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Executive Summary

The Sierra Nevada and southern Cascade Range are one of California’s most environmentally and eco-
nomically important natural resources. They are the source of at least 60% of California’s developed wa-
ter supply, are equally critical to greenhouse gas (GHG) emission reduction goals, wildlife habitat, and as
a source of raw materials and economic opportunity. Whatever we particularly value or benefit from these
ecosystems is dependent upon healthy and resilient forests.

There is growing scientific documentation that these forests are at risk of not providing the same ecologi-
cal goods and services that we have come to expect. An historic drought in a warming climate has ampli-
fied the cumulative consequences of 150 years of post-European settlement activities and management
policies, including: aggressive fire suppression, widespread harvesting of old growth fire resilient trees,
the legacy of past mining, and insufficient forest management treatments. The unintended consequences
of these activities are particularly evident in the increase in uncontrollable wildfires, with their vast emis-
sions of GHG; greater susceptibility to bark beetles and other pests; and increasing numbers of threatened
and endangered wildlife species.

As California continues its global leadership role in reducing GHG emissions, the stark reality is that our
laudable GHG reduction targets are probably not achievable if we fail to address the major contributors to
this growing trend of forest mega-disturbances. According to most research, these types of events will
likely worsen in coming decades due to increased temperatures during periods of future droughts.

The capacity of Sierra forests to capture carbon dioxide from the atmosphere and sequester it is rapidly
declining. The rapid growth in size and severity of wildfires is already offsetting GHG reductions occur-
ring in other sectors. For example, the 2013 Rim Fire is estimated by the USFS to have emitted 12.06 mil-
lion metric tons CO2e, which was more than 3 times the year-on-year GHG reductions achieved in all
other sectors that year.

State and federal partnerships for ecosystem restoration already exist in other states and it is time for such
a partnership for California’s Sierra Nevada. We recommend robust implementation of programs such as
the Watershed Improvement Program (WIP), the Fire Adapted 50 Project, the Cohesive Strategy, and the
California Headwaters Partnership to help protect one of our most important natural resources.

Problem Statement

The Governor’s Tree Mortality Task Force (TMTF) has focused on addressing public safety risks created
by the mortality of an unprecedented number of trees in California. The tree mortality event has been
most pervasive in California’s Sierra Nevada region. Unfortunately, little can be done to halt the current
bark beetle epidemic. A second and equally important dimension of the TMTF is a focus on the health



and resiliency of private, state, and federal forests. There is much that needs to be done to restore and
maintain forest health and resiliency.

Action is needed commensurate with the risk to the environmental and economic value of the Sierra Ne-
vada region to the State of California. The Sierra Nevada and southern Cascade Range are one of Califor-
nia’s most environmentally and economically important natural resources. As the Chairman of the Tu-
olumne County Bark Beetle Task Force succinctly described the current situation in the Central and
Southern Sierra, “We are experiencing an unprecedented ecosystem-wide change event."

The TMTF’s Forest Health and Resilience Working Group (FHRWG) recognizes that whatever we par-
ticularly value or benefit from, the Sierra ecosystem is dependent upon healthy and resilient forests. How-
ever, natural variability throughout the Sierra precludes a “one-size-fits-all” solution. Instead, watershed,
or even sub-watershed restoration plans will need to be developed and implemented.

The FHRWG believes that Sierra Nevada forests are substantially unhealthy and in urgent need of treat-
ment. For Sierra-wide ecological restoration, we recommend immediate implementation of collaborative,
multi-landowner programs such as the WIP, Fire Adapted 50 and Cohesive Strategy projects. Programs
like these should be supplemented by enhanced efforts, including funding, from relevant state and federal
agencies, particularly the California Department of Forestry and Fire Protection (CAL FIRE), Bureau of
Land Management (BLM), California Air Resources Board (CARB), California Public Utilities Commis-
sion (PUC), California Energy Commission (CEC), and the California Department of Fish and Wildlife
(CDFW).

State and federal partnerships for ecosystem restoration exist for the Florida Everglades and the Chesa-
peake Bay Region. We believe it is time for such a partnership for California’s Sierra Nevada, which will
effectively link public and private interests that are beneficiaries of the Sierra’s ecological and economic
wealth.

Rationale for the Recommendation

The west slope of the Sierra and southern Cascades are the source of at least 60% of California’s devel-
oped water supply, and equally critical to Greenhouse Gas (GHG) reduction goals, wildlife habitat, and as
a source of raw materials and economic opportunity. The FHRWG believes that the Sierra Nevada forests
are at risk of not providing the same ecological goods and services that we have come to expect from
these forests.

The current drought and unprecedented bark beetle epidemic is responsible for killing over 102 million
trees in California since 2010, mostly in the central and southern Sierra, including more than 62 million in
2016 alone. Today’s crisis reflects a continuing historic drought in a warming climate that has amplified
the cumulative consequence of 150 years of post-European settlement activities and management policies,
including: aggressive fire suppression, widespread harvesting of old growth fire resilient trees, the legacy
of past mining, and insufficient forest management treatments. The unintended consequences of these ac-
tivities are particularly evident in diminished forest health and resiliency, and increasing numbers of
threatened and endangered wildlife species.

A large percentage of recently unburned federal, state, and private forests within the Sierra contain dense,
overstocked stands with heavy fuel loading and excessive ladder fuels that exacerbate the risk of these
forests burning at excessively high intensity. The majority of forest research conducted in California indi-
cates that wildfires have been increasing in number, size and severity (e.g., Miller and Safford 2012). The



explosive fire behavior that occurred during the 2014 King and 2013 Rim Fires are prime examples of ex-
treme fire behavior, leading several prominent research scientists to conclude that we have entered an era
of “megafires” (Stephens et al. 2014). Fuel reduction treatments are generally effective for increasing the
resilience of forests to moderate and high-severity wildfire, and are typically accomplished with few unin-
tended consequences to the ecology of these systems (Stephens et al. 2012).

The cost of fighting megafires is immense. Between 1985 and 1999, the annual cost for federal fire-
fighting exceeded $600 million only twice. Between 2012 and 2015, federal agencies spent no less than
$1.6 billion each year on firefighting, and in 2015 costs surpassed $2 billion for the first time (NIFC
2015). The U.S. Forest Service, which accounts for approximately 70% of these costs, spent 16% of its
1995 appropriated budget on firefighting; in 2015 it accounted for more than 50% (USFS 2015). Fire sup-
pression has increasingly come at the expense of other programs, including fuel and vegetation manage-
ment, and forest restoration.

As California continues its global leadership role in reducing GHG emissions, the stark reality is that Cal-
ifornia’s GHG reduction targets may not be achievable if we fail to address the major contributors to the
growing trend of mega-disturbances, notably uncontrollable wildfires and bark beetle epidemics. Accord-
ing to most research, these types of events will likely worsen in coming decades due to increased temper-
atures during periods of future droughts (Millar and Stephenson 2015).

Sierra forests’ capacity to sequester carbon is rapidly declining. The rapid growth in size and severity of
wildfires has the potential to offset the GHG reductions being achieved through our investments in reduc-
ing emissions in other sectors. For example, the 2013 Rim Fire is estimated to have emitted 12.06 million
metric tons of CO2e (Garcia et al. 2017), which was more than 3 times the year-on-year GHG reductions
achieved in all other sectors statewide in 2013 (CARB 2016). Additionally, the USFS and the Sierra Ne-
vada Conservancy estimate that dead and decomposing vegetation from the Rim Fire will emit four times
as much GHG in the coming decades (Joint testimony of USFS and SNC before CARB, August 2015).
An additional concern is that despite broad agreement on reforesting lands burned, lack of funding and
staff have made reforestation very difficult, except on private industrial timberland where it is completed.
This is a common challenge as wildfire acres and fire suppression costs have increased.

There is broad consensus that a significantly greater pace and scale of forest health treatments is urgently
needed to protect and improve the remaining green forest areas on state, federal and private lands, with
the overarching goal of moving forests to a more resilient condition (North et al. 2009, North 2012, North
et al. 2012, SNC 2014, Coppoletta et al. 2016).

Supporting Facts

e (California has the largest population (11.3 million) living in the wildland-urban interface (WUI)
of any state. This is the area where development is adjacent and interspersed with wildlands, in-
cluding forests and grasslands, and where homes and lives are more at risk from wildfire (Ken-
ward et al. 2016).

e Over the last five years, California has seen an average of 94,000 more acres annually burn in
large wildfires on U.S. Forest Service land than was typical in the 1970s. Of greater significance
is the increased percentage of high severity area burnt, and the fact that the wildfire season is now
an average of 75 days longer in the Sierra Nevada than it was in the 1970s (Kenward et al. 2016,
Westerling 2016).



o There are an estimated 20 million acres of forestland in California with high wildfire threat that
may benefit from fuels reduction treatment, which would serve to both reduce the risk of wildfire
(and the resulting carbon loss, and black carbon and GHG emissions) and improve ecosystem
health. For example, it is estimated that less than 20 percent of forests in the Sierra Nevada region
receive needed fuel treatments, leaving remaining forests in a degraded state with higher risk to
losses from severe wildfires (Draft California Forest Carbon Plan, FCAT 2017).

The Sierra Nevada Conservancy succinctly reported that:

Overgrown forests are more susceptible to insect attack and drought because there are too many
trees competing for limited water and nutrients. Reducing competition by doing more restoration,
such as ecologically-sound thinning, and using prescribed or managed fire, can help protect our
still-green forests from future drought, insects, and disease (North 2012, Hood et al. 2015, Fettig
and Hilszczanski 2015, Boisramé,et al. 2016, Coppoletta et al. 2016)

The U.S. Forest Service’s Pacific Southwest Region (Region 5) has identified a major source of our cur-
rent challenge stating:

With the increasing size and costs of suppressing wildfires due to climate change and other fac-
tors, the very efforts that would protect watersheds and restore forests to make them more resili-
ent to fire in the future are being squeezed out of the budget. In 2015, fire management alone con-
sumed 52 percent of the Forest Service’s national budget (USFS 2015).

These statements reflect the reality that without implementation of robust and sustained restoration pro-
grams, forests within the Sierra Nevada will continue their ecological decline, simultaneously reducing
their contributions to the various economic, biological, physical, and social components of California so-
ciety.

Ecological Restoration Goals

Over the last decade, the U.S. Forest Service, in partnership with state agencies, academic researchers,
and Non-Governmental Organizations (NGOs) have invested in scientific studies focused on learning
more about how to respond to high severity wildfire risk while sustaining at-risk wildlife species within
the national forests of the region. Two Forest Service publications, An Ecosystem Management Strategy
for Sierra Mixed-Conifer Forests (North et al. 2009) and Managing Sierra Nevada Forests (North 2012),
are examples of a shift in forest management thinking towards managing forest structure to emulate the
natural heterogeneity of mixed conifer forests as a viable approach to restore resiliency to disturbance
(e.g., fire), and to also manage for the variety of wildlife habitats characteristically found in these forests.
Sierra Nevada forests provide habitat to hundreds of wildlife species, and a number of these species merit
special protection and management considerations. The Sierra Nevada forests also are the primary catch-
ment area and delivery system for at least 60% of the State’s drinking water. The ecological restoration
goals should include retention and/or improvement of old forest characteristics, while managing tree den-
sities such that forests are healthy, reflect the diversity of habitats found across the varied environments of
the Sierra, and are made resilient to wildfire. Collaborative multi-landowner programs are in a position to
pursue these goals consistent with existing state and federal statutes and regulations, and consistent with
An Ecosystem Management Strategy for Sierra Mixed-Conifer Forest (North et al. 2009). In addition they
could implement the concepts stated by North et al. (2009) and North (2012) through collaboration with
interested stakeholders, working on cooperative efforts at the landscape level, using planning tools such
as Habitat Conservation Plans (HCPs) and other appropriate planning documents.



Elements of a Sierra Ecological Restoration Program

The dedication and cooperation of diverse interests has demonstrated that federal, state, and local partner-
ships for ecological restoration in the Sierra Nevada is a feasible goal. The following elements are re-
quired to broadly implement the principles discussed above and are consistent with the most current sci-
entific research.

A. Reintroduction of fire on the landscape
There is an imperative to reduce mega-disturbances, such as massive wildfires and large-scale in-
sect outbreaks, by re-introducing beneficial fire, both prescribed and managed natural ignitions, as
an on-going means of restoring and maintaining Sierra ecological health. We now have a mecha-
nism to do that through rapidly implementing the recently signed, broadly supported Fire MOU
Partnership. Allocating resources and staff is essential to implement it at an ecologically meaning-
ful scale throughout the Sierra and beyond. A key part to successfully expanding a prescribed fire
program is to share National Wildfire Coordinating Group (NWCG) qualified or CAL FIRE pre-
scribed burn personnel and resources with federal and state agencies who provide financial assis-
tance to private landowners to plan and implement prescribed fire. Public agencies that have pro-
grams and funding for prescribed burning often do not have highly qualified people for projects
and must rely upon others that have qualified staffs. For example, expanding cooperation and as-
sistance from CAL FIRE through use of their Vegetation Management Program (VMP) program
with landowners being funded by FIRE MOU Partners would greatly contribute to increasing the
number of projects. Another key component is increased technical capability to forecast air
quality conditions, which would support the increased pace and scale of prescribed fire.

B. Mechanical Thinning Treatments
Along with increased fire use, we need to increase strategic mechanical forest treatments in an
ecologically sound manner. Properly planned and implemented, ecological-based thinning can
simultaneously increase fire resiliency, reduce susceptibility to insect epidemics, protect and en-
hance wildlife habitat, create jobs, support rural communities, and enable beneficial fire to be re-
stored to the portion of the forest requiring thinning.

C. Rebuild California’s Forest Products Industry
It is also critical to recognize that until reliable sources of additional raw material are avail-
able it will not be feasible to construct new forest products infrastructure. If the scope and
scale of work necessary to restore the ecological health of the Sierra is undertaken, then ad-
ditional manufacturing capacity is essential. Incentivizing new markets and building con-
struction methods could provide synergy with California’s climate goals. One such action
would be to incentivize the construction of commercial buildings using Cross Laminated
Timbers (CLT) - Mass Wood technology, which would lead to substantial CO; sequestration
by substituting wood for more highly energy embodied building materials such as steel and
cement. Community scale biomass utilization and smaller diameter (<5”) wood utilization
for biofuels or nanofiber products could be developed with financial assistance. Some addi-
tional technological advancements are necessary for biofuels or nanofiber products to be-
come feasible utilization sources. Wood products industry representatives and state and
federal agencies should collaboratively forecast and develop a realistic program of produc-
tion levels expected to be generated from forest projects as a by-product of mechanical
treatments. This can help the wood products industry to plan for long-term infrastructure
investments.



D.

Improve Forest Structure for Wildlife Habitat

Projects should aim to conserve and enhance wildlife habitat and values, including retention and
enhancement of particular individual trees (e.g., large, damaged or diseased trees) and large tree
clumps in the scientifically-based individual tree, clump and opening (ICO) strategy that provides
habitat diversity indicative of historic conditions (North et al. 2009 and North 2012).

Ecological Restoration

It is important to identify and implement additional ecological restoration actions within
treatment areas. The goal of these actions will be to rehabilitate special aquatic features, re-
store degraded riparian areas and meadows, and restore areas suffering from erosion, toxic
mining legacies, and excessive sediment discharge.

Legislative and Administrative Reforms

A regulatory framework is required to reduce the burdensome cost associated with infre-
quent small harvests by the non-industrial landowners within the state while ensuring envi-
ronmental protection. Legislative and administrative reforms are required to enable private
landowners to participate in use of prescribed fire with the support and assistance of state
and federal agencies. Additionally, CEQA and NEPA compliance is often implemented in an
overly cumbersome and repetitive manner. Efficiency could be achieved by combining
NEPA and CEQA efforts where possible, as well as undertaking larger scale restoration plan-
ning utilizing state-of-the art environmental assessment technology.

Biomass Removal

A particularly challenging impediment to ecological restoration is the high cost of removing
the excessive volume of shrubs and smaller trees that currently lack an economic market.
Without needed biomass removal, there will be much less progress on restoration goals. In
turn, forest susceptibility to megafires and insect epidemics will grow, as will the conver-
sion from biologically diverse and economically important forests to lower value shrubs and
grasslands. Currently, the most viable option is to keep our bioenergy plants open and func-
tioning, as they significantly reduce GHG and pollutant emissions compared to open burning
and enable forest restoration work to proceed in a predictable manner.

Adequate Funding for Restoration

Restoring Sierra ecosystem health requires a significant investment. Neither the Congress,
nor the State Legislature, major water purveyors, nor other current beneficiaries are mak-
ing adequate investments despite receiving sustained and substantial benefits. The full
range of beneficiaries should contribute to restoring Sierra ecological health. Through such
an appropriate cost-share approach, the impact can be fairly shared and minimized for all.

Monitoring and Adaptive Management

Adaptive management must incorporate a program of research, periodic monitoring, and
reporting to ensure the success of ecological restoration. The periodic census taking of de-
sired-effects versus actual-effects should be done using a comprehensive forest inventory
that can, with certainty, measure if the desired objectives are being met and help redirect a
restoration program if it is not meeting the desired objectives.



References Cited

Boisramé, G., S. Thompson, B. Collins, and S. Stephens. 2016. Managed wildfire effects on forest resili-
ence and water in the Sierra Nevada. Ecosystems. 16 p. http://doi.org/10.1007/s10021-016-0048-1

California Air Resources Board (CARB). California Greenhouse Gas Inventory for 2000-2014. Last Up-
dated March 30, 2016. Available online: https://www.arb.ca.gov/cc/inventory/data/tables/ghg_inven-
tory_scopingplan_2000-14.pdf.

Coppoletta, M., K.E. Merriam, and B.M. Collins. 2016. Post-fire vegetation and fuel development influ-
ences fire severity patterns in reburns. Ecological applications 26(3): 686-699.

FCAT (Forest Climate Action Team). 2017. California forest carbon plan: managing our forest land-
scapes in a changing climate. Draft report dated January 20, 2017. Sacramento, CA. 230 p.
http://www.fire.ca.gov/fcat/downloads/California%20Forest%20Car-
bon%20Plan%20Draft%20for%20Public%20Review Jan17.pdf

Fettig, C.J. and J. Hilszczanski. 2015. Management strategies for bark beetles in conifer forests. In: F.E.
Vega and R.W. Hofstetter, eds. Bark Beetles: Biology and Ecology of Native and Invasive Species. Lon-
don: Springer: 555-584.

Garcia, M., S. Saatchi, A. Casas, A. Koltunov, S. Ustin, C. Ramirez, J. Garcia-Gutierrez, and H. Balzter.
2017. Quantifying biomass consumption and carbon release from the California Rim fire by integrating
airborne LiDAR and Landsat OLI data. Journal of Geophysical Research: Biogeosciences DOI:
10.1002/2015JG003315.

Hood, S., A. Sala, E.K. Heyerdahl, and M. Boutin, 2015. Low-severity fire increases tree defense against
bark beetle attacks. Ecology 96(7): 1846—1855.

Kenward, A., T. Sanford, and J. Bronzan. 2016. Western wildfires: a fiery future. Climate Central.
Princeton, NJ. 41 p. http://assets.climatecentral.org/pdfs/westernwildfires2016vfinal.pdf

Millar C.I, and N. Stephenson. 2015. Temperature forest health in an era of emerging megadisturbance.
Science 349: 823-826.

Miller, J. and H. Safford. 2012. Trends in wildfire severity: 1984 to 2010 in the Sierra Nevada, Modoc
Plateau, and Southern Cascades, California, USA. Fire Ecology 8: 41-57. http: //feather-
river.org/ db/files/155 TrendsInWildfireSeverity1984to2010intheSierraNevada.pdf

NIFC (National Interagency Fire Center). 2015. Federal firefighting costs (suppression
only). https://www.nifc.gov/firelnfo/fireInfo documents/SuppCosts.pdf

North, M. 2012, ed. Managing Sierra Nevada forests. USDA Forest Service General Technical Report
PSW-GTR-237, Albany, CA: U.S. Dept. of Agriculture, Forest Service, Pacific Southwest Research Sta-
tion. 184 p. https://www.fs.fed.us/psw/publications/documents/psw_gtr237/

North, M., B.M. Collins, and S. Stephens. 2012. Using fire to increase the scale, benefits, and future
maintenance of fuels treatments. Journal of Forestry 110(7): 393-401. https://www.fs.fed.us/psw/publi-
cations/north/psw_2013_north004.pdf




North, M.; Stine, P.; O’Hara, K.; Zielinski, W.; Stephens, S. 2009. An ecosystem management strategy
for Sierran mixed-conifer forests. Gen. Tech. Rep. PSW-GTR-220. Albany, CA: U.S. Department of Ag-
riculture, Forest Service, Pacific Southwest Research Station. 49 p. https://www.fs.usda.gov/Inter-
net/FSE DOCUMENTS /stelprdb5275492.pdf

SNC (Sierra Nevada Conservancy). 2014. The state of the Sierra Nevada’s forests. Report released by the
Sierra Nevada Conservancy on September 22, 2014. Auburn, CA. 26 p. http://www.sier-
ranevada.ca.gov/our-work/docs/StateOfSierraForestsRptWeb.pdf

Stephens, S.L. and B.M. Collins. 2004. Fire regimes of mixed conifer forests in the north-central Sierra
Nevada at multiple spatial scales. Northwest Science 78: 12-23. https://nature.berkeley.edu/ste-
phenslab/wp-content/uploads/2015/04 /StehpensCollinsNWS 04.pdf

Stephens, S.L., J.D. Mclver, R.E.J. Boerner, C.J. Fettig, J.B. Fontaine, B.R. Hartsough, P.L. Kennedy,
and D.W. Schwilk. 2012. Effects of forest fuel-reduction treatments in the United States. Bioscience 62:
549-560.

USFS (United States Forest Service). 2015. The rising cost of fire operations: effects on the Forest Ser-
vice’s non-fire work. 16 p. https://www.fs.fed.us/sites/default/files/2015-Fire-Budget-Report.pdf

Westerling, A. L. 2016. Increasing western US forest wildfire activity: sensitivity to changes in the timing
of spring. Phil. Trans. R. Soc. B, 371(1696), 20150178.
http://ulmo.ucmerced.edu/pdffiles/6RSTB_ Westerling_revised.pdf

Additional References

Collins, B.M., H.A. Kramer, K. Menning, C. Dillingham, D. Saah, P.A. Stine, and S.L. Stephens. 2013.
Modeling hazardous fire potential within a completed fuel treatment network in the northern Sierra Ne-
vada. Forest Ecology and Management 310:156—-166. https://www.treesearch.fs.fed.us/pubs/44830

FRAP (Fire and Resource Assessment Program). 2010. California’s forest and rangelands: 2010 assess-
ment. Assessment Summary. Fire and Resource Assessment Program. California Department of Forestry
and Fire Protection. Sacramento, CA. http://frap.fire.ca.gov/assessment/2010/document

Fry, D.L.; Battles, J.J.; Collins, B.M.; Stephen, S.L. 2015. Appendix A: Fire and forest ecosystem health
team final report. In: Hopkinson, P. and J.J. Battles, eds., Learning how to apply adaptive management in
Sierra Nevada forests: An integrated assessment. Final report of the Sierra Nevada Adaptive Management
Project. Berkeley, CA: Center for Forestry, UC Berkeley. 72 p. http://snamp.cnr.berkeley.edu/snamp-
final-report/index.html

Hicke, J.A., A.J.H. Meddens, C.D. Allen and C.A. Kolden. 2013. Carbon stocks of trees killed by bark
beetles and wildfire in the western United States. Environmental Research Letters 8, 035032. doi:
10.1088/1748-9326/8/3/035032. http://iopscience.iop.org/article/10.1088/1748-
9326/8/3/035032/meta;jsessionid=B483AC6422F8032213694EE2553F935B.c5.10pscience.cld.iop.org

Hopkinson, P. and J.J. Battles, editors. 2015. Learning how to apply adaptive management in Sierra Ne-
vada forests: An integrated assessment. Final report of the Sierra Nevada Adaptive Management Project.
Berkeley, CA: Center for Forestry, UC Berkeley. http://snamp.cnr.berkeley.edu/snamp-final-report/in-
dex.html




Knapp, E.; North, M.; Benech, M.; Estes, B. 2012. The variable-density thinning study at the Stanislaus-
Tuolumne Experimental Forest. Pgs 127-139 in: M. North (ed.) Managing Sierra Nevada forests. USDA
Forest Service, General Technical Report GTR-PSW-237. Albany, CA: U.S. Department of Agriculture,
Forest Service, Pacific Southwest Research Station. https://www.treesearch.fs.fed.us/pubs/41092

Knapp, E.E., C.N. Skinner, M.P. North, and B.L. Estes. 2013. Long-term overstory and understory
change following logging and fire exclusion in a Sierra Nevada mixed-conifer forest. Forest Ecology and
Management 310: 903-914. https://www.treesearch.fs.fed.us/pubs/45212

Lydersen, J.M.; North, M.P., Knapp, E.F.; Collins, B.M. 2013. Quantifying spatial patterns of tree groups
and gaps in mixed conifer forests: reference conditions and long-term changes following fire suppression
and logging. Forest Ecology and Management 304: 370-382. http://www.treesearch.fs.fed.us/pubs/44828

Miller, J., H. Safford, M. Crimmins, and A. Thode. 2009. Quantitative evidence for increasing forest fire
severity in the Sierra Nevada and southern Cascade Mountains, California and Nevada, USA. Ecosystems
12: 16-32. https://www.sierraforestlegacy.org/Resources/Conservation/FireForestEcology/FireSci-
enceResearch/FireHistory/FireHistory-Miller etal 2009.pdf

North, M.P., A. Brough, J. Long, B.M. Collins, P. Bowden, D. Yasuda, J. Miller, and N. Sugihara. 2015.
Constraints on mechanized treatment significantly limit mechanical fuels reduction extent in the Sierra
Nevada. Journal of Forestry 113: 40-48. http://www.treesearch.fs.fed.us/pubs/47745

Park, N.; Knapp, E. 2009. Viewing Forests Through a Historical Lens. Science Perspective PSW-SP-013.
Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Research Station. 6 p.
https://www.fs.fed.us/psw/publications/documents/psw_sp013/psw_sp013.pdf

Skinner, C.N.; Chang, C. 1996. Fire regimes, past and present. Pgs 1041-1069 in: Sierra Nevada Ecosys-
tem Project: final report to Congress. Vol. II: Assessments and scientific basis for management options.
Wildland Resources Center Report No. 37. Davis, CA: University of California, Centers for Water and
Wildland Resources. https://pubs.usgs.gov/dds/dds-43/VOL_1I/VII_C38.PDF

Stephens, S.L., N. Burrows, A. Buyantuyev, R.W. Gray, R.E. Keane, R. Kubian, S. Liu, F. Seijo, L. Shu,
K.G. Tolhurst, and J.W. van Wagtendonk. 2014. Temperate and boreal forest mega-fires: characteristics
and challenges. Front Ecol Environ; 12(2): 115-122, doi:10.1890/120332

Taylor, A.H., A.M. Vandervlugt, R.S. Maxwell, R.M. Beaty, C. Airey, and C.N. Skinner. 2014. Changes
in forest structure, fuels and potential fire behaviour since 1873 in the Lake Tahoe Basin, USA. Applied
Vegetation Science 17: 17-31. Abstract posted at: https://core.ac.uk/display/18199687




