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RESOURCES AND VALUES THAT COULD BE AFFECTED 9
BY THE ALTERNATIVES (AFFECTED ENVIRONMENT)







INTRODUCTION

This part of the document describes the
existing environment of Golden Gate
National Recreation Area and Muir Woods
National Monument. This discussion serves
to identify the current conditions in the park
that could be affected by implementation of
any of the alternatives in this plan. The
information is organized around six general
topics: natural resources, cultural resources,
visitor use and experience, social and
economic environment, transportation, and
park operations, although there is some
overlap between social and economic
environment and transportation.

Regarding the discussion of the first three
topics (natural resources, cultural resources,

and visitor use and experience) differences
between the two units are distinct enough to
warrant separate discussions for Golden Gate
National Recreation Area and Muir Woods
National Monument. However, because of
the proximity of the two units and their
similar relationships to the urban centers
within the planning area, combined
discussions that incorporate information
about both units are presented for the last
three topics.

Table 1, beginning on the next page, presents
more detailed information on specific impact
topics and the reasons that each was retained
or dismissed from further evaluation.
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SUMMARY TABLE OF IMPACT TOPICS

TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic Relevant Law,

Regulation, or Policy

(Retained or Dismissed Rationale
from further analysis)

Natural Resources

Carbon Footprint and Retained as an impact topic for further detailed analysis Clean Air Act

Air Quality be;au;e of the interest in minimizing greelnhouse gas Executive Order 13423
emissions and reducing the carbon footprint of the park and .

Retained monument, the Bay Area, and the state of California. The DOI Secretarial Order

focus of the analysis is on greenhouse gas emissions related | 3226, Amendment No.1
to NPS operational activities and how that would vary among | California Global Warming

the alternatives included in the plan. Solutions Act of 2006
The park and monument are within the class Il air quality (AB32)

areas under the Clean Air Act, as amended. A class Il NPS Management Policies
designation indicates the maximum allowable increase in 2006

concentrations of pollutants over baseline concentrations of
sulfur dioxide and particulate matter as specified in section
163 of the Clean Air Act.

The California Clean Air Act of 1988, as amended, sets
ambient air quality standards that are more strict than the
federal standards and requires local air districts to promulgate
and implement rules and regulations to attain those
standards. Under the act, California Ambient Air Quality
Standards are set for all pollutants covered under national
standards, as well as vinyl chloride, hydrogen sulfide, sulfates,
and visibility-reducing particulates. If an area does not meet
the California standards, it is designated as a state
nonattainment area.

NPS Pacific West Region
Directive PW-047

Golden Gate National Recreation Area and Muir Woods
National Monument are in the San Francisco Bay Area Air
Basin, which consists of San Francisco, San Mateo, Santa
Clara, Alameda, Contra Costa, Napa, and Marin counties, as
well as portions of Sonoma and Solano counties. The Bay
Area Air Quality Management District is the air quality agency
responsible for the entire basin. The San Francisco Bay Area is
designated a federal nonattainment area for ozone and a
state nonattainment area for ozone and inhalable particulate
matter.

Dust and exhaust emissions would be produced by
development activities and the potential for increased
vehicular traffic to the park and monument; however, these
activities would not be expected to cause national ambient air
quality standards to be exceeded because visitation increases
would be relatively small and the level of new development
proposed is minimal. Air quality impacts from the use of
prescribed fire were analyzed in the park’s Fire Management
Plan / Environmental Impact Statement. Any amount of
pollutants added because of the actions proposed in this
general management plan (GMP) would be negligible
compared to existing levels. None of the actions described in
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Summary Table of Impact Topics

TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed

Rationale

Relevant Law,
Regulation, or Policy

from further analysis)

this plan would violate any air quality standard or result in a
cumulatively considerable net increase of any criteria pollutant
for which the Bay Area is in nonattainment under federal or
state ambient air quality standards. Implementation of any of
the alternatives described in the plan would have negligible
effects on air quality and the class Il air quality status of the
park and monument would be unaffected.

Soils and Geologic
Resources and Processes
(including natural shoreline
and coastal processes)

Retained

Soils and geologic resources and processes are an important
component of maintaining the ecological integrity of the park
and monument. Actions included in the plan, such as
recreational facility development, changes in visitor use, and
restoration, could affect soils and natural coastal processes.
Any impacts that would adversely affect soils or geologic
processes would be of concern to NPS managers and the
public. Therefore, this topic was retained for detailed analysis.

NPS Management Policies
2006

Water Resources and
Hydrologic Processes
(including stream character,
water quantity and quality,
watershed processes,
wetlands, floodplains, and
marine/estuarine resources)

Retained

Water resources and hydrologic processes are an important
component of the ecological communities of the park and
monument. Development can alter, and has altered in the
past, natural surface flows and watershed processes, with
subsequent effects on the natural environment. Actions
included in the plan, such as recreational facility development
and stream/habitat restoration, could affect water quality,
wetlands, floodplains, and watershed processes. Therefore,
water resources and hydrologic processes were retained for
detailed analysis.

Clean Water Act; Executive
Order 12088

Executive Order 11990
Executive Order 11988

NPS Management Policies
2006

Director’s Order 77-1
Director’s Order 77-2

Habitat (vegetation and
wildlife)

Retained

Terrestrial and aquatic habitat is an important resource that
defines the natural environment. The park and monument
contain a diversity of plant and animal habitats. Actions
included in the plan, such as recreational facility development,
changes in visitor use, and restoration, could affect natural
habitat values. Proposed actions could beneficially or
adversely affect these resources, which would be of concern
to NPS managers and the public. Therefore, this topic was
retained for detailed analysis.

NPS Organic Act

NPS Management Policies
2006

Special Status Species:
Federal Threatened and
Endangered

Retained

The park and monument host a variety of federal listed
species. Actions included in the plan, such as recreational
facility development, changes in visitor use, and habitat
restoration, could affect the quality of habitat preferred by
many of these species, as well as the behavior of certain
species.

Therefore, the following federal listed species were retained
for detailed analysis: northern spotted owl, coho salmon,
steelhead trout, California red-legged frog, mission blue
butterfly, tidewater goby, western snowy plover, San
Francisco Lessingia, San Francisco garter snake, and San
Bruno elfin butterfly.

See appendix D for a listing of all special status species
considered. All species that have been retained for analysis
are identified in the appendix table.

Endangered Species Act
Migratory Bird Treaty Act

NPS Management Policies
2006
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PART 9: RESOURCES AND VALUES THAT COULD BE AFFECTED BY THE ALTERNATIVES

TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed
from further analysis)

Rationale

Relevant Law,
Regulation, or Policy

Special Status Species: State
Threatened and Endangered

Retained

The park and monument host a number of state listed
species. Actions included in the plan, such as recreational
facility development, changes in visitor use, and habitat
restoration, could affect the quality of habitat preferred by
one or more of these species, as well as the behavior of the
species. Therefore, the following state listed species was
retained for detailed analysis: bank swallow.

Endangered Species Act

California Endangered
Species Act

NPS Management Policies
2006

Special Status Species:
Other Federal and State
Listed Species

Dismissed

Several other federal and state listed species that are known
to occur in the area were dismissed because (1) these species
are typically not found in the park or monument, (2) their
preferred habitat would not be physically disturbed by any of
the GMP alternatives, or (3) the effects of actions included in
the alternatives on these species would be negligible.

See appendix D for a listing of all special status species
considered. All species that have not been identified as
“Retained” were dismissed for one or more of the above
reasons.

Endangered Species Act

Bald and Golden Eagle
Protection Act

Migratory Bird Treaty Act

Marine Mammal Protection
Act

National Environmental
Policy Act

California Endangered
Species Act

NPS Management Policies
2006

Essential Fish Habitat

Dismissed

In accordance with the 1996 amendments to the Magnuson-
Stevens Fishery Conservation and Management Act, federal
agencies that fund, permit, or carry out activities that may
adversely impact essential fish habitat are required to consult
with the National Marine Fisheries Service regarding the
potential adverse effects of their actions on essential fish
habitat; such agencies must also respond in writing to
National Marine Fisheries Service recommendations.

Essential fish habitat is defined as “those waters and substrate
necessary to fish for spawning, breeding, feeding, or growth
to maturity.” Waters include aquatic areas and their
associated physical, chemical, and biological properties.
Substrate includes sediment underlying the waters.
“Necessary” means the habitat required to support a
sustainable fishery and the species’ contribution to a healthy
ecosystem. Spawning, breeding, feeding, or growth to
maturity covers all habitat types used by a species throughout
its life cycle. The conservation of essential fish habitat is an
important component of building and maintaining sustainable
fisheries. Loss or degradation of essential fish habitat is
primarily the result of activities such as point and nonpoint
water pollution, livestock grazing, mining, road construction,
estuarine or marine habitat alteration, creation of migration
barriers or hazards, increases or decreases in sediment
delivery, and alteration of streambanks, shorelines, wetlands,
and floodplains.

The San Francisco Bay, a migratory corridor between riverine
habitat and the Pacific Ocean, is designated critical habitat for
several listed fish species. Habitat loss and degradation is
primarily the result of overfishing, timber harvest, point and

Magnuson-Stevens Fishery
Conservation and
Management Act
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Summary Table of Impact Topics

TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

Relevant Law,

(Retained or Dismissed Rationale . .
Regulation, or Policy

from further analysis)

nonpoint water pollution, livestock grazing, mining, road
construction, diking and streambank stabilization, and dredge
and fill activities.

None of the actions proposed in the GMP alternatives would
contribute to essential fish habitat loss or degradation. Some
of the actions described in this plan would contribute to
improvements in the quality or quantity of essential fish
habitat; however, additional environmental compliance and
consultation with National Marine Fisheries Service would
take place prior to implementation of these specific projects.
Therefore, the topic of essential fish habitat was dismissed
from further analysis.

Marine Protected Areas Executive Order 13158, “Marine Protected Areas,” defines Executive Order 13158
marine protected areas as any area of the marine
Retained environment that has been reserved by federal, state,

territorial, tribal, or local laws or regulations to provide lasting
protection for part or all of the natural and cultural resources
therein. The executive order requires every federal agency to
identify its actions that affect the natural or cultural resources
that are protected by a marine protected area and, to the
extent permitted by law and the maximum extent practicable,
to avoid harming these resources. There are several federal-
and state-designated marine protected areas near the park.
The marine and estuarine area of Golden Gate National
Recreation Area was designated a federal marine protected
area under the national system of marine protected areas on
May 25, 2010. Impacts on the natural and cultural resources
protected by these marine protected areas are analyzed under
their respective topics and marine protected areas are not
included as a separate impact topic.

Prime and Unique In August 1980, the Council on Environmental Quality (CEQ) | Farmland Protection Policy
Farmlands directed that federal agencies assess the effects of their Act

actions on farmland soils classified as prime or unique by the | -3 ncil on Environmental
Dismissed U.S. Department of Agriculture (USDA), Natural Resource Quality 1980

Conservation Service (NRCS). Prime farmland is land that has
the best combination of physical and chemical characteristics
for producing food, feed, forage, fiber, and oilseed crops and
is available for these uses. Unique farmland is land other than
prime farmland that is used for the production of specific
high-value food and fiber crops (e.qg., citrus, tree nuts, olives,
cranberries, fruit, and vegetables). The Farmland Protection
Policy Act (7 United States Code [USC] 4201 et seq.) and the
U.S. Department of the Interior (Environmental Statement
Memorandum No. ESM94-7 — Prime and Unique Agricultural
Lands) require an evaluation of impacts on prime or unique
agricultural lands.

Memorandum

According to Natural Resource Conservation Service soils
data, prime and unigue farmlands do exist within the
jurisdictional boundaries of Golden Gate National Recreation
Area in San Mateo County at and adjacent to the Rancho
Corral de Tierra property. All of these farmlands (with one
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PART 9: RESOURCES AND VALUES THAT COULD BE AFFECTED BY THE ALTERNATIVES

TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed

Rationale

Relevant Law,
Regulation, or Policy

from further analysis)

small exception) are in private ownership and will not be
acquired or managed by the National Park Service as part of
the land transfer with the Peninsula Open Space Trust. The
one exception is an approximately 5-acre segment of
farmland (adjacent to the privately owned Aenlle property)
that contains prime soils. The National Park Service intends to
use the land for native plant production supporting landscape
restoration projects in the park. Consequently, no loss of
prime soils or their potential for agricultural production would
occur. However, the management zone used in the preferred
alternative and in one or more of the other alternatives
(diverse visitor opportunities zone) allows for facility
development, diverse visitor uses, and ecosystem restoration.
Should the National Park Service decide to discontinue the
agricultural use of the prime farmland and convert it to a
nonagricultural use that could adversely impact its soil
resources and its use and potential for agricultural production,
then the National Park Service would be required to evaluate
the impacts on prime farmland and consult with the Natural
Resource Conservation Service.

Within Golden Gate National Recreation Area in Marin
County, only farmland of statewide importance exists—there
are no prime and unigue farmlands. Based on a determination
by the Natural Resource Conservation Service in 2007, soils
and farmland in the vicinity of the Lower Redwood Creek
property are not classified as prime or unique farmland.

In addition, there are no prime and unique farmlands within
the boundaries of Muir Woods National Monument.
Therefore, this topic was dismissed from further analysis.

Natural or Depletable
Resource Requirements and
Conservation Potential

Dismissed

None of the alternatives being considered would result in the
extraction of new resources from Golden Gate National
Recreation Area or Muir Woods National Monument. In all of
the alternatives, ecological principles would be applied to
ensure that the natural resources of the park and monument
were maintained and protected. Certain resources could
continue to be collected for scientific and educational
purposes, and the specimens would be stored in the NPS
collection. Agricultural operations on NPS lands would
continue to result in the harvesting of crops, which assist in
meeting cultural landscape objectives. The fields would be
managed to sustain this harvest. Implementation of the
alternatives would result in the use of limited natural
resources and energy for construction and operation of new
recreational facilities and for restoration activities. New
development would be designed to be sustainable to the
maximum extent practicable. The use and consumption of
fuel and other nonrenewable resources for NPS operations,
activities, and development associated with the alternatives
would be very small in comparison to that of the region.
Overall, the impact on this topic would likely be negligible and
thus it was dismissed from detailed analysis.

National Environmental
Policy Act

Council on Environmental
Quality
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Summary Table of Impact Topics

TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

Relevant Law,

(Retained or Dismissed Rationale . .
Regulation, or Policy

from further analysis)

Energy Requirements and Council on Environmental Quality guidelines for implementing | National Environmental
Conservation Potential the National Environmental Policy Act of 1969 (NEPA) require | Policy Act
examination of energy requirements and conservation Council on Environmental
Dismissed potential in environmental impact statements. NPS staff strive Quality

to incorporate the principles of sustainable design and
development into all facilities and park operations.
Sustainability can be described as the result achieved by doing
things in ways that do not compromise the environment or its
capacity to provide for present and future generations.
Sustainable practices minimize the short-term and long-term
environmental impacts of developments and other activities
through resource conservation, recycling, waste minimization,
and the use of energy efficient and ecologically responsible
materials and techniques.

The NPS Guiding Principles of Sustainable Design (1993)
provides a basis for achieving sustainability in facility planning
and design, emphasizes the importance of biodiversity, and
encourages responsible decisions. The guidebook describes
principles to be used in the design and management of visitor
facilities that emphasize environmental sensitivity in
construction, use of nontoxic materials, resource
conservation, recycling, and integration of visitors within
natural and cultural settings. The National Park Service would
minimize energy costs, eliminate waste, and conserve energy
resources by using energy efficient and cost effective
technology wherever possible. Recent examples include
projects to install photovoltaic panels on the NPS
headquarters building at Upper Fort Mason and projects to
pursue alternative energy options at Alcatraz Island. Energy
efficiency would also be incorporated into any decision-
making process during the design or acquisition of facilities,
as well as all decisions affecting park operations.

The use of value analysis and value engineering, including life
cycle cost analysis, would be performed to examine energy,
environmental, and economic implications of proposed NPS
development. National Park Service staff would encourage
suppliers, permittees, and contractors to follow sustainable
practices and would address sustainable park and park
partner practices in interpretive programs. Consequently, any
adverse impacts relating to energy use, availability, or
conservation would be negligible. Therefore, energy
requirements and conservation potential was dismissed from
further analysis.
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TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed

Rationale

Relevant Law,
Regulation, or Policy

from further analysis)

Cultural Resources

Archeological Resources

Retained

Actions included in the plan, such as recreational facility
development, changes in visitor use, and ecosystem

restoration, could result in impacts on archeological resources.

Therefore, this topic has been retained for detailed analysis.

National Historic
Preservation Act

National Environmental
Policy Act

Secretarial Order 13007
Director's Order 28

NPS Management Policies
2006

NPS-28A, " Archeological
Resources Management”

Cultural Landscapes

Retained

Actions included in the plan, such as recreational facility
development, changes in visitor use, and ecosystem
restoration, could result in impacts on the integrity and
function of identified or potential cultural landscapes.
Therefore, this topic has been retained for detailed analysis.

NPS Management Policies
2006

NPS-28, “Cultural
Resources Management”

Ethnographic Resources

Retained

Research and consultation with affiliated American Indian
tribes and descendants to identify and evaluate ethnographic
resources, including sacred sites, have not been undertaken in
the park and monument. There may also be ethnographic
resources at Alcatraz Island that have association to other
American Indian groups and individuals. Actions included in
the plan, such as recreational facility development, changes in
visitor use, and restoration, could result in impacts on
potential ethnographic resources at Alcatraz Island. Therefore,
this topic has been retained for detailed analysis.

National Environmental
Policy Act

Secretarial Order 13007
Director's Order 28

NPS Management Policies
2006

NPS-28, “Cultural
Resources Management”

Historic Structures

Retained

Many of the structures in the park and monument are listed
or have been determined eligible for listing in the National
Register of Historic Places. Actions included in the plan, such
as adaptive reuse of structures and changes in visitor use,
could result in impacts on historic structures. Therefore, this
topic has been retained for detailed analysis.

National Historic
Preservation Act

NPS Management Policies
2006

NPS-28, “Cultural
Resources Management”

Park Collections

Retained

Actions included in the plan, such as options for the use,
curation, and storage of park collections, could result in
impacts on park collections. Therefore, this topic has been
retained for detailed analysis.

National Historic
Preservation Act

NPS Management Policies
2006

Director’s Order 24

“Museum Collections
Management”

Indian Trust Resources

Dismissed

Secretarial Order 3175 requires that any anticipated impacts
on Indian trust resources from a proposed project or action by
Department of the Interior agencies be explicitly addressed in
environmental documents. The federal Indian trust
responsibility is a legally enforceable fiduciary obligation on
the part of the United States to protect tribal lands, assets,

Secretarial Order 3175
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TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed
from further analysis)

Rationale

Relevant Law,
Regulation, or Policy

resources, and treaty rights, and it represents a duty to carry
out the mandates of federal law with respect to American
Indian and Alaska Native tribes.

There are no Indian trust resources in the park or monument;
therefore, this topic was dismissed from further consideration.

Visitor Use and Experience

Visitor Use and Experience
(including diversity of
recreation opportunities;
visitor access; experience of
the park setting; visitor
understanding, education,
and interpretation; and
visitor safety)

Enjoyment of park resources by visitors is part of the
fundamental purpose of a national park system unit. The
visitor experience is an important issue that could be
appreciably affected under the alternatives. The Organic Act
of 1916 and NPS Management Policies 2006 direct the
National Park Service to provide enjoyment opportunities that
are uniquely suited and appropriate to the resources found in
the park and monument. The types and levels of access are
important components of visitor use and experience and are

Enabling legislation

NPS Management Policies
2006

(dark night sky preservation)

Dismissed

areas of Golden Gate National Recreation Area and Muir
Woods National Monument, although some areas retain a
high degree of natural darkness. The National Park Service
strives to minimize the intrusion of artificial light into the
night scene by limiting the use of artificial outdoor lighting to
basic safety requirements, shielding the lights when possible,
and using minimal impact lighting techniques. Any new
facilities proposed in the alternatives that would necessitate
new nighttime lighting would be constructed with down
lighting that would minimize light pollution. Furthermore, the
level and type of new development and lighting proposed in
the plan is minimal and dispersed. The effects of actions
contained in this plan on natural lightscapes would be
negligible to minor. Therefore, lightscape was dismissed from
further analysis.

Retained of concern to many people as well as NPS managers.
Therefore, this topic was retained for detailed analysis.
Lightscape Due to its urban setting, light pollution is present in many NPS Organic Act

Enabling legislation

NPS Management Policies
2006

Public Health and Safety

The proposed developments and actions included as part of
the GMP alternatives would not result in any identifiable

Council on Environmental
Quality

(natural sound preservation)

Dismissed

natural soundscapes associated with national park system
units. Natural soundscapes exist in the absence of human-
caused sound. The natural ambient soundscape is the
aggregate of all the natural sounds that occur in a park unit,
together with the physical capacity for transmitting natural
sounds. Natural sounds occur within and beyond the range of
sounds that humans can perceive and can be transmitted
through air, water, or solid materials. The frequencies,
magnitudes, and durations of human-caused sound

Dismissed adverse impacts on human health or safety. Furthermore, Director’s Order 12
visitor safety is addressed under the topic of visitor use and Handbook
experience. Therefore, public health and safety was dismissed
from further analysis.

Soundscape An important part of the NPS mission is the preservation of NPS Organic Act

NPS Management Policies
2006

Director’s Order 47
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TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed

Rationale

Relevant Law,
Regulation, or Policy

from further analysis)

considered acceptable varies among national park system
units, as well as potentially throughout each park unit;
generally acceptable levels are greater in developed areas and
less in undeveloped areas.

Unnatural sounds, often a by—product of recreational
activities, can be intrusive and can impact natural soundscape
conditions that affect visitor experience and use and wildlife.
The National Park Service has taken substantial steps to
preserve natural soundscapes and manage human-caused
noise, especially at Muir Woods National Monument where
data collection, research, and management actions have
improved the natural soundscape and successfully led to
improved visitor experiences. Actions included in the plan
would not substantially change visitor use and the generation
of human-caused noise compared to current conditions;
consequently, sound conditions in the park and monument
would not be expected to be substantially affected—the
impact to the natural soundscape would be negligible to
minor. Therefore, this topic was dismissed from further
analysis.

Social and Economic Environment

Social and Economic

Retained

The social and economic conditions of the Bay Area and the
gateway counties of Marin, San Francisco, and San Mateo
influence Golden Gate National Recreation Area and Muir
Woods National Monument and how they are managed.
Conversely, the park and monument directly contributes to
the social and economic conditions of these three counties
and the Bay Area as a whole. This section describes the
potential beneficial and adverse impacts related to this
relationship by highlighting the park’s quality of life benefits
as well as the Bay Area’s demographic and economic trends.

National Environmental
Policy Act

Conformity with Local Land
Use Plans

Dismissed

The basic land use of the park and monument as a public
recreation and resource management area is in conformance
with local land use plans. The creation of additional recreation
and visitor service opportunities in the park and monument as
proposed in the alternatives would be consistent with existing
park land uses or local (non-NPS) land use plans, policies, or
controls for the area. Therefore, this topic was dismissed from
detailed analysis.

Council on Environmental
Quality Regulations

Director’s Order 12
Handbook

Urban Quality and Design of
the Built Environment

Dismissed

The quality of urban areas would be addressed by design
guidelines used to guide new development and the
rehabilitation of existing structures, as well as project review
processes that the National Park Service has in place, all of
which are part of standard operating procedures. Throughout
the park and monument, vernacular architecture and
compatible design would be considered for new structures
built (or modifications to existing structures) under all of the
alternatives. Emphasis would be placed on designs, materials,
and colors that blend in and do not detract from the natural
and built environment. Consequently, adverse impacts on the

40 CFR 1 502.16
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TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed
from further analysis)

Rationale

Relevant Law,
Regulation, or Policy

quality of urban areas are anticipated to be negligible.
Therefore, this topic was dismissed from detailed analysis.

Environmental Justice

Dismissed

Executive Order 12898 requires all federal agencies to
incorporate environmental justice into their missions by
identifying and addressing the disproportionately high or
adverse human health or environmental effects of their
programs and policies on minorities and low-income
populations and communities. According to the U.S.
Environmental Protection Agency (EPA), environmental justice
is the fair treatment and meaningful involvement of all
people, regardless of race, color, national origin, or income,
with respect to the development, implementation, and
enforcement of environmental laws, regulations, and policies.
Fair treatment means that no group of people, including a
racial, ethnic, or socioeconomic group, should bear a
disproportionate share of the negative environmental
consequences resulting from industrial, municipal, and com-
mercial operations or the execution of federal, state, local,
and tribal programs and policies.

Marin, San Francisco, and San Mateo counties, where the
park and monument are located, contain minority and low-
income populations; however, environmental justice is
dismissed as an impact topic for the following reasons:

NPS staff and planning team actively solicited public
participation as part of the planning process and gave equal
consideration to input from all persons regardless of age,
race, income status, or other socioeconomic or demographic
factors.

Implementation of any of the alternatives would not result in
any disproportionate human health or environmental effects
on minorities or low-income populations and communities.

The impacts associated with implementation of the
alternatives would not result in any effects that would be
specific to any minority or low-income community. Any
anticipated impacts, such as traffic, would not
disproportionately affect minority or low-income populations.

Executive Order 12898,
“General Actions to
Address Environmental
Justice in Minority
Populations and Low-
Income Populations”

Transportation

Visitor Connections to Park
Sites and Communities

Retained

Actions included in the plan, such as changes in visitor
opportunities and access, as well as improvements to
alternative transportation, could result in impacts on visitor
connections to park sites and communities. Therefore, this
topic was retained for detailed analysis.

National Environmental
Policy Act
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TABLE 1. IMPACT TOPICS RETAINED FOR OR DISMISSED FROM DETAILED ANALYSIS

Impact Topic

(Retained or Dismissed

Rationale

Relevant Law,
Regulation, or Policy

from further analysis)

Functionality of the
Transportation System

Retained

Actions included in the plan, such as changes in visitor access,
alternate modes of transportation, and transportation system
assets, could result in impacts on the functionality of the
parks’ transportation system. Therefore, this topic was
retained for detailed analysis.

National Environmental
Policy Act

Park Management, Operat

ions, and Facilities

NPS Operational Facilities

Support facilities necessary to house, transport, inform, and
serve visitors and staff require proper planning, design,

NPS Organic Act
DOI Departmental Manual;

staffing. Therefore, this topic was retained for detailed
analysis.

Retained programming, construction, operation, and maintenance. o
Facilities should be cost-effective, integrate sustainable NPS Management Policies
design, and consider impacts on the landscape, environs, and | 2006
resources of the park and monument. Actions included in the | Director’s Order 80
plan, such as the type and location of NPS operational
facilities for maintenance and law enforcement, could result
in impacts on NPS operations and management. Therefore,
this topic was retained for detailed analysis.
Staffing Actions included in the plan, such as changes in visitor NPS Organic Act
opportunities, facility use, resource management, and DOI Departmental Manual
Retained interpretation/education, could result in impacts on NPS

NPS Management Policies
2006

Director’s Order 80
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NATURAL RESOURCES: GOLDEN GATE NATIONAL RECREATION AREA

INTRODUCTION

Golden Gate National Recreation Area is one
of the largest urban national parks in the
world. The park’s 80,500 acres of land and
water extend from Tomales Bay in Marin
County south into San Mateo County,
encompassing 59 miles of bay and ocean
shoreline. Golden Gate National Recreation
Area is rich in natural resources—it
comprises 19 separate ecosystems and is
home to more than 1,250 plant and wildlife
species. With 80 sensitive, rare, threatened, or
endangered species, Golden Gate National
Recreation Area ranks fourth among all units
in the national park system in the number of
federally protected and threatened species
found within the park.

Numerous special status designations
emphasize the collective importance of
Golden Gate National Recreation Area and
Point Reyes National Seashore as areas of
biological significance. The Nature
Conservancy has listed this region as one of
the six most biologically important areas in
the United States; it is a biodiversity “hot
spot” recognized by The Nature
Conservancy and targeted by the global
conservation community as key to preserving
the world’s ecosystems. Conservation
International describes this portion of central
California as one of the top 25 hotspots and
the most threatened of all biologically rich
terrestrial regions in the world. Point Reyes
National Seashore and Golden Gate National
Recreation Area are jointly designated as a
biosphere reserve, one of 411 reserves
designated by the United Nations
Educational, Scientific, and Cultural
Organization’s (UNESCO) Man and the
Biosphere Programme to provide a global
network representing the world’s major
ecosystem types (NPS 2007a).

Volume Il

Golden Gate National Recreation Area is part
of the California Floristic Province
(characterized by Mediterranean vegetation)
and a zone of overlap of marine provinces
(Californian and Oregonian) leading to a
wide diversity of terrestrial and aquatic
habitats. From the tip of Tomales Point to the
southernmost areas of Sweeney Ridge and
Phleger Estate, the natural communities of
the park support a diversity of habitats:
marine environments, coastline, sea cliffs and
sand dunes, mud flats and salt marshes,
chaparral and coastal scrub, grasslands,
redwood forests, and oak woodlands. The
recreation area spans two of the largest
estuaries on the West Coast: Tomales Bay
and San Francisco Bay. Aquatic associated
habitats include ephemeral and perennial
freshwater streams, groundwater seeps and
springs, seasonal wetlands, tidal and brackish
saline wetlands grading into estuaries, and
the marine environment (NPS 2007a).

ALCATRAZ ISLAND

Alcatraz Island is an iconic part of Golden
Gate National Recreation Area. Accounts of
early explorers describe the island as having
little plant life and covered with bird guano.
Construction of the Civil War military fort
and later the federal penitentiary changed the
landscape significantly, sharpening the
incline of the cliffs and flattening the slopes.
Few plants are native to Alcatraz Island and
most of the existing plants are a result of
prison gardens or other means of
importation, including soils brought from
Angel Island during construction of the fort.
Since the closure of the prison, many bird
species have made the island home.
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PART 9: RESOURCES AND VALUES THAT COULD BE AFFECTED BY THE ALTERNATIVES

PHYSICAL RESOURCES
Air Quality

Section 118 of the 1963 Clean Air Act (42
USC 7401 et seq.) requires a national park
system unit to meet all federal, state, and local
air pollution standards. Golden Gate
National Recreation Area and Muir Woods
National Monument are in a class II air
quality area under the Clean Air Act, as
amended. A class II designation indicates the
maximum allowable increase in
concentrations of pollutants over baseline
concentrations of sulfur dioxide and
particulate matter as specified in section 163
of the Clean Air Act. Further, the Clean Air
Act provides that the federal land manager
has an affirmative responsibility to protect air
quality-related values (including visibility,
plants, animals, soils, water quality, cultural
resources, and visitor health) from adverse
pollution impacts.

The Clean Air Act requires the Environ-
mental Protection Agency to identify national
ambient air quality standards to protect
public health and welfare. Standards were set
for the following pollutants: ozone (O3),
carbon monoxide (CO), nitrogen dioxide
(NO,), sulfur dioxide (SO,), inhalable
particulate matter less than 10 microns
(PMyp) and less than 2.5 microns (PM,5), and
lead (Pb). These pollutants are designated
criteria pollutants because the standards
satisfy criteria specified in the act. An area
where a standard is exceeded more than
three times in three years can be considered a
nonattainment area.

The California Clean Air Act of 1988, as
amended, sets ambient air quality standards
that are stricter than the federal standards
and requires local air districts to promulgate
and implement rules and regulations to attain
those standards. Under the act, California
Ambient Air Quality Standards are set for all
pollutants covered under national standards,
as well as vinyl chloride, hydrogen sulfide,
sulfates, and visibility-reducing particulates.
If an area does not meet the California

standards, it is designated as a state
nonattainment area.

In 1993, the Environmental Protection
Agency adopted regulations implementing
section 176 of the Clean Air Act, as amended.
Section 176 requires that federal actions
conform to state implementation plans for
achieving and maintaining the national
standards. Federal actions must not cause or
contribute to new violations of any standard,
increase the frequency or severity of any
existing violation, interfere with timely
attainment or maintenance of any standard,
delay emission reduction milestones, or
contradict state implementation plan
requirements. Federal actions that are subject
to the general conformity regulations are
required to mitigate or fully offset the
emissions caused by the action, including
both direct and indirect emissions over which
the federal agency has some control.

Golden Gate National Recreation Area and
Muir Woods National Monument are in the
San Francisco Bay Area air basin, which
consists of San Francisco, San Mateo, Santa
Clara, Alameda, Contra Costa, Napa, and
Marin counties, as well as portions of
Sonoma and Solano counties. The Bay Area
Air Quality Management District is the air
quality agency responsible for the entire
basin. The agency monitors criteria
pollutants continuously at stations
throughout the Bay Area.

Overall, air quality in the basin is better than
in other urban areas of California despite
widespread urbanization and extensive
industrial and mobile source (vehicular)
emissions. The Bay Area’s coastal location
and favorable meteorological conditions help
keep pollution levels low much of the year,
primarily due to the area’s relatively cooler
temperatures and better air circulation.
However, when temperatures are hot and
there are no ocean breezes, levels of ozone
and other pollutants can exceed federal and
state air quality standards.
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The San Francisco Bay Area is designated a
federal nonattainment area for ozone and a
state nonattainment area for ozone and
inhalable particulate matter (PM;o and
PM,;5). Ozone is a principal component of
smog. It is caused by the photochemical
reaction of ozone precursors (reactive
organic compounds and nitrogen oxides).
Ozone levels are highest in the Bay Area
during days in late spring through summer
when meteorological conditions are
favorable for the photochemical reactions to
occur, i.e., clear warm days and light winds.

An air emissions inventory was conducted in
1999 to determine the origins, compositions,
and rates of emission of pollutants affecting
park lands and resources. In addition to
Golden Gate National Recreation Area
activities, the inventory included air
emissions associated with park partners and
concession operations and visitor activities to
the extent that data were available.
Standardized emission factors and air quality
models from the California Air Resources
Board and the Environmental Protection
Agency were used to develop emission levels
for the range of activities and facilities that
can emit pollutants in Golden Gate National
Recreation Area (NPS 2005a).

Sources of air emission within Golden Gate
National Recreation Area include all three
types identified by the Clean Air Act:
stationary sources, area sources, and mobile
sources. Stationary sources can include fossil-
fuel-fired space and water heating
equipment, backup generators, fuel storage
tanks, paint and chemical usage, and
woodworking equipment. Area sources may
include prescribed burning, campfires, and
bonfires. Mobile sources may include
vehicles and other equipment operated
within the park by visitors, tour operators,
Golden Gate National Recreation Area
employees, and concession employees.

Natural Resources: Golden Gate National Recreation Area

The emissions inventory included all lands
and uses within the GMP planning area.
Included in the inventory were all structures,
vehicles, boats, and equipment used by the
park, park partners, or concessioners such as
Alcatraz Cruises, LLC, which operates the
ferry service to Alcatraz Island.

There are no air quality monitoring stations
in operation for the coastal areas of the Bay
Area air basin that are certain to represent air
quality conditions within the park. A
monitoring station at Fort Cronkhite in the
Marin Headlands records levels of toxins
present in the air as a by—product of
manufacturing, such as acetone and benzene,
and does not monitor for criteria pollutants.
The closest monitoring stations to park lands
that record levels of criteria pollutants are in
the cities of San Rafael, Redwood City, and
eastern San Francisco. The levels recorded at
these stations, which are in the midst of
urban development, would be more
representative of the cumulative levels of air
pollutants in urbanized areas that contain
heavily used roadways, urban and residential
sources, and existing stationary sources
throughout the air basin. Data collected at
these stations can serve as very conservative
estimates of ambient air quality affecting park
lands, which are largely coastal and generally
upwind (based on prevailing wind direction)
of local sources of Bay Area air emissions, but
are still subject to pollutant problems, such as
ozone, that have a more regional effect on air
quality. However, the actual ambient
pollutant concentrations within park lands
are anticipated to have lower background
levels of these pollutants because the project
area and surroundings are more remote and
generally upwind of roadways and other
emission sources (NPS 2005a).
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TABLE 2. COUNTY VARIATION IN ATTAINMENT STATUS DEMONSTRATED
BY MONITORING STATION DATA, 2001-2003

Redwood City San Francisco San Rafael
San Mateo County San Francisco County Marin County
Pollutant
State Federal State Federal State Federal
Standard Standard Standard  Standard Standard Standard

Ozone (1-hour)* N NA A NA A NA
Ozone (8-hour) NA NA NA NA NA NA
Carbon monoxide
Nitrogen dioxide
Sulfur dioxide ND ND ND ND
Particulate matter
(PM1o) (Max. 24- NA A N A NA A
hour)

Source: Bay Area Air Quality Management District Annual Bay Area Air Quality Summary

Notes:

A = Attainment, N = Nonattainment, U = Unclassified, NA = Not Applicable, ND = No data

*Attainment status is assigned only on an air-basin level. Though specific county monitors indicate attainment with
NAAQS, all counties are included in the San Francisco Bay Area Air Basin, which is designated as nonattainment for
1-hour and 8-hour ozone national standards and for state standards for PMso.

Carbon Footprint

A “carbon footprint” is a measure of the
impact human activities have on the
environment in terms of the amount of
greenhouse gases produced and is measured
in units of carbon dioxide. The greenhouse
effect is a natural phenomenon that keeps the
earth’s temperature stable at an average of 60
degrees Fahrenheit (°F). Without this natural
warming effect, our planet would be
uninhabitable at an average temperature of
14°F. However, human actions are disturbing
this balance through over-production of large
amounts of two main greenhouse gases—
carbon dioxide (CO,) and methane (CH,).
The increase in greenhouse gases is causing
an overall warming of the planet, commonly
referred to as global warming. The term
climate change describes the variable
consequences of global warming over time.

The National Park Service has a goal of
reducing its contribution to global warming

and climate change through the reduction of
emissions. To begin tracking the results of
their efforts, the park staff inventoried its
emissions in 2006 using the Climate
Leadership in Parks (CLIP) tool developed
by the National Park Service and the
Environmental Protection Agency. The CLIP
tool converts emissions of various
greenhouse gases into a common “metric
tons of carbon dioxide equivalent”
(MTCO2e) unit, which provides a basis for
comparison among gases and simplifies
reduction tracking. The conversion of a
greenhouse gas to an MTCO2e unit is based
on how strongly that particular gas
contributes to the greenhouse effect and how
many tons of carbon emission would have the
same effect.

The emissions inventory (NPS 2007c) then
examined the relative input of various
sectors: stationary combustion (building
furnaces, dryers, electrical generators, hot
water heaters), purchased electricity, mobile
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combustion (vehicles, buses, heavy
equipment), wastewater treatment, and solid
waste disposal (garbage transportation and
decomposition) for Golden Gate National
Recreation Area and Muir Woods National
Monument. Based on the emissions
inventory completed in 2006, emissions from
visitors (mobile combustion primarily from
personal automobile use) represents 91 % of
gross emissions and emissions from park
operations represent 9% (figure 1). Figure 2
demonstrates how the NPS emissions from
park operational activities are distributed
among sectors when visitor emissions are
excluded.

Visitor emission totals consist of an
approximation of how much gasoline is
consumed while driving to various park sites.
Using annual visitor vehicle counts to many
of the different sites in the park, the total
number of miles driven by visitors was
approximated (based on the assumption that

Natural Resources: Golden Gate National Recreation Area

they were driving from somewhere in the Bay
Area). The resulting total vehicle miles driven
by visitors was put into the CLIP tool. The
CLIP tool then used assumptions about the
different types of cars and the miles per
gallon capacity of each to determine
approximate fuel consumption.

Figure 3 shows how the sectors of emissions
are distributed when visitor emissions are
included. The vast majority of emissions at
Golden Gate National Recreation Area are
attributable to visitor mobile combustion
(vehicles).

In 2008, Golden Gate National Recreation
Area emissions inventory was updated and
included the following emissions statistics for
Golden Gate National Recreation Area
(including park lands in the three-county
area and Alcatraz Island) and Muir Woods
National Monument. These data represent
existing baseline conditions.

91%

9%

® Park Operations

Visitors

Source: Climate Change Action Plan for Golden Gate National Recreation Area, August 2007

FIGURE 1. GROSS EMISSIONS FOR GOLDEN GATE NATIONAL RECREATION AREA
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FIGURE 2. 2006 GROSS PARK EMISSIONS BY SECTOR, EXCLUDING VISITORS
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FIGURE 3. 2006 GROSS PARK EMISSIONS BY SECTOR, INCLUDING VISITORS
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TABLE 3. EMISSION STATISTICS FOR GOLDEN GATE NATIONAL RECREATION AREA

Marin San Francisco San Mateo Alcatraz Island  Muir Woods
County County County
Statutory 573 148 Noldata 632 5
combustion available
Purchaged 385 382 No ldata 0 17
electricity available
Mobile 1,047 1,419 No data 1,167 4,873
combustion available
Wastewater 263 0 Noldata 31 1
treatment available
Solid waste 332 472 No data 0 50
available
Gross emissions 2,551 2,422 No data 1,830 4,946
available

Soils and Geologic Resources
and Processes

Geology

The majority of the lands within Golden Gate
National Recreation Area are on the North
American Tectonic Plate. The more recently
acquired lands in San Mateo are on the
Pacific Plate. The boundary between these
two plates is a transform fault (the plates are
sliding past each other) and is formed by
what is perhaps the best known geologic
feature of California: the San Andreas Fault
Zone. Movement along the San Andreas and
its subsidiary faults (Hayward and Calavaras)
is infamous for producing the large
earthquakes that periodically shake
California and result in the area’s rugged
terrain. Older rocks of coastal California
indicate that before the Pacific Plate started
slipping northward past the North American
Plate on the San Andreas Fault system, the
Pacific Ocean floor was subducted (moved)
beneath the western edge of the North
American Plate. The distinctive rocks of the
world-famous Franciscan Complex, named
at San Francisco and underlying much of

coastal Northern California, formed in this
subduction zone.

In the Bay Area, rocks of the Franciscan
Complex form the basement for the Coast
Ranges east of the San Andreas Fault. The
Franciscan primarily consists of graywacke
sandstone and argillite, but also contains
lesser amounts of greenstone (altered
submarine basalt), radiolarian ribbon chert,
limestone, serpentinite (altered mantle
material), and a variety of high-grade
metamorphic rocks such as blue schist (high
pressure), amphibolites and eclogite (high
temperature). These rocks are typically highly
fractured and disrupted and may be mixed
together on a local scale to create what is
called a mélange (French for “mixture” or
“blend”).

Because serpentinite is altered mantle rock,
its chemistry is unlike most other continental
rocks. Serpentinite is low in potassium and
calcium, which are important plant nutrients.
It also contains high levels of magnesium,
nickel, and chromium that are potentially
toxic to plants. Therefore, plants living on
serpentine soils are specially adapted to these
unusual chemical conditions, and
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serpentinite areas can often be mapped based
on the abrupt vegetation change that occurs
at their boundaries.

Serpentinite outcrops in California and
throughout the world are known to support
rare and endangered plant species
(Kruckenberg 1984). Some species are
confined to just one or a few outcrop areas.
Eight of the 12 rare plants found at the
Presidio grow on serpentinite, including the
federally endangered Presidio clarkia and
raven’s manzanita (Elder n.d.).

Soils

Most of the soils within Golden Gate
National Recreation Area belong to the
following complexes: Blucher-Cole,
Centissima-Barnabe, Cronkhite-Barnabe,
Dipsea-Barnabe, Felton Variant-SoulaJule,
Franciscan, Gilroy-Gilroy Variant-
Bonnydoon Variant, Henneke stony clay
loam, Kehoe, Rodeo Clay Loam, and
Tamalpais-Barnabe Variant (USDA, Soil
Surveys for Marin, San Francisco, and San
Mateo counties). All of these soils are
susceptible to sheet and rill erosion when
disturbed or exposed. The susceptibility to
wind erosion is generally low. In general,
these soils are characterized by slow to
moderate permeability, rapid stormwater
runoff, and a high hazard of soil erosion, soil
creep, and occasional land sliding. An aerial
view of the park area landscape makes clear
the threats posed by erosion. Coastal waves
rhythmically crash against the shoreline;
deep, long gullies originate at old roads;
heavily used areas are devoid of vegetation;
undesignated social trails crisscross through
the natural areas; and landslides or slumps
exist in the small valleys (NPS 2005a).

Alcatraz Island is composed of consolidated
sandstone sediments and is the remainder of
a mountain that has been highly eroded.
Much of the soil on the island is a result of
importation from Angel Island during fort
construction or soil amendments added over
the years to support the various gardens and
landscape areas.
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Paleontological Resources

Fossils of tropical and subtropical species of
zooplankton (radiolarian) have been found in
chert of the Marin Headlands. Mollusk
fossils (ammonite, belemnite, bivalve) have
also been found here. Bivalve mollusk fossils
are found on Alcatraz Island. Mori Point is a
source of zooplankton (radiolarian,
foraminifera). Fort Funston includes mollusk
(gastropod, bivalve), sand dollar, crustacean,
marine worm (polychaete), woolly
mammoth, giant ground sloth, mastodon,
horse, camel, canid and split-toed ungulate
fossils. Fossils found on the Phleger Estate
include mollusk (freshwater gastropod,
bivalve), unnamed vertebrates, and plants.

Shoreline Processes

The park’s coastal shoreline along the Marin
Headlands, Golden Gate Strait, and San
Francisco peninsula comprise a diverse
mixture of rocky shorelines, fine-grained
sand beaches, and artificial structures (e.g.,
piers), as well as sites with a mixture of fine-
grained and larger substrates. As the name
implies, the Marin Headlands are steep rocky
headlands, such as Tennessee Point and
Point Bonita, that are unprotected and
exposed to high wave erosion and strong
currents. In sheltered areas, large beaches,
such as Rodeo and Muir beaches, form bars
that create lagoonal features behind them.
Small pocket beaches are often characterized
by steep slopes and a mixture of small and
large substrates. The Golden Gate strait is
characterized by rocky headlands, smaller
sand and gravel beaches, and strong tidal
currents. Within the Golden Gate strait, the
shorelines have a higher percentage of
artificial structures such as rubble
breakwaters (Fort Baker), seawalls (Alcatraz,
Fort Point, and Presidio), piers, and riprap
bank protection. Much of the San Francisco
peninsula shoreline within the park is
dominated by Ocean Beach, the park’s largest
sand beach resource (NPS 2007a).
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Alcatraz Island is composed of fractured
sandstone and is somewhat susceptible to
wave-generated erosion.

Sea Level Rise, Flooding, and
Coastal Vulnerability

While the effect of climate change on sea
level has shocking global implications of
inundating low-lying islands and threatening
coastal cities and harbors, it also raises
serious concerns for many U.S. national
parks. Golden Gate National Recreation Area
is no exception, given its extensive shorelines
along the Pacific Ocean and San Francisco
Bay. Although there is general consensus in
the scientific community that notable sea
level rise will occur over the next 100 years,
the predicted degree of sea level rise varies
considerably depending on which
assumptions are incorporated into the
prediction. For example, scientists who
factor in the melting of the Greenland ice
sheets predict that sea levels could rise 13 to
20 feet (approximately 4 to 6 meters) over the
next 100 years as a result of global warming
(Overpeck et al. 2006). If this occurs, the
coastal areas of the park and the Bay Area will
experience extraordinary change. This
prediction is probably at the upper end of the
range of sea level rise forecasts. It is also
important to understand that mean sea level
rise is not the immediate threat. The more
immediate threat is the projected increase in
storm frequency and severity and the related
coastal flooding and erosion.

Other sea level rise projections incorporate
only a partial contribution from the melting
Greenland and Antarctic ice sheets. The
Intergovernmental Panel on Climate Change
(IPCC) is an international scientific body
established by the United Nations
Environment Programme and the World
Meteorological Organization to provide a
scientific view of the current state of climate
change and its effects. In its latest assessment
report, Climate Change 2007, the
Intergovernmental Panel on Climate Change
indicated that sea level rise by the year 2100
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could range from 7.0 inches to about 24.0
inches (0.18 to 0.59 meters), depending on
the climate change scenario that occurs over
this time (IPCC 2007). However, the IPCC
report was clear in noting that these
projections do not factor in uncertainties in
climate-carbon cycle feedbacks nor the full
effects of changes in ice sheet flow or melting.
Therefore, the report states that the upper
value of this range should not be considered
the potential upper bounds for sea level rise
(IPCC 2007).

More recent research was conducted for the
California Energy Commission’s Climate
Change Research Program to assess the
effects of climate change and sea level rise on
California over the next 90 years. Using a set
of climate change scenarios of medium to
medium-high emissions, researchers
projected that the mean sea level will rise 3.3
to 4.6 feet (1.0 to 1.4 meters) along
California’s coast by the year 2100 (Cayan

et al. 2009; Heberger et al. 2009). This is the
most commonly used sea level rise forecast in
the park’s planning area. However, these
respective climate change reports quickly
clarify that most climate models do not
include ice-melt contributions from the
Greenland and Antarctic ice sheets. Thus, the
potential sea level rise could be much higher
than these figures (Heberger et al. 2009).

Predictions of sea level rise are useful in
determining what resources and facilities
could be affected. “Map 1. Sea Level Rise:
Golden Gate National Recreation Area”
illustrates the likely effect of the projected 4.7
feet (1.4 meters) sea level rise on the coastal
corridors of the park by combining the
effects of the sea level rise with a modeled
100-year flood (Heberger et al. 2009).

Also, the U.S. Geological Survey (USGS), in
cooperation with the National Park Service,
completed an assessment in 2005 (Pendleton,
Thieler, and Williams 2005) of Golden Gate
National Recreation Area’s vulnerability to
sea level rise using a tool called the Coastal
Vulnerability Index. The Coastal
Vulnerability Index provides insight into the
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relative potential of coastal change due to
future sea level rise.

The Coastal Vulnerability Index allows six
variables (geomorphology, shoreline change,
regional coastal slope, relative sea level rise,
mean significant wave height, and mean tidal
range) to be related in a quantifiable manner
that expresses the relative vulnerability of the
coast to physical changes due to future sea
level rise. The index highlights those regions
where the physical effects of sea level rise
might be the greatest.

The most influential variables in the Coastal
Vulnerability Index are geomorphology,
coastal slope, and mean significant wave
height; therefore, these may be considered
the dominant factors controlling how Golden
Gate National Recreation Area will evolve as
sea level rises.

While climate change data reflect long-term
increases in sea levels, there may be specific
sites within Golden Gate National Recreation
Area that could be more vulnerable to rising
sea levels, even within the lifespan of this
general management plan, particularly if the
melting of the polar ice caps increases more
rapidly than expected.

The colored shoreline depicted in “Map 2:
Coastal Vulnerability” represents the relative
Coastal Vulnerability Index determined from
the six variables. The very high vulnerability
shoreline is generally along sandy beaches
where significant wave heights are highest
and regional coastal slope is shallow; these
areas include sites such as Ocean Beach, Fort
Mason, Land’s End, and Fort Funston. The
lower vulnerability shoreline is along rock
cliffs, mostly along the northern part of
Golden Gate National Recreation Area
where wave heights are lower and coastal
slope is steep.

Of the 59 miles evaluated at the park, 50%
were classified as having high (26 %) or very
high (24%) vulnerability, with another 26 %
classified as having moderate vulnerability
(Pendleton, Thieler and Williams 2005). This
information raises serious concern because
the most vulnerable shorelines are on the
southern peninsula where the largest
concentration of humans and built facilities
exist. This area also includes heavily visited
beaches such as Ocean Beach, China Beach,
and Baker Beach.

Volume II: 24



eaJy UOI1L3IDdY |RUOIIBN 31BD U3P|OD :3sIY |9Aa7 eas °| del

\ Marin
Municipal »|
Water
District t -\
N}
"0
r
£
v
1
o)
(/,&{p<y
oo% MUIR WOODS SAN PABLO
NATIONAL
\\ Mount MONUMENT
Tamalpais BAY
S State
STINSON  © Park
BEACH "
RICHARDSON
BAY
Angel Island
» o State Park
MUIR
BEACH
. MARIN ..
M ulr B eac h T e HEADLANDS %
T _ ALCATRAZ
RODEO o N e
0 0.5 LAGOON Y
CRISSY FIELD
e W
LANDS % SAN
END /vi
\ FRANCISCO
AN T lnr.
A - BAY
,-
OCEAN a he
BEACH
- L]
’ -
| Agan
i\ oo
FORT
FUNSTON % X
0 ‘\
1 | |
- \§ . N
' & "= PACIFIC Miles <
- ‘ )
] - OCEAN
. . -
~
[ ]
. ¢ '
\ o
- MORI ./:
K N W T POINT N _ SWEENEY
\' 1 RIDGE
* PEDRO
POINT ):>\
San AN
Francisco . < =X
14
Pen‘msula .\ -
atershed
(NPS Easement)
7~
3
o
RANCHO ‘,
» . CORRAL ?
®. | DETIERRA
. N
L4
' ' i
Sea Level Rise — Golden Gate National Recreation Area .

Areas inundated by unimpeded 100-year
- flood under baseline (year 2000) conditions

Areas inundated by unimpeded 100-year flood
- under 1.4-meter (55-inch) sea-level rise scenario
(projected, year 2100)

- Current Ocean, Bay, and Lakes

United States Department of the Interior - National Park Service - GGNRA

Combined bluff and dune erosion hazard zone

@ Buildings

" National Park Lands, GGNRA

PHLEGER
ESTATE

N

’ "0 5,
| | | |
Miles

MCN  O:\gis_projects\_Parkwide\Climate_Change\mxds\GMP_Sea_Level_Rise_20091208.mxd

San Francisco Watershed Easement

Future National Park Lands (July 2010)
Feb. 19, 2013

12/8/2009

641/120022







Natural Resources: Golden Gate National Recreation Area

MAP 2. RELATIVE COASTAL VULNERABILITY TO SEA RISE
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Water Resources and
Hydrologic Processes

Water resources in Golden Gate National
Recreation Area include springs, streams,
ponds, lakes, wetlands, lagoons, San
Francisco Bay, and the Pacific Ocean. Many
significant watersheds are wholly or partially
within the park. From north to south, the
major watersheds are Bolinas Lagoon,
Redwood Creek, Tennessee Valley (Elk
Creek), Rodeo Lagoon (including Gerbode
Valley subwatershed), Nyhan Creek, Lobos
Creek, Milagra and Sweeney Ridges, West
Union Creek, San Pedro Creek, Martini
Creek, Denniston Creek, San Vicente Creek,
and the San Francisco watershed lands in San
Mateo County (see “Map 3. Golden Gate
National Recreation Area Watersheds™).
Many smaller watersheds drain the steep
coastal bluffs directly into San Francisco Bay
or the Pacific Ocean.

The National Park Service has been
monitoring water quality and quantity in
varying degrees within these aquatic systems.
Most water quality sampling to date has
focused on specific sites with known or
suspected water quality impacts, including
beach water quality monitoring. The
National Park Service is presently designing a
more comprehensive monitoring program
that should identify any existing impacts and
serve as baseline data to determine future
impacts. For the lands in the southern part of
the park (San Francisco and San Mateo
counties), this work will also include an
inventory of the largely unknown water
resources. The monitoring will be
coordinated through the San Francisco Bay
Area National Parks Science and Learning, a
network of regional national park sites. The
National Park Service is currently
participating in a stream flow monitoring
program with stations on Lobos Creek,
Redwood Creek, and Easkoot Creek.

Freshwater Resources

Surface Water. Watersheds in southern
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