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CHAPTER 3

ASSESSMENT
APPROACH
3.1 OVERALL PROCESS
This Assessment is based on the adaptation framework outlined by San Francisco’s Sea Level Rise
Action Plan and guided by the ART planning process1
(see Figure 3.1). The overall framework relies on three
primary factors for success:
y Collaboration across City agencies and departments. No single entity or agency can scope, plan,
design, and implement solutions that address the
challenges of SLR across the entire City. The challenges of SLR are cross-cutting, and the framework
emphasizes close collaboration throughout the
process to build strong relationships across the
departments, and to develop a common understanding of the potential consequences that could occur
in the absence of action.
1

The Adapting to Rising Tides planning process is presented in detail on the
following website: http://www.adaptingtorisingtides.org/howto/art-approach/.

y Information sharing that builds a strong,
actionable case for moving forward with SLR
adaptation. All the data, analysis, and decisions
that inform this Assessment were developed using
a collaborative interagency process.
y Consideration of all aspects of sustainability
throughout the Assessment, using the ART
program’s four sustainability frames. The ART
sustainability frames are Society and Equity,
Economy, Environment, and Governance (see
Figure 3.2)
The 2016 Sea Level Rise Action Plan completed
the Scope and Organize phase of the ART planning
process. The Scope and Organize phase includes
defining the project area, assets, and climate impacts
to be considered, convening a working group, and
setting resilience goals.
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Figure 3.1 Adapting to Rising Tides Approach

This report completes the Assess and Define phases.
The Assess phase includes gathering information
on the assets, completing the exposure assessment, identifying asset-based vulnerabilities and
consequences, and refining the analysis based on
working group and stakeholder input. The Define
phase includes summarizing the analysis into clear,
outcome-oriented vulnerability and consequence
statements, reviewing cascading consequences
across sectors and across neighborhoods, and
defining key planning issues.
This chapter focuses on describing the City’s process
for completing the Assess and Define phases.
Chapter 14, Next Steps outlines a process for the Plan
and Implement phases.

Figure 3.2 Adapting to Rising Tides Approach

SOCIETY & EQUITY

ECONOMY

Effects on communities
and the services on which
they rely, with a focus on
disproportionate impacts
due to existing inequalities

Economic values that may
be affected such as costs
of infrastructure damages
or lost revenues during
periods of recovery

ENVIRONMENT

GOVERNANCE

Environmental values that
may be affected, such
as air and water quality,
natural systems, and
ecosystem functions

Factors such as
organizational structure,
jurisdiction, and
mechanisms of partnership
that affect vulnerability to
impacts

3.2 VULNERABILITY ASSESSMENT
For this Assessment, the City team collected
information on City-owned assets and infrastructure,
completed exposure assessments for each of these
assets, and identified each asset’s vulnerability to SLR
and coastal flooding based on conversations with
agencies that own, operate, and maintain the assets.

3.2.1 Asset Inventory
The City team convened an Asset Inventory Working
Group with representation across all asset-owning
departments. The Working Group collected and
organized the best available information on all Cityowned assets (e.g., roadways, facilities, infrastructure,
parks, etc.). This information forms the foundation of
the exposure assessment.
The Working Group collected the City’s best available geographic information system (GIS) data, and
facilitated the completion of questionnaires2 to gather
information on each asset, including the existing
condition of the asset, factors that may affect the
asset’s vulnerability, and information that informs
the scale of the consequence that could occur if the
asset is impacted.
2 Sample questionnaires and a description of the process are presented
at: http://www.adaptingtorisingtides.org/wp-content/uploads/2015/10/
ART-H2G-Assessment-Questions-Guide_web-aligned_V3.pdf.
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Figure 3.3 Sector Asset Categories
MOBILITY

• Roadways
• Bridges
• Local and Regional Transit

WATER

• Regional Water Distribution
• Local Potable Water

WASTEWATER

• Treatment Plants
• Pump Stations

• Buried Sewers
• Combined Sewer Discharges

POWER

• Substations and Transformers
• Streetlights

• PG&E facilities

PUBLIC SAFETY

• Fire Department
• Emergency Firefighting Water System

• Law Enforcement
• Contaminated Lands

OPEN SPACE

• Parks
• Playgrounds
• Recreational Areas

• Marinas
• Trails

PORT FACILITIES

• Piers
• Seawall Lots

• Port Buildings
• Rail Right-of-Way

The assets are grouped by sector based on the
service the assets provide for the City: Transportation,
Water, Wastewater, Power3, Public Safety, Open
Space, and Port Facilities (see Figure 3.3).4 Chapters
5 through 11 present a description of each sector as
a whole, asset-based descriptions, and assessment
findings.

3.2.2 Exposure Assessment
The exposure assessment was completed in GIS by
overlaying the sector-based GIS geodatabases with
the ten SLR scenarios described in Chapter 2. For
the most part, assets outside of the SLR Vulnerability
Zone (Scenario 10, 108 inches, or a 100-year coastal
flood event coupled with 66 inches of SLR) are
not exposed and not included in the assessment.
3 Power is largely provided by Pacific Gas and Electric Company (PG&E). This
Assessment does not include a detailed vulnerability assessment of PG&E’s
assets. However, Chapter 8, Power includes an exposure assessment for
major PG&E facilities. PG&E is completing a Bay Area-wide vulnerability
assessment of its assets and the City will use this information as it becomes
available.
4

Sector-based GIS geodatabases were developed to inform the Assessment.

• Bicycle and Pedestrian Facilities
• Operations and Maintenance Facilities

However, certain assets that impact public safety,
such as fire stations, that are located outside the SLR
Vulnerability Zone but within the zone inundated by
the H++ scenario are included within the assessment.
Within the GIS geodatabases, each asset is represented as a point, line, or polygon. The exposure
assessment was based on how each asset is
represented. For point assets (e.g., small facilities,
bus stops, fire hydrants), the assessment evaluated
whether each asset was within the SLR inundation
zone for each of the ten SLR scenarios. For linear
assets (e.g., roadways, pipelines), the length and
percentage of the asset within the SLR inundation zones were calculated. For polygon assets
(e.g., parks, large facilities, piers), the area and the
percentage of the asset within the SLR inundation
zones were calculated. The exposure information
was added to the GIS geodatabases to allow asset
managers to identify when (and by how much) each
asset would be inundated by SLR and coastal flooding for each scenario.
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Sensitivity describes the degree to which an asset is
affected. For example, temporary flooding could cause
minimal impact, or it could result in a complete loss of an
asset or shutdown of operation.

Table 3.1 Sensitivity Ratings
LOW

MODERATE / LOW

SLR and/or coastal storm surge
inundation have little or no
impact on the asset physically
or functionally.

MODERATE

LOW

MODERATE / HIGH

SLR and/or coastal storm surge inundation
have an influence on the asset physically
or functionally, but the asset would
recover quickly once the floodwaters
subside or would retain partial function
when permanently inundated.

MODERATE / LOW

Asset has little inherent ability
to adapt to SLR inundation or
coastal storm surge flooding
without capital investments.

HIGH

SLR and/or storm surge inundation
have a significant influence on the asset
physically or functionally. The asset would
not recover quickly once floodwaters
subside, or the asset would lose major
function when permanently inundated.

Adaptive capacity describes the ability of an asset (or
system) to adjust to climate change hazards, to moderate
potential damages, to take advantage of opportunities,
or cope with the consequences.

Table 3.2 Adaptive Capacity Ratings

MODERATE

MODERATE / HIGH

Asset has some inherent ability to adapt
to SLR inundation or coastal storm surge
flooding without capital investments (e.g.,
a reasonable alternate route is available).

HIGH

Asset has substantial capacity to adapt
to SLR inundation or coastal storm surge
flooding without capital investments (e.g.,
flood barriers on doorways can mitigate
flood impacts).

Table 3.3 Vulnerability Ratings
SENSITIVITY

ADAPTIVE CAPACITY
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3.2.3 Vulnerability Assessment
For this Assessment, “vulnerability” is defined as a
function of an asset’s sensitivity and adaptive capacity (its inherent ability to adapt). Using the information
provided during the asset inventory process, the City
team reviewed the functional, physical, and operational characteristics of each asset or asset category.
Based on this information, the team assigned each
asset sensitivity and adaptive capacity ratings that
considered both temporary flooding (flooding associated with a coastal storm surge or tidal event) and
permanent inundation (inundation associated with
daily high tides with SLR) (Table 3.1 and Table 3.2).
The team presented this information in matrix form,
resulting in a vulnerability rating for each asset or
asset category (see Table 3.3), relying on quantitative
information such as the presence of wet- or dry-floodproofing, location of potential flood pathways, and
location of mechanical or electrical components and
qualitative information such as previous or expected
performance and professional judgment.
For each sector, the City team vetted the sensitivity,
adaptive capacity, and vulnerability ratings with
staff from each asset-owning department. The
team mapped these ratings to identify potential
areas of high vulnerability (geographic areas where
multiple vulnerable assets, across multiple sectors,
are located in close proximity). The sector-based
chapters highlight vulnerability assessment findings
for that sector’s assets.

3.3 CONSEQUENCE ASSESSMENT
Following the vulnerability assessment, the consequence assessment considers the impact that could
occur across the four sustainability frames (society
& equity, the economy, the environment, and governance) if an asset is temporarily flooded or permanently inundated. The consequence assessment
also considers the scale of the potential impact: local
(immediate impact is largely localized to the individual
asset), neighborhood (impact expands beyond
the asset, but is largely limited to the surrounding
inundated area), Citywide (impact extends beyond
the inundated area and could have Citywide implications), and regional (impact could have regional
consequences).

The consequence assessment relied on both quantitative information from the exposure assessment,
such as how many miles of roadway or transit routes
are inundated under each scenario, and qualitative
information such as the scale of a potential impact.
The assessment first focused on sector-based consequences (i.e., the impacts within the transportation
sector were considered in isolation from the other
sectors). These findings were then used to support
how consequences in one sector could affect other
sectors as well.
The team convened asset-owning agencies for a
multi-agency cascading consequences workshop
focused at the neighborhood scale. At the workshop,
participants linked the projected impacts of key
assets in each neighborhood to a range of consequences and discussed the potential chain of events
that could occur across the four sustainability frames.
For example, the disruption of a regional transportation link could have cascading consequences on the
regional economy (e.g., commuters could be delayed
or prevented from reaching their workplace, impacting personal incomes, business revenues, and transit
revenues), the environment (e.g., transit riders could
shift to driving vehicles, increasing congestion and
GHG emissions and impacting local air quality), and
society & equity (e.g., transit-dependent households
would be the most impacted).
The consequence assessment is high-level and is
not a detailed multi-hazard risk assessment. More
detailed assessments may be required at the projectlevel to support the implementation of adaptation
strategies. Consequence assessment findings are
presented within each sector-based chapter. Multisector and cascading consequences are presented
in Chapter 12 in the neighborhood profiles.
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