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INTRODUCTION

Purpose of the Assessment

The 2012 Planning Rule provides the process and structure to create local land and resource management
plans for the national forests in California. The rule establishes an ongoing, three phase process: 1)
assessment; 2) plan development or revision; and 3) monitoring. The 2012 Planning Rule is intended to
create understanding around landscape scale management. It takes an integrated and holistic approach
that recognizes the interdependence of ecological processes with social and economic systems. The
approach uses best available science to inform decisions along the way. Collaboration with stakeholders
and transparency of process are key ways the 2012 Planning Rule guides creation of forest plans for the
future.

The Sierra NF Land and Resource Management Plan (LRMP) will consider a full range of multiple uses
on National Forest System (NFS) lands where jobs are generated and economic opportunities are created.

This document represents the assessment stage and is designed to rapidly evaluate readily available
existing information about relevant ecological, economic, and social conditions, trends, and sustainability
and their relationship to the current land resource management plan within the context of the broader
landscape. Assessments are not decision making documents, but provide current information on planning
topics.

Structure of the Assessment

The Sierra National Forest is referred to throughout this document as “Sierra NF”, or “the forest”. The
Sierra National Forest Land and Resource Management Plan is referred to as the “LRMP”.

The Sierra NF Assessment begins with an INTRODUCTION to provide background about the process
and to describe the assessment area. The next section is RESOURCES MANAGED AND EXISTING
PLAN OBJECTIVES to help the reader with setting the context as the Sierra NF moves to forest plan
revision under the 2012 Planning Rule. That is followed by an explanation of BEST AVAILABLE
SCIENTIFIC INFORMATION. Next are FINDINGS for fifteen topics listed below. This section makes
up the bulk of the assessment. CONCLUSIONS, REFERENCES, HELPFUL LINKS, and the Forest
Service NON-DISCRIMINATION STATEMENT close out the assessment.

The Sierra NF Assessment identifies and evaluates existing information relevant to the plan area for the
following topics laid out in the 2012 Planning Rule:

Ecological integrity: terrestrial ecosystems, aquatic ecosystems, and watersheds
Air, soil and water resources and quality

System drivers and stressors

Baseline assessment of carbon stocks

At-risk species

Social, cultural, and economic conditions

Benefits people obtain from the assessment area: ecosystem services

Multiple uses: Fish/Plants/Wildlife, Water, Timber and Range

Recreation settings, opportunities and access, and scenic character

A S AN S e
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10. Energy and minerals resources

11. Infrastructure

12. Areas of tribal importance

13. Cultural and historical resources and uses

14. Lands status and ownership, use, and access patterns

15. Designated areas, including wilderness and wild and scenic rivers, and potential for designated
areas

The Living Assessment

Both the public and the 2012 Planning Rule envision wider and deeper levels of engagement in forest
plan revision. There are a variety of ways the Sierra NF has interacted with the public in the early stages
of the planning process. There has been engagement with the public at numerous face-to-face meetings
and technology has been used to interact virtually. Since 2010, the Sierra Cascades Dialog, a group in
made up of a broad spectrum of interested stakeholders, continues to be an important vehicle for
engagement on forest planning. The on-line community called Our Forest Place, a non-Forest Service
site, is where members interact on blogs and in discussion groups, and where they can find information
about forest planning and current events. A wiki site, The Living Assessment, was set up to allow for
information to be added to the 15 topics at both the bio-regional and forest scales.

The information found in each of the chapters on the Living Assessment is intended to describe current
conditions and trends. By outreaching to stakeholders, there has been direct engagement in contributing
to the content, not just reviewing the information. Many interested stakeholders have added important
and valuable input directly, creating a “living” body of work, in partnership with Forest Service scientists
and specialists. This is an important shift in the approach to public involvement.

In January, 2013 the Regional Planning Team and Sierra NF staff began working with agency specialists,
researchers, and interested stakeholders and providing their own initial contributions to the Living
Assessment. Over the course of the next several months, the team monitored entries, gathered
information, responded personally to questions and addressed concerns from contributors. They focused
attention on topics where there was significantly more interest than others. All the information used in
this assessment must be evaluated to ensure that it meets the standards of Best Available Scientific
Information (BASI) as described in the 2012 Planning Rule. While the wiki environment has been
extremely valuable in capturing and evaluating the information to determine when there are definitive
sources and where there are uncertainties or conflicting information, it has also presented some
challenges.

The FINDINGS section represents the rapid assessment of existing information about relevant ecological,
economic, and social conditions, trends, and sustainability. The document is thoroughly cited and the
complete REFERENCES section is found toward the end of the document. The reader is also provided
information about where to find more detail in snapshots taken of the Living Assessment, including
chapters and lines. These snapshots include an extended list of references.

Maps of the Assessment Area

The first map below shows the Sierra NF and where it lies within the State of California. The second map
describes the boundaries of the forest.
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The map below shows the Sierra NF boundary. The Sierra NF boundary starts clockwise at the

intersections of the Merced River, The

Sweetwater Creek and Highway 140, moves east following the

Merced River canyon to the border with Yosemite National Park near El Portal. It follows the Yosemite’s
southern boundary until it reaches the Inyo National Forest near Electra Peak. From there it travels south
to its border with the Kings Canyon National Park near Mt. Goethe. It then follows the Park’s northern
border. It heads south to the Kings River near Deer Canyon. From there it moves down the Kings River
canyon east. South of the river is the Sequoia National Forest. When it reaches Pine Flat Lake near
Trimmer, it turns north toward Tollhouse and continues on to Auberry. From there, it moves on to North
Fork, then west to form a small finger toward Coarsegold. Finally, the boundary travels north to Yosemite
Forks and moves west toward Miami Mountain, then heads north to return to the Merced River.
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Assessment Area, History and Distinctive Features

High elevation lakes, towering conifers, deeply carved river valleys and huge granite monoliths
describe the Sierra NF. The Sierra NF is the gateway to the Sierras, including the intensely visited
Yosemite, Sequoia, and Kings Canyon National Parks. The forest is divided into two ranger
districts, Bass Lake and High Sierra, located in Mariposa, Merced and Fresno Counties. The
forest is located along the west slope of the central-southern Sierra Nevada. The elevation
changes from 900 feet at Pine Flat Reservoir, to nearly 14,000 feet at the summit of Mount
Humphreys along the Sierra Crest.

On February 14, 1893, President Harrison proclaimed the Sierra Forest Reserve. Later as national
forests were established, the Sierra NF became the second and largest national forest in
California, nearly six times its current size. The forest was originally named for the Sierra Nevada
Range which forms the backbone of California. In the intervening years, portions of the original
Sierra NF were carved off to become parts of other adjacent national forests. The Sierra NF is the
origin of the headwaters of the San Joaquin, Kings, and Merced Rivers and sustains the
agricultural industry of the San Joaquin Valley.

The elevation range, combined with the variability in aspect and slope created by three deep river
canyons, a variety of geology and soils, and precipitation primarily as rain at low elevations and
snow at high elevations, create an extremely high diversity of ecosystems across the forest. The
ponderosa pine is the predominant tree species on this forest and can be found between the 4,000
and 8,000 foot elevations. This area of the Sierra Nevada Range provides an important
component for biological diversity in the landscape of the western United States. The Sierra NF
is inhabited by over 1,400 plant species, and approximately 346 fish and wildlife species.

The forest’s geomorphic foundation primarily consists of an uplifted, westward-tilted Sierra
Nevada block that has been deeply incised by large rivers as well as their tributaries. Bedrock is
primarily granite, along with limited metamorphic and volcanic presence, as well as glacial
deposition in the lower river valleys. The terrain is dominated by steep slopes and rocky canyons,
mixed with low slopes and flat areas.

Some areas of the forest contain unusual rock types like limestone, marble and gabbro. This
creates soil chemistry that supports unique plant communities, and often harbors rare plant
species. For example, there is a relatively large vein of limestone in the Kaiser Wilderness in
Fresno County, where unique plant species such as the rare moonwort ferns (e.g. Botrychium
ascendens, B. crenulatum) are found at meadow edges. The metamorphic rock type (phyllite)
found in the Merced River drainage contains the entire world distribution for two plant species:
Congdon’s woolly sunflower (Eriophyllum congdonii) and the Merced clarkia (Clarkia
lingulata).

Climate generally consists of warm, dry summers and cool, moist winters at the lower elevations,
with harsher winters as elevation increases. Mean annual precipitation is 20 to 60 inches, with
most falling as snow above 5,000 feet.

The Sierra NF provides a diversity of recreation opportunities to local rural residents, nearby
communities and towns, and to the highly urban areas along the California coastline. Facilities

8



offer opportunities that range from highly developed campgrounds and picnic areas, to minimally
developed overnight and day use areas that serve primarily as access points to trails, creeks, rivers
and general forest areas.

The Sierra NF encompasses 1.3 million acres of land and water, with about 44 percent, or
577,140 acres, designated as wilderness. These areas offer solitude and vast open space as part of
one of the largest contiguous blocks of wilderness in the continental United States.

The forest provides tremendous opportunities for hiking, horseback riding, and mountain biking,
as well as off road vehicle use on trails jointly maintained by the Forest Service and many
partners. The forest is home to two groves of giant sequoias, Nelder and McKinley Groves.
Nelder Grove includes 1,006 mature giant sequoias and features the Shadow of the Giants Trail
that provides interpretation to hikers on the ecology of the sequoias.

The Sierra NF provides opportunities for nature-based education to a wide variety of local and
area residents. Programs like the Central California Consortium provide opportunities to students
from communities in and around the San Joaquin Valley to learn about natural resources, as well
as to contribute to their stewardship.

The Sierra NF has many historically significant sites. For instance, the Dinkey Creek Historic
Bridge, which may be the only bowstring arch truss bridge in California, is located here. The
bridge was built in 1938 and is listed on the National Register of Historic Places. The forest lies
in the traditional territories of five federally recognized tribes, as well as a number of other tribes,
groups, and tribal organizations. Tribal communities are important partners in forest management
activities.

The Sierra NF has been largely affected by fire suppression for almost a century. As a result, live
and dead fuels have increased to abnormally high levels of abundance, greater than the natural
range of variability. The number of people using and living in and near the forest has grown,
making fire management challenging. There are competing interests to: 1) provide protection for
human life and property from wildfire; 2) reduce the undesired impacts from wildfire to forest
resources; and 3) acknowledge that fire is an essential component of healthy ecosystems. Most
wildfires continue to be suppressed at small sizes, however, fires that escape early suppression
often burn severely for a few days and can add larger areas of moderate and high severity fire
than are desired.

Historical logging, livestock grazing, hydroelectric power generation and residential development
have also influenced ecological conditions and management across the landscape. For example,
prior to the mid-1900s, and to a lesser extent from the mid-1900s to the early-1990s, logging on
the Sierra NF, primarily within the lower and mid-slope areas (3,000 to 7,000 feet), typically
consisted of removing many of the largest overstory trees. This was particularly significant on
what is now the Bass Lake Ranger District, and came as a result of extensive railroad logging
between the late 1880s and the 1930s. These actions resulted in substantial reductions of sugar,
ponderosa and Jeffery pine forests.

The Sierra NF is within an hour’s drive of several growing population centers in the San Joaquin
Valley. The San Joaquin Valley has a highly diverse population that has increased over 10 percent
in the last ten years and is projected to increase by 25—100 percent by 2050.
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RESOURCES MANAGED AND EXISTING PLAN
OBJECTIVES

Placed under federal protection and management in 1893, the Sierra NF has met the public’s
needs for more than a century. With its numerous lakes, abundant natural resources, contiguous
wilderness and endless recreation opportunities, the Sierra NF is one of the most popular national
forests in the United States. The mission statement of the Sierra NF (2006) is:

We manage the Sierra NF to maintain and restore healthy watersheds and
diverse fire adapted plant and animal communities. We manage our public lands
to provide outstanding experience unprecedented landscapes continuous
wilderness and spectacular mountain lakes. We administer our programs and
infrastructures to provide a safe workplace for our employees. We foster
partnership and collaboration with stakeholders for the betterment of the forest
and protection of our communities. We are committed to an adaptive approach to
management that will leave the land in better conditions than it is today. As a
result of our actions, we will generate forest products and healthy watersheds for
future generations.

Resource Management on the Sierra NF

The Forest Service manages NFS lands to sustain the multiple-use of its renewable resources in
perpetuity, while maintaining the long term health and productivity of the land. Resources are
managed through a combination of approaches and concepts for the benefit of human
communities and natural resources. Land and resource management plans (LRMPs) guide
sustainable, integrated resource management of the resources within the plan area in the context
of the broader landscape, giving due consideration to the relative values of the various resources
in particular areas (36 CFR Part 219.1(b)).

The Sierra NF LRMP was completed in 1992 and then amended in large part to incorporate the
guidance in the 2004 Sierra Nevada Forest Amendment, commonly referred to as the 2004
Framework. The 1992 Sierra LRMP direction is provided through goals and objectives, followed
by future conditions, then general management prescriptions and standards and guidelines.
Finally, each management area has prescriptions, practices, outputs and activities. The 1992
LRMP lists 32 goals and objectives, which represent a wide variety of multiple uses including
recreation, wilderness, wildlife, fish, livestock grazing, timber harvest, minerals, soils, water, air
quality, cultural resources, transportation system, and fire management.

Management direction for the 2004 Framework is provided in the Record of Decision. The
emphasis of the 2004 Framework is to adopt an integrated strategy for vegetation management
that is aggressive enough to reduce the risk of wildfire to communities in the wildland urban
interface, while modifying fire behavior over the broader landscape. Direction is provided for
management goals and strategies, desired conditions, management intents and objectives, and
management standards and guidelines. The 2004 Framework addressed five problem areas: old
forest ecosystems and associated species; aquatic, riparian and meadow ecosystems and
associated species; fire and fuels management; noxious weeds; and lower westside hardwood
ecosystems.
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The Sierra LRMP was again amended by the Sierra Nevada Forests Management Indicator
Species Record of Decision in 2007. This decision amended the plans for the national forests in
the Sierra Nevada to adopt a common list of management indicator species (MIS).

Budgets

The Sierra NF receives its funding from three sources: Appropriations, Revenue and
Reimbursements. All national forests receive the majority of their funding from congressional
appropriations.

Revenue is the funding earned through commercial ventures such as mining, timber sales,
recreational activities and donations. The Sierra NF is not authorized to collect revenue from the
majority of its commercial activities. Instead, it receives a portion of the collections via trust
funds which are created from the proceeds of these activities. Similarly, the Sierra NF does not
collect revenue directly from any of the concessionaire-owned facilities in the forest. All of the
concessionaries operate under special use permits, which allow the forest to receive
compensation. The 2005 Federal Land Recreation Enhancement Act increased the ability of
national forests to recover their expenditures by charging fees at designated locations and
includes special uses as well.

In terms of reimbursement, the forest receives funding for work performed by Sierra NF
personnel on behalf of other agencies, for example, the Bureau of Land Management and other
Forest Service units. The work performed is typically road and trail maintenance.

History

Between 1996 and 2005, the overall budget of the Sierra NF grew by approximately 7 percent,
from $19.6 million in 1996 to $21 million in 2005. When adjusted for inflation, actual spending
power of the forest decreased by 13 percent. Funding for fire pre-suppression and hazardous fuels
reduction programs has increased over the past 10 years. Appropriations for these two programs
in 2005 were 180 percent higher than in 1996. At the same time, appropriated funding for non-
fire related activities declined slightly from $8.1 million in 1996 to $7.8 million in 2005.
Revenue and reimbursement accounts also went down. With the reduction in the timber program,
revenue declined 75 percent. Reimbursements hovered around $1.14 million amounting to a 19
percent adjusted decrease in these accounts with inflation.

Strategies

A financial analysis revealed a decline in appropriated funding and in turn, an increased
dependency on other revenue. Therefore, many forest strategies focus on cost reduction and
revenue generation. One important strategy is to increase the number and effectiveness of
partners and volunteers. Other strategies focus on the mission: protecting and sustaining the
forest ecosystem, and maximizing recreation opportunities by reaching out to surrounding
communities.
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Revenue Opportunities

Since 1908, every national forest has ceded to the U.S. Treasury gross receipts generated by the
sale or commercial use of commodities on that forest. Twenty-five percent of these receipts were
then sent back to the states in order to fund county schools and roads. Most of the capital behind
the 25 percent fund came from timber sales. In the late 1980s, timber sale receipts began
declining, and counties, especially those with a high percentage of National Forest System land,
lost a significant source of funding.

In October of 2000, Congress passed the Secure Rural Schools and Community Self
Determination Act to address declining federal receipts on local governments. Title II of the Act
gave counties access to funds for reinvestment in forest and watershed health. The Recreational
Fee Demonstration Program created by the Omnibus Consolidation Rescissions and
Appropriations Act of 1996 is another funding source. Under this legislation, the Forest Service is
able to charge user fees to its recreating visitors. The Sierra NF was able to obtain 20 percent of
the revenue from its Golden Eagle Passports and wilderness reservations. The Sierra NF is also
able to charge modest fees at campgrounds, rental cabins, high impact recreation areas and day
use areas.

Trends

Although annual funding for the Sierra NF has hovered around $20 million since FY 1996, the
distribution of the funding has changed dramatically. The most notable change in distribution
comes from revenue, which has declined by 75 percent, since 1996. This decline is primarily due
to the substantial reduction in timber harvesting that occurred in the Forest in the 1990s.

Another notable trend is the shift in appropriated funding from core forest operation to fire
management. As the proliferation of wildfires became a nationwide concern at the turn of the last
century, a series of executive directives were enacted to ensure that fire prevention and
suppression measures received ample support. The funding for non-fire activities began to
decline. At the same time, potential revenue-generating activities of the Sierra NF decreased.
Between FY 2000 and FY 2001, revenue decreased 49 percent while appropriated fire funding
increased 71 percent.

Apart from the funding supplied to the forest during emergencies, fire-related funding comes
from two sources: hazardous fuels reduction and fire pre-suppression and preparedness dollars.
Funding for hazardous fuel reduction pays for reducing hazardous under brush and vegetation in
order to reduce the spread of active forest fires. Fire pre-suppression and preparedness funds pay
for training, supplies, equipment, and public awareness campaigns. Between FY 1996 and FY
2005, fire-related appropriations to the Sierra NF increased from $3.7 million to $10.5 million.
This 180 percent increase in fire-related appropriations is critical for preventing damaging
wildfires, but leaves less to support other forest operations.

The facilities operations and maintenance programs have had the biggest shortfall. As federal
appropriations decline, maintenance of the forest’s physical infrastructure falls behind. Other
program areas that experienced significant funding shortfalls were timber, law enforcement, and
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planning. Although not as big in terms of dollar amounts, the trails and specially designated areas
management programs are also experiencing funding declines.

The Human Factor and the Sierra NF

The list of forest accomplishments grows every year as a result of the dedication and
perseverance of the Sierra NF team. This team is made up of dedicated employees, committed
volunteers and interested and engaged partners. The Sierra NF continues to work side-by-side
with other federal agencies, state and local governments, communities and individuals, tribes,
nonprofits, corporations, and other organizations to build a collaborative relationship to meet the
mission of the agency. The Forest Service strives to strengthen ways it can be a constructive
community member and contribute to the well-being of the community, over and above financial
support. True partnerships involve engaging in long term relationship-building, joint planning,
goal-setting and implementation, accountability and "win-win" outcomes. Relationships with the
tribes have always been important to the Sierra NF and continue to be critical as forest planning
continues for the future. Coordination with tribal communities benefits both the landscape and
the people who care deeply about it. Cooperating with and planning for the future alongside
other governmental agencies, at the local, state and federal levels is extremely important in order
to gain efficiencies and provide the best possible services to the public.

Risk Factors

The International Organization for Standardization defines risk as the “effect of uncertainty on
objectives”. In this definition, uncertainties include events which may or may not happen, and
those caused by ambiguity or a lack of information. The definition also includes both positive and
negative impacts on objectives. The Bio-Regional Assessment addressed a number of
uncertainties, or risk factors, such as climate change, population growth, demographic and value
shifts, commodity market prices, regional economic conditions, political influence, and federal
and state budgets.

In the short term these risk factors can impact the strength, frequency and intensity of fire, floods,
weather events, insect and drought-related tree death, and even major court precedence. In the
longer term, the strength, frequency and intensity of land use change, local economic trends, use
patterns, and ongoing project litigation can be impacted.

The risks to the Sierra NF include a number of uncertainties, such as climate change, population
growth, demographic and value shifts, commodity market prices, regional economic conditions,
political influence, and federal and state budgets. Other risk factors to consider are
communication, expected program budgets, skill and expertise deficiencies, time impacts, lack of
information, and cooperation of others.

Risk factors are discussed in the body of the assessment in the terms of changes over time, trends,
and information gaps.
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BEST AVAILABLE SCIENTIFIC INFORMATION

This section explains 1) how the best available scientific information (BASI) was used in
developing the assessment, and 2) how key scientific information was determined to be BASI,
based on what is most relevant, accurate, and reliable.

In developing the chapter papers for the Living Assessment, Forest Service experts provided
information supported by publications, scientific assessments, federal agency inventory and
monitoring data, and other sources of scientific information such as expert opinion where
available and which addressed the 15 topics.

The initial information on trend and conditions was then drafted and made available to the public
on The Living Assessment and the Sierra NF website. Stakeholders provided feedback on the
content of the topic papers, as well as additions of references and information directly, or
submitted feedback on the content through email or hard copy letters. Stakeholders were asked to
provide alternate or conflicting data sources and information, to not directly replace other valid
information, and to provide references to support their additions to help the Forest Service
evaluate conflicting views on conditions and trends. There were varying levels of response to that
request.

A snapshot of the Sierra NF chapters on the Living Assessment was captured on July 2, 2013 so
that a fixed set of information could be evaluated since the Living Assessment pages remain open
to editing. The Forest Service followed the direction and guidance in the 2012 Planning Rule
draft directives on the information to be collected to describe condition and trend, to make sure
appropriate readily available information was considered in this forest assessment.

The Forest Service focused on the references to the Sierra chapter papers, the Science Synthesis,
the Bio-Regional Assessment, and other information sources to identify information to be
included in this assessment.

The information from these sources was evaluated to determine if it was relevant to the scope and
scale of the question at hand, if it was accurate, and if it was reliable. High quality and valid
scientific information was considered particularly valuable. This type of information is
characterized by clearly-defined and well-developed methodology, logical conclusions,
reasonable inferences, adequate peer-review, suitable quantitative methodology, proper spatial
and temporal context, and the use of relevant and credible citations.

To be relevant, the information must pertain to the 15 topics under consideration at spatial and
temporal scales appropriate to the plan area and to a land management plan. Relevance in the
assessment phase means scientific information that is relevant to the conditions and trends of the
15 topics in 36 CFR 219(b), or to the sustainability of social, economic, or ecological systems (36
CFR 36 219.5(a)(1)).

Accuracy and reliability of relevant information was determined by comparing the scientific
certainty and quality of the information, and using the most scientifically certain information
available. Information from the chapter papers without appropriate supporting citations or
references was considered to be less certain under the draft directives.
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If the information appeared to be of comparable scientific certainty, then both points of view were
carried forward and a data gap was identified as to the final conclusions. In this way conflicting
information will be made available during public feedback opportunities, collaboration and the
internal review process to verify and validate the information meets the criteria to be considered
BASI. An assumption of the planning process is that public feedback will help ensure that
relevant, accurate, and reliable information is considered.

Throughout the planning process, if competing scientific perspectives are found and it is an
important planning issue, science review may be requested to critically evaluate the relevance,
accuracy, and reliability of the competing information, and to determine the best available science
to assist the responsible official in making planning-related decisions.

Key assumptions in determining BASI, in addition to those documented in the assessment, are
documented in the administrative record. References included in this assessment reflect the most
relevant documents, given the scope and scale of the assessment and determined to be BASI.

FINDINGS

Chapter 1: Ecological Integrity

Important Information Evaluated in this Phase

Ecological integrity is defined as the degree to which ecosystems are represented across the forest
and functioning properly (Safford et al. 2012). For example, meadows are still well represented
and are not substantially reduced in extent. Forests currently provide habitat for native plant and

animal species at levels that allow them to persist.

In more technical terms, the 2012 Planning Rule draft directives define it as:

the quality or condition of an ecosystem when its dominant ecological characteristics (for example
composition, structure, function, connectivity, and species composition and diversity) occur within
the natural range of variation and can withstand and recover from most perturbations imposed by
natural environmental dynamics or human influence.

Biodiversity, or the living component, is central to ecological integrity. Most simply, it is the
diversity of life.

More formally, according to the Congressional Biodiversity Act HR1268 (1990):

Biological diversity means the full range of variety and variability within and among living
organisms and the ecological complexes in which they occur, and encompasses ecosystem or
community diversity, species diversity, and genetic diversity.

In this chapter, conditions and trends of ecological integrity are described and evaluated
separately for the three major ecosystem types: terrestrial, aquatic, and riparian.

The primary data sources used were Forest Service databases. Additional information was
compiled from the recent Sequoia Kings-Canyon National Park Resource Condition Assessment
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(USDI 2013). Information was also taken from the April and July snapshots of Chapters 1 on the
Living Assessment for the Bio-Regional and Sierra NF. Finally, substantial information was
derived from literature reviews conducted by the Forest Service Pacific Southwest Region
Ecology Program on the Natural Range of Variability of dominant vegetation types for the Bio-
Regional Assessment (Safford 2013, Meyer 2013a and Meyer 2013b, Estes 2013, Merriam 2013,
Gross and Coppoletta 2013). The Science Synthesis was developed for the Sierra Nevada by the
Forest Service Pacific Southwest Research Station; individual chapters used included Hunsaker et
al. 2013 and Collins and Skinner 2013.

Nature, Extent, and Role of Existing Conditions and Trends

These assessments focus on the current condition of the terrestrial, aquatic and riparian
ecosystems of the Sierra NF. Current conditions, special habitats, biodiversity, ecological
integrity, and natural range of variability for these three major ecosystems are assessed. All lands
on the Sierra NF were included in this assessment. In some sections, broader patterns for the
larger bio-region were also discussed.

Terrestrial Ecosystems

Land-based, or terrestrial ecosystems, change with elevation across the Sierra NF. At the lowest
elevations, rising above the valley floor is the foothill zone which extends up to the montane
zone. Ponderosa pine and mixed conifer forests dominate the montane zone. Next the upper
montane zone is comprised of a mosaic of red fir forests, open Jeffrey pine woodlands, meadows,
and montane chaparral. At the highest elevations, the sparsely vegetated subalpine and alpine
zone occurs. Massive areas of rock outcrops occur throughout all of these vegetation types.
Herbaceous plant species contribute most to plant species richness.

Foothill Zone

The foothill zone of the Sierra NF captures a small proportion of the western foothill belt which is
mostly in private ownership throughout the Sierra Nevada. Because of this, the small amount of
this biologically diverse vegetation type in public ownership is important for long term
conservation. Mediterranean climate with long, hot summers, and cool, wet winters where most
precipitation falls as rain (20-40 inches) is characteristic. Non-native grasses and herbs are
dominant. Tree-dominated plant communities are blue oak woodland or savannah with foothill
pine California buckeye, and interior live oak present to varying degrees.
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Foothill landscape on the Sierra NF

The photo above shows a typical foothill landscape on the Sierra NF. In the foreground, open blue
oak woodland (with 10-40 percent tree cover) over a green carpet of mostly non-native annual
grasses is shown. The top of an evergreen live oak can be seen in the lower right corner. On the
gentle hillslopes extending up into the middle of the photograph, large fields of orange, California
poppies are visible on the south-facing aspects. On the north-facing aspects, the oak woodland
extends up. Scattered on the tops of the slope and ridge are rock outcrops of granite.

The distinctive chaparral of eastern Fresno County is dominated by Mariposa manzanita,
buckbrush, chaparral whitethorn, interior live oak, birchleaf mountain mahogany, western redbud,
flannelbush, and yerba santa, with many other species adding to a highly diverse and special type
of chaparral found only here. The relict, endemic shrub tree anemone has its natural range in the
Sierra NF in this chaparral type, within a 225 square mile area.

Mixed Conifer Zone

Mixed conifer forest dominates the montane zone. It is comprised of: ponderosa pine, sugar pine,
incense cedar, and white fir, and some Douglas-fir. Black oak is an important component of many
mixed conifer stands, particularly at the lower elevations and on drier aspects (south and west).
Knobcone pine, a fire-adapted, closed-cone tree, occurs in limited patches, such as near the
Merced River. This zone is where the old forest associated California spotted owl, northern
goshawk, and fisher occur most.

The photo below shows a mixed conifer forest near Nelder Grove at the higher reaches below
upper montane red fir forests. A moderately dense (60-80 percent canopy cover) stand of white
fir with scattered incense cedar and sugar pine are shown. In the foreground, a dense carpet of
needle litter and scattered sugar pine cones are sprinkled with white fir and incense cedar
seedlings. Scattered yellow bracken fern occur. Although not visible, this stand contains a
population of the Forest Service sensitive species, the lady’s slipper orchid (Cypripedium
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californicum). The continuous litter layer and dense forest in the background are a result of long
term fire suppression.
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Mixed conifer forest near Nelder Grove

Upper Montane Zone

Upper montane forests occur above mixed conifer, where snow is the primary precipitation. Red
fir forests with Jeffrey pine in the rockier sites occur. On more productive sites, western white
pine is also found. In wetter sites, where the water table remains high in the summer, pure stands
of lodgepole pine occur. Montane chaparral may cover extensive acreage in this zone, sometimes
naturally on thin, rocky soils or in response to natural disturbances such as fire or avalanches. In
many cases, shrub-dominated areas occur where sites have been logged or otherwise disturbed by
forest management activities. Granitic outcrops are abundant in this zone as well, with many
forest endemics and other rare plants.

Subalpine and Alpine Zone

The subalpine zone has stands of mountain hemlock and open, windswept pines. Whitebark pine
is found in harsh, windswept areas of the alpine zone. The alpine zone is generally referred to as
“above timberline” but may have krummholz or stunted trees, especially of whitebark pine. It
supports a rich understory flora of over 600 species, 200 of which are limited to that zone
(Sawyer and Keeler-Wolf 2007).

The photo below is of the John Muir Wilderness. It illustrates typical subalpine and alpine
landscapes on the Sierra NF. In the foreground, low cover (1-30 percent) of herbs, grasses, and
shrubs occurs among low granite rocks. Scattered stunted whitebark pine is intermixed. Around
the lake in the center of the photo, there is a small rim of vegetated area, with sedges and rushes
dominant. The rocky ridge in the background has sparsely vegetated talus and scree slopes.
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John Muir Wilderness

Characteristics of Ecological Integrity

Ecological integrity is simple in concept to define, but more difficult in practice to assess.

A limited suite of ecosystem characteristics were selected to assess ecological integrity based on:
¢ information was readily available
o characteristic is relevant to key issues and sensitive to drivers and stressors

e characteristics represent elements not covered in other chapters

These included:

e natural range of variability of vegetation

e vegetation diversity (within-stand complexity, large trees, snags, habitat types)
e special habitats (e.g. aspen, complex early seral, old forest)

e fire as an ecological process

e connectivity (overall, old forest, and special management areas)

Natural Range of Variability

Under the 2012 Planning Rule, “natural range of variability” is a key means for gauging
ecological integrity. Ecosystem sustainability is more likely if ecosystems are within the bounds
of natural variation, rather than targeting fixed conditions from some point in the past (Wiens et
al. 2012). Comprehensive, scientific literature reviews on natural range of variability were
compiled. The following is an overview.
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Consistent with trends across the entire assessment area, terrestrial ecosystems in the Sierra NF
are predominantly outside the natural range of variability (NRV) for key indicators of ecological
function, structure, and composition.

First, nearly half (44 percent) of the area of the Sierra NF dominated by woody vegetation (or 76
percent of montane coniferous forests) is in a highly departed condition with respect to the
historic fire return interval, burning at frequencies that are significantly longer than pre-settlement
fire regimes (Safford and van de Water 2013). The Sierra NF has missed an average of three to
four fire return intervals across all vegetation types dominated by trees or shrubs (Safford and van
de Water 2013). Subalpine forests are the exception, burning at intervals that within one or two
fire return intervals.

Second, terrestrial ecosystems are experiencing increasing tree densities and canopy cover,
especially shade-tolerant species at low to mid elevations. This pattern of increasing tree density
and cover in mixed conifer and yellow pine forests are supported by extensive stand
reconstruction studies at the Teakettle Experimental Forest (e.g., North et al. 2007, 2009) and
neighboring Yosemite National Park (Scholl and Taylor 2010), and comparisons of early 20™
century versus current stand inventory data (Meyer et al. 2013a) on the Sierra and Stanislaus
National Forests (Lyderson et al. 2013 and Knapp et al. 2012).

The pair of photos below shows a comparison of historic (1929) and current (2013) stand
conditions in a mixed conifer stand of the Sierra NF. This is taken from the original Dunning
“Methods of Cutting” plot, used to illustrate forestry practices in the late 1920s. The photos were
taken at an identical location and direction. In the top black and white picture taken in 1929, the
forest is composed of a mixture of stand conditions (heterogeneity), including an open gap
(foreground), dense clumps (background right), and moderately dense large trees (middle of
photo). These include pine and fir trees. In front of the trees, the ground is open. Below the trees
there are several large logs. In the background, a large snag is visible along with a variety of size
from pole to overstory trees. In contrast, in the bottom color photo, taken in 2013, the forest is
more uniformly dense and dominated by mid- and small-sized trees. The forest floor has a
continuous litter layer covering it. Large logs are absent.
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Historic (1929) and current (2013) stand conditions
in a mixed conifer stand of the Sierra NF

Tree densities are also increasing in high elevation subalpine forests, based on information from
immediately north of the Sierra NF (Dolanc et al. 2012). Species composition is shifting toward
shade-tolerant species in low to mid-elevation forests and woodlands, favoring species such as
white fir and incense cedar at the expense of shade-intolerant species such as ponderosa pine,
yellow pine, giant sequoia and black oak. In contrast, subalpine forests are within NRV with
respect to species composition (Dolanc et al. 2012).

Terrestrial ecosystems of the Sierra NF are expected to experience dramatic changes in climate in
the coming decades (Meyer and Safford 2013, Safford et al. 2012). Consequently, the future
range of variation in climate exposure for these ecosystems will almost certainly exceed the NRV,
Schwartz et al. (2013) evaluated future climate exposure to vegetation using downscaled climate
projections for the southern Sierra Nevada, including the Sierra and Sequoia National Forests.
Their results indicate a high proportion of all terrestrial ecosystems will be moderately, highly, or
extremely vulnerable to future climate by the end of the century.

Vegetation Diversity: Type and Successional Stage

The California Wildlife Habitat Relationships (CWHR) classification system (CDFG 2008) was
used as one way to characterize vegetation diversity. This comprehensive system is used
throughout California’s national forests, and it is the system is used here to provide an overview,
or broad-scale filter, of habitats on the Sierra NF. It is based on dominant species, average size
and canopy density. It is limited by lack of some key habitat characteristics (North and Manley
2012) such as shrubs, snags, large trees, or within-stand complexity, but is what is readily
available. To supplement this information, other sources of existing data, especially from Forest
Inventory and Analysis (FIA) plots were also assessed.

The Sierra NF contains 30 terrestrial vegetation types. The map below shows the range of CWHR
types based on dominant species or vegetation type. Distinct bands of vegetation that change with
elevation are evident. At the lowest elevations, orange areas dominate. These are hardwood,
covering about one fifth of the forest. Interspersed are significant areas of light green, which are
chaparral, particularly on south-facing slopes. Next, covering about one fifth of the forest is a
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band of mixed-conifer forest and pine, depicted in light sage. Above that is a narrower band,
about one tenth of the forest, colored brick. This is the upper montane forest which is dominated
by red fir. Next, is a large band of dark green that represents an extensive area of subalpine forest,
with co-dominance or dominance of lodgepole pine. At the highest elevations, along the crest, is a
narrow band of alpine dominated vegetation. Throughout, especially in the upper montane areas
and above, meadows occur in varying sizes but are not large in area.
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Range of California wildlife habitat relationship types,
based on dominant species or vegetation type on the Sierra NF
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Habitats are further classified by combining the three CWHR criteria: vegetation type, size and canopy
cover to create primary habitat types. The largest habitat coverage on the Sierra NF are mid seral
coniferous forests (20 percent), hardwood and mixed hardwood -conifer forests (15 percent), late seral
closed canopy coniferous forests (11 percent) and shrublands (10 percent).

More detail on combinations of average stand tree diameters and canopy cover categories is shown in the
figures below. There are separate graphs for each ecological zone, including foothill, montane, upper
montane and subalpine forests. The left axis of each displays the percentage of area occupied by each
category, from 0 to 100 percent. The bottom axis displays different diameter categories from saplings (0-6
inch diameter), pole (6-11 inch diameter), small trees (11-24 inch diameter) and large trees (>24 inch
diameter) from left to right. Each bar shows up to three canopy cover classes. The blue color is on the
bottom and displays sparse to low canopies (10-40 percent cover). Next in the middle is red, which
indicates moderate cover (40-60 percent cover). On the top is green, which denotes high canopy cover
(>60 percent cover). Across the bottom, the acres for each combination of canopy cover (rows) and
diameter size class (columns) are shown.

The top left graph is of forests in the lowest elevation, foothill zone. Most of the area (115,000 acres) is
dense canopy cover with pole or small trees. A small portion (about 19,000 acres) has dense canopy and
large trees and represents the hardwood-conifer forests at higher elevations and north or east aspects.
Most of the remaining area has moderate canopy cover of pole or medium trees (-60,000 acres). The top
right graph is of the montane forest, comprised of mixed conifer, ponderosa pine, and hardwood-conifer
(black oak). The majority of this zone is in the medium diameter class (11-24 inch) and moderate to high
canopy cover (160,000 acres). A substantial area is in dense canopy, large average tree diameter (93,000
acres). Most of the rest of the area is in low to moderate canopied pole size trees (40,000 acres). The
upper montane zone occupies roughly half the area as the montane zone with similar patterns of size and
density, except there is twice as much moderate canopy area of medium trees. This reflects the more open
nature of higher elevation red fir and Jeffrey pine forests. Subalpine forests and woodlands cover the
least area. A higher proportion of this zone is comprised of open, shrub, herb, and grass dominated or
sparsely vegetated areas. The dominant tree size class is smaller, 6-11 inch, and 11-24 inch diameter, and
the canopy is more open (20 percent or less) (55,000 acres). This is due to the harsh, higher elevation
conditions and naturally more open subalpine woodlands.
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Vegetation Diversity: Large Trees and Snags

Large trees and snags are important to numerous cavity nesting and foraging animals including fisher,
pine marten, California spotted owl, woodpeckers, flying squirrels, great gray owls, and many cavity
nesting birds.

Overall, the number of large trees and snags are low and highly variable across all forest types. In all
conifer types, there is less than 5 large trees (less than 30 inch diameter) per acre. In addition, the
densities vary radically across the landscape as large trees are not evenly distributed. Most areas have a
few large trees per acre and some patches, often previously disturbed (timber harvest or wildfire), don’t
have any and where they occur, they can be in clumps and patches across the landscape. Very large trees,
trees more than 40 inch diameter, densities are even lower, typically less than one to two trees per acre.
Again, many areas have no very large trees, and a few have some. In hardwood conifer and hardwood
types, large tree levels are also somewhat low, with trees less than 24 inch diameter in the range of 4 to 6
per acre in conifer-hardwood forests. As expected, for oak woodlands that occur in harsher environments
the levels are lower.
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Large snags show similar patterns to large trees, but with lower densities and higher variation.
Calculations of snags greater than 15 inches diameter show the range is from 1 to 4 snags per acre in
conifer forests. As with large trees, the numbers are lower for conifer-hardwood, generally less than 3
snags per acre and numbers are calculated to be even lower in the oak woodland. Snags are especially
variable in distribution with some patches containing large numbers from recent wildfires or where
insects or disease killed groups of trees and other areas containing few dead trees. Large snags can stand
for longer periods of time (decades) than smaller diameter snags (often less than a decade) and tree
species and method of mortality also affects the decay and snag fall rates.

For more detailed information see the July 18, 2013 snapshot of the Bio-Regional Living Assessment
Chapter 1, lines 521-523.

Vegetation Diversity: Within Stand Structure

Heterogeneity is a term used to describe variable or patchy vegetation. North (2012) and others consider
restoration of forest heterogeneity a major management goal. Previous discussion of increased forest
density, lower large tree levels, support research that forests have become more uniform (North et al.
2009). This includes studies on the Sierra NF (North et al. 2007). North and Sherlock (2012) suggest
using the coefficient of variation of stand structures as a way to measure the amount of “heterogeneity”.
Using the FIA data, the variation in basal area—the total cross-sectional area at 4.5’ height of all trees,
was calculated on the Sierra NF. Each plot consisted of 4 subplots. Almost all of the forest plots had
coefficients of variation less than 100 percent, meaning they had low within-stand variation.

For more detailed information see the July 18, 2013 snapshot of the Bio-Regional Living Assessment
Chapter 1, line 520.

Special Habitats

There are some habitats that are less common, yet support a high level or specialized type of biodiversity.
Information is limited on these habitats, but they are important to include. While not an exhaustive list,
some of the special habitats noted on the Sierra NF include: old forest, complex early seral forest, rock
outcrops, and giant sequoia groves. Most sequoia groves occur south of the forest and are encompassed
in the Giant Sequoia National Monument. Their ecology and the characteristics of the species are
addressed in the recent Sequoia National Monument Management Plan.

There are two giant sequoia groves on the forest, in the mixed conifer zone. Nelder Grove occurs in
Mariposa County in the Fresno River watershed on the northern part of the forest, and McKinley Grove
occurs in Fresno County in the Kings River watershed on the southern part of the Forest. They are
impacted by fire exclusion, climate change, insects and disease, air pollution, and recreation. Increasing
tree densities, fuel loading, and lack of fire have contributed to lower tree regeneration, and increased risk
of high severity fire (Price 2000). Groves north of the main sequoia locations to the south in Kings-
Canyon National Park, and the Giant Sequoia National Monument are considered important because of
climate change that will increasingly stress trees to the south.

Rock outcrops support a variety of uncommon and often rare plants. These include limestone,
metamorphic, gabbro, and granite rock outcrops. Plants associated with these habitats are described in
Chapter 5 of this assessment. These areas are impacted by invasive plant species, habitat fragmentation,
uncharacteristically frequent fire, surface mining, post-fire disturbance such as intensive grazing, illegal
marijuana cultivation, and climate change.
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Early seral vegetation includes areas where the vegetation is relatively young. In forests, this often means
that instead of trees, sites are dominated by shrubs, herbs and grasses. Complex early seral forests are
created by disturbances and contain residual legacies from previous older forests, such as large snags and
logs. Although information pertaining to the proportion of early seral forest is lacking for the Sierra NF,
these habitats may be less abundant compared to pre-European settlement conditions due to fire
suppression and past forestry practices. Lack of these forests is a reflection of the decrease in forest
heterogeneity described above. Large snags, large live trees and shrubs are the most common nesting
habitat used by birds in the bio-region. A comprehensive map of complex early seral forests is not
available. There is no comprehensive vegetation map that includes large snags and logs.

For more detailed information see the July 18, 2013 snapshot of the Bio-Regional Living Assessment
Chapter 1, lines 976-1538, and the July 2, 2013 snapshot of the Sierra NF Living Assessment Chapter 1,
lines 172-235.

Terrestrial Animal Diversity

The Sierra NF is inhabited by approximately 302 species of terrestrial wildlife: 198 bird species, 82
mammal species and 22 reptile species. Chapter 5 of this assessment contains detailed information on
species classified as federal threatened, endangered, proposed or candidate species under the Endangered
Species Act. Species of conservation concern, their habitat, threats, condition, and trends are also covered
in Chapter 5.

Connectivity

The ability for species to move throughout a landscape is important for ecological integrity. Species that
are wide-ranging are able to maintain genetic diversity and sustainability in the face of changes to their
population or environment. Connected landscapes allow other species to migrate in the face of climate
change or other pressures. Existing information on connectivity across the Sierra NF and the bio-region
include several sources: California “essential connectivity project corridors”; the fisher and marten habitat
connectivity assessment (Spencer et al. 2012); special management areas; old forest emphasis areas from
the Sierra Nevada Ecosystem Project (SNEP) (Franklin and Fites-Kaufman 1996); and distribution of
multiple old forest habitat associated species in relation to landscape fire resilience.

The Sierra NF contributes greatly to connectivity in the bio-region for several reasons. First, there is no
road that crosses the mountains on the forest. To the north, every national park and forest is bisected by
one or more major transportation routes. From the Sierra NF south to Lake Isabella on the Sequoia NF,
there are no roads across the crest of the mountains. Second, there has been an absence of large, forest
stand-replacing fires for over 50 years. This may be in part due to the orientation of canyons in a way that
does not align with prevailing winds, and the lack of roads across much of the higher elevations, limiting
human caused fires. This situation will change as vegetation continues to get dense, fuels accumulate and
climate warms. While lightening caused fires are part of the natural ecosystem, suppression of them has
led to conditions that can result in large areas of high severity effects that may be detrimental to old forest
species such as the fisher or California spotted owl. There is some uncertainty about the effects of fire
severity on these species (Keane 2013 and Zielinski 2013). Modeling has suggested that large, high
severity fires can have significant, negative impacts on fisher habitat quality and population size (Scheller
et al. 2011, Thompson et al. 2011). But there have been no studies of actual fishers in burned landscapes
in the Sierra. In addition, California spotted owls may occupy burned forest landscapes for breeding but
primarily following low to moderate severity fires (Roberts et al. 2011). At the time of writing of this
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draft, the Aspen Fire is burning on the Sierra NF. It remains to be seen what the distribution of fire
severity is and what effects on wildlife will result from that fire.

The figure below shows five panels displaying key sources of information on connectivity. Each panel
displays the Sierra NF. The boundary is depicted with a white line. The surrounding areas are draped
over a topographically shaded relief map of the landscape.

On the top left panel is a legend with the following common map features: wildland developed areas, or
where there are structures or infrastructure as large black dots; large water bodies are colored light blue;
and the currently burning Aspen fire, shown as slanted yellow lines on the old forest species map. The
top right map is of special management areas, and include: dark green for wilderness, occupying the
upper one third elevations of the forest; adjacent to that in a strip to the west are inventoried roadless
areas shown as moss green; light tan for the small area of the Giant Sequoia National Monument that
extends onto the forest on the southern tip; and widely scattered, small patches shown as brown or rust
that represent research natural or special interest areas. Several long stretches of wild and scenic rivers are
shown in light blue, extending primarily in or next to wilderness and roadless areas. There is also one
dark gray patch in the southern, mid-elevation area that is a designated American Indian Area. The second
row is from the California Essential Habitat Connectivity Project on the left, and on the right are the
locations of old-forest species (California spotted owl, goshawk, marten, and fisher) over landscape fire
resilience index ratings. Most of these areas overlap with areas of low resilience to high intensity fire. See
Chapter 3 of this assessment for further discussion of fire resilience. On the Sierra NF, the California
Essential Habitat Connectivity Project overlaps with wilderness and inventoried roadless areas. The
exception is on the south end of the forest, where a large swath between the foothills and higher elevation
was designated as a potentially important area for moving between habitats. The least cost (yellow) area
equates to the least barrier or impediment to movement by animals. The set of two maps on the third row
display the forest carnivore habitat/corridors on the left and late successional emphasis areas on the right.
These encompass similar areas and occupy large, almost continuous blocks, mostly below the wilderness
and above the foothills at the western boundary. They occupy approximately half of the forest area and
are predominantly hardwood-conifer, mixed conifer, pine, and upper montane red fir and lodgepole pine.
The best (least cost) wildlife corridors are in orange and pink and fisher/marten habitats are marked in
dark green.
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Overall, connectivity of old-forest associated species is high, but vulnerable to uniform, high intensity fire
during more severe weather conditions. Weather conditions conducive to intense fire are already
increasing with climate change and are expected to increase more in the near and distant future.
Connectivity of early seral habitat, particularly complex early seral habitat is unknown but likely limited
due to fire suppression and past forest management.

For more detailed information see the July 18, 2013 screenshot of the Bio-Regional Living Assessment
Chapter 1, lines 1539-2042.

Fire as an Ecological Process

Fire is a “keystone” ecosystem process in the bio-region and on the Sierra NF (McKelvey et al. 1996, van
Wagtendonk and Fites-Kaufman 2006). This means that it is of key importance to ecosystem composition,
structure, and function. Fire shaped the ecosystems.

Here, a brief discussion of fire as an ecological process and the implications of fire suppression are
described. The patterns and history of fire on the Sierra NF and bio-region are discussed in Chapter 3 of
this assessment.

Recurrent fire has shaped ecosystems of the Sierra Nevada (Skinner and Chang 1996). Many of the
plants have fire adapted or enhanced traits, such as sprouting, thick bark, fire-stimulated flowering, or
seed release or germination (Chang 1996, van Wagtendonk and Fites-Kaufman 2006). Many of these
have been reduced in density or health. A notable example is black oak. It sprouts following fire and
seedlings are resistant to low intensity fire. Currently, there are concerns about negative impacts of dense
conifer cover around them, reducing their vigor, extent, and reproduction (USFS 2001). They readily form
cavities and can be important for many species. Highly variable fires maintained patchy or
“heterogeneous” vegetation structure and composition (North et al. 2009). This patchiness, along with
enhanced plant growth from sprouting or fire-induced nutrient flushes, is thought to have provided
diverse and productive habitat for many different plant and animal species. Animals currently associated
with high density canopy, such as fisher or California spotted owl, may have previously been associated
with more diverse vegetation that supported more prey (small mammals and birds) as well as cover. With
fire suppression, this diversity has decreased. It is unknown how species would change with increased
vegetation diversity (Keane 2013, Zielinski 2013). Further, one of the most important ecological effects of
fire is to keep dead and alive vegetation, or fuels, variable and at lower levels. This means that when fires
do burn, even under more severe weather conditions, they would burn less intensely and with more
patchiness. This is not the case for much of the Sierra NF landscape at this time, which has experienced
decades of fire exclusion.

One way to characterize the change is through estimates of “fire deficits”. This can be characterized as the
number of fire cycles missed. Van de Water and Safford (2011) computed a fire return interval deficit that
is shown and described in Chapter 3 of this assessment. Most of the landscape has had a high departure in
the frequency of fire compared to historic reconstructions. Another way would be to depict the time since
last fire. This has not been completed at this time. There have been some active efforts to restore fire or
some of the effects of fire through other vegetation management, but the pace and scale of those efforts is
limited by several constraining factors including regulatory and institutional barriers (North et al. 2012).
See Chapter 3 of this assessment for more detail.
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More detailed information can be found in the July 18, 2013 snapshot of the Bio-Regional Living
Assessment Chapter 3, lines 957-1013.

Aquatic Ecosystems

Rivers and Streams: Natural Range of Variability for Season and Inter-annual, Decadal
Water Flow Patterns

Approximately 1,300,000 acres drain to the San Joaquin River system via the Merced, Chowchilla,
Fresno and Kings Rivers, along with the mainstem San Joaquin River. Aquatic habitat includes an
estimated 2,000 miles of perennial streams and rivers, along with 21,550 acres of lakes and ponds. Sierra
NF aquatic systems provide habitat for 31 species of fish, with approximately 1,580 miles of stream
occupied by fish. Perennial waters also provide potential habitat for a variety of amphibian and reptile
species, as well as benthic macroinvertebrates. Additionally, there are 8,200 miles of intermittent or
seasonal streams, some of which also provide habitat for fish, benthic macroinvertebrates and amphibians.

The El Nino Southern Oscillation is partially responsible for approximately a decade long inter-annual
precipitation pattern in the southern Sierra Nevada. Drought years alternate with normal and extremely
wet years during these decade long oscillations. In recent years the pattern has increased in variability.
Within the same year, the Mediterranean climate has long dry summer periods with highly seasonal
winter precipitation. In the past, the snowpack stored part of the winter precipitation into the drier summer
months. A well-documented shift toward earlier runoff in recent decades has been attributed to a
decreasing trend in snow precipitation and earlier snowmelt (Hunsaker 2013). The rain-snow interface
zone is predicted to occur at higher elevations causing warming of streams earlier in the season. This
warming will eliminate habitat for native cold water dependent trout. At the Kings River Experimental
Watersheds (KREW), research to understand climate change effects for the southern Sierra Nevada is
underway (Hunsaker 2013).

Aquatic Animal Diversity

Fish: The Sierra NF is within the Sacramento-San Joaquin zoogeographic province. Nine of the 31 fish
species currently occurring on the forest are native, with most forest waters barren of fish prior
transplanting activities starting in the late 19th century. Prior to 1850, the forest was occupied by eleven
native fish species. Most of the waters on the forest are currently occupied by non-native fishes and the
distribution of fish across the forest has been greatly expanded since the early 1900s. Native anadromous
salmonids were eliminated from the San Joaquin drainages on the forest when a Fraint Dam was
constructed just off the forest boundaries to supply water to the Central Valley. Native rainbow trout may
have occurred up to 7,200 feet in elevation in the Middle Fork of the Kings River but transplanted trout
appears to have eliminated this native. At lower elevation on the King River “pikeminnow-hardhead-
sucker” assemblages would naturally have occurred. However dams on smaller river systems have
eliminated much habitat for these species. Native fishes in California are considered to be imperiled by
lack of connectivity of habitats, warming trends and other factors.

Amphibians: By the mid-1990s, six of the frogs and toads native to the forest showed severely declining
populations. Three native amphibians are federally listed or candidates for listing and five others are
potential species of conservation concern for the Forest Service. The declines of some amphibian species
came with the introduction of fish into previously fishless areas. Introduction of non-native fish has
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provided a predator in aquatic system that has disrupted the connectivity of habitat for amphibian species
in particular. Recently air and water pollution, fish, non-native bullfrogs and Chytrid fungus have been
implicated in the decline of these species.

Aquatic invertebrates: Aquatic invertebrates are a major source of food for birds, amphibians, reptiles,
and fish. Changes in a food source of such importance as aquatic invertebrates can have repercussions in
many parts of the food web. Aquatic invertebrates are affected by human caused activities on land and in
water. Introduction of non-native fish has affected aquatic invertebrates in lakes and streams. Review of
40 benthic aquatic invertebrate datasets during the Forest Watershed Condition Assessment indicated 29
samples represented “functioning properly”; nine indicated “functioning at risk”; and two indicated
“impaired” aquatic systems. The 155 miles of stream on the Sierra NF subject to minimum in-stream
flows downstream of hydroelectric dams indicate impaired habitat for aquatic invertebrates. Reduced
numbers of species, losses of endemics and native montane species occurs in the presence of trout.

Special Habitats

Meadows, springs, seeps, fens and lakes: The Sierra NF provides a diverse range of aquatic and riparian
habitat types, ranging from low elevation ponds in chaparral woodland to glacial tarns near rocky alpine
ridgelines. The elevation range results in a huge diversity of habitats and microclimates for a wide variety
of aquatic and riparian species. There are an estimated 15,750 acres of meadow on the forest and 465,000
acres of riparian conservation areas (RCA) (USFS 2001 and 2004), associated with streams, meadows,
springs and lakes. Meadows, seeps and springs in the drier southern Sierra Nevada provide important
habitat diversity and habitat for plants and animals. Some meadows are considered to be in a degraded
condition but not all are in poor condition.

Some montane meadows on the Sierra NF are experiencing increased conifer density and cover over the
past several decades, although the degree of conifer invasion is highly variable across sites. Some
meadows in the Sierra Nevada may be outside the natural range of variation with respect to the abundance
of conifers and other woody plants (e.g., sagebrush) (Gross and Coppoletta 2013), which may affect the
habitat quality for meadow-dependent wildlife on the Sierra NF. However, to date it is unclear whether
these vegetation changes have affected the habitat use and population patterns of meadow-dependent
wildlife. Meadows are also dependent on snowpack to sustain the water table throughout the long dry
period of summer. As the rain-snow interface changes, lower elevation meadows will be increasingly at
risk.

Fens are important because of their function in meadow water storage and their role in maintaining water
quality and hydrologic integrity in meadows. Several sensitive plant species are found only in fens.
Inventories of Sierra Nevada fens began in 2003, and are ongoing. The extent to which livestock grazing
and trampling affect fens was investigated in a preliminary study (Cooper et al. 2005) and will continue to
be studied in an attempt to determine the amount of such use fen ecosystems can sustain. These habitats
will be altered by the changing timing of snow melt and overall precipitation.

The Sierra NF has many subalpine and alpine lakes in wilderness. Some lakes have remained pristine
with no introduced fish and are being protected by wilderness designation. These lakes provide a last
refuge for some amphibians. In previously fishless lakes, the effects of introduced fish on the food chain
can be detrimental. Fish stocking is managed by the California Department of Fish and Wildlife. In
addition, air pollution from the Central Valley or metropolitan areas may influence water chemistry.
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Connectivity: Rivers, Streams, Reservoirs

There are 50 dams and diversions on the Sierra NF, which affect flow over approximately 220 miles of
streams. Dams and diversions may contribute to aquatic habitat alteration by blocking fish movement or
migration, and may contribute to species isolation. There are approximately 155 stream miles on the
forest which are subject to flow regulation under licenses from the Federal Energy Regulatory
Commission (FERC). Streams under FERC licenses have conditions for providing minimum in-stream
flows. Water temperatures downstream of dams are affected by volume of flow and temperature of the
upstream reservoir. Warming temperatures can further limit distributions of native fishes. While
minimum flows can mitigate for temperature, they cannot change the barrier to fish migration.

Culverts on road crossings can also disrupt habitat connectivity by restricting upstream movement by
species. Culverts may represent a total barrier to fish upstream movements, or force amphibians and
reptiles to attempt road crossings that may subject them to mortality. It is estimated there are more than
14,700 crossings on the Sierra NF, with more than 1,500 of these crossings on perennial streams. The
percentage of the culverts that provide for upstream passage is not known. However, in a limited analysis
of perennial crossings on the forest during 2011, 88 of 121 crossings evaluated would not provide
upstream passage for adult rainbow trout.

Invasive Species: Fish, Amphibians

Non-native fishes have been introduced or have invaded most waters of the range. These waters include
extensive areas that were once fishless at high elevations. Sierra Nevada fisheries have largely shifted
from native fishes, especially salmon and other migratory fishes, to introduced fishes. These non-native
fish outcompete and feed on the native species in these lakes, including insects, frogs, and fish. In
previously fishless lakes, the effects on the food chain can be detrimental.

Non-native bullfrog has become widely dispersed across the forest at elevations below 5,500 feet.
Bullfrogs are larger than native frogs and may be both a competitor for habitat and a predator. Much of
the potential habitat for California red-legged frog and foothill yellow-legged frog is not occupied by
bullfrog. However, its range is expanding into the lower elevational distribution of mountain yellow-
legged frog.

The New Zealand mud snail has caused significant disruptions in stream food chains across many trout
streams of the western United States. Due to high numbers of aquatic species found only in the Sierra
Nevada, invasive herbivores like New Zealand mud snail can have strong influences on invaded
ecosystems.

Ecological Integrity

The dominant biodiversity characteristics of aquatic systems on the Sierra NF indicate that stressors
outside the natural range of variation have influenced fish and amphibians which cannot withstand and
recover from most perturbations imposed by human influence, or are outside the natural range of
variability. Connectivity, past land management, disease, pollution and other stressors limit the
biodiversity of the forest aquatic systems. Water quality and quantity are within the natural range of
variability in most areas of the forest. However, climate change is a stressor which may limit water
quality and quantity in the future. Overall, watersheds are in good condition, most are able to recover
from most perturbations imposed by human influence or within the natural range of variability. A few are
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impaired due to water withdrawals or impoundments. However, invasive species, fire, and climate change
remain stressors on watershed condition.

Riparian Ecosystems

Natural Range of Variability: Vegetation and Fire and Fluvial Processes

Riparian meadow and non-meadow plant communities are formed by the interacting effects of flood
frequency and intensity, soil saturation and depth of water table, proximity to the channel, the height
above water level, sediment deposition, and ice scouring. Riparian non meadow areas include both woody
species of shrubs and trees, as well as herbaceous grasses, grass-like species, mosses, and ferns (Fites-
Kaufman et al. 2007). These non-meadow, riparian settings generally have shallower soils, or occur more
often on steeper slopes, have higher coarse fragments (rocks) in the soils, and lower water holding
capacity of soils than meadows. Riparian vegetation along streams varies considerably on the forest,
ranging from clearly defined bands of riparian forest dominated by white alder, willow, and Oregon ash to
simply a strip of herbaceous riparian plants with upland forest trees growing next to the stream throughout
much of the conifer forest belt. There is little scientific information available on biodiversity of non-
meadow riparian areas, but some studies have been conducted on the Forest, especially by scientists
contracted by hydroelectric companies for relicensing of hydroelectric facilities (e.g. Taylor and Davilla
1985).

Fire suppression, and other management that limited fire in riparian zones, has had a direct effect on the
composition and structure of riparian vegetation. Fires naturally spread into riparian areas, although
sometimes in different ways and frequency than into adjacent uplands. Lack of fire creates less
patchiness, less diversity of plants and structure, and fewer associated animals. Increased conifer and
overall vegetation density and uniformity in the riparian area result in higher-intensity fires across large
areas, sometimes across entire watersheds or basins. Information on the ecological role of fire in riparian
areas, Native American fire management, and current observations to very high intensity fire at times
suggests they are resilient to low and moderate intensity fire, and that ecological integrity is enhanced by
low to moderate intensity fire. Over the next century, climate change is predicted to alter hydrologic
regime, precipitation patterns and the role of fire in riparian areas. Restoration of flow regimes on
regulated rivers, fluvial processes and ameliorating high temperatures are important restoration goals for
riparian ecosystems. Natural floods inundate healthy floodplains allowing for the growth of native
seedlings; equally beneficial are the flows that remove riparian vegetation. The fluvial process is
movement and deposition of sediment by water and is a natural result of seasonal changes in water flow
(Allen 1995). In upper watersheds, there may be opportunities to restore floodplain connectivity,
especially in meadows, consistent with social needs for clean water and ecological benefits.

Vegetation Structure and Integrity

Riparian non-meadow areas include those areas where woody plant species are dominant over herbaceous
species in the riparian zone. Condition of riparian non-meadow areas, like other riparian areas, is
determined by functional and structural characteristics. Structural characteristics that are important in
riparian systems include the proportion of conifer to hardwood cover, canopy layering, canopy cover, and
bare ground. Condition of these non-meadow riparian areas is often summarized by comparing existing
tree densities, stand age class distribution, and understory composition with historical or “natural”
conditions. Riparian non-meadow plant communities are dominated by aspen, willow, and alder trees; and
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in steeper drier areas lodgepole pine, and Ponderosa pine. Riparian vegetation and its structure are
influenced across the landscape by topography, soils, stream channel activity, precipitation patterns,
grazing, flooding, wind and fire. This highly variable spatial structure provides habitat and resources for
a selection of understory plants, fungi, and invertebrates found in riparian areas across the forest. Annual
fluctuations in flows and precipitation resulting from El Nifio influences may have a significant influence
on riparian tree establishment and understory diversity. Riparian vegetation is subjected to frequent
wildfire disturbances.

Over the next century, climate change will alter hydrologic regime, precipitation patterns and the role of
fire in riparian areas. Fire history in riparian areas appeared similar to that of the surrounding areas.
However, post fire seedling recruitment and sprouting allowed riparian vegetation to be resilient.
Riparian ecosystems are naturally resilient, provide connectivity among habitats, and create thermal
refuge for fish and wildlife. Whether these valuable ecosystem services can adapt to changing conditions
will be dependent on location. Common riparian species such as alder or willow can be sensitive to
temperature. As these species migrate to higher elevations; more productive species from warmer areas
could be planted to maintain these important wildlife habitats to increase resilience. Since the diverse
community includes endangered and sensitive species, movement of these plants might be a viable option.
An important key indicator is the presence and extent of non-native plants which indicate the extent of
riparian degradation, or health/integrity.

Special Habitats

Aspen: Aspen is a broad-leaved tree that occurs in diverse habitats on the forest, from wet areas to
subalpine rock talus. It occurs most commonly around meadows and streams in the upper montane red fir
and lodgepole pine forests. Although it currently occurs in less than 1 percent of the assessment area, it
supports very diverse understory plant and bird communities. Several bird species of management interest
are associated with aspen including northern goshawk, red-breasted sapsucker, warbling vireo, and
mountain bluebird. Aspen distribution is greatly reduced compared to pre-European settlement, and many
stands are in poor condition due to conifer encroachment and poor regeneration. Estimates suggest its
extent in western North America has been reduced by as much as 96 percent, primarily because of fire
suppression and historic overgrazing. Fire is also important in aspen stands because it kills young conifers
that shade out light-loving aspen. Mule deer use aspen stands to feed in and the lush vegetation in aspen
stands cover for fawning. Grazing by domestic livestock, sheep and cattle increased dramatically in the
mid-1800s and had a dramatic effect on aspen and meadows in general. Aspen sprouts, or regeneration,
are favored browse. Reduction in aspen regeneration was noted in the early 1900s (Sampson 1919).
Fencing can result in higher aspen sprouts. In the intermountain west, decreased aspen growth has already
been attributed to higher temperatures and extended drought. Annual fluctuations in available soil
moisture resulting from El Nifio influences on snow pack depth may have a significant influence on
establishment of plants.

Early seral vegetation: In riparian areas, sites are dominated by shrubs, herbs and grasses. Complex early
seral forests are where there are residual legacies from previous older forests, such as large snags and
logs. In the past fire, drought, and wind combined to create openings in the canopy, creating patches of
carly seral habitat across the landscape. In riparian areas, willows and alders can colonize these openings.
Snags and shrubs are the most common nesting or resting habitat used by birds, reptiles and amphibians.
However, fire suppression has altered these processes of habitat creation and succession beyond the
natural range of variability. Without fuels management in riparian areas and a return of controlled fire to
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the landscape, the patchy nature of a natural landscape will be less likely to withstand and recover from
most perturbations imposed by human influence or that are outside the natural range of variability.

Understory Plant Diversity

One of the most important ecological effects of fire is to promote sprouting of hardwood shrubs, trees,
herbaceous flowering plants, and grasses that otherwise have a difficult time competing with densely
canopied conifers that shade them out. However, fuel management has been constrained in riparian
corridors due to concern for water quality and sensitive riparian ecosystems. Riparian zones are among
those areas most impacted by non-native invasive species. An important characteristic is the presence and
extent of non-native plants which indicate the extent of riparian degradation, or health and integrity.

Animal Diversity

Riparian communities contain more plant and animal species than any other California community type
and about one fifth of terrestrial vertebrate species in the Sierra Nevada depend on riparian habitat. About
one quarter of wildlife species that depend on riparian habitat are considered at risk of extinction today.
Connectivity of habitats is important for migratory birds as well as amphibians and reptiles that use
riparian areas. Species such as the willow flycatcher, Sierra Nevada Yellow Legged frog, and Great Gray
Owl depend on different aspects of riparian habitats and openings in meadows.

Obligate riparian bird species showed strong declines in population since 1868. As of the mid 1990s, half
of the 32 amphibian species, and almost half of the 40 fish species/subspecies found in the Sierra Nevada
were endangered, threatened, or of special concern. Additionally, 85 percent of Sierra Nevada watersheds
are characterized as poor to fair for aquatic biotic communities, including amphibians and fish.

Connectivity

While 93 percent of studied watersheds in the Sierra Nevada have clear gaps in the riparian corridor
especially in lower elevation areas, many of the riparian corridors are in steep canyons and forested slopes
on the Sierra NF. Roads, road crossings, timber harvest, private lot clearing, livestock grazing, and dam
and diversion dewatering can all block connectivity of habitat for dispersal of seeds and wildlife.

Ecological Integrity

The dominant biodiversity characteristics of riparian ecosystems on the Sierra NF indicate that stressors
outside the natural range of variation have influenced birds and amphibians which cannot withstand and
recover from most perturbations imposed by human influence, or are outside the natural range of
variability. Connectivity, past land management, disease, pollution and other stressors limit the
biodiversity of riparian ecosystems. Water quality and quantity are at present well within the natural
range of variability in most areas of the forest. However, climate change is a stressor which may limit
water quality and quantity in the future. Watersheds are overall in good condition, and most are able to
recover from most perturbations imposed by human influence or are within the natural range of
variability. A few are impaired due to water withdrawals or impoundments. However, invasive species,
fire, and climate change remain stressors on watershed condition.
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Contributions the Plan Area Makes to Ecological, Social or Economic
Sustainability

In 2004, the Forest Service produced the National Report on Sustainable Forests (USFS 2004). It included
a summary of the current condition of forests, based on a variety of ecological, social and economic
indicators of sustainability. Much of the information came from Forest Inventory and Analysis (FIA)
plots, satellite-based vegetation maps, and national economic and social monitoring of national forests.

The following table summarizes the findings from this report, including current conditions and trends for
sustainability characteristics.
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Findings from National Report on Sustainable Forests

Characteristic

Condition Condition Trend
Bio-Regional Forest
Assessment (2013) Assessment
(2013)

Ecosystem Diversity

Extent of area

Low levels of old

Trend to maintain except with warming
by forest type forest and possibly old forest, possibly climate, high possibility of increased high
and early seral. Low low levels of early intensity fire that could decrease old forest
successional levels of within-patch | seral. Low levels of | and increased early seral habitat. Unknown
stage or age- diversity. within-patch effects on within-patch diversity- could
class diversity. increase with managed fire and restoration.

Moderate levels of

Extent of area in
protected areas

High in southern half
of bioregion at high
elevations.

Low at low and
mid-elevations,
high at higher
elevations
(wilderness).

Unknown.

Fragmentation
of Forest Types

Low for most possible
fragmentation of early
seral, especially
complex early seral.

Low for most, high
fragmentation of
early seral,
especially complex

early seral.

Increase fragmentation for old forest and
decrease for early seral with expected
changes in climate and fire.

Species Diversity

Number of
forest-
dependent
species

Status of
species at risk
(legal status*)

See Chapter 5
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Genetic Diversity

Species with Fisher contracted. Unknown. Unknown. Aquatic species populations are
range Some locations of declining for a variety of reasons; climate
contraction owls affected by change will further stress these species.

concentrations of
recent high intensity
fires

All native fish and
amphibian species

Invasive Unknown. Unknown.
Species

Overall, continuous vegetation cover is present but within-patch diversity is greatly reduced from
estimated historic conditions. This is largely due to fire suppression and past forest management, which
has also resulted in high forest and vegetation densities, and very high surface fuel loads. These
conditions, in combination with current and future warming and drying climate trends, is leading to high
vulnerability to uncharacteristically, large, uniformly high intensity fires. This could result in
fragmentation of old forest habitat currently used by species of concern including the California spotted
owl, fisher, and marten. It will have unknown effects on the extent and quality of early seral vegetation.

Historically, riparian and aquatic ecosystems were valued for their economic uses, including
transportation corridors, water supply, electricity, construction materials, waste disposal, settlement,
agriculture and livestock. Riparian areas are extremely important sources of shade, food, and refuge
during high flow events for aquatic organisms. Biologically, both aquatic and riparian areas provide
special habitat for some endangered or threatened species, refuge and water for upland species, corridors
for species movements, and thermal refuge for aquatic species.

Information Gaps

Ecological integrity is difficult to characterize, as described above. Additional characteristics may be
developed in the future. Limited or missing information or gaps in our knowledge are described below.

Terrestrial Ecosystems

Some aspects of ecological integrity have much information, such as the location of fisher, marten and
California spotted owl. However, many aspects of their habitat and use of that habitat are unknown. In
particular, the spatial distribution of large trees and snags are unknown. The location and amounts of
complex early seral forest are unknown. It is unknown how fisher, marten, California spotted owl and
goshawk respond to restoration treatments. It is unknown how other animals are distributed or affected by
restoration treatments or vegetation diversity such as black-backed woodpecker, songbirds or small

38



mammals that the carnivores and raptors depend on. Moreover, the condition and trend of many high
elevation species sensitive to climate change is unknown, such as whitebark pine and alpine chipmunk.

Aquatic and Riparian Ecosystems

In the face of climate change, restoration of aquatic ecosystems in order to promote resilience of aquatic
ecosystems is needed; however it is not known which systems are at the highest risk or highest priorities.
Predictions under climate change are that water and air temperatures will warm and precipitation patterns
will change. It is not known how quickly this change will occur or the potential effects on plants, lichens,
and wildlife. The key plant and wildlife characteristics to evaluate wetlands and streams are not known.
The tradeoffs between landscape scale consideration of managing riparian areas for fire and methods for
fuels management in riparian areas are not known. While there is some data on habitat characteristics for
native warm water species, it is unknown how these species respond to flows on regulated rivers.

Chapter 2: Assessing Air, Water, and Soil Conditions

Important Information Evaluated in this Phase

Key Air Conditions

Airsheds

The two Air Pollution Control Districts (APCDs) within the Sierra NF are the San Joaquin Valley Unified
APCD and the Mariposa County APCD. The air basins which cover the forest are the San Joaquin Valley
Air District and the Mountain Counties Air District. The Forest Service must meet all regulations of the
air districts.

Location and Extent of Sensitive Air Quality Areas

Lands under extra protection are called Class I and apply to wilderness or national parks which were
larger than 5,000 acres and were in existence in 1977. The Ansel Adams, John Muir, and Kaiser
Wildernesses are Class I areas on the Sierra NF. Particulate matter (PM) is divided by matter less than 10
micrometers (PM;y), and matter less than 2.5 micrometers (PM, s). The forest has lands federally
designated as non-attainment for ozone and a maintenance status for PM,,. California standards are
stricter than federal standards, resulting in non-attainment for ozone, PM, 5 and PM,,.

For more detailed information see the July 2, 2013 snapshot of the Sierra NF Living Assessment Chapter
2, lines 52-94.

The map below shows the location and boundaries of air districts on the Sierra, Sequoia, and Inyo
National Forests. The primary dividing line runs along the crest of the Sierra Range, between the Great
Basin Unified to the east of the crest, and the San Joaquin Valley to the west. Within the basin on the
west, there are two air districts that encompass the Sierra NF. Ninety percent of the forest falls in the San
Joaquin Valley Unified Air District. A small area that juts out on the northwest corner of the forest falls in
the Mountain Counties Air Basin.
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Relevant Emission Inventories, Trends, Conditions

Total emissions by pollutant type for the Mountain Counties and San Joaquin Valley Air Basins 2010

Total emissions by pollutant type (tons per day)

Mountain Counties San Joaquin Valley

Total organic gases 519 1635

Reactive organic gases 410 361

Carbon monoxide 977 1272

Nitrogen oxides 66 524

Sulfur oxides 6.1 23.7

Particulate matter (PM2.5) 242 539

Particulate matter (PM10) 167 302

There is a general north to south trend of pollution with the Sierra Nevada bio-region. Air quality in the
north near the Modoc NF is generally good. Air quality declines toward the south. The Central Valley of
California and the surrounding mountain ranges act as a ‘bowl’ trapping pollution in that valley. The
Sierra NF is the eastern boundary of this Central Valley bowl.

Secondary Pollution - Ozone

Ozone is a secondary pollutant, which means it is not directly emitted to the atmosphere. It is formed
through chemical processes induced by sunlight exposure in the presence of other pollutants. Ozone
injury of vegetation was established in the late 1970s to late 1980s throughout the Sierra Nevada
(Bytnerowicz et al. 2013). No critical loads for ozone have been established. An index of 0zone exposure
was created to better understand how ozone impacts vegetation communities. All of the Sierra NF is
modeled as high vegetation exposure to ozone.

For more detailed information see the July 2, 2013 snapshot of the Sierra NF Living Assessment Chapter
2, lines 95-150.

Smoke Emissions

Smoke from fires affects the air quality on the Sierra NF. These impacts are short term, meaning that
smoke from fires can be severe but impacts are limited to when fires are actually burning. Smoke often
impacts more than a single basin as it can move long distances from its source. Local air districts have
established regulations to minimize the impacts of smoke from prescribed fires.

Critical Loads

Critical loads are defined as a concentration of air pollution or total deposition of pollutants above which
specific negative effects may occur. The lower western slope of the Sierra NF exceeds airborne nitrogen
deposition critical loads (Bytnerowicz et al. 2013). Airborne nitrogen could have effects on nitrogen
cycling, water quality, tree health, biodiversity, and sensitive indicator species, including lichens
(Bytnerowicz et al. 2013).

As the distance from the Central Valley increases, the assessed condition improves. Areas on the eastern
edge of the Sierra NF are modeled as not exceeding ecosystem critical loads.
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Visibility
Air pollution has decreased on the Sierra NF. The overall trend in air pollution is decreasing because

visibility is increasing. However, levels still exceed regulatory and healthy ecosystem limits in many
locations.

Below are two pictures of the Ansel Adams Wilderness. In the picture on the left, the mountains across the
center of the photo can be seen clearly. There is an obvious lower half of the slope covered with forest and
the ridge tops by a skyline of jagged, rocky peaks. The photo on the right was taken on a low visibility
day of the exact same location. In this photo, the mountain range is barely visible and the entire picture
looks like it has a dark gray film on it.

Two pictures of the Ansel Adams Wilderness showing visibility

For more detailed information on air quality conditions see the July 2, 2013 snapshot of the Sierra NF
Living Assessment Chapter 2, lines 44-247.

Key Soil Conditions

Geology and Geomorphology and Other Factors Important to Ecological Integrity and
Soil Quality

The Sierra NF has a wide variety of soil types. These soils vary in the parent material, climate,
topography, vegetation, and degree of development. Most soils are primarily derived from granitic and
metamorphic bedrock. There are also soils derived from glacial till and meadow sediments. Topography
varies widely, with the lower elevations (1,000 to 7,000 feet) having steep slopes and being more highly
divided into drainages and ridgelines. The higher elevations tend to have gentle basins and moderate
slopes. Warmer temperatures, sufficient precipitation, and gentle topography create great conditions for
soil development at the middle elevations (5,000 to 7,500 feet). Soils are less well developed at higher
(more than 7,500 feet) because of lower temperatures and a shorter growing season. At lower elevations
(less than 5,000 feet), a lack of precipitation and a pronounced summer drought limit soil development.

These differences result in a broad range of soil productivity across the Sierra NF. The most productive
soils are found at middle elevations on the western side of the forest up to about 6,500 feet in elevation.
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Mixed conifer vegetation, including ponderosa pine, west side mixed conifer, and the few giant sequoia
groves on the forest are located throughout these soils. These areas are the section of the forest that has
seen the most logging and resultant soil disturbance. Soils at higher elevations (7,000 to 12,000 feet) in
the colder soil temperature regime tend to be shallower, less well developed, and coarser textured.

Current Inventories of Soil Conditions and Improvement Needs

Estimates of sediment delivery provide a general means of assessing soil conditions, especially erosion.
Two different approaches were used to estimate sediment rates: sediment accumulation in reservoirs, and
road densities and published sediment delivery rates. A general discussion of relative differences in
sediment delivery from different land management activities and wildfire is also included. Maintaining
soil in place is paramount to current and future soil quality, resilience, and health. Recovery of severe
erosion is beyond human timescales (Moghaddas et al. 2013).

Based on sediment accumulations in the Crane Valley and Teakettle No. 1, Hume, and Pine Flat
Reservoirs sediment yields ranged from 0.11 to 0.9 tons per acre per year. All of these estimates come
from the early 1990s to the late 1940s, except Pine Flat. At Pine Flat, the estimate was from 1952 to 1956
and was the highest at 0.9 tons per acre per year. All sediment yields are relatively low, and are well
within the range for forested lands in the western United States. Forest management activities or severe
fire can increase erosion of soils (Moghaddas et al. 2013). It is unknown how sedimentation rates on the
Sierra NF changed with active timber management between the 1940s, 1990s and the present.

Planned fuel reduction or timber projects result in lower long term erosion rates than experienced
following wildfires (Moghaddas et al. 2013). Wildfire is inevitable if fuel loads are not reduced (Collins
and Skinner 2013). The soil loss on a skid trail is greater than in the areas between skid trails, and the loss
following a wildfire is much greater than in an undisturbed forest (Moghaddas et al. 2013).

Forest roads are one of the major sources of sediment on national forests in California. Road
decommissioning is the most effective approach to reducing road-related sediment delivery. However, for
roads necessary for forest management and recreation, road maintenance including storm proofing, is the
primary means of controlling erosion. Declining budgets have reduced the ability of the national forests in
California to maintain and stormproof roads.

On the Sierra NF, there is an estimated 1,969 miles of road across just over 1.3 million acres. The
estimated sediment yield from these roads is between 0.01 and 0.09 tons per acre per year. Estimated
road-related sediment yields overlap the low end of the range of reservoir sediment yields. This
comparison indicates that roads are likely to be substantial sources of sediment in some actively-managed
forested watersheds with overall low sediment yields. This comparison also shows that road-related
sediment cannot account for a majority of sediment from high-yield watersheds. Other sources of
sediment therefore also need to be considered in planning effective activities to control sedimentation.
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Selected land uses on the Sierra NF

Land use Sediment yield, tons per acre per year
Background, from reservoir sedimentation 0.11t0 0.9
Wildfires (1 to 3 years post fire) 30to 44
(Forest Service Pacific Southwest Regional value)
Vegetation management* 0.0004 to 0.004
Forest roads (with typical BMPs) 0.01-.09
Livestock grazing* 0.09

For more detailed information on soil quality conditions see the July 2, 2013 snapshot of the Bio-
Regional Living Assessment Chapter 2, lines 249-270.

Key Water Conditions

Watershed Conditions and Impaired or Contaminated Waters

Connectivity of aquatic habitat on the Sierra NF is altered by 50 dams and diversions which affect flow
over approximately 220 miles of streams on the forest. Properly functioning watershed conditions create
and sustain functional terrestrial, riparian, aquatic, and wetland habitats capable of supporting diverse
populations of species. The forest completed a Watershed Condition Assessment (USDA Forest Service
2010). Twenty-five watersheds were properly functioning or good (43 percent of forest drainage), 33
watersheds were functional at risk (52 percent of forest drainage), and seven watersheds were defined as
having impaired function (5 percent of forest drainage). Habitat fragmentation, flow alteration, exotic
species, road density, and road proximity to water were the most common stressors affecting watersheds
that were in less than good condition.

The following map shows watershed condition on the Sierra NF. The black outline is the forest boundary.
Watersheds at higher elevation are in good condition and shown in green, or fair condition and shown in
yellow. Those in poor condition are shown by red and are found associated with dams and water
diversions at lower elevations. Priority watersheds for restoration actions are indicated by crosshatch, and
are close to or include watersheds that are in poor shape.
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Approximately 465 miles of perennial stream channel were evaluated to rate channel type and stability.
Stream reaches composed of bedrock or boulders had low sensitivity to management activities and made
up about 60 percent of the streams evaluated. Fifty four percent of the moderately sensitive channels had
poor channel stability. Understanding thresholds of erosion beyond which long term sustainability is
jeopardized requires extensive monitoring and understanding of reference conditions and natural
variability (Hunsaker 2013).

Water Quantity, Quality, Timing and Distribution of Water Resources

Aquatic habitat includes an estimated 2,000 miles of perennial streams and rivers, along with 21,550 acres
of lakes and ponds. There are 283 seeps and springs and 3,849 meadows on the Sierra NF and adjacent
areas. Lakes, streams and rivers abound. No major river or stream on the forest is undammed. High
quality water from the forest is delivered to reservoirs for distribution to agriculture and communities.
Water yield from the forest was 2,560,000 acre-feet per year in 1986 and 2,651,940 in 2009.

Water quality impairment is associated with dams, especially Pine Flat Reservoir and Willow Creek. The
303(d) List of Waters reports on streams and lakes identified as impaired for one or more pollutants; the
term 'impaired' means these water bodies do not meet one or more water quality standards and require a
total maximum daily load (TMDL). Impaired waters are identified through assessment and monitoring
programs conducted by volunteer networks and other local, state and federal agencies. A segment of
Willow Creek was added to the 303(d) list in 2006 for failing to meet the water temperature objective.
Summer water temperature from approximately 200 sites suggests that the transitional zone between cold
and warm water habitat may be influenced by minimum instream flows, and that smaller streams above
3,000 feet elevation are currently cool enough for trout. Water temperatures in larger streams may be
influenced by limited riparian shading, especially in streams flowing through bedrock canyons.

Alteration of flow paths from roads can affect meadow and wetland function, with the effects extending
far beyond the area of the road itself (Hunsaker et al. 2013). A local study in the Kings River
Experimental Watershed found that 13 percent of the road length in the study area allowed streams that
they crossed to be connected on either side of the road. The Sierra NF works at the project scale to
identify and reduce instances of roads blocking stream connectivity, but general principles for upgrading
or decommissioning roads has been developed (Hunsaker et al. 2013).

Potential effects from cattle grazing, for instance altering channel function, can alter natural processes,
habitat diversity and habitat complexity for aquatic or riparian animals. Animal wastes could directly
impair water quality through contamination and increasing nutrient levels, although over 90 percent of the
samples in a recent study met USEPA’s current criteria for Fecal Indicator Bacteria and nitrate,
orthophosphate, dissolved oxygen, temperature, or pH were well below levels of ecological concern
according to a study evaluating grazing effects on water quality. However, recent studies of the effects of
grazing on water quality are not in agreement (Roche et al. 2013).

Historic Context under which Hydrologic Systems Developed

Major floods in the Sierra Nevada occurred in 1861-62, 1906, 1909, 1955, 1964, 1986, 1997, and 2005.
Based on these dates, the frequency of large floods may be increasing. Flooding leads to additional
erosion and sedimentation.
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Nature, Extent and Role of Existing Conditions and Future Trends

Many uses for water from the forest compete. These conflicts mean that there isn’t enough water for all
user groups. Climate change is expected to reduce the supply, and may increase the competition for water
use. Development and population growth will put even more demand on the available water. California
counties within the bio-region are expected to increase in population by 69 percent, with the highest
growth in Fresno, Kern, and Tulare Counties.

Climate predictions for California include increased warming, less snowpack, and earlier spring
snowmelt. These changes would influence the amount of water supply that can originate from forest lands
and from precipitation. Uncertainty about the water supply makes planning for distribution of water in the
future challenging.

Consumptive Uses

Eleven reservoirs on or adjacent to the Sierra NF have a total capacity of 2,388 acre feet of water.
Twenty-two operationally active hydroelectric facilities on the Sierra NF use either reservoirs or are run
off the river. Most of the runoff from the northern Sierra NF is carried by the San Joaquin River to
Millerton Lake at Friant Dam, where it is stored and diverted via the Central Valley Project which is
operated by the Bureau of Reclamation, north through the Madera Canal and south through the Friant-
Kern Canal. Annual diversions from the forest average 1.29 million acre-feet. A 2004 federal court ruling
specified that 800,000 acre-feet per year to the river will be released for the San Joaquin River
Restoration Plan. This will have a severe impact on entitlements delivered through the Friant-Kern and
Madera Canals. Water rights and entitlements delivered through the Madera and Friant-Kern Canals are
extremely important to the economy of the San Joaquin Valley.

Non-Consumptive Uses

Water plays a major role in providing a diverse set of recreation opportunities on the Sierra NF. The
Sierra Nevada ecosystem is the setting for a large recreation and tourism industry, and for new homes
built for the influx of people who enjoy living here. The upper San Joaquin River has potential for habitat
for spring and fall for many species including chinook salmon, steelhead, green sturgeon, Sierra Nevada
and Foothill foothill yellow-legged frog, California red-legged frog, and the Western western pond turtle..

Nature and Distribution of Federal and Non-Federal Water Rights

The Sierra NF has 1,110 water right filings. These uses of these water rights include but are not limited to
recreation, fire protection, road maintenance, wildlife, domestic, stock watering and power production.
Tribes throughout California have rights to access adequate supplies of water for direct consumption,
agricultural purposes, or protecting existing resources. Tribes may have senior water rights and some
water sources may be defined as sacred sites.
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Effects of Land Use, Projects, Activities, and Other Stressors on Hydrologic and
Geomorphic Processes and Water Resources

Dams and hydroelectric projects disrupt the connectivity of streams and rivers, preventing fish from
migrating up or down river to stay within temperature tolerances. High flows needed to scour sediments
and provide fish access to floodplains for feeding are suppressed below reservoirs. Climate predictions
indicate that changes in flow patterns will stress meadows, streams and rivers in several ways. Peak
flows will be earlier and more intense, possibly increasing erosion and leaving less water later in the
summer (Hunsaker et al. 2013). Increased erosion will mean more soil loss at a rate higher than
background. These possible changes will have consequences for the people, plants and wildlife that
depend on these systems. Restoration of meadows and their streams will be important in the coming
years to maintain hydrologic functioning at mid to high elevation meadows (Hunsaker et al. 2013).

Ecological, Social, and Economic Roles Water Resources Play on Broader
Landscape

Streams and rivers are used for water supply, irrigation, transportation, hydropower, waste disposal,
mining, flood control, timber harvest, and recreation. Many of these uses have made aquatic and riparian
systems the most altered and impaired habitats of the Sierra Nevada. As the population of California has
grown, so has the demand for water, leading to greater diversion and de-watering within Sierra Nevada
riparian systems. The synergistic impacts of the declining water table depth due to expected increasing
human demand, coupled with more climate variability from climate change, will likely mean further
degradation of watersheds and will threaten ecological sustainability.

The Sierra Nevada ecosystem produces approximately $2.2 billion in commodities and services annually.
Water accounts for more than 60 percent of that total value (Hunsaker et al. 2013). Predicted population
increases in the state can result in more people benefiting from these water and power commodities and
services. Conflicting uses for water can result in rising costs for this resource. The trend in this value is
increasing and will continue to increase in the future. Most of the water value accrues to water right
holders and beneficiaries outside of the bio-region.

For more detailed information on water conditions see the July 2, 2013 snapshot of the Sierra NF Living
Assessment Chapter 2, lines 277-549.

Contributions the Plan Area Makes to Ecological, Social or Economic
Sustainability

There are two different ways that sustainability of air, water, and soil were addressed. The first was a
general comparison of current conditions relative to the natural range of variability. Information is very
limited on the natural range of variability of air, water, and soil. Second, a first approximation of
conditions of key sustainability characteristics from the National Report on Sustainable Forests (2004)
was made. Human and ecosystem health are affected by pollutants from the Central Valley and the San
Francisco Bay Area (Bytnerowicz et al. 2013). On the other hand, smoke from fires is far less prevalent
than it was thought to be historically. Smoke would have affected haze and visibility, but would not have
had negative impacts on vegetation. It could have impacted Native Americans living in the vicinity when
it was more severe. It is likely that severe levels were less common since fires were more frequent and
less intense overall.
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Soil has been modified in some areas and in others is largely intact. In the lower and mid-elevations,
mining, logging, and associated roads have altered soil structure and organic matter. At higher elevations,
little or no change in soils has occurred. Overall current soil conditions are fair to good, but are at risk
because of dense vegetation and fuels that support high intensity fires, resulting in a very high potential
for soil erosion.

The major rivers that originate on the Sierra NF are, from north to south: the Merced, the Chowchilla, the
Fresno, and the San Joaquin. In the early twentieth century, dams were developed for irrigation,
hydropower generation and drinking water on each of the major rivers and on some of the tributaries.
These dams support the most productive agricultural counties in California. Clean water for drinking,
irrigation, and hydropower generation is highly valued among communities and farmers of the San
Joaquin River Valley. However, unforeseen costs including loss of the iconic salmon from the San
Joaquin River complicate the assessment of current conditions. Sustainability of high quality water is at
risk from increased erosion as a result of more flooding associated with predicted climate changes.
Quantity and timing of water is vulnerable to changes in climate. Snowmelt is occurring earlier than it did
20 years ago.

Much of the information used to estimate the conditions in the table below came from the National
Inventory and Analysis (FIA) program. This is a nation-wide network of systematically placed inventory
plots.

Characteristics of sustainability from the National Report on Sustainable Forests (2004)

Characteristic

Condition

Trend

Area subjected to levels of air pollutants
that may cause negative impacts to
ecosystems

Majority of air basin affected

Levels of some pollutants have
decreased slightly but major
changes not expected.

Area of forest land with significant soil
erosion

Small, site specific areas.

Could increase dramatically with
single high intensity fire.

Percent of stream length in which
stream flow and timing have deviated
significantly from natural range of
variation.

Larger rivers deviate
significantly from natural
range of variability in stream
flow, connectivity and timing
of flows. Snow melt is two
weeks earlier in the last 10
years.

Connectivity is not expected to
improve over next 10 years; timing
of peak flows is predicted to occur
earlier every year. Snow melt will

continue to occur earlier.

Area and percent of forest land with
significant compaction.

Small, site specific areas.

Not expected to change, except
increased recreation use could
increase.

Area of forest with significantly
diminished soil organic matter and/or
changes in soil chemical properties.

Unknown.

Could increase dramatically with
single high intensity fire, over long
term continuous loading of
Nitrogen from the air could
influence soil productivity and
chemical properties.

Percent of water bodies with significant
variance of biological diversity from
NRV.

Many frogs and toads have
been lost from lower
elevations. Many native fish
are blocked from movement
up large rivers. Birds
dependent on meadows

Active management to improve
conditions would be required to
preserve biodiversity.
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Characteristic Condition Trend

have been in decline.
Nonnative fishes in
reservoirs move into native
warm water species habitats
and have potential to
outcompete the natives.

Percent of water bodies with significant Several rivers and their In conjunction with predicted
variation from historic levels of reservoirs are impaired for warming and lower flows this is
chemistry and temperature. temperature. not likely to improve over next 10
years.
Area and percent of forest land with an Significant levels of N are Unknown response time.
accumulation of persistent toxic deposited into the forested
substances. lands and water. To date

lichens are showing effects
but soils do not appear to be
effected yet.

Information Gaps

Air

Although ozone exceeds regulated levels and some ecosystem damage has been observed, ecosystem
critical loads have not been developed (Bytnerowicz et al. 2013). There is also a need for improved tools
and models on air quality associated with prescribed fire and wildfire during different conditions
(Bytnerowicz et al. 2013). This would improve planning and evaluation of treatments to reduce
uncontrolled wildfires. At this time, only broad and general assessments can be conducted.

Soil

Comprehensive surveys of soil condition are lacking. Information is site specific to management
activities. Information regarding soils from the National Forest Inventory and Analysis (FIA) plots on the
Sierra NF is not readily available but would be highly useful for evaluating sustainability. Mastication of
wood during thinning can produce deep residues, and how this could impact rates of nutrient cycling,
nitrogen availability, or soil aeration is not known. Fire treatments in masticated stands may result in more
severe effects to soils. No long term studies exist to address these issues. It is not known how
sedimentation rates on the forest changed with active timber management between the 1940s, 1990s and
the present.

Water

There are gaps in information regarding:

o cffects of long term nitrogen deposition on nutrient cycling in streams
o cffects of fire on water quality at low and moderate levels of fire

e cumulative landscape level effects of fire on water quality and quantity
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e uncertainty of climate change

e uncertainty about landscape level and long term effects of cattle and other livestock on water quality,
sustainability and improvement of biodiversity of meadows and streams, riparian vegetation structure
(for meadow birds and amphibian), thermal cooling of streams (for fish, amphibians, and macro
invertebrates), and lateral floodplain inundation

e accurate estimates of the timing and distribution of snowmelt

Chapter 3: Assessing System Drivers and Stressors

Drivers and stressors are recurring events, processes or actions that affect ecosystems. These effects are
important to ecosystem condition. For example, fire used to and can play an important role by keeping
understory plants at lower levels and thinning understory trees. It used to and can create variation in
habitat which is important for biodiversity. In these ways, it is a “driver” of ecosystem condition. Fire is a
stressor when it is large, uniform, of high severity and outside the natural range of variation. The context
in which fire occurs is also important. For example, because old forest habitat is limited and some
associated species like the fisher are of concern, extensive high severity fire in these areas has great
impact.

Other important drivers and stressors are insects and pathogens, invasive species, climate change, and

land use or management. Effects of these are addressed in the appropriate chapters of this assessment.

For example, the effects of climate change and fire on terrestrial biodiversity are covered in Chapters 1
and 5 of this assessment.

Important Information Evaluated in this Phase

All lands of the Sierra NF were included in this assessment. In some sections, broader patterns for the
larger bio-region were also discussed. For more detailed information on drivers and stressors in the bio-
region see the July 2, 2013 snapshot of the Bio-Regional Living Assessment Chapter 3. Additional
information was also obtained from the Natural Range of Variability Assessments (Safford, Sawyer,
Merriam, Meyer, and Estes 2013). Finally, information was drawn from several of the Science Syntheses
compiled by the Forest Service, Pacific Southwest Research Station (Bytnerowicz et al. 2013, Collins and
Skinner 2013, and Hunsaker et al. 2013).

Nature, Extent and Role of Existing Conditions and Future Trends

The drivers and stressors that exert primary influence on terrestrial ecosystems and people were selected
and characterized in this assessment. These are: climate change, air pollution, fire, insects/pathogens,
vegetation succession and management, and invasive species. Water development is an important
influence on aquatic ecosystems and is covered in Chapters 1 and 2 of this assessment. Grazing is an
important influence on riparian areas, and is covered in Chapters 2 and 8 of this assessment. Impacts to
people are covered in Chapters 6 through 14 of this assessment.

Climate Change

Climate change is a key landscape stressor affecting long term ecological conditions. It is expected that
air temperatures and precipitation patterns may change across the forest over time. The forest
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encompasses a wide span of elevational zones that are typically characterized by warm, dry to hot
summers and cool, wet winters. Most precipitation above 5,500 feet falls in the form of snow from fall
through spring. Change in climate is expected to be reflected through an increase in daily maximum,
minimums, and mean air temperatures, along with altered rainfall precipitation patterns. Meyer et al.
(2012) and Safford et al. (2012) examined fire trends presented in Miller et al. (2009), and incorporated
long term weather stations data within or adjacent to the Sierra NF (~4,000 to 7,000 feet elevation) and
found that mean annual temperature at Huntington Lake has increased by between 2.5 and 3.6 degrees
Fahrenheit, with a mean minimum (nighttime) increase of 3.7 to 7.6 degrees since 1915. Increases in
temperature were especially apparent at higher elevations (higher than 7,000 feet elevation) (Diaz and
Escheid 2007). Using information projected by Meyer and Safford mean annual temperature increases by
0.3 degrees, mean annual minimum temperature increases by 0.4 degrees, and mean annual maximum
temperature increases by 0.19 degrees over the 10-year period at Huntington Lake, which is at 7,000 feet.
Freezing months declined by approximately one to three months over this same period. In contrast,
precipitation has either not changed or increased slightly at higher elevations (Meyer et al. 2012).

Most recent climate models project temperature increases by about nine degrees Fahrenheit in California
by the end of the 21st century, with precipitation remaining similar or slightly reduced compared to today
(Dettinger 2005). Most models also agreed that summers will be drier than they are currently, regardless
of levels of annual precipitation. In the southern Sierra Nevada, including the Sierra NF, climate models,
on average, project an average 7.5 degrees Fahrenheit increase by the end of the century with no change
or a slight decrease in precipitation (Gonzalez 2012, Thorne et al. 2013). Most models also project a
continuously increasing rain-to-snow ratio and earlier runoff dates for the next century, with decreased
snowpack (late winter snow accumulation decreases by 50 percent by 2100) and growing season stream
flow even in the higher elevation river basins of the Sierra NF (Miller et al. 2003, Moser et al. 2009).

For more detailed information see the July 2, 2013 snapshot of the Sierra NF Living Assessment Chapter
1, lines 810-824.

Air Quality

Chapter 2 of this assessment contains detailed information on air quality and pollution for this
assessment, based largely on the scientific synthesis on air quality by Bytnerowicz et al. (2013). Here,
emphasis is on those aspects that affect ecosystems. This includes impacts to vegetation and ecosystem
critical loads. Critical loads are defined as a concentration of air pollution or total deposition of pollutants
above which specific negative effects may occur. Critical loads are based on ecosystem responses rather
than regulatory guidelines (Pardo et al. 2011). When critical loads are exceeded, ecosystems are at risk of
being damaged. The range of damage depends on the concentration and length of pollution exposure.
Ozone and nitrogen are the primary pollutants that currently affect ecosystem condition. They are
stressors.

For ozone, critical ecosystem loads or thresholds have not been developed. Bytnerowicz et al. (2003)
calculated an exposure index. They reported that the Sierra NF has a high vegetation exposure to ozone.
For nitrogen, low and mid-elevations of the Sierra NF have been modeled as exceeding critical loads for
the ecosystem.
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The above map shows results of a nitrogen critical load assessment on the Sierra, Sequoia, and Inyo National
Forests. The red color displays areas where critical load for nitrogen deposition is exceeded. The lands
surrounding the Central Valley are most affected by nitrogen deposition. A little more than half of the
western Sierra NF exceeds the critical load. The remainder does not and covers the higher elevation,
subalpine and alpine areas. This pattern is similar to the rest of the bio-region, except the Sequoia National
Forest which is virtually completely impacted.

Increased exposure to nitrogen has been linked to negative ecosystem impacts such as increased invasive
plant populations, altered lichen communities, and altered mountain lake chemistry with elevated nitrogen
deposition rates in California (Fenn et al. 2010 and Weiss 2006). Soils are buffering excess nitrogen, limiting
excessive nitrogen inputs to streams (Hunsaker et al. 2013).

For more detailed information on air quality and its impact to ecological sustainability see the July 2, 2013
snapshot of the Sierra NF Living Assessment Chapter 2, lines 141-184.

Fire

Fire has a major influence on ecosystems and communities in the bio-region and on the Sierra NF. Fire has
always been a fundamental ecosystem process, shaping the landscape in the bio-region. In the past, it was
more extensive, widespread, and less intense. Over 100 years of fire suppression has led to detrimental
effects to ecosystem integrity. At the same time, the lack of fire has increased fuel loads causing an
increased risk of detrimental effects to communities and resources from too much high intensity fire. There
are many controversies surrounding how to define issues related to fire and how to address them. Fire
suppression, European-settlement activities, the wildland urban interface (WUI), and climate change have
vastly changed the patterns of fire, and the ecological, social, and economic consequences of fire (Husari et
al. 2006, Collins and Skinner 2013).

Prior to European settlement, fire was widespread throughout the Sierra NF and bio-region (van Wagtendonk
and Fites-Kaufman 2006). Frequency, spatial pattern, and severity varied by ecosystem. The variation by
ecosystem and the ecological role of fire was described in Chapter 1 of this assessment. There have been
two primary changes to fire patterns in the past 50 years. First, the overall frequency of fire across the
landscape is greatly diminished from historic patterns. Second, the extent of high severity fires has increased
beyond what is desirable by most.

Van de Water and Safford (2011) compared current fire frequencies with historic fire frequencies. The map below
shows the mean frequency departure for the Sierra NF, expressed as percent of departure in classes. The classes
include:

e  -95to -25 percent areas that have more frequent fire

e 25 percent to 0 or 0 to 25 percent + areas that have little to no deviation in fire
e 20 to 40 percent + areas with some fire deficit

e 40 to 60 percent + areas with high fire deficit

e 60-85 percent + or >85 percent + areas with a very high fire deficit

These latter areas are colored orange and dark orange on the map. They encompass over 80 percent of the

landscape at low and mid-elevations. This means that fires occur much less frequently now than historically. An
exception to this is at the highest elevations, in subalpine and alpine areas, where there is little to no change.
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For more detailed information on the fire frequency departure, see the July 2, 2013 snapshot of the Sierra
NF Living Assessment Chapter 1, lines 390-392.

Total area burned annually is far below historic levels (Stephens et al. 2007, North et al. 2012). The result
of these changes is denser, more uniform forests and shrubfields (Collins and Skinner 2013). This in turn
has led to more uniform, high severity fires (van Wagtendonk and Fites-Kaufman 2006, Miller et al. 2009,
Collins and Stephens 2010, Miller and Safford 2012).

A bio-regional analysis of the resilience of vegetation to fire in different weather conditions was
conducted (Fites-Kaufman et al. 2013). Resiliency reflects the potential fire behavior and effects to
vegetation. This is one way to measure the relative “stress level” of changes in fire.

Potential fire resiliency for four different weather scenarios is shown on the map below. The model
parameters, including weather, are described in Fites-Kaufman et al. (2013). The assessment did not
include changing weather conditions with terrain or daily fluctuations. That would have resulted in more
variable fire effects and increased the uncertainty of the results. The purpose of this fire resilience
assessment was to gain a relative understanding of the potential effects across a range of typical fire
season conditions.

The map below shows the results of the fire resilience assessment. It is of four “tiled” maps, each
depicting different weather scenarios. There are six categories of resilience mapped: gray is sparsely
vegetated or unknown areas thought to have little or no fire potential; light green denotes high fire
resilience; yellow is moderate fire resilience; orange is low resilience; and red is very low resilience. The
black dots on the map represent developed areas, an indicator of wildland urban interface. In all weather
conditions, highest elevations in the subalpine zone covering about one-fourth of the forest has high
resilience. Below that in elevation is the upper montane, or dominantly red fir forests. Depending on the
weather scenario, resilience in this zone varies from low to moderate. The top left map depicts results in
moderate fire weather. These would be typical early summer fire conditions. Here most of the upper
montane zone is orange and yellow, which is low and moderate resilience. In contrast, the low and mid-
elevation mixed conifer, pine, and foothill areas are mostly low to very low resilience under all weather
conditions. Under hotter, drier and windier conditions (high and very high weather in the lower maps), all
but the highest elevations have low to very low resilience to fire. This means that most of the landscape
could burn at high intensities with high severity effects. For forests, a high level of tree mortality would
likely. For shrublands, a high level of above ground consumption of foliage and branches would likely
occur. Areas that are depicted as moderate to high resilience would likely burn with more of a mosaic of
intensities and effects.
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Along with changes in vegetation and fire suppression, human populations have increased and impacted
fire suppression and restoration. In the fire resilience maps above, the black areas show human
development, towns and infrastructure. Together, these are indicators of the wildland urban interface
(WUI). Development is concentrated along the western edge at lower elevations. There are some
recreation developments at mid-elevations such as around Shaver Lake.

The combination of accumulated vegetation and fuels in the wildlands with increased population is
contributes to increasing threats to communities, as well as increased fire management costs throughout
the western United States (California Forest and Range Assessment 2010, Toman et al. 2012, Wildland
Fire Leadership Council Cohesive Strategy 2013, Ecological Restoration Institute 2013). The extensive
WUI in the bio-region has resulted in changes to fire management, including choice of strategies and
expenditures during uncontrolled wildires (Calkin et al. 2005, Canton-Thomson et al. 2008). Extensive
research has shown that fuels in the “home ignition zone” and ignitability of building materials are most
critical to whether or not structures burn in the WUI (Cohen 2001, 2003, 2004, Reinhardt et al. 2008).
Investigations of recent catastrophic fires in the WUI, where many structures burned, show that most of
the damage occurs during the most severe fire weather conditions (Menakis et al. 2003). Fires under these
conditions have rapid growth rates and/or high intensities (Reinhardt et al. 2008). A recent example in the
bio-region is the Angora Fire in South Lake Tahoe in 2007 (Safford et al. 2009). Despite fuel hazard
reduction treatments in the WUI, 254 homes were destroyed (Safford et al. 2009). Similar outcomes
would be expected with fires on the Sierra NF. In a national risk assessment, the Sierra Nevada mountain
range was identified as one of the highest risk areas in the country (Wildland Fire Leadership Council
Cohesive Strategy2013). A more refined risk assessment is under development for the Sierra NF, and will
be used during forest plan revision.

These types of fires put more firefighters at risk (Stockmann et al. 2010). In 2006, five firefighters were
killed protecting WUI structures (Stockmann et al. 2010). In 2003, fifteen people, including one
firefighter, were killed in association with the Cedar fire. Tragically, this year 19 firefighters were killed
while suppressing a fire in Arizona. As a result of these newer findings, the new Cohesive Fire Strategy
emphasizes: fire adapted communities, fire resilient wildlands, and risk-based fire management.

Predictions indicate climate will continue to change and magnify the fire risk to communities, as well as
increase the likelihood of more intense and faster growing fires in the wildlands (McKenzie et al. 2004,
Westerling et al. 2006, Westerling and Bryant 2008, Westerling et al. 2011). Longer fire seasons and drier
and hotter fire conditions have already been noted over the last decade (Safford et al. 2012).

Fires do not recognize land ownership boundaries. The Cohesive Fire Strategy (2013) recognizes the
importance of cooperative relationships among land managers and owners in addressing fire issues. On
the Sierra NF, there is good cooperation and initiative for self-responsibility among different groups and
communities. There are three Fire Safe Councils: Highway 168, Eastern Madera and Mariposa.
Cooperative relationships exist with CalFire, the Mariposa County Fire Department, Huntington Lake
Fire Department, Yosemite and Sequoia-Kings National Park, the Fish and Wildlife Service-San Luis
Refuge, the California Department of Fish and Wildlife, the Army Corps of Engineers, the Bureau of
Reclamation, the Bureau of Land Management and the Bureau of Indian Affairs.

A more detailed assessment of current conditions in the WUI is not possible at this time because there is
no single database of fire hazard and community protection treatment projects or conditions.
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Insects and Pathogens

Many forested ecosystems in the Sierra Nevada, from the foothills to the highest elevations, show serious
symptoms of forest health stress. In many areas, past management activities have resulted in overly dense
stands, imbalances in diversity of age class, and altered mixes of vegetation. This alteration from
historical conditions has resulted in increased susceptibility to insects, pathogens, and weather-induced
stresses. Ecosystems which are currently outside their natural range of variability are less resilient to
diseases and attack by insects. Changing climates could also alter insect and pathogen lifecycle
development and behavior. Bark and engraver beetles, defoliators, root diseases, mistletoes, and the
introduced fungus which causes white pine blister rust are important forest insects and diseases
throughout the Sierra Nevada Range. With the exception of a few introduced insects and pathogens,
forests in the Sierra Nevada have the same insect and disease associates they had 100 years ago. The
difference is the scale of interaction between insects, pathogens, and their hosts, in both space and time.
Although large insect outbreaks are known to have occurred historically, the landscape patterns of
vegetation often resulted in disturbances that were brief and confined in patches rather than over large
extents.

Historically, the most significant widespread effect on vegetation has been conifer mortality associated
with bark beetles, severe moisture stress, and fire. The highest numbers of acres with mortality have
been attributed to bark beetles. Conifer mortality associated with insects tends to increase whenever
annual precipitation is considerably less than historical average (drought). Trees that are stressed by
inadequate moisture levels have weakened defense systems, leaving them highly susceptible to attack by
bark beetles. The potential for disease infection and infection intensity increases when trees become more
stressed. High levels of conifer mortality have been recorded numerous times in association with
extreme or protracted droughts in the Sierra Nevada Range (California Forest Pest Condition Reports
1960-present). Bark beetles and other insects and diseases attack stressed and weakened trees, leading to
lag times in tree mortality and an expansion of the area of tree mortality after the initial attack.

Vegetation Succession, Land Use and Management

Trees, grasses and shrubs grow and change over time. This is called vegetation “succession”. Historically,
fire played an important role in shaping vegetation succession. It kept vegetation density low, more
variable and favored dominance by fire-resilient species, such as ponderosa pine and black oak. Native
Americans used fire to benefit food sources and life necessities such as basketry materials. This
interaction changed dramatically with European settlement.

Vegetation management can be considered both a driver and stressor to ecosystems. Changes in land use
have shifted over time from early settlement activities, fire suppression and timber harvest in the early
and mid-part of the 20th century. Increasingly over the last 30 years more emphasis has been placed on
protecting wildlife habitat and other land uses such as recreation. All of these changes have affected
vegetation succession. Current levels of vegetation restoration are very low compared to rates of
vegetation growth. This has resulted in denser vegetation that is more susceptible to drought, large high
intensity fire, and insect and pathogen outbreaks.

Native American Management

Native Americans used fire to manage for varied beneficial uses for thousands of years. In addition to
ignitions by lightning, Native Americans used fire to manage for food, basketry, hunting, travel ways, and
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to reduce fire hazard (Anderson and Moratto 1996, Anderson 2006, Lake and Long 2013). Some areas
were burned every year or every few years, where particularly important food sources were present
(Anderson 2006). This included areas around and in meadows and riparian areas. Importantly, Native
Americans did not suppress fires or if they did, not on a widespread basis. There are growing efforts by
Native American tribes in and near the Sierra NF to restore fire for cultural and ecosystem benefits. For
more information, see Chapter 12 of this assessment.

European Settlement

European settlement in the bio-region greatly intensified with discovery of gold in the Sierra Nevada in
1848 (Beesley 1996). Along with mining came intensive logging to fuel steam-generated equipment, and
to build housing. There was also extensive grazing by livestock. Early logging focused on large diameter
trees. Logging on the Sierra NF was primarily within the lower and mid-slope areas (3,000 to 7,000 feet),
and typically consisted of removing many of the largest overstory trees. This was particularly significant
in what is now the Bass Lake Ranger District, as a result of extensive railroad logging between the late
1880s through the 1930s. These actions resulted in substantial reductions of sugar, ponderosa and Jeffery
pine forests.

Sheepherders burned extensively at high elevations in the fall on their way down from the mountains,
presumably to improve forage (Sudworth 1900, Leiburg 1902, Vankat 1970, McKelvey and Johnston
1992). Some of the large shrubfields at higher elevations are attributed to this burning (Sudworth 1900,
Leiburg 1902), and persist today (Nagel and Taylor 2005). Ranchers in the foothills reportedly used fires
to increase forage production and enhance livestock access (Merriam 2013). Miners and other early
settlers caused accidental fires.

For more detailed information see the Natural Range of Variability Assessments (Safford 2013, Estes
2013, Meyer 2013a and 2013b, Merriam 2013).

Management from the 1930s to 1980s

Starting in the early 1900s, fires were actively suppressed with the intention of “protecting forests”.
Logging in the mid-1900s focused on selective harvest of larger trees, and on regeneration of harvested
areas in the 1980s (Verner et al. 1992, Helms and Tappeiner 1996).

Over the last century, with good intent but unforeseen consequences, most fires were rigorously
suppressed. For at least half a century, this suppression was successful (McKelvey et al. 1996, Husari and
McKelvey 1996, Husari et al. 2006). This fire suppression has resulted in increased vegetation density
and uniformity, an increase of less fire tolerant trees, and understory fuel loads resulting in increased fire
potential (van Wagtendonk 1985, Stephens and Moghaddas 2005, Stephens 2005, van Wagtendonk and
Fites-Kaufman 2006, North et al. 2009).

Current Management

In the early 1990s, concern for the California spotted owl and other ecosystem impacts generated
substantial changes in land use on federally managed lands. Harvest of large trees was essentially
eliminated, and the emphasis shifted to medium and now small diameter trees. Vegetation management
around nests or den sites for the California spotted owl, goshawk, fisher, and marten was heavily
restricted. At the same time, a growing concern for the cumulative effects of past management and fire
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suppression increased the focus on restoring fire and reducing forest densities and surface fuel
accumulations.

The effects of fire suppression on increasing fuels in the Sierra Nevada (van Wagtendonk 1985, Stephens
and Moghaddas 2005, Stephens 2005, van Wagtendonk and Fites-Kaufman 2006, North et al. 2009,
Vaillant et al. 2013) and elsewhere in the western United States has been well documented (Reinhardt et
al. 2008) and has been considered in past forest plans and forest plan revisions (USDA 2001 and 2004b).
More recently, changes in climate have been overlaid on increased fuel conditions, contributing to
undesirable fire effects to ecosystems and communities. An estimate of the area under different “condition
classes” was developed by the Forest Service in 2008. Condition Classes 2 and 3 represent areas where
vegetation density and fuels are substantially greater than historic conditions. Only 10 percent of the
Sierra NF was estimated to be in Condition Class 1. A little over 20 percent was in Condition Class 3, the
worst condition possible. The remainder was in Condition Class 2. The areas in the best condition are in
the subalpine zone and the areas in the worst condition are in the mixed conifer and pine forests.

Currently, most of the landscape is not resilient to large, high intensity fire, and is susceptible to drought
and insect/pathogen outbreaks. Restoration is proceeding at a pace and scale that is inadequate to address
the problem in a timely way. The limited pace and scale of restoration and lack of active management is a
stressor.

The chart below compares acres treated for restoration (thinning, biomass, or fire) since 2001 with areas
potentially available for restoration. The x-axis shows acres ranging from 0 to 300,000. The y-axis shows
categories which include: potential areas to treat that are not near roads or are not designated for special
management; near roads/dense forest (>60 percent cover)/not designated or slopes less than 40 percent
(considered operable by ground equipment); and near roads or dense forest or not designated. The acres
of each are shown by the horizontal bars and are approximately 160, 240, and 279 thousand acres
(respectively. There are many areas that need treatment. The size of the area treated since 2001 is slightly
less than 40,000 acres. Half of that was biomass or thinning by prescribed fire or wildfires managed for
resource objectives, and half was fire. These are shown with the blue horizontal bars.
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There are multiple and complex reasons behind the limited restoration. These include smoke management
regulations, limited budgets, environmental concerns, and the economics of mechanical treatments.

More detailed information on restoration activities by type on the Sierra NF can be found in the July 2,
2013 snapshot of the Sierra NF Living Assessment Chapter 3, lines 25-29, and Chapter 8, lines 136-145.

lllegal Land Uses

Recent research (Gabriel et al. 2012) has shown that rodenticide poisons, such as those distributed
through illegal marijuana growing operations, can have detrimental impacts on species such as mice, rats
and squirrels. This in turn can detrimentally influence the wellbeing of hunted and non-hunted wildlife
populations, as well as have potentially negative effects on people who consume those species. This is a
particular concern for fisher, a candidate species for listing under the Endangered Species Act.

Invasive Species

The influx of non-native species of animals and plants since the first Europeans arrived in California has
changed the ecosystems of the Sierra Nevada. This continues to be a major and increasingly important
stressor on the Sierra NF. Invasive species includes all life forms including plants, animals, invertebrates,
and fungi.

Invasive Plants

Over 1,400 vascular plant taxa have been documented to occur on the Sierra NF. Approximately 25
percent of these are not native, and about 100 are so aggressive and damaging to ecosystems that they are
classified as noxious weeds or invasive non-native plants.

The foothill zone has extensive areas with non-native grasses. Non-native annual grasses were imported
when Europeans arrived hundreds of years ago. These include brome, wild barley, wild oats, and annual
fescues. Star thistle is also prevalent.

Non-native plants make up a smaller proportion of all species in each major vegetation zone as elevation
increases. An example from adjacent Yosemite National Park is given by Botti (2001), who wrote that 23
percent of plant species were non-native in the lower elevation chaparral/oak woodland zone of Yosemite,
13 percent of species in the mixed conifer zone were non-native, 5 percent of species in the upper
montane zone were non-native, and only 0.5 percent were non-native in the subalpine zone. The alpine
zone had no non-native species documented. This pattern appears true for neighboring lands on the Sierra
NF as well. Extensive surveys of the high elevation wilderness over the past few decades have revealed
very few non-native plants in the subalpine zone, and no non-native species in the alpine zone.

Invasive Animals

The barred owl is native to the east coast of the United States and has migrated west and south. It
hybridizes with the California spotted owl, jeopardizing its genetic integrity (Keane 2013). It has been
observed in the northern portion of the Sierra NF. It is unknown how many barred owls there are or how
fast they are progressing south.
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Invasive Invertebrates and Fungi

Invasive invertebrates such as the zebra mussel are impacting aquatic ecosystems. More information on
aquatic invasive species is described in Chapter 1 of this assessment. White pine blister rust has impacted
white pines in the bio-region for decades. For more information on its impacts to native trees, see the
discussion on Natural Range of Variability in Chapter 1 of this assessment.

Contribution the plan area makes to ecological, social or economic
sustainability

In 2004, the Forest Service produced a national report on Sustainable Forests (USFS 2004a). That report
included a summary of the current condition of forests, based on a variety of ecological, social and
economic indicators of sustainability. In defining ecological sustainability, the following was included
from Helms (1998):

...the capacity of forests, ranging from stands to ecoregions, to maintain their health, productivity,
diversity, and overall integrity, in the long run, in the context of human activity and use.

There are two main facets to evaluating the sustainability of ecosystems: drivers and the effects of
stressors are operating within the natural range of variability; and ecosystems are “resilient” to drivers and
stressors. That means that they can have effects from drivers and stressors but continue to function and
recover. Climate, fire, insects and pathogens, invasive species, vegetation succession, and vegetation
management all occur simultaneously on the landscapes of the Sierra NF. They influence each other. Fire
affects vegetation succession. Vegetation succession affects insects and pathogen levels. Climate affects
fire, vegetation succession, insects and pathogens, and invasive species. When considering ecological
sustainability as influenced by drivers and stressors, it is important to consider them all together.

Natural Range of Variability

Overall, ecosystems on the Sierra NF are outside of the natural range of variability in terms of fire,
insect/pathogens, air quality, invasive species, and vegetation succession.

In the table below, the conditions of these drivers and stressors are summarized using similar elements as
described in the National Report on Sustainable Forests (USFS 2004). The deviations from the natural
range of variability are great for foothill and montane areas (mixed conifer, oak and pine), moderate for
upper montane (red fir and Jeffrey pine), and low for subalpine and alpine areas for all characteristics
(fire, vegetation succession, insects/pathogens, air quality). The trend is for these characteristics to
continue to deviate from the natural range of variability, and to deviate more because of the low rate of
restoration vegetation management. This includes fire managed for resource objectives
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Conditions of drivers and stressors from the National Report on Sustainable Forests (2004)

Characteristic

Condition

Trend

Area affected by insects
and pathogens beyond
natural range

Mostly outside of natural range.
Dense forests and climate change
increase susceptibility to large
outbreaks.

Continued. Restoration far below
rates needed to restore. Climate
change will make worse.

Area affected by air
pollutants that may cause
negative effects

Poor and worsening. Especially lower
and mid-elevations.

Continued, although some air control
measures have improved conditions
some.

Area affected by invasive
species

Poor in foothill zone, extensive non-
native grasses. Some invasions in

Continued. Difficult to restore
foothills. Climate change enhances

higher elevations. invasions.

Continued. Restoration far below

rates needed to restore. Warming

and longer fire season is making
problem worse.

Area with fire condition
class outside of natural
range

Mostly outside or range (except
subalpine/alpine)

Continued. Restoration far below
rates needed to restore. Climate
change will make worse.

Area with vegetation
condition outside of natural
range

Mostly outside or range (except
subalpine/alpine)

Resilience

Ecosystem resilience can be difficult to characterize. In essence, it is the ability of an ecosystem to absorb
changes from drivers and stressors, and still maintain function (biodiversity and processes such as carbon
cycling). Over thousands of years, drought has occurred in the Sierra Nevada. A severe drought has not
been experienced recently on the Sierra NF or in the bio-region. However, a severe drought is inevitable
and with current trends in climate, the effects are likely to magnify with longer, drier summers and lower
snowpack already evident. Predicted trends are that climate will continue to change and magnify the fire
risk to communities, as well as to increase the likelihood of more intense and faster growing fires in the
wildlands (McKenzie et al. 2004, Westerling 2006, Westerling and Bryant 2008, Westerling et al. 2011).
Longer fire seasons, and drier and hotter fire conditions have already been noted over the last decade
(Safford and Meyer 2012).

Given that the current condition of vegetation is denser than the natural range of variability, it is likely
that the foothill and montane landscapes on the Sierra NF will not be resilient to drought, high severity
fire, and insect and pathogen outbreaks. Air pollution is currently at levels where there is impaired
function. This weakens vegetation, making it more susceptible to drought and insects and pathogen
related die-back. Increased tree mortality has already been reported (Van Mantgem et al. 2009). Fires are
more likely to be more uniformly severe across large areas. Severe fire has always occurred. In the past,
however, vegetation was more heterogeneous and as a result the fires were patchier.

In the foothills, invasive grass species have dominated large areas since European settlement. More
recently, they have spread along roads, and sometimes with fires in montane chaparral and forests.
Invasive species may be enhanced by climate change. These invasive grasses also change the fire regime.
In chaparral, invasive annual grasses shift the fire regime to a more frequent one.
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Overall, the foothill and montane landscapes have low resilience. The upper montane landscapes have
moderate resilience. Subalpine and alpine ecosystems have high resilience, although they may be
particularly vulnerable to warming climate and reduced snowpack.

Information gaps

An assessment of current conditions in the wildland urban interface is not possible at this time because
there is no single database of fire hazard and community protection treatment projects or conditions.

Chapter 4: Carbon

Forests play an essential role in global carbon storage, by removing carbon dioxide (CO,) from the
atmosphere and by storing carbon as biomass within ecosystems. Increases in atmospheric CO, over the
last century have been linked to rising temperatures, and because forests absorb CO,, they play an
important role in regulating climate. In turn, changes in climate, including precipitation and temperature,
influence the rates of carbon uptake and loss from an ecosystem. As a result, it has become increasingly
important to understand the feedback mechanisms between carbon uptake in forests and climate to ensure
the maintenance of healthy and productive ecosystems.

Carbon stock is a term used here to describe the total pool of carbon in an area, including live and dead
biomass, and above and below ground carbon. Atmospheric CO, is specifically addressed in Chapter 2 of
this assessment, and is considered here only as it is linked to forest carbon stocks. Other issues that
influence carbon stocks, including the harvest of wood products, fire, disease, and climate, are covered in
more detail in other chapters of this assessment. In this chapter, the focus is on assessing the issues that
associate carbon stocks with climate change.

Important Information Evaluated in this Phase

One of the goals of the 2010-2015 USDA Strategic Plan is to ensure national forests and private working
lands are conserved, restored, and made resilient to climate change (USDA 2010). The Forest Service
roadmap for responding to climate change identif