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REDWOOD CITY INNER HARBOR

Environmental Issues and Options
This report addresses environmental issues and opportunities identified at the Inner Harbor area
in Redwood City. The information presented below was developed based on existing information,
public records, or database searches to support the City’s land use planning process for the
approximately 100-acre Plan Area.
ESA has developed the information below based on reconnaissance surveys of the site, informal
discussions with regulatory staff, existing information including planning documents and
environmental documents that apply to the plan area, and review of technical data sets and
sources as appropriate. Noise monitoring within the Inner Harbor area was conducted on a limited
basis using sound meters and in cooperation with area land owners and occupants.
The text below is organized by topic, with graphics occurring at the end of the text, in
Appendix A. Appendix B and Appendix C are also included to provide additional supporting
technical information for use by the Task Force in understanding the current state of information
available pertaining to Sea Level Rise and Hazardous Materials, respectively.
For each topic presented below, the existing conditions at the site are summarized along with a
list of planning considerations that apply to the Plan Area. Environmental issue topics presented
in this technical memorandum include the following:
•

Cultural Resources

•

Air Pollutants Related to Human Health Risk

•

Noise Conditions in the Plan Area

•

Biological Habitats Identified at the Site

•

Portions of the Plan Area Subject to Agency Jurisdiction

•

Projected Sea Level Rise and Anticipated Effects to the Plan Area

•

Hazardous Materials and Known Contaminants at the Site

Cultural Resources
Cultural resources are defined as prehistoric and historic-period archaeological resources and
historic-period buildings, structures, and other objects. Such resources are protected under State
and Federal laws because of their association with important events, people, or architectural
styles or master architects. National, State and local historic registers collect and maintain records
of known cultural resources and the results of project-specific investigations.
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While much of the Inner Harbor area is comprised mostly of manmade fill, and is highly
disturbed, unrecorded archaeological resources could exist anywhere below the ground surface
given its historic waterfront/marshland location; an area which is considered sensitive for the
existence of prehistoric sites because of its shoreline margin location. Creek channels and
shoreline areas adjacent to the Bay may conceal subsurface cultural resources as these areas were
preferred areas for habitation, fishing and other activities by native peoples or during the historic
period. Evidence of past uses is typically uncovered when soils are disturbed for construction or
during archaeological testing.
ESA staff conducted a cultural resources records search at the Northwest Information Center
(NWIC) to determine if any such resources had been recorded from the site previously. The
record search concluded:
•

There are no recorded prehistoric archaeological sites within ½ mile of the Inner Harbor
Area. The nearest recorded prehistoric sites are over 1 mile to the east and south.

•

The records search identified one report within the Inner Harbor area which notes the
presence of historic-period subsurface materials related to the former Franks Tannery that
once operated within the Inner Harbor vicinity until the early 1960s. The tannery itself was
located to the south of Highway 101, generally where Toys R Us is located. However, the
portions of the former tannery within the Inner Harbor project area were used to house and
process wood bark, not leather, and was in the general location of the southwestern end of
the Docktown Marina parking lot. Additional field research will need to be conducted to
determine the historic information potential (if any) of the former tannery site. Additional
research will also include local repositories of historical information, such as the Redwood
City Library.

•

There are no recorded historical architectural resources within the Inner Harbor area, and
only one historical architectural resource within ¼ mile – the Inner Bair Island Levee.

•

The oldest structure within the Inner Harbor area is a former water tank, currently used as
the Peninsula Yacht Club (PYC). The PYC is a fully accredited member of the Pacific
Inter-Club Yacht Association, with a sailing fleet that holds regular cruise-outs and other
boating events, and has members from all over the Peninsula. The earliest available aerial
photography from 1917 and 1931 shows this tank in its approximate current location. 1 The
former tannery can also be seen in these early photos. Docktown residents indicate that the
riveted steel tank may have been used to provide water to the steam ships serving the
downtown harbor. Before the PYC rented the building in about 1962 and made subsequent
changes to the structure in exchange for rent, the former water tank was used as the harbor
office and a real estate office. More research will be conducted to determine its historical
significance.

•

Based on a windshield survey and historic aerial photography, no other buildings or
structures within the Inner Harbor area appear to meet the minimum age threshold
(50 years) for potential listing in the national, state, or local registers of historical resources.
Construction dates of all buildings will be confirmed using year built information from the
county assessor.

1

(http://bitsofhistory.plsinfo.org/thumbnailtext.asp?offset=50&id=245
http://bitsofhistory.plsinfo.org/thumbnailtext.asp?offset=10&id=310
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Planning Considerations
•

No archaeological resources were identified within the Inner Harbor area that would
constrain planning for future land uses. However, because of the site’s waterside location,
there is a potential for locating subsurface cultural resources during grading for future
development. The Environmental Impact Report (EIR) to be prepared for the Inner Harbor
Specific Plan will provide appropriate mitigation measures should such underground
resources be encountered.

•

Potentially significant historic resources within the Inner Harbor include the former water tank
within “Docktown” and the former tannery in the southwestern portion of the planning area.
-

The former water tank may have sufficient integrity to be historically significant;
additional research will be undertaken as part of the EIR to definitively determine its
historic significance. If the water tank is determined to be historically significant,
demolition of the water tank, modifications of the tank’s exterior inconsistent with its
historic character, or future development that would impair the tank’s historic setting
would be considered to be a significant impact under the California Environmental
Quality Act (CEQA), and should be avoided, if possible.

-

Any remnants of the former tannery will not have sufficient historic integrity to
require preservation in place, and the former tannery will therefore not constrain
planning for future land use choices.

Air Pollutants Related to Health Risk
Air pollution sources located near sensitive receptors are known topose health risks. Sensitive
receptors typically include land uses where individuals are susceptible to health risks when
exposed to air pollution, including residences, day cares facilities, schools, medical facilities, and
parks and recreational facilities. Air pollutants associated with health risks, typically referred to
as “toxic air contaminants” (TACs), include diesel particulate matter (DPM) emitted by diesel
engines and benzene and carbon monoxide (CO) emitted by gasoline engines.
TACs are typically emitted by on- and off-road motor vehicles, stationary emission sources, and
by industrial and commercial manufacturing. The California Office of Environmental Health
Hazard Assessment (OEHHA) has identified several TACs that pose short-term (acute health
risk), long-term (chronic risk), and/or carcinogenic health risks.
The three sources of TACs identified at the Inner Harbor area include emissions from vehicles
traveling on US Highway 101, on-site generators at the manufacturing facilities in the Seaport
Centre office park on Galveston Drive and Penobscot Drive, and dust and particulates associated
with operation of the Granite Rock facility. Each of these is discussed below. California Air
Resources Board guidance recommends a minimum buffer of 500 feet from the edge of freeways
to sensitive receptors.
The BAAQMD database also identifies the existing police and county jail facilities as posing
health risks. However, these facilities do not pose substantial health risks, nor do they warrant
establishment of a buffer area because emissions of TACs are entirely due to emergency backup
diesel generators that do not operate more than 50 hours per year.
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US Highway 101
Vehicles traveling on Highway 101 generate TACs that include DPM and benzene, among other
pollutants. California Air Resources Board guidance recommends a minimum buffer of 500 feet
from the edge of freeways to sensitive receptors. Because the predominate winds in the Inner
Harbor area are from the southwest and northwest quadrants, the predominant winds blow from
Highway 101 toward the Inner Harbor area. The Bay Area Air Quality Management District
(BAAQMD) has developed a Google Earth database that shows health risks for various emission
sources. That database shows that at 500 feet from Highway 101, health risks within the Inner
Harbor Specific Plan area would be reduced to acceptable levels. The attached figure (Figure 3)
shows the recommended 500 foot buffer from Highway 101 within which sensitive receptors are
not recommended.
A portion of the existing and proposed Bay Trail is located within 500 feet of Highway 101.
However, health risks to trail users are expected to be relatively minor because users would not
be expected to be within 500 feet of Highway 101 for an extended time period.

Manufacturers Located in the Seaport Centre Office Park on
Galveston Drive and Penobscot Drive
Several facilities located in the Seaport Centre office park on Galveston Drive and Penobscot
Drive are shown in BAAQMD’s database as posing potential health risks due to TACs. The
Seaport Centre, consisting of 623,000 square feet of developed building area, is one of the largest
biotechnology research complexes in the San Francisco Bay Area, houses laboratory, bio-tech,
and other similar facilities, and has served as a research and development hub for the biotech
industry since the 1980s. In response to the BAAQMD’s identification of potential health risks
which may result from a combination of laboratory uses and existence of onsite emergency
electrical generators, a buffer of 500 feet may be appropriate for the area south of these facilities
for sensitive uses. As shown in the figure, this buffer zone is located at the extreme north end of
the Inner Harbor area. The wind rose for the project area indicates that winds rarely blow from
the north towards the Inner Harbor area. Consequently, more detailed air quality modeling could
be undertaken to determine whether this buffer zone could be reduced somewhat, and still
provide adequate protection of sensitive uses from health risks associated with TACs emitted by
the industrial uses to the north.

Particulates Emissions Sources
In the BAAQMD’s health risk database, the Granite Rock manufacturing plant located immediately
adjacent to the east side of the project site shows an annual average PM2.5 concentration of 206
micrograms per cubic meter, which represents a potential health risk to sensitive receptors in the
vicinity of this facility. As shown in the figure, a sensitive receptor buffer of at least 500 feet around
the Granite Rock site, as well as any other similar heavy industrial uses located in or near the Port of
Redwood City, is recommended for residential uses within the Inner Harbor area. Because of the
high concentrations of PM2.5, the 500 foot buffer for sensitive use is recommended even though the
predominant wind pattern in the area is from Granite Rock toward the east away from the Inner
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Harbor area. Detailed health risk modeling could be undertaken to determine whether it is possible
to reduce the size this buffer zone, while still protecting sensitive uses from related health risks.
The proposed Bay Trail would be routed along the southern edge of the Granite Rock plant. This
trail routing would expose trail users to elevated concentrations of PM2.5 from Granite Rock.
However, exposures are expected to be short term because of the mobile nature of trail use.
Consequently, this proposed trail routing does not pose a substantial health risk to Bay Trail users.
Planning Considerations
•

Emissions of toxic air contaminants could result in health risks for sensitive uses within
500 feet of Highway 101, industrial areas to the north along Galveston Drive and
Penobscot Drive, and Granite Rock. California Air Resources Board guidance recommends
a minimum buffer of 500 feet from the edge of freeways to sensitive receptors.
-

Because the predominant wind pattern does not flow south from the industrial areas
to the north along Galveston Drive and Penobscot Drive toward the Inner Harbor
area, additional air quality modeling could be undertaken to determine whether the
recommended 500 foot buffer area for sensitive uses could be reduced.

-

Because the predominant wind pattern does not flow west and southwest from
Granite Rock toward the Inner Harbor area, additional air quality modeling could be
undertaken to determine whether the recommended 500 foot buffer area for sensitive
uses could be reduced.

Noise
Redwood City Land Use/Noise Compatibility Standards
The Redwood City General Plan sets standards identifying appropriate noise levels for various
uses within the City.
Figure PS-10 of the City’s General Plan Public Safety Element (shown at right) presents the
Noise Guidelines for Land Use Planning which indicates acceptable and unacceptable noise
environments for a variety of land uses, establishing more restrictive acceptable noise
environments for noise sensitive uses such as residential, and less restrictive standards for noise
tolerant industrial/port land uses.

Existing Noise Levels
The existing noise environment of the Inner Harbor area is dominated by the presence of
U.S. Highway 101 to the south and the operations of the Granite Rock concrete and asphalt
processing plant located to the east. Other noise sources in the area include truck traffic on
Blomquist Street and Seaport Boulevard and operations of the freight rail line adjacent to Seaport
Boulevard. Although the portion of the Inner Harbor area west of Maple Street is within the Airport
Influence Area of the San Carlos Airport (CCAG, 2004), no portion of the Inner Harbor lies within
the lowest published noise contour (a community noise exposure level of 55 decibels) (City of
San Carlos, 2009) and aircraft noise is not a substantial contributor to existing noise levels in the
area.
Redwood City Inner Harbor
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Noise from vehicle traffic on Highway 101 is a fairly constant noise source with subtle
fluctuations during off-peak hours. Noise generated by the Granite Rock facility includes
substantial truck traffic along Blomquist Street, loading of rail cars on the plant western
boundary, and nighttime operation of freight trains on the rail spur. Plant operation noise was
monitored as beginning at 5:00 a.m. Nighttime freight operation on the rail spur between the Plan
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Area and Granite Rock facility was recorded occurring between 8:00 p.m. and 11:00 p.m. All
noise monitoring also captures aircraft operations at San Carlos Airport during the October 2013
weekdays monitored.
A review of existing available noise data within the Inner Harbor area was conducted along with
long-term noise monitoring at three locations and modeling of highway noise. These data were
used to generate the noise contours presented in Figure 4 included in Appendix A. Noise
contours are presented for the 75 decibel (dBA) and 70 dBA community noise exposure level
(CNEL).
Figure 4 presents the 70 and 75 CNEL noise contours for the Plan area. These contours were
selected because of the following General Plan Public Safety Element considerations:
•

Noise levels in excess of 75 CNEL are considered to be clearly unacceptable for residential
land uses and public facilities/schools.

•

Noise levels in excess of 70 CNEL are normally unacceptable for residential uses but may
be allowed if appropriate noise reduction methods are included. Noise levels in excess of
70 CNEL are considered to be clearly unacceptable for public facilities/schools.

It should be noted that the City’s Noise Guidelines for Land Use Planning consider mixed use
districts to be less sensitive to noise than standard residential land uses, with allowable acceptable
CNEL of up to 75 dBA and clearly unacceptable CNEL of 80 dBA. This reflects Program PS-72
to recognize the special conditions of mixed‐use development, including such development along
arterials and near rail lines.
Planning Considerations
•

Residential Uses – As indicated in Figure 4, residential land uses should generally be
discouraged within 300 feet of Highway 101. Additionally, such land uses should be
separated from the Granite Rock processing facility by a buffer of at least 200 feet due to
nighttime and early morning truck and plant operations, as well as operations of the freight
rail spur. Although noise levels at the boundary of the Granite Rock facility within the
Inner Harbor area were monitored as being below 75 CNEL (which would still require
mitigation if residential use is proposed), the frequency of nighttime and early morning
noise events suggest that land use compatibility could be an issue. Specifically, nighttime
freight operation was recorded to result in maximum noise levels exceeding 90 dBA. While
relatively short in duration, these elevated peak noise levels could be perceived as being
unacceptable to sensitive land uses.

•

Public Facilities / Schools – Redwood City’s General Plan Noise Guidelines indicate that
noise levels in excess of 70 CNEL would be unacceptable for public facilities (i.e.,
libraries) or schools. Consequently these uses, if considered, should only be located in the
northernmost portion of the Plan Area and then only with noise reducing materials and
design.

•

Open Space – Open space land uses are considered relatively noise tolerant by the General
Plan Noise Guidelines. Noise levels of up to 75 CNEL are considered normally acceptable
for open space/recreational uses. This would include extensions of the Bay Trail within the
Inner Harbor area or water-oriented recreational uses. The currently proposed route for the
Bay Trail indicates it would predominantly remain north of the 75 CNEL contour.
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•

Commercial/Office – Commercial office uses are identified in the City’s General Plan as
being normally unacceptable for commercial/office uses within the 75 CNEL noise contour
and conditionally acceptable within the 70 CNEL noise contour. While the General Plan
states that commercial/office uses should be discouraged within the 75 CNEL noise
contour, the General Plan also states that site-specific noise analysis and mitigation would
be required if commercial office use are proposed within the 70 or 75 CNEL noise contour
areas.

•

Industrial/Port – The relatively high noise environment of the southern portion of Inner
Harbor might appear appropriate from a noise standpoint to co-locate other noise intensive
uses such as industrial uses. However, caution should be used in locating such uses at the
western end of the Inner Harbor as existing residential uses in and adjacent to the Inner
Harbor area represent sensitive noise receptors. Consequently, such uses, if proposed,
should only be considered southeast of Maple Street.

Greenhouse Gas Emissions
Greenhouse gas (GHG) emissions are a global concern. GHG emissions cumulatively contribute
to planet-wide atmospheric accumulations and consequently, there are no regional “hot spots” of
elevated concentrations of carbon dioxide or any other GHG. Therefore GHG emissions, existing
or future, are not a localized phenomenon and there are no localized geographical constraints within
the Inner Harbor Specific Plan area relative to GHG emissions.

Land Use Considerations Relative to CEQA in the San
Francisco Bay Area
In May 2011, the Bay Area Air Quality Management District (BAAQMD) adopted new
Thresholds of Significance (2011 Thresholds) for GHG impacts under CEQA. Subsequently, the
Alameda Superior Court issued a stay and required the BAAQMD to conduct additional
environmental review in connection with its adoption of the thresholds. However, the State
Appellate Court issued a full reversal of the Superior Court ruling in August 2013. At the time of
this analysis, BAAQMD has not formally readopted these or any other thresholds related to GHG
impact significance. Notwithstanding formal adoption, the 2011 thresholds are based on
substantial evidence provided by BAAQMD (BAAQMD, 2009), and have continued to be used
by lead agencies throughout the BAAQMD’s jurisdiction.
The threshold of significance for stationary sources is 10,000 metric tons of carbon dioxide
equivalents (CO2e) per year (i.e., emissions above this level may be considered significant and
will require mitigation to be provided). For non-stationary sources, three separate thresholds have
been identified to date by BAAQMD:
•

Compliance with a Qualified Greenhouse Gas Reduction Strategy (i.e., if a project is found
to be out of compliance with a Qualified Greenhouse Gas Reduction Strategy, its GHG
emissions may be considered significant); or

•

1,100 metric tons of CO2e per year (i.e., emissions above this level may be considered
significant); or
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4.6 metric tons of CO2e per service population (SP) per year (i.e., emissions above this level may
be considered significant). “Service population” is the sum of residents plus employees expected
for a development project. This GHG efficiency metric based on service population was
developed by BAAQMD for the emissions rates at the State level that would accommodate
projected growth (as indicated by population and employment growth) under trend forecast
conditions, and the emission rates needed to accommodate growth while allowing for consistency
with the goals of AB 32 (i.e., 1990 GHG emissions levels by 2020). For quantifying a project’s
GHG emissions, BAAQMD recommends that all GHG emissions from a project be estimated,
including a project’s direct and indirect GHG emissions from operations. Direct emissions refer
to emissions produced from onsite combustion of energy, such as natural gas used in furnaces and
boilers, emissions from industrial processes, and fuel combustion from mobile sources. Indirect
emissions are emissions produced offsite from energy production and water conveyance due to a
project’s energy use and water consumption. BAAQMD has provided guidance on detailed
methods for modeling GHG emissions from proposed projects (BAAQMD, 2012). The above
stated thresholds apply only to operational emissions. To date, the BAAQMD has not adopted
numeric thresholds for the assessment of construction-related emissions. Thus, the GHG analysis
that will be undertaken for development of the Inner harbor will address the whole of
development proposed within the Inner Harbor. As such, it is likely that the analysis will
conclude that development of the Inner Harbor will result in a significant GHG emissions impact,
and require mitigation for GHG emissions.
Redwood City adopted a Climate Action Plan (CAP) in April 2013. The Plan states on page 25
that “the implementation and monitoring of the Plan will be critical to the ability of subsequent
projects to tier their GHG analysis under CEQA”. At present, the CAP does not contain any
mechanisms by which to assess consistency of proposed development, such as the Inner harbor
Specific P lan that will be prepared with the CAP, such as a compliance checklist of building
strategies to be implemented, and therefore may not represent a “Qualified GHG Reduction
Strategy” pursuant to the BAAQMD intention. Consequently, reliance on a qualitative assessment
of a project or plans consistency with the CAP may not be adequate for impact assessment under
CEQA which requires not only an assessment of whether a project or plan may “conflict with any
applicable plan, policy or regulation of an agency adopted for the purpose of reducing the
emissions of greenhouse gases,” but also whether it would “generate GHG emissions, either
directly or indirectly, that may have a significant impact on the environment.”
In lieu of applying the compliance with a qualified GHG reduction strategy as a significance
threshold, the use of the service population threshold is what is most commonly applied
throughout the Bay Area for assessment of GHG impacts relative to CEQA; emissions of 4.6
metric tons of CO2e per year per capita.
Use of the service population threshold results in some land uses being better able to achieve less
than significant GHG emissions impacts than others. Because vehicular trips are a major source
of GHG emissions, mixed use development including a residential component, as well as transit
oriented development are typically better able to achieve less than significant GHG emissions
impacts due to reduced home to work trip lengths and higher than average use of transit.
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Planning Considerations
•

Service population is an efficiency-based measure used by BAAQMD to estimate the
development potential of a planning area. Service population is determined by adding the
number of residents to the number of jobs estimated for an area at a given point in time.
Use of the service population threshold favors residential, office and mixed use land use
projects. This is because a project’s emissions are divided by the service population and,
the larger the service population, the lower a planning area’s reported service population
emissions are.
Residential projects, particularly high density residential projects, result in higher service
population and lower reported GHG emissions as do office projects which result in
relatively high job production. Commercial projects, especially retail projects, do not
generate high service population, but generally generate relatively large numbers of vehicle
trips. Consequently, retail projects can commonly result in significant GHG impacts, unless
they are proposed as part of a mixed use project. The following table takes these factors
into account to establish a rough hierarchy of land use types in terms of their ability to
result in GHG emissions that may be considered less than significant from a CEQA
standpoint.
TABLE 1
GENERAL HIERARCHY OF LAND USE TYPES AND THEIR POTENTIAL
FOR SIGNIFICANT GHG IMPACTS

Land Use

Level of GHG Impact

Reason

Open Space/Recreational

Low Impact

Low trip generation per ac re

Office

Low/Moderate Impact

High service population; weekend trips substantially less

Moderate/ High Density
Residential

Low/Moderate Impact

High service population per number of units; reduced trips
generation compared to single family; Effective GHG
mitigation available

Single family residential

Moderate Impact

High service population; Effective GHG mitigation available

Industrial

Moderate/ High Impact

Modest service population per square foot. Potential for
process-related GHG emissions or transport-relat ed GHG
emissions

Retail

Moderate/ High Impact

Low service population; High trip generation that can be
higher on weekends.

Mixed Use

Moderate Impact

Upper level office or residential can offset low service
population of ground floor retail

Biological Resources and Associated Jurisdictional
Areas
Approximately 30 percent of the study area consists of open water and wetlands, while the
remaining 70 percent of the area is composed of uplands within the footprint of former baylands.
Waters, wetlands and areas that receive tidal inundation within the Inner Harbor are within the
jurisdiction of state and federal agencies responsible for implementing specific legislative and
regulatory mandates that should be considered during the planning process, including, but not
limited to, the Clean Water Act, the Endangered Species Act(s); Rivers and Harbors Act, PorterCologne Water Quality Act, The Public Trust Doctrine, and the California Fish and Game Code.
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Open water areas are primarily located on the north side of the Inner Harbor, and include creeks
and slough channels that link to the San Francisco Bay estuary and occur in the vicinity of Bair
Island and the Don Edwards National Wildlife Refuge (Figure 5). These tidal waters and tidal
habitats are part of an expansive wetland complex that includes Bair Island and the Don Edwards
National Wildlife Refuge. Since the Inner Harbor is connected to the Bay waters and habitats the
area has the potential to support species known to occur in nearby habitats. Potential nesting,
roosting and nursery habitat for species protected under the state and federal versions of the
Endangered Species Acts is present in the open water areas and the tidal marsh areas at the site.
The Migratory Bird Treaty Act and the Endangered Species Act are implemented by the U.S.
Fish and Wildlife Service. California Department of Fish and Wildlife implements the California
Endangered Species Act. Each of these agencies has permitting authority and compliance with
their mandates will be stipulated as part of the EIR approval process for the Inner Harbor Specific
Plan.
Redwood Creek within the Inner Harbor area falls within the jurisdiction of the U.S. Army Corps
of Engineers, which is mandated to maintain the creek as “navigable waterway.” To this end, the
U.S. Army Corps of Engineers will enforce the Rivers and Harbors Act which mandates that
waterways remain open and navigable. In addition, the Army Corps will enforce the Clean Water
Act (Section 404) which regulates fill in wetlands and waters. Open water areas are mapped on
Figure 5 and 6 (Appendix A). Wetlands, inundated areas that occur beyond the reach of tidal
influence, are also depicted. Outside of the tidal areas, wetlands are regulated by the Regional
Water Quality Control Board under Section 401 of the Clean Water Act, and also pursuant to the
Porter-Cologne Water Quality Act.
Within the interior of the Inner Harbor, two linear drainage features carry local stormwater runoff
from the Inner Harbor into Redwood Creek. The drainage features consist of incised channels
which were observed to carry stormwater. These channels support an assemblage of riparian
vegetation including willows and tidal marsh vegetation dominated at low elevations by
pickleweed (salicornia sp). These areas fall within the jurisdiction of the California Department
of Fish and Wildlife pursuant to Fish and Game Code 1600, and any proposed changes to this
area would be subject to State approval through the 1600 permit process. In addition, this area is
within the jurisdiction of the U.S. Army Corps of Engineers and the Regional Water Quality
Control Board pursuant to the Clean Water Act (Sections 404 and 401). The EIR that will be
prepared for the Specific Plan will address potential impacts to riparian habitats and drainages
that would occur if the plan were implemented. In addition, the EIR will define any portions of
the drainage areas that have been previously enhanced or restored as mitigation for previous site
development and the regulatory process required if additional restoration, enhancement or
mitigation would be proposed in the same area.
In the north east corner of the study area, a shallow open-water area occurs that is surrounded by
an existing levee that prevents tidal waters from entering the round-shaped parcel. The low levee
surrounding the basin appears to support tidal marsh with pickleweed vegetation on the outboard
side which may support special status species including the endangered salt marsh harvest mouse.
The interior of the parcel appears to support a shallow open-water habitat type that is highly
prized by avian species during migration and locally breeding bird species.
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The predominance of tidal habitats in the vicinity of Inner Harbor and Bay results in a high value
being assigned to areas inundated with fresh water or rain water that once was, but is no longer,
locally available to wildlife and avian species in the Bay. The shallow open water area is depicted
in Figure 6 (Appendix A), and any proposed change in existing use of the area would be subject
to approvals by the Regional Water Quality Control Board (per the Clean Water Act Section 401)
and the California Department of Fish and Wildlife. Coordination with the Regional Board and
California Department of Fish and Wildlife will be required as part of preparation of the EIR for
the Inner Harbor Specific Plan. The EIR will address regulatory process and will summarize
mitigation and agency requirements for proposed changes to existing uses at this site.
The majority of the Inner Harbor area is composed of former tidal wetlands that were converted
to upland uses. The historic map showing conditions as recently as 1948 provides a look back at
the extent to which tidal functions predominated at the Inner Harbor (Figure 1). The practice of
filling baylands and creating uplands for development occurred throughout the Bay to such a
degree that even remnant portions of tidal marsh today are highly valued by State and Federal
agencies for their ecological functions. Regulatory agencies are typically in favor of local efforts
to incorporate ecosystem functions and to restore former functions and values as part of planning
and development actions.
The predominant habitat types associated with Inner Harbor are riparian areas that occur along
the drainages oriented roughly east-west (Figure 5); the pickleweed marsh habitat along the
outboard levees and low-lying portions of the site’s interior, small isolated patches of pickleweed
occur along the southern edge of Redwood Creek just above the tide line. Prior to filling of the
Bay and construction of levees and slough channel dredging and maintenance, slough channels
and creeks like Redwood Creek featured gradual transition zones from open water to shallow
water, to marshplain elevation to upland grasslands.
This upland-wetland transition zone habitat type has been largely extirpated from the
San Francisco Bay. Rather than an upland transition zone, much of the Bay shoreline is bounded
by 2:1 slopes that are very steep and does not accommodate elevations that would support a
transition zone. Transition zones create habitat mosaic conditions with more variety of vegetation
types and are important for small mammals and other Bay species during extreme high tide
conditions. Opportunities to create such habitats and functions at Inner Harbor would be wellreceived by regulatory agencies and the environmental community. Upland-wetland transition
areas are also considered to be useful for addressing sea level rise by providing a buffer between
Bay and upland uses. The photo above was taken at a location along the eastern shore of the Bay
that supports a remnant transition zone for reference. Such transition zones are contingent upon
appropriate slope and elevation and would require “laying back” the existing 2:1 slopes at the
Inner Harbor site.
The shallow-water habitat on the Ferrari property is highly valued as described above, and the
riparian habitats at the site are of fairly low quality due to the presence of non-native invasive
species and that steep channel banks that lack benches or transitions from bed to bank. The EIR
for the Inner Harbor Specific Plan will address potential impacts to these habitats that would be
anticipated as a result of the proposed plan and future development scenarios.
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Planning Considerations
•

The nearest known nesting habitat for the endangered least tern is more than 0.25 miles
away (CNDDB 2013); however; this species may forage in the open waters adjacent to the
site; proposed uses within the open water areas will need to consider this and provide
mitigation for any habitat loss or uses that would discourage foraging.

•

The proximity to Bair Island and the wildlife habitat at Don Edwards increases the overall
value of existing open water or marine environments in the study area and may represent an
opportunity to enhance or create habitat for wildlife viewing opportunities. In other words,
there are regional wildlife populations, especially avian species, that would likely make use
of enhanced habitat areas at Inner Harbor.

•

By enhancing and creating habitat including upland transition zones a buffer to protect
uplands from future rising tides may be created. This approach supports the mandates of
the agencies that oversee the waters and sensitive habitats at the site. Planning documents
due to be released by the Regional Water Quality Control Board in December 2013
(Bayland Goals Project) will provide more direction for such efforts and will include
agency concepts of Bay habitat transition as a result of rising tides,

•

The shallow open water habitat located on the Ferrari property at the northern perimeter of
the site is currently providing foraging and roosting habitat for avian species including
birds protected under the Migratory Bird Treaty Act, a Federal law. The shallow open
water area is also the jurisdictional authority of the S.F. Bay Regional Water Quality
Control Board and the California Department of Fish and Wildlife. Proposed uses in that
portion of the project site and the adjacent tidal marsh habitat on the outboard portion of the
existing levee will be subject to significant agency oversight and will likely trigger
mitigation and or significant monitoring and site use restrictions that accommodate avian
species.

•

The degraded condition of the linear channel riparian habitats in the upland areas represents
an opportunity to improve ecosystem functions and values if non-native vegetation were
removed and a restoration-enhancement plan were prepared that enhanced the quality of the
riparian vegetation.

•

State and Federal regulatory oversight of the waters and wetlands at Inner Harbor would be
best approached from an enhancement perspective. An aspect of the plan that addresses
improving habitat quality and also protecting habitat from human disturbances by creating
boardwalks or other mechanisms for preventing encroachment would likely be met with
support from agency representatives. Measures to protect Bay habitats would be identified
in the EIR and would be subject to approval from the regulatory agencies.

Sea Level Rise
Estimates of Sea Level Rise
In March 2011, the Coastal and Ocean Working Group of the California Climate Action Team
(CO-CAT) presented guidance to state agencies for incorporating the risks posed by sea level rise
(SLR) into project and program plans (OPC, 2011). The guidance was targeted towards state
agencies and non-state entities implementing projects or programs funded by the state or on state
property (OPC, 2011), and provides the following guidance on which sea level rise projections to
use:
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•

Assess vulnerabilities over a range of sea level rise projections, including analysis of the
highest values presented in the state guidance document;

•

Avoid making decisions based on sea level rise projections that would result in high risk; and

•

Coordinate and use the same sea level rise projections when working on the same project or
program.

Appendix B gives a detailed breakdown of the development of sea level rise projections by the
State. In summary, the interim OPC (2011) guidance recommended planning for 14 inches of sea
level rise by 2050 and 55 inches by 2100, with 55 inches reflecting the high end of the range of
2100 estimates. The sea level rise values developed by the State are confirmed by the recent
National Academy of Science National Research Council study (NRC, 2012). The OPC 2011
global sea level rise values fall within the ranges reported in NRC 2012. For San Francisco Bay,
NRC 2012 project a regional sea level rise (which includes an allowance for vertical land motion)
of 5 to 24 inches by 2050 and 17 to 66 inches by 2100 (Table 1). In March 2013, the CO-CAT
guidance was revised to reflect the findings of NRC 2012 and to provide a common set of
projections (Table 2).
TABLE 2
SAN FRANCISCO REGIONAL SEA LEVEL RISE PROJECTIONS RELATIVE
TO YEAR 2000 (NRC 2012, OPC 2013)
Year

Projection (A1B scenario)

Range (B1 and A1F1 scenario)

2030

6 inches

2-12 inches

2050

11 inches

5-24 inches

2100

36 inches

17-66 inches

The NRC values include subsidence of 1.5 mm yr-1 for all of California south of Cape Mendocino
due to deep tectonic movements. This is a rough estimate that does not take into account localized
variations in vertical land motion due to shallow subsidence and local tectonic movement. ESA
evaluated several studies and observations of vertical land motion more specific to the South Bay
area (Burgmann, 2006; Gill, 2011; GPS data from USGS 2012). The values from these studies
and observations were inconsistent in direction, and ranged from 1 mm/yr of subsidence (GPS
data from USGS 2012, 2007 to present) to 1.5 mm/yr of uplift (Burgmann, 2006). For
consistency with the NRC approach and to provide a slightly more conservative (higher) estimate
of sea level rise, the NRC assumption of vertical land motion was used for this study.
The State guidance recommends coordination between entities working on the same project or
program or to provide for use the same sea level rise projections when working in the same
geographic area. The ongoing South San Francisco Bay Shoreline Study is following the US Army
Corps of Engineers (USACE) guidance as documented in Circular EC 1165-2-212 (USACE, 2011).
According to this guidance, planning studies and engineering designs should evaluate alternatives
against a range of local sea level rise projections which are defined by “low”, “intermediate” and
“high” rates of local sea level rise. The USACE South San Francisco Bay Shoreline Study project is
using the high projection of sea level rise (Curve III) for the quantitative assessments (modeling),
and considers lower rates of rise qualitatively. The Shoreline Study high sea level rise scenario
aligns well with the OPC 2011 and NRC 2012 sea level rise projections.
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The projections of sea level rise relative to the year 2000 used in this study, based on NRC (2012),
OPC (2013) and the South San Francisco Bay Shoreline Study, are 11 inches by mid-century and 36
inches by the end of the century. In accordance with state guidance (OPC, 2011; OPC, 2013) for
managing for SLR uncertainty by the end of century, the study may also “consider adaptive
capacity, impacts, and risk tolerance to guide decisions of whether to use the low or high end of the
ranges.”

Extreme Water Levels and Recurrence Intervals
The above discussion focuses on mean sea level with the potential for inundation within the Inner
Harbor resulting from slow and regular degradation of infrastructure, including shoreline
protection. However, the first impacts that will affect the Inner harbor area and its infrastructure
will be from extreme events as shown in the graph below. Storm conditions represent a lower
frequency event, and come with a larger potential flooded area with deeper depths of flooding,
higher velocities, and a greater likelihood of wind driven waves that could overtop existing shore
protection infrastructure. Figure 9 (Appendix A) shows that as mean sea level rises, so will the
elevation events of a fixed recurrence inundation. At any given elevation within the Inner Harbor,
the frequency of being inundated will increase over time and inundation depths will increase. In
the example shown in the graph below, a structure inundated with a 10 year return interval
(10 percent chance of being inundated in any given year) in 2020 will become a 1 year return
interval (annual inundation) by 2045. For infrastructure, extreme events such as storms and daily
tidal action will have a much earlier impact as sea level gradually rises than will inundation at
mean sea level. Inundation of the Inner Harbor will occur more frequently well before the site is
permanently inundated by daily tidal exchange as a result of mean sea level rise.

Example Recurrence Intervals of Extre me Water Levels in San Francisco Bay
NOTE: Historical (solid black line) and annual extreme water levels (black crosses) from Presidio tide
gauge. Dotted lines indicate OPC 2011 projections. Year 2000 recurrence intervals from ESA
PWA (2011). Developed from an idea of David Kriebel, USNA.
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Inner Harbor Extreme Water Levels
FEMA recently developed updated total water levels and wave run-up distributions for its
Regional Coastal Hazard Modeling Study for South San Francisco Bay. These distributions
provide recurrence interval data for total water level and wave run-up for present day conditions.
Our methodology for assessing increased vulnerability due to accelerated sea level rise used the
recurrence interval data developed and added sea level rise projections (Table 3) to develop
recurrence interval projections for stillwater between 2000 and 2100 (Table 3).
TABLE 3
REDWOOD CREEK EXTREME WATER LEVELS

Water Level

Today
ft NAVD

Mid century
11 inche s
ft NAVD

End of century
36 inche s
ft NAVD

MSL

3.4

4.3

6.4

MHHW

7.2

8.1

10.2

1:100

10.7

11.6

13.7

Potential Impacts of Sea Level Rise
Coastal Flooding
The FEMA Flood Insurance Rate Maps (FIRM) #06081C03001E and 2E with an effective date of
October 16, 2012 show that there are two significant areas mapped as Zone AE. The first area is
in the northwest corner bounded by Maple Street from Highway 101 to the Bay extending
southeast bounded by Blomquist Street and the Railroad. The second area is in the southeast
bounded by Blomquist Street, Highway 101 and Seaport Boulevard (essentially the kart track).
AE zones are defined by FEMA as “Areas subject to inundation by the 1-percent-annual-chance
flood event determined by detailed methods” (100-year flood). The remainder of the Inner Harbor
area is mapped as Zone X defined as “Area of moderate flood hazard, usually the area between
the limits of the 100-year and 500-year floods.” As sea level rises, there is the expectation that the
AE zones will expand. The northwest area centered on Maple Street will expand toward
Docktown and toward the railroad. The southeast area centered on the former Malibu Grand Prix
site will expand towards Chemical Way as shown in Figure 9 in Appendix A.
Figure 9 in Appendix A was developed using topography from 2010 San Francisco Bay LiDAR
aerial imagery to illustrate changes in Mean Higher High Water 2 (MHHW) and the 100-year
flood (1 percent chance of inundation in any given year) for current, mid-century, and end of
century sea level conditions, based on 11 inches of sea level rise by mid-century and 36 inches of
sea level rise by the end of the century.

2 The Mean High High Water (MHHW) mark is defined as the average of the elevations of daily high tide over a

number of years. MHHW is approximately 1.5-2 ft lower than the ‘king tides’, which refers to particularly high tides
occurring several times a year.
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Combined Flooding
As water levels in San Francisco Bay increase with sea level rise, there will be an increased
potential for flooding due to back water effects along Redwood Creek during periods of high tide
and high runoff. This flooding condition will be exacerbated by constrictions caused by bridges
and upstream culverts as tidal influences migrate upstream with increasing sea level rise. As a
result, it can be expected that areas adjacent to Redwood Creek may see more flooding from the
creek in the future.

Stormwater Runoff
There is anecdotal evidence of ponding along Maple Street due to the inadequacy of existing
surface drainage in that area of Docktown and the reliance on gravity flow drainage to the Bay in
this area. This flooding is likely to increase since storm events will likely become more intense in
the future, even though average annual precipitation in the Bay Area may decrease.
Drainage facilities serving the Inner Harbor area include a combination of gravity mains, force
mains, and pump stations. Of the three storm collection systems that serve the area, two have
pump stations (K-mart and Oddstad pump stations) due to the low elevation of the storm drains
and high Bay water levels. In the future, the area’s entire stormwater drainage system will have to
be pumped as sea level rises. This may increase the risk of flooding as the reliance on pumping
increases and there are few opportunities for stormwater detention.
Flood Insurance Rate Maps indicate that there is potential for flooding within the Inner Harbor
Area from the southeast across Seaport Boulevard and from the nearby salt ponds. The impact of
flooding of adjacent parcels and flood routes should be considered when planning future
development in the Inner Harbor.

Ferrari Property
It is unclear how effective the levees are around the Ferrari property. Although Flood Insurance
Rate maps indicate the existence of levees around the Ferrari property, the whole parcel is also
shown in the AE zone. Thus, these levees might not be designed for flood risk management, but are
berms to control water levels. Site reconnaissance indicates that these levees have been overtopped
during higher-than-normal high tides, i.e. ‘king tides’ (Raabe, 2013). As sea level rises, these berms
will be subject to increased erosion and overtopping. Management of water levels within the Ferrari
property can be expected to become more difficult, and pumping may be required. The degree of
flood protection, if any, provided by the Ferrari property to adjacent parcels is unclear.
Planning Considerations
•

Several options are available for adapting to project sea level rise within the Inner Harbor.
Each method of adapting to seal level rise will have an effect on future planning and
development within the area, and should be evaluated in that context.
-

Developed Area South of Redwood Creek


Levee and Seawalls- Construct levees and/or seawalls along the existing
water’s edge to provide protection at least for future 100-year water levels.
Opportunities for improving habitat would be limited to the outboard levee
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face. This outboard face could be sloped more gently than a traditional levee
(e.g. 10:1 instead 3:1) and armored with vegetation rather than riprap, but this
would require more land acquisition. Floodwalls may be used on top of a
levee to provide additional protection or at the water’s edge.


Fill – Import fill to raise the existing grade of the entire developed area
within Inner harbor to an elevation above the future 100-year water levels.
The outboard edge of the fill could be graded at milder slopes and vegetated
to provide limited habitat on the outboard slope.



Floodproofing – In areas subject to infrequent flooding, buildings could be
designed to minimize flood impacts by elevating buildings or enabling
tethered floating structures.



Re-alignment (Managed Retreat) – Provide for a phased conversion of the
outboard portions of the Inner Harbor to tidal marsh. The boundary between
aquatic habitat and development would thus be shifted landward. At some
landward location, levees or fill could be used to provide flood protection for
the remaining inland areas, with flatter slopes to provide transitional habitat
and levee scour protection, consistent with the Horizontal Levee concept
(ESA PWA, 2013).
The first three options above provide for vertical adaptation within the
current developed area, while the fourth option involved deciding where to
make those adaptations. There are multiple combinations in time and space
for implementing re-alignment that could be considered.

-

Wetlands on the Ferrari Property North of Redwood Creek


Maintain managed shallow water habitat on site of former tidal wetland by
augmenting the existing levees to pace seal level rise.



Breach levees and subject the property to tides and restore tidal marsh across
entire site.



Breach levees and develop a boat harbor on the site. Given existing
permitting requirements through state and federal agencies, this is a long
term adaptation option may be feasible only after water levels rise
sufficiently to permit use as a boat harbor without the need to dredge the site.
The last two options could be combined in a hybrid approach that includes a
mix of restored tidal marsh and harbor.

Hazardous Materials and Risk of Upset
Hazardous materials are known to occur at Inner Harbor either as part of existing operations or
previous site uses. Businesses may need to store chemicals on-site or may bring materials on-site
for production purposes. The Department of Toxic Substances Control (DTSC) has regulatory
authority over hazardous materials use, storage and requires clean-up of spills or leaks. DTSC
documents contaminated sites in a given location and information pertaining to the contaminants
and any actions taken are public information.
TRA Environmental Solutions gathered data on locations within and adjacent to the Inner Harbor
for which information is on record to indicate that hazardous materials are present at or below
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ground levels, and any recent or past actions taken to clean-up hazardous materials. Information
was obtained from Envirofacts Reports, Envirostor Reports, Geotracker Reports, San Mateo
County Hazard Reports, and Vulnerable Zone Indicator System Reports. For any recorded sites,
the site type and landowner information at the time of reporting, cleanup status, contaminant,
affected media, and actions that may include development of a Hazardous Materials Safety Plan.
Appendix C includes a summary of hazardous materials reports obtained for the Inner Harbor and
a radius of 0.25 miles surrounding the Inner Harbor. The majority of the sites identified by TRA
were those locations where materials had been stored on site or below ground and either a leak or
spill had occurred. Some cases have been closed by regulatory agencies (meaning that
remediation has been completed), while cases at other sites are on-going and being monitored.
Contaminants include asphalt, diesel, gasoline, other petroleum, polynuclear aromatic
hydrocarbons, and volatile organic compounds.
Proposed development within the Inner Harbor will be subject to DTSC oversight in relation to
hazardous materials. Remediation standards for contaminated sites are based on risks associated
with proposed types of land future uses. Thus, the remediation standards that would be applied to
residential uses would be more stringent than those applied to commercial or industrial uses,
since risks to the occupants of a remediated site are greater where ground contact (such as in
outdoor recreational uses) occurs, as is the case for residential development.
Currently documented sites at Inner Harbor are located away from the Docktown Marina and are
clustered to the south where industrial uses predominate. In 2013 during construction of County
facilities along Maple Street, the DTSC required a residual risk management plan to be prepared
and implemented to meet residential occupancy standards. This included installing systems to
remove volatile organic compounds over time. Cleanup levels are being achieved; however,
additional requirements were imposed after construction began and additional information came
to light once subsurface work began.
Following any required site remediation, construction activities will require the use and
transportation of hazardous materials (e.g., fuels, cement products, lubricants, paints, adhesives,
and solvents). In addition, construction vehicles used for construction activities within the Inner
Harbor could accidentally release hazardous materials such as oils, grease or fuels. These
hazardous materials and vehicles would remain within the Inner Harbor during the period of
construction activities. Accidental releases of hazardous materials during demolition and
construction activities could impact soil, air, and/or groundwater quality, which could result in
adverse health effects to construction workers, the public, and the environment. However, the
contractor’s compliance with federal, state and local requirements related to use, storage, and
disposal of hazardous materials during construction would reduce impacts related to inadvertent
release of hazardous materials to less-than-significant levels. In addition, site-specific
development within the Project Site would be required to prepare and implement a Stormwater
Pollution Prevention Plan (SWPPP).
Nearly all uses that might be proposed within the Inner Harbor will involve the presence of
hazardous materials (or products containing hazardous materials) at varying levels. Commercial
and office uses would use common hazardous chemicals, including familiar materials such as
toners, paints, lubricants, kitchen and restroom cleaners, as well as and refrigerants associated
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with building mechanical and heating, ventilation and air conditioning (HVAC) systems, and
other maintenance materials. Grounds and landscape maintenance would typically use a wide
variety of commercial products formulated with hazardous materials, including fuels, cleaners
and degreasers, solvents, paints, lubricants, adhesives, sealers, and pesticides/herbicides. Small
quantities of hazardous materials are also associated with residential uses, including cleaning
products, fuels, oils, pesticides, and lubricants. Because general commercial, office, and
household hazardous materials are typically handled and transported in small quantities, and
because the health effects associated with them are generally not as serious as industrial uses, new
uses within the Inner Harbor would not be expected to result in adverse health effect. For
commercial/retail uses, existing regulatory requirements include appropriate training of
employees in the use, storage, and disposal of the hazardous materials and wastes they are
expected to encounter in the workplace.
Industrial uses typically include the storage, handling, transport, and disposal of relatively larger
quantities of hazardous materials that would similarly be subject to regulatory requirements that
are designed to minimize the potential for adverse effects due to exposure. Industrial businesses
could involve a broad spectrum of “wet” lab and manufacturing activities involving hazardous
materials in controlled indoor environments. The types and volumes of hazardous materials that
might be used are difficult to predict because specific businesses use widely varying types of
materials and hazardous materials use is subject to continuous change as technologies evolve and
as businesses change. Industrial businesses, including research and development operations are
subject to more intense regulation and oversight than typical commercial/office businesses and
households that handle smaller quantities of more common materials. Employees performing
work with hazardous materials are required (by law) to receive specific training in the use and
handling of hazardous materials, which is intended to protect the workplace and also to minimize
the potential for spills or inadvertent releases that could adversely affect the environment through
air emissions or releases to sewers, storm drains, or land.
Development within the Inner Harbor is not anticipated to include the type of large-scale
manufacturing or processing facilities that would use, store, or transport use large quantities of
hazardous materials that would present a substantial risk to people. However, such facilities may
be present within nearby industrial areas. Except in cases of accidents, the risks associated with
hazardous materials handling and storage are generally limited to the immediate area where the
materials are located, and the individuals most at risk from routine operations would be
employees or others in the immediate vicinity of the hazardous materials.
A metal debris fire at SIMS Metal Management in Redwood City adjacent to the Inner Harbor
area on November 10 led to a “shelter in place” call from local authorities. The warning for
people to stay inside was extended to parts of San Mateo, Santa Clara and Alameda counties.
While such events cannot be predicted, the presence of combustible and hazardous materials in
area industrial uses creates a potential health risk related to the accidental release of hazardous
materials into the environment (risk of upset).
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Planning Considerations
•

While site records of contamination are available spanning the years of 1990 to 2012,
activities prior to those dates may not have been recorded, and additional ground
contamination may be present within the Inner Harbor.

•

No significant constraints to site development have been detected based on recorded
observations and clean-up records.

•

Because the use, transport, and disposal of hazardous materials are highly regulated,
activities in compliance with those regulations generally do not pose health risks, except in
the case of accidental spills or releases, posing health risks to workers, the public, and the
environment.
_________________________
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Figure 2 - Historic Resources
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Figure 4 - Noise Conditions
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Figure 5 - Biologial Habitat Areas
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Figure 6 - Areas Subject to Section 404 and 401 Requirements
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Figure 7 - Jurisdictional Areas (Section 10 and State Lands)
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Sea Level Rise Projections Using 2000 as the Baseline Year
Year

2030
2050
2070

2100

Emissions
Scenario

All
All
Low
Medium
High
Low
Medium
High

Average of Models

18 cm (7 in)
36 cm (14 in)
59 cm (23 in)
62 cm (24 in)
69 cm (27 in)
101 cm (40 in)
121 cm (47 in)
140 cm (55 in)

Range of Models

13-21 cm(5-8 in)
26-43 cm (10-17 in)
43-70 cm (17-27 in)
46-74 cm (18-29 in)
51-81 cm (20-32 in)
78-128 cm (31-50 in)
95-152 cm (37-60 in)
110-176 cm (43-69 in)
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San Francisco Regional Sea Level Rise Projections Relative to
Year 2000 Incorporating Vertical Land Motion
Year

Projection A1B Scenario

Range B1 and A1F1 Scenario
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14.4 cm (5.7 in)
28 cm (11.0 in)
91.9 cm (36.2 in)
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12.3 - 60.8 cm (4.8 - 23.9 in)
42.4 - 166.4 cm (16.7 - 65.5 in)
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Figure 9 - Sea Level Effects on Area Drainage
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Figure 10 - Hazardous Material Incidents and Dates Reported
0

200

400

Feet
Source: City of Redwood, ESRI, Microsoft Bing, 2010 (Aerial)

Legend

Inner Harbor Study Area

Parcels

Railroad

Reporting Date

1990-1999
1990-2012

2000-2009
None

Appendix B
Comparison of Sea Level Rise
Projections

APPENDIX B
COMPARISON OF SEA LEVEL RISE PROJECTIONS

This appendix provides discussions of sea level rise observations (historic rates), components of sea level
rise, and a comparison of sea level rise predictions. The latter section compares predictions from the
Intergovernmental Panel on Climate change (IPCC) (2007), Cayan et al (2008), Resolution of the
California Ocean Protection Council (OPC, 2011), USACE Circular 2011, and the National Research
Council’s “Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past, Present, and
Future” (NRC 2012).
GLOBAL SEA LEVEL RISE OBSERVATIONS
Global sea level has risen approximately 120 m (400 ft) since the last glacial maximum some 18,000
years ago (Fairbanks 1989). In the last 6,000 years, the rate of sea level rise slowed from an average rate
of about 50 mm (2 in) per century over the last 6,000 years, to 10 to 20 mm (0.4 to 0.8 in) per century
over the last 3,000 years (Church et al, 2001).
Tide gauge data from the 20th century, indicates the present rate of global average sea level rise has been
between 10 and 20 cm (4 and 8 in) per century. The few very long tide gauge records indicate that the rate
of sea level rise was less in the 19th century. It is very likely that 20th century warming caused by
anthropogenic impacts has contributed significantly to the observed sea level rise. Modeling studies
indicate that both the thermal expansion of sea water and as well as widespread loss of land ice have
increased sea level from 1910 to 1990 by between 3 and 8 cm (1.2 and 3.1 in) per century (Church et al,
2001).
COMPONENTS OF SEA LEVEL RISE
Sea level rise is generally split into two terms – a global term that is controlled by global processes, such
as the warming of the oceans and the melting of ice; and a local term that is controlled by local or
regional processes, such as local winds and land movements. Local sea level rise is also referred to as
relative sea level rise as it combines changes in the both the sea and land elevations.
Global, or eustatic, sea level rise is the combination of two factors:
1. Thermal expansion of the ocean. Thermal expansion is the result of higher water temperatures
leading to an increase in ocean volume while the mass remains constant. Over the past 50 years
the oceans have absorbed about 80% of the heating associated with greenhouse gases.
Observations suggest an average sea level rise of about 10 cm (3.9 in) per century can be
attributed to thermal expansion component over recent decades (Cayan et al, 2006). The rate of
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thermal expansion will increase as global temperature increases and will continue for about 1,000
years after atmospheric temperature stabilizes, due to the slow circulation of the deep ocean
(Mote et al, 2008).
2. Melting of global ice. The melting of glaciers and land grounded ice caps, such as Antarctica and
Greenland, will increase the mass of water in the oceans leading to sea level rise. Observations of
glaciers and ice caps suggest an average contribution to sea level rise of 2 to 4 cm (0.8 to 1.6in)
per century over the last century. However, several independent measurements of Greenland and
Antarctic mass balance using lasers and gravity measurements indicate that both Greenland and
Antarctica have recently (2002-2006) been substantial contributors to global sea level rise (Mote
et al, 2008).
Local sea level rise is a combination of global sea level rise together with local factors:
1. Local atmospheric circulation. Atmospheric factors can affect regional sea levels. Wind-driven
enhancement of sea level can occur on the Pacific coast due to the northward ocean currents and
due to very long wavelength waves propagating up form the equator during El Nino events (Mote
et al, 2008). Combined with Coriolis effects due to the Earth’s rotation, they push ocean water
toward the shore. Other phenomena associated with the El-Nino-Southern Oscillation, such as the
frequency and magnitude of storms and storm surges, may be also be altered by climate change.
2. Vertical land movement. Relative sea level rise is the sum of global sea level rise and the change
in vertical land movement (BCDC, 1987). Thus, if sea level rises and the shoreline rises or
subsides, the relative rise in sea level could be lesser or greater than the global sea level rise.
Vertical land movement can occur due to tectonics (earthquakes, regional subsidence or uplift),
sediment compaction, isostatic readjustment and groundwater depletion (USACE, 2009). As rates
of global sea level continue to increase with climate change, at some point, the rate of vertical
land movement will become less significant in determining the impact of sea level rise. However,
areas that have subsided are particularly vulnerable to sea level rise and extreme events.
COMPARISON OF GLOBAL SEA LEVEL RISE PROJECTIONS
There have been a number of recent projections of sea level rise. Each of these projections has made
different assumptions in relation to the components of sea level described above. It is important to
understand these assumptions and the context in which the predictions were made.
IPCC (2007)
The United Nations’ Intergovernmental Panel on Climate Change (IPCC) fourth assessment report (AR4)
provided projections of global sea level rise for six emission scenarios (Table A.1 and Figure A.1). These
included high emissions scenarios (such as A1F1 and A2) which represented a future in which economic
growth is uneven and the income gap remains large between now-industrialized and developing parts of
the world. In contrast, low emissions scenarios (such as B1) represented a future with a high level of
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environmental and social consciousness, combined with a globally coherent approach to a more
sustainable development.
Each of the emission scenarios was modeled using a number of global climate models to give projected
temperature and sea level rise changes. The use of multiple models reflects the uncertainty in the climate
responses by greenhouse gases and other forcings and the variability among models in representing and
calculating key processes. The results for each emission scenario were then assembled to provide an
envelope of likely projections together with a mean projection.

Component
Thermal expansion
Ice sheet contributions
Greenland ice sheet
Antarctic ice sheet
Total global sea level rise

Low Emission

High Emission

B1

A2

2100

2100

17 cm (6.7 in)

24.5 cm (9.6 in)

10.5 cm (4.1 in)

12 cm (4.7 in)

3 cm (1.2 in)

4.5 cm (1.8 in)

-6 cm (-2.4 in)

-7.5 cm (-3.0 in)

28 cm (11 in)  10 cm

37 cm (14.6 in)  14 cm

Table A.1. Low and high emission global sea level rise from Table 10.7 IPCC (2007).
The projections provided by AR4 are of global sea level rise and do not reflect local atmospheric
circulation or tectonic movements. The projections range from 18 to 38 cm (7 to 15 in) for the lowest
emissions scenarios to 26 to 59 cm (10 to 23 in) for the higher emissions scenarios.
Subsequent research has led to a reevaluation of the AR4 sea level rise projections which are now thought
to be too low, and the approach used to derive the projections has been questioned. The projections were
driven mostly by the thermal expansion component and excluded the significant contributions from the
accelerated future melting of the Greenland and Antarctic ice sheets. The uncertainty in modeling how ice
moves in large, land-based ice sheets led the IPCC to exclude this component and to state that the IPCC
did:
“not assess the likelihood, nor provide a best estimate or an upper bound for sea level
rise” (IPCC 2007).
The upper end of the AR4 projection is not an upper limit and it probably underestimates future sea level
rise (Rahmstorf 2007; Jevrejeva et al 2008). Other recent publications report different global sea level rise
projections to those reported by AR4. For instance, Rahmstorf (2007) used a linear empirical relationship
which resulted in higher global mean surface temperature and rates of sea level rise to predict sea level
rise increases of 50 to 140 cm (19 to 55 in) by 2100.
Cayan et al (2008)
Cayan et al (2008) considered higher estimates of global sea level rise in their study of sea level rise in
the coastal waters of California. They defined two projections which bookended the range of likely global
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sea level rise, referring to these as “low” and “high”. This used the A2 (high emission) and B1 (low
emission) scenarios and Rahmstorf’s methodology to project global sea level rise in 2100 (Table A.2).
These projections were also adjusted to include the effects of dams on sea level rise which may have
stored enough water worldwide to mask acceleration in the rate of sea level rise prior to 1993.
Low Emission

High Emission

B1

A2

2100

2100

28 cm (11 in)

37 cm (14.6 in)

22 cm (8.7 in)

103 cm (40.5)

50 cm (19.7 in)

140 cm (55.1 in)

Component

AR4 projection
Adjustments for ice sheet
loss and dam storage
Total global sea level rise

Table A.2. Low and high emission global sea level rise from Cayan et al (2008).
Both sets of global sea level rise projections (AR4 and Cayan et al) use a series of scenarios to bracket
likely future greenhouse gas emissions. The latter study brings added sophistication, incorporating
additional components such as enhanced ice sheet loss and dam storage. Worth noting is that the
estimated emissions growth for the period 2000 to 2007 was above even the most fossil fuel intensive
scenario of AR4 (Science Daily 2008).
Resolution of the California Ocean Protection Council (OPC, 2011)
In March 2011, the OPC published a resolution recommending that state agencies incorporate the risks
posed by sea level rise into project and program plans (OPC, 2011). The resolution was targeted towards
state agencies and non-state entities implementing projects or programs funded by the state or on state
property. Table A.3 shows sea level rise projections for 2030, 2050, 2070, and 2100, as reported in the
resolution. These projections were developed by the Coastal and Ocean Working Group of the California
Climate Action Team (CO-CAT) based on the work of Cayan 2008 and reported in the Sea-Level Rise
Interim Guidance Document (CO-CAT, 2010). The low, medium, and high scenarios correspond to the
IPCC emission scenarios as follows: B1 for low projections, A2 for medium projections, and A1F1 for
high projections.
Sea level rise projections developed by the State are being confirmed by a National Academy of Science
(NAS) study (see National Research Council 2012 below).

Year
2030
2050

Emissions
Scenario
All
All

Average of Models

Range of Models

18 cm (7 in)
36 cm (14 in)

13-21 cm (5‐8 in)
26-43 cm (10‐17 in)
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Low
Medium
High
Low
Medium
High

2070

2100

59 cm (23 in)
62 cm (24 in)
69 cm (27 in)
101 cm (40 in)
121 cm (47 in)
140 cm (55 in)

43-70 cm (17‐27 in)
46-74 cm (18‐29 in)
51-81 cm (20‐32 in)
78-128 (31‐50 in)
95-152 cm (37‐60 in)
110-176 cm (43‐69 in)

Table A.3. Sea‐Level Rise Projections using 2000 as the Baseline Year, from OPC 2011 Table 1
National Research Council (NRC) 2012
In 2012 the National Research Council (NRC) released a report of a report titled “Sea-Level Rise for the
Coasts of California, Oregon, and Washington: Past, Present, and Future” (NRC 2012). This report
evaluates each major contributor to global sea-level rise (see “Components of Sea Level Rise,” above)
and combines these contributions to provide values of sea level rise at various planning horizons for the
west coast. The report also discusses regional and local contributions to sea level rise. Four regional sea
level rise estimates are reported for California. The values for San Francisco Bay are reported in Table
A.4. These values include an estimate for vertical land motion of -1.5 mm/year ± 1.3 mm/year, which is
the same for all of California south of Cape Mendocino.
Projection
Range
A1B scenario
B1 and A1F1 scenario
2030
14.4 cm (5.7 in)
4.3 - 29.7 cm (1.7 - 11.7 in)
2050
28 cm (11.0 in)
12.3 - 60.8 cm (4.8 - 23.9 in)
2100
91.9 cm (36.2 in)
42.4 - 166.4 cm (16.7 - 65.5 in)
Table A.4 San Francisco Regional Sea Level Rise Projections Relative to Year 2000
incorporating vertical land motion, from NRC 2012 Table 5.3 (page 117).
Year

USACE Circular EC 1165-2-212, 2011
The US Army Corps of Engineers (USACE) issued circular EC 1165-2-212 in October 2011 which
provides guidance for the incorporation of direct and indirect physical effects of projected future sea level
rise (USACE, 2011). This document replaced circular EC 1165-2-2011 (USACE, 2009), which gave very
similar guidance. Planning studies and engineering designs should evaluate alternatives against a range of
local sea level rise projections which are defined by “low”, “intermediate” and “high” rates of local sea
level rise.
The “low” local sea level rise projection is the historic sea level trend as observed at a long-term gauge. A
minimum of 40 years of data is considered necessary to justify extrapolating into the future and use as a
baseline for projecting future sea levels. This “low” projection is atypical of sea level rise projections as it
does not consider future emission scenarios, unlike AR4 and Cayan et al (2008) discussed above.
Maintenance of the historic sea level rise rates into the future is unlikely given the overwhelming
evidence of accelerated sea level rise in the future. The “low” projection serves more a baseline against
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which to compare the more reasonable estimates of accelerated sea level rise given by the “intermediate”
and “high” projections.
The “intermediate” global sea level rise projection is based on the average of the central values from the
six scenarios used in AR4. Rather than use the AR4 values, the USACE circular suggests using curves
developed in the 1987 National Research Council study Responding to Changes in Sea Level (NRC,
1987). This study used a series of three sea level curves (NRC-I, II and III) that bracketed the then
estimates of sea level rise by 2100. These same curves have been used in the USACE circular but
modified to reflect the increase in the present rate of global sea level rise to 1.7 mm per year.
The AR4 projections for 2100 bracket the modified NRC-I curve and the guidance is to use NRC-I for the
“intermediate” global sea level rise projections for 2100, a value of 48 cm (19.1 in). In a similar vein to
Cayan et al (2008), the USACE “high” global sea level rise projection takes account of increased ice
sheet loss beyond the projections of AR4. The Modified NRC-III curve is used to give a sea level rise of
148 cm (58.3 in) by 2100. The rationale provided for the use of the curve is that:
“This ‘high’ rate exceeds the upper bounds of IPCC estimates from both 2001 and 2007
to accommodate for the potential rapid loss of ice from Antarctica and Greenland.”
(USACE, 2009)
Table A.5 shows that NRC-III does give values close to that of Rahmstorf (2007) and Cayan et al (2008).
“low”

“intermediate”

“high”

2100

2100

2100

18 cm (7.1 in)

34 cm (13.4 in)

59 cm (23.2 in)

Source
IPCC 2007 (AR4)
projection
Rahmstorf (2007)

50 cm (19 in)

140 (55 in)

Cayan et al (2008)

50 cm (19.7 in)

150 cm (59 in)

USACE (2011) (NRC-III)
NRC (2012), San
Francisco

historic

48 cm (19.1 in)

148 cm (58.3 in)

42.4 cm (16.7 in)

91.9 cm (36.2 in)

166.4 cm (65.5 in)

Table A.5 Projections of global sea level rise from IPCC (2007), Cayan et al (2008), USACE (2011), and
NRC (2012). The terms “low”, “intermediate” and “high” are used differently in each study, in some
cases it reflects the emissions scenario, in other cases it brackets a possible range.
BCDC (1987) and USACE (2011) provides guidance on how to calculate local vertical land movement
from historic sea level observations so that local sea level rise estimates may be incorporated into the
“intermediate” and “high” projections.
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Figure A1. Projections of Global Sea Level Rise, IPCC 2007
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