeholders so the
City (in collaboration with San Francisco’s communi-
ties) can develop, prioritize, and implement appropri-
ate adaptation strategies to build San Francisco’s
resilience to SLR.

E.3
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SEA LEVEL RISE EXPOSURE

The CPC Guidance and the 2016 Sea Level Rise
Action Plan relied on the best available science at the
time — the National Research Council’s (NRC’s) 2012
Report, Sea-Level Rise for the Coasts of California,
Oregon, and Washington: Past, Present and Future’
to define a SLR Vulnerability Zone. This zone equates
to 108 inches (66 inches of SLR plus 42 inches of tidal
and storm surge),8 an upper-range scenario for the
end of the century (Figure E1).

Within the SLR Vulnerability Zone, the Assessment
studied 10 scenarios within that range from 12 to 108
inches (Table E1) to understand at what points infra-
structure assets become vulnerable to intermittent
or permanent flooding from SLR and tidal and storm
surge.

Table E.2 calculates the number of homes, busi-
nesses, streets, and open spaces located within the
SLR Vulnerability Zone if no action is taken to protect
these areas.

The Assessment is based on best current available
science. As climate science evolves, the City may
need to assess higher water levels in the future and
develop adaptation plans accordingly.

Table E.2 SLR Exposure

Table E.1

Sea Level Rise Scenario (Inches above MHHW)

Mapping Scenario

Reference Water Level

MHHW + 12~

MHHW + 24”

MHHW + 36”

Scenario 4

MHHW + 48~

Scenario 5

MHHW + 52~

Scenario 6

MHHW + 66”

MHHW + 77~

MHHW + 84~

MHHW + 96~

MHHW + 108”

MHHW = Mean Higher High Water
7 =inches

Scenario 5 Scenario 6 _
Residents ° 6,500 21,500 28,600 37,200
Businesses 1° 1,500 7,300 12,800 17,100
Jobs 10,800 48,500 116.225 167,250
Streets '2 18.5 miles 50 miles 711 miles 96.4 miles
Parks (Port and Parks and Rec) ' 31 acres 55 acres 65 acres 74 acres

7 National Research Council. 2012. Sea-Level Rise for the Coasts of California,
Oregon, and Washington: Past, Present and Future. Prepared by the
Committee on Sea Level Rise in California, Oregon, and Washington, Board
on Earth Sciences and Resources, Ocean Studies Board, and the Division on
Earth and Life Studies.

8 Inresponse to updated national and regional reports, the State of California
released updated Sea Level Rise Guidance (State Guidance) in 2018. This
data results in an expanded area that is vulnerable to SLR. The additional
area is not studied in this report.

2010 Census by block group

Business counts by Census Tract (2017 Dun & Bradstreet data set)

Job counts by Census Tract (2017 Dun & Bradstreet data set)

City and County of San Francisco Department of Public Works/Bureau of
Street Use and Mapping (2018 San Francisco Basemap Street Centerlines

data set)

DCP Open Space, DCP Trail Layer (2018 San Francisco data set)




SECTOR CHAPTERS

The Assessment identifies City-owned infrastruc-
ture within the SLR Vulnerability Zone by sector
(Transportation, Water, Wastewater, Power, Public
Safety, Open Space, and Port), describes each asset’s
vulnerability (sensitivity to flooding and capacity to
adapt), and identifies consequences for people, the
economy, and the environment. The project team
collected and mapped information from agencies
that own, operate, and maintain the buildings and
infrastructure assets, and held in-depth meetings
with key staff to determine how the asset would be
affected by flooding. Based on this information, each
asset was given a vulnerability rating.

Figure E.3 Sector Asset Categories

EXECUTIVE SUMMARY

Next, the Assessment describes the impact of each
asset category (Figure E.2) if it were impaired or non-
functional due to intermittent or permanent flooding,
and describes the consequences on people, the
economy, and the environment. The consequence
assessment is high-level and is not a detailed multi-
hazard risk assessment. More detailed assessments
may be required at the project-level to support the
implementation of adaptation strategies.

The sector-based vulnerability and consequence
information forms the basis of the Sector Chapters
(Chapters 5-11). See Figure E.3.

« Roadways

Chapter 5.

TRANSPORTATION  ° Brdges

«» Bicycle and Pedestrian Facilities
« Operations & Maintenance Facilities

« Local and Regional Transit

Chapter 6.
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« Regional Water Distribution
« Local Potable Water
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Chapter 7.
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« Pump Stations

« Buried Sewers
« Combined Sewer Structures

Chapter 8.
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« Emergency Firefighting Water System « Contaminated Lands
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« Parks
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Chapter 10.
OPEN SPACE

« Recreational Areas

« Marinas
« Trails
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Chapter 11.
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+ Rail Right-of-Way
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E.6 SEA LEVEL RISE VULNERABILITY AND CONSEQUENCES ASSESSMENT

NEIGHBORHOOD PROFILES

Figure E.4
For each shoreline neighborhood (Bay and Ocean) in Shoreline Neighborhoods
San Francisco (Figure E.4), the Assessment includes a
series of Neighborhood Profiles that describe poten-
tial consequences at the neighborhood scale. The @ Bayview South / Hunters Point
Neighborhood Profiles consider how the different © Bayview North /Islais Creek
infrastructure sector categories would impact each © Potrero Hill / Central Waterfront
other (the cascading consequences) at the neighbor- O South of Market / Mission Bay
hood scale and how these interactions would affect © Financial District
the daily lives and well-being of people living and @ North Beach / Fisherman’s Wharf
working in these neighborhoods, with a focus on how @ WMarina and Presidio
SLR impacts vulnerable populations. © Westside / Ocean Beach

This information is presented in Chapter 12,
Neighborhood Profiles.
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KEY FINDINGS

This section highlights key overall findings from the
Assessment. Some of these findings are specific to
one sector. Others are general and impact multiple
sectors or suggest areas for further study. These
findings reflect current conditions; the City is actively
studying, planning for, and starting to address many
of these issues.

Combined Precipitation and Coastal
Flooding Risk

Although the assessment focuses on SLR, concern
about the risk of combined precipitation and coastal
flooding was raised throughout the process. How
this combined risk will impact the City over time as
sea levels rise and precipitation patterns change

is not fully understood. The San Francisco Public
Utilities Commission, with support from the Port of
San Francisco and the Oakland International Airport,
is leading a study to better understand changes

in future precipitation intensity and frequency (see
Chapter 4, Summary 5 for more information) to help
better quantify this risk. Areas with precipitation flood
risk, coastal flood risk, and drainage issues will be
among the first and most severely affected neighbor-
hoods in the City. Strategies to address flooding in
these areas will need to keep coastal flooding out
while allowing or improving drainage so that solutions
to one type of flood risk do not exacerbate other
types of flooding.

Portions of Mission Bay and Islais Creek are vulner-
able today to flooding from both precipitation and
coastal overtopping because they are at the down-
stream end of large watersheds, adjacent to the Bay,
and historically these areas were tidal creeks and
marshes (Figure E.5). Their current elevations are low

EXECUTIVE SUMMARY

and rain from the large upstream watersheds collects
in these basins causing temporary flooding. This
flooding typically occurs when Bay water levels are
elevated due to storm-surge conditions concurrently
with heavy rainfall. The temporary flooding subsides
as the tides fall and drainage capacity is restored.
Over time with higher SLR projections, the discharge
outfalls will become submerged more frequently,
preventing the outfalls from maintaining their function
as currently designed, resulting in potential flooding
that occurs more often across a wider area of the
City.

Joint Impacts of Contamination and
Liquefaction in Bay Fill Areas

Along San Francisco’s Bay shoreline, historical fill
(filling in former wetlands and areas of the Bay to
create new land) and military and industrial land uses
mean many neighborhoods are at risk of flooding,
soil liguefaction and settlement during earthquakes,
and environmental contamination. These concur-
rent hazards may exacerbate one another, such as
when contaminated materials are mobilized during

a flood event or when rising groundwater expands
liguefaction areas. These physical hazards have
potential public health and safety consequences.
Neighborhoods like Bayview and Hunters Point,
where many of these factors exist, already experi-
ence disproportionate contamination burdens among
other health disparities.

Many sites undergoing remediation have plans for
new housing development. Effective remediation

and reuse of these sites will need to account for
future flooding and groundwater changes due to SLR.
Modeling and monitoring are required to fully under-
stand interactions between sea level, groundwater,
contamination, and soil stability.

E.7
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Figure E.5 Historic Creeks and Sea Level Rise Vulnerability Zone
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Photo E.1 Mission Rock Development

EXECUTIVE SUMMARY

Source: Perkins&Will

Risks and Requirements for New Development in Waterfront Neighborhoods

Many of San Francisco’s large developable areas

are along the southeastern shoreline in areas that

are vulnerable to SLR. Many of these shoreline areas
have planned or approved development plans. These
shoreline developments would revitalize former
military and industrial areas, providing significant
amounts of new housing and job space. However,
their location makes them potentially vulnerable to
future flooding and SLR impacts (Figure E.7).

Current development plans account for expected
SLR and identify adaptation measures like elevating
building pads and designing open spaces to accom-
modate flooding. These strategies require develop-
ments to commit to a future water level elevation.

If sea levels rise faster or higher than anticipated,
these neighborhoods will need to pursue additional
measures (Figure E.6).

This effect is exacerbated by the long lead time

for development approvals and construction. For
example, the Treasure Island Redevelopment
Authority secured its project approvals in 2011-2015
but buildout will not be complete until after 2035 and
the housing and commercial buildings will persist past
2100. SLR science will continue to evolve and more
protective measures may be necessary.

In addition to physical flood risks, these sites rely on
existing transportation and utility networks that are

not fully resilient to SLR and coastal flooding (Figure
E.8). A residential and commercial development that
becomes an island during flood events will still suffer
from these impacts even if its own buildings stay dry.
Site-specific adaptation strategies cannot fully protect
the function and value of these new developments.
They will need to engage in community adaptation
planning to protect whole neighborhoods and the City.

E.9
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Figure E.6 Mission Rock Development Elevations
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level rise (SLR) elevations. The finish grade
elevations will be based on 2100 king tide
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Photo E.2 Heron’s Head Park

EXECUTIVE SUMMARY .11

Source: Ed Brownson (CC BY-NC-ND 2.0

Loss of Shoreline Open Space Through Flooding and Adaptation Efforts

Shoreline parks and open space add to San
Francisco’s quality of life and generate economic
activity through tourism. Public access to the shore-
line has been expanded and improved through the
removal of the Embarcadero Freeway and shoreline
redevelopment, but SLR may damage and eventually
destroy these recreational facilities. Ocean Beach,
Crissy Field, Marina Green, Fort Mason, Aquatic Park,
the Embarcadero Promenade, and Heron’s Head
Park are iconic San Francisco destinations that are

vulnerable to current flooding and future SLR impacts.

Shoreline open space provides unique recreation
such as swimming, small boat access, and wildlife
viewing that cannot be replaced at other City open
spaces.

In addition to publicly owned recreation sites, many
shoreline developments have identified shoreline
open spaces as part of their adaptation strategies.
This approach may protect buildings and infrastruc-
ture, but the open space will narrow and eventually
disappear. These shrinking open spaces will limit
recreation opportunities for residents and workers
in those developments and for the City as a whole.
This effect would be most severe in the Central and
Southeastern Waterfront areas where private devel-
opments have agreed to provide extensive open
space for a rapidly growing population as part of their
development agreements.
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Figure E.7 Shoreline Open Space at Risk
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Photo E.3 Embarcadero Station
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Local and Regional Transportation Impacts

San Francisco relies on local and regional transporta-
tion infrastructure to bring workers and tourists

into the City and to connect San Francisco with the
rest of the Bay Area. Caltrain, the Bay Area Rapid
Transit (BART), and freeways are vulnerable to
current and future flooding within and beyond San
Francisco’s boundaries and they will not function well
in the future without local and regional action. For
example, the Embarcadero BART and Muni station

is vulnerable to near-term flood impacts. Even if San
Francisco implements adaptation measures for the
Embarcadero station, the station cannot function if
the Transbay Tube is out of service or BART is unable
to adapt other vulnerable stations. Similarly, flooding
on U.S. Highway 101 in San Mateo County has severe
impacts for SFO, although the flooding is outside of
San Francisco’s jurisdiction.

EXECUTIVE SUMMARY .13

Traveine

Source: Travel Nevada (CC BY-NC-ND 2.0

In addition to planning for current infrastructure, the
Bay Area is planning and implementing major trans-
portation investments like High Speed Rail, a poten-
tial second Bay BART crossing, and ferry network
extensions. These projects will need to consider SLR
and coastal flooding in their designs and coordinate
with San Francisco shoreline projects like the
Embarcadero Seawall Program. San Francisco cannot
plan and implement effective regional transportation
adaptation alone and will need to work with state,
regional, and federal partners to protect and enhance
transportation networks.



CONSIDERATIONS FOR SEA LEVEL
RISE ADAPTATION PLANNING

As the City advances adaptation planning efforts, we
have identified key considerations to guide adapta-
tion planning and ensure that adaptation strategies
are effective, efficient, equitable, and environmentally
appropriate.

Successful adaptation planning should:

* Begin with robust community engagement to
ensure strategies will meet local needs and build
public and political support for action

* Prioritize and include vulnerable neighborhoods
that already bear disproportionate environmental
contamination burdens and will be most impacted
by future flooding

* Include natural solutions where possible to improve
the City’s environment and provide open space
recreation opportunities

¢ Create a decision-making framework for when and
where to implement facility-specific floodproofing
versus neighborhood-scale shoreline strategies

* |dentify strategies that could be implemented
by multiple actors, including individual agencies,
private landowners, and the City as a whole

* Adopt adaptation policies for private development
and public investment in addition to implementing
physical strategies

* |dentify potential funding sources and identify and
empower appropriate lead agencies for adaptation
projects that cross agency jurisdictions

e Balance uncertainty in long-term climate projections
with the need for urgent action

* Integrate SLR and coastal flooding programs with
other City resilience efforts

E.14 SEA LEVEL RISE VULNERABILITY AND CONSEQUENCES ASSESSMENT

NEXT STEPS

San Francisco’s efforts to adapt to SLR, coastal
flooding, and other climate impacts will continue

for decades. Major adaptation projects that involve
significant changes to the City’s shoreline infrastruc-
ture will take many years to plan, fund, and build.
Some areas of the City are already affected by coastal
flooding and require near-term solutions. Other areas
may be affected within 10 years, while others may not
be affected for decades.

The City is currently developing several plans, poli-
cies, and projects that help adapt the City to SLR,
including:

1. Updated SLR Capital Planning Guidance. The
City adopted Sea Level Rise Capital Planning
Guidance in 2014 for infrastructure projects of $5
million or more. The SLR checklist (a portion of the
guidance) was recently revised to reflect updated
State SLR projections.

2. The Hazards and Climate Resilience Plan
assesses Citywide vulnerability to a variety of
climate and other hazards, such as earthquakes,
heat, poor air quality, drought, and SLR, and
develops strategies to mitigate risk and make the
City more resilient to these hazards.

3. Ocean Beach Master Plan implementation
involves multiple projects that will carry out
improvements to Ocean Beach and the Great
Highway to protect critical infrastructure such as the
Westside Pump Station, reduce beach and cliffside
erosion, and add recreational opportunities such as
a new multi-use trail.

4. The Embarcadero Seawall Program is a Citywide
effort, led by the Port, to seismically strengthen the
Embarcadero Seawall and to address current and
future flood and SLR risk due to climate change.



5. The U.S. Army Corps of Engineers/Port Flood
Study will study flood risk along San Francisco’s
Bayside shoreline from Aquatic Park to Heron’s
Head Park, identify areas that are vulnerable to
shoreline flooding, and develop strategies to
reduce current and future flood risk.

6. The Islais Creek Adaptation Strategy will develop
a long-range vision for the Islais Creek basin, with
an emphasis on securing the area’s critical trans-
portation facilities.

7. The SFO Shoreline Protection Project will address
potential flood risks resulting from both 100-year
storm and SLR out to 2085 at SFO.

All nine counties that surround San Francisco Bay
are vulnerable to SLR and coastal flooding and are
engaged in assessing SLR vulnerabilities and risks or
moving forward with SLR adaptation efforts. The City is
participating in and coordinating with several regional
efforts, including San Francisco Bay Conservation
and Development Commission’s (BCDC) Adapting to
Rising Tides (ART) Program, The Bay Area Climate
Adaptation Network (BayCAN), and the San Francisco
Bay Regional Coastal Hazards Adaptation Resiliency
Group (CHARG).

In addition, new planned developments and open
spaces along the City’s shoreline are being designed
to adapt to SLR and provide funding for future SLR
adaptation measures. See Chapter 13, A Changing
Shoreline.

The plans and projects listed above are described in
Chapter 14, Next Steps.

EXECUTIVE SUMMARY E.15

CONCLUSION

As the City continues to study, plan for, and address
SLR impacts, we are considering climate resilience
comprehensively — both how we continue the City’s
efforts to mitigate climate emissions and how we
adapt our City to become more resilient to climate
impacts, considering not only SLR but other climate-
related hazards such as extreme precipitation,
drought, poor air quality, extreme heat, and wildfire.

Next steps to adapt San Francisco to a changing
climate include capital planning, code updates for
new construction and renovations, and policy, funding,
legislation, and governance strategies to implement
climate policies and actions.

We are facing a climate emergency. San Francisco

is one actor on a global scale. We can be a leader

in working to address the climate crisis and adapt
our City to the coming impacts of climate change to
improve the lives of people who live and work in San
Francisco.

This Assessment provides essential information to
help us understand our vulnerabilities to SLR and
coastal flooding. It lays the groundwork for the City to
work with communities to develop strategies to adapt
San Francisco to SLR.
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