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Executive Summary
Climate change impacts are already being felt across the globe, and the case for planned approaches to
climate change adaptation is clear. Sea level rise is one of the primary and most devastating impacts
from climate change, and it is of critical importance in the San Francisco Bay Area, particularly for San
Mateo County (County), bounded by the Pacific Ocean to the west and the San Francisco Bay to the
east.
The County is highly vulnerable to the effects of rising sea levels. If left unmanaged, the impacts from
future flooding and coastal erosion could pose considerable risks to life, safety, critical infrastructure,
the County’s natural and recreational assets, and the economy. The assessed value of parcels in the
project area exposed to near-term flooding exceeds $1 billion, and the assessed value of parcels
exposed to erosion and flooding in the long term totals roughly $39.1 billion1. Furthermore, flooding,

fftt

erosion, and sea level rise not only directly threaten people and property in the sea level rise hazard
areas, but also affect all communities in the County, even those on high ground. Such indirect effects are

rraa

present because assets and infrastructure in the sea level rise areas provide critical services and
functions to communities outside these areas. The County is already exposed to present-day flooding
when large rain events coincide with high tides on the San Francisco Bay, making it imperative to create

DD

action steps to reduce risk.

Vulnerable assets are located along both the Pacific Coast and the San Francisco Bay; they include
critical infrastructure (police stations, hospitals, wastewater treatment plants, and schools); essential
regional transportation networks and infrastructure (Bay Area Rapid Transit [BART], Caltrain, Highway
101, State Route 1); and important regional natural and recreational assets (Pacifica State Beach, the
California Coastal Trail, and the Ravenswood Pond Complex).

Vulnerability Assessment Goals
This Vulnerability Assessment report serves as the first step of the Sea Change SMC Initiative, whose
purpose is to increase the resilience of the County’s economy, environment, and communities through
collaborative planning and projects. This Assessment contributes to increasing the resilience in the
County through achieving the following goals:
1

These numbers are based on the assessed value of property affected by the 6.6 feet of sea level rise scenario.
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Assess Vulnerability. Assess the overall vulnerability of the County to sea level rise, including
impacts from permanent inundation, temporary flooding caused by storm events, erosion, and
saltwater intrusion.



Identify Risks and Consequences. Identify potential risks and consequences of hazards associated
with sea level rise if no actions are taken.



Provide Actionable Results. Provide useful information to lead to actionable outcomes; lay the
foundation for future, more detailed analyses to be conducted by the County or its cities.



Build Awareness. Create awareness of the need to develop solutions and to reduce impacts to
socially vulnerable communities.



Use a Collaborative Process. Build a collaborative network throughout the County to plan future

fftt

efforts.
This report provides an overview of what is at risk from current and future flooding and erosion in the
following questions:

rraa

County. Using three different sea level rise scenarios and one erosion scenario, this report answers the

1. Where does sea level rise pose concerns? What areas are expected to be affected first?
2. What are some of the consequences of sea level rise to different sectors?

DD

3. How might sea level rise affect human health and communities with characteristics that make
them more vulnerable to flooding?

4. What types of actions are available to prepare the County for sea level rise?
5. What are recommended next steps to prepare the County for sea level rise?
The results of the report are intended to help city officials, advocacy groups, community members, and
other stakeholders make informed decisions as to how to move forward with the adaptation planning
process.

Methodology and Approach
This Assessment takes a risk-based approach, using best available existing data, to understand and
communicate about the County’s vulnerability to sea level rise. It lays the groundwork for preparation of
a transparent decision-making process for near- and long-term steps.
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The approach supports a sea level rise preparedness strategy that:


Identifies risks to life and safety



Recognizes the natural and beneficial functions of the County’s natural areas



Considers impacts and benefits to community populations, especially those with increased
vulnerability

The methodology employed uses existing data on projections of sea level rise hazards to understand the
geographic extent to which the County could be exposed to inundation and erosion. Three sea level rise
scenarios and one scenario for coastal erosion data, were selected for the evaluation:
Baseline scenario: 1% annual chance flood (present-day extreme flood)



Mid-level scenario: 1% annual chance flood + 3.3 feet of sea level rise



High-end scenario: 1% annual chance flood + 6.6 feet of sea level rise



Coastal erosion projections assuming 4.5 feet of sea level rise and no shoreline protection

rraa
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The project used sea level rise inundation data from the U.S. Geological Survey and Point Blue’s Our
Coast, Our Future tool, which was the best available sea level rise data for the County at the time of the
report. The erosion data are from the Pacific Institute Study developed by Philip Williams and
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Associates, Ltd. in 2009 and in 2012. Sea level rise inundation and erosion data were combined with
data on the location and types of built and natural assets as well as demographic data in the County to
provide an inventory and spatial representation of populations and assets in harm’s way.
A critical part of developing this Sea Level Rise Vulnerability Assessment is categorizing and classifying
the built and natural assets that will be exposed to present and future inundation, using the San
Francisco Bay Conservation and Development Commission method of categorization and the American
Society of Civil Engineers method of classification. Asset categories and classes provide a framework
through which to evaluate potential impacts. This Assessment provides finer detail on the vulnerabilities
and risks of sea level rise to the County and its assets through Asset Vulnerability Profiles of 29 assets
and one community.
Certain limitations exist in this Assessment because it had to rely on readily available data and modeling
tools. The project area was limited because of the availability of inundation modeling data for Half Moon
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Bay and areas north of it; the inundation modeling data does not include the area south of Half Moon
Bay. Funding and time limited the number of assets that received an Asset Vulnerability Profile, which
provides a detailed analysis of an asset’s vulnerability. As such, only a small subset of the County’s built
and natural assets were evaluated. This Assessment is a planning level document and is not intended for
design purposes.

Vulnerability Analysis
Rising sea level on the Bay and the Coast will affect a wide array of built and natural assets that every
resident in the County relies on or uses on a daily basis. The impacts are potentially significant and farreaching because the systemic nature of many assets and critical services mean that flooding or a loss of
function at one site can trigger a cascade of effects throughout the County. This report identifies what is
vulnerable to sea level rise among built and natural assets, explores public health and risks from

ff tt

cascading impacts,, and discusses what these factors mean for policy and planning purposes.
The report findings highlight that many of the assets have cross-cutting vulnerabilities (i.e., multiple and

rr aa

indirect sources of vulnerability) and may have more than one point of exposure to sea level rise. The
report identifies the following asset categories as being at risk from sea level rise in the County:
What’s at risk?









D
D

Natural Assets:
including but not
limited to wetlands,
lakes, and streams

Key Built Assets:
including but not
limited to residential
properties, schools,
hospitals and other
health care facilities,
police stations,
2

IImpacts
mpact and Consequences

What’s vvulnerable
ulnerable u
under
nder
mid-level
level sscenario?
cenario?
 7090 acres of exposed
wetlands2
 3 miles of exposed
beaches
 11 acres of vulnerable
kelp forests




22,063 acres of land
30,604 residential
parcels
2,235 commercial
parcels
34 schools





Permanent or temporary flooding or
erosion of habitat areas, potentially
leading to biodiversity loss, loss of natural
flood protection, and loss of natural
recreational areas
Overflow and flooding from local creeks
and waterways (San Francisquito Creek,
San Mateo, Creek, San Bruno Creek,
Bayfront Canal, Atherton Channel, Belmont
Creek)
Inundation of homes and businesses
Inundation of power supply and cessation
of power to homes, hospitals, and
businesses
Damage to or loss of emergency care
facilities, human service providers, and
homeless shelters

The extent to which wetlands may migrate landward or upward is unclear.
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Public Health
















Inundation of access roads for emergency
vehicles and supplies
Disruption of regional transportation
network
Overtopping of shoreline levees

Disruption to health-related infrastructure
could drastically reduce the availability of
medical services in the event of a flood,
and may place many residents already
seeking medical
within a facility, or those seeki
attention, in danger
If water reaches infrastructure and interior
spaces not designed to withstand
inundation, conditions become unsuitable
for human health (e.g. mold). Infectious
likely to spread in
diseases are also more likel
these conditions
Disproportionate impact to populations
with existing social vulnerability
characteristics such as the young and
elderly, people of color, or those with
limited English proficiency, or those with
poor or unstable housing conditions
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22 outpatient
healthcare facilities; 1
emergency room
3 police stations; 8 fire
stations
2 airports
12 electric substations
5 wastewater
treatment plants
~21.5 miles of levees
Health-related
infrastructure: e.g.
emergency facilities,
in/out-patient facilities
Inundation of the built
environment can lead
to injury, illness,
disease, and death
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Public Health: impacts
from sea level rise will
both impair critical
healthcare facilities
and cause unhealthy
environmental
conditions. Due to
social vulnerability
factors, some
residents face
disproportionate
impacts from sea level
rise, particularly when
impacts to larger
infrastructure systems
(e.g. transport) are
taken into account.



rraa

airports, energy
infrastructure,
wastewater treatment
systems, ground
transportation, flood
protection
infrastructure

Sea level rise will also have consequences for public health because health facilities will be affected and
access to emergency medical services could be impaired. Flood events can lead to physical injury, illness,
or disease (e.g., vector-borne diseases such as West Nile virus), and they can also cause income loss and
disruption of employment. Many of these impacts will disproportionately affect socially vulnerable
populations, such as the homeless; people who are income, food, or housing insecure; the elderly and
the very young; and individuals with pre-existing health conditions. For more information on this topic
see Chapter 3C, Community Health and Vulnerability.
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Governance and Vulnerability
Managing for the impacts of sea level rise is extremely challenging for several reasons. Multiple
governing agencies, nonprofit organizations, and research institutions are involved, forming a complex
picture. Challenges posed by sea level rise sometimes do not fit neatly into agency or organizational
mandates, often making governance and decision-making processes opaque or convoluted.
Furthermore, when assessing vulnerability and planning for adaptation at the individual asset level, the
asset owner may not actually have decision-making power over the other infrastructure that they rely
upon. Many assets and stakeholders may have shared jurisdictions involved, and decision-making can
entail competing priorities or mandates. To meet this challenge, governance structures will need to be
re-evaluated.
-evaluated. They will need build strong relationships and create robust systems for communication.
Governance structures will also need to encourage coordinated systems for stakeholder engagement,
Setting and Context.

rraa

Cascading Impacts

fftt

and consistent monitoring and evaluation processes. For more information on this topic see Chapter 3A,

Cascading impacts,, or a series of impacts triggered by the primary loss of an asset, can occur when any
part of a networked asset or its system or function is affected, or when assets or functions are connected
physically or functionally in some way (Florida Division of Emergency Management 2015). Cascading

DD

impacts, which are most typically associated with networked infrastructure, cause the geographic
impact of a flood to reach farther than the geographic extent of the flood. In the County, some of the
cascading impacts caused by flooding or inundation in one or more locations can include disruptions to
critical services such as transportation networks, water delivery and treatment processes, or energy
infrastructure. For more information on this topic please see Chapter 3A, Setting and Context.

Adaptation Planning
Adaptation planning for sea level rise is critical because it minimizes many of the potential negative
impacts highlighted in this report through reducing risk and increasing resiliency throughout the County.
Sea level rise will affect numerous aspects of life in the County over differing timescales, which makes
planning difficult and will require extensive Countywide coordination and collaboration. Direct physical
manifestations, including harm to natural and built assets, adverse impacts on wildlife, and groundwater
depletion, could occur; indirect impacts, such as a decrease in public safety, community equity, and
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economic vitality, may also take place. This section of the report functions as a guide for decision
makers, whether they are state, city, or county employees, asset owners, or other stakeholders, who
wish to be engaged in the process.
Adaptation Planning Considerations
Some important considerations for adaptation planning include ensuring that adaptation approaches
meet the specific needs of particular locations or sectors, and that planning is coordinated and
information is shared across different scales (i.e., community, city, county, or region). Additional
recommendations are that any plans ultimately adopted and implemented are flexible and have
adaptive capacity so they can be modified to accommodate future sea level rise. It is preferable to
design multifunctional strategies, which can play multiple roles in the community.

ff tt

Policy Responses in San Mateo County
Numerous opportunities exist for incorporating adaptation planning and sea level rise initiatives into
local planning processes. For example, cities and the County can introduce sea level rise into planning



rr aa

and policy updates in the following ways:
Administrative policy,



procedures, and initiatives
General Plan




ordinances, and resolutions



Local Coastal Program

Local Hazard Mitigation Plan



Capital Improvement Plan/Program

Climate Action Plan



Climate Change Adaptation Plan



Integrated Regional Water Management groups

D
D



Zoning Code and other land development codes,

Strategies for Adaptation
This section of the Assessment presents a variety of strategies for sea level rise adaptation that could be
deployed in the County. While further research is necessary to determine where each approach would
be most appropriate in particular locations, the strategies generally fall under three broad categories of
measures: protect, accommodate, and retreat. Combinations of actions from among these categories
can also be implemented to increase the overall resilience and adaptive capacity of each asset or
location.
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Adaptation is critical, as demonstrated by both the concentration of high-risk assets along certain areas
of the shoreline and the cross-jurisdictional and multi-vulnerability issues raised by assets (Highway 101
and State Route 1), and will require a coordinated approach that involves multiple stakeholders. In some
cases, relatively small investments can improve the reliability or adaptive capacity of individual critical
assets and their functions; however, in many cases, adaptation will require a broader and more regional
strategy. Such assets will require coordination of many stakeholders and their input to ensure that
adaptation in one area does not increase flood or erosion risk in another area.
Adaptation will require the use of a wide range of tools, including



Protection measures that reduce exposure such as
o

Levees, seawalls, and horizontal levees

o

Wetlands restoration
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Accommodation or retreat measures that reduce sensitivity
sensitivity,, improve a
adaptive
daptive capacity
capacity, and
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reduce the consequences such as

Land use planning policies or regulations and building codes

o

Asset elevation, flood proofing, or relocation

o

Flood insurance

o

Enhanced crisis management efforts
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Adaptation provides an important opportunity to integrate nature-based strategies and to leverage the
opportunities presented by the recently passed Measure AA (a parcel tax that funds wetland
restoration) toward achieving regional ecological goals. Nature-based strategies not only seek to
preserve and protect the region’s natural assets, but also have some ability to reduce the risks of sea
level rise hazards. For example, enhancing wetlands in front of an urban shoreline can reduce wave
action on the waterfront; wetlands in riverine or tidal floodplains can act as sponges and can slow the
onset of flooding or temporarily retain the water. The Baylands Ecosystem Habitat Goals Science Update
2015: The Baylands and Climate Change: What We Can Do (Conservancy 2015) lays out regional
ecological objectives along the Bayshore that can be integrated with any regional flood risk
management or sea level rise adaptation strategy. More on this strategy is provided in Chapter 4,
Adaptation Planning.
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Building a more resilient San Mateo County requires decisions that are based on the level of exposure
and consequences that individual asset managers, communities, and the County are willing to tolerate.
Adaptation measures can then be developed to reduce risks and can be evaluated for


How effectively measures reduce risk



How cost-effective specific risk reduction measures are



What benefits and tradeoffs exist for the economy, environment, equity, and society

Getting Ahead of Sea Level Rise
Given the severity of the risks from sea level rise in the County, actions to prepare for and reduce risks
are needed at multiple scales. No single step or individual player can resolve the issue of flooding and
erosion due to sea level rise. A combination of shoreline protection strategies, individual property and
facility modifications, land use policies, and emergency flood preparedness actions will be needed to
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reduce impacts over the near and long term. Chapter 5 is based on needs and recommended actions
shared by the Sea Level Rise Vulnerability Assessment stakeholder group participants.
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Through the Sea Change SMC Initiative,, the County is committed to helping to facilitate Countywide
coordination on sea level rise policies, building standards, and the development of a Countywide sea
level rise strategy. This Sea Level Rise Vulnerability Assessment recommends the following actions,
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which are described in detail in Chapter 5.
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City-/County-Specific
Actions

• Continue to convene a
steering committee
and working group
• Develop a Countywide
Adaptation
Framework and
Strategy
• Develop a Policy
Toolkit
• Conduct public
education
• Engage in regional
coordination efforts

• Complete South Coast
Vulnerability
Assessment
• Further evaluate key
vulnerabilities and
risks as needed
• Update Policy and
Land Use Planning
Documents
• Update Capital
Improvement Plans
• Enhance Community
Rating System Status

Site-Specific Actions
• Assist with
development of sitespecific plans for
critical facilities

ff tt

Countywide Actions
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Research Needs

Although sufficient information is available to understand the County’s vulnerabilities, more detailed
data are needed in some areas to better inform project owners/sponsors and policy makers in their
investment decision for sea level rise planning and the design and construction of risk-reduction
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measures. Additional research is needed to:


Better understand feasibility of adaptation options



Further evaluate community vulnerability



Refine habitat vulnerability



Better understand subsidence and vertical land movement



Estimate impacts from future erosion



Evaluate the flooding impacts from both bay/ocean water and fluvial flows

Please see Chapter 5, Getting Ahead of Sea Level Rise for more information.
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Conclusion
Sea level rise has the potential to affect every sector in the County: the economy, critical habitats and
species, health care, wastewater treatment facilities, transportation, stormwater, as well as
neighborhoods, parks, and schools. Impacts need to be addressed through large-scale shoreline
protection strategies as well as through site-specific adaptations and land use policies.
As a next step, this Assessment suggests that the County convene a sea level rise working group and
steering committee to develop an action plan for the Sea Change SMC Initiative. While preparing for
longer-term sea level rise, it is also important to remember that the County is vulnerable to flooding and
erosion today, and it is necessary to prepare for near-term flooding and erosion emergencies in addition
to the combination of multiple disasters, including earthquakes and floods. This preparation will help
ensure the County’s economy, habitats, transportation systems, wastewater
wastewater treatment facilities, and
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ports are able to bounce back after disasters and are prepared to cope with sea level rise.
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