Upper Feather River IRWM
Uplands & Forests Workgroup

Meeting Agenda
November 05, 2015
9:00 AM
Plumas County Planning Conference Room
555 Main Street, Quincy

Any member of the public is welcome to comment at the meeting.

1.

Welcome and Introductions
Brief Summary of Sept 23" & the October 23" Regional Water Management Group Meetings.
Resource Management Strategies Recommendations

a. Present Chairs’ draft RMS Recommendations

b. Discuss and finalize UF Workgroup RMS recommendations

c. Schedule presentation at a future RWMG meeting
Presentation by FireSafe Councils in the region -with Q&A
Presentation by Deer Creek Resources on prioritizing fuels treatments in the Klamath region
Step 2 Project Submittals

a. Discuss further development of project submittals- filling in blanks, etc.

b. Discuss project integration opportunities w/ other Workgroups’ Step 2 Projects
Introduce Greenhouse Gas Emissions worksheets for Projects
IRWM Plan Chapter Review timetable and November deadlines

Nov. 11 - feedback on Governance chapter

Nov. 14 - feedback on Climate Change chapter

Update on SNC’s Funding Opportunities Newsletter & WIP & Water Bonds

NOTE: All Workgroup meetings are open to the public. Meetings will be live broadcast as well as video-

recorded and posted on the website http://featherriver.org.

In compliance with the Americans with Disabilities Act, if you need special assistance to participate in this

meeting, please contact the Plumas County Planning Department at (530) 283-7011.
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10. Tribal presentation on RMS and Project integration with UF Workgroup

11. Workgroup activities for the rest of year 2: (November, 2015 - May, 2016)
All Workgroups Capacity Building & Implementation Workshop?

We will have light refreshments available.

Uplands and Forests Workgroup

Contacts:

Mike Delasaux, Workgroup Chair

mjdelasaux@ucdavis.edu

John Sheehan, Workgroup Alternate

johnjo@psin.com

Leah Wills, Workgroup Coordinator

UFR.uplands@gmail.com

NOTE: All Workgroup meetings are open to the public. Meetings will be live broadcast as well as video-
recorded and posted on the website http://featherriver.org.

In compliance with the Americans with Disabilities Act, if you need special assistance to participate in this
meeting, please contact the Plumas County Planning Department at (530) 283-7011.
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DRAFT RESOURCE MANAGEMENT STRATEGY (RMS) RECOMMENDATIONS
BY THE UPLANDS AND FORESTS WORKGROUP CHAIRS (10-27-2015)

NOTE: Recommendations (RMS 21, RMS 23, and RMS 26) are adapted from the draft
Meadows, Floodplains & Waterbodies Workgroup’s Draft Recommendations that were
derived from the 2013 California Water Plan and from adjoining IRWM Plans’ RMS
recommendations.

RMS 22 (Forest Management) is adapted from recommendations from the 2013
California Water Plan with additions for wildfire risk reduction and for enhanced forest
and uplands groundwater water storage.

RMS 27 (Economic Incentives) is integrated throughout the draft recommendations by
adding “economic incentives” to RMS 21, 26, 22 & 28 and also as described in RMS 27.

RMS 21. Ecosystem Restoration.
Provide Economic Incentives to

* maintain and restore a diversity of historic habitats.

* connect and expand important habitat areas and to protect habitats and habitat
connectivity from catastrophic wildfire.

* conserve and restore riparian habitats and to protect habitats and habitat connectivity
from catastrophic wildfire.

 implement climate resiliency plans that benefit ecosystems, water, and flood
management and to protect habitats and habitat connectivity from catastrophic wildfire.
» restore the forest hydrograph by reducing unnatural, fire suppression-caused conifer
densities and species imbalance and thereby restore natural base flows and pulse flows in
streams and rivers.

» control non-native invasive plant and animal species.

* protect habitats and habitat connectivity from catastrophic wildfire and in order to
maintain natural filtering of pollutants and for the recharging of aquifers

* conserve springs as water supply sources as well as valuable ecological and spiritual
resources in the region and to protect spring and wetland habitats from catastrophic
wildfire.

* minimize areas of excessive erosion and sedimentation through Best Management
Practices implementation, watershed management and through reduction of catastrophic
wildfire.

* reduce road culvert barriers to fish and amphibian migration in rivers and streams by
assessing culverts for adequate passage of aquatic organisms and by prioritizing passage
improvement work as appropriate.

RMS 23. Land Use Planning and Management.

* Increase communication between land-use planners and water managers.



* Plan for growth in a way that conserves water resources such as streams, wetlands,
springs, groundwater recharge areas, natural floodways, and water quality.

* Direct development away from undeveloped mountain meadows, floodplains, and
alluvial fans

* Develop watershed information and strategies to update local land use decision makers
on opportunities for maintaining and improving watershed functions

RMS 26. Watershed Management.
Provide economic incentives:

* to create and maintain a scientifically valid tracking and reporting methods to document
hydrograph and precipitation changes in the watershed

* to establish a scientifically valid means of tracking and reporting baselines and trends in
watershed condition, such as lidar, that are capable of displaying and differentiating the
net effects of management against the background of a more variable precipitation regime.
* to restore and preserve stream channel morphology to provide floodwaters access to the
floodplain and to encourage stable banks and channel form and the regeneration of
riparian vegetation.

* to assess the performance of projects and programs.

* to develop landscape scale approaches that coordinate multiple RMS strategies .

* to maintain and enhance ecosystem functions, such as peak flood attenuation and
protecting habitats and connectivity corridors from catastrophic wildfire.

* to assist property owners in implementing watershed management activities.

RMS 22. Forest Management.
Provide economic incentives for monitoring and research:

Long-term monitoring is needed to understand hydrologic changes resulting from climate
change and management actions, and more data collection stations are needed to
accurately determine how changes in hydrology and water quality are related to climate
change and forest management activities:

1. Additional stream gauges are needed throughout the forested regions of California to
adequately represent the existing range of hydroclimatic and geologic conditions. In
particular, gauges would be helpful in both managed and pristine watersheds.

2. Additional precipitation stations and snow courses are needed to increase the
accuracy of determinations of climatic trends and evaluations of effects of
management activities.

3. Additional water quality and sediment monitoring stations are needed to quantify the
effects of climate change and forest management activities on surface water quality.

4. Additional long-term monitoring wells and aquifer infiltration, isotope, and recharge



studies would be useful for understanding groundwater resources in forested
watersheds.

5. Additional projects and studies to characterize regional surface water, groundwater
and aquifer interactions on public, private, and tribal lands.

Provide economic incentives for research on connections between forest
management and restoring the surface and groundwater hydrograph in forested
landscapes and additional research on:

1. Effects of landscape scale fuels reduction for enhancing beneficial uses of water.

2. Effects of vegetation and fuels management on soil moisture, groundwater recharge,
and streamflows.

3. Quantification of both the short- and long-term effects of prescribed fire on soil and
water nutrients, and determination of the impacts of burn frequency on soil and
vegetative properties that influence infiltration, percolation, surface runoff, and
groundwater discharge.

4. Effects of different severity wildfires on water quantity, water quality, and aquatic
organisms.

5. Role and magnitude of groundwater storage in mountain meadows and surrounding
forests and effects on base streamflows and on the attenuation of flood peaks.

6. Sediment sources and erosion processes in unmanaged, managed, and “high-severity”
burned and historically forested watersheds.

7. Effects of riparian forests in maintaining stream and groundwater hydrology and
water quality and nutrient cycling, and the development and evaluation of regionally-
specific conservation strategies.

8. Effects of urban trees in reducing non-point source pollution and the effects of
managed forestland fuels in reducing GHG emissions from catastrophic wildfire

9 Eftects of high severity fire conversion of mature forests to brushfields (and the
brushfield reburning cycle) on carbon sequestration, groundwater storage, and
streamflows.

10. Effects of high severity fire on the conversion of mature forests to brushfields and
regionally specific, and pre-fire suppression extent of brushfield and mature forest habitat
needed by various forest species.

11. Effects of increasing conifer densities on the surface and groundwater forest
hydrograph,

Coordination. Invest in actions that would provide for better coordination of forest
management across forested landscapes.



1. Invest in involvement of forest managers in integrated resource water management
and land management plan development and implementation.

2. Invest in science for informing the determination of objectives and strategies for
forested meadows

3. Pilot expanded interagency agreements to allow federal, state, tribal, and non-
governmental agencies and entities to share expertise, staff time, and funding across
jurisdictional boundaries for the purposes of landscape-scale watershed and water quality
protection and improvement.

4. Pilot expanded interagency agreements to allow federal, state, and non-governmental
agencies and entities to share expertise, staff time, and funding across jurisdictional
boundaries for the purposes of reducing barriers to the reintroduction of controlled fire,
such as liability concerns, and for the incorporation of tribal traditional ecological
knowledge (TEK).

5. Invest in a science-based public education campaign directed at water users and
communities in the Central Valley, Bay Area, and Southern California to increase support
for forest management funding for improvement of water surface and groundwater
resources, particularly related to forest vegetation management.

6. Invest in state and federal watershed resource enhancement and conservation measures
for the forested headwaters areas of the state and for urban forestry in metropolitan areas.

7. Increase eligibility of federal agencies as partners with tribal, state, and local entities
for grant programs, and allow federal funds and in-kind services to be used as grant
matches.

8. Deregulate low-risk noncommercial vegetation and fuels management projects that
reduce the risks of catastrophic wildfires and therefore have net beneficial effects on
groundwater storage, surface water flows, and on water quality.

RMS 27. Economic Incentives. (NOTE: Economic incentives are also incorporated into
RMS 21, RMS 22, RMS 26 & RMS 28.)

1. Develop programs for supporting biomass utilization, enhancing groundwater
recharge, reducing catastrophic wildfire, and reducing GHG emissions as
integrated and essential elements of restoring forest ecosystem health across
California’s forestlands.

2. Develop scientific evaluations for implementing such programs at the landscape
scale in key watersheds of statewide importance.

3. Assist with developing the capacity of landowners and local organizations and
programs to carry out RMS implementation.

RMS 28. Outreach and Engagement.



1. Provide scoring and other economic incentives for IRWM Projects that
incorporate outreach and education into project implementation.

2. Support and expand existing education programs such as the Forest Institute
Training for teachers “FIT” program, the “Learning Landscapes” program, and
the exemplary outdoor education programs by pre-school through junior college
education entities and other entities in the UFR Region.

3. Support work with adjacent and downstream landowners to improve
understanding of benefits that result from large scale and coordinated watershed
projects.

RMS 31. Other Strategies.

The workgroup reviewed “Other Strategies” in the 2013 California Water Plan and found
them to be irrelevant to the forested portions of UFR region. The UF Workgroup then
developed regionally relevant “Other RMS Strategies” in order to incorporate regionally
specific catastrophic wildfire reduction and vegetation management strategies into the
UFR IRWM Plan.

The Uplands and Forest Workgroup’s “Other (Fire & Fuels Management) Strategies” are:

1. Fire buffers for ridgeline lightning, roadway, and railroad ignitions.
2. Fire buffers for the protection of critical habitats.

3. Snow zone fuels and fire management.

4. Wildfire liability buffers.

5. Wildland-Urban interface (WUI) management.

6. Community Recharge Area management for protection of domestic and
agricultural wells from catastrophic wildfire and reduced groundwater infiltration.

7. Landscape scale forest and fuels management that includes multiple (#1-#6) fire
and fuels management strategies.
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Cookhouse Meadow, Sierra Nevada
Mountains. To restore Cookhouse Meadow, a
technique called “Pond and Plug” was employed,
in which ponds and/or widened areas of waterways
are excavated to produce fill material that then

is used to plug or otherwise redirect the flow of
water. The ponds become excellent wildlife habitat,
particularly for migratory birds.
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Chapter 23 - Forest Management

Chapter 23.  Forest Management

Forest lands in California, the majority of which are in the middle to high elevation foothills and
mountains, produce a diverse array of resources such as water, timber, native vegetation, fish,
wildlife, and livestock, and outdoor recreation. However, the water produced by these forests has
economic value that equals or exceeds that of any other forest resource (Krieger 2001; California
Department of Forestry and Fire Protection 2003). Most of California’s major rivers and a
substantial portion of its runoff originate in these forests; therefore, most of California’s major
water development projects are tied strongly to forested watersheds.

Forest management activities can affect water quantity and quality. This strategy focuses on
forest management activities, on both public and privately-owned forest lands, whose goals
specifically include improvement of the availability and quality of water for downstream users.

Water rights for groundwater in most areas of California are assigned to overlying landowners
and reasonable use is unregulated. In contrast, surface water rights, which are managed and
enforced by the State Water Resources Control Board (SWRCB), are a complicated mixture

of riparian, appropriative, and adjudicated rights. The U.S. Department of Agriculture Forest
Service (USDA Forest Service) uses federal reserved, appropriative, riparian, and overlying
adjudicated water rights to manage forest lands. A large percentage of water flowing from forests
is appropriated by state and federal water projects, municipal water agencies, irrigation districts
and hydropower companies, many of which are fully appropriated. A list of fully appropriated
stream systems for California is available on the SWRCB Web site: http://www.waterboards.
ca.gov/waterrights/water_issues/programs/fully appropriated_streams/.

Water quality in California is protected by the SWRCB and nine regional water quality control
boards (RWQCBs). The RWQCBs regulate compliance with the federal Clean Water Act through
designation of beneficial uses, development of numeric and narrative water quality objectives,
water quality control policies, basin plans, basin plan prohibitions, issuance of various types of
permits, and enforcement actions. The SWRCB prepares lists of impaired water bodies every two
years, as required by Section 303(d) of the Clean Water Act. In addition to listings of threatened
or endangered fish and wildlife species by the California Department of Fish and Wildlife, the
U.S. Fish and Wildlife Service, and the National Marine Fisheries Service, these impaired water
body listings have greatly influenced forestry practices on non-federal lands during the past
decade (Cafferata et al. 2007a).

Forest Ownership and Management in California

California has more than 30 million acres of forested lands (California Department of Forestry
and Fire Protection 2003; Christensen 2008), which are located primarily in the major mountains
of the Coast Ranges, Klamath Mountains, Cascade Range, and the Sierra Nevada. Forest lands
in California are owned and managed by a wide array of federal, state, tribal, and local agencies,
non-governmental organizations, and private companies, families, and individuals (Table 23-1),
each of whom has a different forest management strategy with different goals and constraints.

The largest public forest landowner in the state is the USDA Forest Service, which owns and
manages 18 National Forests in California. California’s National Forests were established
under the Organic Act of 1897, which specifically states that a primary purpose of these lands
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is to “secure favorable conditions of water flow.” U.S. Secretary of Agriculture Tom Vilsach
emphasized the role of the USDA Forest Service in protecting water sources in his remarks made
on August 14, 2009:

We must work and must be committed to a shared vision, a vision that
conserves our forests and the vital resources important to our survival while
wisely respecting the need for a forest economy that creates jobs and vibrant
rural communities. Our shared vision must begin with a complete commitment
to restoration. Restoration, for me, means managing forest lands first and
foremost to protect our water sources while making our forests far more
resilient to climate change.

The USDA Forest Service Pacific Southwest Region manages roughly 20 million acres in
California for multiple uses including, among other things, timber and livestock production,
mineral production, and outdoor recreation (USDA Forest Service 2007). Despite their name,
these National Forests include a wide variety of ecological communities, including subalpine and
montane forests, alpine shrublands, chaparral, desert, and wetlands. Timber on National Forests
is produced through commercial timber sales to private contractors and livestock are grazed
under a permit system. Environmental issues related to resource management on National Forests
are addressed under the National Environmental Policy Act (NEPA). Resource management on
each National Forest is guided by a Land and Resource Management Plan (LRMP), which is
revised and updated roughly every fifteen years. The content and format of LRMPs is governed
by national planning rules, which are also revised periodically, with the most recent planning rule
completed in 2011. All future LRMPs will emphasize sustainability, restoration, and forest health.

The U.S. Bureau of Land Management (BLM) manages 1,650,000 acres of forest in the state
(USDA Forest Service 2008), primarily in the North Coast region and the Modoc Plateau. The
BLM is a multiple-use land management agency that produces timber through commercial sales
and manages livestock grazing through a permit system. Environmental issues related to resource
management on public lands administered by the BLM are addressed under NEPA.

The National Park Service (NPS) manages 1,287,000 acres of forest in 23 units in California
(USDA Forest Service 2008). Unlike the USDA Forest Service and BLM, the NPS is not a
multiple-use management agency, but instead has a mission to preserve natural and cultural
resources specifically for public enjoyment and scientific purposes. Commercial timber harvests
and livestock grazing are not allowed in national parks, although vegetation may be managed for
forest health and fire protection purposes. Pack stock grazing is allowed when permitted.

Commercial timberlands (forests used or suitable for producing timber) comprise 16.6 million
acres of forest land across the state (California Department of Forestry and Fire Protection
2003), nearly half of which is in non-federal ownership. More than five million acres are zoned
for timber production and are primarily managed by large, industrial landowners (California
Department of Forestry and Fire Protection 2003), with the remaining non-federal timberlands
owned primarily by small non-industrial landowners with a wide range of management
objectives. State Demonstration Forests include about 71,000 acres statewide (California
Department of Forestry and Fire Protection 2013). Timber harvesting on non-federal forest
lands is regulated by the California State Board of Forestry and Fire Protection (BOF) and the
California Department of Forestry and Fire Protection (CAL FIRE). The BOF adopts regulations
that CAL FIRE has enforced on the ground since 1975. Timber production is the primary use
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Table 23-1 Acres of Forest Land by Ownership in California

Landowner | Acres? | Percentage
Private non-corporate 8,448,000 22.5
Private corporate 4,719,000 12.6
County 330,000 0.9
State 726,000 1.9
USFS® 20,166,000 53.7
BLM 1,650,000 4.4
NPS 1,287,000 3.4
Other federal 231,000 0.6
Total 37,557,000 100.0

Source: California Department of Water Resources 2011; Christensen et al. 2008.

Notes:
2Acres reported are “real” forest rather than total ownership.

SUSDA Forest Service 2008.

of privately-held forests, but some company-owned forest lands are used for livestock grazing
and permitted outdoor recreation, including fishing and hunting. In addition, with the passage
of recent climate change legislation (AB 32), some forests are likely to be managed to enhance
carbon sequestration and provide offsets to greenhouse gas (GHG) emissions.

Urban forestry, although geographically distinct from wildland forests, offers important benefits
for water resources and mitigation of climate change. Urban forests are managed by municipal
parks and public works departments, as well as by many private organizations and individuals.
Trees in urban environments provide more than just aesthetic benefits, including interception of
rainfall, reduction of urban runoff, and energy-efficient shade during hot weather.

Forest management agencies also have responsibilities for protection of water quality and
beneficial uses, such as aquatic habitat. The USDA Forest Service, CAL FIRE, and BOF have
been designated by the SWRCB as water quality management agencies for lands that they
administer or regulate, and have all implemented water quality management plans that have
been certified by the SWRCB. These water quality management programs incorporate best
management practices (BMPs) or Forest Practice Rules (FPRs) that are designed to prevent
adverse impacts to water quality from forest management activities, and include monitoring
programs to evaluate BMP/FPR implementation and effectiveness. The USDA Forest Service
water quality program also includes restoration of “legacy” sources of pollution.

Extensive monitoring of California’s FPRs for protecting water quality on non-federal
timberlands was conducted from 1996 through 2004 by two State programs — one using
independent contractors acting as third party auditors to collect field data, and one using CAL
FIRE forest practice inspectors (Cafferata and Munn 2002; Ice et al. 2004; Brandow et al.
20006). Together, these projects inspected more than 600 randomly selected timber harvesting
plans (THPs) that had gone through one or more over-wintering periods after the completion
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of logging. Both projects found that hillslope surface erosion features were almost always
associated with improperly implemented forest practice rules on forest roads and at watercourse
crossings, and that watercourse and lake protection zones (buffer strips) retained high levels of
post-harvest canopy and surface cover, which prevented harvest-related erosion. Approximately
20 percent of stream crossings were found to have significant problems with both forest practice
rule implementation and effectiveness. Overall, California forest practice rule implementation
rates have been found to be among the highest of any of the Western states, and when properly
implemented, these practices have been found to be highly effective in preventing hillslope
erosion features (Ice et al. 2004; Council of Western State Foresters 2007; Ice et al. 2010).

The USDA Forest Service reported on monitoring data collected from 2003 through 2007 at
roughly 2,900 randomly located sites to evaluate the implementation and effectiveness of its
water quality BMPs on National Forests (USDA Forest Service 2009). The BMP Evaluation
Program uses 29 different onsite monitoring protocols to evaluate BMP implementation and
effectiveness, with the majority related to timber and engineering practices. Overall, 86 percent
of the BMPs evaluated were rated as correctly and fully implemented, and 93 percent of these
were rated as effective in protecting water quality, comparable to results documented on private
timber lands. Among all evaluations, 98 percent were found to have no significant adverse effects
on water quality. The BMPs most likely to be associated with measurable adverse water quality
were road stream crossings, developed recreation sites, and water source development. These
BMPs also were found to have relatively low effectiveness when implemented.

Effects of Forest Management on Water Supply

The scientific evidence for relations between forests and water supply, however, has been
inconclusive (Dudley and Stolton 2003; Troendle et al. 2007). Research has shown that forests
have had a limited role in flood protection and variable effects on total water yields and

base flows (Ziemer and Lisle 1998; USDA Forest Service 2000; Calder et al. 2007; Moore

and Wondzell 2005; National Academy of Sciences 2008). In contrast, several studies have
convincingly demonstrated that forests protect water quality by reducing erosion and removing
runoff pollutants (e.g., USDA Forest Service 2000; Dudley and Stolton 2003; Calder et al. 2007).
Forested watersheds in interior California are the location of California’s winter snowpack. In
contrast to rainfall that runs off rapidly, these snowpacks store enormous quantities of water
through the winter wet season and release this stored water as spring and early summer snowmelt
runoff, when it is most needed by humans and the environment, reducing the need for additional
downstream dams and reservoirs. (For information on the benefits of increasing snowpack

and extending snowmelt via snow fences, refer to Volume 3, Chapter 32, “Other Resource
Management Strategies.”)

Predicted climate changes for California are likely to have large impacts on forest ecosystems
and on water supply in the near future. Climate model predictions suggest that there will be a
shift in precipitation that results in more rainfall and less snowfall at mid-elevations in the Sierra
Nevada (see http://www.water.ca.gov/climatechange for more detail), and in fact, more rapid
spring snowmelt in the Sierra Nevada is already occurring (Peterson et al. 2008). This predicted
shift toward less snow is critically important for water management because the existing water
development infrastructure is designed to exploit streamflows that are driven by gradual releases
of water during snowmelt. If snow is replaced by rain at mid-elevations, then winter flood peaks
are likely to become larger and more frequent, and reservoir storage is likely to be exceeded in
wet months when demand is low. Correspondingly, summer stream base flows will be lower in
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dry months, when demand is high. These climate-driven impacts could lead to proposals for new
dams and reservoirs on forest streams with their resulting environmental impacts, as well as for
additional off-site reservoirs.

Climate change also directly affects forests through increased drought stress, which makes trees
more vulnerable to insect attack, with the resulting increased rates of tree mortality influencing
wildfire frequency, size, and severity. These stresses on forests will affect their capacity to
naturally regulate streamflow and buffer water quality. Many streams that are now perennial are
likely to become intermittent with the resulting loss of riparian zones, aquatic habitats, and other
beneficial uses of water that depend on perennial flows.

The importance of forest management for protection and improvement of water resources has
increased due to concerns about increased demand for water, extended drought, economic and
environmental costs of new water-supply infrastructure, effects of water transfers on endangered
species, and effects of climate change on water supply and hydropower generation. Although
current scientific consensus supports the role of forests as protectors of water quality, the
potential for improvements in the availability of water through active forest management should
not be overlooked (Bales et al. 2011). The following sections discuss forest management actions
that have potential for improving water resources in California. (Discussion of an additional
management action, snow fences, is in Chapter 27, “Watershed Management,” in this volume.)
Forest management activities that alter streamflow regimen to benefit downstream water users
(primarily by altering the timing of streamflow peaks) may be more successful than attempts to
increase total water yield.

Vegetation Management for Water Supply

Management of forest vegetation to improve water supplies has a long history in the western
United States. Early efforts attempted to reduce transpiration or increase snowpack by removal
of trees, most ending with limited success (Ziemer 1987). Changes in water yields resulting
from vegetation management are highly variable and difficult to measure, with indications that
treatments must remove at least 20 percent of the vegetation to have a measurable effect on
streamflow (Troendle et al. 2007). Computer simulations by Troendle et al. (2007) indicate that
every twelve acres of forest thinning (fuels reduction) could theoretically produce an increase
of 1 af of runoff. They suggested that the water yield response to large-scale forest thinning

in the northern Sierra Nevada forests would be short-lived with a single treatment, perhaps
only 15 years, but that an active management program could result in subtle increases in water
yield. Some studies have provided limited evidence that measurable water-yield increases have
occurred in larger watersheds in the past in response to vegetation removal. Blanchard (1962, as
cited in Zinke 1987) investigated the cumulative effect of 30 years of logging on the South and
Middle Forks of the Mokelumne River in the central Sierra Nevada. He reported that between
1930 and 1961, approximately 40,000 acres of forest were logged and that water yields from
these watersheds gradually increased during that time period.

Innovative approaches that utilize selective thinning of younger, smaller trees, according to

E. Holst of the Environmental Defense Fund, show some promise for limited improvement in
streamflow regimen, as well as reducing fuel loading and increasing carbon sequestration (also,
Troendle et al. 2007). However, research to date in California indicates a limited potential for
increases in water yield following forest vegetation management treatments (e.g., Rector and
MacDonald 1987). Most of this research was conducted under conditions of lower stand densities
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than now exist in California forests. Vegetation treatments in forests with higher stand densities
could produce more benefits to water resources than indicated by research over the past several
decades. Research is currently underway to evaluate such benefits (Bales et al. 2011). The effects
of vegetation treatments on water availability will likely depend on the extent and intensity of
treatments, as well as the length of intervals between treatments. Decisions as to whether to
implement specific vegetation management projects will need to consider effects on other forest
resources and potential adverse effects to water quality from vegetation treatments. Bales et al.
(2011) report that their preliminary estimates based on average climate information suggest that
treatments in the Sierra Nevada that would reduce forest cover by 40 percent of maximum levels
across a watershed could increase water yields by about 9 percent. These treatments, however,
also have potential to increase surface runoff and erosion from disturbed soils (Cram et al. 2007).

Fuels/Fire Management

Wildfire Impacts on Watershed Resources

Wildfires affect water resources by removing vegetation and altering soils and ground cover, with
the magnitude of post-wildfire impacts being dependent on burn severity (Ice et al. 2004; Neary
et al. 2005; Moody et al. 2008). These changes have large implications to water resources through
their effects on transpiration rates, water infiltration rates, rates and magnitudes of erosion, peak
and base streamflows, and total water yield.

In the absence of human intervention, wildfires were regular occurrences in California forests,
where relatively frequent fires prevented large accumulations of fuel materials and fires were
generally fast-moving, low-intensity, and did not kill established trees. Active fire suppression
since the 1920s has led to a situation in much of California where forests have developed high
fuel loads that greatly increase the risk of catastrophic high-intensity, stand-replacing fires that
kill all vegetation, generate large volumes of eroded soil and ash (Robichaud 2000; Reneau et al.
2007; Rulli and Rosso 2007; Carroll et al. 2007), and cause large quantities of mobilized nutrients
such as nitrate nitrogen, ammonium nitrogen, and phosphate phosphorus to move into stream
runoff (Miller et al. 2006).

The removal of forest canopies that is associated with high burn severity temporarily reduces
transpiration and interception losses. Consequently, streamflows increase until vegetative re-
growth increases transpiration to or above pre-fire rates (Driscoll et al. 2004), and yields of water
from a burned watershed are increased.

In areas with heavy fuels (typically forests and chaparral that have not burned or been treated to
reduce fuels for many years) intense wildfire can lead to development of hydrophobic soil layers,
particularly in dry coarse-textured soils, that dramatically reduce surface water infiltration rates.
The impermeability of hydrophobic soil layers, in conjunction with the lack of ground cover
remaining after fires, can lead to increased erosion and early-season surface runoff (Neary et al.
2005; Onda et al. 2007; Moody et al. 2008), causing greater transport of sediment to downstream
reservoirs and adverse impacts to water treatment and conveyance facilities (Neary et al. 2005;
Moser 2007).

Post-wildfire erosion is highly variable, difficult to predict, and highly dependent on the size,
number, and intensity of storm events during the first one-to-two winters following the fire.
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Increases in erosion are typically two or more orders of magnitude for intense wildfires the first
winter after burning (Robichaud et al. 2010).

Peak streamflows are increased after intense wildfires, but the magnitude of this increase varies
greatly by size of the watershed and its location in California. Changes in post-wildfire peak
flows are greatest in small watersheds (e.g., < 250 acres) since stormflow response of small
basins is controlled primarily by hillslope processes, including infiltration rate, which, in turn,
are affected by wildfire (Neary et al. 2005). While data are limited, peak flow increases are likely
to be higher in Southern California chaparral-covered basins than in Northern California coastal
and snow-dominated watersheds (Robichaud et al. 2000; Neary et al. 2005). Peak flow increases
in Southern California are commonly predicted to increase two to three times following intense
wildfire for flows that occur with a recurrence interval of two years or greater (Rowe et al. 1949;
Moody and Martin 2001).

Although increased water yield is a potential impact of large, intense wildfires, it is generally
not significant. Where 75 to 100 percent of the vegetative cover is removed, runoff may increase
from 0.1 af per acre burned in watersheds receiving 15 inches of mean annual precipitation, to
0.8 af per acre burned for watersheds receiving 40 inches of mean annual precipitation (based
on Turner 1991). In forested areas, water-yield increases are minimal until basal area loss to fire
exceeds 50 percent (Potts et al. 1989).

The additional water yields that result from catastrophic wildfires are generally considered

to have little value for water supply and hydroelectric energy generation. Almost all of the
additional runoff occurs during the wet season and must be regulated for dry season use by
surface reservoir storage (Ziemer 1987). Typically, flows increase during large storm events when
water is intentionally allowed to pass through reservoirs owing to flood management concerns.
The occasional short-term positive gains from increased water yield are more than offset by the
frequent short- and long-term negative impacts of increased peak flows, increased sedimentation,
and decreased water quality (California State Board of Forestry 1996).

Increases in suspended sediment and turbidity are usually the greatest impact to water quality
following intense wildfire, besides the direct and indirect effects fires can have on water delivery
infrastructure. While data are scarce, post-wildfire turbidity values are often expected to exceed
drinking water standards for water supplies, and make water treatment more difficult and
expensive. Post-fire sediment concentrations are generally highest the first year after the fire, but
the extent of sediment mobilization depends on the size of the storms following the fire (Fiori
2005). Increased sedimentation can severely impact aquatic habitat, including that for state and
federally listed anadromous salmonids in Northern California. Intense wildfires also remove
streamside vegetation, causing water temperatures to rise (Amaranthus et al. 1989; Mahlum et
al. 2011). Increased water temperatures can adversely fish species by increasing pathogens and
algae, and by decreasing amount of dissolved oxygen and aquatic organisms available to fish
(Amaranthus et al. 1989).

Nitrogen is the most important nutrient affected by fire, with the amount of change in nitrogen
in a burned area being directly related to the magnitude of soil heating and fire severity, and
proportional to the amount of organic matter destroyed (Neary et al. 2005). Intense wildfire can
lead to significantly increased nitrogen loads in stream water, particularly in Southern California
where post-wildfire concentrations of nitrogen in streams as soluble nitrate have been found to
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exceed drinking water standards (Meixner and Wohlgemuth 2004), but not in Northern California
(Cohen 1982).

Fuel Treatments to Reduce Wildfire Impacts on Watershed Resources

Fuel hazard reduction projects have been shown to reduce the risk of catastrophic crown wildfire
(Martinson and Omi 2003; Omi and Martinson 2004), reducing both the severity and frequency
of wildfire (Elliot 2010). Fuel reduction projects can have adverse effects on water quality
(McClurkin et al. 1987; Wondzell 2001; Grace et al. 2006), but these effects are generally minor
and temporary, and are far exceeded by the adverse effects of catastrophic wildfires (Benavides-
Solorio and McDonald 2001; USDA Forest Service 2005; Madrid et al. 2006; Hatchett et al.
2006; Cram et al. 2007; Robichaud et al. 2007; Gokbulak et al. 2008). The adverse impacts of
wildfire are generally much greater per unit of affected area than the impacts of fuel reduction
projects, and also affect much larger areas than are included in fuel reduction treatments.
Prescribed fire, thinning, and mastication are the main types of fuel reduction methods used

to decrease the intensity, extent, and negative consequences of wildland fire in California.
Prescribed herbivory (e.g., cattle and goat grazing used to maintain fuel breaks) is an additional
option that is sometimes used. The most effective fuel reduction treatments for decreasing the
spread and intensity of wildfires have been combinations of mechanical treatments and prescribed
burning (Stephens and Moghaddas 2005; Dailey et al. 2008). Fuel management treatments are
generally required every 10 to 20 years to maintain their effectiveness in reducing the risk of
catastrophic wildfire (Robichaud et al. 2010).

In general, hydrologic impacts from prescribed burning are small, since these fires are usually
low intensity (Beschta 1990; Heard 2005; Robichaud et al. 2010). Prescribed burns in chaparral
typically generate more soil heating than prescribed burns in either grasslands or forests and
produce more sediment than with other vegetation types (10-30 percent of the sediment yields
after high severity wildfires) (Wohlgemuth 2001). Prescribed fires in chaparral that kill a
significant proportion of the mature canopy or expose more than 35 to 50 percent of the soil
can have a significant, detectable effect on annual water yields lasting 8-10 years, but with

little detectable impact on downstream water storage reservoirs (Troendle et al. 2010). Nutrient
impacts to water quality associated with prescribed burns is minimal in both forested and
chaparral watersheds (Stephens et al. 2004; Meixner and Wohlgemuth 2004).

Commercial thinning operations that remove a significant portion of the overstory canopy

have the potential to elevate stream sediment loads when the proportion of bare soil is high
(Robichaud et al. 2010). Roads associated with commercial thinning operations usually are the
largest sediment source associated with commercial timber operations (MacDonald et al. 2006).
Only relatively heavy thinning operations can be expected to increase annual water yields in
wetter environments, with no measurable increase in runoff expected from thinning operations
that remove less than 15 percent of the forest cover or in areas with less than 18 inches of annual
precipitation (Reid 2012; Robichaud et al. 2010). Burning of slash piles often produced with
thinning produces intense soil heating at the pile locations and alters soil properties, but very
limited movement of nutrients downslope from the piles has been detected (Hubbert et al. 2010).

Hydrologic impacts associated with non-commercial fuel reduction thinning operations that are
done to reduce the risk of catastrophic wildfire are small, producing only short-lived impacts to
runoff and sediment production. Non-commercial thinning to reduce fuel loads is increasingly
being accomplished using masticating machines that mechanically grind, crush, shred, chip, and
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chop fuel. Woody material that remains following mastication increases the amount of ground
cover and substantially reduces erosion potential. While research is limited, mastication appears
to be an effective thinning treatment for overstocked timber stands with few negative impacts on
soil compaction or soil erosion (Hatchett et al. 2006).

Management Strategies to Reduce Adverse Impacts Associated with Wildfire

Forest management activities to reduce fire severity on California’s 18 National Forests are
currently administered under the National Fire Plan (NFP) and the Healthy Forest Initiative
(HFT). Approximately 70 percent of the 20 million acres of National Forest system lands in
California, or 14 million acres, are in need of treatments to reduce fuel loads to natural levels. In
all of California, approximately 21 million acres have been designated as high-priority landscape
for treatment (California Department of Forestry and Fire Protection 2010a). The USDA Forest
Service and other federal and state agencies are currently treating about 220,000 acres per year
in California (approximately half with prescribed burning), while an average of 320,000 acres
are burned annually by wildfires (California Department of Forestry and Fire Protection 2010a).
Prior to European settlement (pre-1800), it has been estimated that 4.5 million acres are burned
per year on average in California (Stephens et al. 2007).

Firefighting tactics are increasingly being modified to protect water quality and aquatic organisms
(National Wildfire Coordinating Group Training Working Team 2004). Guidelines in effect

since 2000 specify that aerial fire retardant drops are to be avoided within 300 feet of waterways
(National Interagency Fire Center 2010). Rapid restoration of areas disturbed by fire suppression
actions to reduce erosion potential and protect water quality is routinely included in suppression
efforts on both National Forest and non-federal lands in California. Fire control lines, particularly
those created by heavy equipment, disturb the soil, increase soil compaction, reduce infiltration,
can become sources of sediment if not properly rehabilitated, and can alter runoff patterns (Neary
et al. 2005; Backer et al. 2004). Practices used to reduce these impacts include installation of
proper drainage structures on firelines and roads, and removal of soil from emergency stream
crossings built when constructing firelines with crawler tractors.

Following fire containment, burned areas associated with wildfires greater than 500 acres on
National Forest lands are assessed, and high-risk areas with downstream values-at-risk are treated
to prevent adverse effects on water quality and other resources (Robichaud et al. 2000). Values-
at-risk refers to natural resources such as salmonid habitat and human communities that may be
adversely affected by the movement of water and sediment from burned areas.

The USDA Forest Service uses its Burned Area Emergency Response (BAER) program to
prescribe practices to reduce erosion potential, as well as to reduce threats to life and property.
Similarly, at the direction of the governor, California’s Emergency Management Agency (Cal
EMA), Natural Resources Agency, and Environmental Protection Agency (Cal EPA) assemble
multi-disciplinary teams when necessary to assess post-wildfire potential impacts to life and
property on state and private lands. Commonly specified measures include notification of
residents in areas at risk for debris slides and channel-derived debris flows, use of automated
precipitation and stream gauges linked to local government response and flood control agencies
for early warning for evacuation, road and stream crossing improvements, installation of structure
protection devices (e.g., K-rails), and on USDA Forest Service lands where there are high
values-at-risk, such as aerially applied straw mulch, and hydro-mulch (Robichaud et al. 2000;
Wohlgemuth et al. 2009). Aerial grass seeding has rarely been used in California after 2000,
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since it has not been shown to be effective in reducing hillslope erosion and often inhibits native
species regeneration (Conard et al. 1995; Wohlgemuth et al. 1998; Beyers 2004). Post-wildfire
assessment programs will likely become increasingly important in the future due to projections of
higher frequency and intensity of wildfires related to climate change.

Recommendations

It is recommended that watershed protection be enhanced through the strategic placement of
fuel reduction projects in high-priority water supply watersheds, (high-priority water supply
watersheds are displayed in Chapter 3 of the 2010 Assessment of Californias Forest and
Rangelands [California Department of Forestry and Fire Protection 2010a]) utilizing existing
state and federal cost-share programs on non-federal wildlands (California Department of
Forestry and Fire Protection 2010b). Fuel reduction projects should use: (1) mechanical thinning
treatments that limit ground disturbance, particularly on steeper slopes and more erodible soil
types (Cram et al. 2007), and include appropriate road design, construction, and maintenance
practices, (2) mastication where slope gradient is appropriate, and (3) low-severity prescribed
fire preserving the litter/duff layer and existing nitrogen levels. Fuel reduction treatments, such
as thinning, can reduce the threat of high-intensity wildfire, and make California forests more
resilient in warmer climates (Bales et al. 2011), as well as providing other ancillary benefits, such
as biogeneration of power.

Road Management

Thousands of miles of roads have been constructed through forests in California, primarily

to provide access for timber harvest. The 18 National Forests in California alone contain
approximately 50,000 miles of forest roads, of which roughly 20,000 miles may no longer be
needed for their original purposes (Dombeck 2007). Private forest lands contain many additional
thousands of miles of roads. These are mostly unpaved roads and they can have significant effects
on hydrology and water quality through their roles in sediment transport and hydrology when
they are improperly designed, constructed, or maintained.

Unpaved roads, particularly those adjacent to streams and road stream crossings, are usually the
dominant source of management-related sedimentation in forested environments in California
due to surface erosion, gullying, and mass wasting (Cafferata and Munn 2002; USDA Forest
Service 2004; MacDonald et al. 2004; Coe 2006; Cafferata et al. 2007b). Excessive sedimentation
associated with roads is a concern because of potential negative impacts on stream habitat and
water quality from sediment that is discharged either episodically when roads or road-stream
crossings catastrophically fail, or chronically from incremental surface erosion. However, a
relatively small proportion of the total road length produces most of the road-related sediment
delivered to streams (McCashion and Rice 1983; Coe 2006).

Forest roads can have significant effects on hydrology by generating overland flow and
intercepting subsurface flow, which increases flood peaks (Jones and Grant 1996) and decreases
recession flows. Stream crossings are vulnerable to damage by high flows (Furniss et al. 1998)
and can divert streams from their natural channels, resulting in serious erosion and water quality
problems (Best et al. 2004).
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Roads built to modern standards have reduced impacts to forest streams, but many of the forest
roads in California were built decades ago to very low design standards, often in environmentally
sensitive locations such as unstable hillslopes and riparian areas. A significant number of older
roads are part of the current road network, while others have been neglected and abandoned

with no consideration or mitigation of ongoing erosional impacts (Cafferata et al. 2007b). These
“legacy” roads are particularly susceptible to catastrophic failure during high magnitude, low
frequency storm events, such as the one in 1997 that caused extensive flooding throughout a large
part of Northern and Central California (Furniss et al. 1998; Madej 2001).

Many of these adverse hydrologic and water quality impacts of roads can be reduced by
upgrading and replacing culverts, outsloping road treads, and installing road drainage structures
such as waterbars and rolling dips at appropriate spacing, particularly near stream crossings
(Furniss et al. 1991; Weaver and Hagans 1994; Keller and Sherar 2003). Roads no longer
necessary for resource management or recreation can be effectively decommissioned by removal
of fills at stream crossings and partial or total outsloping of road treads, including cuts and fills
(Madej 2001; Cook and Dresser 2007). Road decommissioning can potentially reduce water
quality impacts. However, it can be difficult to find roads producing significant impacts that
people agree should be decommissioned.

Detailed field surveys are the main tool available to identify the road segments of greatest
concern (Weaver et al. 2006; Korte and MacDonald 2007). Public and private landowners in
California are actively inventorying their road networks, prioritizing road segments requiring
road improvement or decommissioning work, and completing projects. A considerable amount
of road upgrade work has been completed to date with both public and private financing.
While there are short-term impacts associated with road improvement and decommissioning,
particularly at stream crossings, improved operator practices has lessened these effects (Pacific
Watershed Associates 2005; Cafferata et al. 2007b), and treatments will reduce the long-term
sediment production overall from older roads (Madej 2001).

Riparian Forests

Riparian forests are forested lands, usually in narrow linear strips, that are located immediately
adjacent to streams, lakes, or other water bodies. These communities occupy a transition zone
between aquatic and terrestrial habitats, and are distributed in complex patterns that are responses
to geomorphology, annual flood timing and extent, soil moisture, and plant competition. The
boundaries between riparian and upland forests are not always distinct, and the width of a
riparian forest strip varies laterally throughout the channel network and is strongly influenced by
geomorphology (Naiman et al. 1998).

In recognition of the central role played by riparian forests in the landscape, the California Forest
Practice Rules require that the beneficial functions of riparian zones and populations of native
aquatic and riparian-associated species must be maintained where they are in good condition,
protected where they are threatened, and restored where they are impaired insofar as is feasible.
Unfortunately, riparian forests are prone to invasion by noxious non-native plant species that
reduce the value of the riparian community to humans and wildlife.

Forested floodplains are zones of very high biological diversity, generally harboring the highest
biodiversity of both terrestrial and aquatic organisms within the watershed landscape (Naiman
et al. 1998) and providing important habitat for wildlife (Kattelmann and Embury 1996; Ligon
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et al. 1999). Riparian floodplains play large roles in forested watersheds that are disproportional
to their small area in the landscape. The high surface roughness of forested floodplains has large
effects on stream hydrology by reducing floodwater velocities and spreading flood flows across a
larger area of the floodplain. The retention and slowing of floodwaters across a wider area allows
floodwaters to recharge alluvial groundwater aquifers and attenuates downstream flood flows
(Cafferata et al. 2005).

Studies have shown that riparian forests can improve water quality. Riparian forests contribute
to reductions in sediment, nutrient, and pesticide loads of surface runoff through physical and
biological processes, reducing these inputs to watercourses. Canopy shading by riparian trees
reduces stream water temperatures, which is important for many fish species that are adversely
affected by elevated water temperatures. In cooler coastal areas, canopy shading may restrict
primary productivity (Wilzbach et al. 2005).

Riparian forests are protected on federal, state, and private timberlands by regulating areas

near streams as riparian buffers, within which management actions such as timber harvesting
and road building are regulated. The width of riparian buffers, and restrictions on management
activities within them, are based largely on land ownership. Within the National Forests, riparian
buffer widths vary based on planning province standards and guidelines, with riparian protection
being most extensive for the six National Forests that operate under the Northwest Forest Plan.
Provincial refers to the three major planning provinces used in the National Forest System in
California — the Northwest Forest Plan province, the Sierra Nevada Framework province, and
the Southern California province.

Even with these protections, the extent of riparian forest is greatly diminished from its historical
extent, particularly in lowland valleys where riparian forests have been converted to orchards
and other agricultural uses. In the Central Valley, riparian forests historically covered more than
900,000 acres but presently account for less than 100,000 acres (Barbour et al. 1993).

Unmanaged riparian stands can be sources of rapid fire migration in fire-prone landscapes
(Murphy et al. 2007). Fuels reduction within riparian buffers may be needed in some cases to
reduce threats of catastrophic wildfires, particularly in the interior parts of California (USDA
Forest Service 2007; Van de Water and North 2011). Goals for this type of work include creating
fire resilient forests, promoting reduced fire intensities, and retaining functional aquatic and
riparian habitat following a wildfire. Removal of trees from riparian buffers remains highly
controversial (Welsh 2011), and forest management and regulatory agencies are carefully
evaluating monitoring data, particularly with regard to the use of mechanical equipment in
streamside zones (Norman et al. 2008).

Some riparian forests are used for livestock grazing, usually within allotments that consist mostly
of upland pasture. The availability of water and forage make riparian areas attractive to livestock,
which can damage riparian forests through trampling, browsing, and contamination of streams
with fecal material (Campbell and Allen-Diaz 1997). BMPs for range management and National
Forest standards and guidelines for riparian management are designed to protect riparian forests
from damage by livestock. Although exclusion of cattle may be needed during and immediately
after restoration of riparian forests, grazing strategies that minimize impacts on riparian forests
through restrictions on livestock numbers, distribution, and season of use can be used to eliminate
the need for permanent fencing.
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Riparian forests are primarily a result of the interplay of hydrologic processes occurring in the
stream, floodplain, and groundwater, and alteration of these processes can have dramatic effects
on riparian plant communities. Many of the tree and shrub species that dominate California
riparian forests (e.g., cottonwood, willow) are dependent for regeneration on the annual flooding
and exposure of a floodplain because their seeds can only germinate in moist, emergent arcas
that have been scoured of vegetation — conditions that occur only after high water events.
Dominant riparian tree species often have little or no tolerance for dry conditions and require
the reliable source of moisture supplied by the streamflow. Some riparian plant species have
shallow root systems and can only utilize water in shallow areas of the soil profile or in the
stream channel directly, while other species have roots that penetrate deeper into the soil profile
and utilize available groundwater, which is typically replenished by streamflow infiltration.
Species distributions are further affected by patterns of sediment deposition caused by stream
hydrologic processes. Riparian plants, particularly trees, also affect stream hydrology, in turn, by
contributing large woody debris that creates pools, and affect channel morphology through the
actions of roots.

Riparian forests, therefore, may affect and be effected by channel incision and groundwater
storage in much the same ways as meadows. The water quantity and quality benefits provided

by riparian forests can be preserved and enhanced through actions that maintain natural channel
geomorphology. Thus, protection of riparian forests depends heavily on effective management of
upland watersheds to prevent excessive runoff and sedimentation, as well as control of non-native
invasive species.

Meadow Restoration and Groundwater

Meadow wetlands are level or gently sloping alluvial landforms with seasonally high water tables
that support flood-tolerant herbaceous plants (Ratliff, 1985; Weixelman et al. 2011). Geologic
and climatic factors have resulted in the formation of numerous meadows in the mountains of
California, with most meadows located in the Sierra Nevada. These meadows, in aggregate,
comprise a small part of the landscape, but they provide disproportionally important ecological
services owing to their role in retaining water at or near the land surface during California’s long
dry summers.

In their natural condition, meadows have shallow meandering channels that allow high flows to
spread across the meadow surfaces, depositing suspended sediments and recharging meadow
aquifers (Wood 1975). These meadows act as natural reservoirs, storing and releasing snowmelt
and rainfall runoff that passes over and through fine-grained, sod-covered meadow deposits
(Loheide and Gorelick 2007; Cornwell and Brown 2008; Hammersmark et al. 2008; Tague et al.
2008; Ohara et al. 2013).

By 1940, many meadows throughout the Sierra Nevada had been eroded by incised channels,

or gullies, as a result of unrestricted livestock grazing, road building, railroad construction,
elimination of beavers, and other causes (Hughes 1934; Kraebel and Pillsbury 1934; Wood 1975;
Ratliff 1985; Kattelmann and Embury 1996; Martin 2006). A recent survey found that more than
half of Sierra Nevada meadows are eroded by incised channels (Fryoff-Hung and Viers 2013).
Current activities are designed to avoid damage to meadows, but the effects of earlier practices
remain on the landscape and are unlikely to heal without active restoration (Ratliff 1985). Future
disturbances from wildfires, intense storms, encroachment by conifers, and illegal activities could
cause further damage that will require restoration.
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Eroded meadows lose their capacity to store groundwater (Loheide and Gorelick 2007; Cornwell
and Brown 2008; Hammersmark et al. 2008; Tague et al. 2008) because deeply incised channels
can convey flood peaks without overbank flooding and recharge, and because groundwater is
drained more rapidly from meadow aquifers. In addition, channel erosion in meadows adds to
stream sediment loads through bank erosion and headcut retreat, adversely affecting downstream
water quality and reservoir capacity (Micheli and Kirchner 2002). Loss of groundwater to
evapotranspiration, however, is often reduced by meadow erosion and increased by restoration
(Loheide and Gorelick 2005).

In the 2009 SWP update, potential groundwater storage benefits of meadow restoration were
estimated at 50,000 to 500,000 acre-feet annually. The large uncertainty in these estimates
resulted from the limited information available at that time regarding meadow areas, erosion
depths, and hydraulic properties.

Based on preliminary results of an ongoing regional assessment (Fryoff-Hung and Viers 2013),
the potential groundwater storage benefits of meadow restoration throughout the Sierra Nevada
are likely to range from 25,000 to 50,000 acre-feet annually. These estimates are lower than the
estimated range in the 2009 SWP update because recently acquired measurements indicate that
meadow areas and erosion depths are lower than initially estimated for the 2009 SWP update.

The reduced soil moisture and elimination of surface flooding that is associated with meadow
incision leads to changes in the associated plant community to types that have less value and
provide fewer ecological services. Drying of meadow soils allows invasion by drought-tolerant
brush and conifer species that contribute to heavy fuel loading and add to the risk of catastrophic
wildfires (Allen-Diaz 1991; Dwire et al. 2006; Berlow et al. 2002; Loheide and Gorelick 2007).
Loss of high quality forage provided by wet-meadow sedges, rushes, and grasses decreases
forage value for meadows that are grazed by livestock (Ratliff 1985; Stohlgren et al. 1989). Loss
of wetland vegetation reduces habitat area for several rare, threatened or endangered species such
as the Mountain Yellow-legged Frog, Willow Flycatcher, and Bell’s Vireo.

When groundwater is available, but not so persistent as to induce anoxia or root rot, woody
species such as lodgepole pine and sagebrush may transpire groundwater at rates similar to or
possibly higher than wet meadow herbaceous vegetation (e.g., Lautz 2007; Tague 2009). Woody
plants at some elevations continue to transpire throughout the year (although at lower rates during
the winter; Bales et al. 2011), adding to transpiration losses, whereas herbaceous meadow plants
senesce in the fall and do not transpire for about half of each year (e.g., Wood 1975). Removing
encroaching conifers or sagebrush may in some cases result in reduced groundwater transpiration
losses (Cafferata 2005). This might extend the period that meadow areas are wet longer into the
summer season, but it would not be expected to produce a major shift in groundwater trends.

The effect on summer groundwater elevation would decrease over time if coniferous or shrub
vegetation were allowed to regenerate.

The USDA Forest Service and other agencies and organizations have been restoring meadows
for many decades (Kraebel and Pillsbury 1934; Hughes 1934). In the past 20 years, the pace

and scale of meadow restoration have accelerated owing to increased external support and the
advent of the “plug and pond” restoration methodology. This acceleration of meadow restoration
has raised concerns among some downstream water users that restoration may decrease summer
streamflows, and has highlighted the need to better understand meadow hydrology and the
manner in which restoration affects downstream flows.
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The effects of meadow restoration on streamflow are not well documented except in a few cases.
Streamflow records in the Feather River watershed do not show clear evidence for increased
flows downstream of restoration projects, and in fact show at least temporary decreases in some
restored meadows (Hoffman et al. 2013). However, recent scientific publications have generally
indicated that meadow restoration will benefit downstream flows during dry periods (Tague

et al. 2008; Hammersmark et al. 2008; Ohara et al. 2013). Long-term effects of restoration on
downstream flows are likely to vary depending on climate, geology, vegetation, and land use.

Urban Forestry

Trees planted along streets and in city parks, lots, and private residences collectively form urban
forests, and urban forestry practices address the maintenance of existing urban trees as well as the
planting of new trees in and around cities. Although urban forests are not managed specifically
for natural resource production or conservation, they have environmental benefits that extend
well beyond aesthetics.

Urban areas in California cover roughly 5 percent (7,944 square miles) of the land base, but
support 94 percent of the population (California Department of Forestry and Fire Protection
2010a). An estimated 15.1 percent of California’s urban area (800,000 acres), which is home to
almost one-third of the state’s population (9.5 million people), is associated with high threats
from air pollution and urban heat islands (California Department of Forestry and Fire Protection
2010a). Urban trees are an important means of mitigating heat and air pollution. As a result,
communities throughout California are recognizing the importance of urban trees and have plans
to expand urban forests. The need for expanding or enhancing urban forests is substantial, with
372 communities identified as high priority for tree planting in urban areas by the 2010 CAL
FIRE Forest and Range Assessment (California Department of Forestry and Fire Protection
2010a).

Urban Watershed Forestry

While not part of the wild environment, urban trees contribute to the overall health of a
watershed, and their contribution is addressed by the discipline of urban watershed forestry,
which is an integration of urban and community forestry and watershed planning. Urban and
community forestry focuses on how to manage urban forests for environmental, community,

and economic benefits while watershed planning focuses on strategic land use and resource
management within a watershed. The integration of these two methods into urban watershed
planning recognizes the role trees play in protecting water resources, and is becoming a valuable
resource management tool for urban planners.

Tree Cover and Watershed Benefits

Trees in an urban setting provide multiple watershed benefits (Table 23-2), including reduction
of stormwater runoff and stream channel erosion, improved soil and water quality, and reduction
of air and water temperatures. For example, it is possible for a single tree to contain 100 gallons
of water or more within its leaves and bark, which when multiplied by the many trees in an urban
setting, produces an impressive retention capacity that can reduce stormwater runoff by 2-7
percent (Tree City USA 2010). In conjunction with other landscaping, an estimated 65 percent
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Table 23-2 Watershed Benefits of Urban Forest Cover

Benefit Description
Reduce storm Trees intercept rainfall in their canopy, reducing the amount of rain that
water runoff reaches the ground. A portion of this captured rainwater evaporates from
and flooding tree surfaces.
Trees take up water from the soil through their roots, which increases soil
water storage potential and lengthens the amount of time before rainfall
becomes runoff.
Trees promote infiltration by slowing down runoff and by increasing soil
drainage in the root zone. The addition of organic matter (e.g., leaves) also
increases storage of water in the soil, further reducing runoff.
Forested land produces very little runoff, which can reduce downstream
flood flows that erode stream channels, damage property, and destroy
habitat.
Improve Trees absorb pollutants such as nitrogen dioxide, carbon monoxide,
regional air ozone, and particulate matter from the atmosphere.
quality
Trees reduce air temperature, which reduces formation of pollutants that
are temperature dependent, such as ozone.
Trees indirectly improve air quality by cooling the air, storing carbon, and
reducing energy use, which reduces power plant emissions.
Reduce Trees growing along a streambank prevent erosion by stabilizing the soil
stream with root systems and the addition of organic matter.
channel
erosion
Improve soil Trees prevent erosion of sediment by stabilizing the soil, and by
and water substantially dispersing raindrop energy.
quality
Trees take up stormwater pollutants, such as nitrogen, from soil and
groundwater.
Forested areas can filter sediment and associated pollutants from runoff.
Certain tree species break down pollutants commonly found in urban soils,
groundwater, and runoff, such as metals, pesticides, and solvents.
Provide Forests (and even single trees) provide habitat for wildlife in the form of
habitat for food supply, interior breeding areas, and migratory corridors.
terrestrial and
aquatic wildlife Streamside forests provide habitat in the form of leaf litter and large woody
debris for fish and other aquatic species.
Forest litter such as branches, leaves, fruits, and flowers form the basis of
the food web for stream organisms.
Reduce Riparian forests shade the stream and regulate summer air and water
summer air temperatures, which is critical for many aquatic species.
and water
temperatures Trees and forests shade impervious surfaces, reducing temperature

of stormwater runoff, which can minimize the thermal shocks normally
transmitted to receiving waters during storms.

Source: Watershed Forestry Resource Guide - Urban Watershed Forestry 2008 (http://www.
forestsforwatersheds.org/urban-watershed-forestry).

23-20 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

runoff reduction can be achieved (Tree City USA 2010), and water retention systems such as
vegetation swales, stormwater basins, structural soils, tree pits, and riparian buffers improve
runoff reduction even more.

Stormwater Runoff

Trees reduce stormwater runoff by using soil water through transpiration and intercepting
rainwater on leaves, branches, and tree trunks, which changes runoff quantity and pollutant loads
in several ways. Evapotranspiration increases soil water storage potential, tree root systems can
increase soil infiltration rates, and interception of rainfall by the canopy reduces the volume and
timing of runoff and reduces soil erosion caused by impacts from raindrops.

Structural Soils

Urban areas are challenged by extensive impervious surfaces, damaged soils, and little room for
greenspace or for stormwater management facilities. In 2004, a collaboration of researchers from
Virginia Polytechnic Institute, Cornell University, and University of California, Davis formed

a work group to study the use of trees and structural soils to improve water quality. The system
developed and evaluated by the group utilized stormwater BMPs to reduce peak flow, reduce
runoff volume, and remove pollutants. The system works by guiding the water into a structural
soil retention area beneath the pavement where it is absorbed by soil infiltration and root uptake
for tree transpiration. Trees have the potential to develop full canopies that result in increased
water interception because the reservoir offers a large root area. Tree roots take up excess
nutrients and water in the soil reservoir and can enhance infiltration into the subsoil. Together,
trees and structural soils can create a zero runoff site. The group found that with such a system it
was possible to distribute stormwater management by taking advantage of the mitigation services
provided by urban trees (Xiao and McPherson 2009). It also created an alternative to detention
ponds in urbanized areas.

Quantifying Benefits

Urban trees have multiple co-benefits. A large deciduous canopy tree can intercept 760 gallons

of rainfall in its crown annually and aid in reducing runoff of polluted stormwater and flooding,

a benefit valued at $6 annually on the basis of local expenditures for water quality management
and flood control (USDA Forest Service 1999). Larger potential for canopy interception increases
the beneficial effects of tree interception of rainfall, with these effects being greater in larger
trees and evergreen trees. An evergreen camphor tree, for instance, is estimated to intercept 4,000
gallons annually, providing even greater benefits than a deciduous tree of similar size (USDA
Forest Service 1999). In addition, shade from urban forests reduces energy use of city residents
by reducing temperatures inside buildings and lowering energy usage rates for interior cooling.

Urban trees also offset greenhouse gas emissions and provide larger-scale climate benefits
through their persistent sequestration of carbon in woody material. A study in San Francisco
found that urban trees within the city annually sequester an estimated 2,271 tons of CO, and
indirectly reduce energy plant emissions by 257 tons of CO,, representing an estimated value
of $2.3 million annually (Maco et al. 2003). The combined value of this benefit (e.g., carbon
sequestration and offset from reduction in energy use) was estimated at $37,907 annually
(Maco et al. 2003). Considering that San Francisco has a mild climate with cool summers, the
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benefit can be substantially higher in warmer inland cities. There are an estimated 188.5 million
urban trees statewide that sequester approximately 414,000 metric tons of carbon annually (or
approximately 1.52 million metric tons CO,) (Novak et al. 2009), so the contribution of urban
trees to atmospheric carbon dynamics is substantial.

Recommendations

=  Fund urban tree planting in high-priority communities, which should yield multiple water
use benefits, such as reductions in stormwater runoff and improved water quality, among
other benefits such as air pollution mitigation and reduced energy use. The 2010 Forest and
Range Assessment (California Department of Forestry and Fire Protection 2010a) identified
372 communities as high-priority areas for urban tree planting in order to conserve energy or
improve air quality.

= Preserve space for large-statured trees in new developments and create such space in
developed areas that currently do not have adequate planting sites. Preserving and planting
large-statured trees will have a large beneficial impact and improve the extent of urban
tree canopy in priority areas. Additionally, improved management of existing urban forest
resources will assist in maximizing the benefits of current tree canopy while minimizing long-
term costs.

= Encourage and implement BMPs that promote urban forestry for urban stormwater
management, which take advantage of benefits offered from tree canopy interception for
reduced peak stormwater flows, reduced runoff volume, and removal of pollutants. Use of a
variety of stormwater management techniques should be encouraged to maximize urban tree
benefits to water resources.

Forest Loss and Fragmentation

The subdivision of large forest parcels and their subsequent development for rural residential
uses can cause impacts on water quantity and quality. During the construction phase, there can
be increased erosion and sediment delivery to streams. Over the long term, roads and increased
impervious surface may change the timing and magnitude of peak streamflow events in small
watersheds. Roads and stream crossings also are the main sources for long term increases

in sediment delivery. Although studies comparing the impacts of forest management versus
rural residential land uses are rare, there is evidence that rural residential roads produce more
sediment than logging roads. Rural residential uses also may affect water quantity at the small
watershed scale. These uses will often rely on springs and diversions for water supply. The result
may be reduced summertime base flows in streams with attendant biological consequences.
The regulatory framework controlling forest management uses is much more demanding than
the controls on rural residential uses. In particular, the California Forest Practice Rules require
practices to control erosion and sediment delivery. In contrast, most rural counties do not have
grading ordinances or similar regulations, especially in relation to private roads (Harris and
Cafferata 2005).

Recommendation

Encourage the use of conservation easements to permanently conserve California’s private
forestlands. Conservation easements are a cost-effective and permanent method of conserving
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vital water infrastructure, and they could be used more extensively to promote long-term forest
stewardship in private forestlands, particularly where land conversion projects are common. The
goal is to secure proper watershed functions through conservation easements that permanently
conserve forest landscapes, avoiding conversion to housing subdivisions and agricultural lands.

lllegal Marijuana Cultivation

In the past five years, increased impacts from commercial-scale illegal cannabis growing
operations have been documented in forested counties throughout California and particularly in
the California coast ranges, both on public and private lands. While largely anecdotal, without
specific data on numbers of watercourses affected, the impacts have been well documented with
digital photographs taken during law enforcement operations (Giusti 2012).

Illegal growing activities adversely impact watershed resources in three main ways: (1) illegal
diversions of water from tributary streams utilize low summer flows required for sustaining
state and federally listed anadromous salmonids and other species; (2) illegal grading and road
building operations cause surface erosion and slope instability, which produces accelerated
sedimentation; and (3) large-scale use of pesticides, fertilizers, and rodenticides adversely
impacts water quality.

Typical commercial-scale illegal marijuana gardens found on public land include approximately
7,000 plants, with each large plant using approximately one gallon of water per day (Mallery
2011). This equates to approximately 7,000 gallons of water per day over a period of 3 to 4
months or about 2 to 2.5 acre-feet per year per commercial-scale operation. The 2010 Mendocino
County Grand Jury Report estimates that only 10 percent of illegally grown marijuana is
confiscated annually. More than 500,000 plants are confiscated in many years. Assuming those
years are representative, an estimated 5,000,000 plants are produced annually, according to G.
Giusti of the University of California Cooperative Extension, Ukiah.

The greatest impact to water resources by illegal marijuana plantations is often not the absolute
size of the diversion, but the size of the diversion in relation to the stream being diverted in that
it is not unusual for all of the streamflow from a watercourse to be illegally diverted for irrigation
using dams, pumps, and elaborate water distribution systems (Thorsen 2011; Mallery 2011). Use
of large off-site water storage devices, such as 50,000 gallon water “bladders”, has also been
documented. Water diversion causes early de-watering of intermittent streams during a critical
time of year for juvenile fish.

Illegal and unregulated grading operations, including grading that enables marijuana cultivation,
have been documented in several North Coast counties and they have been found to have adverse
watershed impacts. [llegal grading operations increases suspended sediment concentrations

and turbidity in intermittent and perennial fish-bearing watercourses, adversely impacting both
macroinvertebrates and anadromous salmonids. The extent of illegal grading and its significance
to anadromous fish species is currently unknown, however, since counties lack adequate staff to
monitor for illegal and/or improper grading (Harris 2011).

Unregulated pesticide, fertilizer, and rodenticide use is extensive in commercial-scale operations
and potentially presents a major problem for water quality (Giusti 2012). Mallery (2011) states
that an estimated 1.5 pounds of fertilizer are used for every 10 marijuana plants. A three week-
long, multi-agency law enforcement operation on public and private lands in Colusa, Glenn,
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Lake, Mendocino, Tehama, and Trinity Counties in 2011 removed 5,459 pounds of fertilizer
and 149 pounds of pesticides from cultivation sites (USDA Forest Service 2011c). An average
5 acre site can contain 20 pounds of rodenticides, 30 bags of fertilizer, plant growth hormones,
insecticides, herbicides, and fungicides as well as other chemicals (Mallery 2011). Unused

or abandoned chemicals are typically left on-site and leach into waterways and groundwater
aquifers, and gasoline and other petroleum products also produce water quality impacts (Giusti
2012).

While the total number and area covered by illegal commercial-scale marijuana operations is
unknown, the fact that they operate outside of laws and regulations governing water diversion
and water quality protection indicates that they are producing significant impacts wherever they
occur. The North Coast Regional Water Quality Control Board is proceeding with an effort to
regulate marijuana cultivation on private lands in conformance with the state’s non-point source
policy by addressing potential water quality impacts resulting from grading activities, road
construction, road maintenance, and hazardous materials handling.

Climate Change

Forests will play an increasingly important role in protecting California’s watersheds and
associated water supply as the climate warms and precipitation patterns become increasingly
variable. Climate change impacts on California’s forests that have been measured in the past
100 years include a 10 percent decrease in snowpack, changes in streamflow timing, increased
wildfires, and more severe pest outbreaks (California Department of Water Resources 2008).

While susceptible to anticipated changes, proper management of forest habitat provides both
climate change adaptation and mitigation benefits. The USDA Forest Service has prepared a
resource titled Responding to Climate Change in National Forests: A Guidebook for Developing
Adaptation Options (USDA Forest Service 2011a). The guidebook is based on the “science-
based principles, processes, and tools necessary to assist with developing adaptation options

for national forest lands,” which can be useful for all forest managers seeking guidance on
climate change. One of the key components of successful adaption in forests will be long-

term monitoring and research on the various recommendations and policies that are currently
promoted and an adaptive management approach that allows incorporation of new information
into the existing management paradigm.

Adaptation

Many existing forest management practices can promote resilience to climate change, and in
fact, the best way to ensure successful implementation of high-priority actions is to integrate
climate adaptation into existing planning and operational processes. Strategic forest road
management will be important in areas prone to flooding and erosion, which can significantly
affect water quality due to sediment transport. Incorporating anticipated climate change impacts
and vulnerabilities into road management plans and policies will ensure that priorities are based
on the changed conditions under which forest roads will need to be managed in the future. Fuel
reduction plans should also incorporate climate change considerations so that the threat of high-
intensity wildfire situations can be reduced.
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Restoration, protection, and proper management of meadows can provide increased water
storage and flood protection benefits, which will be very important since increasingly extreme
storm events are an anticipated impact of climate change, and precipitation is expected to fall
more frequently as rain rather than as snow at lower elevations (California Department of Water
Resources 2008). Protection and restoration of headwater streams, including conifer growth

in the riparian corridor, could buffer against increasing stream temperature as well as provide
habitat connectivity. Healthy forests protect biodiversity, which will be an important buffer
against climate change impacts (USDA Forest Service 2011b).

Mitigation

California’s forests are carbon sinks, and thus are an important part of climate change mitigation.
Sustainable forestry management practices that protect ecosystem services provide greenhouse
gas reduction through carbon sequestration as well as other benefits such as water quality
protection and energy savings.

Fuel reduction projects, such as mechanical thinning and low severity prescribed fires, initially
entail GHG emissions, but could reduce the threat of high-intensity wildfire and thus prevent
even greater emissions at a future date as well protect carbon sequestration capacity of remaining
trees in thinned stands. Likewise, managing forest roads uses energy in the short-term, but could
result in overall energy savings through reduced sediment transport during heavy rainfall events,
thus reducing the energy needed to treat the water downstream.

Urban forestry provides multiple benefits related to climate change mitigation such as decreasing
and filtering stormwater runoff, reducing ambient summer air and water temperatures, and carbon
sequestration. Careful maintenance of existing urban trees may help offset the “urban heat island”
effect and reduce the amount of energy used for cooling in the summer months.

Potential Costs

Vegetation Management

Unit costs for vegetation management on private forest lands in California vary between $20 and
$1,200 per acre, depending on the methods used. Manual removal of undesirable species ranges
from $70 to $1,200 per acre. Herbicide applications range from $20 to $250 per acre. Herbivory
costs range from $500 to $1,200 per acre. Mechanical treatments cost between $800 and $1,200
per acre. M. Land, of the USDA Forest Service, reported in 2008 that unit costs for vegetation
management on National Forest System lands in California are generally higher, ranging from
approximately $1,000 to $2,000 per acre. On federal land, some or all of the costs of vegetation
management can be offset by revenues from commercial timber sales.

Fuels/Fire Management

Unit costs for prescribed fire on private forest lands in California are up to $500 per acre for grass
and shrub fuels and higher for heavier fuels. R. Griffith, of the USDA Forest Service, has stated
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that unit costs for fuel reduction projects on National Forest System lands in California ranged
from $144 to $2,476 per acre between 2004 and 2006, with an average unit cost of $593 per acre.

Road Management

Road upgrading or “storm-proofing” is used to reduce the potential for sediment delivery to
stream channels for roads that will remain in service. Recent unit cost estimates for storm-
proofing roads on National Forest System lands in the Coast Ranges ranged from $6,520 to
$13,580 per mile. Road decommissioning is generally much more expensive due to greater
planning, heavy equipment use, and hauling costs.

Riparian Forests

No unit cost information is available for riparian forest protection, improvement, or restoration.
Actions to benefit riparian forests include appropriate management in both the riparian zone (Van
de Water and North 2011; Liquori et al. 2012) and upland watershed improvement projects. Unit
costs for upland projects should reasonably represent unit costs for riparian forests.

Meadow Groundwater Storage

Costs of recent meadow restoration projects, including planning and environmental compliance,
range from approximately $1,000 to $2,500 per acre, according to hydrologist Craig Oehrli of the
USDA Forest Service and soil scientist Randy Westmoreland of the Tahoe National Forest, with
the higher costs being associated with projects that require construction of new channels using
heavy equipment and end-hauled materials. Maintenance costs for meadow restoration projects
are generally very low.

Urban Forestry

The costs of urban tree planting and maintenance can vary greatly with location, site conditions,
and the type of tree planted. Total planting cost in California can vary between $45 and $160 per
tree. After trees are established, maintenance costs are initially minimal, but begin to accrue after
about 10 years when trees start to require pruning and hardscape damage from roots needs to be
repaired. These maintenance costs can be reduced by careful selection of trees and planting sites.
Additional maintenance costs include inspection, administration, legal claims, disease control,
removals, and storm litter cleanup. Maintenance costs are typically higher for trees planted in
public spaces, since they require more frequent pruning to avoid interference with power and
telecommunications lines, and are also generally adjacent to streets and sidewalks. Average
annual tree maintenance costs in California, including planting and maintenance, vary from $13
to $65 annually per tree, with costs higher on public versus private lands (McPherson et al. 2005).

lllegal Marijuana Cultivation
Mallery (2011) states that the average cost of cleanup for a 10-acre site on public lands involving
the use of a helicopter is $5,000. When environmental remediation is included, the cost of site

processing doubles, bringing the average to approximately $10,000 per 10 acres. These expenses
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include helicopter fees, fuel consumption, wages, food, gear (tents, hard hats, gloves, shovels,
etc.), trash disposal fees, and other variable costs not including the cost of raids, eradication, or
investigations (Mallery 2011). Removal of water storage detention basins requires care to restore
original flow patterns, while minimizing sedimentation and changes to perennial and intermittent
streamflows. Additionally, the removal of miles of irrigation tubing is one of the most intensive
parts of remediation efforts, in terms of time, effort, and cost (Mallery 2011). Agencies such as
the USDA Forest Service have to divert funding from their primary land management functions
to finance cleanup efforts because of the high cost cleaning up illegal sites. Law enforcement
incurs added costs when needed to address illegal operators before environmental cleanup efforts
can take place.

Major Implementation Issues

The issues described in this section are challenges for implementing one or more of the activities
described in the “Quantifying Benefits” section.

Information Needs

Forest management agencies and private timber companies are conducting a number of long-term
studies in forested watersheds, including Redwood Creek, Caspar Creek, and South Fork Wages
Creek in the northern part of the Coast Ranges; Little Creek in the central part of the Coast
Ranges; Judd Creek and Battle Creek in the northern Sierra Nevada; Frasier Peak Creek and
Bear Trap Creek in the central Sierra Nevada; and Speckerman Creek, Big Sandy Creek, and the
Kings River Experimental Watershed in the southern Sierra Nevada. These studies are providing
valuable information about the effects of forest management activities on water quality and
quantity, particularly related to timber harvesting, road building, and fuel treatments.

Continued monitoring and additional studies are needed to better understand the effects of
forest management activities on water quantity and quality over the wide range of climatic and
physiographic conditions found in California. The processes and pathways by which water
arrives at the land surface as rain or snow and then reaches stream channels, profoundly affects
streamflow regimen, erosion, and contaminant transfer, but these processes are generally poorly
understood. Methods for estimating evapotranspiration from different vegetation types need
refinement and field verification. Knowledge of groundwater recharge, flowpaths, and storage
is limited for mountainous forested watersheds, especially those underlain by fractured rocks.
Sources of sediment, transport mechanisms, and the relative importance of erosional processes
are not well documented.

Monitoring of streamflow to detect effects of land use is most useful on headwater streams that
are not affected by artificial regulation or diversion (MacDonald and Coe 2007). A statewide
network of 886 streamflow monitoring stations is operated in California by the U.S. Geological
Survey (USGS), but only 214 of these gauges are on streams with more than 50 percent forest
cover. Only 31 of these are long-term stations (20 or more years of record) on unregulated and
undiverted streams, according to C. Parrat of the U.S. Geological Survey, and very few of these
stations include water quality monitoring. That density is an average of one long-term stream
gauge on an unregulated and undiverted stream for every 1,893 square miles of forest in the
state, and some of these stations are in danger of closure due to inadequate long-term funding.
A higher density of stream gauges and water quality monitoring stations would be helpful for
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understanding the distribution, timing, and quality of streamflow from forested watersheds across
the state.

Coordination Needs

Forest owners and management agencies have disparate management objectives and constraints,
and forest ownership boundaries rarely coincide with natural watershed boundaries, which lead to
fragmented, uncoordinated activities that are potentially not effective over the entire watershed.
For example, USDA Forest Service funds and staff can generally be used only for work on
National Forest System lands, state agencies are frequently prohibited from working on federal
lands, and many watershed improvement grant programs are limited to non-federal agencies and
organizations. Increased coordination among state, federal, and tribal, private, and non-profit
forestry and watershed agencies would provide better opportunities to increase protection of
water quality.

A prime example of successful coordination was announced on August 28, 2012 when the Karuk
Tribe and the USDA Forest Service signed a Memorandum of Understanding that will protect the
Katimiin Cultural Management Area, near present-day Somes Bar, California. This agreement
will restore a sacred landscape by using both Karuk traditional knowledge and management
practices and the Klamath National Forest Land and Resource Management Plan, which is
administered by the Six Rivers National Forest. The agreement will help prevent wildfires as well
as build an understanding and cooperation between cultures, the people, and the environment.

Limited Funding for Forest Watershed Restoration

The rate of progress of meadow restoration, road storm-proofing and decommissioning, and
vegetation treatment work is largely limited by available funds. In recent years, appropriated
federal funding for watershed programs on National Forests has decreased, and revenue-
generating timber sales have declined since the mid-1980s. A large proportion of funding for
watershed restoration and fuel treatments is now supplied through state bond measures and grant
programs. Some grant programs, however, require non-federal matching funds, which limits the
eligibility of projects on federal forest lands.

New sources of funding are needed to continue making progress in watershed restoration.
Management of forest resources often results in benefits in water supply, flood control, and flow
regulation to downstream communities, whose residents, in most cases, are unaware of these
benefits of upstream forest management. With an appropriate outreach effort, these communities,
which do not usually contribute to the funding of upstream forest management, might be willing
to contribute if the costs and benefits could be demonstrated to them.

Regulatory Requirements

Forest management actions that affect the amounts or timing of streamflow, such as attenuating
flood peaks and increasing infiltration to groundwater, may be viewed as threats to existing
appropriated rights, and could potentially result in water rights litigation. Surface waters may be
appropriated by landowners and other users and these appropriators have legal rights to the water
they are permitted to divert. In most cases, reduced flood peaks will not result in less available
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water for downstream users, but water rights may need to be resolved for any additional water
made available by meadow restoration, vegetation management, and fuels treatment.

Harvesting of timber on non-federal lands must comply with the California Forest Practices

Act and Rules, the California Environmental Quality Act (CEQA), and other state regulations.
Timber harvests and other vegetation and fuel management projects on federal lands are analyzed
following NEPA guidelines, and appropriate BMPs are determined for protection of water quality.
Federal and non-federal timber harvests, vegetation management, and fuels projects are also
regulated by the RWQCBs through Waste Discharge Requirements (WDR) or Waivers of Waste
Discharge Requirements.

Duplicative environmental reviews and inconsistencies in regulatory requirements among
agencies make permitting of vegetation management projects difficult, increase costs, and slow
the rate of progress of watershed restoration efforts. For example, Waste Discharge Requirement
stipulations and conditions for Waivers of Waste Discharge Requirements vary among the nine
RWQCBEs. In some situations, projects require more than one permit related to water quality,
sometimes from as many as three different agencies. A streamlined “one-stop shopping” approach
would expedite projects and lower implementation costs.

Prescribed fires, which are being more widely used for vegetation management, are regulated by
the California Air Resources Board (ARB) and local air pollution control agencies and can only
be conducted on days approved for burning on the basis of air quality conditions. The USDA
Forest Service is currently working cooperatively with the RWQCBSs to increase opportunities for
prescribed burning. Additionally, the ARB, along with the U.S. Environmental Protection Agency
(EPA) and local air quality management districts, regulate biomass power plants that often utilize
woody material generated by vegetation management projects.

Overarching Recommendations

The following recommendations are intended to address the issues identified in the previous
section.

Monitoring and Research

Long-term monitoring is needed to understand hydrologic changes resulting from climate change
and management actions, and more data collection stations are needed to accurately determine
how changes in hydrology and water quality are related to climate change and forest management
activities:

1. Additional stream gauges are needed throughout the forested regions of California to
adequately represent the existing range of hydroclimatic and geologic conditions. In
particular, gauges would be helpful on small (first to third order) reaches on unregulated and
undiverted streams, in both managed and pristine watersheds.

2. Additional precipitation stations and snow courses are needed to increase the accuracy of
determinations of climatic trends and evaluations of effects of management activities.

3. Additional water quality and sediment monitoring stations are needed to quantify the effects
of climate change and forest management activities on surface water quality.
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4. Additional long-term monitoring wells would be useful for understanding groundwater
resources in forested watersheds.

Forest management for water resources could benefit from additional research on:

5. Effectiveness of BMPs in protecting beneficial uses of water.

6. Effects of vegetation and fuels management on soil moisture, groundwater recharge, and
streamflow. More quantification of both the short- and long-term effects of prescribed fire on
soil and water nutrient status is needed to determine the most beneficial and most ecosystem
friendly return interval as a management strategy. Determination of the impacts of burn
frequency on soil and vegetative properties that influence infiltration, percolation, surface
runoff, and groundwater discharge would also be advantageous (Tahoe Science Consortium
2007).

7. Effects of wildfires and wildfire control measures on water quantity, water quality, and
aquatic organisms.

8. Role and magnitude of groundwater storage in mountain meadows and its effects on
streamflow regulation, and of the potential benefits of meadow restoration for water quantity
and quality.

9. Sediment sources and erosion processes in managed and unmanaged forested watersheds.
10. Effects of riparian forests in maintaining stream temperatures and cycling nutrients.

11. Effects of urban trees in reducing non-point source pollution.

Coordination

Actions that would provide for better multi-party coordination of forest management, including
communication between downstream water users and upstream forest managers, residents and
workers, include:

12. Involvement of forest managers in integrated resource water management plan development.

13. Determination of mutually agreeable objectives for forest and meadow protection and
restoration in terms of land area and timelines, and commitments from forest managers to
meet these objectives.

14. Expanded authority and interagency agreements to allow federal, state, and non-
governmental agencies to share expertise, staff time, and funding across jurisdictional
boundaries for the purposes of watershed and water quality protection and improvement.

15. Develop a public education campaign directed at water users and communities in the Central
Valley, Bay Area, and Southern California to increase support of forest management funding
for improvement of water resources, particularly related to vegetation management.

16. Resolve water rights issues related to restoration of forested watersheds, and develop
mechanisms for marketing of additional water made available by restoration projects.
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17. Expand the scope of state water resource development and conservation measures to include
headwaters areas of the state and urban forestry in metropolitan areas.

18. Increase eligibility of federal agencies for grant programs, and allow federal funds and in-
kind services to be used as grant matches.

Regulatory Requirements

The water quality management plans developed by the SWRCB and forest management agencies
can be revised to address concerns with impaired water bodies, while at the same time providing
consistency and cost-effectiveness. Regulatory workloads can be reduced by combining
environmental compliance into fewer streamlined procedures that would apply to all projects that
meet criteria for low risk of adverse watershed effects or net beneficial water quality effects.

The following recommendations are directed at regulatory oversight of forest water resources:

19. Revise forest management agency water quality programs as necessary to identify, prioritize,
and repair existing pollution sources, improve BMPs, and modify monitoring programs.

20. Incorporate existing Management Agency Agreements between the SWRCB and forest
management agencies into cost-effective and consistent regulatory mechanisms compliant
with current state law.

21. Deregulate low-risk noncommercial vegetation and fuels management projects that reduce
the risks of catastrophic wildfires and therefore have net beneficial effects on water quality.

22. Complete a water quality management plan for the U.S. Bureau of Land Management.

23. Change the SWRCB’s Water Quality Control Policy for Addressing Impaired Waters to
incorporate Category 4B of EPA’s Integrated Reporting Guidance, thereby allowing water
quality management programs of other entities to be used to attain water quality standards in
303(d)-listed impaired waters in lieu of adopting total maximum daily loads (TMDLs) and
duplicative TMDL implementation plans.

Beneficial Forest Management in Areas with
Commercial-Scale Marijuana Cultivation

24. A combination of innovative prevention and enforcement approaches are needed to gain
control over commercial-scale marijuana operations in California. Google Earth imagery
and other remote sensing tools, such as infrared heat imaging, are now available to allow
for increased site detection and information gathering. Even with these tools, however, new
law enforcement strategies, a commitment to long-term investment of adequate resources,
and large-scale changes in public policy are needed to change the current situation (Mallery
2011).

25. Education is also an important component of preserving public lands for public benefit,
such as the production of abundant, clean water. Major knowledge gaps exist between the
public, politicians, and law enforcement agency personnel (Mallery 2011), although several
recent newspaper stories, blog postings, and PowerPoint presentations to regulatory agencies
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and others have heightened general awareness of this threat to water quality in California
(Dawson 2011). The effects of marijuana cultivation on water quality and fisheries resources
were part of a state legislative hearing in Sacramento in February 2012, with discussion

of possible legislative action. Water quality and fisheries protection are two essential
components of a successful California Water Plan.

26. Commercial-scale marijuana cultivation on public and private lands is producing significant
environmental problems. There are possible solutions, but without essential changes in law
enforcement strategies and public policy, it is a problem that can be expected to continue into
the foreseeable future (Mallery 2011).

Special Author’s Note

This chapter is dedicated to Melvin Carmen of the North Fork Mono Tribe in 2009, in recognition
of his vision of incorporating Forest Management into the California Water Plan.

References

References Cited

Allen-Diaz BH. 1991. “Water table and plant species relationships in Sierra Nevada meadows.” [Journal.] American
Midland Naturalist. 126:30-43.

Amaranthus M, Jubas H, Arthur D. 1989. “Stream shading, summer streamflow and maximum water temperature
following intense wildfire in headwater streams.” In: N. Berg N, editor. Proceedings of the Symposium on Fire
and Watershed Management, 26-28 October 1988. Berkeley (CA): USDA Forest Service. Pacific Southwest
Forest and Range Experiment Station. General Technical Report PSW-109. pp. 75-78.

Backer DM, Jensen SE, McPherson GR. 2004. “Impacts of fire-suppression activities on natural communities.” [Journal.]
Conservation Biology 18(4): 937-946.

Bales RC, Battles JJ, Chen Y, Conklin MH, Holst E, O’Hara K, Saksa P, Stewart W. 2011. Forests and Water in the Sierra
Nevada: Sierra Nevada Watershed Ecosystem Enhancement Project. Report number 11.1. Merced (CA): Sierra
Nevada Research Institute University of California, Merced. 39 pp.

Barbour M, Pavlik BS, Lindstrom S. 1993. California s Changing Landscapes: Diversity and Conservation of California
Vegetation. Sacramento (CA): The California Native Plant Society. 244 pp.

Benavides-Solorio J, MacDonald LH. 2001. “Post-fire runoff and erosion from simulated rainfall on small plots, Colorado
Front Range.” [Journal.] Hydrological Processes. 15(15):2931-2952.

Berlow EL, D’ Antonio CM, Reynolds SA. 2002. “Shrub expansion in montane meadows: the interaction of local-scale
disturbance and site aridity.” [Journal.] Ecological Applications. 12(4):1103-1118.

Beschta, RL 1990. “Effects of fire on water quantity and quality.” In: Walstad JD, Radosevich SR, Sandberg DV editors.

Natural and Prescribed Fire in Pacific Northwest Forests. Corvallis (OR): Oregon State University Press. pp.
219-232.

Best DW, Kelsey HM, Hagans DK, Alpert M. 2004. “Role of fluvial hillslope erosion and road construction in the
sediment budget of Garret Creek, Humboldt County, California.” In: Nolan KM, Kelsey HM, Marron DC, editors.
Geomorphic Processes and Aquatic Habitat in the Redwood Creek Basin, Northwestern California. Washington
(DC): U.S. Geological Survey. Professional Paper 1454. pp. M1-M11

Beyers JL 2004. “Postfire seeding for erosion control: Effectiveness and impacts on native plant communities.” [Journal.]
Conservation-Biology 18: 947-956.

23-32 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

Blanchard FB. 1962. Logging and Water Supply in the Mokelumne River Basin—A Preliminary Appraisal. File Report.
Oakland (CA): East Bay Municipal Utilities District, Water Resources and Planning Division. 3 pp.

Brandow CA, Cafferata PH, Munn JR. 2006. Modified Completion Report Monitoring Program: Monitoring Results from
2001 through 2004. Monitoring Study Group Final Report. Sacramento (CA): California State Board of Forestry
and Fire Protection. 80 pp.

Cafferata PH, Munn JR. 2002. Hillslope Monitoring Program: Monitoring Results from 1996 through 2001. Monitoring
Study Group Final Report. Sacramento (CA): California State Board of Forestry and Fire Protection. 114 pp.

Cafferata PH 2005. Herbert Avenue Meadow Restoration Project Hydrologic Review. Memorandum dated May 25,
2005, sent to Mary Huggins, South Lake Tahoe, CA. California Department of Forestry and Fire Protection,
Sacramento, CA. 12 p.

Cafferata PH, Berbach M, Burke J, Hendrix J, Klamt R, Macedo R, Spittler T, Vyverberg K, Wright-Shacklett C.
2005. Flood Prone Area Considerations in the Coast Redwood Zone. Final Report of the Riparian Protection
Committee. Sacramento (CA): California Department of Forestry and Fire Protection. 67 pp.

Cafferata PH, Hall DO, Gentry GD. 2007a. “Applying scientific findings to forest practice regulations in California.”
In: Proceedings of the 1997 NCASI West Coast Regional Meeting. Special Report No. 97-13. 1997 NCASI
West Coast Regional Meeting. 2007. Sept. 26-27, 1997. Portland (OR): National Council for Air and Stream
Improvement. Research Triangle Park (NC): p. H-39 to H-46.

Cafferata PH, Coe DBR, Harris RR. 2007b. “Water resource issues and solutions for forest roads in California.” [Journal.]
Hydrological Science and Technology. 23(1-4):39-56.

Calder I, Hofer T, Vermont S, Warren P. 2007. “Towards a new understanding of forests and water.” [Journal.] Unasylva.
229. 58:3-43.

California Department of Forestry and Fire Protection. 2003a. The Changing California: Forest and Range 2003
Assessment Technical Report, Forest Land Base. Sacramento (CA): California Department of Forestry and Fire
Protection, Fire and Resource Assessment Program. Chapter 2. Productive Capacity. Viewed online at: http://
www.frap.cdf.ca.gov/assessment2003/Chapter2 Area/forestlandbase.html. Accessed: Nov. 10, 2009.

. 2003b. The Changing California: Forest and Range Assessment: Assessment Summary, Fire and Resource
Assessment Program. Sacramento (CA): California Department of Forestry Fire Protection. Variously paged.
Viewed online at: http://www.frap.cdf.ca.gov/assessment2003/index.html.

. 2010a. California’s Forests and Rangelands: 2010 Assessment. Sacramento (CA): California Department of
Forestry Fire Protection. Fire and Resource Assessment Program. 343 pp. Viewed online at: http://frap.fire.ca.gov/
assessment2010.html.

2010b. California’s Forests and Rangelands: 2010 Strategy Report. Sacramento (CA): California Department
of Forestry Fire Protection. Fire and Resource Assessment Program. 208 pp. Viewed online at: http:/www.
sierrainstitute.us/burneycreek-hatcreek/California_Forest Strategy Report 2010.pdf.

. 2013. “Demonstration State Forests.” Sacramento (CA): California Department of Forestry Fire Protection. [Web
site.] Viewed online at: http://calfire.ca.gov/resource_mgt/resource_mgt_stateforests.php.

California Department of Water Resources. 2008. Managing an Uncertain Future: Climate Change Adaptation Strategies
for California’s Water. Sacramento (CA): California Department of Water Resources.

Campbell CG, Allen-Diaz B. 1997. “Livestock grazing and riparian habitat water quality: an examination of oak
woodland springs in the Sierra foothills of California.” In: Pillsbury NH, Verner, J. Tietje WD, editors.
Proceedings of a Symposium on Oak Woodlands: Ecology, Management, and Urban Interface Issues. General
Technical Report PSW-GTR-160. Mar. 19-22, 1996. San Luis Obispo (CA): USDA Forest Service. Pacific
Southwest Research Station. Albany (CA): pp. 339-346. Viewed online at: http://www.treesearch.fs.fed.us/
pubs/28193.

Carroll EM, Miller WW, Johnson DW, Saito LS, Qualls RG, Walker RF. 2007. “Spatial analysis of a high magnitude
erosion event following a Sierran wildfire.” [Journal.] Journal of Environmental Quality. 36:1105-1111.

CALIFORNIA WATER PLAN | UPDATE 2013 23-33



Volume 3 - Resource Management Strategies

Christensen GA, Campbell SJ, Fried JS, technical editors. 2008. California’s Forest Resources 2001-2005: Five-year
Forest Inventory and Analysis Report. General Technical Report PNW-GTR-763. Portland (OR): USDA Forest
Service. Pacific Northwest Research Station. 183 pp.

Coe DBR. 2006. Sediment Production and Delivery from Forest Roads in the Sierra Nevada. [Master’s thesis.] Fort
Collins (CO): Colorado State University. 110 pp.

Cohen WL. 1982. Effects of the Atlas Peak Fire on Surface Water Quality in Upper Milliken Creek Watershed, Napa
County, California. Master of Science Thesis. Davis (CA): University of California, Davis. Davis, CA. 132 pp.

Conard SG, Beyers JL, Wohlgemuth PM. 1995. “Impacts of post-fire grass seeding on chaparral ecosystems: what do we
know and where do we go from here?” Fairfield (WA): In: Keeley JE, Scott T editors. Brushfires in California
Wildlands: Ecology and Resource Management. International Association of Wildland Fire. pp. 149-161.

Cook C, Dresser A. 2007. “Erosion and channel adjustments following forest road decommissioning Six Rivers National
Forest.” In: Furniss M, Clifton C, Ronnenberg K, editors. Advancing the Fundamental Sciences: Proceedings

of the Forest Service National Earth Sciences Conference. Forest Service National Earth Sciences Conference.
Oct. 18-2, 2004. San Diego (CA): USDA Forest Service. Pacific Northwest Research Station. Portland (OR): pp.
297-309.

Cornwell K, Brown K. 2008. Physical and Hydrological Characterization of Clark’s Meadow in the Last Chance
Watershed of Plumas County. Sacramento (CA): Report to the Natural Heritage Institute Mountain Meadows
IRWMP. California State University Sacramento. Department of Geology. 38. pp.

Cram DS, Baker TT, Fernald AG, Madrid A, Rummer B. 2007. “Mechanical thinning impacts on runoff infiltration and
sediment yield following fuel reduction treatments in a southwestern dry mixed conifer forest.” [Journal.] Journal
of Soil and Water Conservation. 62(5):359-366.

California State Board of Forestry and Fire Protection. 1996. “Assets at risk and their role in the fire plan: water and
watersheds.” In: California Fire Plan: A Framework for Minimizing Costs and Losses from Wildland Fires.
Sacramento (CA): California State Board of Forestry and Fire Protection. pp. 73-82.

Council of Western State Foresters. 2007. Forestry Best Management Practices for Western States: A Summary of
Approaches to Water Quality Implementation and Effectiveness Monitoring. Final Report. Lakewood (CO):
Council of Western State Foresters. 20 pp. Viewed online at: http://www.wflccenter.org/news_pdf/240 pdf.pdf.

Dailey S, Fites JA, Reiner A, Mori S. 2008. Fire Behavior and Effects in Fuel Treatments and Protected Habitat on the
Moonlight Fire. Vallejo (CA): USDA Forest Service, Pacific Southwest Region. Adaptive Management Service
Enterprise Team. 60 pp. Viewed online at: http://www.fs.fed.us/r5/hfqlg/monitoring/resource reports/fire_and
smoke/dfpz_effectiveness/moonlight fire effects assessment.pdf. Accessed Nov. 10, 2009.

Dawson B. 2011. “Pollute, poach, dewater: legacies of illicit cannabis grows.” Green Blog - UC work in natural
resources, pest management, climate change and sustainable agriculture. Oakland (CA): University of California
Agriculture and Natural Resources. [Blog.] Nov., 16. Viewed online at: http://ucanr.org/sites/UCCNP/Green_Blog
/?blogpost=6188&blogasset=18704.

Dombeck M. 2007. “Deterioration of forest roads threatens our drinking water.” San Jose Mercury News. San Jose
(CA): San Jose Mercury News. [Web site.] Viewed online at: http://www.mercurynews.com/opinion/ci_7211103.
Accessed Jan. 2012.

Driscoll DG, Carter JM, Ohlen DO. 2004. Hydrologic Effects of the 1988 Galena Fire, Black Hills Area, South Dakota.
Denver (CO): Water-Resources Investigations Report 03-4323. U.S. Geological Survey. 67 pp. Viewed online at:
http://pubs.water.usgs.gov/wri034323.

Dudley N, Stolton S. 2003. Running Pure: The Importance of Forest Protected Areas to Drinking Water. Washington
(DC): World Bank/WWEF Alliance for Forest Conservation and Sustainable Use. 114 pp. Viewed online at: http://
www.panda.org/what we do/how_we_work/conservation/forests/publications/?uNewsID=8443.

Dwire KA, Kauffman JB, Baham JE. 2006. “Plant species distribution in relation to water-table depth and soil redox
potential in montane riparian meadows.” [Journal.] Wetlands. 26(1):131-146.

Elliot WJ. 2010. “Effects of forest biomass use on watershed processes in the western United States.” [Journal.] Western
Journal of Applied Forestry. 25(1):12-17.

23-34 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

Fiori RA. 2005. Instream and Riparian Dynamics Following Wildfire in an Alluvial Old-growth Redwood Forest--Canoe
Creek, Humboldt Redwoods State Park. California State Parks. North Coast Redwoods District. Eureka (CA): 22
pp-

Fryoff-Hung A. Viers JH. 2013. Sierra Nevada Meadow Hydrology Assessment, Final Project Report. University of
California, Davis, 1114 pp. Viewed online at http://meadows.ucdavis.edu/data/9.

Furniss MJ, Roelofs TD, Yee CS. 1991. “Road construction and maintenance.” In: Meehan WR, editor. Influences of’

Forest and Rangeland Management. Bethesda (MD): Special Publication 19. American Fisheries Society. pp.
297-324.

Furniss MJ, Ledwith TS, Love MA, McFadin BC, Flanagan SA. 1998. Response of Road-Stream Crossings to Large
Flood Events in Washington, Oregon and Northern California. Washington (DC): USDA Forest Service.
Technology and Development Program. 14 pp.

Giusti GA. 2012. Illicit cannabis production impacts on forest and wildland resources. Sacramento (CA): Presentation to
the California State Board of Forestry and Fire Protection. Apr. 4, 2012. [PowerPoint presentation.] Viewed online
(2010 version of the presentation) at: http://ucanr.org/blogs/Green/blogfiles/9273.pdf.

Gokbulak F. Serengil Y, Ozhan S, Ozyuvaci N, Balc, N. 2008. “Effect of timber harvest on physical water quality
characteristics.” [Journal.] Water Resources Management. 22(5):635-649.

Grace JM, Skaggs RW, Chescheir GM. 2006. “Hydrologic and water quality effects of thinning loblolly pine.” [Journal.]
Transactions of the American Society of Agricultural Engineers. 49(3):645-654.

Hammersmark CT, Rains MC, Mount JF. 2008. “Quantifying the hydrological effects of stream restoration in a montane
meadow, Northern California USA.” River Research and Applications Vol. 24 (6): 735-753. [Journal]. Viewed
online at: http://onlinelibrary.wiley.com/doi/10.1002/rra.1077/abstract.

Hammersmark CT, Dobrowski SZ, Rains MC, Mount JF. 2010. “Simulated Effects of Stream Restoration on the
Distribution of Wet-Meadow Vegetation.” [Journal.] Restoration Ecology. 18:882-893.

Harris RR. 2011. Policies and Procedures for Protecting Anadromous Salmonid Habitat in Del Norte, Humboldt,
Mendocino, Trinity and Siskiyou Counties. Final Report prepared for the Five Counties Salmonid Conservation
Program. Weaverville (CA): 52 pp. Viewed online at: http://www.5counties.org/docs/2011_reassessment.pdf.

Harris RR, Cafferata PH. 2005. Forest Loss and Fragmentation; Session 2: Impacts and Implications—Impacts on water
quantity and quality [Abstract]. California Forest Futures 2005 Conference, May 24-25, 2005, Sacramento, CA.

Hatchett B, Hogan MP, Grismer ME. 2006. “Mechanical mastication thins Lake Tahoe forest with few adverse impacts.”
[Journal.] California Agriculture. 60(2):77-82.

Heard AM. 2005. Effects of Landscape Scale Prescribed Fire on Hydrology and Stream Chemistry. Master of Science
Thesis. Fort Collins (CO): Colorado State University. 119 pp.

Hill BR. 1990. “Groundwater discharge to a headwater valley northwestern Nevada USA.” [Journal.] Journal of
Hydrology. 113:265-283.

Hill BR, Mitchell-Bruker S. 2010, Comment on “A framework for understanding the hydroecology of impacted
wet meadows in the Sierra Nevada and Cascade Ranges, California, USA.” [Comment on paper published
in Hydrogeology Journal 17:229-246. 2009, by Loheide II SP, Deitchman RS, Cooper DJ, Wolf EC, T.
Hammersmark CT, Lundquist JD.] Hydrogeology Journal 18(7):1741-1743.

Hoffman J, Roby K, Bohm B. 2013, Effects of Meadow Restoration on Stream Flow in the Feather River Watershed: A
Review Based on Monitoring Data and Pertinent Research, Version 5.5 (final), June 12, 2013, report to Feather
River Coordinated Resource Management Council Executive Committee, 33 pp.

Hubbert K, Busse M, Overby S, Shestak C. 2010. Soil heating beneath burn piles: effects on soil physical properties and
water chemistry in the Lake Tahoe Basin. [Poster presentation.] ASA, CSSA, SSSA 2010 International Annual
Meeting, Oct. 21-Nov 4, 2010. Long Beach (CA): USDA Forest Service. Pacific Southwest Research Station.

Hughes JE. 1934. Erosion Control Progress Report. Plumas National Forest. Milford Ranger District. 26 pp.

CALIFORNIA WATER PLAN | UPDATE 2013 23-35



Volume 3 - Resource Management Strategies

Ice G, Dent L, Robben J, Cafferata P, Light J, Sugden B, Cundy T. 2004. “Programs Assessing Implementation and
Effectiveness of State Forest Practice Rules and BMPs in the West.” Water, Air, and Soil Pollution: Focus 4(1):
143-169.

Ice G, Shilling EG, Vowell JG. 2010. “Trends for Forestry Best Management Practices Implementation.” Journal of
Forestry. 108. 267-273.

Jewett DG, Lord ML, Miller JR, Chambers JC. 2004. “Geomorphic and hydrologic controls on surface and subsurface
flow regimes in riparian meadow ecosystems.” In: Chambers JC, Miller JR, editors. Great Basin Riparian
Ecosystems. Covelo (CA): Society for Ecological Restoration International. Island Press. Chapter 5, pp. 124-161.

Jones JA, Grant GE. 1996. “Peak flow responses to clear-cutting and roads in small and large basins, western Cascades,
Oregon.” [Journal.] Water Resources Research. 32(4):959-974.

Kattelmann R, Embury M. 1996. “Riparian areas and wetlands.” In: Sierra Nevada Ecosystem Project. Final Report to
Congress, Volume III: Assessments, Commissioned Reports and Background Information. Davis (CA): University
of California, Centers for Water and Wildland Resources. Chapter 5, pp. 201-274. Viewed online at: http://pubs.
usgs.gov/dds/dds-43/VOL_III/VIII_TOC.PDF.

Kellar G, Sherar J. 2003. Low Volume Roads Engineering: Best Management Practices Field Guide. Washington (DC):
Prepared for U.S. Agency for International Development by the Conservation Management Institute, Virginia
Polytechnic Institute and State University and USDA Forest Service. Viewed online at: http:/pdf.usaid.gov/
pdf docs/PNADB595.pdf.

Korte A, MacDonald LH. 2007. Preliminary Summary: Sediment Production and Delivery in the Southern Sierra Nevada.
Watershed Science Program, Colorado State University, Fort Collins (CO). 5 pp. [Unpublished paper.]

Kraebel CJ, PillsburyAF. 1934, Handbook of Erosion Control in Mountain Meadows. USDA Forest Service. California
Forest and Range Experiment Station. Berkeley(CA): 69 pp.

Krieger DJ. 2001. The Economic Value of Forest Ecosystem Services: A Review. Washington (DC): The Wilderness
Society. 40 pp. Viewed online at: http://www.cfr.washington.edu/classes.esrm.465/2007/readings/WS_valuation.
pdf.

Lautz LK. 2008. “Estimating groundwater evapotranspiration rates using diurnal water-table fluctuations in a semi-arid
riparian zone.” [Journal.] Hydrogeology Journal. 16: 483-497.

Liang L, Kavvas ML, Chen ZQ, Anderson M, Ohara N, Wilcox J, Mink L. 2007. “Modeling river restoration impact
on flow and sediment in a California watershed.” In: Kabbes KC, editor. Proceedings of the 2007 World
Environmental and Water Resources Congress. 2007 World Environmental and Water Resources Congress. May
15-19, 2007. Tampa (FL): American Society of Civil Engineers. Reston (VA): pp. 1-10. Viewed online at: http://
ascelibrary.org/doi/abs/10.1061/40927(243)353.

Ligon F, Rich A, Rynearson G, Thornburgh D, Trush, W. 1999. Report of the Scientific Review Panel on California Forest
Practice Rules and Salmonid Habitat. Sacramento (CA): California Natural Resources Agency and the National
Marine Fisheries Service. 181 pp.

Loheide SPII, Gorelick SM. 2005. “A local-scale, high-resolution evapotranpiration mapping algorithm (ETMA) with
hydroecological applications at riparian meadow restoration sites.” [Journal.] Remote Sensing of Environment.
98: 182-200.

Loheide SP II, Gorelick SM. 2007. “Riparian hydroecology: a coupled model of the observed interactions between
groundwater flow and meadow vegetation patterning.” [Journal.] Water Resources Research. 43:W07414. Viewed
online at: http://onlinelibrary.wiley.com/doi/10.1029/2006 WR005233/abstract.

Liquori M, Cafferata P, Boston K, Gienger R, Hope D. 2012. “The VTAC Committee: developing guidance for an
alternative regulatory pathway to the anadromous salmonid protection rules.” In: Standiford RB, Weller TJ,
Piirto DD, Stuart, JD technical coordinators. Proceedings of Coast Redwood Forests in a Changing California: A
Symposium for Scientists and Managers. Albany (CA): USDA U.S. Forest Service. Pacific Southwest Research
Station General Technical Report PSW-GTR-238. pp 79-89.

McCashion JD, Rice RM. 1983. “Erosion on logging roads in northwestern California: How much is avoidable?”
[Journal.] Journal of Forestry. 81(1):23-26.

23-36 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

McClurkin DC, Duffy PD, Nelson NS. 1987. “Changes in forest floor and water quality following thinning and
clearcutting of 20-year-old pine.”[Journal.] Journal of Environmental Quality. 16:237-241.

MacDonald LH, Coe D, Litschert S. 2004. “Assessing cumulative watershed effects in the central Sierra Nevada: hillslope
measurements and catchment-scale modeling.” In: Murphy DD, Stine PA, editors. Proceedings of the Sierra
Nevada Science Symposium. Sierra Nevada Science Symposium. Oct. 7-10, 2002, Kings Beach (CA): USDA
Forest Service. Pacific Southwest Research Station. Albany (CA): pp. 149-157. Viewed online at: http://www.
treesearch.fs.fed.us/pubs/26449.

MacDonald LH, Brown E, Pietraszek JH, Welsh M, Eccleston D, Larsen 1J. 2006. “Long-term Sediment Production and
Recovery Rates from Forest Thinning, Roads, and Wildfires.” American Geophysical Union, Fall Meeting 2006,
Abstract #B22E-08.

MacDonald LH, Coe, D. 2007. “Influence of headwater streams on downstream reaches in forested areas.” [Journal.]
Forest Science. 53(2):148-168.

Maco S, McPherson G, Simpson J, Peper P, Xiao Q. 2003. City of San Francisco, California Street Tree Resource
Analysis. Center for Urban Forest Research, Pacific Southwest Research Station, USDA Forest Service. CUFR-3.

McPherson G, Simpson J, Peper P, Maco S, Xiao Q. 2005. “Municipal forest benefits and costs in five U.S. cities.”
[Journal.] Journal of Forestry. (Dec):411-416.

Madej MA. 2001. “Erosion and sediment delivery following removal of forest roads.” [Journal.] Earth Surface Processes
and Landforms. 26:1-16.

Madrid A, Fernald AG, Baker TT, Vanleeuwen DM. 2006. “Evaluation of silvicultural treatment effects on infiltration,
runoff, sediment yield, and soil moisture in a mixed conifer New Mexico forest.” [Journal.] Journal of Soil and
Water Conservation. 61(3):159-168.

Mahlum SK, Eby LA, Young MK, Clancy CG, Jakober M. 2011. “Effects of wildfire on stream temperatures in the
Bitterroot River Basin, Montana.” [Journal.] International Journal of Wildland Fire. 20:240-247.

Mallery M. 2011. “Marijuana national forest: encroachment on California public lands for cannabis cultivation.” Office
of Undergraduate Research, University of California, Berkeley. Berkeley Undergraduate Journal. 23(2). 50 pp.
Viewed online at: http://escholarship.org/uc/item/7r10t66s.

Martin S. 2006. Topics in mountain meadows. Merced (CA): [PowerPoint class presentation.] University of California,
Merced. 45 pp.

Martinson EJ, Omi PN. 2003. “Performance of fuel treatments subjected to wildfires.” In: Omi PN, Joyce LA. editors.

Fire, Fuel Treatments, and Ecological Restoration: Conference Proceedings, April 16-18, 2002. Fort Collins
(CO): Proceedings RMRS-P-29. USDA Forest Service. Rocky Mountain Research Station. pp. 7-13

Meixner T, Wohlgemuth P. 2004. “Wildfire impacts on water quality.” [Journal.] Southwest Hydrology 3(5):24-25.

Micheli ER, Kirchner JW. 2002. “Effects of wet meadow riparian vegetation on streambank erosion. 2. Measurements
of vegetated bank strength and consequences for failure mechanics.” [Journal.] Earth Surface Processes and
Landforms. 27:687-697.

Miller WW, Johnson DW, Loupe TM, Sedinger JS, Carroll EM, Murphy JD, Walker RF, Glass D. 2006. “Nutrients flow
from runoff at burned forest site in Lake Tahoe Basin.”[Magazine article] California Agriculture. University of
California Agriculture and Natural Resources. Apr-Jun:65-71.

Moody JA, Martin DA. 2001. “Post-fire, rainfall intensity-peak discharge relations for three mountainous watersheds in
the western USA. [Journal.] Hydrological Processes 15: 2981-2993.

Moody JA, Martin DA, Cannon SH. 2008. “Post-wildfire erosion response in two geologic terrains in the western USA.”
[Journal.] Geomorphology. 95:103-118.

Moore RD, Wondzell SM. 2005. “Physical hydrology and the effects of forest harvesting in the Pacific Northwest: a
review.” [Journal.] Journal of the American Water Resources Association. Aug.:763-784.

Moser E. 2007. Aerial Application of Fire Retardant Environmental Assessment: Hydrology Specialist Report. USDA
Forest Service. T.E.A.M.S. Enterprise Unit. 10 pp. Viewed online at: http://www.fs.fed.us/fire/retardant/
references/01Hydro.pdf.

CALIFORNIA WATER PLAN | UPDATE 2013 23-37



Volume 3 - Resource Management Strategies

Murphy K, Rich T, Sexton T. 2007. An Assessment of Fuel Treatment Effects on Fire Behavior, Suppression Effectiveness,
and Structure Ignition on the Angora Fire. Vallejo (CA): USDA Forest Service. R5-TP-025. 32 pp.

Naiman RJ, Fetherston KL, McKay SJ, Chen J. 1998. “Riparian forests.” In: Naiman RJ, Bilby RE, editors. River Ecology
and Management: Lessons from the Pacific Coastal Ecoregion. New York: Springer-Verlag. pp. 289-323. [Book.]

National Academy of Sciences. 2008. Hydrologic Effects of a Changing Forest Landscape. Washington (DC): Report
in Brief. Report brief was prepared by the National Research Council. Viewed online at: http://dels.nas.edu/
resources/static-assets/materials-based-on-reports/reports-in-brief/forest_hydrology final.pdf.

National Interagency Fire Center (. 2010. “Suppression chemicals and delivery systems.” In: Interagency Standards
for Fire and Fire Aviation Operations (“Red Book™). Boise (ID): Viewed online at: http://www.nifc.gov/
PUBLICATIONS/redbook/2011/Ch12.pdf. Chapter 12. pp 12-1—12-6.

National Wildfire Coordinating Group Training Working Team. 2004. Resource Advisor’s Guide for Wildland Fire. PMS
313. NFES 1831. Boise (ID): National Interagency Fire Center. 14 pp. Viewed online at: http://www.nwcg.gov/
pms/pubs/RAguide 2004.pdf.

Neary DG, Ryan KC, DeBano LF, editors. 2005. Wildland Fire in Ecosystems: Effects of Fire on Soils and Water. General
Technical Report RMRS-GTR-42, Vol. 4. Ogden (UT): USDA Forest Service, Rocky Mountain Research Station.
250 pp.

Norman S, Loupe T, Keely J. 2008. Heavenly Creek SEZ Demonstration Project 2007 Soil Monitoring Report. South
Lake Tahoe (CA): USDA Forest Service. Lake Tahoe Basin Management Unit. 58 pp. Viewed online at: http://
www.fs.usda.gov/Internet/FSE_ DOCUMENTS/fsm9_045987.pdf.

Novak DJ, Greenfield EJ. 2009. Urban and Community Forests of the Pacific Region: California, Oregon, Washington.
GTR NRS-65. St. Paul (MN): USDA Forest Service, Northern Research Station. 43 pp.

Ohara N, Kavvas, ML, Chen ZQ, Liang L, Anderson M. Wilcox J, Mink L. 2013. Modelling Atmospheric and Hydrologic
Processes for Assessment of Meadow Restoration Impact on Flow and Sediment in a Sparsely Gauged California
Watershed. Hydrological Processes. DOI: 10.1002/hyp.9821.,14 pp.

Omi PN, Martinson, EJ. 2004. “Effectiveness of thinning and prescribed fire in reducing wildfire severity.” In: Murphy
DD, Stine PA editors. Proceedings of the Sierra Nevada Science Symposium: Science for Management and
Conservation. Albany (CA): General Technical Report PSW-193. USDA Forest Service. pp. 87-92

Onda Y, Dietrich WE, Booker F. 2007. “Evolution of overland flow after a severe forest fire Point Reyes California.”
[Journal.] Catena. 72:13-20.

Pacific Watershed Associates. 2005. Evaluation of Road Decommissioning CDFG Fisheries Restoration Grant Program
1998 to 2003. Arcata (CA): Pacific Watershed Associates. Final Report submitted to the California Department
of Fish and Game under Contract #P0210559. 91 pp. Viewed online at: http://www.pacificwatershed.com/sites/
default/files/CDFG_PWA_decom_report.pdf.

Peterson DH, Stewart I, Murphy F. 2008. “Principle hydrologic responses to climatic and geologic variability in the Sierra
Nevada, California.” [Journal.] San Francisco Estuary and Watershed Science. California Bay-Delta Authority
Science Program and John Muir Institute of the Environment. 6(1): Article 3.

Potts DF, Peterson DL, Zuuring HR. 1989. Estimating Postfire Water Production in the Pacific Northwest. Berkeley (CA):
USDA Forest Service. Research Paper PSW-197. USDA Forest Service. Pacific Southwest Forest and Range
Experiment Station. 9 pp.

Ratliff RD. 1985. Meadows in the Sierra Nevada of California: State of Knowledge. Berkeley (CA): General Technical
Report PSW-84. USDA Forest Service. Pacific Southwest Forest and Range Experiment Station. 52 pp. Viewed
online at: http://www.treesearch.fs.fed.us/pubs/27313.

Rector JR, MacDonald LH 1987. “Water yield opportunities on National Forest lands in the Pacific Southwest Region.”
In: Proceedings, California Watershed Management Conference. Report No. 11. Wildland Resources Center.
University of California, Berkeley. pp. 68-73.

23-38 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

Reid LM. 2012. “Comparing hydrologic responses to tractor-yarded selection and cable-yarded clearcut logging in a
coast redwood forest.” In: Standiford RB, Weller TJ, Piirto DD, Stuart JD technical coordinators. Proceedings of
the Coast Redwood Forests in a Changing California: A Symposium for Scientists and Managers. Albany (CA):
General Technical Report PSW-GTR-238. USDA Forest Service. Pacific Southwest Research Station. pp. 141-
151.

Reneau SL, Katzman D, Kuyumjian GA, Lavine A, Malmon DV. 2007. “Sediment delivery after a wildfire.” [Journal.]
Geology. 35(2):151-154.

Robichaud PR. 2000. “Forest fire effects on hillslope erosion: what we know.” Portland (OR): Watershed Management
Council (WMC) Archives 9(1). Winter 2000. at Watershed.org. Viewed online at: http://www.watershed.
org/?q=node/329. Accessed: Nov. 12, 2009.

Robichaud PR, Beyers JL, Neary DG. 2000. Evaluating the Effectiveness of Postfire Rehabilitation Treatments. Fort
Collins (CO): General Technical Report RMRS-GTR-63. USDA Forest Service. Rocky Mountain Research
Station. 89 pp. Viewed online at: http://www.fs.fed.us/rm/pubs/rmrs_gtr063.pdf.

Robichaud PR, Pierson FB, Brown, RE. 2007. “Runoff and erosion effects after prescribed fire and wildfire on volcanic
ash-cap soils.” In: Page-Dumroese D. Miller R. Mital J. McDaniel P. Miller D, editors. Volcanic-Ash-Derived
Forest Soils of the Inland Northwest. Fort Collins (CO): USDA Forest Service Proceedings RMRS-P-44.
Properties and Implications for Management and Restoration. Nov. 9-10, 2005. Coeur d’Alene (ID): USDA
Forest Service. Rocky Mountain Research Station. pp. 83-94. Viewed online at: http://www.treesearch.fs.fed.us/
pubs/26215.

Robichaud PR, MacDonald LH, Foltz, RB. 2010. “Fuel management and erosion.” In: Elliot WJ, Miller IS, Audin L.,
editors. Cumulative Watershed Effects of Fuel Management in the Western United States. Fort Collins: (CO):
USDA, Forest Service, Rocky Mountain Research Station. Chapter 5 pp. 79-100. General Technical Report
RMRS-GTR-231.

Rowe PB, Countryman CM, Storey HC. 1949. Probable Peak Discharges and Erosion Rates from Southern California
Watersheds as Influenced by fire. Berkeley (CA): USDA Forest Service. California Forest and Range Experiment
Station 342 pp.

. 1954. Hydrologic Analysis Used to Determine Effects of Fire on Peak Discharge and Erosion Rates in Southern
California Watersheds. Berkeley (CA): USDA. California Forest and Range Experiment Station.

Rulli MC, Rosso R. 2007. “Hydrologic response of upland catchments to wildfires.” [Journal.] Advances in Water
Resources. 30(10):2072-2086.

Stephens SL, Meixner T, Poth M, McGurk B, Payne D. 2004. “Prescribed fire, soils, and stream water chemistry in a
watershed in the Lake Tahoe Basin.” [Journal.] International Journal of Wildland Fire 13:27-35.

Stephens SL, Moghaddas JJ. 2005. “Experimental fuel treatment impacts on forest structure potential fire behavior and
predicted tree mortality in a California mixed conifer forest.” [Journal.] Forest Ecology and Management. 215:21-
36.

Stephens SL, Martin RE, Clinton NE. 2007. “Prehistoric fire area and emissions from California’s forests, woodlands,
shrublands and grasslands.” [Journal.] Forest Ecology and Management. 251:205-216.

Stohlgren TJ, DeBenedetti SH, Parsons DJ. 1989. “Effects of herbage removal on productivity of selected high-Sierra
meadow community types.” [Journal.] Environmental Management. 13(4):485-491.

Tague C, Heyn K, Christiansen L. 2009. “Topographic controls on spatial patterns of conifer transpiration and net primary
productivity under climate warming in mountain ecosystems.” [Journal.] Ecohydrology 2: 541-554.

Tague C, Valentine S, Kotchen M. 2008. “Effect of geomorphic channel restoration on streamflow and groundwater in a
snowmelt-dominated watershed.” [Journal.] Water Resources Research 44(W10415): 10 pp.

Tahoe Science Consortium. 2007. Comprehensive Science Plan for the Lake Tahoe Basin: Conceptual Framework
and Research Strategies. Final draft prepared as a deliverable under U.S. Environmental Protection Agency
Cooperative Agreement X7-96963901-0. 290 pp.

CALIFORNIA WATER PLAN | UPDATE 2013 23-39



Volume 3 - Resource Management Strategies

Thorsen K. 2011. “Exploring the problem of domestic marijuana cultivation.” U.S. Senate Caucus on International
Narcotics Control. Statement for the Record by Kim Thorsen, Deputy Assistant Secretary, Law Enforcement,
Security and Emergency Management. Department of the Interior. Dec. 7. [Statement for the Record.] Viewed
online at: http://drugcaucus.senate.gov/hearing-12-7-11/DOI1%20Statment%20for%20the%20Record%200n%20
Marijuana%20Cultivation.pdf.

Tree City USA. 2010. “How trees can retain stormwater runoff.” Tree City USA Bulletin. No. 55. pp. 1-8. Nebraska City
(NE): Published for the Friends of Tree City USA by Arbor Day Foundation. [E-news.] Viewed online at: http://
www.fs.fed.us/psw/programs/uesd/uep/products/11/800TreeCityUSABulletin_55.pdf.

Troendle CA, Nankervis JM, Peavy A. 2007. Impacts of Vegetation Management on Water Yield. Final Report. Fort
Collins (CO): The Herger-Feinstein Quincy Library Group Project. USDA Forest Service. Pacific Southwest
Region. Resource Reports - Hydrology and Fisheries. Contract AG 3187 D 05 0043. 23 pp. Viewed online at:
http://www.fs.fed.us/r5/hfqlg/monitoring/resource_reports/hydrology and_fisheries/Water_Yield Full_Report_
Feb242007.pdf.

Troendle CA, MacDonald LH, Luce CH, Larsen 1J. 2010. “Fuel management and water yield.” In: Elliot W] Miller IS,
Audin L. editors. Cumulative Watershed Effects of Fuel Management in the Western United States. Fort Collins
(CO): USDA. U.S. Forest Service Rocky Mountain Research Station. General Technical Report RMRS-GTR-231.
Chapter 7. pp. 126-148.

Turner KM. 1991. “Water salvage from Mediterranean-type ecosystems.” In: Bailey HE, Forrest C, Snow L, editors.
Water Supply and Water Reuse: 1991 and Beyond. Proceedings of the American Water Resources Association
Annual Symposium. American Water Resources Association Annual Symposium. Jun. 2-6, 1991. San Diego (CA):
American Water Resources Association. [Book.] pp. 83-90.

USDA U.S. Forest Service. 1999. Benefits of the Urban Forest. Davis (CA): Fact Sheet #1. USDA Forest Service. Pacific
Southwest Research Station. Center for Urban Forest Research. 2 pp.

. 2000. Water and the Forest Service. Washington (DC): FS-660. USDA U.S. Forest Service. 40 pp. Viewed
online at: http://www.fs.fed.us/publications/policy-analysis/water.pdf.

.2001. Sierra Nevada Framework Planning Amendment FEIS. USDA U.S. Forest Service. Vallejo (CA): [Web
site.] Viewed online at: http://www.fs.usda.gov/detail/r5/landmanagement/planning/?cid=stelprdb5415847.

. 2004. Best Management Practices Evaluation Program: 1992-2002 Monitoring Results. Vallejo (CA): USDA
Forest Service. Pacific Southwest Region. Final Report. 76 pp.

.2005. A Strategic Assessment of Forest Biomass and Fuel Reduction Treatments in Western states. Fort Collins
(CO): 17 p. General Technical Report RMRS-GTR-149. USDA Forest Service. Rocky Mountain Research
Station. Viewed online at: http://www.fs.fed.us/rm/pubs/rmrs_gtr149.pdf.

.2006. Urban Watershed Forestry Manual. Viewed online at: www.na.fs.fed.us/watershed. Accessed: Aug., 2011.

.2007a. An Assessment of Fuel Treatment Effects on Fire Behavior, Suppression Effectiveness, and Structure
Ignition on the Angora Fire. Vallejo (CA): R5-TP-025. USDA Forest Service. Pacific Southwest Research Station.
Viewed online at: http://www.cnpssd.org/fire/angorafireusfsfullreport.pdf. Accessed: Nov.10, 2009.

.2007b. Land Areas of the National Forest System. Washington (DC): FS-383. USDA Forest Service.131 pp.

. 2008. Land Areas of the National Forest System as of September 30, 2007. Washington (DC): FS-383. USDA
Forest Service. 131 pp.

. 2009. Best Management Practices Evaluation Program: 2003-2007 Monitoring Results. Final Report. Vallejo
(CA): USDA Forest Service. Pacific Southwest Region. 28 pp.

. 2011a. Responding to Climate Change in National Forests: A Guidebook for Developing Adaptation
Options. Portland (OR): General Technical Report PNW-GTR-855. USDA Forest Service. Pacific Northwest
Research Station. Viewed online at: http://www.fs.fed.us/psw/publications/millar/Peterson%20et%20al.%20
%28Adaptation%20Guidebook%29%20%28Feb.%202011%29.pdf.

. 2011b. National Report on Sustainable Forests — 2010. Washington (DC): FS-979. USDA Forest Service.
Viewed online at: http://www.fs.fed.us/research/sustain/national-report.php.

23-40 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

. 2011c. “Operation Full Court Press concludes three week operation targeting illegal marijuana plants on public
lands.” USDA Forest Service Pacific Southwest Region press release dated August 8, 2011. Viewed online at:
http://www.fs.fed.us/r5/news/2011/OperationFullCourtPress.shtml.

Van de Water K, North M. 2011. “Stand structure, fuel loads, and fire behavior in riparian and upland forests, Sierra
Nevada Mountains, USA; a comparison of current and reconstructed conditions.” [Journal.] Forest Ecology and
Management 262: 215-228.

Weaver WE, Hagans DK. 1994. Handbook for Forest and Ranch Roads: A Guide for Planning, Designing, Constructing,
Reconstructing, Maintaining, and Closing Wildland Roads. Ukiah (CA): Mendocino County Resource
Conservation District. 161 pp.

Weaver W, Hagans D, Weppner E. 2006. “Upslope erosion inventory and sediment control guidance.” Part X. In:
California Salmonid Stream Habitat Restoration Manual. 1998 revised 3rd edition. Sacramento (CA): California
Department of Fish and Game. 108 pp.

Welsch HH. 2011. “Frogs, fish and forestry: an integrated watershed network paradigm conserves biodiversity and
ecological services.” [Journal.] Diversity 3: 503-530.

Wilzbach MA, Harvey BC, White JL, Nakamoto RJ. 2005. “Effects of riparian canopy opening and salmon carcass
addition on the abundance and growth of resident salmonids.” [Journal.] Canadian Journal of Fisheries and
Aquatic Sciences. 62: 58-67.

Weixelman DA, Hill B, Cooper DJ, Berlow EL, Viers JH, Purdy SE, Merrill AG, Gross SE. 2001, Meadow
Hydrogeomorphic Types for the Sierra Nevada and Southern Cascade Ranges in California. USDA Forest
Service. R5-TP-034. 33 pp.

Wohlgemuth PM, Beyers JL, Wakeman CD, Conard SG. 1998. “Effects of fire and grass seeding on soil erosion
in southern California chaparral.” In: Gray S Chairman. Proceedings of the 19th Annual Forest Vegetation
Management Conference: Wildfire Rehabilitation. Redding (CA) University of California Cooperative Extension
Forestry. pp. 41-51

Wohlgemuth PM. 2001. “Prescribed fire as a sediment management tool in southern California chaparral watersheds.” In:
Proceedings of the 7th Federal Interagency Sedimentation Conference. March 25-29. Reno (NV): Federal Energy
Regulatory Commission. 2:X-49-X-56.

Wohlgemuth PM, Beyers JL, Hubbert KR. 2009. “Rehabilitation Strategies after Fire: The California, USA experience.
pp. 511-536 In: Cerda A, Robichaud PR editors. Fire Effects on Soils and Restoration Strategies. Enfield (NH):
Science Publishers.

Wondzell SM. 2001. “The influence of forest health and protection treatments on erosion and stream sedimentation in
forested watersheds of eastern Oregon and Washington. [Journal.] Northwest Science 75:128-140.

Wood SH. 1975. “Holocene stratigraphy and chronology of mountain meadows Sierra Nevada California.” In: Earth
Surface Monograph. Vallejo (CA): Volume 4. USDA Forest Service. Pacific Southwest Region. 180 pp.

Xiao Q, McPherson G, Simpson J, Ustin S. 1998. “Rainfall interception by Sacramento’s urban forest.” [Journal.] Journal
of Arboriculture. 24(4):235-244.

Xiao Q, G. McPherson. 2009. Testing a Bioswale to Treat and Reduce Parking Lot Runoff. Center for Urban Forest
Research. USDA Forest Service. Viewed online at: http://www.fs.fed.us/psw/programs/uesd/uep/products/psw
cufr761 P47ReportLRes AC.pdf.

Ziemer, RR. 1987. “Water yield from forests: an agnostic view: In: Callaham RZ, DeVries JJ, editors. Proceedings of
the California Watershed Management Conference. California Watershed Management Conference. Nov. 18-20,
1986. West Sacramento (CA): University of California Wildland Resources Center. pp. 74-78.Viewed online at:
http://www.treesearch.fs.fed.us/pubs/8672.

Ziemer RR, Lisle TE. 1998. “Hydrology.” In: Naiman, RJ; Bilby, RE, editors. River Ecology and Management: Lessons
from the Pacific Coastal Ecoregion. New York (NY): Springer-Verlag. Chapter 3. pp. 43-68. Viewed online at:
http://www.fs.fed.us/rm/boise/publications/misc/naiman_riparianecology.pdf.

CALIFORNIA WATER PLAN | UPDATE 2013 23-41



Volume 3 - Resource Management Strategies

Zinke PJ. 1987. “The recovery factor in watershed land use for timber harvest and growth.” Impact ‘87. California
Licensed Foresters Association (CLFA) Annual Conference. Mar. 6-7, 1987 Sacramento (CA): California
Licensed Foresters Association. 7 pp.

Additional References

Battany MC, Grismer ME. 2000. “Rainfall runoff and erosion in Napa Valley vineyards: effects of slope cover and surface
roughness.” [Journal.] Hydrological Processes. 14:1289-1304.

Bayley PB, Li HW. 2008. “Stream fish response to grazing exclosures.” [Journal.] North American Journal of Fisheries
Management. 28:135-147.

Day SD, Dickinson SB, editors. 2008. Managing Stormwater for Urban Sustainability using Trees and Structural Soils.
Blacksburg (VA):Virginia Polytechnic Institute and State University. Viewed online at: http://www.vtfpr.org/
urban/documents/TreesAndStructuralSoilsManual.pdf. Accessed: Aug., 2011.

Diamond JM. 2005. Collapse: How Societies Choose to Fail or Succeed. New York (NY): Viking Press. 575 pp.

Erman DC, Newbold JD, Roby KB. 1977. Evaluation of Streamside Buffer Strips for Protecting Aquatic Organisms.
Davis (CA): Contribution No. 165. California Water Resources Center. University of California, Davis. 48 pp.

Giono J. 2005. The Man Who Planted Trees. 20th anniversary edition. White River Junction (VT): Chelsea Green. 61 pp.

Harris RR, Cafferata PH. 2005. Forest Loss and Fragmentation. Session 2: Impacts and Implications—Impacts on Water
Quantity and Quality [Abstract]. PowerPoint presentation. California Forest Futures 2005 Conference. May 24-
25. Sacramento (CA):

Herbst DB, Kane JM. 2004. Responses of Stream Channels Riparian Habitat and Aquatic Invertebrate Community
Structure to Varied Livestock Grazing Exposure and Management in the West Walker River Watershed (Mono
County California). South Lake Tahoe (CA): Lahontan Regional Water Quality Control Board. Final report
submitted in partial fulfillment of Lahontan Regional Water Quality Control Board contract numbers 9-046-256-0
9-118-160-0 and 0-091-160-0. 41 pp. Viewed online at: http://www.swrcb.ca.gov/rwqcb6/water issues/programs/
swamp/docs/herbst _kane wwgs 2004.pdf.

Hymanson ZP, Collopy MW, editors. 2010. An Integrated Science Plan for the Lake Tahoe Basin: Conceptual Framework
and Research Strategies. Albany (CA): USDA Forest Service. Pacific Southwest Research Station. Chapter 4.11.
p- 117-123. General Technical Report PSW-GTR-226. Viewed online at: http://www.fs.fed.us/psw/publications/
documents/psw_gtr226/psw_gtr226.pdf.

Knapp RA, Matthews KR. 1996. “Livestock grazing, golden trout, and streams in the Golden Trout Wilderness,
California: Impacts and management implications.” [Journal.] North American Journal of Fisheries Management.
16:805-820.

Madej MA, Ozaki V. 1996. “Channel response to sediment wave propagation and movement, Redwood Creek, California,
USA.” [Journal.] USA Earth Surface Processes and Landforms. 21(10):911-927.

McGurk BJ, Berg NH, Davis ML. 1996. “Camp and Clear Creeks El Dorado County: predicted sediment production from
forest management and residential development.” In: Sierra Nevada Ecosystem Project. Final Report to Congress,
Volume 1I: Assessments and Scientific Basis for Management Options. Davis (CA): University of California,
Centers for Water and Wildland Resources. Chapter 53. pp. 1407-1420. Viewed online at: http://pubs.usgs.gov/
dds/dds-43/VOL_II/VII_C53.PDF.

McPherson EG, Simpson JR, Peper PJ, Xiao QF. 1999. Tree Guidelines for San Joaquin Valley Communities. Davis
(CA): USDA Forest Service. Pacific Southwest Research Station. Western Center for Urban Forest Research and
Education. 59 pp.

McPherson E, Gregory S, James R, Peper P, Crowell J, Aaron MN, Xiao Q. 2010. Northern California Coast Community
Tree Guide: Benefits, Costs, and Strategic Planting. Albany (CA): General Technical Report PSW-GTR-228.
USDA Forest Service. Pacific Southwest Research Station.

Miller WW, Johnson DW, Denton C, Verburg PSJ, Dana GL, Walker RF. 2005. “Inconspicuous nutrient laden surface
runoff from mature forest Sierran watersheds.” [Journal.] Water, Air and Soil Pollution. 163:3-17.

23-42 CALIFORNIA WATER PLAN | UPDATE 2013



Chapter 23 - Forest Management

Murphy DD, Stine PA, editors. 2004. Proceedings of the Sierra Science Symposium. General Technical Report PSW
GTR-193. Oct. 7-10, 2002. Kings Beach (CA): USDA Forest Service. Pacific Southwest Research Station. Albany
(CA): 287 pp.

Newbold JD, Erman DC, Roby KB. 1980. “Effects of logging on macroinvertebrates in streams with and without buffer
strips.” [Journal.] Canadian Journal of Fisheries and Aquatic Science. 37:1076-1085.

Ponce VM, Lindquist, DS. 1990. “Management of baseflow augmentation: a review.” [Journal.] Water Resources
Bulletin. 26(2):259-268.

University of California, Centers for Water and Wildland Resources.1996. Sierra Nevada Ecosystem Project. Final Report
to Congress. Volume 1. Assessment Summaries and Management Strategies. Davis (CA): Chapter 8. Watersheds
and Aquatic Biodiversity. pp. 123-133. Viewed online at: http://pubs.usgs.gov/dds/dds-43/VOL _1/VI C08.PDF.

USDA Forest Service. 2002. Control Stormwater Runoff with Trees. Davis (CA): Fact Sheet #4. USDA Forest Service.
Pacific Southwest Research Station. Center for Urban Forest Research. 2 pp.

CALIFORNIA WATER PLAN | UPDATE 2013 23-43



UFR IRWMP Proposal Summaries

UPLANDS AND FOREST




Marian Meadow

Organization: Cal Poly — San Luis Obispo

Contact: Christopher Surfleet

Summary: Quantifying the response of meadow restoration assists forest, range, and
agricultural land managers determine the effect of their investment in meadow restoration. This
study is using a before after control intervention (BACI) study design to study the hydrologic
change conifer removal from a historic meadow (Marian Meadow). We have been measuring
soil moisture, groundwater levels, and soil hydric characteristics for two years prior to meadow
restoration and currently have funding for study one year following meadow restoration.

This application is requesting funding to increase the length of study by two years.

8/19/2015 UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 1 2




Rock Creek Meadow restoration

Organization: Collins Pine Company

Contact: Jay Francis

Summary: . This study will use a before/after control intervention (BACI) study design to study
the hydrologic change conifer removal from a historic meadow (Rock Creek Meadow). We will
be measuring soil moisture, groundwater levels, and soil hydric characteristics for two years
prior to meadow restoration and two years following meadow restoration.

8/19/2015

UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 2 3



Round Valley/Keddie handthin

Organization: Plumas National Forest

Contact: Ryan Tompkins

Summary: The project includes 375 acres of handthinning, piling and burning to reduce
hazardous ladder and surface fuels in and around the Round Valley Reservoir and the Wildland
urban interface east of the reservoir proximate to the community of Greenville.

The areas proposed for treatment include NFS lands within the Greenville Municipal Water
District (near Round Valley Reservoir) and within the lower Wolf Creek watershed which is a
Plumas NF priority watershed classified as “Functioning at Risk” watershed.

8/19/2015

UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 6 4



U.S. Forest Service road improvements

Organization: USDA — Plumas National Forest

Contact: Joe Hoffman

Summary: This project will reduce road-generated sediment delivery to streams in four priority
watersheds on Plumas National Forest by improving drainage along roughly 80 miles of Forest
roads or motorized trails. All of the 260 miles of road in the 4 watersheds will be field surveyed
and treatments will target problem road segments.

8/19/2015 UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 7 5




Goodrich Creek biomass

Organization: W.M. Beaty & Associates

Contact: Ryan Hilburn

Summary: The project would provide for biomass harvesting to be conducted on approximately
2,800 acres of private forestland that is adjacent to a recently funded pond and plug project on

tributaries that flow into Goodrich Creek.

The pond and plug project is designed to restore approximately 125 acres of upland meadow to
its original hydrologic condition allowing for increased natural water storage.

UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 8 6

8/19/2015




Greenville Creek biomass

Organization: W.M. Beaty & Associates

Contact: Ryan Hilburn

Summary: The project would provide for biomass harvesting to be conducted on approximately
1,350 acres of private forestland that is adjacent to a recently funded pond and plug project on
Greenville Creek which flows into Mountain Meadows Reservoir.

The project will also reduce fuel levels on the northern slopes of Keddie Ridge reducing the risk
of catastrophic wildfire in that area protecting resources such as Deerheart and Homer Lakes.

8/19/2015 UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 10



Mountain Meadows Creek biomass

Organization: W.M. Beaty & Associates

Contact: Ryan Hilburn

Summary: The project would provide for biomass harvesting to be conducted on approximately
1,700 acres of private forestland that is adjacent to Mountain Meadows Reservoir.

This project will be designed to decrease the density of small understory trees reducing the
amount of evapotranspiration and canopy interception.

8/19/2015 UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 11 8




UFR cooperative regional thinning v

Organization: Soper Company

Contact: Ryan J. McKillop

Summary: The purpose of the project is to:

1.) Reduce catastrophic wildfire in overstocked forests through forest thinning,

2. Restore the forest hydrograph by reducing the rate of conifer evapotranspiration, and

3. Reduce conifer interception of rain and snow and enhance the infiltration of soil moisture by
increasing spacing of dominant and codominant overstory trees.

The phased, cooperative project will be designed and implemented at a broad, multi-ownership,
landscape level.

8/19/2015 UPLANDS/FOREST STEP 2 PROJECT SUMMARIES 12 9
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Integrated Regional Water Management
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