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0 Executive Summary

Passage of Assembly Bill 32, the California Global Warming Solutions Act of 2006, marked a watershed
Y2YSY(d Ay [ IFTEAF2NYAIQa KAaU2NR® . & NBljidss,NARy3a Ay f
California set the stage for its transition to a sustainable;danbon future. Assembly Bill 32 crediine

first program in the country to take a comprehensive, ldegn approach to addressing climate change,

and does so in a way that aims to irape the environment and natural resources while maintaining a

robust economy.

The 2008 Climate Change Scoping Planifiitial framework for implementing Assembly Bill 32)

NEO23IyAT SR (KS AYLERNIIFyYyd NRfS T2 NBtodigbalsL.dtating Ay YSS
GKFG | OlAz2ya aKz2dZ R 6S (F 1Sy (2 aGwLBNBaSNBS F2NBa
0A2Yl &aa F2NJ &dza Gl Ayl of $cofingPHBUpdahhyaSie® dZNR F 2B a6 &K S

importance given recent information idéfying the threats faced:

This information underscores the importance of managing our forests and other
natural and working lands to maximize the net benefiiscreasing sequestration
while reducing conversion and carbon stock losses, and maximizagiat®d ce
benefits.

The Forest Cabon Plan will be the detailed implementation plan for the forest carbon goalsembodiedin

the 2030 Target Scoping Plan Updaimilarly, theCalifornial A NJ w S & 2 dz{CBRBRroposed NR Q a
ShortLived Climate PollutaiReduction Strategy points to the Forest Carbon Plan as the mechanism for
addressing black carbon emissions from forest sources susfidiise.?

Today, many fords are unhealthy, witlunnaturally densestandsthat lackresilience making them

more suseptible to drought, disease, insect pests, amtharacteristicallyarge, severe wildfire In

FI OG> GKSNB Aa 3INBogAYyd SOARSYyOS GKIFG Yrye 2F [ FfA
primarily to the uncharacteristic fire and mortalityevare witnessing. These events result in massive

amounts of dead trees that are no longer removing carbon from the atmosphere and that will continue

to emit greenhouse gasses for decades as they decay. The vegetation that réipésttess that have

diedwill not compensate fothe carbon los$or decades (if ever; for example where forest converts to

shrubs) Managing forests in California to bealthy,resilient net sinks of carbon is a vital part of

I FEATF2NYALF Qa Of AYF (S nh stafere the lardedt Arsbded Cazbidnd, DB R f | Y R
recent trends and longerm evidence suggest théttese landswill become a source afverallnet

greenhouse gas (GHG) emissions if actions are not taken to protect these lands and enhance their

potential to sequester carborDecades of fire exclusion, coupled with ongoing drought and the growing

impacts of climate change, have dramatically increased the size and intensity of wildfires and bark

beetle infestationsexposed millions of urban and rurasidents tounhealthysmokeladenair; and
GKNBIFGSY LINPINBaa G261 NR YSSGAy3a GKS adlisSQa FYoa
More than 100 million treeare dead or dying, and recent wildfires have been among the most

destructive and expermge in state historylt is estimated that as many as frfllion acres of California

forests are unhealthy and some form of restoration activity is needed. This area is comprised of more

than 9 million acres identified by federal land maeagnt agencieand 6million acres of State and

! california Air Resources Board, 2016a
2 california & Resources Board, 2016b
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privately managed forest3.he number of acres to be actually treated will be less than this total
amount, given that strategic treatments can have broader benefits beyond the specific area treated.

/£ AT 2NY A lt<asoardzddnly yiultiflecNdlienges, including drought and invasive exotic
insects. Urban forestgquire maintenance in order to preserve the multiple values they proaite
merit expansion to further sequester carbon atadsecureother benefits tourban dwellers and the
state.

The California Forest Carbon Plan seeks to rewbesetrends Y R FANXf & Saidl of AakK /I
as a more resilient and reliable lotgyrm carbon sinktather thana GHG and black carb@mission

source. The Plan gvidesmultiple strategies to promote healthy wildland and urban forests that

protect and enhance forest carbon and the broader range of ecosystem services for all forests in

California. It emphasizes working collaboratively at the watershed or landscafeeto restore

resilience to all forestlands in the state.

This Forest Carbon Plan descrifm®st conditions across California today; provides a projection of
future conditions given thengoing ancexpected impacts aflimate change; and describgeds and

related specific actions that can be taken to improve overall forest health, including resilient carbon
storage, and principles and policies to guide and support those actions. These principles and policies,
which are grounded in existing laws aregjulations, place carbon sequestratiand reducing black

carbon and GHG emissioas oneset ofmanagement objectiv&in the broader context of forest health
and other climate change objectives. California will manage for carbon alongside wildlife habitat
watershed protection, recreational acceggditional tribal usespublic health and safetyorest
products,and local and regional economic development.

Ly O2yaARSNAYy3I (GKSaS ySSRSR FOGA2yasx Adorestd A Y LR NI
spans a variety of public agencies and inciadious types of private owners. Management objectives,
processes to be followed, and capacity to act vary greatly araodgvithinthese ownership types. This

variety results in forest management fowltiple objectives across the state, serving multiple interests

and user groups. It also results in management challenges in engaging Hatatgeape planning and
implementation efforts.

It isessentiato recognizehe important role federally managddnds play inhe achievement of the
California climate goals established in AB 32 and subsequent related legialatigsans The majority

of the forestland in Californiés managed by the federal government, primarily by the USDA Forest
Service PacifiSouthwest Region, and these lamdsnprisethe largestforest carbon sink under one
ownershipin the state. Several regulatory, policy, and financial challenges have hindered the ability of
the Forest Service and Department of Interior agencies (Bureeano Management and National Park
Service) to increase the pace and scale of restoration needed, such as the current budget structure to
fund wildland fire suppression and the procedural requirements of a number of federal environmental
and planning stattes. The State of California has a vested interest in working closely with the federal
government to helpresolvetheseobstaclesandto achieve forest health and resilience on the lankistt
federal agenciemanage.

Key Findings:

1 /It A FiarésEdldnd3capeprovide abroadrange ofpublicand privatebenefits

1 The health of érestsin many regions of the state igtérioratingrapidly.

1 Extremefires andfire suppressiorcosts areincreasingsignificantly, and these fires are a
growing threat to pubic healthand safety.

2
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=

Reducingcarbon bsses fronforestsis essential to metingthe & (i | GHXRduction @argets

1 Current ates offuel reduction,thinningof overly dense forestgnduse of prescribed and
managedire are far below ¢velsneededto restore forest health, prevent extreme fires, and
meet the $i | GGHQ &duction targets.

1 The state must work closely with Fedeaald privatelandowners to manage for forest health
and resiliencefficiently and at scale.

1 The limitedinfragructure capaciy for forest managementywood processingand biomass
utilization, and thelimited appropriately trainedsupporting workforce, arenajorimpediment
to forestrestoration

1 Regiondy-basedefforts can best identifyhe areas that pose the greatest threai forest
health and offer the best opportunities to restore resilience.

1 Landscapeor watershedlevel collaboratiom with leadership by federal agencies swagthe

USDA Forest Serviaad Bureau of Land Managemestate agencies such as conservancies,

nongovernmental organizations, and large private landownessthe most promising approach

to greatly increasing the pace and scale of forest restoration treatments.

Proposed Actions

Belowis a summary of thgoalsof the Forest Carbon PlaThe majority othese goals have a target
date of 2030 for full implementation; this is intended to align with 2030 interim targets that will be
established through the Scoping Plan Update that will be finalized in spring Q@iiér.target datesare
used where timelineslready exist in another established state or federal plan (e.g., all targets
associated with thé&tate Wildlife Action Plaimave 2025 target dates), or for activities that currently
have historically elevated scales of implementation that will need teustained and surpassed in
order to efficiently and effectively reach the targeted 2030 goals. For exathel020 shorterm
target for fuels reductiomateswould bebenchmarksn route to the 2030 targeted scale. These short
term benchmarls will sene as an opportunity to evaluate progress to date, consider the effects of
actions takenand utilize new information and data to guide longerm goas for 2030 and beyond

A. Significantlyincrease the pace and scale of forest and watershgat@vementson nonfederal
forest lands

1. In order to address théorest health and resilienayeeds identified on nonfederal lands,
CAL FIR&stimatesthat the rate of treatment would need to be increased to
approximately 500,000 acres per year. This acreage is curierakces®f what CAL
FIREEonsidersoperationally feasibleshould be considered a target to work toward, and
is achievable pending increased resources. These treatments can include those that
generate revenue from harvest materials, such as commeltdiathing andregeneration
harvests.

2. By 2020, increase the rate of fuéteatment from the recent average of 17,500
acref/years ta35,000acres/year.

3. By 2030further increase the rate of fusitreatmentto 60,000 acres/year
4. By 2030, increase thereareforested annually by 25 percent above the current level
5. By 2025, expand areas of high priority habitat by 5 percent above current levels, as

provided in the State Wildlife Action Plan

6. Ensure that timber operations conducted under the Forest Practice AcRalet
contribute to the achievement of healthy and resilient forei$tat are net sinks of
carbon
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By 2030, lead effort® restore 10,000 acres of mountaineadow habitat in key
locations.

B. Support Federal goals and actions to improve foeest watershechealth and resiliency:

1.

By 2030, ncrease forest resilience through treatments including fuels reduction,
managed and prescribed fire, noxious weed remaaatiroad improvements to reduce
sedimentation, resulting in resource benefits to approximately mividion acres on
NationalForestSystemLands in California

By 2030, bring resource benefits to approximately 1.2 million acres of forests and
woodlands on Bureau of Land Management lands in California through national
landscape conservation networksntiscape mitigation strategies, native seed
rehabilitation and restoration, and vegetation treatments including fuels reduction,
managed and prescribed fire, and weeds management. Forestry and fuel reduction
targets will expand from aurrentaverage of 900 acres/year to 20,000 acres/year.
By 2020, a lands managed by tHeSDA Forest Service, increase treatmémis the
currentapproximately 250,000 acrBgarto 500,000acres/yearand on BLM managed
landsincreasefrom approximately 9,000 acrBgarto 10-15,000 acres/year.

By 2020, eliminate the current USDA Forest Service Reforestation Need balance and
sustain future treatments at levels where annual ddufis are matched by treatments.
By 2030the USDA Forest Servieall restore 10,000 acres of matain meadow

habitat and target reliable funding for such activit@s National ForesBystemands in
California

C. Prevent forestand conversions through easements and acquisitions, as well as land use
planning:

1.

2.

By 2030jncrease the acreage of forestld protected by conservation easemeiy ten
percent above the current level

Promote the adoption of regional transportation and development plans, such ag%5B
Sustainable Communities Strategies and Climate Action,Rladsecognize the climate
charge mitigation impacts of land use and forest conditions in those plans

D. Innovate solutions for wood products and biomass utilization to support ongoing forest
management activities.

1.

2.

Expand wood products manufacturing in California, and take actions tomsguparket
growth scaled to the longeterm projections of forest productivity.

Increase the total volume of carbon storéttough greater use adlurablewood
products from California forests, particularly in buildings.

Continue public investment touild out the 50 MW of small scalejood-fired bioenergy
facilities mandated throughehateBill 1122 (Rubio, 2012).

Maintain largescale bioenergy capacity in the short term at a scale necessary to meet
the public safetyand tree disposateedsstemming fromwidespread tree mortality in
the central and southern Sierra Nevada.

Continue to support research into the potenttal convertwoody biomassnto
transportation fueldoth statewide and regionally.

Develop and support the generation of and markets for costfimm forest biomass
for agricultural, rangeland, municipand residential soil amendments.
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E. Support key researcldata managementand accountabilitpeeds.

1.

Centralize and standardizeacking of implementation activities to meet Forest Carbon

Plan tagets to fully account for all effortgjuantify carborsequestration and GHG and

black carbon emissiomutcomes identify areas of underperformam and effectively

work towardii KS dzf GAYFGS LISNF2NXYIyOS 2062S00GAGS
net sinks ofcarbon. Develop a centralized database or other information management
system to track implementation.

Complete forest carbon inventoriéstocks and emissionsgccounting methodologies at
multiple scalesand GHG emissions projections for baheference case and scenarios

that includeincreasednanagement and conservati@ttivity.

Standardize methods, data, and modeling across state agencies (and Federal agencies,
where possible) to facilitate planning for forest headthd resiliencananagenent

activities across ownership boundaries.

Develop and disseminate tools to assist landowners and local and regional land use
planners and forest managers in assessing current forest conditions and desired future
conditions

Develop a better understandiraf how different fire types and different forest fuels

affect black, brown, supesggregateand GHGcarbon emissions.

F. Protect and enhance the carbon sequestration potensiatl related cebenefitsof urban

forests
1.

2.

3.

4.

Protect the existing tree canopy thrgh policies and programs targeting ongoing
maintenance and utilization of industry best management practices.

By 2030,ncrease total urban tree canopy statewide by eth&d above current levels,

to 20percentcoverage of urban areas

Assist local governemts and others in locating optimsitesfor early green

infrastructure solutiorimplementation

Provide resources and technical assistance to local governments as they assess local
policies and regulations in regard to urban forestry and green infrastraic

Re@mmendations for Implementation

Implementation will be undertaken by a diversity of public and privattties (including State

Gonservancies, federal land management agencies, local governments, nhongovernmental organizations,

and individual priate landownersjhat will need to collaborate in order to achieve success. Forest
health outcomes derived from this work will benefit a broad constituency of stakeholders, with many
benefits being realized over a long timescale. There is a clear nedehtify and increase the
resources available for implementation in a manner that reflects these broad beneficiaries, and to
identify and pursue ways to improve the efficiency of any funds spent. The Eadstn Plamakes

the following recommendations tmitiate and guide implementation:

1. Regionalize implementation of the Forest Carbon Plan, including development of regionally
driven Forest Carbon Action Plaii$is regionalization should be led &igite conservancies in
geographies where they exist; altetive leadershipcapacity will need to be identified in areas
not coveredby state conservancies.

2.

Work collaboratively at the large landscapewatershedscaleto definecritical biophysical and
often social units for analysis and work

27
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3. Identify and culivate traditional and new sources of public funding, and pupligate
partnerships, to supporthe proposed actions A describedaboveandto implementthem at
the regional level.

4. Explore opportunities for regulatognd policychanges and streamlinirtg advance the
activities described in this Plan and implemented at the regional level. These might include:
a. Increase use of prescribed and managedffirerestoration
b. Streamline permitting for certain restoration activities
c. WSRdzOS &Y f fnantidl haResito/1dhdmafagamient
d. Development of new wood product and biomass facilities
e. Modify the restrictions on thexport of sawlogs from federal and other public lands

Organization of the~orest CarboriPlan

The vision, scope, and purpose ofstpian are described the Introduction, Sectionl. A summary of
historic and current forest conditions, climate impacts on California forests, and fuel treatments to
enhance forest health is provided in the Science SnapSuaatjon2. The goals and olg&ves for
wildland (nonurban) forest health are described 8ection3, along with targeted supporting activity
levels; the implementation of these goals is discusseskictiond. The goalobjectives and
implementation strategie$or urban forests ag described irSection7, Urban Forestry. Monitoring and
reporting of annual outcomes for all goals and objectives is describgddtion5, Measuring Progress.
Sectionb, Forests of California Today, expands on the historic conditions and currenhgealfacing
California forests, details ownerghpatterns and describes forest carbon storage dynamics. The co
benefits provided byrotecting andrestoring forests through the management actions of the plan are
described irSection8, Cebenefits of Helihy ForestsSection9, Wood Products and Biomass
Utilization, identifies biomass utilization needs and potential market pathways that will allow woody
material generated through increased management and restoration activities to be utilized in a manner
that complement<Californiaclimate change objectives. The recent foresfated policy arena is
summarized irBectionl0, including state legislation an@gulatiors. Planning, monitoring, modeling,
and other research needs that will be critical to sucidsmplementation of the plan are described in
Sectionll.

There arethree appendices to the Plan. Appendix 1 provides more detailed discussion of forest carbon
inventories. Appendix 2 preseragabular summary ahodeled climate change impacts tioe extent

of individualCalifornia forest tree specieg\ppendix Jprovides a more idepth, regional assessment of
forest conditions in California, singaportant factors includinglisturbance regimeghe magnitude and
variety of climate change stressoend the proportion of public and private landownearg not uniform
across the state.
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1 Introduction

1.1 Vision Statement

This Forest Carbon Plan presents an assessment of forest conditions across California today, a projection
of future conditions given thengoing andexpected impacts of climate change on forested ecosystems,

and describes the overarching, shared goal of the Forest Climate Action Team member organizations to
aS0dzNBE /| £ A T 2hbdfhy, teslignt retsiNGDEcarBarwhild cohfering a range of

ecosystemand societabenefits,and minimiingthe GHG and black carbon emissions associated with
management activitiesconversion,wildfire events and other disturbancessuided by best available

science, this plan lays out a set ofdst managemengoalsthat will move forests towards a more

ecologically resilient state and identifies implementation pathways to increase the pace and scale of
achieving these conditions. This plan also presents a vision for the role that urban trggaycamen
O2yaARSNBR LINI 2F GKS 20SNIff OFNb2Yy o6lflyOS 27
to communities across the state.

The Forest Cabon Plan will be the detailed implementation plan for the forest carbon goalsembodiedin

the 2030 Target Scoping Plan UpdafeA YA f | NI 8 £ (1 KS (ARBRbposedShaN&IS & . 2 | NJ
Climate Pollutant Reduction Strategy points to the Forest Carbon Plan as the mechanism for addressing

black carbon emissions from forest sources suchikire.*

The Forest Climate Action Team has developed the following \sion for forest protection, enharncement,
and innovation:

1 Sustainabk foreststhat are anet sink of carbon.

1 Healthy forests that are redilient to anticipated climate change effects suchasincreasedforest
insect and diseasethreats and higher wildland fire risks.

9 Forests that provide for healthy watersheds and water supplies quality, quartity, and
infrastructure).

9 Foreststhat provide management opportunities that generate long-term economic benefits for
landowners, workers, and communities.

1 Workingforests that produce wood products and biomassfor energy and are managdto
maintain forest health and biodiversity.

9 Foreststhat are protected from fragmentation and conversion and that provide adiverse range
of high-quality, interconnected habtat typesfor terrestrial and aquatic wildlife spedes.

1 Foreststhat provide an abundarnce of outdoor recreational and tourism opportunities.

f C2NBald (KIF G & dhehdghidigh codredti tSpaée, caltBral identities, and
contexts for social and spiritual engagement

1 Expanded and more sustainably managed urban forests that are net carbon sinks and that
deliver multiple benefits to urban residents.

1.2 Purposeand Sopeof the Faest CarbonPan

Through the Forest Cabon Plan and other collaborative work in local, regional and stateide initiatives
the Forest Climate Action Teaaimsto deveop and implement plans toimprove the health and

3 california Air Resources Board, 2016a
* California Air Resources Board, 2016b
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resilienceof CalforniaQ frests, increase their carbon storage potential,and minimizetheir atmospheric
emissgonsof GHGand black carbonWhile the Forest Cabon Plan primarilytargets carbon storage and
emissions, it also emphasizesmproving and safeguardirg interrelated ecosystem services (cobenefits),
aswell as social ard economic consicerations.

This Forest Cabon Plan:

1 Summarizesthe best available science about carbon sequestration and climate pollutant

emissionsin CalibrniaQ fdrests over awide range of natural conditions and managment

situations.

Establishesforest health and resiliency conditions needed to reach carbon sequestration goals
Identifies targets and goals for implementation of forest management practices through 2030.
Identifiesimplementation and invegment strategiesto achieve carbon sequestration goals.
Providesaframework for managirg CalibrniaQ forested landscapesto increase carbon

sequestration alongsitle other values of healthy forests.

wSO02YYSyRa | NBIA2YyLFf AYLX SYSydldAz2y I LILINEI OK
Addressesboth wildland forests and urban forests.

Isconsident with state and federal wildland fire management goals and strategies.

= =4 =4 =

= =4 A
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2 Science Snapshot

2.1 Historic and Current Forest Conditions

Fire has historically been a natural and critical component of malifpé& mixed conifer forest
landscapes. Prior to 1900, wildfires in the many California mixed conifer forests were predominately
low-intensity and removed excess fuel, thinned vegetation, and reduced competition for nutrients and
water, resulting in he#thy forests resilient against drought and native bark beetle outbreaks. It is
estimated that over foand-a-half million acres burned annually in California prior to European
settlement, with much ofhe fire started or managed by indigenous peopleandmost of it completed

in support of ecological objectivE©utside of the redwood regionheé result of frequent fire was a

mosaic landscape dominated by very large pine trees that were cluffpe@iccasionally a clump of

trees would be killed by firayith spacing between clump canopies limiting the severity of the firea

result, high severity fire made up a low percentage of many historic fires, allowing for a mosaic of forest
seral stages within small areas that provided complex habitat strugtittenesting and foraging habitat

for a broadrangeof speciesThe large pine trees that dotted the landscape held enormous amounts of
carbon, with a single 36plusyearold sugar pine containing more carbon than one hundre¢/8éx-

old white firs. As @esult, historic forests, despite their openness and heterogeneity, contained over 25%
more carbon than current firsuppressed forest¥ The carbon in these foresigaspredominantly

stored in stable, large living trees that were resilienttsturbance As a result, very little carbon was
emitted postdisturbance and the large trees rapidly sequestetteat carbon, creating a stable forest
carbon landscape.

After European settlement, many California forests began to change. Logging removed many of the

larger old growth species, which not only removed much of the live forest carbon from the forest but

also reduced canopy height, making it easier for fire to enter the canopy. European settlement

eventually led to a nearly comprehensive exclusion of fireherandscape and the absence of any of

the proactive largeit O £ S G LINRP G2 F INA Odzf GdzNI £ ¢ € FyRAOI LIS Yyl 3
employed by Native Americans?! & &GF GSR o0& YAYYSNBNI YR [1S o6unn
American Landscape is kidcably linked with the history of federal Indian policy that removed tribal

LJIS2LX S FYRZ GKSNBF2NBX AYyRAIASY2dza fFyR YIyl3SYSyi
dispersalandoss2 ¥ bl G A @S | YSNAR Ol ya T M&dxdiréctinipAcFoRr g/ A Qa f | YR
OdZNNBy i O2yRAGAZ2Y 2F [ FEATFT2NY Al QF Baddlbbit,anz (2 GKS

MppT I OFff SR Al .&With fieMdinavadi fordsts that &/picRIIR eékpefieBScked fife K
frequently (in some cases evelf years) began to miss fire cycles, known as Fire Return Intervals (FRI).
As moreFRMWwere missed, dead material began to build up and-didverse species began to move in.

° Stephens et al., 2007

® Anderson, 2006

"North, 2012a

8 Taylor, 2000

° Anderson & Moratto, 1996
©North, Hurteau, & Innes, 2009
" Kimmerer & Lake, @1

12 Anderson & Moratto, 1996
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Figurela K2 6a GKS OdzNNBy G aidl dza 27T ré (FRID)&Tedyha | Qa4 CANDB
landscapewith condition 1 within historic parameters, condition 2 is a&3% departure from historic,

and condition 3 is more than 67% departed from this historic fire return intervals. A negative value

indicates fire is occurringnore frequently than historic (e.gon shrublands) and positive indicates fire is
occurringless frequently thamistorically As can be seen from the colors on the map, the red of

significantly less than historic fire rates dominates for much of theestin Southern California, the

yellow-tone colors indicated that fires are more frequent than historicalgr more details, see the

figuresin the regionadiscussionAppendix 3.

Today, many forested areas have missed five or more natural @mdethe biomass buildup, species
change, and other factors have led to an increase in fire severity when fire does finally return to those
areas, compared to historical levéfMultiple missed FRIs havesulted inoverly-dense stands

comprised of smalleirees and in some cases a shift in species type and, thus, habitat suitability. This
has created a homogenous forest landscape with few available niches, which respond similarly to
disturbance, resulting in a poslisturbance homogenous landscape, in ktaontrastto the historic
conditions. From a carbon perspective, more of the forest carbon in moderrsuppressed forests is

in vulnerable smaller trees and in the dead pawit in large pine treesThe limited resource availability

in these forestge.g. water, sunlight) stunts growth and reduces annual carbon sequestration.
Disturbance events, such as fire, drought, and insect and diseases, mobilize significant portions of the
forest carbon back to the atmosphere and changes much or all the fardsbie into the dead pool,

where it will decay and emit its carbon back to the atmosphere over several detddegending on
climate conditions and the impact of the disturbance on soils and seed banks, regrowth of the live forest
carbon pool in the distdred area could be delayed a decade or more.

Modeling suggests that as a result of the fire deficit, annually treating at least three percent of the
landscape results in an immediate 40 percent improvement in resilience to large landscape
disturbances, allaing the landscape to peak in resilience over 20 years of annual treatriertiss
approach would get California forests closer to the landscape management completed by Native
Americans in prehistory, preparing California forests for future disturbance.

2.2 Clmate Impacts on California Forests

¢KS 321 f 2F GKS C2NBad /FNb2y tftly Aa G2 adGlFroAtAl
term greenhouse ga&HGYeduction efforts. To meet this objective, management actions need to

factor in theimpacts of climate change itself on forests and the benefits they provide. Climate change

will exacerbate existing stressors on the foresininish carbon sequestration ratesnddecrease the

guantity, quality, and stability of carbon stocks. Future clin@iange estimates predict increases in

temperature, increases in atmospheric CO2 concentrations, and changes in the amount and distribution

of precipitation, all of which can act as stressors on forests. Recent forest trends along with climate

change modehg efforts are providing a glimpse of the changes we may expect under climate change
conditions and if forest management efforts are not significantly increased.

*Mallek, Safford, & Viers, 2013
* Campbell, Fontaine, & Donato, 2016
1o Finney et al., 2007
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Credit - USFS 2015 FRID data and ESRI

Esil, HERE, Daloms, Mapraylndls, © OganSiraaidag sontriouters, and ins BIS usar
sominunity

Figure 1 Fire Return Interval Departure for California.
Source: USPForest Service 28 FRID data.




Forest Carbon PlarDraft for Public ReviewJanuary2017

2.2.1 Recent Forest Trends

Figure2 shows how the average annual forestreageburned(the first three barsfrom onleft in each
set)on a decadal basis has increased in California from the 1960s to @8&5.the last few decades,

wildfiresin/ I £t AF2 N Al Qa

O2yAFSN)I F2NBada KIFI@S INBoY

patches of severe fire. Between 2003 and 2012, the US Southwest experien@&@d% increase in
burned area compared to the period of 1973982 Fre severityhas been increasing as well, which
is out of the historical norm. Surveyors in the 1800s wrote that large tree death from fire was an

uncommon occurrence, and by the 1980s, approximately 20% of fire footprints were severely burned.
By the early 2000she percent ofhigh severity in fires over 500 acres in size increased to almost 30%,

and the Rim Fire of 2013 and King Fire of 2014 were almost 40% arudi0%everity respectively.

High severity burn patches were historically small, commonly undeciE3 an size, which allowed living

R

trees on the edges to quickly reseed the burned area, and it created diverse habitat in a small area. In
contrast to this healthy functionality, the King Fire had a single-bégferity burn patch of over 30,000
acres irsize and the Rim Fire had a higgtverity burn patch over 50,000 acres.

g

g

8

50

AverageAnnual Acres Burned (Thousands)
i
3

Average Annual Acres Burned in Vegetation Strata
by Decade and 2010-2015

m Deciduous
Evergreen

m Mixed Evergreen - Deciduous

m Grassland / Shrubland / Non Veg
Pinyon - Juniper Woodland
Desert

m Shrub

L lu |IJ |h|

1990's

1960's 1970's 1980's

Decade

-

i

2010-2015

Figure2. Decadal Mean Annual Burn Rate by Vegetatitype, 1960g; 2010s (abbreviated).

FromSection 2.2.1, Climate ImpactfRecent Forest Trends
Source: FRAP unpublishedald&RAP Assessment, in prog’r%ss

Similarly, tree mortality from native bark beetles and cycles of drought are part of the natural forest
cycle in many forests in California. In the 1970s, over 12 million trees died in a three year period from

bark beetles, and an estimated 3.5 million died in the early 2000s in southern California. The recent

®Westerling, 2016
" McKelvey et al., 1996

'8 California Department of Forestry and Fire Protection, 2016d
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drought and warmer temperatures have intensified the mortality. From 2013 to 2014, there was a

300% increase in tree mortality in the Sierra Nevada due to insactslisease (885,000 dead trees to

3.3 million). This trend has continued through 2015 and 2016, as surveys have found that a total of more

than 102 million trees have died during the current drou(@102016) with the vast majority in the

Sierra Nevadeegion. While the drought is obviously a clear driver in the insect induced mortality, it is

important to recognize thalready existindgack of resiliency that characterizes many forests as a

significant contributing factor. North et al. (2009) foundler than expected large tree mortality in

dzy iNBI GSR adlyRasx alLlaarofe RdzS G2 O2f-@idmét&NI f 0 N
a0SYa &dz2NNERdzy R f I NH S Figldi@&ta sugg@st tiinttrdated $tarids ara LIS OA Sa ¢
experiencing ignificantly lower mortality rates.

2.2.2 Species Range Shift

Climate change impachodelingdonein the 1990segan to predich shift in distributions of vegetation
types as climate change progressed. When comparing vegetation surveys for the Sierra Ngigada re
from the early 1900s to those of today,searchers are already seeitigs shift occurring: vegetation is
moving upslope (meaning some vegetative types are being found at higher elevations than in the past).
As this shift continues, it willave sigificant implicationdor how our forests will look and function into

the future. For example, with increased warming forests may be able to expand their range further
upslope to areas where they could not survive previously, increasing the potential gawbbhut also
potentially significantly negatively affecting water supply downstream by increasing

evapotranspiration’

Highelevation tree species adapted narrowly to historical temperature ranges at those elevations will

be particularly vulnerable to rge contraction an@xtirpation Forest management and restoration

practices should be informed by the expected future changes, and should be robust over a wide range of
plausible future climate change outcomes.

Ly &dzLJLJ2 NI 27F /! [ 6cbsménf@sedchadsSatiUniversiyy Rf Califowyiia, Savis &
conducted an analysis to predict shifts in ranges for tree and shrub species that is expect under future
climate scenariosAppendix?). In addition, a climate exposure analysis was run for six aafptation
types to estimate climatic risk under future climate scenarios. Two climate models (CNRM, which
projects a warm and wet future climatandMIROC, which projects a hot and dry future climate) and
two levels of climate warming emissiowgre usel.

The following results are an excerpt from an internal report done for CA”HRjEre 3shows the

spatial pattern and locations that are expected to experience the greatest climatic stress, defined as
locations where vegetation currently resides, bttere future climate conditions will likely be

unsuitable for that vegetation type. Climatic stress appears most acute under higher emission scenarios
and geographically at low to mid elevations across the Sierra. The State Wildlife Action Plan provides
additional analysis of potential shifts in vegetation.

D Thorne et al., 2016
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Figure 3 CombinedExposureMap o 6 Wildlife Habitat Relationship \WHR Typesto the End of the

Century (20762099.

Note: WHR types represented include: MHC = Montane Hardwood Conifer; MHW =rddtéadwood; RFR =

Red Fir; EPN = Eastside Pine; SMC = Sierra Mixed Conifer; KMC = Klamath Mixed Conifer.

Source: Climate Related Species Distribution Model Database: A report for California Department of Forestry and
Fire Protectiof!

2 Thorne et al., 2016
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2.2.3 Climate Stressors
Faest Health and Function

Current climate modelare not in concert otow precipitationamountsmay change into the future in
California, but thee isconsensus thatemperatureswill be warmer, more precipitation will fall as rain
rather than snow, and tht extended droughts are likely to be more common. Dore et al. observed the
interaction of productivity and environmental conditions during their research on the effects of
treatment and fire on an existing ponderosa pine stand in AriZoriehe researcérs found that treated
forests were better able to sustain their carbon sequestration rates under significantly hotter and drier
conditions than the untreated stands. Given our potential future under climate chang@dreasing
range of climate conditins under which the forests could remain productikieough treatmentcould

be critical to continued carbon storage. In fact, a drought hit the study area in the third year following
the implementation of their treatments and the authors observed thatidgrthe drought the treated

site had higher carbon uptake than the untreated site, despite the fact that the treated site had fewer
trees and leaf area. Anderegg at” found that not only does drought impact tree growth (and
therefore carbon sequestrain rates) during the drought itself, but that growth rates padsbught can
remain stunted for one to four additional years. If the same pattern holds true in treated versus
untreated stands as found in Dore et,dlthen the treatment benefits could e&hd beyonddrought
periods.

Forest Health Impacts Associated with Inseetsd Disease

Historically, the most significant widespread effect on vegetation has been conifer mortality associated
with bark beetles and severe moisture stress. Conifer morttitgs to increase when annual

precipitation is less than about 80% of normal. Trees stressed by inadequate moisture levels have their
normal defense systems weakened to the point that they are highly susceptible to attack by bark,
engraver and woodboring beetles. Areas with high tree density or trees not adapted to a site are very
susceptible to high levels of mortality. When, where, and the extent to which mortality occurs is
influenced by forest stand conditions and weather patterns. A dramatiérritee number of dead

trees follows one to several years of inadequate moisture. Dense stands are particularly susceptible to
bark beetle attacks due to stress caused by constant competition for limited resources. Stressed trees
are suitable host materldor bark beetlesand their successful colonization results in more beetles and
high levels of tree mortality. The more severe and prolonged the drought, the greater the number of
dead trees”

Prior to the insect and droughlated tree mortality csis that has recently impacted California, the
USDA Forest ServiEerest Health Protection forecasted insect and diseatated tree mortality across

the United States from 2013 to 2027 According to the USDA Forest Service risk assessment, California
is at risk of losing at least 25 percent of its standing live forests due to insects and disease over 5.7
million acres, or 12 percent of the total forested area in the s(@@ble 1f’

*Dore et al., 2012

% Anderegg et al., 2015

*Dore et al., 2012

% USDA Forest Service Region 5 Forest Health Program Staff, 2016
P Krist Jr. et al., 2014

' Krist Jr. et al., 2014; Table 4 and Table 8
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Tablel. Statewide Summary of Expecteddectand Disease Riskr@as by 2025

Risk area Treed area State area | % of state with| % of treed
State (acres) (acres) (acres) trees acres at risk
California 5,697,000 47,237,000 101,218,000 47 12

Source: Table 4, Krist Jr. et al. 2014

Based on this analysifiere are five National Forests in California facing significant losses from insects

and disease on a large percentage of the forested base, as summarized in Table 2. The estimates in their
report are based on current trends and did not include expecteahges in weather patterns based on

climate changerojections

Table2. Hidnhlighted National Forests with Very High Levels ofpEctedTree Loss from Insects and

Disease
Treed Total Basal area
area Basal area| BasalArea | loss rate Area at | % of treed
National (1,000 loss (1000 | loss rate, (sq risk (1,000 | area at
Forest acres) % treed sq. ft) % ft./acre) acres) risk

Modoc 1,743 88 32,005 32 18 675 39
Lassen 1,333 97 44,180 28 33 651 49
Sierra 1,317 93 47,380 27 36 480 36
Tahe 1,199 99 31,494 18 26 353 29
Plumas 1,379 99 34,569 18 25 320 23

Source: Table 8, Krist Jr. et al. 2014

Although the results of the risk analyses in terms of predicted levels of mortality was highest for these
five National Forests (Table 2), many atfarests throughout the State are also currently susceptible to
high levels of tree mortality. Since drought is the primary trigger for dramatic increases in tree mortality
in California had the northern Sierra Nevada range experienced the same drgoglditions as those in

the southern Sierra Nevada over the past few years, similar high levels of mortality would have
occurred. In addition, several forested areas in soutt@afifornia are also extremely susceptible to

high levels of mortality as seeluring the catastrophic tree dieff during 20032004. Over $500 million
dollars were spent to abate the large number of hazardous dead trees, reduce fuel loads and restore
forests following that event.

Vegetation management (thinning) is the most effeettool we have for reducing bark beettaused

GNBS Y2NIlftAGE D CKAYYAY3I AYLNR@SA (NB® loweisI2 NE NB
the potential forseverefire. With drought projected at greater rates combined with warmer wintars

a climatealtered future, the risk posed by insects, particularly native ldtles, will likely increasé

I TEAFT2NYAIFI QA FT2NBada NBYIFAY dzyKSFHfGKe FyR 23SNONER
demonstrated to attenuate outbreaks bfrk beetles under current climate conditions and it provides

the best opportunity to minimize outbreaks under a more strenuous climate.

An urgent, collaborative, and financially supported effort is needed among forest land management
agencies, private lahowners and the public to implement largeale thinning treatments. Extensive
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FYR GAYSte (KAYYAy3 -ifoducihgimarmdediiyes, wilrakefileBealthiar> |+ y R
and more resilient for many generations to come, while significantlyeang the threats to life and
property during high fire danger yeas.

Wildfire

As described earlier, despite the extensive fire suppression efforts of the last decade or two, undesired
fire burn area has increased significantly since the 1980s, ag&as\erity A recent study has

attributed 55% of the increase in dry fuels to hurraaused climate change, resulting in an increased
burn area of 4.2 million acres between 1984 and 2819/hile California is experiencing the nascent
effects of what climte change will bring later this century, the impacts are already significant and
expected to get worse. In addition to the increasing dead pool fuel stocks and ladder fuels unhealthy
forests often experience, wildfire activity is also tied to earlieirgpsnowmelt and warmer

temperatures® Using low, medium, and high emissions profiles for climate change predictions, burned
area in California by 2085 is estimated to increase between 36% andl 7&gardless of emissions

profile, most of the forestedr@as in Northern California are predicted to experience a growth in burned
area by 2085 of over 100% above 1975 reference |é%els.

Like wildfire activity overall, fire severity has been increasing over the last few decades as demonstrated
in the Moonlight,Chips, King, and Rim firder example Recent observations suggest that a portion of

the high severity burn areas within these fires may not regrow as forests and instead transition to shrub
or grasslands. Fire frequency has been found to increaseegetareas as fuel conditions are created

that allow for repeated higiseverity fire in short succession, hindering the regrowth of forest and
maintaining shrub dominanc®. New research suggests that as a result of the shift in the vegetation
composition ad fuel loads across the west from forest to Alomest, fire severity magecreasen much

of the western US by 2050.At the same time, this shift in vegetatiavould result in a significant

decrease in carbon stocks in vegetated areas in the westeited)States’

As climate change advances and concentrations of carbon dioxide increase, the availability of CO2 for
plant growth may interact in unknown ways with factors that may influence wildfire activity, such as
longer growing seasons, expanded taorit (climate supports forests at higher elevations), and drought.
While increased CO2 availability may overwhelm negative growth pressuresvasy. stress) from

climate change and spur growth, it may spur growth early in the year which then driést®ut the

fire season, leading to more burned area. Alternately, if drought does suppress growth and therefore
the amount of vegetation available to burn, that would result in decreased carbon sequestration in
untreated areas compared to treated are¥s

*8 USDA Forest Service Region 5 Soiealth Program Staff
29 Abatzoglou & Williams, 2016

%0 Westerling, 2016

31Westerling et al., 2011

¥ \Westerling et al., 2011

% Coppoletta, Merriam, & Collins, 2016

* Parks et al., 2016

* parks et al., 2016

*® Dore et al., 2012
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2.2.4 Emissions

With the estimated increase in wildfire burn area across California under climate change and no change
in presentmanagement, wildfire emissions are estimated to increase as well. Using 1970 as a reference
period, by 2085 emissions from wildfg are expected to increase between 24% and 56% on average,
depending on the global emissions rdfeTheoutcomeof continuing down the path of status quo, both

with regards to global emissions and to forest management, will be a significant increaitdfine w

smoke in California and the subsequent human health impacts that result from more smoke in the air at
the worst times (i.e.late summemwhen air quality problems are already signifigdhandanincrease in

GHGs commensurate with that smoke. s dccurrence, size, and intensity increase under climate
change if the status quis maintainegdsmoke fromfires even in remote areas will impact populated

regions with greater frequency and duration, imperiling the health of a greater percentage of the
population®®

2.2.5 Conclusions

¢tKS [ dziK2NBR 2F | NBOSyid w201eé& azdzyil Ay adagdzRe 02y 0
option for forests of the Interior West. The inevitable result is that more area is burned in fewer, more
unmanageable events thi greater consequences, including higher carbon emissions, greater losses to
biodiversity, and larger threats to communities and ho#sa | y& 2F [/ Ft AT2NY Al Qa O2y
evolved under the pressure of frequent disturbance and are thereforaewhat abld¢o withstand

degrees of climate chang&hecurrent unhealthy statef forestssignificantlyreduces their resilience,

however, making them more vulnerable to climate change pressures.

Climate change projections suggésat our forests will be under increasing thrfabm large severe

wildfire and tree mortality. Thamplications of this threefor it KS { (I (4 S Qa GHGerigsids (2 NB
could be dramatic. Research has overwhelmingly shown that restoring the health of forests in California
improves forest resilience and stability and at the same time reduces negative impacts to the avosyste
servicesuponwhich California relies. Policy and investment decisions should take into the account the
opportunity that exists to reduce those potential impacts and secure-teng stable carbon storage in

I FEAT2NYALFI Qa F2NBadao

2.3 FuelReduction and Rdkd Treatments

This Plan points to fuels reduction treatments and other similar stbity reduction treatments to
restore forest health and resiliencyuel treatments irdenselystocked and unhealthy stands can vary
in method, forest structure outcom and therefore forest carbon impacts in both the short and long
term. The methodand prescriptios are sitespecific and are often determined by, among other things,
existing conditions, desired conditions, cost, resource needs, impediments, and area ¢o be

treated. TheJSDA Forest ServiBacific Southwest Research Station produwenlGeneral Technical
Report8"**to provide a general guide to restoration treatments in certain forests in California. These
reports highlight the need to restongith heterogeneity and with a focus on clusters of large-fire

¥ Hurteau, Westerling, Wiedimyer, & Bryant, 2014
3 Schweizer & Cisneros, 2016

% Schweizer & Cisneros, 2016

“°Reinhardt & Holsinger, 2010

*'North et al., 2009

*2North, 2012
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resilient trees. To reach these goals, there are a number of treatment methods that could be employed,
including:

1 Prescribed and managed fire
1 Understory thin

9 Overstory thin

9 Thin followed by fie.

To learn more about some of the methods used in these individual treattypet please see the
Methods section of North et & Each treatment type confers an immediate carbon cost from a forest
carbonperspective, but depending on the fate of the regal removed, carbon release to the
atmosphere can be minimized, substituted, or significantly delay¢atth et al.detail the carbon

emissions associated with implementing some treatments, along with the carbon implications of hauling
forest material dfsite and milling. As described$®ction9, the carbon costs associated with these
activities can be reduced or offset by expanding the biomass utilization infrastructure network. If a
biomass utilization outlet is unavailable, the excess biomass tingming treatment is typically either
masticated and put &ck on the forest floor opiled and burned. Mastication and spreading the material
back on the forest floor has its pros and cons, such as helping recycle nutrients and potentially
increasing fie intensity for the first few years until the material decays. Masticated material represents
a shortterm carbon source. Pile and burning represents an immediate carbon emission back to the
atmosphere with no cdenefits and significarimplications foremission olGHGand criteria air

pollutants Prescribed and managed fire also represent immediate emissions back to the atmosphere,
with some of the carbon sequestered back into the soil as chdfcdsliore research is needed to better
understand the ensisions differences, especially in particulate matter, between wildfire, prescribed and
managed fire, and pile burning.

A primary goal of the Forest Carbon Plan is to transfer carbon stocks from manyfiseaaliinerable

trees into resilient large treedDepending on the treatment type and how much carbon was removed
during the treatment or transferred to the dead pool following treatment (iumintended mortality),

the amount of carbon removed from the forest by treatment, but not necessarily reldasekito the
atmosphere, can be sequestered back into the remaining trees in the stand in as little as 10 years.
Without factoring in biomass utilization benefits from excess biomass removed during treatment, a
recent study in the Sierra Nevada found tipa¢scribed fire and mechanical understehin treatments
resulted in stands that sequestered within 10 yearseleivalent of thecarbon removed from the

forest during treatmen®. With the exception of the overstory thin and burn, which saw unintended
mortality affect the resulting stand structure, the treatments in the study are expected to sequester
their lost carbon within 15 to 20 years if stand growth continues on the same trend. All treated areas
within the study experienced positive net ecosystproductivity over the 10 years of the study (202
2011), while the control plots did not. The control plots had net negative ecosystem productivity over
that same period, despite not experiencing a significant disturbance evertreshltsindicate hat

these treatments have been successful in shifting the carbon in the stand from smaller trees into the
larger, more healthy trees, and those larger trees had more access to needed resources to continue to
grow while the unhealthy control stand was unalbd continue growing and sequestering carbon.

3 North, Hurteau, & Innes, 2009
“\Wiechmann et al., 2015a
“SWiechmann et al., 2015b
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The first treatment in a stand that is very departed from its natural disturbance regime is necessarily a
more carbonimpactful process in order to begin to shift the carbon in the stand to the larger trees.
Once treated, maintaining the health of the stand requires subsequent disturbance, either natural or
humancaused, the timing of which depends on the historic FRI and the results of the previous
treatment. Some stands are so far removed from their histpatterns that reestablishing disturbance
may result in unforeseen challenges. For example, one forest stand had been without fire for almost
100 years, and the seeds from a shrub which require fire to open built up over time and were released
all at one when fire was reintroduced. In general, retreatment is required within 20 ydaas initial
treatmentto maintain stand health and fire risk benefits. Retreatment involves the removal of
significantly less carbon than the first treatment, and is mikely to be performed via prescribed or
managed fire, where applicable. This reduces both economic and carbon costs, while at the same time
allowing more ares to be treated more quickly.

There are limitations on the landscape that prevent some treathmeethods from being applied.

Looking at the constraints of mechanical treatmentaNational Forest System Lanidshe Sierra

Nevada region, Malcolm North and colleagues estirdabat mechanical treatments could be limited to
as little as 20% of the fested area in some locatioffs Figure4 shows these constrained areas and

that nonrmechanically treatable areas are more prevalent in some areas. Depending on the reasons for
the constraints (e.gslope, distance to road, sensitive species habitatp@ht areas could be
mechanically treated to reduce the risk of uncontrolled fire from entering these areas. Likewise,
prescribed fire could potentially be used in these areas. Despite heavy fuel loads, overgrown forested
areas far removed from their mmal fire rotation can be safely burned in a prescribed fire under the
right conditions, but may require multiple entries in short succession to achieve forest health goals.
Similar to the constraints on mechanical treatments, there are many constrainising prescribed and
managed fire, many of which are outlinedAppendix 3 Prescribed and managéices areless likely to

be used in thevildland urban interfaceand therefore mechanical treatments and the excess biomass
they produce will consistefyt need adisposabutlet, preferably utilizatiorbased from these areas.

8 North et al., 2015
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Figure 4 ScenariadA¢ of RecentResearch into thelimitations of Using Mechanicalr&atments,
Showing where Mechanical Treatment Options are Significanty§trained.
SourcelUSDA Forest Service
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2.4 Black Carbon as a Sharved Climate Pollutant

Climate science unequivocally underscores the need to immediately reduce emissions difvekort

climate pollutants (SLCPs), which include black carbon, methane, and fluorinated hayemelT

powerful climate forcers: SLCPs are estimated to be responsible for about 40 percent of current net
climate forcing. Action to reduce these pollutants today will provide immediate benefits as the effects of
our policies to reduce lonlived GHGs fther unfold:*’

Black carbon is a SLCP, contributing to climate change, air pollution, and negative human health
impacts® It is a component of fine particulate matter, which has been identified as a leading
environmental risk factor for premature deaffilt is produced from the incomplete combustion of fossil
fuels and biomass burning, particularly from older diesel engines and forest fires. Black carbon warms
the atmosphere by absorbing solar radiation, influences cloud formation, and darkens the safrface
show and ice, which accelerates heat absorptiod arelting.

Scientists have known for some time that sources that emit black carbon also emit othetfigbdrt
particles that may either cool or warm the atmosphere. Lighter colored patrticles, for égatapd to
reflect rather than absorb solar radiation and so have a cooling rather than warming impact. Until
recently, it had been thought that the impact of lighter colored and reflecting organic carbon from
combustion sources largely offset the warmingpact of black carbon from this source. However, new
d0dzRASE KI @S a4dzZ33SadGSR GKIG OSNIFAY FTNXOlGA2YaA
stronger absorber of solar radiation than previously understodThe warming effect of brown
carbonmay offset the cooling impact of other organic carbon particles; hence, quantificatiemeody
absorption is necessary so that climate models can evaluate the net climate effect of organic®arbon.

The largest source of black carbon emissions in @ailifes wildfire:An average wildfire season
contributes twothirds of current black carbon emissionglire state®® There is very little knowledge
surrounding production rates, timing, and the implications (on production and timing) of burn
conditions. Wiile regular, lowintensity burningincluding wildfire, prescribed fire, and managed fire)
can reduce fuel loads that caukgge, severdires, promoting ecosystem health and, therefore, system
resilience, it is not clear as to whethidre avoided largeifes, in turn,reducehuman exposure to black
carbon.

Becauseeducingblack carbon from wildfir® 2 dzf R O2y G NAodziS (2 YS&BAy3
important to address this gap moving forward.

2.5 The Landscape or Watershed Scale

The Forest CarlioPlan proposes working regionally at the landscape level. The watershed level has
proven to be an appropriate organizing unit for analysis and for the coordination and integrated
management of the numerous physical, chemical, and biological procesdensdka up a watershed

“" California Air Resources Board, 2016b
*8 Haikerwal et al., 2015

“9 California Air Resources Board, 2016b
% Jacobson, 2014

*lKodros et al., 2015

*2 California Air Resources Board, 2016b
%3 California Air Resources Board, 2016b
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ecosystent’ Similarly, avatershedcan serveas an appropriatereference unit forthe policies, actions,
and processes that affect tHa#ophysicakystem, and it also provides a basis for greater integration and
collaboration.

Taking a socioecological system approach to forest management has been stressed as important to the
successful management of forests of the Sierra Nevada and Southern Cascade, for example:

A socioecological system is a dynamic association of biophysicabeiadi
factors that interact and continuously adapt to regulate flows of critical
resources, such as biodiversity, water, nutrients, energy, materials,
infrastructure, and knowledg®.

Similar approaches have been descdlfer our redwood forests as wett
The Sierra Nevada Adaptive Management Project offers another example of a collaborative adaptive

management effort that was focused in particular on incorporating scientists and scientific
experimentation into a landscagevel adaptive management pcess>’

> California Department of War Resources, 2013.
*®Long et al., 2014.

**Hartley, 2011.

*" http://snamp.cnr.berkeley.edu/index.html
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3 Goals for Wildland Forests

The goals and objectives for wildland (rarban) forest health are described in tlisction along with
targeted supporting activity levels. The goals and objectives for urban forests are descrdzsdian?,
UrbanForestry. Monitoring and reporting of annual outcomes for all goals and objectives is described in
Sectionb, Measuring Progress. These goals and objectives are being established through a climate lens,
but they will be pursued holistically to support theoader Forest Health Vision and existing natural
resource policies, which include protection, maintenance, and restoration of watersheds of statewide
and local importance; plant and wildlife habitat expansion and improvement; and improving the health,
well-being and economic resilience of forested communities and other communities that depend on
them. The management targets in thégctionare supported by a coarsscale data analysis completed

to provide an approximation of the extent of forest resourcesrently under threat and in need of

forest treatments to improve longerm carbon storage and forest health goals. The management

targets will be refined over time to reflect the findings from ongoing research.

I TEAT2NYAL Q& 2 @S Nbrésld Kré ty{a)sedDrietthe hsteSlier et sinkof caridon

(b) minimize the GHG and black carbon emissions associated with management activities and wildfire
events and(c)employ management actions that deliver a full suite of ecosystem bertefdsnfer

forest health These goalwill continueto complementbroader, ambitious climate goals and support
existing natural resources policieShree primary objectives suppdhiesegoak.

1. Protect Increase protection of | £ A TfaréklEd ldn@sind reduce conversion to nefiorest
uses, resulting in a more stable forested land base

2. Enhance Expand and improve forest management to ameliofatest health and resilience,
resulting in enhanced longerm carbon sequestratioand storagepotential.

3. Innovate Pursue innovations iwood products andiomass utilization andh markets that
result in productive use of harvesteebody material in a manner that reduces or offsets GHG
emissions; promotes land stewardship; and strengthens rural economésammunities.

This Draft Forest Carbon Plan identifies conservation and management actions and identifies biomass
utilization needs and potential market pathways that will serve to advance these objectives and the
overall goal. A number of quantitativargets are included in this Draft Plan. These targets include
specific actions needed to protect, enhance, and restore forests and watersheds and minimize carbon
losses due to disturbances. The management targets support the substantial restoratiomezftored

to meet the goals for carbon sequestration and overall forest and watershed health. These targets are
0Se2y R casdZadelytSea af S diadmietirdy Thenh vdllirefgdrg &significant increase in
investments, policy and institutional supg, and collaborative partnershipg\chieving these targets

also will require measuring progress according to longer time scales, as the management activities
described will likely reduce carbon stocks in the near tekfonitoring achievement of managesnt

targets will allow the State to determine if goals and strategies are adequate to meet the Hmnger

goal of maintaining healthy and resilient forests that are a net carbon sink. Adaptive management will
be necessary throughout the duration of thé¢py Q& A Y LI SYSy Gl GA2y YR 06S@2yR

3.1 Increase Protection of Forested Lands and Re@ocwersion to Noforest Uses.

Protecting the forested landscapeas importantobjective for maintaining these lands as a carbon sink.
I TEAT2NYAL QA T2 NBitivelytstableRvebthe St thikeke decadeS & gpproximately 32
million acres of forestland. However, due to regional development pressures, some forests are being
fragmented or fully converted to other, commercial land uses. Some forest species §kgsee
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Appendix2) may be at greater risk than others. Development can deforest and fragment forest lands,
degrade forest health, disrupt wildlife habitat, and increase risk of wildfire, even if the development
footprint itself is small redtive to totd forest acreage.

A variety of forestland protection mechanisms can be used to reduce the rate of conversion and
degradation, including conservation easements that limit conversion, mitigation practices, deuety
zoning ordinances, and incentives firivate landowners to maintain forestland as resilient forest. The
California Forest Legacy Prograhe Wildlife Conservation Boardnd other forest conservation

granting programs directly protect forest lands through state funding for working foreso#ed
conservation easement§>*® Collaboration between state agencies, land trusts and other related non
governmental organizations allows for the use of fsbate funds to conserve additional lands. Other
protection options include land use and taxémtives that enable the financial viability of forest
ownership, and sharing best practices with private funders and federal agencies to ensure coordinated
conservation strategies statewide. The following tasgeill advance this objective:

1 By 2030, inarase the acreage of forestland protected by conservation easesigrien
percent above the current level, with a focus on areas under development pressure. These
easements which carprotect bothforeststhat are managed for timber harvest (sometimes
calllR G g 2NJ Ay 3 F2NBaidaéwllbe pfired vittkstewaBdshipfolans. | NB y 2 ( X

1 Promote the adoption of regional transportation and development plans, such ag%5B
Sustainable Communities Strategies, where applicable, and Climate Action Plaisslictjons
with substantial forest resources that prioritize infill and compact development and also
consider the climate change impacts of land use and management.

1 Provide support and technical assistance for counties, cities and regions to integexte fo
resource conservation priorities into plans, drawing freegional Conservation Investment
StrategiesNatural Community Conservation Plans, Habitat Conservation Plans, the State
Wildlife Action Plan, and critical agricultural lands where those @ieady exist.

Beyond conservation of existing forests, the current spatial extent of certain forest hpjmttmay be
expanded. Through development of the 2015 State Wildlife Action Plan, the state has identified
terrestrial vegetative communities thare a high priority for conservation based on their benefits to

fish and wildlife; for many of these priority vegetation types, increasing acreage is identified as a key
conservation goal. Several of the vegetation communities (or habitat types) [@éatith the plan are
forested (e.g.California Forests and Woodlands, Pacific Northwest Subalpine Forest, North Coastal and
Montane Riparian Forest and Woodland). The following target will agvtris objective:

By 2025, expand acres of high priority fetr&abitat by five percent from 2015 acr&sThis
target may be adjusted as the State Wildlife Action Plan is periodically updated.

%8 California Department of Forestry and Fire Protection, 2016a
* USDA Forest Service, 2016¢

**Wildlife Conservation Board, 2016

® California Department of Fish and Wildlife, 2015
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3.2 Expand and Improve Forest Management to Ameliorate Forest Health and
Resilience

California cannot meet the climate changeals of either this Draft Forest Carbon Plan or the broader

Natural and Working Lands strategy without increasing the levels and resilience of forest carbon
sequestrationand storagen itswildlandforests. Forests are shaped by disturbance and backgroun

levels of tree mortality. However, elevated tree mortality frawverly densestand conditionsfire
exclusionmanagement practices, and impacts relateditought anda changing climate can have a

substantial effect on the forest carbon balance. This I G ¢S T NB &aSSAy3a Ay [ I fAF
particularly in noaurban forests. Wildfire is the single largest source of carbon storage loss and GHG
emissions from forested lands: an estimated 120 million metric tons of carbon was lost througmavildla

fire over the period 2002010, out of a total estimated loss of 150 million metric t6hReducing the

intensity and extent of these fires is therefore a top priority.

There are an estimated 20 million acres of forestland in California with highrevildfeat 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 ecosyster?? Realth.
example, it is estimated that less thafl Bercent 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® Treatments should have multiple objectives tisatengthen provision o& broa range of
services to both people and ecosystems. These objectives may include improved wildlife habitat,
protection of water resources, and resilience of recreational lands, among others.

In addition to fuels reduction and prescribed fire treatmentanoeercial timber harvesting can play a
beneficial role, both in thinnindenseforests and financing additional treatments. The distinction
between fuels treatments and timber management is often gradual. A commercial thinning from below
may have very singl objectives and outcomes as a fuels treatment project. As indicgetoné and
Appendixl (California Forest Inventoyysustainably managed working forests tend to have less
mortality than reserved lands where no timber harvest or forest managerecurs. In some
management situations, sustainably managed working forestsstore higher levels of more resilient
carbonover timethan reserved forest& including carborsequesteredn durable wood products

An exampleof the linkage between timbarevenues and forest restorationtlse 1992 Fountain Fire
near Redding. Almost all of the 41,300 aaémdustrialprivate forests that burned was reforested
soon after the fire, financed by revenues from timber harvé&tBox 1provides a case studyf forest
restoration following the Fountain Fire.

62 California Air Resources Board, 2016¢c

%3 california Board of Forestry and Fire Protection, 2010
® North et al., 2012

% Gustavsson et al., 2017

®*Smyth et al., 2014

% Zharg et al, 2008
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Box 1 Forest Restoration following the 1992 Fountain Fire

Recognized at the time as one of the worst fires in California history, the Fountain Fire started on August 20, 1992 in the
Southern Cascade Matains, about 40 miles east of Redding. By the time it was controlled eight days later, the fire had burned
over 64,000 acres (100 square miles) and destroyed more than 300 homes. While it seemed like an insurmountable task to
resurrect the devastated lalscape, largely composed of private industrial forestlands including Roseburg Resources, Sierra
Pacific Industries and W.M. Beaty managed lands, the area is now well on its way to a full recoveryfdwemtsrs later, the
young, vigorously growing foseis once again providing a home for forest wildlife, and the streams, whose condition was of
great concern, are again teeming with fish, amphibians and other aquatic life.

History has shown us that forests devastated by large scale wildfires do nolyregzidver on their own. The intensity and

scale of large scale fires can compromise the natural ability of an ecosystem to regenerate, thus taking many decades, if not
centuries, for natural succession processes to restore a forest to théirpreonditon. However, if managed properly, the
rehabilitation of a forest can achieve dramatic results in a few decades.

The successful recovery of the Fountain Fire was largely due to the restoration that landowners undertook immediately after
the fire. Within weds, operations were underway to salvage the dead timber, turninecfigred trees into useful, carben

storing wood products. Soil erosion was minimized, sixdesdring streams were protected, and replanting of tree seedlings
began in the spring of 199ust seven months after the fire. To ensure the ongoing success of these recovery efforts, the
timberlands have been actively managed since that time.

The Forest Foundation estimated that forests and shrublands burned in the Fountain Fire rele@sendlibh tons of GHGs

into the atmosphere through combustion and the subsequent decay of dead trees and shrubs. That is equivalent to the GHG
emissions from more than 2.1 million cars for one y&@Because of the harvesting of dead trees and the forestaration

effort on these private industrial forestlands, it is estimated that about 8.1 million tons of carbon dioxide will beisteredd
products and growing trees over the next 100 yeegrs,
offsetting some of the impacts from the disastrous
fire. Without this effort to reestablish trees, the land
would have turned to shrub cover for many years, as
many of the neighboring lands that were not restored
did, resulting in far less carbon sequestration. Some 0|
the burned and replanted forests have alrgaoeen
thinned, producing biomass for utilization and serving
to concentrate future growth on fewer, larger trees.

1995

Herbicides were used to control competing vegetation
on the industrial lands, raising questions about native
plant diversity. A chronoseguce study on this site
and two nearby burned sites (the Pondosa Burn of
1977 and the Tamarack Burn of 1986) indicated that i 1 dk
initial plant diversity was richer in untreated plots. ' TR e TR
But that diversity quickly fell as aggressive shrubs
dominated the sites. Whin 8 years, both species
richness and diversity were greater in herbicide
treated areas’

The Fountain Fire restoration effort illustrates how
taking immediate and decisive action to restore forestj
that have been severely damaged by wildfire can
beneft the environment by quickly restoring forest
cover and once again sequestering atmospheric 3
carbon. ‘ ; =
Upperpanels:plantation at the age of 0 years (1995), 7 yed2902), and 12
years (2007)Lower panel: ©ntrast of tree-planted and nonplanted areas

December2007.Upper photos by Ted Silbersteins; lowediayweizhang.

%8 \Webster, 2007
%9\Webster, 2007
©Zhang et al., 2008

" DiTomaso et al., 1997
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The objectives and activities described here are segmented between federal lands and all other lands,
i.e., private, stateowned, and other publicly ownednds.In any casgimplementation is expected to
involve workingacrossownership and jurisdictional borders. Activities should be prioritized and
coordinated by partners within each region.

3.2.1 Improw Health andResilience on Federal Forestlands

While theUSDAForest Servicand the Bureau of LandanagementBLM)determine management

activities on theirlandsg KA OK Y I 1 S dzLJ 2 @S NJ K| tha@ haefexidtitgt A T2 Ny Al Q&
O2YYAGYSyiGa G2 AyONBlIaS F2NBad i3S Realthgoss/whiehaleK | G | f
intended to encompass federally owned lands. The most signiffedetalcommitments are relatively

ONRBIFR AY ylIGdNBEZ IyR FINBE GKSNBEF2NB LINBaSyiaSR 1620
restoration objectives. As a resulf the strong partnership between federal landowners and state

agencies, some of the California objectives and targets presented here are expected to unfold on federal
lands. Given the intermix of federally, state/local, and private forestlands, thesegoahips are critical

to success.

USDAorest Service Contributians

TheUSDAForest Service goal is based on a commitment to land and resource management that is
infused by the principles of ecological restoration and driven by policies and practiteméhdedicated
to make land and water ecosystems more resilient and healthier under current and future conditions.

91 Increase forest resilience through treatments including fuels reduction, managed and
prescribed fire, noxious weed removal, road improwas to reduce sedimentation, resulting
in resource benefits to approximately nine million acredNationalForestSystemlLands in
California by 2030.

1 By 2020, increase treatments from the current approximately 250,000 acres/year to 500,000
acres/yearon National Forest System Lands in Califarnia

Ongoing state and federal cooperative efforts under the Farm Bill through the Good Neighbor Authority
can help to advance opportunities on National Forest System Lands. Additional cooperative efforts in
place vith the state and other partners that can be used to meet ecological restoration goals include
agreements to expand the use of fire on the landscapeag@hcycommitmentsto support the

California Headwaters Partnership and the Sierra Nevada Watershedvempent Program. One

further collaborative framework for the Forest Service is the National Cohesive Wildland Fire
Management Strategy.

U.S Department of Interior Contributions:

The U.S. Department of Interior's Wildland Fire Resilient Landscapesriggranew approach to
achieve fire resiliency goals across landscapes with the collaborative efforts defined in the National
Cohesive Wildland Fire Management Strategy, and in support of Secretarial OrderR&&3feland Fire
Prevention, Management, arilestoration. The approach uses integrated, plbased partnerships
among programs, activities, and organizations to increase resilience {8 firaddition, theBLM

2 USDA Forest Service, 2015b
Bu.s. Department of the Interior, 2015
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utilizes a landscapscale management approach to better support balanced stewardshipeddiverse
natural resources, ecosystems, and values on public lands.

91 Increase forest and woodland resilience through national landscape conservation networks,
landscape mitigation strategies, native seed rehabilitation and restoration, and vegetation
treatments including fuels reduction, managed and prescribed fire, and weeds management.
The goal will result in resource benefits to approximately 1.2 million acres of forests and
woodlands orBLMpubilic lands in California by 2030 and include forestryfaets reduction
targets expanding frorthe currentannual average of 9,000 acres to 20,000 acres.

1 By 2020, on BLM managed lands increase fitoercurrentapproximately 9,000 acres/year to
10-15,000 acresl/year.

3.2.2 ImproveHealth andResilience on Nonfederadriestland

GCommercial and nortommercial private landowners may be induced to improve management for

carbon sequestration and other public benefit outcomes through incentive paymentséstime

forest improvement activities dong-term management changeMechanisms to incentivizene-time
ortemporary actions y Of dzZRS 3INI yi LINPINI Yas> &adzOK a /!][ CLwO:¢
(Timber Regulation and Forest Restoration Fund), Fire Prevention Grants (State Responsibility Area Fire
Protection Fe Fund), and Forest Health Grant Program (Greenhouse Gas ReductionTRefidt year

of Greenhouse Gas Reduction FdnddedForest Health and Urban and Community Foreptograms

initiated 66 projects that are expected to reduce GHG emissions by 2,146 MT CO2e over the course

of implementation.Incentives folong-term management changasay include conservation easements

(see Section 3.1hat containforest improvementerms (e.g., requirements to grow large trees and

retain some or all of them\eer time)or other contractual arrangements such as those required for

LI NOHAOALI GA2Yy Ay [ | forefdfdels progador ofheryWaliintary fgré€sScarboh NJ S
crediting standardsMore than 15 MMT CO2e in offset credits generated fromf@ala-based forest

offset projects have been registered with CARB to d4te.

As indicated abovehe forest management deficit in California is significant, on both prifeatstiands
(especially smaller ownershipsid publicforestands. In order to adess this, action will be needed on
the part of both state and federal agencies andthe part oflandowners. The following targetse
intended toaddressonfederal forest lands (i.e., private, state, and local governiieleral
forestlands are addresdabovein Section 3.2t

Targetfor Nonfederal Forest Lands

1 In order to addresforest health and resilienayeeds identified statewide on nonfederal lands,
CAL FIRE hastimated that the rate of treatment would need to be increased to
approximatdy 500,000 acres per year. This acreage is currently outside of what CAL FIRE
determines to be operationally feasibldt should be considered a targtt work toward and
isachievable pending increased resourc@ese treatments can include those tlggnerate
revenue from harvest materials, such as commercial thinningragenerationharvests.

" Data as of January 2017. Available online:
https://www.arb.ca.gov/cc/capandtrade/offsets/issuance/arb_offset credit_issuance_table.pdf
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1 By 2020, increase the rate of fuels reduction treatments fromrcent average of 17,500

acres per yeato 35,000acres/year.
1 Increase fueltreatments, ircluding mechanical thinning and prescribed burning, from the

current rate of approximately 17,500 acres per year to 60,000 acres per year by’2089.

GFNBSG Aa olaSR 2y /! [ CLw9Qa RSGSN¥YAYyIFGAZ2Y 2°
1 Ensure hattimber operations conducted under the Forest Practice Act and Rules contribute to

the achievement of healthy and resilient foregisit are net sinks of carbon

Successful fuel reducticand forest managemerdctivities will result in reduced area fafrestland
impacted by wildfire statewide. This will have the result of reducing black cad@otent shortlived
climate pollutant- brown carbon, and other particulate matter resulting from wildfire. Black carbon
emissions from wildfire make up antesated two-thirds of black carbon emissions from all sources and
recent published estimates suggest the emissions from wildfire could increase significantly by 2050
under businesssusual conditions and climate chanfdndividualsand organizations comemted on

the need toinclude an explicit target for reducing black carbon emissions from wildfipeblic

workshops and written comments for both the Forest Carbon Plan Concept Paper and the Proposed
ShortLived Climate Pollutant Reduction Strategy. Abar of individuals and organizations also
commentedthat wildfire is a natural occurrence and either should not be considered an emission
source, othatl Gol AStAySé¢ fS@St 2F FTANB FyR NBadzZ G6Ay3a Sy
objectives areset and annual change is measurétbwever, neithethis plan nor the draft ShorLived
Climate Pollutant Reduction Strategy (November 20ib8)udes an explicit, numerical emission

reduction target for wildfire black carbon emissions.

Thisdecisioni8  a SR 2y (G KS C2 NB aviewthat wildfile ta®s vargidoArigh fromS I Y Q &
8SIFNJ G2 &8SINI G2 ARSYGATFeE |y al OOSLIilofS¢é tS@St 27
I TEAT2NYALI QA FT2NBadSR SO2 abrasiBaragdmertOyiddf the Kdrest F A NB A
Carbon Plagoals igo reduce the incidence and extent of thoseverewildfire fires that might

permanently alter site conditions and vegetatidyatural ignitions, under safe conditions and in

appropriateareas areconsidered a forest management tool that can advance forest health conditions

andhelp tomaintain forests as a net sink of carbofsconstant, yeatto-year downward trajectoryf

wildfire acres therefore isot the ecologically or operationally preferdabapproach.Rather, this Plan

proposes thafuel reduction treatmentsand sustainable forest managemeiricludingthe emissions

resulting from utilization pathways for excess biomass, will aim to minimize total black carbon emissions

from forests Overtime, as forest health conditions improve and the carbon stock moves toward a more
resilient state, black carbon emissions from wildfire are expected to fall from current levels.

3.2.3 Restore Ecosystem Health of Wildfeled Pesimpacted Areas through Refotason

During the last decadd, is estimated thanearly 2.3 million acres dational Forest System Lans 4

million acres across all ownershipgve been affected by wildfirdlearly 700,00@&cresof these

National Forest System Lanai® classifed as deforestedcreating over 500,000 acres of planting need

t N2PAINB&aa KFa 0SSy YIRS (2 NBSadlofAaK ySg F2NBada
270,000 acres of planned reforestation treatments remain as plans and have not belemiemped .’

The 2010 FRAP Assessment report estimated 2.35 million acres are high priority for restoring wildfire

’® california Board of Forestry and Fire Protection, 2016
’® California Air Resources Board, 2016b
" USDA Frest Service, 2015g
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impacted areas statewid® In addition, the acreage affected by the current mortality event, currently
estimated at 7.7 million acres statewidmay be added to the deforested totAl.

The reestablishment of forests, for a variety of important natural and social reasons, will offer important
ecosystem services. In order to make a significant reductitdSiDA-orest Service Region 5

reforestation needs, an equally significant investment of human and financial resources will be needed.
While natural regeneration will contribute to the solution, planting of desired tree species will also be
needed. Both sources of seedlings will need fuel and caimgpe&egetation reductions to increase the
likelihood of success. Periodic future treatments, where allowed, can be implemented to facilitate a
trend to create forest structures and compositions that will be resilient to the stressors anticipated in
comingdecadesMeeting the following targets goals will address the situation:

9 Eliminate the currenSDA~orest ServicRegion Reforestation Need balance by 2020
and sustain future treatments at levels where annual additions are matched by treatments.
Maintain seed collection, storage, and seedling production capacities to meet anticipated
needs. Identify suitable seed collection areas and maintain existing seed orchards, to
support future needs. Utilize genetically improved planting stock, while matchirdjisge
source to anticipated climates.

1 On nonfederal lands, increase annual area reforested by 25% over the current level by
2030. To achieve this goatintinue to work cooperatively with the Natural Resource
Conservation Service, USDA Forest ServicesHoandowners of Californieeforestation
seedling growersand other partners to increase funding for reforestation assistance on
non-industrial private forest landand the availability of appropriate seedlings for planting

3.2.4 Restore Mountain Meadow Hidat

Forested areas often contain multiple types of habitat, including meadows and riparian areas. These
systems provide many ecosystem and recreational benefits. Healthy, functioning meadows host a
diverse plant community with deep rooting systems thatie water, carbon and other nutrients, and
provide important habitat for wildlife and other species. As meadows become degralded diversity

and rooting depth are reducethus decreasingvater and carbon retentionGHGsre emittedas a part

of thisprocess.Management and restoration activities that restore riparian and meadow areas may in
turn result in more carbon being retained in these areas, and continue to provide habitat for wildlife and
other organisms.The California Water Action Pfspecifically recognizes the importance of restoring

key mountain meadow habitats through broad, collaborative actions.

Thecommitment belowalsoare supported in the Sierra Meadatrategy®* which was developed by

the Sierra MeadowPartnership The Partarship has members fromultiple state and federal

agencies and nongovernmental organizatiansl has an overarching goaf restoring and/or protecting
onnnn | ONBa 2F Y2dzyil Ay YSIR2ga | OMNBISBAFGést f f | yR
Senice is a member, as is the California Department of Fish and Wildlife and thaA\&tete Resources

Control Board.

"8 California Department of Forestry and Fire Protection, 2010
" USDA Forest Service, 2015a

% california Natural Resources Agency, 2016a.

8 Drew et al., 2016
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State Target:
1 The state will lead efforts to restore 10,000 acres of mountain meadow habitat in key
locations by 2030 and target reliableniding for such activitie¥

Federal contribution
1 In addition to the state targethe USDA Forest Servieall restore 10,000 acres of
mountain meadow habitat by 2030 and target reliable funding for such actiaties
National Forest Systetmnds in @lifornia

3.3 InnovateSolutionsfor Wood Products andi@mnasdUtilization toSupport Ongoing
ForestManagementctivities

In order to support the goals of this Draft Forest Carbon Rlaod andbiomassmnaterial generated by
commercial forestry operationssavell as that produced through forest health and restoration

treatments andhazaraus fuelsreatmentsmust be either utilized productively or disposed of in a

manner that minimizes net GHG and black carbon emissions. Timber and other biomass harwess volu
are expected to increase as a result of the forest management activities outlined above. These volumes
will include green and dead trees suitable for timber production, smdilemeter green and dead trees

with little traditional timber value, and topand limbs.

Removal will result in a temporary drop in carbon in standing live pools, which is expected to be
replaced over timascarbonis sequesteredn newtree growth on thetreated area. Some of the
residualbiomass may be left in place for h&diior other purposes, but strategic utilization of the
remainder can divert material from decaypdopen pileburningand produce net carbon benefits in the
built environment, soils, and energy and fueliilization of this material contributego other beneficial

uses including durable wood products, compost and other soil amendments, animal feed and bedding,
and production of renewable electricity and biofuels. Reseatelielopment and implementation

activities underway in energy, wood products, and amendment fields should be evaluated for utility

in meeting disposal needs on regional and community scales.

A resilient forest products and biomass strategy is one that includes a diversity of utilization pathways
(i.e., market end uses) that are sedlto handle the material generated through both public and private
sector forest health activities, as well as the private timber industry. The approach should be
regionalized, such that material production and utilization is balanced at scales appedprgiven
marketsand sustainable forest managementransportation costs of forest biomass are significant
NBfIGAGS (2 I soSlistancedr@isburce 0 procgssirfg ditd will determine feasibility for
both private and public investors. Regal and local approaches will also be better suited to discussions
related to facility siting, economic development strategies, local impacts of forestry operations, and
climate resilience of both natural resources and the human populations that depeitaem.

There is significant support for productiw®od product ancbiomass utilization at the state level, which
is described in detail iBection9. The actions and targets described here underscore, accelerate, and
expand on those commitments:

1 Expand wod products manufacturing in California, and take actions to support market

8 California Department of Water Resources, 2013
8 California Natural Resourcégiency, 2016a
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growth scaled to the longeterm projections of forest productivityin particular, dentify
potential for expanded and new markets, with a focus on products that can be made from
traditionally lowvaluematerialssuch as small diameter trees, limbs, and waste material
from timber operations, to divert this material from open pile burning and provide
alternatives to bioenerggnd soilamendmentsasthe primary form oflow-value maerial
utilization. This could include composite wood products such as dewssated timber.
0 TheWood Products Working Group established through&e Bill 859 of 2016
will be the initial venue for this investigation, which builds on existing effdartsea
local, state, and nationalUSDA Forest Servjdevels. That interagency group,
convened by the California Natural Resources AgéDBiRAIN September 2016,
will make recommendations to the Legislature by June 1, 2017, on methods to
expand wood prducts markets statewide and using trees killed throughrément
drought and bark beetle epidemic.
Increase the total volume of carbon stortétough greater use dbnglived wood
products from California forests, particularly in buildings. Ensure tieattalifornia Green
Building Standards Code supports this objective.
Build out the 50 MW of small scalepod-fired bioenergyfacilities mandated through
SenateBill 1122 (Rubio, 2012). Continue public investment in this buifdthrough the
Californa ¥ SNH& / 2YYAadaAz2zyQa 9tL/ LINRPINIYP 9ELISRA
facilities fueled by feedstock from tree mortality High Hazard Z8nas described in
D2SNY 2N . NegyQa {GFGS 2F 9YSNHSYyO& t N2 Ot | Y
Maintainlarge-scale bioenergy capacity in the short term at a scale necessary to meet the
public safetyand tree disposateeds posed by widespread tree mortality in the central and
southern Sierra Nevada. This is supported through the electricity procurement
requirements inCalifornia Public Utility Commission Resolutiefi720, which calls for
solicitation of 50MW through the BioRAM procurement process, Samhte Bill 859
(2016), which calls for procurement of 125 MW of bioenergy from facilities sourcing the
majority of feedstock from tree mortality High Hazard Zones.
Continue to support research into the potential for conversion of woody biomass to
transportation fuelsdboth statewide and regionally. Identify opportunities to support
deployment of emerging fuetechnologies, particularly those that advance multiple
climate objectives and can utilize associated funding synergies.
In support of the objectives abovimitiate an interagency effort to identify, at the regional
scale
o0 The sources and volumes of exsderest and agricultural biomass and scope the
need for disposal and utilizatiqerojectsthat will minimize GHG and black carbon
emissions and align with this Forest Carbon Plan;
0 Wood products market opportunities;

# High hazard zones are areas with elevated tree mortality and high fire threat that are a hazard to public safety,
community assets and related infrastructure represent the primary focus of these zones. Where appropriate
broader watershed mtection and other important environmental services (i.e. water resources, carbon storage,
wildlife habitat) will also be considered.

# Brown, 2015
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0 Satewide renewable energy and fuelslgies, practices, and implementation
programs; waste diversion goals; and agricultural markets and the Healthy Soils
Plan.
91 Develop and support the generation of and markets for compost from forest biomass for
agricultural, rangeland, municipal and residial soil amendments.
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4 Implementation

Implementation of these goals will be undertaken by a diversity of public and private astowswill
need to collaborate in order to achieve succdasrest healtroutcomesderived from this work will
benefit a bpad constituency of stakeholders, with mapgnefitsbeing realized over a very long
timescale. There is a clear need to identify and increase the resources available for implemeiaion
mannerthat reflects these broad beneficiarieand to identifyand pursue ways to improve the
efficiency of anyundsspent. ThisSectiord describes the togevel considerations for implementation
of the Forest Carbon Plan.

4.1 Regional Prioritization and Implementation

The overall goal teecureforestlandsas a resiént net sink of carbon and minimize the GHG and black
carbon emissionis a statewide objective, buine thatis best pursued at the ecoregionake Section
6.2), or finer, scale. Priority landscapes for forest health can be informed with statewid@ddtaest
conditions, but local landowners and managers, private and public, will need to prioritize
implementation of forest health protection and management and restoration practices. Local actors,
including landowners, local and regional governmentsl BiGOs active in forest conservation and
restoration, as well agose involved irwood products market development, museé leaders in
collaborative processes identify priorities and purseifunding and otheneededresources.

Therefore, regionalizatio of the goals and targets describedSaction3 is an important next step for
Forest Carbon Plan implementation. Forest conditions at the ecoregional scale are described in
Appendix 3and can serve as a starting point or continuation of consebsilding conversations.
Existing forest management collaboratiamsly serve as the best venues for implementatisome
current California collaborations are listedTiable 3 Going forward, it will be necessary to identify the
resources and policies that woubest serve local implementation collaborations and pursue those
through state federal,and other channels, including those for convening, planriingncing and
implementing.

The following factors should guide regional prioritization across all regibthe state:

Forests at greatest risk to higdeverity events (., fire, insect outbreak)

Stands with existing large trees

Forests at high risk of typeonversion

Overly densdorests with large growth potential

Forests critical to state and local tea quality and supply

Areas with high habitat values at risk, such as owl Protected Activity Centers

Need to reforestareas after high mortality events

Forests at risk to conversion to other uses, including development and agriculture

Previously treated®B I & GKF G NS Ay YySSR 2F aYFAYydaSylyOSé
costly and may be able to lzecomplishediia prescribed fire

=8 =4 =8 =4 -8 -8 -8 - 9
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4.1.1 WorkingCollaborativelat the Large Landscape Scale

Agencies, nongovernmental organizations, and landownersldhmdertake brest health assessments
and actions at the large landscape scale to maximize ecoregional and statewide béaefitsise and
forest management activities on any given parcel or within any single stand are important, but
ecoregional resiliece depends on forest conditions across property lih@sge landscapes may be
defined by, for example, ecoregional limits, watershed boundaries, biological rexedisr regional
economies. Thienperativeis further articulatedin Sections and 10 Managementfor largelandscape
outcomesrequires significant collaboration among landowners, both public and private, and the
agencies that are responsible for the protection of the wide range of fdyvased natural resources.
Landscapdevel collaborationsuch as exemplified ihable3 (above),is one of the critical elements
needed for the sucas of this Forest Carbon Pl&uccessful implementation of this Plan will require
these kindof collaborativeefforts in all forested ecoregions.

Table 3. Examples of Existing Forest Health Collaborations

9 Sierra Nevada Watershéohprovement Program (Si& Nevada Conservancy and UStafest

Service, with other state and local agencies andgomernmental organizations)

Good Neighbor Authority (USDH#rest Service and the State of Catifa)

Collaborative Forest LandscaRestoraion Act Projects (USDRorest Service and other

partners,on a landscape/regional basis)

1 Memorandum of Understanding for the Purpose of Increasing the Use of Fire to Meet Ecol
and Other Management Objectives (many signgtagencies and nongovernmntanh
organizations)

1 Cohesive Strategy Projects and Landscape Management Demonstration Are&siile F-ork

American RiveFireAdapted 50 Project, led by the USDA Forest Service with partners)

Landscape Caervation Cooperatives

Collaborative Climate Aggation Committees established on a rega basis throughout

California

9 Joint Chiefs Landscape Restion Partnership Program (USB#érest Service and Natural
Resources Conservation Service)

9 California Headwaters PartnershiggDA-orest Servicand Siera Nevada Conservanayth

other stateand local agencies and nongovernmental organizations)

Community wildfire protection plans (local collaborative grgups

Tuolumne Community and Watershed Resilience Program (implementing the NDRC progr|

YosemiteStanislaus Solutions (USDA Forest Service, Bureau of Land Management, Nation

Service, state and local agencies, and many nongovernmental organizations)

1
T

= =4

= =4 =

4.1.2 Fundingand Otler Resources

Existing funding sources for forestland protection, management and restoration, and investment in
wood products and biomass utilization include public funding through a range of state and federal
programsas well avarious forms of private westment, both commercial and necommercial. The

goals for forest health described in this plan call for, in most instances, a significant increase in the pace
and scale omanagemengctivity beyond whatcanbe supported by existing funding levels
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Tomeet these goals, theomplex collaborations and implementation strategies needed to achieve the

goals of this Forest Carbon

Planwill need to leverage
resources from existing state,
federal and private efforts
Table4 lists some of the
variousstate andfederal
programs thatshare broader
forest health prioritiesand
contribute toforest carbon
goals Theseprogramsshould
be taken into consideration in
designing funding structures
for forest health although
some of these funding sources
are subject to anual
appropriation decisions and
shifting revenue availability
themselvesFor example, the
California Conservation Corps
(CCC) is a valuable resource f
forest and other natural
resourcemanagement, as well
as youth development, and
provides those sergées

through its own annual budget
as well as through external
collaborations and funding;
see Box.

Federal funding for the U.S.
Forest Service and other
federal land manageralsois
vulnerable, both to annual
budget appropriations and
priorities and tofire-
borrowing, a condition
wherein unobligated U.S.
Forest Service funding is
reallocated to fight wildfire,
leaving restoration objectives
underfunded. U.S. Forest
Service spending on wildland

firefighting has risen from 16

Table 4 FundingSources for Forest Restoration.

T

= =4

= =

CAL FIRE
o California Forest Improvement Prograf@réenhouse Gas
Reduction Fund, Timber Regulation and Forest Restorati
Fund,USDAForest Sevice Forest Stewardship Funds)
0 Vegetation Management Program (State Responsibility A
Fire Prevention Fund;reenhouse Gas Reduction Fund)
0 Urban and Community Festry Program (Greenhouse Gas
Reduction FundJSDAForest Sevice Forest Stewardship
Funds)
0 State Responsibility Area Fire Preventi@eFund Grant
Program
o0 Forest Stewardship Program (USBo¥est Sevice Forest
Stewardship Funds, Greenhouse Gas Reduéio)
o Forest Legacy Program (USBkest Sevice Forest Legacy
Funds)
0 Seed Bank
0 Pest Management Program
CNRAUrban Greening@reenhouse Gas Reduction Fund
Sierra Nevada Conservan®yatershed Impsvement Program
(Proposition 1).
Department of Water Resirces Integrated Water Resources
Management Program (Proposition 1).
Department of Fish and Wildlife
o Propositon 1 Restoration Grant Programs
0 Wetlands Restoration foBreenhouse Gas Reduction
Program(Greenhouse Gas Reduction Fund)
o State Wildlife GranProgram.
California Conservation Corfforts to assisffirefighting and
fuels management throughout California.
National Disaster Resiliency Competitidiederal grant
programthrough Housing and Urban Developmegisigned to
help communities in rec@ring from¢ and preparing for the
next¢ natural disaster, this program identified Tuolumne
County as a recipient of their 2016 competition.
USDA Forest Serviceand NRO8 A Y i / KASTAQ
Restoration Partnership
USDA Forest Service Landscape Sedworation Program (LSR
Natural Resources Conservation Service (U.S. Department ¢
Agriculture) Environmental Quality Incentives Program and
other programs.

percent of ther budget in
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199 to 52 percent in 2015, and is projected to demand 67 percent of thelget by 202%°

To address this issyefforts are underway to urge Congress to change the way wildfire suppression is
funded through a comprehensive fire funding fix. By changiagisty budgets are structured, disaster
or emergency relief funds would be used to pay for these costly evantsfunds initially allocated for
restoration activities would not need to be transferred in the same way they are currently. The
restoration ativities needed to help prevent large high severity wildfire events in the future could still
be funded, regardless of the fire season.

Private landowners also have limited resources (small forestland owners) to significant resources
(corporate forestlad owners) to support treatments to improve forest health and resilience. In some
cases, this work can be done as a part of revegereerating commercial timber harvests; in other
cases, it can be done as a part of rrmmmmercial forest management actii@s, which in some cases
may receive funding from state and federal programs sispane of those listed iffable4, above.

The insufficiency of existing funding to fulfill the needs identified in this Forest Carbon Plan highlights
the need to identify nes sourcesand mechanismef funding for forest protection and management and
to promote new wood products and biomass utilization markets, including energy and3oete
opportunities for generating new revenue for forest health include:

1 Ecoystem Servies¢ Linkingand communicatinghe benefits of forest healtlq ecosystem
serviceg; to other sectors or marketsouldgenerate financing for forest protection and
restoration. These financing mechanisms link ecosystem service producers and consumers
directly, or through an organizing entity that functions to structure transactions and deliver on
benefits. These arrangements can be funded by public and private entities, includifmyafiin
organizations with a missiedriven interest in the outcome (e.g.land trust can raise capital
for a conservation easement).

1 GHG Compliance Market Offset Prograqm$he onestrategymost clearly linked to climate
objectives is theARB compliance market offset prografor improved forest management
reforestation, andavoided conversionTheseprojectsallow thecarbon sequestration benefits
accruing fronthose activitiedo be monetized through sale of offset#/hile not all of the offset
projects enrolled in the ARB program are located in California, offsets represermpportunity
to link producers and consumers of environmental serviEesest offset projects in California
have generated more than 15 MMT COZ2e in early action and compliance offset program credits
registered with CARB to dafé.

9 DirectBenefits toLocaland Sate Water Quality and Qupply ¢ Collaborative watershed
investments can bring together watetilities and users, air quality management districts, flood
control districts, and land owners and managers to jointly implement watershed and riparian
restoration efforts that reduce utility and district capital and operational costs and promote
forest health activities.

{A3YSR AyG2 tl¢6 AY HwnmcZ !. Hnyn ARSYGATFTASR 41l (SN
further presenting an opportunityo grow constituencies around the multiple ecosystem services
forested watershed investments delivéEcosystem service linkages are describe8ection8, Co

% USDA Forest Service, 2015d
% Data as of January 2017. Available online:
https://www.arb.ca.gov/cc/capandtrade/offsets/issuance/arb_offset credit_issuance_table.pdf
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Benefits New funding opportunities for wood products and biomass utilization are describ@ddtion
9, Wood Products and Biomags

Other, nonmonetary resources will advance the goals of this plan as well. For example, information,
technical assistance, and tools that identify forest conditions and prescribe best management practices
for privatelandowners would be useful in facilitating engagement in regional collaborations. As the
Forest Carbon Plan proceeds into its implementation phases, regional and landscdpe

collaboratives should identify the information and tools that would be us&dithat the state and

federal agencies can seek resources to supply these at the appropriate scale and in their most useable
forms.
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Box2: Role of the California Conservation Corps in Advancing Foredh Healt

The California Conservation Corps (CCC)important resource for addressing needs for environmental protection as

well as youth development. Corpsmembers provide services that allow land management partners to protect, monitor,
and care for land. Corpsmembers spend thousands of hours each ygaving forest health, reducing the threat of

fires, and planting trees. In the last fiscal year (2065 CCC spent almost 50,000 hours on forest improvements, over
300,000 hours on fire hazard reduction activities and over 5,000 hours planting inéak the CCC accomplishes to
advance forest health includes brush clearance, controlled burns, fire hazard reduction, fire suppression, fuelbreaks/fire
lines, slash removal/burning, removal of invasive species, timber stands thinning, urban forestryipnotatd tree

planting.

State Responsibility Area (SRA) Proje@ince 2012, CCC crews have collaborated with CAL FIRE to reduce and remove
deadly ladder fuels and overgrown vegetation on lands
within the State Responsibility Area (SRA). The focus of
these efforts has been to slow the potential spread of
wildfire and create buffer zones around evacuation
routes. Funding through SRA has allowed CCC to be
responsive to locally designated, critical fire prevention
projects by covering the costs of the crewhat work on i
the projects approved by local CAL FIRE Units, Fire Safe &
Councils, and Fire Protection Districts. Work completed
has:

1 Reduced fuel loads and created fuel breaks in State
Parks, freeing up Parks personnel to concentrate on
facility maintenane/repair or providing new
services to the public.

1 Benefitted emergency response organizations by
widening access and evacuation routes. T

1 Created fuel breaks in the Wildland Urban Interface i
areas located adjacent to homeowners, Fire Safe
Councils, locand regional parks, and private ;
reserves or conservancies (entities that do not have |
the budgets to service the lands outside of their
defined boundaries).

1 Provided PosFire rehabilitation to remove dead
and dying trees and prevent soil erosion to preserv
and protect water quality.

1 Provided additioal training opportunities for
Gorpsmembers including Basic Fire Training, Chain
Saw Training, Burn Pile Training, Exotic Plant
Identification/Eradication, and Chipper Training.

Sample SRA Project: Sierra CopRuel Load Reduction (Placer CCC Center, FY 13X#).direction from the Sierra

County Department of Public Works (the Project Sponsor), crews-themued hazardous fuels and vegetation to create

a safe fuel break and proper road clearance within¢banty right of way on Ridge Road between Pike and Alleghany
O2YYdzyAGASE AYy {ASNNY /2dzyies /ITEAF2NYAlI® I FyR ONBga NBY?2
Cut materials were chipped and broadcast on site with the use of a Sppraded chipper. Crews worked a total of

5,528 hours completing 35 acres of fire hazard reduction work. The project provided public benefit through the

reduction of wildfire risk by removing encroaching vegetation, ladder fuels, and snags from the unddbstiong the

project, Corpsmemberhad the opportunity for training in various areas of employable skills including, but not limited

to, identifying and removing heavy accumulations of surface fuels, identifying and creating horizontal separation of
crowns, chainsaw operation and maintenance, as well as team building skills. Corpsmembers learned how to reduce
wildfire risk through the removal of encroaching vegetation by the use of power equipment and manual labor. The crew
also learned about the differérvegetation and other shrub cover in the understory. The sponsor conducted a brief
presentation regarding the history of the area in Sierra County and the importance of the work crews were completing to
help prevent wildfires
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4.2 Regulatory Opportunities
4.2.1 Flexible Elements of Major Regulatory Laws

Some of the most important laws for management of nonfederal larglech as the California
Environmental Quality AcCEQA and the Forest Practice Act and Rulesirrently provide number of
opportunitiesto exempt cetain restoration activitie§rom discretionary permits and environmental

impact review. Actions by both the Legislature and the Board of Forestry and Fire Protection have
recently provided additional ministerial permit options for management that can teetpstore forest
resilience, such as the Forest Practice Rule section 1038(k) exemption for the removal of dead and dying
trees.In conjunction with theseurrent permits, oversight by responsible agencies remains important,
particularly because the usd severalexemptionshas beersignificantlyexpandingecently. For

example, recent legislatiofAB 1958, Wood, Stats. 2016, Ch. 583; AB 2029, Dahle, Stats. 2016,)Ch. 563
requires the Board of Forestry and Fire Protection and CAL FIRE, working withtitipgien of the
Department of Fish and Wildlife and the regional water quality control boards, to reaneveubmit a

report to the Legislature on the trends in the use of, compliance with, and effectiveness of the
exemptions and emergenmperations caducted under the Forest Practice Act and Rililee report

alsois toinclude recommendations to improve the use of those exemptions and emergency notice
provisions.

4.2.2 Increase Use of Prescribed and Managed Fire

In fall 2015, the USDA Forest Service Paifichwest Region, National Park Service Pacific Region, CAL
FIRE, Sierra Nevada Conservancy, multiple environmental organizations, and two prescribed fire councils
signed the Memorandum of Understanding for the Purpose of Increasing the Use of Firetto Mee
Ecological and Other Management Objectives MBWKS ah! NBO23Iy Al Sa GKI G
ecosystems have evolved with fire, which provides resilience and renewal. The purpose of the MOU is
G2Y GXR20dzySy i GKS 022 LIS Mdase the ube ob fiseltamte& gcolagikaband.J- NIi

0K
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currently underway and a number of additional agencies and organizations have signed on to it.

SeeBox 3below for a description of how prescribed fire is used regularly at Big Basin State Park.

8 USDA Forest Service, 2015h
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Box3: Use of Prescribed Fire at Big Basin State Park

A3 .lLaAry wSRe22R& {aGFGS tFNJ

AY {FyGF / Ndd / 2dayade

traces its history to the beginning of the movement to save the redwoods at the beginning of tt@e2ury. Today,
Big Basin contains some of the largest and oldest organisms on the planet, and is home to rare and magnificent wildlife.
For example,tie State endangered and Federally threatened rfedbmurrelet nests in the upper canopy of redwood
trees and makes famously long daily journeys to the ocean to feed. Stewardship of these forests is important for the
murrelets, which are dependent on oldayrth forest for their survival, and for the hundreds of thousands of visitors
who visit the park each year. Protecting redwood forests has also taken on another meaning in recent years, as

redwoods form some of the most carbaiense forests in the state.

Image: Jonathan Knowles

The photo shows a member of the State Parks burn crew during
2011 pescribed burn. These burns are generally-$ewerity and are
designed to clear surface fuels (woody debris) rather than live tre
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Managers at Big Basin Redwoods State Park strive

to maintain healthy forest conditions that protect
old growth and restore older forest conditions at
the park. At times they must take a hards
approach to ecosystem stewardship. Since 1978,
managers hee utilized prescribed fire as a
management tool at the park. Each year,
California State Parks managers and CAL FIRE
crews collaborate to treat 16800 acres of
redwood forest through prescribed burns.

These burns increase resilience and continue a
practice employed by native people of the region
for thousands of years. Coast Redwood forests
are typically in foggy, moist regions with
infrequent lightning strikes; given this climate
and the absence of natural ignition sources, it is
unlikely that redwoodsvould encounter much
wildfire in the absence of humans. However,
native people from the Big Basin area frequently
used fire as a management taobften starting in
nearby grasslands to stimulate food and other
resource production. As a result, fire scaienfir

the trees indicate that these forests actually may
have burned every Q5 years (Stephens and Fry
2005). Fire provides important functions in the
forest, such as stimulating nutrient cycling and
promoting redwood tree resprouting. Thus, State
Parks hasound that continued use of prescribed
burning is crucial for cultural values as well as for
protecting the ecological integrity of these iconic
natural resources.
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4.2.3 Small Landholders and Land Management

FIA datandicatethat there are 7.6 million aess of noncorporate forest landn Californiaand that 61
percent (about 4.6 million acres) of that land is fareilyned parcels of 500 acres or less. There are
significant financial barriers to small landholder management, including costs associated with
completing a timber harvestg plan (THPYr Nonindustrial Timber Management Plan (NTMBplace
statutes have modified the casbf landowners to prepare applications for discretionary permits for
commercial timber operation¥?° but the costsf reguhtory compliancestill may exceed the beneit
making forest management financially infeasible. In some cases, financial assistance may be available to
landowners to completéorestimprovementactivitiesthat do not generate timber revenues, and these
incentive programs are discussed beldwscussions surrounding legislative and regulasotytions to
high regulatory costs have been ongaigiccessful progress and outconoesthis topicare important

to make forest health and resilience improvement Wdwy small landowners more feasible through
reduction of regulatory costs, while still ensuring that natural resources are protected.

4.2.4 Explore Approaches to Securing Exemptions to Federal Restrictions on the Export of
Sawlogs from Federal and Other Pubdinds.

Federal and stateastrictions on log export from public lands have ebbed and flowed since the 1800s,
with major adjustments made in thate 1980s and early 19985 While these restrictions made sense
at that time, certain conditions in Califaenare much different today, where there is much less mill
capacity and where droughand beetleravaged and severely burned forests have resulted in material
that far exceeds this mill capacityzederal statutes and regulations in this area do proypideessedor
securingexemptionsfrom export restrictionsn certain circumstances, including an excess of materials
beyond domestic processing capacities.

8 AB 904, 2013
9 AB 1492, 2012
I Daniels, 2005
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5 Measuring Progress

Monitoring adherence to this plan and measuring progress is cruciel $access. This plan contains

both highlevel performance objectives for climate change mitigat@rs OdzNA Yy 3 / | f AT2 NV Al Q2
as a net carbon sink and minimizing the GHG and black carbon emissions associated with wildfire events

and management actities ¢ and implementation goals that are intended to lay outthe-ground

forest protection and management and related activities that will move forests across the state towards
resilient conditions. Monitoring must also measure the other key attribufdsealthy forest systems,

biodiversity, and economic and ecological sustainability.

Monitoring, performance assessment, and public reporting must be characterized by consistency, utility,
and transparency. Because of the rapid and unprecedented changes @adifornia forests are

undergoing, comprehensive and timely monitoring is required to understand the continuing challenges
Ot AYIF(GS OKIFy3S LkrasSa T2NJ F2NBald KSFHfGK® /I fAF2NYA
federal and internationaltandards for carbon accounting and forest management (el§DA-orest

Service, other federal climate programs, and guidance of the Intergovernmental Panel on Climate
Change). Where possible, stgteoduced and maintained planning tools and databases Ishoe

accessible to local langse decisiormakers and private and public landowners to facilitate adoption of
best practices and informatiesharing across jurisdictiond/orking with landowners, communities,
collaborative stewardship groups, tribes, edc. monitoring and adaptive management responses is also
an important component of measuring progress and responding to what is found.

5.1.1 Monitoring and Reporting on Carbon Stock &htlGand Black Carbon Emissions
Carbon Stock and GHG Emissions

Performance wih regards to these objective will be measured using a combination of-stwenkge and
GHGux approaches for forest carbon and GHG emissions statewide, measured in metric tons of
carbon, on an annual, calendgear basis relative to a teyear baseline @riod ending in the year 2015
(i.e., 2006 to 2015). Carbon stock assessments will include carbon stored in durable wood products.
Black carbon emissions will besessedeparately from GHG emissions.

If forests statewide are performing as a net sink, #verage change in carbon stock over the period
should be positive. The carbon stock reported in each year will be thgganrolling average of carbon
stocks, so the value reported for 2015 is the average carbon stock over the years 2006 to 2015. Using
the most recent teryear period, 2006 to 2015, corresponds to the initiation of the landmark California
Global Warming Solutions Act of 2006, and includes climatic conditions that are likely to be more
representative of future climatic conditions than wouwd earlier period (e.g., one that includes 1990,

the baseline year for Assembly Bill GBIGemission reduction requirements). Some organizations
submitted comments with the suggestion that the baseline for forest carbon should refer to an earlier
year (eg., 1990) or to a period prior to the early2dentury, in response to both the Forest Carbon Plan
[ 2y OSLIG tFLISNI YR LINBaSydlFdAz2y 27F ! w. Qamddérni dzNJ £ |
FIA and geospatial data used for baseline developmentrbecaidely available only after 2000, limiting
the analysis of early carbon stocks prior to 2000

Forest carbon stock inventories will be reported directly by the Board of Forestry and Fire Protection
andserve as a data source to infoldRB2a b I G dANIE A Y FR[ RYR& DI D Ly@Syid2NE
LY@SYyiz2NEBeéO® ¢KS . 2FNR 2F C2NBaUNE IyR CANB tNRGS
carbon stocks pursuant to compliance monitoringAd1504 (Skinner). The fird8 1504 report is
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expected to be releagkinearly2017. TheAB 1504 inventory methods rely on FIA data, and will use a
rolling, 18year average as described above. The ARB Inventory uses FIA data and satellite imagery to
inform its inventory of carbon stock in wildland forearsd other lands tdiscrete points in timpARB is
currently developing methods to inventory carbon sequestered in urban forests, which will ultimately be
included in the ARB Inventory. ARBnNs to updatehe Natural and Working Lands Inventory on a bi
annual basis. Mordetailed descriptions of the dat@nd methods used for both the A504 and ARB
inventories are contained iAppendixl.

The ARB Inventory measures both carbon stock and GHG flux associated withstogéon

categories of forests and other lantfsThisinventory will include GHG emissions associated with
disturbance eventancluding wildfire and is therefore an important source of information to determine
net GHG emissions from forests.addition to a Natural and Working Lands sector, the ARB sidg¢ewi
GHG inventoryncludesother sectors such as power generation, transportation, industry, and waste
management Itcan provide a holistic assessmeficarbon stocks from natural and working lands as
they interact with other sectorsThe ARB Inventorig asuitablestandalone reporting mechanism for
the goals of the Forest Carbon Plan, which are aimed at both securing carbon stock and reducing
systemwide GHG emission$heassessments of carbon stoickthe ARB and AB 150dventories

should be constent. To promote this consistencRB, in consultation with CNRA a®éL FIRill
engage in a comprehensive review ayaimplete a standardized GHG inventory for natural and working
lands including forestshy Dec. 30, 2018&s called for in Senate 89 (2016), Sec.15

Determining thenet GHG emissions associated with fluctuations in carbon stocks, disturbance events
and other processes, active management, and biomass utilization across multiple applications may
require additional accounting consid#ions. For example, the biomass utilization targets described in
Section3 engage the electricity, fuels, and agricultural sectors to move forest biomass to earbon
beneficial uses. The engse efficiency, measured in gQmust be understood and accountéat in

order to evaluate the effectiveness of the policies and programs that will implement this Forest Carbon
Plan. This accounting will be undertaken through the process established to accomplish the mandates in
SB 859 (2016), Sec. 15 and hallcompléed by Dec. 30, 2018.

Black Carbon Emissions

Black carbon emissions from wildfire will éstimatedusing the inventory methods developed BRB”

This method uses the teyear average from 2001 to 2011 of Particulate Matter 2.5 B Mmissions

from wildfire to represent average conditions and avoid large yteayear variations in the inventory.
Similar to carbon stock figures, black carbon emissions will be assessed as a rolling average of annual
emissions over ten year periods, expressed in metric tambon dioxide equivalent. Data on emissions
from prescribed fire can also be tracked and reporteearBiual reporting will include the aggregate
number for black carbon emissions assbed with wildfire statewide.

5.1.2 Monitoring and Reporting on Implemextion Activities

Centralized and standardized tracking of implementation activities to meet Forest Carbon Plan
targets will be necessary to fully account for all efforts, identify areas of underperformance, and
effectively work towards the ultimate perfoimy OS 26 2SOGAGS 2F YIAYy Gl AyAy3

92 Calfornia Air Resources Board, 2016¢
93 california Air Resources Board, 2016d
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net sinks of carbon. There are a number of acreldggsed numerical targets, or numerical ranges,

for implementation of forest management activities over time. This implementation will flow from
prograns and responsibilities across multiple local, state and federal agencies, and actions of local
public and private landowners and managers. In many cases, there are not reporting structures or
tools in place for consistent tracking that can be accessedisiiwked to support policynaking and
implementation along multiple channels. For example, reforestation activities are currently
undertaken or funded bfederal andstate agencies including thidatural Resources Conservation
ServiceCAL FIREhe Califonia Department of Parks and Recreation and the California

Department of Fish and Wildlife, among others, but are natkeal in a centralized database.

There is currently no centralized database that includes a full listing of forest management and
consenation activities that have taken place and are underway throughout California. Forest
management and conservation activities are initiated by public and individual private landowners and
entities, and are either voluntary or mandated actions. Voluntarjoastare funded by a range of state,
federal, local and private funding sources, through various programs, often of limited duration tied to
funding availability. State and federal agencies currently maintain a number of databases that track and
report onmanagemenand conservation activities.

Databases in use include;:

1 CAL FIREses CalMAPPER and has a database with certain information contained in timber
harvesting plans, forest improvement projects, and fuels redution

1 The California Department ofdh and Wildlife uses the California Environmental Data
Exchange Network EcoAtla¥, and Miradi’ for various project types and programs;

1 CNRAmaintains grantspecific information associated with bond initiativesand

f TheUSDAForest Service reports foreactivities through regional and national databaSes

These databases vary in their level of detail and are not currently fully compatible. Also, most are not
designed to provide data on expected carbon stocebiGor black carbon emissions associateithw
management and conservation activities. Developing a centralized database or an automated system
that can pull and standardize data from disparate sources will be important to track progress in a way
that links policies, programs and funding sourcesutcomes. The CNRA will seek resources to develop
and implement a centralized database or other information management system to track
implementation activities identified in this Draft Forest Carbon Plan across its boards, departments, and
offices by Deember 30, 2018. Where possible, this system will be designed to accommodate additional
inputs from local and federal agencies and organizations to build a complete picture of statewide
implementation activities.

% California Department of Forestry and Fire Protection, 2016b, 2016c
% State Water Resources Control Board, 2016

% California Water Quality Monitoring Council, 2016

% ConservatiorMeasures Partnership and Sitka Technology Group, 2016
% California Natural Resources Agency, 2016b

* USDA Forest Service, 2016d, 2016e
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6 Forests of California Today

6.1 The Western érest Context

¢tKS O2yRAGAZ2YyAa 2F [/ FEAT2NYAlIQa F2NBada (G2RIFeé& akKl N
western United States. Forest health problems, increasing wildfire, and a changing climate are common
themes. A recent journal article found

Large standevel shifts underway in western forests already are showing the importance of
interactions involving drought, insects, and fire. Diebacks, changes in composition and
structure, and shifting range limits are widely observ&d.

Most forests amss the western United States are fppeone. The ecosystems of these forests have
adapted to fire as a primary source of disturban¥aildfire is an essential part of these ecosystems,

and many of the native tree and plant species are dependent on gierdisturbance from wildfire.

However, altered wildfire regimes and changes due to land management have affected forest structure.
A century of fire suppression, preferential harvesting of large, fire resistant trees, and opposition to
timber harvesting a public lands have all contributed to create the forests we have today. Under these
conditions many western forests are now overly dense, unhealthy, and continue to experience large and
severe wildfires.

62 / T AT2NYAlI Qa C2NBada

The Forest Carbon Plan focesen forested ecosystems and associated ecological communities, as well
as urban forests. California has a large forestland base (approximately 32 million acres, or almost one
third of the state)'®® California forests arexceptionallydiverse with a wide variety of tree species,
including but not limited to, many types of conifers (e.g., Doufitaponderosa pine, sugar pine,
bristlecone pineincensecedar, coast redwood, giant sequoia) and also many species of oaks and other
hardwoods (e.g., blue oaklack oak, coast live oak, tanodl)is diversity of forests results from a

similar diversity of climatic zones, soils, elevations, and other environmental factors.

DAGSY (GKS RAGSNEAGE 2F /I fAF2NYAIl GlinguisRtheBezat SO2aea
least at a general level, in order to be able to discuss their specific condition, risks, and management

goals. The ecoregions used within the Forest Carbonvilemdeveloped by CAL FIRE as part of the

FRAP Assessment update procasg are based on | A f @Bgizasec8ons(Figure 5.

An ecoregion represents large landscape areas that share common environmental conditions, natural
O2YYdzyAGASaZ yR | 2aSYof Is8cBonsard pad dilsr@toabhierahichlA £ S& Qa
framework. The largest ecosystems are domains, which are groups of related climates that are
differentiated based on precipitation and temperature. Divisions represent a further refinement of the
climates within domains and are differentiated basedprecipitation levels and patterns as well as
temperature. Divisions are subdivided into provinces, which are differentiated based on vegetation or

other natural land covers. Beneath provinces are-sections, called ecoregions in this report, which

are subdivisions of provinces. The map below shows these units as used in the Forest Carbon Plan. For
this report the term ecoregion and eeection refer to the same planning unit.

% Clark et al., 2016
%1 Agee, 1996
192 California Department of Forestry and Fire Protection, 2010
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Acaimulating evidence suggests that in Mediterranedimate forests such as those of California, the
optimal, resilientlevel of carbon storage in living trees is much less than what the site can maximally
support at a given point in time, and strongly retiethe disturbance regime under which the forest
grows ' That is, redistributing the total carbon storage among fewer, larger, and more fire resilient
trees has the highest chance of safeguarding the most carbon in the longRegearch has suggested
that the presence of very large trees in gt800 California forests resulted in higher carbon storage per
acre than the overgrowstandsof many California forest®day'®. This is demonstrated by
measurements in the Sierra Nevada where a remainingy@@old sugar pine contairess much carbon

in its trunk as 175 thirty year old white fir growing nearbggSection6.3 and Figure B Carbon storage
strategies must also consider the broader ralff®f environmental services that forests provide (e.g.,

193 North and Hurteau, 201

%% Collins et al., 2015

1% North, Hurteau, & Innes, 2009
1% Millar & Stephenson, 2015
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clean water, water storage, clean air, soil productivity, nutrient cycling, wildlife habitat, forest products,
and recreation) and the tradeoffs that may occur among them. The forest carbon strategies presented
in the Forest Carbon Plan can support mogipifall, of these benefitéh any given ecoregion or forest
stand

Forest carbon is stored in both forest ecosystems and in harvested wood prpdodthere is

increasing interest in storing forest carbon in Amnest soils as a component of compospdhar, or
20KSNJ) a2Af | YSYRYSy(azx So3ad GKNRAIAK GKS / fAF2NYA
Initiative."®” The degree to which California forests operate as a sinksantte)is influenced by land
management, by range of forest health issueg.(ggrowth, tree mortality from drought, pest and

disease outbreaks, wildfire, other agents of disturbance), and weather. In recent years, the prolonged
drought conditions have resulted in elevated tree mortality that is widespread across thessouth
Siera.*® When combined with extensive wildfires, the capacity for forests to store carbon could be
diminished. For all forestlands, improving forest health and managing to reduce losses from mortality
can greatly increase and protect the carbon balance onsttards. On commercial and other actively
managed forestlands in California, efficient uses of long lasting wood products and residues for energy
can yieldGHGbhenefits.

6.2.1 Ownership Patterns

I FTEAFT2NY AL Q&4 FT2NBadt andpRublitowneBhip@de R&bR Bl Bigue § By LINRK D1
federal government manages 58 percent of these lands, with the remaining areas under state and local
government (3.4 percent) and private management (39 percent). Despite the challenges diverse

landowners introduce, cadination among state agencies, private landowners, and federal agencies is
essential to the success of a comprehensive forest climate strategy in Califoutiare and mission

differences areembedded within government institutions, private organizagpand individual

landowners, making coordination and cooperation a challestgémes Practical and political strategies
shouldopenlyaddress these different objectives and the capacities of different forest landowner and

land management agencies to let take advantage of the opportunities inherent in diversipx4

presentsone example of a proposed effort among ti@hoeCentral Sierr&dNE A A 2y Q& LJdzof A O | 3¢
private sector, and key stakeholder groufdther examples of efforts include Cditarative Forest

Landscape Restoration Progriitefforts such as Dinkey Créélor BurneyHat Creek'

The proportions of forest in public or private ownership in California have not changed substantially
over the past several decades and the extent of foeggtlhas remained stablélse and management
can differ across any given ownership ty@d.the estimated 32 million acres of forestland,
approximately 17 million acres are timberldfifd Unreserved forestland makes up astimated69

percent of public forets with the remaining31 percent in reserved status unavailable for timber harvest.

197 California Department of Food and Agriculture, 2016

% potter, 2016

19 \sww.fs.fed.us/restoration/CFLRP/

10 https://www.fs.fed.us/restoration/documents/cfirp/2015AnnualReports/Dinkey.pdf

" hitps:/iwww.fs.fed.us/restoration/documents/cflrp/2015AnnualReports/BurneyHatCreekBasinsProject. pdf

"2 Eorest is considered timberland if & growing on ground that is capable of significant annual tree volume

ANRPoGK YR O2YyaARSNBR F@FLAfFo6fS F2NJ GAYOSNI Yyl 3SYSyidasx
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Table 5 Forestland Area by Land Status and Ownership Group, California-2008

Ownership group
National forest BLM NPS Other Stateand Private Total
federal local govt.

Land status
Thousand acres
Unreserved forest land:

Timberland 8,894 310 141 7,258 16,616
Other unreserved forest land 2,516 941 105 170 5,190 8,994
Total, unreserved 11,410 1,251 105 311 12,448 25,610

Reserved forest land:

Reserved productive forest land 2,791 50 981 330 -- 4,155

Other reserved forest land 1,196 211 452 14 458 - 2,336

Total, reserved forest land 3,987 261 1,433 14 788 -- 6,492

Total, forest land 15,397 1,512 1,433 119 1,099 12,448 32,102

Source: Forest Inventory Analysis (FIA) Program, Christensen 2016 unpublished data.

How a forest is used and managed, not just ownership type, ultimately impact foraith lzed
resilienceC2NBaidia Ay 6KAOK (NBSa FINBE KIFINWPSadSR NBIdzZ I NI
forested landscape consists of a mosaic of land uses including working forests, conservation reserves,
and those associated with humatominated uses. These landscapes function at multiple scales to
provide ecosystem services, such as carbon sequestration, aesthetic resources, recreational
opportunities, wildlife habitat, and water quantity and quality. Forested landscapes may also provide
economic opportunities to residents and others who participate in timber harvesting and production
and who provide recreatioror tourismrelated services. Increasingly, forests have been used for illegal
marijuana productionwhich brings loss of habitafstream water quality and quantity impacts, and
chemical contamination to our forest§® Conversion of forest to vineyards also has been occurring and
at times created localized controversyimber harvest volume has generally declined since the toid
late-1980s, but has been trending upward in the last five yefaosn 1.3 billion board feet in 2011 to 1.6
billion board feet in 2018 or a 24% increase

13 california Department of Fish and Wildlife, 2015
14 California State Board of Equaliibn, 2016

50



Forest Carbon PlarDraft for Public ReviewJanuary2017

Ownership of Forested Land

California
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‘This map was produced with
US Geological Survey (USGS) Multi-resolution Land
ization Consortium (MRLC) land cover classification data

and land ownership information derived from the Gap Analysis Project
(GAP). Landsat Thematic Mapper (TM) satellite imagery was classified
using land use and land cover definitions. The TM imagery was acquired in
1992 and classified at a resolution of 30 meters. Data development and
X ‘map layout nducted by the USDA ice, Pacific
;. Northwest Research Station, Forest Inventory and Analysis
\ Program (FIA), Portland, Oregon.
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Figure 6 Ownership of Forested Land in California
SourcelUSDA Forest Service, 2016
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Box4: Large Landscape Collaboratyy&€heTahoeCentral Sierra Initiative

.dzZAf RAY 3 dzZLRRy GKS | OGA@GAGASA 2F GKS /I f A FseaklegionalD2 GSNY 2 NR A
efforts, the Sierra Nevada and Tahoe Conservancies, in partnerghithelUSDAorest Service, are proposing a Tahoe

Central Sierra Initiative. The planning landscape is comprised of the Lake Tahoe Basin and the watersheds of the

American, Bear, Yuba, Carson, and Truckee Rivers. Although tree mortality and other drpagis ihave been much

more severe, to date, in the southern Sierra, the central Sierra and the Lake Tahoe Basin are also likely to face
RSOFAaAGFGAY3 AYLI OGa 6A0GK2dzG +Fy |33aNBaargsS O022NRAYyIFGSR STF
key stakeholder groups. Further, it is possible that a robust forest health program in the central Sierra will help in

preventing, or at least slowing, thedfectsof the pine bark beetle.

The TahoeCentral Sierra Initiative will seek to accelerate inmpdmtation of large landscape forest health projects and

the development of biomass utilization infrastructure, while providing the opportunity to explore innovative process,

investment, and governance tools. The initiative is a key component of the Sieveada Watershed Improvement

t NEINI YS | O2ttl02NI 0ABS STF2NIL f SR DAForastiS&vice. TheTdhera { A S NNJI

/I SYGiNrf {ASNNY LyAdGAlFGABSQa 202S0GA@Sa oAttt 6S | OKASGSR

1 Supportingdevelopingandimplementingsciencebased large landscape projects with integrated design,
implementation and monitoring;

1 Acceleratingplanning, permitting and implementation of high priority projects;

1 Increasing and leveraging federal, state, local, pridate funding;

1 Integrating research and monitoring into activities to guide creation of fire and climate resilient forests and fire
adapted communities across ownerships;

1 Developinga regional biomass utilization strategy to improve air quality, redaéd Gemissions, and offset forest
restoration costs;

1 In concert with existing efforts, establishiagegional, scienebased, conservation planning and implementation
framework;

1 Developing a collaborative communications network which will share and gmpissages about successes, needs,
lessons learned, and opportunities to duplicate innovative pilot approaches in other locations;

91 Developing a strong relationship between this landscape and nearby urban areas so that downstream stakeholders
can see firdtand the impact of restoration activities in their upstream headwaters; and

1 Exploring a pilot to demonstrate the possibility of successful private investment in headwaters restoration to yield
an improvement in ecological services for investors.

To learnmore, visit: www.restorethesierra.org

Lake Tahoe
Tahoe ?Basin
Management

<) ,, _——
Tahoe-Central Sierra Area "% {_!Eldor do
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6.2.2 Climate Impacts oRorest Health

Climate is a primary driver of the dynamics of forest and range ecosystems, especially the type, species,
and productivity (including rates of carbon sequestration)pcses. Future climate change scenarios
predict increases in temperature, increases in atmospheric carbon dioxide concentrations and changes
in the amount, form, and distribution of precipitatidfir Altering these fundamental climate variables

will result n changes in tree growth, in the range and distribution of species, and in disturbance regimes
(e.g., wildfires, outbreaks of pests, invasive species). Relatively small changes in temperature and
precipitation can affect reforestation success, growth, spsbility to pests, and forest productivity.
However, restoring forests to healthier and more resilient conditions will reduce their vulnerability to
these changes.

Historically, forests in California experienced periods of drought and temperature chaxgethe

centuries and were in general resilient to these changes. As climate change impacts unfold over the

YSEG ¥S6 RSOIFRS&azr (KS FT2NBaild aleadysonificanisaltéred RomK S £ § K
historic conditions. As a resultientists are concluding that California forests as they currently are will

not be as successful in absorbing these changes as they once did.

Given the long lifespan of trees in a forest stand, from decades to hundreds of years, the effects of
climate chage on disturbance regimes may become apparent prior to noticeable changes in forest
species composition. These include changes in the timing, frequency and magnitude of wildfires, pest
infestations, and other agents of disturbant@ While disturbances oct regularly in these

ecosystems, large changes in the patterns of disturbance could make forests less resilient, especially in
unhealthy stands already under significant stress from competition. Vegetation types with restricted
ranges may be more vulndske than others and are already under stress from land use changes (i.e.,
expanding wildland urban interface) and managemehtSimilarly, existing forest stands may not
demonstrate significant impacts from effects of climate change, but forests recovesimga high

severity event may have difficulty reestablishing.

The influence that climate has on disturbance regimes is already affecting forests. Until recently, much
of California was in the fifth year of a severe drought; significant portions otdte emain in a

significant drought condition. Recent research has demonstrated that up to 27 percent of this drought
can be ascribed to climate changgven warming:'® The ongoing drought in California is making many
forests less resilient to wildfirenal more susceptible to bark beetles, especially overgrown forests that
have missed multiple natural fire cycles. In a cyclical fashion, increased beetle activity from climate
change leaves behind greater tree mortality, which in turn contributes to reeverewildfires while in

the red needle phase, butB years post outbreak are less flammable than green needle tfes.
Additionally, low severity fire has been shown to increase production of tree defenses against bark
beetles, which then wanes if fire absent too long, leaving the trees more vulnerable to attfek

"5 pale et al., 2001
"8pale et al., 2001

"7 Eoster, 2003
H8yvilliams et al., 2015
M9 Simard et al., 2010
2 H00d et al., 2015
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Extended drought and earlier snowmelt may become the new norm, as southern California is expected
to see conditions up to 30 percent drier and one to two degrees Fahrenheit hotter thanitétoorms

in the next 15 year¥* Additionally, increasing temperatures and decreasing precipitatarsedby

climate change contribute to dry and hot conditions favorable for wild&mes willtherefore continue

to increa® the risk for wildfirebeyondwhat California faces todayrire seasons in thd.S.west have

already increased by 78 days since the-iB803% so greater increases in the length of fire seasons in
coming years are likely. In the®Jsouthwest, humarcaused change® forest structue alsoare

primary contributors tothe recentgrowth in wildfire activity”.

As discussed above in Section 2.2r8etgrowth and carbon sequestration rates are stunted during
drought periods.Thefindingsreported abovehave important implications for #nbenefits of forest
treatments on the resiliency of forest carbon sinks in times of drought.

6.2.3 Insects and Diseases

brGA@S AyasSoida FyR RA&ASIF&aSa INB Fy AyidS3aNFft LI NI
functions. Most are host specifianly attacking one or a few closely related tree species. At endemic

levels, insects and diseases and the dead trees they leave behind provide food or habitat for wildlife,
recycle nutrients within the environment, thin ovetocked stands, create esseaaltsnags and forest

openings and help maintain forest diversity.

Non-native insect and disease pests (also called exotics or invasive species) can cause great harm to
forests. Trees often lack natural resistance to these pests with which they have-ewblwved and

many such pests have large host ranges. They can impact the environment by causing local or
widespread species extinctions, displacing native species, altering forest fire behavior or increasing tree
mortality above expected background lesel

Some insects and diseases are found at varying levels throughout California while others are found
predominantly in specific regions of the state. Table 9 lists the major pest in the state.

2LKrist Jr. et al., 2014

Westerling et al., 2006
123Westerling, 2016

122
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Table 6 Major California Forest Pests.

ECOREGION NATIVE PEST EXOTIC PESTS
Eastside Bark Beetles, Root Disease Satin Moth
Sierra Nevada and Cascade| Bark Beetles, Root Disease, White Pine Blister Rust
Range Dwarf Mistletoes
Klamath and Interior Coast | Bark Beetles, Root Disease, Port Orfod Root Disease, White
Range Defoliator Insects Pine Blister Rust

Bark Beetles, Root Disease, Sudden Oak Death

North Coast Animal Damage

Central Coast and Interior | Bark Beetles, Root Disease, Sudden Oak Death, Pitch Cank
Ranges Foliar Diseases Disease

Bark Beetles, Defoliator Insects| Gold Spotted Oak Borer,
South Coast and Mountains | Root Disease, Air Pollution Polyphagous Shot Hole Borer,

Kuroshio Shot Hole Borer

Source: CAL FIRE Pest Management Program Staff.

To recap from above, péhe USDAC2 NB & i { S NI A O&QREisedse Roves? Kidk Assdsgman O (i
201320272*, California is at risk of losing at least 25 percent of standing live forest due to insects and
disease, over 5.7 million acres, or 12 percent, of the total forested area in the state. Some species are
expeded to lose significant amounts of their total basal area (i.e., whitebark pine is projected to lose 60
percent of basal area, while lodgepole pine is projected to lose 40 percent). While future climate change
is not modeled within the risk assessment, andrent drought conditions are not accounted for in

these estimates, the projected climate changes over the next 15 years are expected to significantly
increase the number of acres at risk from already highly destructive species such as mountain pine
beete.

Sudden oak death, a disease caused by themative Phytophthora ramorumhas been found in

California since the mii990s. It has a host range of over one hundred species but is most damaging
and deadly to tanoaks and true oakiree to four millon trees have been killed by the disease in the
central and northern coastal regions of the stédedate. The mortality has resulted in changes in stand
species compositions, reduced mast production for wildlife, loss of cultural heritage and tradlitions
Native American tribes in the argand an increased fire danger due to increased fuel loads. In
particular, redwood tree mortality has been found to increase during wildfires in areas with high sudden
oak death mortality of tanoak¥>

A warming and dring climate may have several impacts upon sudden oak death disease. The disease
may spread more slowly since it requires humid and wet conditions for infection. However, when
conditions do occur for infection, mortality may increase due to the gredtess of a hotter and drier
climate. Longerm changes in stand structure and composition due to the combination of the disease
and a changing climate are uncertain.

Native bark beetles are currently causing high levels of tree mortality in Californen,Where, and
the extent to which mortality occurs is primarily influenced by forest stand and drought conditions. A
dramatic rise in the number of trees killed by bark beetles follows one to several years of drought: the

124 Krist Jr. et al., 2014

125 Metz et al., 2013
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more severe and prolonged the drght, the greater number of dead trees. Dense groups of trees are
particularly susceptible to bark beetle attacks due to stress caused by competition for limited resources,
and stressed trees equate to suitable host material for bark beetles and sucaegstiduction results

in more beetles and higher levels of tree mortalit§. A number of other factors in overly dense stands
increase the damage bark beetles can inflict. Dense stands have decreased airflow, allowing successful
attack pheromones to renia in the air for longer, attracting more beetles to join in the attatk

Stands with similar species closer together are within easier reach to bark beetles, compared to a more
open stand with a more diverse species makélpLarge trees are preferred byark beetles and where

large trees are surrounded by smaller trees, bark beetles are able to launch more attacks on the larger
tree, draining its defenses to the point that the attacks eventually become succé$sful

Tree mortality is on the rise @alifania Figure 7 Box5). In response to the very high levels of tree
mortality concentrated in the Sierra Nevada, Governor Edmund G. Brown Jr. issued an emergency
proclamation on October 30, 2018, Under authority provided under the 2013 Farm Bill, therStary
of Agriculture and the Chief of tHdSDA-orest Servicas of late 2015 hadesignated 6.7 million acres
of National ForesBystem &ands in California as inseend diseasghreatened. For certain
collaborative projects less than 3,000 acresize sthis designation can provide a streamlining of
National Environmental Policy Act planning processes.

There is usually a lag time between drought years and tree mortalitytrendecentsharp rise in

mortality reflects the cumulative impacts tiie past four years of drought. Field data from thkSDA

Forest Service State and Private Forestry Aerial Detection Surveys in 2016 show elevated tree mortality
associated with bark beetles primarily in the southern Sierra Nevada and in southern California
mountaing**32 As showrin Figure 7 tree mortality has also increased significantly in the northern

Sierra Nevada from 2015 to 201Bighlevel statisticfrom the Forest Service Aerial Detection Survey
underscore the extent of the recent daf:

1 Atleast 102nillion dead trees are associated with severe drought (see FiQubark beetles,
warmer temperatures change, based on 2010 to August 2016 surveys.

9 From 2015 to August 2016 alone, 62 million trees have died, not including trees that died in
fires, suchas the Soberanes Fire.

1 7.7 million acres (2016) with some level of drought related tree mortality were mapped in
California, starkly higher compared to about 871,220 acres in 2014.

126 YA Forest Service, 2016f
YIcSGGA3 9 1 At al Ol
2BcSGGAT 9 1At al Ol
129North, Hurteau, & Innes, 2009
130Brown, 2015

31| nformation available from Forest Service websitetp://www.fs.usda.gov/main/careemortality/home

32 More recently there are reports from the field that increasing tree mortality also is being seen further north in
the Sierra Nevada mountains.
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Figure 7. Progression of Tree Mortality in the Sierra Nevada, 22046.
SourcelJSDAorest Service2016
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Box5: Tree Morality and Carbor Southern Sierra

Tree mortality in California has reached previously unseen levels, with 62 million trees dying in 2016 from disease, bark

beetle, and drought, not including trees killed by fire. Of the recordedfirertree mortality,over 50 million were in the

forests of the southern Sierra Nevada. From a carbon perspective, this represents 50 million trees that are no longer

pulling carbon from the atmosphere but instead will release their carbon back to the atmosphere. Addiegieat

pool, the carbon in these trees will slowly decay over the next few decades, be quickly released in future fire events, or

be used in in a biomass industry. The timing and form (e.g., carbon dioxide, methane, black or brown carbon) of these
ONBEaND 2y SYAdaarzya gAfft KIGS YFE22NI AYLIEAOFIGA2ya F2NJ / Ff A7

There remain significant gaps in our understanding of the sizes of trees that have died, although larger trees are

preferred by bark beetles, thefere it is difficult to make accurate estimates of the amount of carbon that has

transitioned from the aboveground live to aboveground dead carbon pools. Further refinement, discussion, and data are
needed to better understand the carbon consequencesofta & S| NDa Y2 NIl f Ade o ¢NBS Y2NII
carbon that has transitioned to the dead pool in 2016 is estimated by southern Sierra Nieady below.

County Number of Dead Trees Metric tons of carbon Metric tons of CO2e

Placer 574,000 150,000 500,000
El Dorado 1.4 million 350,000 1,400,000
Amador 665,000 200,000 700,000
Calaveras 1.8 million 500,000 1,800,000
Tuolumne 6.1 million 1.6 million 6 million
Mariposa 6.7 million 1.8 million 6.5 million
Madera 8.8 million 2.5 million 9 million
Fresno 12.1 million 3.4 million 12.5 million
Tulare 13.2 million 3.7 million 13.4 million

51 million 14.2 million 51.8 million

The tree mortality in unhealthy forests in 2016 has resulted in o@anilion metric tons of CO2e changing to ttiead

pool, or the equivalent of addinglimillion internal combustion engine cars to California roads. This recent tree
mortality adds to unstable dead carbon pool that has been building this decade, with over 100 million trees dying since
2010, before &ctoring in trees killed by fire.
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6.3 Forest Carbon Storad®/namics

I TETAFT2NYAII QA FT2NBada OdaNNByidfe KIS KAIKSNI RSyaai
overall compared to historic forest conditiafis *** *** These conditions have détmental implications

for both the resilience of the forest and quality of the forest as a carbon sink. In dense stands,

competition for scarce resources can stunt individual tree growth rates, and therefore, sequestration

rates. Stands that have reduce@é& competition, achieved by fire or mechanical treatment, can

experience greater growth rates in the live trees that renfafrallowing carbon sequestration rates to

continue increasing over time. Under stressful conditions, such as drought, overly tem$e can

stunt their growth and take years to recover once the drought subsides, while healthier stands may

continue sequestering carbon across those ygars®

Large trees store and sequester more carbon than small ff8edne large, old sugar pine tree,
approximately300 years old, stores as much carbon as 175 youngere&@éold whitefir (Figure8).

Large trees also contribute the greatest amount of carbon sequestration on an annual basis in California,
as shown inrake 7, while smaller trees are met negative. In dense forest stands, large trees are more
vulnerable to forests pest and drought, causing larger trees to experience lilggreexpected levels of
mortality.**® The mortality of large trees causes significant carbon to shift from lideaal pools, along

with a significant drop in annual sequestration rates. While this shift may not cause noticeable changes
in the total amount of forest carbal{* more of the carbon pool is shifted into dead material which is
unstable, and the overall seqsiation rate of the stand slows andaybe negatedby emissions from
increased decay over time. If the dead pool emissions exceed carbon sequestration, the forest becomes
I ySG a2dz2NOS 2F DI Da G2 GKS FdY2al#SomBsanad2y i NA 6 dzi
annual basis.

¥ Stephens et al., 2015

134 North, Hurteau, & Innes, 2009
¥ North, 2012b

136 Stephenson edl., 2014

¥ Dore et al., 2012

%8 Anderegg et al., 2015

1% stepheson et al., 2014
“ONorth, Hurteau, & Innes, 2009
“I\wiechmann et al., 2015a
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Figure 8 TheValue of Old, Large Trees Demonstrated by thi&dencein Carbon Stored in Young and
Old Trees.

Figure 8&ompares sugar pine to white fir because that was what was measured in the field, but it

demonstrates a broader point of the importance of protecting the remaining old growth tees

replacing the carbon lost they are loswill takedecades or more

Table 7 Average Annual Net Growth of Live Trees (at least&esdiameter breast heighf), in CA
Forests (cubic feet).

Standsize class

Total Large diameter Medium diameter Small diameter Nonstocked
1,149,947,522  1,177,959,761 91,198,719 -24,051,891  -95,559,126

Source:USDA Forese8riceFIA¢ November 22, 2016 updai‘t@

The carbon benefits from treatmentlat promote growth and retention of larger treésclude

increased sequestration rates, more stable carbon storage, and decreased risk from the growing threats
of climate changeThe recent tree mortality from drought and bark beetle highlights the benefits of fuel
treatments even in the absence of wildfias stands that were treated prior to the drought are showing
significantly less mortality than adjacemtreatedstands

Wildfire burned area and severity has been increasing in recent det'atféand is expected to
continue to rise as California forests become warmer and receive less snovefiathe course of this
century®. At present, the statistical likelihood that a tenent will have an impact on the size and

12 Christensen, 2016
“*Miller & Safford, 2012
144 california Department of Forestry and Fire Protection, 2016e

145W&sterling et al, 2011
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severity of wildfire is roughly orkalf to one percent annually in dry, frequent fire adapted conifer
forests*®and this intersecting probability will continue to grow as both buraeeh and treated areas
increa® over time. While these likelihoods appear relatively low, the benefits of stand manipulations
emphasizing carbon sequestration on leihged large trees persist even in the absence of wildfire, and
likely include increased resilience to nuaiidfire disturbance losses (e.g., forest pest€)®® Itis

important to note that doing oneff treatments is not sufficient for mitigating the impacts of wildfire,
particularly in stands dense with smaller trees. Repetition and maintenance of thatrieeiment is
necessary to maintain the reduced fire riék.Optimally, treated acreage would increase in a
coordinated fashion across the landscape, thus increasing the effectiveness of each treatment activity
highlightingthe need to work across ownership bounigr to most effectively and efficiently

implement these projects. One current example of this collaboration is the Ar@alaveras

Consensus Group® For more discussion of landscalgeel collaboration, please see Section 4.

Although treatments resulni shortterm forest carbon losses through biomass removal, studies have
shown that carbon can quickly be recovered tofmeatment levels if large, firgolerant overstory trees
are not removed in large quantitiés" *>%* > Thisresultis due to the facthat the treatment frees up
critical resources, leading focreasedyrowth rates inthe trees that remain. This effect is amplified if
the remaining trees are larger trees, which sequester carbon at a faster rate than smalleftrees
Treatments alsoaduce the impact of future stress events on the remaining trees, allowing them to
continue to sequester and grow. The net result is thathin a decade or two, the larger, more resilient
remaining treesand other forest carbon podal(e.g., soils) willantainthe carbon lost due to the
treatment removal of smaller trees and materaid the standwvill be growing faster than if the
treatment had not occurred®®

16 Martinson & Omi, 2013
“"Hurteau & North, 2010
48y/an Mantgem et al., 2016

149 Restaino and Peterson, 2013
%0 AmadorCalaveras Consensus Group, 2016. See rhidrel//acconsensus.org/
®1pore etal., 2012
1%2\Wiechmann et al., 2015a

%3 Stephens et al., 2009

" Hurteau & North, 2010

%% stephenson et al., 2014

1% Battles et al., 2015
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6.3.1 California Forest Carbon Inventory

The carbon contained in a forest represents the accumulatgtion dioxide uptake and carbon
sequestration in woody tissuesd soils The difference in the amount of biomass contained in a forest
between two points in time represents the overall change Hoirest carbon stocks resulting from
growth, mortality, tarvest or other disturbances over time.

In this report, we rely primarily on FIA data for forest carbon statistics. These statistics have limitations,
in thatmuch of the FlAased data available for analysis at this time doesfully reflect dramatic
forestchanges witnessed in recent years, in particular in the Sierra Nevada and Cascades.
Uncharacteristic large, severe wildfire and unprecedented tree mortality has occurred during this
period, resulting in significant changes that will not be fuljected in the FIA data for a number of

years, given the tefyear collection cycle currently in place.

As detailed below, data from thelAProgram was used to evaluate changes in biomass on private,
state, and local ownership between 1991 and 1994 ab@i72and 2010, finding a net gainX# million
metric tons MMT) carbon per yeal®’ Similar data was used to evaluatational Forest System Lands
between 2001 and 2006, and between 2007 and 2010, finding a net gai@d"IMT carbon per year.

Although anet gain was shown, it should be noted that much of the data used for this evaluation were
O02fft SOUSR 0STF2NB /I £ AT2NYAIl Qdegald dadMeEeyft iesedrehS g1 (1 SR
suggests that, during the drought, forest carbon stocks are dd&tatdj and that drought induced beetle
mortality can transfer large portions of live abegeound carbon into the dead biomass pool that then

serves as a protracted emission source due to détay

The following information on carbon storage in forestbased primarily orlAProgram data for

California, which is collected by tR@AProgram Sources and methods meet Intergovernmental Panel

on Climate Change guidelines tBHGnventory, andFIAProgram products are used to fulfill federal

national and iternational reporting obligations. This section provides summaries of estimates for

carbon stocks in abovand belowground carbon pools. Estimates for abey®und forest carbon

include live trees, understory vegetation, down woody material and startdidagl trees. Belovground

carbon pools include live and dead roots, and soil organic carbon. Carbon contained in wood products is
also presented, based on results from Mclver et al. (2015) and otfers.

ARBalso conducts periodic forest carbon accountingngs mix of information resources includiRtA
datato inform its Natural and Working Lands Inventoi®ne way in which th@aRBmethod differsfrom
FIA datds that it also seeks to account fland carbon stocks and stockange for nearly forty IPCC
reporting categories associated with forests and other lands, as welhasions ofsHGand black
carbonfrom disturbance eventsThis approach provides additional information that is not captured as a
part of the stockbased FIA approach that is reliedam on this section. In this wagm FlAonly
inventoryis more concerned with forest conditions, growth, and mortality arfdriést carbonis gained
or lost, whilethe ARBapproachis also interested ihow it was gained or lost, which affects air qiali
and emission rates for GH@sdack carbonand the exchange of carbon with the atmosphésee
Figures9 and10). Further discussion of various forest cariamentoryapproaches are discussed in
Appendix1.

17 Christensen et al., 2016

8 Earles et al. , 2014
9 Mclver et al., 2015
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Figure 9 GHGRelease andAbsorption byUnhealthy Forestswith Fire.
The size of the arrows represent the relative quantity of those GHGs released, but the time arrow is not linear (e.gasemissio
associated with severe fire may last a few months but the decay in posshigdrity fire stands iy occur over decades).
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Figure 10 GHG Release and Absorption by Healthy Forests with Fire.
Healthy forests experience tree mortality and fire, but do so at a smaller scale. With carbon focused in the larger trees,
sequestration rates are large aednissions from healthy fire are small comparatively. This represents a cycle.

63



Forest Carbon PlarDraft for Public ReviewJanuary2017

In the 2016 Legislative sessi@enateBill 859 (Dahle, Chapter 368, Statutes of 2f26)as passed and
signed into law.B 859 directARB in consultation witltCNRAaNd CALFIREto complete a
standardizedsHGnventory for natural and working lands, including forestlands, by the end of 2018.
Thebill also requires the stat® provide a businesasusualprojection ofemissions and carbon
sequestration. While the Forest @an Plan uses the Forest Inventory and Analysis stock change data as
its major information source on forest carbon, when completed, the A&led inventorywill serve as
ausefuldata source going forwarsince itwill addressstocks stockchange with #ribution by process,

and emissions.

Overall Carbon Inventory Statistics

California forest lands store and sequester carbon in above and below ground carbon pools. According
to data from theFIAProgram covering 2088014'*, California forests have sulasttial carbon storage

of 1.29 billion MT carboabove ground and 87BIMT of carbon below groundTable 8and Figurell),
while sequestering 2.MIMT carbon per year among private and public lands. Sggendixl for
additional information orFIAProgram daa by ecological regions.

Table 8 Above and Below Ground Forest Carbon, 2014 (excludes harvested wood products; L

in 1,000 metric tons of Carbon).

Owner Above Ground Below Ground Total
USDA Forest Service: 688,308 438,442 1,126,750
Other federalgovernment: 112,787 79,375 192,163
Local 13,352 9,141 22,492
State 47,196 22,483 69,679
Other public 457 524 981
Private Corporate Forestland 194,149 141,595 335,744
Non-corporate private: 234,143 181,322 415,465
All owners 1,290,391 872,882 2,163,288

SourcelUSDA Forest ServieBA¢ November 22, 2016 updaﬂfé

Above groundncludesilive tree, above ground dead tree, down wood, and aboveground understory
vegetation. Belowgrounthdudes: Below ground live and dead tree roots, below ground understory roots
and soil organic carbon. Excludes harvested wood products

9panle, 2016
81 Christensen, 2016
162Christense, 2016
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Figure 11 Above and Below Ground Forest Carbon, 2014

Aboveground carbon is stored predominantly in liree carbon pools, which represent 78 percent of the above
ground carbon. The understory vegetation (three percent), dead standing vegetation (eight percent) and down
woody material (ten percent) make up the remaining fraction. Soil organic carbonler¢jest storage

component (seventfive percent) of the belowground carbon pool, followed by beleground live (twentytwo
percent) and belowground dead tree material (two percent) and belowground dead understory roots (one
percent).

183 Christensen, 2016
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6.3.2 Carbon Storage yorest Types

California possesses a great diversity of forest types, each with unique characteristics and responses to
climate conditions. ThEIAProgram database reveals which forest types contain the greatest amount of
carbon in the aggregate and orpar-acrebasis Figurel2). Estimated fromFIAProgram data (2005 to

2014), forest types that store the largest total amounts of carbon are the California mixed conifer group
and the western oak group, reflecting the areal extent of these types. On-aqoetbasis, for fully
occupiedstands, forest types with higher levels of live tree carbon density include: redwood (101.6 tons
carbon per acre); Douglds (70.1 tons per acre); fir, spruce and mountain hemlock (72.8 tons per acre);
California mixed cofer group (66.4 tons per acre); tanoak and laurel (54.5 tons per acre); and alder and
maple (51 tons per acre).

Redwiood

Crouglas-fr

Fir'spruce/mountain hemlock | O Live trees 21 in dbh.

| I O Snags 23 indk.h
| O Crowmned wood 23 in Led.

California mixed conifer

Lodgepole pn

Pinyon/juniper

Tanoak/laurs

Forest iy pe group

Ponderosa pine
Alderimap’s

I
I
I
I
I
. |
I
Elmiashicottonwood | 1
Western cak
[ 11

Aspenibirch

] 20 40 a0 aa 100 120 140 160
Carbon imean bone-dry tons per acra)

Figure 12Estimates ofCarbon Sorage byForest Trees in California
SourceChristensen edl., 2008

6.3.3 Carbon in ForestsRegional Pattas

The redwood and Douglds forests concentrated in th&lorth Coast and Klamath interior coast range
ecoregiongontain the highest forest carbon densities in the st@igure 13. Redwood trees,

compared to other large conifers, are largely resistamative insects and diseases allowing them to

be reliable and secure places for letrggm carbon storage. The Sief@ascades ecoregion contains

several large conifer species, which include ponderosa pine, sugar pine, Dygtagnse cedar,

white fir and giant sequoia. This region also contains one of the largest reserves of carbon in California
forests, but is susceptible to several native insects and diseases such as the mountain pine beetle, fir
engraver, white pine blister rust and dwarf métbe, particularly where fire has been suppressed from

the forests for decade#\s detailed earlier, over the past several yearmught stress combined with
unhealthy forest conditionand bark beetleias killed millions of trees in the southeBierraNevada

These areas and other areas in the region that have been devastated by high severity fire are at strong
risk to typeconvert, where conditions are such that the forest may not be able to regrow and instead
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shrub or grassland would resulfonversion to shrub or grassland would have a significant impact on

[ I £ A FfatNd/carbof storagesince these land types contain 10% or less carbon per acre than
forested acres® The forests and woodlands of ti@ntral andSouth QoastRegions, which are

comprised of several oak species such as coast live oak and blue oak along with smaller and shorter
lived conifers such as Monterey pine, bishop pine and knob cone pine, generally contain lower forest
carbon density than the Sierra. These pine species teméve shorter lifespans than those in the

Sierra and have adapted to higher severity stand replacement fire with serotinous cones. Some longer
living conifer species (e.g., redwood and Doudjldsare also present in this area in smaller numbers as
well. Further regional inventory information can f®und inTable 9

WSEI)\QyI-f (ZI-NJ\I-(])\EV AY iadKS éﬁAnﬁ;&@é’ﬂdWSE\ﬁﬁﬁﬁf)\é RA&C
Assessments."

%4 Gonzalez et al., 2015
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f California’s Total Forest Carbon \

Carbon Density
(Mg C ha")
No Estimate

[ 101- 150
I 151 - 200
[l 201 - 1.500
-Water

£ Ecoregion

Data Source: Wilson, Barry Tyler;
Woodall, Christopher W.; Griffith,

Douglas M. 2013. Forest carbon

stocks of the contiguous United -
States (2000-2009). Newtown

Square, PA: USDA Forest Service,

Northern Research Station,

http://dx.doi.org/10.2737/RDS- — —k
2013-0004 0 50 100 200
Ecoregion Area (km’)
Mg C ha? Sierras/ Central | North |ﬂ::::‘::‘0:5t Central Coast and | South Coast and Deserts | Eastside
e Casacade Valley | Coast Ranges Interior Ranges Mountains
No Esti 2,926 43,248 | 879 1,193 11,500 19,711 85170 | 15,297
1-50 18,695 5541 | 2,177 8,897 19,075 17,944 6,935 11,760
51-100 18,331 120 | 13,962 6,854 4,235 2,693 21 7,485
101-150 14,417 1 1,946 5,999 1,543 900 0 2,897
151-200 16,002 0 3,548 9,145 831 368 0 403

\ 201-1500 16,435 0 6,292 13,952 937 9 0 61 /

Figure 13Total forest carbon density for Californi2(00 to 2009from FIA includes

live tree aboveground forest carbon, live tree beleground forest carbon, forest down dead
carbon, forest litter carbon, forest standing dead carbon, forest soil organic carbon, and forest
understory carbon.
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Table 9 Above and Below GrounBorest Carbon by Region, 204nits = 1,000 metric tons of carbon)

Ecological Regions Above-Ground Below-Ground Total
Central Coast and Interior 64,208 44,939 109,147
Ranges
Central Valley 1,757 2,507 4,264
Eastside 41,574 66,459 108,033
Klamath/Inerior Coast Ranges 378,515 226,498 605,013
North Coast 187,799 89,871 277,670
Sierra/Cascades 594,429 416,790 1,011,219
South Coast and 22,102 25,831 47,933
Mountains/Deserts
Total 1,290,383 872,895 2,163,278

Source: USFS FIAUSDA Forest Servig&bBl&amber 22, 2016 update.

Above ground Includes: above ground live tree, above ground dead tree, down wood and understory vegetation.
Belowground Includes: below ground live and dead tree roots, below ground understory roots, and soil organic
carbon. Excldes Harvested Wood Products storage

6.3.4 Carbon Storage in Wood Products and Other Uses

This section summarizes carbon contained in wood products, biomass for energy, and other utilization
resulting from forest management and commercial timber harvest inipaler. Some forest

management activities remove carbon from forests in the form of harvested woody material. These
activities include thinning, timber harvest, and mechanical methods of fuels treatment. Under some
circumstances, the removed carbon mayuigized in ways that can have net positi@&Goenefits.

For example, the carbon contained in a ldivgd wood product can persist in a solid state for long
periods, and some products may reduce demand for more fossil fuel enefgyGiintensive buitling
materials such as concrete or steel. Woody residues used in place of fossil fuels for energy may result in
overall reductions ifcHGemissions. The carbo@HG and climate implications of forest management
and forestproduct systems are an area ative research, and the quantification of the movement of
carbon through these wood products pools is an important component of a forest carbon inventory.

Fuel treatment is a necessary action on thousands of acres across the state to protect forest aarbo
one resultof fuel treatmentis the removal of excess biomass. Withutiizationoutlet for harvested
woody material, it would either be chippexhd incorporatedack into the forests where it would
quickly decay and emit to the atmosphere, oetmaterial would be pile burne@mitting significant
guantities of particulate matter and gases, including GHGs.

Where forests are managed for timber production, carbon is removed in the form of harvested trees.
Milling and manufacturing processes cernvharvested wood into lumber and other products. Mclver et

al. (2015) estimated that 2.4 million metric tons of carbon was processed into finished lumber and other
products in California in 2012. The analysis in their study of wood products detailathepathways
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that forest products are utilized and that less than one percent of the Ishmwaterial goes unused
(Table 10 and Figure 1%°

Table 10 California Harvest 2012 Carbon in Ebdes.

Percentage of
Harvest* Metric Tons Category
26 624,824 Finided lumber
10 236,435 Landscaping products
4 95,254 Veneer and other products
4 98,656  Pulp and fiberboard products
54 1,298,975 Residues combusted for energy
1 29,484 Other
Total 2,383,628

*Includes bole (wood) volume and bark that went to mélted residueutilizing facilities
SourceSee Mclver et al. (2015) for additional information.

Carbon in Endises as a percent of 2012 Harvest

1%
4% ° = Residues combusted for

energy

= Finished lumber

= Landscaping products

Veneer and other products

= Pulp and fiberboard products

Figure 14 Carbon in the EndUses of the WooeProducts Industry in 2012, including Bole
(Wood) and Bark Numbers.
SourceMclver et al., 2015.

%5 Mclver, 2015
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The diversity m the mix of products derived from timber harvests has been fairly consistent over time
with a notable increase in utilization for bioenergy in recent yé&rStewart and Sharma (2015)
estimated that when carbon storage in wood products are included estararbon accounting,
managed forest stands show substantial carbon sequestration benefits over unmanaged'8témas.
related study, Stewart and Nakamura (2012) estimated that using revised coefficients on mill and
consumer wood utilization efficiencissibstantially improves the estimates of climate benefits from
harvested wood product¥?

Timber harvesting has been on the decline since the18®0s. Mclver et al. (2015), estimated that
timber harvesting in California was 1.4 billion board feet in 2@h8, this represents a decérof 18

percent from 2006 (1.6illion board feet) and a 3percent decline from 2000 (1illion board

feet).!* During 2012, 83 percent of harvesting occurred on private timberlands, 14 percé&/BSDA

Forest Service manageahids and three percent associated with other public lands. Nearly all of the
wood from timber harvested was processed in California (i.e., 97 percent). The most recent data from
the State Board of Equalization show that 1.591 billion board feet of timasrharvested in 2015,

with 12.9 % of the harvest volume from public lands and the remaining amount from private lands.

The lumber and other products produced from forest biomass are then used by consumers and
converted into seandary products (e.g. buildgsand landscaping products) where they can reside for

a period of time. The various uses of wood products follow differentijffde pathways. Using data

from the Board of Equalization, Saah et al. (2015) estimated the amounts of wood product carbon
generated from timber harvests in California from 2001 to 20l#&ble 1).*"° Wood products

produced from forests in the state take the form of durable products, such as dimensional lumber and
panels. Over the period, approximately 90 percent of harvesteddiyproduct was generated from
privately-owned forests, with the majority of produced wood product used within the state.

Discarded wood products decay over time back to the atmosphere, the process of which is dependent
on the manner of disposal. In anabic environments, wood decay ceases after several decades,
leaving a remainder carbon fraction that persists in solid form indefinitdsing national and state

mill efficiencies, wood product lifetimes and factors governing the fate of discarded woddgis

reported by Smith et al. (2006) and by Stewart and Nakamura (2012), respectively, Saah et al.
SadAYIGSR OFINb2y f2aaSa (02 GKS |0Y2aLIKSNB aaz20Al
2001 to 2010, over 109ear timeframesTablell). Based o national factors, it was estimated that

after 100 years, approximately 65 percent of wood product carbon would eventually be returned to

the atmosphere. Using statgpecific factors, the estimate was 61 percent. Using this approach, we
estimate the tenyear average wood products in storage from 2001 to 2010 to range between 0.304
and 0.337 million metric tons of carbon per year. L-tewgn storage estimates from harvest activities

on public lands ranges from 0.030 to 0.033 million metric tons of carboggaet while private lands
estimates range from 0.274 to 0.304 million metric tons of carbon per year from private land harvest
activities.

®®Note, however, that much of the material burned in biomass power plants in California comes from sources

other than forestlands, such as agricultural and urban forest waste materials.
187 Stewart & Sharma, 2015

1%8 Stewart & Nakamura, 2012

%9 Mclver, 2015

°Saah et al., 2015
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Table 11 California TerYear Average Harvested Wood Products in Storage (2001 to 2010

Metric Tons of Carbon

Source Public Private Total
Ownership Ownership

10-year average annual
storage from harvested wood 29,974 274,070 304,045
products (2001 to 2010)

Smith et al., 2010,
2006

10-year average annual
storage from harvested wood 33,203 303,591 336,793
products (2001 to 2010)

Stewart and
Nakamura, 2012

*Based on 10§ear life cycle; see Table 2 in Appendix 1 for annual reporting estimates.
Source: Saah et al., 2015

6.3.5 Carbon Stockhange Rates

Using data frontFIAProgram reports, changes in biomass on privatdesi@nd local ownership were
evaluated between 1991 and 1994 and 2007 and 201And USDAForest Service managed lands were
evaluated between 2001 and 2006 and 2007 and 2010. These tables do not include changes in carbon
stocks in the down woody materiahd soil carbon pools or wood products and other end uses. Changes
in plot design and inventory methods can influence the estimate of carbon stocks anechinude in

forests.

Tables 12 and 18resentthe net change in biomass volume ovene, by ownerstp category. The

change in biomass volume on any given forested acre is a function of the gains from growth on live trees
minus the losses from mortality and harveghe net increase in live tree carbon stocks from the early
1990s to the late 2000s for pate, state and local lands was estimated atKIMT carbon per year
(Table12)'" Forfederalforestands, the net increase in carbon stocks for the decade starting in 2001
was 0.9 million metric tons of carbon per yéaablel3). In comparingates ofsequestration between
nonfederal and federal forestlands, redthat while nonfederal sequestration rates weredlimes those

of federal lands, the area of nonfederal forestlandsisd 73% the area of federal forestlandsactors
contributing to this diference include the relatively higher growing capacity of much of the nonfederal
lands and the different management behavior of these two broad ownership claBseshe time

periods in these analyses, growth exceeded mortality and removal for all olpsrsxcept folJSDA

Forest Service reserddéands. On resengklands mortality outpaced growth, a pattern that is consistent
with more recentFlIAProgram inventories, which indicates that these lands were net sources of GHGs to
the atmosphere. Combinedhé net change in Hforest carbon stocks was estimated at 2.6 million

metric tons of carbon per year across all forest lands (excluding wood products).

171
172

Christensen et al., 2016
Christensen et al., 2016
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Table12. Growth, Mortality, and Removals on Nonfederal Forest Lands.
(Thousand Metric Tons of Carb@er Year)

Land Ownership Growth Mortality Harvest- Removal Change
State and Local 55 2 - 53
Corporate 3,627 705 2,582 340
Non-corporate 2,739 730 690 1,318
Total 6,421 1,437 3,272 1,711

Source: Forest Inventory and Analysis Program data tableg (299994 and 2007 to 2010}

Table13. Growth, Mortality, and Removals on Federal Forest Lands.

(Thousand Metric Tons of Carbon per Year)

Harvest-

Land Classification Growth Mortality Removal Change
Timberland 6,109 4,355 304 1,449
Reserve Forestlah 1,479 2,211 13 -745
Low Productivity 552 443 - 108
Forestland
Other Federal 113 26 10 78
Total 8,253 7,035 327 890

Source: Forest Inventory and Analysis Program data tables (2001 to 2006 and 2007 6 2010)

6.4 Tree Growth and Harvest by Ownership

As rdlected in Table 12 and 13, abqube live tree stocichanges associated with the current level of
harvest (removals) and mortality is generally less than growth on both private and public foreSffand .
National Forest System Larligve substantial liverée inventories, but exhibit higher mortality rates.

Private forests have lower live tree inventories and lower mortality rates because portions of live tree
carbon stocks are being transferred to wood products and to energy production. The changestin grow
mortality, and removals among ownership groups reflect different forest management goals and
approaches. This results in characteristic patterns of carbon stocks and change that are unique for each
ownership group. Ancillary information on changefoiest tree volumes by SDAForest Service and
non-USDAForest Service categes are contained in Appendix 1.

173
174
175

Christensen et al., 2016
Christensen et al., 2016
Christensen et al., 2016
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1 National Forest SysteiReservesThis category is representative of lands permanently reserved
from wood products utilization through statute administrative designation, and includes
designated wilderness areas. While there is moderate growth on these lands, it is outpaced by
mortality rates. There are no harvest removals, but mortality from wildfire, pests, disease, and
other disturbance agemtis high. Thus, these lands exhibit net declines of live tree carbon. In
turn, decay or disturbance processes transfer carbon from the dead tree pool to the atmosphere
or to the soil.

1 National Forest Systeifimberland Timberland is available for harvestd capable of producing
commercial crops of trees. These lands have higheaper levels of growth than reserve
lands. They have a small amount of removal from harvest, and have slightly lower levels of
mortality per acre per year than reserve landeeTate of harvest on these federal lands has
declined since the 1980s as a result of endangered species protections, legal challenges,
changing management goals, declining§DA-orest Service budgetand other factors. For
example, some timber offeringg unsold due to lack of bid&rowth is higher than mortality
on these lands, but the difference is muclrmaver than on private forest.

1 National Park Service Landshese landscapes represent a small percentage (4.5%) of
I € AF2NY AL Qautthe AdSimpdbréaR fol réd®hsdmariagement application. The
handson restoration and fire/fuels management approach taken by the NPS, combined with the
lower rate of legal challenges they receive to their management efforts, has resulted in
landscapeshat are more robust and resilient than most public landscapes in California. Active
management policies that encourage the use of prescribed and managed fires has resulted in
significant decreases in high severity fire compared to adjacent lands, basietreased water
quantities from their forests®.

| Private Corporate Timberlard’ On private corporate timberlands growth only slightly exceeds
NEY2@Ft FyR Y2NIlFftAGeZ NBFESOGAYy3a GKS LINF OGAOS
Forest Practicéct and Rules, as well as the profit objective inherent in industrial timberland
management. These forests are managed to create relatively little annual mortality and the
harvested volume is slightly less than forest growth. There is less carbon staradrp in live
GNBES AYy@SyUuz2NASasz: a GKSe& R2y Qi JKuimottalityi® f R | YR
much lower.

1 Private Norcorporate Forestland’® This category represents private ownerships for which
timber production may or may not be@imary management objective. These forest lands
show increasing inventories and harvest less per acre than corporate timberlands; as a
conseqguence, mortality rates are slightly higher than corporate, but much lower than federal
lands. In addition, therare moderate levis of removal from harvesting.

1 State and Local Government Forestlaitlis category of ownership manages a much smaller
fraction of the forest land base, and represented by smadleneage ownership patterns.

However, it is characterizday higher levels of growth that greatly exceed mortality and low
levels of removal. The bulk of the area, 788,000 acres or 72 percent, is in reserved status.

8 Boisramé et al., 2016

""PerFIRSTAYAGAZYAS 'y 26YSNEKAL Oflaa 2F LINAGIGS F2NBad
partnership, investment firm, bank, timberland investment management organization (TIMO), or real estate
AYy@SaldyYSyld GNHzaG ow9LeEO PE

"t §NJ CL! RS TeifofgstiiahcRoyired by dongédeihental conservation or natural resource

organizations; unincorporated partnerships, associations, or clubs; individuals or families; or Native Americans.
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6.5 Discussion

Forest carbon is stored in both forest ecosystems and in harvested wood produetdegree to

which California forests operate as a sink or source is influenced by land management, a range of
forest health issues (e.g., growth, tree mortality from drought, pest and disease outbreaks, wildfire
severity), and weather. In recent yearsethrolonged drought conditions have resulted in elevated

tree mortality that is widespread across the soeth Sierra. When combined with extensive wildfires,

the capacity for forests to store carbdras beerdiminished. For all forestlands, improvingdet

health and managing to reduce losses from mortality can greatly increase the carbon balance on
forestlands. On commercial and other actively managed forestlands in California, efficient uses of long
lasting wood products and residues for energy cafdy&HGoenefits.Keepingn mindthe FlAdata
limitationsdescribed abovgkey inventory findings include:

T

T

Based orFIAProgram data fron2005-2014, California forests have substantial carbon storage;
1,290MMT above ground and 87BIMT below ground, for dotal of 2,163MMT.

Prior to the drought, carbon sequestration-fiorest) was estimated at 0.9IMT of carbon per
year onNationalForestSystem Landand other federal lands and 1.7 million metric tons of
carbon per year on private, state and local lariise net change across all forestlands is
estimated at 2.60MMT of carbon per year. This estimate excludes carbon stored in wood
products and or used as bioenergy.

Analysis of recent timber harvest data (2012) suggests an estimatéd\Hof carbon were
produced from wood products. Material from harvest is divided between wood products and
bioenergy, with less than one percent unused material.

We estimate the teryear average wood products in storage from 2001 to 2010 to range
between 0.304 and 0.33VIMT of carbon annually. LoAgrm storage estimates from harvest
activities on public lands ranges from 0.030 to 0.08@T of carbon per year, while private
lands estimates range from 0.274 to 0.3@MT of carbon per year from private land harvest
activities.

On a per acre basis, redwood, Dougfiasnd other conifer forest types have enormous
growth and storage potential.

FIAProgram data suggest that on private timberlands growth is slightly outpacing losses from
harvest and mortalitygxcluding wood producitorage)

FIAProgram data shows that nesorporate timberlands show the greatest net growth (i.e.,
growth minus mortality and harvest excluding wood product storage).

Based orFFIAProgram data, tree mortality from forest healtelated causes results in
substantial declines in forest carbon. Tree mortality rates appear to be highest on federal
forest lands in reserve (e.g., wilderness) lands, where mortality is outpacing growth.

6.6 Forest Fragmentation

Forest fragmentation through urbanizatiooonversion ér agricultue, or other large scaler
cumulativesmallscaleland use changes can negatively impact forest health. Isolated and disconnected
forest stands often have less diversity and resilience to changing conditions. There is a reduction in gene
flow within species and ihabitat connectivity for wildlife. Insects and diseases may become more
concentrated with the potential for greater damage and localized species extincidittdand fire

probabilities increase with more human presendenis sectiorsummarizes the most impactful
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fragmenting activitiegacing California forests todagrowth in the wildlandurban interfaceand
marijuana cultivation

6.6.1 WildlandUrban Interface

Depicted below(Figurelb) is the wildland urban interface, which is the gemgrical intersection of two
disparate systems, wildland and land occupied by huinaabited structures. At this intersection,
structures and vegetation are close enough that a wildland fire could spread to structures or fire could
spread from structuresatignite vegetation. This type of development degrades and fragments wildlife
habitat and contributes to loss of structureschhuman life during wildfires.

The wildland urban interface is composed of both interfand intermixcommunities. The distinin

between these is based on the characteristics and distribution of houses and wildland vegetation across
the landscape. Intermix wildland urban interface refers to areas where housing and wildland vegetation
intermingle, while wildland urban interfacefers to areas where housing is in the vicinity of a large area
of dense wildland vegetatioH? Martinuzzi et al estimated total California wildland urban interface at

6.73 million acres, including 1.96 million acres of interface and 4.78 million adraerafiix.

9 Martinuzzi et al., 2015
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California

Pacific Southwest Region

Wildland-Urban Interface (WUI)
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Figure B. Wildland Urban Interface in 2010
SourceMartinuzzi et al., 2015

Strong state and national programs are required for a concerted community effort wherever structures
are near flammable vegetatio¥i’ For example, Fire Adapted Communities, Fire Aed@ommunities
Learning Network and, FIREWISE encourage integrative and cooperative partnerships aimed at
landowner educatiort®* In addition, risk assessment is an important component of any county general
plan, and the wildlandirban interface/intermix musbe considered as part of these local planning

¥ president, 2015
¥ Schoennagel et al., 2@0

77



Forest Carbon PlarDraft for Public ReviewJanuary2017

efforts. State and federal programs may feed information and suggestions into the process, but in the
end, it is the responsibility of these local jurisdictions to consider the safety and risk associated with
development in these areas.

As part of the Vegetation Treatment Program Draft Environmental Impact Report, CAL FIRE estimated
the acres of wildland urban interface that is availdffiéor fuels treatment activities® The results are
presented below in Tdb 14. Focusing just on tredominated landscapes, the analysis found that

almost 2.9 million acres were available for treatment statewide.

Table ¥. Modeled Available Wildland Urban Interface Fuels Treatment
Acres by Bioregion.

Tree Shrub Grass Total by
Bioregion Dominated  Dominated Dominated Bioregion
Bay Area/Delta 345,235 152,571 794,135 1,291,941
Central Coast 53,983 410,122 1,162,785 1,626,890
Colorado Desert 357 109,459 3,849 113,664
Klamath/North
Coast 872,897 226,236 505,615 1,604748
Modoc 377,423 235,956 120,292 733,671
Mojave 3,348 185,511 37,398 226,257
Sacramento Valley 15,173 3,136 494,494 512,804
San Joaquin Valley 4,959 52,595 270,582 328,136
Sierra Nevada 1,090,662 323,025 1,470,973 2,884,660
South Coast 101,424 958039 284,868 1,344,332

Total by Veg Type 2,865,462 2,656,649 5,144,991 10,667,101

Source: CAL FIRE's Vegetation Treatment Program Draft Environmental Impact Report

6.6.2 Marijuana Cultivation

lllegal marijuana production on forestlands is a serious isstheistate of California, with negative

impacts to both humans and natural systems. In forests, sites are often cleared of trees and other

vegetation to make way for grow siteShis clearance results in GHG emissions as well as a loss of
carbonandthetrSS &3 Q OF Nb 2y &S| dzS a (indde aclivitigh often redultOnietogion and C dzNIi K
sediment deposition into streams and lakes. Wildlife making use of the area, such as bears or deer, may

be poached or snared. Fertilizer, pesticide, and rodergicisked at grow sites can have direct,

detrimental effects on local wildlife. The chemicals may also end up in nearby water sources, degrading

water quality.

In addition to degrading water quality, marijuana grow sites have negative effects on watertguanti
marijuana production is very waténtensive, and the illegal diversion of water to irrigate marijuana

a1 g Af ot SZ¢ dzy RSN GKS +83SGFaGA2y ¢NBFGYSYd tNRINFIY 5
State Responsibility Area, that is capable of undergoing a WUI fuels treatment, fuel break, or ecological restoration
treatment.

183 CaliforniaBoard of Forestry and Fire Protection, 2016d
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plants has further exacerbated the drought conditions facing the state. Diminished stream flow as a
consequence of this activity adversely impactestand federally listed salmon and steelhead as well as
amphibians and other sensitive species. Grow sites themselves can become dumping grounds for trash
and human waste, severely degrading habitat. The sites can pose significant risks to human safety:
hikers, hunters, and anglers may stumble upon armed growerotret defenses

The state is working diligently to combat illegal marijuana cultivation, but it is a challenge. CDFW and the
Regional Water Quality Control Boards are working in priority igaeds to bring illegal marijuana

grows into compliance with environmental laws and to remediate the harmful effects of illegal grows on
FAAKYE gl GSNE | yR ¢ A¥5Ruddeffoll grovidled 8n irdr2a@eSoNgZ.3 Nillloa toH 1 M N
CDFW to regulatand enforce unauthorized water diversions and pollution to surface and groundwater

as a result of marijuana cultivation. The 2@l budget bill provided an additional $7.7 million to

expand these efforts. Further, the passage of Proposition 64 in therilae2016 election will provide
additional resources to clean up abandoned sites, and the potential price depression as a result of legal
marijuana provision could potentially contribute to a significant reduction in illegal fdra@seéd grow

sites.

6.7 Regioml Assessments

As described above in this section, climate change impg2aliornia forests with more frequent and

severe wildfires, pests, disease, increased temperatures, and changing precipitation and water
availability.These effectsnay decrease fast growth(and hence decrease rates of carbon
sequestration)cause geographic shifts in tree distribution and forest tyf@sspresented in the Science
Snapshot)and result in forest loss and tree mortal{gnd hence increase rates BHGemissions)

However, the types of impacts currently being seen and anticipated are not the same across all regions
of the state. Hence, it is important to look at our forests in greater depth on a regional basis, using the
ecoregions that were presented in Secti®2. Appendix 3 provides detailed assessments for each of

the ecoregions. These ecoregional assessments are intended to provide initial information to support
regional implementation of the Forest Carbon Plan.
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7 Urban Forestry

The term urban forest is uséd mean those native or introduced trees and related vegetation in the
urban and neaurban areas, including, but not limited to, urban watersheds, soils and related habitats,
street trees, park trees, residential trees, natural riparian habitats, arestom other private and public

properties’®*

I FEAF2NYALF Q& dzNDlLyYy F2NBada FNB 020K aAYAEFENI G2 |y
with regards to species composition, ecological and urban function, management, and climate change
impacts.Urban forests are made up of trees on public and private lands in urbanized areas. Urbanized

I NBFa O2yaidAiddziS FLIIINREAYIGSt& p LISNDSyid 2F GKS
the spatial extent by which urban tree cover is measii@cupies approximately 15 percent of all

urban areas®*® Thus, the urban tree canopy covers approximately 791,725 acres of Califafrile.
censusRSFAYSR dzNBFy FNBlFa NBLINSaSyid 2yte loz2dzi FTAOS
ofthead I 1SQa LR LIZA I GA2yT 2NJ 28SNJ op YAtftA2Yy NBaAaARSy!(

Q¢

¢CKS dad201Ay3 NIXiS¢ 2F dzNBly F2NBada Aa SadAaylrdSR
statewide; both tree density and canopy cover has room to gf6wi®A large prportion (61 percent)
of urban areas in California is considered to have low tree canopy cover of two to ten p&fcent.

The urban forest is made up of both native and mmative tree species, and tree selection is typically ad
hoc or based on the improvementhey offer to local residents and urban function. Whereas wildland
forests are dominated by native species with few exceptions, many urban forests in California are
dominated by species not native to that location or even the continent. Criteria fonuriea selection
differs by locality and includes consideration of aesthetics; site suitability with regards to space, water,
and light needs as well as interactions with surrounding infrastructure; and maintenance needs over
time.

Urban forests in Califara, like wildland forests, are being impacted by climate change and drought.
Elevated temperatures, reduced precipitation, and reduced landscape watering all contribute to losses.
Water needs and climate must be considered when selecting species,dyatalhe waterefficient and
water-inefficient ways to maintain trees through periods of drought. Increasing the water use efficiency
of tree maintenance can reduce mortglirom drought going forwardso thesemethods should be

adopted by public and priva stewards statewide.

Invasive pests and diseases continue to enter the state and cause damage to urban forests. The golden
spotted oak borer, polyphagous shot hole borer, and Kuroshio shot hole borer are examples of such
pests. The two shot hole boieare of particular concern as they have wide host species ranges.

Sudden oak death is a major disease problem in northern California urban forests.

184 california Public Resources Code Section 4799.09, 1978
1B KlassSchultz, 2016

% Bjorkman et. al., 2015

3" McPherson et. al., 2016

¥ Bjorkman et. al. 2015

189 Bjorkman et al., 2015
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7.1 Benefits of Urban Forests

Urban trees have always been valued for their aesthetics and other passivevienpents to
AG0NBSGaol1ISar odzi FNBE 0SO2YAy3 AYyONBraiay3ate Gt dzsS
climate and water management goals. Trees function to cool urban and surrounding areas, which
mitigates the public health impacts of excessieathand criteria air pollution in urban areas; reduce
energy demand for cooling; and improve conditions for active transportation options such as walking
and bicycling® Some of these values have been estimated monetarily statewide: reduced energy use
from canopy shading and cooling saves an estimated $568 million annually, and annual benefits to
water infrastructurec rainfall interception, reduced water pollution, and reduced flood gsite

estimated at $324.6 milliof?* The revenues directly associatedth urban forestry in 2009 in California
were over $3 billionand urban forestry related jobs in California totaled nearly 60,000 in that'Vear.

Trees are therefore a critical component to broader urban greening programs and objectives statewide.
Treesand other vegetation provide evaporative cooling to their surroundings; absence of vegetation
exacerbates warming caused by heat absorption (e.g., dark pavement and roofs) afggthegdting
sources (e.g., engines) concentrated in urban areas. The regplienomenon is called the Urban Heat
Island (UHI) effect®® The UHI can lead to daytime temperatures in urban areas on average one to six
degrees Fahrenheit higher than in rural areas, while nighttime temperatures can be as much as 22
degrees Fahrenheftigher as the heat is gradually released from buildings and pavettfert.

Increasing the amount of vegetation in cities, in addition to increasing area covered bypeateeable
surfaces, functions to increase evapotranspiration and combat the UHI. Tdedsess also lower
temperatures and provide shade at street level, which improves livability and encourages active
transportation. Areas with the greatest UHI effect and air pollution are seen as priority areas for tree
planting*® Box 6 on the following pge containsmore information aboutUrban Heat Islands.

There are also wetlocumented cognitivepublic healthand community benefits of urban greenspace.
These araot limited to tree canopy or California bdb applyto the goals and implementation
activities described here. Thegeclude:

f Srengthening of social cohesion within communiti&s

f  Support for cognitive functioningnd place attachment? '%°

1 Support for psychesociatspiritual engagement’

f Increased physical activif}f

1% McPherson & Simpson, 2015

' McPherson etl., 2016

2 Templeton etal., 2013

198 California Environmental ProtecticAgency, 2015

194 California Environmental Protection Agency and California Department of Public Health, 2013
18.S. Environmental Protection Agen29p8

%8 Bjorkman et. al., 2015

Y7 syllivan et al., 2004

1% G¢mezBaggethun, 2013

199pjace attachment and meang are the perso#to-place bonds that evolve through emotional connection,
meaning, and understandings of a specific place and/or features of a place (Shriedgor 1983). Higher
levels of place attachment are positively associated with environmeteatardship (Clayto& Myers 2015), proe
environmental attitudes, and climate change adaptation (Adger.e2al 3).

2% McMillen et al., 2016

201 Kaczynski & Henderson, 2007
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Decreased childhood obesff}?

Longevity among seniof¥

Improved concentration among children with attention deficit disorder
Amelioration of stresg® and

Self-reported quality of healtf®

=A =4 =8 =8 =4

/I TEAFT2NYALI QA dz2NBFyYy GNBS OFy2LR fa2 AyOuwmweRSa GNBS
production areas have been documented in multiple urban areas of California, including thosesthat ar
sociceconomically challenged’*® In response to strong community intere§an Francisco, Los

Angeles, and San Diego have recently updated npalipolicies to facilitate urban agriculturéilong

with the benefits already described for the urban canopy, urban agriculturalists and their networks

enjoy benefits of food as well as the social networks, social cohesion, and cultural identity that are

fostered through the acts of planting, stewarding, harvesting, preparing, and sharing the food grown on

trees. These trees are found in a range of spaces from public to private aregmofiband

commercial enterprises, and range from actively managddNY & (2 WgAf RQ f 204 9 E|
gardens, orchards, farms, schools and more.

Management of the urban tree canopy varies widely across the state and at the local level. Generally
speaking, management of publicly accessible urban trees is the rabpioyef a combination of

parties, including local government, private landowners, and local organizations established to support
the urban forest at the community or cityide level. Utility companies also play a role where trees
interact with utility nfrastructure, such as power and communications lines. Private landowners also
host the urban forest, in yards and as part of landscaping.

lff 2F GKSaS FOG2NB ¢gAff ySSR G2 0SS Sy3ar3asSR Ay 2N
resiliert store of carbon. Baseline planning and management decisions will occur at the local level; local
governments and local organizations may need assistance in assessing the extent and conditions of

existing urban forests, and planning for maintenance arghagion. Urban forests also benefit from

the stewardship of organizations and individuals in the communities they shelter. The casedBacy

7, on a tree planting project undertaken by the Koreatown Youth and Community Center and CityPlants

in Los Angles, is one example of a communiigsed organization working hasid-hand with a city and

local neighborhoods.

22\wolch et al., 2011
3Takano et al., 2002
*“Taylor & Kuo, 2009

25 Adevi & Martenssn, 2013
2®yan den Berg et al., 2010
27 Galt et al., 2014
“®pefia, 2015
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Box6: Urban Heat Islands

Large urban areas often experience higher temperatures, greater pollution and more negative health impagtfoiurin

summer months when compared to rural communities. This phenomenon is known as the urban heat island (UHI). Heat islands
are created by a combination of heabsorptive surfaces (such as dark pavement and roofing);de@érating activities (such
asengines and generators) and the absence of vegetation (which provides evaporative cooling). Sometimes, due to wind and
topography, the heat island can be created in one area, and manifest as increased heat in another area.

InJuly 2015, CalEPA releaseéd@ dzReé 2y dzNbly KSI G A&afl yR&S &/ NBIFGAY3 | yR al LILY
Based on atmospheric modeling, the study defines and examines the characteristics of the urban heat island, and assigns an
urban heat island index (UHII) foramacensus tract in and around selected urban areas throughout the state.

The modeling shows that urban areas with relatively well defined boundaries (i.e., urban islands) typically exhibdrsingle
multi-core UHIs. On the other hand, large urban areldgos and coastal regions, such as the Los Angeles Basin and the Santa
Clara Valley consist of sustained and contiguous urban land use with ndefietéd boundaries, except for breaks by

topography.

In urban archipelagos, urban heat is continuousjgdted into an air mass advecting across the urban area. As a result, an air
mass warms up continuously, masking localized rises and falls in temperature along the trajectory. Thus the local UHI in an
archipelago additionally includes the superimposed &fef upwind urban warming. In this case, the UHII often peaks in
areas near the downwind edges of the archipelago.

Furthermore, in coastal areas the UHIs are also superimposed on the onshore warming of air. Thus the UHIIs in these regions
and in urbararchipelagos also capture that warming effect. All of these factors contribute to differences between the spatial
patterns of aitemperature UHII and skisurface temperature.
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Box7: Community Forestrg Koreatown Youth and Community Center &ityPlants

Koreatown Youth and Community Center (KYCC) provides
numerous community services in the Koreatown neighborhood
of Los Angeles, as well as surrounding neighborhoods. Many o
these neighborhoods are located in disadvantaged communities
KYCGsia partner with CityPlants, the tree planting coordination
2NBI yATLFGAR2Y 2F GKS [/ AKYCER T
received an Urban and Community Foreserieenhouse Gas
Reduction Fundrant from CAEIRE in 2014-15,andleveragel
funds from theLos Angeles Department of Water and Power tha
are used to purchase and grow trees. These trees are then
distributed to organizations like KYCC. They in turn use their o
funding and grant funding like that provided by this grant to get
transformationaltree planting work done in disadvantaged
communities.

O
u»
©

The grant project area is within the City of Los Angeles, bounde
by the neighborhood of Piebnion to the north, Arlington
Boulevard to the west, Vernon Avenue to the south, and the 11Q
Freeway to tle east. The 69 census tracts where this project is
located are designated as disadvantaged communities per
CalEnviroScreen 2.0. Communities like these bear a
disproportionate burden of the effects of climate change, for
example, the urban heat island effie The project truly engages
the communities in the project area and will address resident concerngcbgasingree canopycover. By developing
relationships and involving local communities in the process and the work, the community will have ownéthkip
transformative results.

This project will reduce GHG and urban heat islands by planting 1,120 trees while also making needed infrastructure
modifications to support growing of large trees. This project will result in GHG reductions of apprdxit@@® metric tons
CO2e. In addition to the GHG reduction, the project will: increase permeability and water capture potential by addirtg mulch
hard-packed soil and by increasing the number of trees and expanding their planting sites; conservepatabley removing

turf on medians and coordinating turf removal in yards; conserve electricity by planting hundreds of shade trees near
residences thereby reducing the need for-aimditioning; reduce the heat island effect by creating a dense canogycee
particulate matter in residential neighborhoods by planting nezadway trees; and add beauty and increased property values
to disadvantaged communities.
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7.2 Carbon Stored in Urban Forests

According to Bjorkman et al. (2015), an estimate8 WIMT of carbon is stored in the urban forests of
California?®® On an annual basis, the amount of carbon dioxide sequestered by urban forests was
assessed at 7.2 million metric tons of carbon per year. This estimate is based on tree growth rates
associated with existg statewide urban forest cover at a point in time, and does not include effects

from new plantings, mortality, or removals. The amount of carbon dioxide emissions avoided (attributed
to modeled reductions in building energy use) was estimated to be illi®mmetric tons of carbon per

year.

There are a number of tools to quantify urban forest carbon storage. ThetdS®aForest Service

urban tree carbon calculator to estimate carbon sequestered and stored by a tree over time. It also
estimates avaled emissions. Additionally, there is the iTree suite of tools that are a joint project of the
USDA Forest Service and the Davey Tree Expert Company. This suite of tools can be used to quantify
carbon benefits of urban forests, as well as mampenefits. There are also both regulatibevel ARB

and voluntary carbon protocols (Climate Action Reserve). Information on other urban forest attributes
and services is contained in Appendix 1.

7.3 Goals for Urban Forestry

The Forest Carbon Plan proposes to protetd enhance the carbon sequestration potential of urban
F2NBaGa Ay &adzZlR2NI 2F GKS ONRIFRSNI 32t G2 YIlyl3S
producing other cebenefits. This goal will be accomplished by protecting the existingcaieepy and

expanding it:

1 Protect the existing tree canopy through policies and programs targeting ongoing maintenance
and utilization of industry best management practices.

1 Increase total urban tree canopy statewide by ah&d above current levels, to@®%6 coverage
of urban areas by 2038°

The state, througICAL FIR&nd CNRAcurrently provides urban forestry grants and urban greening

grants through the cajandtrade supported Greenhouse Gas Reduction Fund. These grant funds create
incentives for locahctivity, result in quantifiable GHG emission reductions, and require best
management practices in order to receive funding. Such grants contribute to achieving tree canopy
cover goals both by financing tree planting and care and providing incentivdsefpréservation of

existing tree canopy through better management and policy, as well as improved maintenance
practices However municipal and communitjevel support will be essential to meeting these targets.
Urban forests are lontived, and it is difEult to manage them adequately on oftdluctuating city

budget cycles. The state can also improve outcomes at the local and regional scales through continued
spatial data sharing, collaborative programs, direct investment, and improved methods offgimnti

the value of ecosystem services, including carbon sequestration and other GHG benefits of urban trees.

In addition to the goals and objectives outlined in [  @kban%atdaCommunity Forestry Program
Strategic Plan 2012018, the following are sggsted management actioris:

2% Bjorkman et al., 2015
#%canopy cover is currently 15% of urban amjarkman et. al., 2015
2 california Department of Forestry and Fire Protection, 2013
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Move green infrastructure solutions from being an exceptional occurrence closer to being standard
practice by 2030. This can be accomplished with policy guidance and incentives.

Ensure that tree canopy cover and green infraginge project increases are prioritized in
disadvantaged communities. This will maximize the impact of tree canopy cover increases that are
achieved.

Assist local governments and others in assessing their urban forest resources and better managing
them. This can be done by obtaining urban tree canopy cover data to share on a periodic basis,
performing urban tree inventories on a periodic basis and putting urban forest management plans in
place that are comprehensive and loteym.

Assist local governmengd others in locating optimal locations for early green infrastructure
solution intervention.

Provide resources and technical assistance to local governments as they assess local policies and
regulations in regards to urban forestry and green infrastroetu

Consider aating incentives for the use of best management practices, including tree maintenance
and preservation, by local governments and others. This would help platget, established trees

and increase both shoterm andlongterm tree canopy above the baseline

Improve and expand use of urban biomass that is removed for valid management purposes,
including, but not limited to, pests and disease. The highest and best use should be sought for this
resource, rather than viewing it as a wasteguct.
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8 Cobenefits of Healthy Forest

The process of restoring degradfmtests into healthy, resilient forests, offers more than just carbon
storage, it also provides a range of quantifiable and intrinsic benefits,-benefits. Examples include
environmental cebenefits such as clean air, clean water, and wildlife habitat, as well as socioeconomic
co-benefits such as opportunities for recreation, tourism, andfitrest management and/ood
productsindustries Achieving healthy and resilient foreghroughout California will increase the value

of natural ecosystems to all Californians.

The Forest Carbon Plan does not include targets or progioset protocols for the cebenefits that are
expected to be impacted through activities leading to img@o forest health, or from healthy forests.
Cobenefits such as air quality, biodiversity, and watershed function are the foci of other state plans
assessment@nd regulations and have wadbtablished monitoring proceduresd, in some cases,
performane targetsalready in placeTherefore, the performance targets and monitoring protocol
described in those plans and mandated through regulation or by policy should serve as thekdoust
measuring cebenefits to pursuing the carbon sequestration angbgaorting goals that are the focus on
this Forest Carbon Plan. These pland standardénclude but are not limited to:

9 State Wildlife Action Plan at the statewide level, as well as regional and local regulatory
structures and priorities

9 California Water étion Plan and the activities, projects, and mandates described therein

1 Fire and Resources Assessment Program Forest and Range Assessment

1 Air quality attainment standards enforced by the California Air Resources BaaRhllution
Control Districts, andir Quality Management Districts

8.1 Sustainable Rural Economies

Rural economies benefitom healthy forestsand the employment and economic activity generated by

forest health treatmentsWood products and outdoor recreationdustries carboth contribute
sAYAFTAOlIyidfte G2 NHzNI § O DxdsazédreatorSger@rat&s@ignfigant focal ¢ St 0 ¢
and regional income, as referenced in the section above, and is responsible for over 732,000 direct jobs
throughout the state’*? The timber industry emplgs approximately 78,100 workers, earning $4.4

billion annually, in the primary and secondary wood and paper products industry in

California®*Spending on activities related to healthy and resilient forests contributésioing andjob

opportunities and arnings in these sectors, as well as the potential for local tax revenue collection on

the goods and services purchased.

Maintaining the economic sustainability of these sectors is also important to support the ability of land
managers to undertake the magement actions needed to improve forest health and reduce fuels:
while some forest management activities nyagy for themselves through wood products production

and other existing revenue streamsost of therestoration activitiemeeded orNational Foest System
Landspther public landsand small private landwnershipswill require investmentSustainable forest
product and service industries within a given region present opportunities to supplement public and
other investments.

212
213

Outdoor Industry Associatio2012
Morgan et al., 2012
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8.1.1 Recreation and Touns

The variety of recreational opportunities in California forests atgaoth in- and outof-state tourists.
From wilderness excursions, hunting and fishing, rock climbimgisnowsports to motorized and nen
motorized activities, recreation opportunitiecontributesignificantlyto the economies of rural
communities¢ KS 2 dzi R22NJ NBONBIF GA2y aSOG2NI Fft2yS Aa |
sector, generating $122.5 billion in direct travel spending and $9.9 billion in state and laesf'tax
These economic contributions, resulting from visitor spending, include sdraied jobs and earnings
as well as sales and lodging tax revenues that are critical in supporting local public s®®areation
and tourism benefits are important faate that drive public support for forest conservation efforts: one
of the strongest predictive factors thdaeterminepublic support of diverse forest projectsvidether

the project is perceived to improve access to recreational opporturfitiRecreatiorand tourism also
provide opportunities to interact with family and friends; this isecof the main reasonGalifornians
enjoy outdoor recreatiorf*® These social interactions can strengthen relationships among pespiel|
asbetween people and place.

Uncharacteristically large and severe wildfires can, likewise, negatively affect access and support.
Forests impacted by high severity events, such as wildfire or insect outbreaks, can be dangerous for
recreation as falling treesre ahazard.These condibnscan close trails and campgrounds for extended
periods. Similarly, recreational demand can significantly decline if most of the canopy has been
removed. Smoke impacts on recreational activities were common during the King Fire, with an lronman
Triathlon in the Lake Tahoe area canceled due to health conééfrdore research needs to be done

on how megafires impact tourist decisions, both to specific areas near the fire and the state as a whole.

8.1.2 Wood Productand Biomass Industries

Wood productmanufactuing and various biomass utilization pathways contribute to local and regional
economies by creating jobs and generating revenue through forest management and restoration
activities; commercial harvesting; product manufacturing and energy or fuels produantid related
support businesses (e.g., sales and marketing); and transporttidrshippingSustainable industries
support land tenure, which underpins the entire economy, ansader economic activity in a region

The economic value of these produetsd processes to rural economies is described below. Additional
information on wood products and biomass can be foun8égction9.

i. Lumber Lumber is an essentialaterialof life in California, and producing it locally results
in a lighter carbon footpnt than outof-state products would. In addition, local production
usually occurs in rural communities, close to the source of timihers providing jobs and
economic activity in these sometimes economically constrained areas

i. Biomass Userhe woody biomssfrom unhealthy forests is often not of a size or quality to
be used in lumber production at traditional sawmills. It may be of an undesirable species, or
possibly damaged due to unnatural growth patterns or forest disturbanceintpgrtant to
landowrers andocal communities that markets for this woody biomass be developed to
helpdefraythe coss associated with forest restoratiotionefor carbon and/or wildfire

#visit California, 2016

2°Barrio & Loureiro, 2010
#°Roberts et al., 2009
27 Ironman.com, 2014
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protection, or with the purpose of any other dmenefit listedin thissection

iii. Bioenery DevelopmentBiomass generated by forest management activities can be used to
generate electricitycoolingheat, and biofuelsCurrent researchnd earlystage
deploymentis testing the economic viability of biomassurced biofuels, liquid fuels, and
biogas; this renewable source of energy can reduce the need for fossil fuels and support
rural economies. Bioenergy provides opportunities for rural development and job creation
in economicallydepressed regions. Thalue of theenvironmental services pwided by
biomass energy production, listed above and related to forest management and emissions
reduction,is estimated to be in excess of ten cents per kilowatt hgfiRelatively small
bioenergy facilities placed in rural communities and/or serving insbihs or remote
consumers can supportiral and community energy sedtifficiency Thesecan be expanded
to heating and coolingroduction, often used for rural schools and other rural community
structures.

Sectionl0describedegislation and administtave actions have provided new opportunities
for forest biomass energy productionitiatives andcontains additional description
regarding the market for bioenergy atige hurdles faced by thimdustry.

iv.  Biochar Biochar is @otential ceproduct of bioemrgy production, and can be added to
agricultural soils for added tilth arfdr water retention capacityBiochar can replace
activated charcoal used as for odor control at facilities such as wastewater treatment plants.
The market for this product is bajrdeveloped, but it holds some promisend numerous
co-benefits in its own applicatiog for rural communities and for the state of California as a
whole.

v. Emerging MarketsOtherapplications for materials beyond traditional wood products are in
different phases of commercial viability. These items might include nanocellulose particles
or crosslaminated timber.These applications could increase the value of woody biomass
and thus forest management activitiego the state and to the more immediate
communities around affected forests.

8.2 NonTimber Forest Products

Nontimber forest products (NTFP) have a high importance to a range of stakeholder groups but their
collection is less understood and documented than timber harvesting. NTFP collected miGalifo

include bark, berries, boughs, bulbs, grasses, Christmas trees, cones, ferns, fungi (mushrooms), mosses,
nuts, roots, seeds, fuelwood, transplants, and wildflowers. These products are highly valued for their
GYSRAOAY L f LINE LIS NXive frépagatiBrS, Gagdsdaping, #adily dedriBaiitaditig, or for
ceremonial purpose$™® Native Americans and tribes in California have a particular depth and breadth

of knowledge about NTFP. Like other indigenous people, they have been collectingnd TeRtaue to

collect them as part of traditional subsistence practices for material and cufuraival®° NTFP are

also collected by a wider group for recreational purposes and commercial sale.

8 Morris, 1999
9 USDA Forest Service, 20169
220Emery and Pierce, 2005
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Box 8integrating Conservation and Improved Forest Manamnt in the McCloud Watershed

Courtesy of the Pacific Forest Trust

CKS @Fad F2NBAGSR INO 2F Y2dzyldtrAya GKFEG SYyOANDES /FtAF2NY
carbon stores, globally important biodiversity, arude002@s the wate fountain for the state. This roughly 10 million

FONB NB3IA2Yy LINPGARSE +y 2dziaidlyRAY3I 2LIIR2NIdzyAide G2 al ¥S3dz
important reservoirs, provide for wildlife adaptation at a landscape scale and restore,largee resilient stores of

carbon while also reducing catastrophic fire intensity. With roughly affftty public and private ownership, this region

at the intersection of northern Sierra, southern Cascade and Klamath mountains can provide a livémglanirg

demonstration of cooperative management across federal and-matiaged private lands.

Employing a suite of restoration management approaches, these forests can be pivoted from relatively homogeneous,
often crowded younger forests to older, monatural forests with a mix of species and age classes that are more fire and
stress resistant and resilienDeploying thinnings andontrolled burnsand managing for older, more stress resistant
stands are key management actions. Such restoration tcpkarly important for many public forests. Equally, with
relatively larger private ownerships, there is the opportunity to conserve-mathiaged private forests to ensure a

cohesive and functional watershed for the future, avoiding a patchwork of frategdeand degraded forest holdings.

An example of this approach is in . .o A ., A

the McCloud watershed. In 2016, au® {KFadl I SIRgluUSNR /
the Hancock Timber Resource tews,

Group worked with the Pacific
Forest Trust to conserve 20
square miles of welnanaged ‘
private forest, creating s
permanent onnectivity SR
between 2.15 million acres of -
public landsConductedn “-’{

cooperation with DFW and WCB, ) Hage b

and with funding from state and 4

private sources, this project .

FOKAS@®Sa a2yY$8 2F [ FLEiAT2NYAlI Q&

climate adaptation goals. It will | U _

double the carbon stocks on thi - j ‘.

forest over 50 yearsemoving BN p

1.8 million metric tons of CO2 wasta T a7 - e

from the atmosphere, equivalent Y 7
to the annual emissions of ) McCloud McCloud Soda \ Togsane
Bascom Pacific \

Dogwood Springs Bear Creek

380,000 carswhile maintaining /Bt MecCloud River , o 4
continuous management and (
timber flows. It benefits many | —
imperiled species that rely on
this crucid habitat while Shasti-Trk Bascom Pacific
expanding access for f el s
recreational uses. It conserves

over 30 miles of streams and

creeks as well as 74 springs,

prioviding critical cold water to v 51 S
the McCloud River, a key water | | ‘
source for the state. ﬁ R A

*

This management approach

melds restoratio, landscape goals and collaboration across public and private ownerships. Implemented over the larger
landscape, such approaches will benefit all Californians in multiple ways, from safely reducing excess carbon dioxide to
promoting adaptation to revitating rural economies and safeguarding the stafater supplies.
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8.3 Public Health

In addition to sequestering carbon dioxide, trams removeairborne pollutants such as ozone,

nitrogen dioxide, and particulate matteia uptake byeaf and needle suaices. Forests can also be a
source of air pollution as a result of wildfire or open pile burning of biomass. Forest management and
biomass utilization can play important roles in maximizing the air quality benéfitsests: by treating
forests to reducehe potential for severe wildfiregnd using the waste productsom the forest in a
productive waythere is the opportunity taeduce wildfireand woodwaste-burningemissions that

have impacts on both human health and the clim&te.

Studies suggestand-replacing forest fires are increasing in frequency and extent and climate change
will likely exacerbate the situatiooy leading to increases in wildfire size and sevefity?® *** While
treatments that involve the use of prescribed fire can resultimilar emissions constituents, the scale
of those emissions is much smaller compared to a wildfire. In addition, such activities are regulated
based on local favorable atmospheric conditions and managed to minimize air quality irffpacts.
Prescribed firesire timed to occur when impacts on the region willragimaland during periods when
air quality is good. Megafires, on the other hand, tend to ocltiimg monthswvhen air quality is

already bad, exacerbating the situation with little control of theation of the impactsReviewing

LJdzof A0 L2t A0Oe YR gAfRFANB SYAaarzya 27 pliOSyi
makers need to question the path of full suppression and ask the questiofire suppression the most
appropriate way ¢ protect air quality or just the easiest way for us today to handle a difficult decision
while we mortgage the health of future generatios&

With wildfire comes smoke, which contains black carbon and other clip@tetants includingitrogen
oxide(NON), a precursor to ozondslack carbon is a very smahrticle(PM 2.5%hat is formed with
incomplete combustion and is characteristic of wildfires. In addititeck carborrepresentsa public
health risk for cardiovascular and respiratory diseasewell as cancer and, potentially, birth defe?s.

While anumberof external factors affesthow and what type of smoke is formed, where it goes, and
how long humans are exposed to it, research is clear that wildfire smoke, and all of its constigients, i
unhealthyfor humans?##?*2®*Managing forests and watersheds for greater health and resilience
minimizes the risk for large scaliestructivefire. Thisrisk reduction in turn, will minimize human
exposure to wildfire smoke on the intense and extendiegescales experienced in the last ten years,
improving public health in the immediate fire area as well as populations affected for the many
hundreds of miles that wildfire smoke can trav&l.

221
222

Stephens et al., 2009
Westerling et al., 2006

2 Miller & Safford, 2009

2 Garfin et al., 2013
225Wiedinmyer & Hurteau, 2010
2% gchweizer & Cisneros, 2016
%27 J.S Environmental Protection Agency, 2016.
*’Reisen et al., 2015

| ju et al., 2016

#9Delfinoet al., 2009

2 Lju et al., 2016
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The health impacts of air pollution are likely to be modifiectlipate change, due mainly to the
exposure of populations to increased levels of air pollutants and the enhanced pollutant emission and
production rates in a warmer climate: climate change is projected to increase cardiovascular and
respiratory morbidityand mortality associated with grourdvel ozone>>***Most California residents

are currently exposed to levels at or above the current State ozone standard during some parts of the
year, and exposure to ozors been shown to bassociated with decreasddng function, respiratory
symptoms, hospitalizations for cardiopulmonary causes, emergency room visits for asthma, and
premature death?®* At higher daily concentrations, ozone increases asthma attacks, hospital
admissions, daily mortality, and days oftragted activity and school absenc#s.

The mobilization of historic pollutant loads is another danger from forest fires. For much @0the

century, automobiles used a lead additive in fuel to reduce engine problems. OWdMI'®f lead

additives were ged in California alon@€® As a result of this application, soils around urban areas and

within urban airsheds saw significant increases in lead concentrations in excess of the background levels,
some of which was transported into the vegetatiand ultimatly soilghroughout the airshedSoil
contamination is persistent, even if forest vegetation has turned over one or more times, and continues

to contaminate vegetation, including treeduie to continual uptake of nutrients and water.

When forests growingh contaminated soils burn, ascurredin the Williams Fire of 2012 near Los
Angelesthey can rerelease toxins to the atmosphere thaveaccumulated in the soil: lead, zinc,
nickel, and copper, among others, can beergitted to the air in the smokplume?’ These
containmentsthen becomeconstituents of smoke and ashat spreads downwind of the fire site.

Water sampling in recently burned watersheds in southern California in the 2000s found a more than
100fold increase in copper, lead, and zinc @minants in the water compared with nearby unburned
basins?®® More research needs to be done to identify forests near urban areas with increased
contaminant loads, and appropriate treatment methods need to be identified to ensure that
management activitieg or uncontrolled wildfireq do not affect and remobilize the contaminants.

Human health can be enhanced througitreation opportunitieshat £ £ 26 / I t AT2NY Al Qa O)
accesdo andactivity options within the outdoors. This increased accessingprove public health

conditionsand alsgprovides significant mental health benefits. Additionally, at least 59% of Californians
participate in one or more outdoor recreation activitjegth many of these activities taking place in the

aiF 0S5O TNBENMO dzG Ay 3 aANBLGte G2 [/ FTAT2NYALIyYyaQ |dz

8.4 Water Quality, Timing, and Yield

As described in the California Water Action Plan, investments in forest hididadwatershelp
provide highquality water downstreani:® At least 60 percentof C&li2 Ny A I Q&4 RS @St 21LISR 6|
comes from forested watersheds in the Sierra Nevdd@ihe USDA Forest Service Strategic Plan:

22 gyjaritpong et al., 2IB

2% Confalonieri et al., 2007

#*Drechsler et al., 2005

% Committee on Estimating Mortality Risk Reduction Benefits from Decreasing Tropospheric Ozone Exposure,
2008

2% Odigie & Flegal, 2014

%7 Odigie & Flegal, 2014

*® stein et al, 2012

% Outdoor IndustryAssociation, 2016
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FY2018020 recognizes that a strategic objective of #mencyis to provide abundant clean water and
maintain watersheds in gootbndition?*? The California Department of Water Resources also highlights
the nexus between forest management and water resources in its California Water Plan Update 2013
Forest Management Resource Management Stratétjjiealthy forested ecosystems can irope the

quality and supply of these water resources, as well as contribute to resilience in terms of timing of
spring melt.The forested lands of California are of significant value to both California and the nation as a
whole, as exemplified by the des@pon of the California Headwaters Partnership Region as one of

seven Resilient Lands and Waters regionfie United States; see B8x

High sediment loads, conveyed duringthe kigh 2 4 S @Sy Ga GeLIAOFt 2F /It AF2N
typically ocar for a number of years after large, higkverity fires. This sediment and debris can reduce

reservoir capacity, increase water turbidity, interfere with other critical infrastructanelnegatively
affectaquatichabitat. Postfire reforestation andestorationcan improve watershed health and benefit

water resources. Forest management efforts help to reduce the need to remove silt and debris from

reservoirs and recharge basins, make more space for water supply storage and hydropower generation
capacity and increase the economic value of these activities.

High severity fires can expose snowpack to direct sunlight, shifting melt times to earlier in the spring
when the water flowing downstream is less able to be captuliais exposure capersistfor decades,

until forests regrow. Forest management actions have been shown to increase snowpack accumulation
and retention over unhealthy, overgrown forest§.

Timing of flows is also tied to the feasibility gfdnopower productionSevere wildfires such ése Rim

and King Fires resulted in significant reservoir impairment downstream, through erosion and resulting
sedimentation in watercourses, affecting both reservoir capacity and water quality for hydropower

production Through timing and mandated reserva@urves informing operational actions, there may be

Y2NBE 2N fSaa 6FdSNI I GLAtlIofS F2N KERNERLRZ ¢SNI LINR Rdz
summer.

From a quantity perspective, it is possible to manage forests to increase the annual avenager

guantity they deliver, althougmeasuring thizan be challengind-heNature Conservanayonducteda
meta-analysis of 150 existing studies on forest management and water supply and analyzed the impacts

on potential water yieldf a number of dierse forest management strategieEheanalysis found

possible returns of between zeand six percenin overall potential yield? Similarly, a study located in

Arizona examined the snow retention rate of a number of locations under a variety of treatment

Treated sites resulted in greater snow accumulation, as well as longer snowpack persistence into the
spring®*® While this topic requires additional research in California, it is a promisihgoefit for
YEYEFIAY3 [/ FEATF2NYALF Qandseedttation & F2NJ OF Nb2y OF LJi dzZNB

%9 California Natural Resources Agency, 2016a

1 sjerra Nevada Conservan2pl14b

242 A Forest Service, 2015¢

%3 California Department of Water Resources, 2013
*3ankey et al., 2015

**podolak et al., 2015

246 Sankey et al., 2015
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Box9: California Headwaters Partnership

Courtesy of the USDA Forest Service
The California Headwaters Partnership is one of seven regions in|"*
the United States named a Resilient Lands and Waters region, as
called forin Presiderti 6 F YI Q& t NA2NRG& ! 3S
I fAYFGS wSaAatASyOS 2F ! YSNAOI
partnerships build on existing collaborative efforts to help
maintain and restore resilience in regions vulnerable to climate
change. They also showcase thenefits of largdandscape
management approaches.

The California Headwaters Partnership region includes watershed
in the Sierra Nevada and portions of the Cascade and Coast
Mountain Ranges. Combined, these watersheds provide water fo
over 25 million Cébrnians, and supply the majority of water for
irrigated agriculture. Due to the ever increasing threats to the
forests in the California Headwaters Partnership region and the
importance of this source of water to so many Californians, large
landscape rewration at an unprecedented scale is critical. B

~~, Sierra Nevada Watershed

The USDA Forest Service and California Natural Resources Ager| ~ mprovement Program Region
= California Headwaters Partnership

are leading this effort to: Region s

1 Restore forests and watersheds

1 Reduce the risk and consequences of uncharacteristically
large wildfires

1 Improve andprotect the quantity and quality of water

1 Improve habitat for wildlife, fish, and plants

1 Preserve working landscapes

¢CKS /FEAF2NYALF 1 SFIRgFGSNAR tFNIYSNBEKALI FAYa G2 NBai2NB NBa
existing collabaative efforts in the region. There are over 35 partners that support the California Headwaters

Partnership and ten national forests are included in the Partnership area. A Memorandum of Understanding between

the California Natural Resources Agency andUB®A Forest Service has been signed, committing to ongoing support of

the California Headwaters Partnership and ierra Nevada Watershed Improvement Progi@P), as the WIP is one

of the primary means foimplementing the goals of the California Headwaters Partnership.

C2NBald NBad2N}IGA2y | OGAODMERSE | ONR 2
climate solution. To accomplish the Partnership goals, partners

are working to align existing collaborative effortsgliease

investment for restoration, address policies that limit or slow

restoration, and increase infrastructure needed for forest

restoration. The Partnership region is socially, economically, and
environmentally diverse, but the threats the region faéesn

climate change, which include the increasing size and severity of

wildfires, and increased drought, fire, and inseelated tree

mortality, are

common across

the landscape.

Taking a collaborative approach to addressing these threats creates the pam— e =

bestproducts and the best outcomes.

To learn more about the California Headwaters Partnership and to acc
products, such as the ESRI Story Map and hangaisistheUSDA Forest
Serviceor Sierra Nevada ConservarcgliforniaHeadwaters Partnership
websites.
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8.5 Wildlife Habitat

California forests are a biological hotspot of wildlife diversity. Climate, geology, and ecological processes
(fire, water, nutrient cycles, etc.) combine to create habitats and corridors that suppottardance of

the high biodiversity and endemism found in the state. The threats to forestlands discussed earlier can also
impact wildlifeand their habitatas can certaimanagemenpracticesthat lead to the reduction of habitat
diversity andhe simplifcation of forest structure. The key to logrm preservation of wildlife is the
conservation, improvement, reestablishment and management of their halfitatactive forest

management can restore forests so that they are more representativelpfesse native, firedependent
ecosystemActive management will not touch every acre of forestland in California, but management
should be implemented in a manner that supports ecological function of unmanaged areas, including
designated wilderness, and vigersa.

In the absence of fire over the past 100 years, many foies@alifornighave transitioned away from

historically prevalenplant species mixes and towards species that thrive in shady, dense conditions that
are characteristic of a firsuppressed latiscape. This has negatively affectbd availabilityof some

habitats. Restoration activities should be implemented in a way that protects crucial hayjiedé and

elements for a range of species, including sens#ive listedspecies. Best practicesisifor balancing the

need to thin forests while protecting wildlife habitat including implementing treatments outside of the
breeding season, retaining large snags that do not pose threats to public safety or significantly conflict with
management goalsnd promoting the retention of a diverse set of native tré&s.

Recent research has found that t@aliforniaSpotted Owl $trix occidentalisccidentali¥ a California bird

species of special concetin extirpated from sites experiencing uncharactecatly high severity fire.

Additionally, after the King Firtheseowls avoided the high severity burn areas when foraging as well,

instead foraging on the fringes of the high severity burn where burn severity was more moderate and in

line with historic lurn patterns®* This finding should inform future forest management in accounting for

0KS ySSRA Behsitivekhfedtehet] Bdd RndaDddered species. High severity wildfire, out of

character with historic patterngioses athreat tal K S & (dsuifed BigdiveiisiddSConcluding their

research on high severity fire impacts Galifornia fotted Owl, Jonesetab H nmc 0 &G F G SR a Ay ON
frequent megafires pose a threat to spotted owls and likely otheffotdst species and, as a result,

suggestshat forest ecosystem restoration and eldrest species conservation may be more compatible

0KFYy LINBEJA 2 dowewver, posire axtngliSnRabes in areas of low severity burninthat which

would be characteristic of prescribed ficavas estinated to be zerd™ ?** This data, whileeflective ofa

single study, is indicative of other research that has been completed, including projections that, if the

present fire pattern is continued, all higtuality owl habitat will be lost to severe wildfivéithin 75

years®*

Current federal management objectives and regulatory and permitting processes resaoltrigatment on
a significant number of federallpanaged acres due to the presencesefisitive threatened and

247 Califonia Department of Forestry and Fire Protection, 2010

28 Jones et al., 2016

9 Jones et al., 2016

#9 ee, 2012
*1Roberts, 2011
*2gtephens et al., 2016

95



Forest Carbon PlarDraft for Public ReviewJanuary2017

endangered speciedVhile some ofthese lands could be treated from a scientific and legal perspective,
the cost in both time and financial resourcetends to be prohibitive. The absence of management is not a
regulatory mandate, but isather a result of insufficient budgets arprefererce on the part of managers

to avoid potential negative effectsr legal challenges. The result of thisusabsence of positive effects, as
well as the unintended loss of many of the resources the regulations aim to proteetabove example of
the Calibrnia Spotted Owl ian exampleof this nemanagement outcome.

8.6 Historic and Cultural Resources

Because of thie thousands of years of intimate ancestral, cultural, subsistence, and spiritual connections
to forests and foreshssociated habitats, Nativawericans and tribes are discussed separately here. While
tribes realize all the same benefits from forests that others do, they stand to be impacted in different ways
by changes to forests. As with many other indigenous people, the way Native Americansesmd

perceive and categorize the benefits from forests can be distinct from the conventional categories of
ecosystem services. Traditional activities related to subsistence (e.g., hunting, fishing, trapping, gathering
berries and fibers for basketry)@aseen not as employment or recreation, but primarily as activities that
perpetuate family and cultural traditions and knowledge, provide physical and cultural sustenance for
families, and support an ongoing spiritual connection to the land and its resetifé>*2>5**These

intrinsic and intangible values are not widely understood by outside groups, nor can they be quantified.

While a wide range of people value California forestsfwrtimber forest products ' TFR, the

relationships Native Americans atribes have with these resources is closely tied to their psysdwial
spiritual, cultural, and physical wdiking. This is reflected in their vast knowledge of plants and their uses.
As one example, an ethnobotanical study from the 192830s documerdd the knowledge of Costanoan
Indians of central California. This included 157 plants and their uses: 63 for food, 101 for medicinal
preparations and 48 were used in other ways as raw materials, such as for fuel, cordage, construction
materials and contaiers, clothing, tools and musical instruments. Other plant uses might include
applications as detergents, cosmetics and dyes, poisons, insecticides and halluciibDersto
socialecological change over time, ethnobotanical knowledge may have declindtelpractices and
relationships to natural cultural resources continue to evolve, adapt, and perpetuate values and culture.
The loss of access to NTFP, and perhaps especially traditional foods (e.g., acorns) and their habitats, can
affect more than dietsit can threaten the associated knowledge and identities embedded in stories,
ceremonies, songs, and the community processes of collecting, preparing, and sharirfg®6dds

%3 Anderson & Moratto, 1996
**Kimmer & Lake, 2001
255McAvoy et al., 2004
#°USDA, 2014

*"Bocek, 1984

#%Nabhan, 2010

*9Vinyeta & Lynn, 2013
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Al

In the past, Native Americans and tribes used fire as a t
for managing access thealthy habitats and populations of
valuable species (sexdeba). The absence of fire, or nen
traditional applications of fire (such as uncharacteristicall
severe) poses a threat to cultural resources, as well as
traditional cultural knowledge and éifvays>®® ***Beyond
culturally important plants and animals, wildfire also
threatens Native American and tribal homes, safety,
economies, and cultural sites. It is important to note that
sacred sites and heritage sites in forests are a critical
aspect of liing culture that is not just frozen in times past
as archaeological sites, they are elements of cultural
practices today. More information on the history of fire
FYR /[ FEAT2NYAL Qa Ay RBéaty 2
2.1

In addition to preserving trational cultural resources and
practices, responsible forest management helps some of
I FEATF2NYALF Q& bl GABS ! YSNR
ydzYo SNJ 2F SEI YL S&a SEAA
legacy knowledge of and connection with their lands to
shapeforests into resilient, carbowapturing landscapes.
In many cases, Tribes have legal and financial resources
I RRAGADS G2 O2y@SyiaArzyl
and their participation can create synergies in applicatior]
permitting, and financingdrest management activities. In
return, participating Tribes have the opportunity to work

on and, in some cases, manage landscapes to which thg

Examples of firassociated plants valued
highly by Native Americans and tribes:

= =4 -8 8 _a -9

= =4 -8 4 _—a_a_9

(Anderson 1994, 1999, 2006a).
(Taken directly from Lake & Long 2014: 17¢

willows (Salix L. sp.),

Indian hemp (Apocynum L.),

milkweed (Asclepias L.),

skunkbush sumac (Rhus trilobata Nutt.)
sedges (Carex L.),

deergrass (Muhlenbergia rigens (Benth|
Hitchc.),

California redbud (Cercis orbiculata
Greene),

Pacific dogwood (Cornus nuttallii
Audubon ex Torr. & A. Gray), S
beargrass (Xerophyllum tenax (Pursh)
Nutt.);

California black oak (Quercus kelloggii
Newberry),

beaked azelnut (Corylus cornuta
Marshall),

elderberry (Sambucus L.),

woodland strawberry (Fragaria vesca L.
blueberry (Vaccinium L.);

snake lily (Dichelostemma Kunth),
mariposa lily (Calochortus Pursh),
camas (Camassia Lindl.),

wild tobacco (Nicotina L.),

have historic and préistoric ties. This connection can

increase tribal financial, organizational, and indt@nal capacity, giving these entities some of the

essential tools for operating as a sovereign nation within the most populous and ecologically diverse state

in the nation.

9 Karuk Tribe Department of Natural Resources, 2010

1| ake & Long, 2014
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Box10: Tribal Forestrg Maidu Summit Consortium at Tasmam Kojom (or Humbudeya
Courtesy of the Maidu Summit Consortium

Tribal nonprofit stewards large restorative forest landscape, by way of a unique and exciting new management scenario.

In the increasingly threatened mixexbnifer forests of Plumas
County, along the pictesque highmontane meadow that most
Californians now call Humbug Valley, an important and
monumental restoration project is well underway. After a land
grant recommendation by Pacific Forest and Watershed Lands
Stewardship Council was made in 2013, theddgBummit
Consortium (MSC) is now poised to reclaim this culturally and
spiritually significant site, so that it may be restored.

Tasmam Kojom will be carefully managed based upon the Maid
cultural and philosophic perspectives as expressed through
traditional ecology. Tasmam Kojém is an important place for the
demonstration of how Maidu traditional ecology and
contemporary ecological science can be woven together for the §
benefit of the land. It also is essential to the perpetuation of the
unique culture fom which our traditional ecology was derived.

For our basic survival, our People knew of the complexity and £
importance of maintaining resilient and productive forests. Until
not so long ago, our daily lives included the human workings
required of the adie stewardship of healthy and balanced
forest communities, the very means of our existence. When it
comes to conservation of natural resources, this work held
meaning near and far when considering the extent and
distribution of Tribal People across whatriow the State of
California.

Longterm, large landscaptevel projects such as ours will demonstrate how much potential California forests hold for producing
more of the highesfjuality fresh water found here, critical evermore to the survival of magezople living elsewhere in our

state. We also feel that slowing the devastating effects of air pollution is done by better managing forest growth cycling an
transpiration over much longer periods of
time. Smart forest carbon planning is our
path forward

It is also extremely important to note the
rural development investment potential
work like ours provides to economically
stressed communities in the Sierra.

MSC have contracted with Ascent
Environmental to help guide ongoing
planning work, which isrpsently
supported bythe Stewardship Council,
Sierra Nevada Conservancy, and the
Lannan Foundation. The California
Department of Fish and Wildlife will also
be partners in cananaging certain
aspects of the project.

Learn more at:
http://iww.maidusummit.org/cu
rrent-projects.html
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8.7 Reduced Lonterm Costs for Fireuppression

The federal Resources Planning Act Assessiiestimates that forests in the western states, including
California, are likely to be increasingly affected by large, intense fires that are the result of complex
interactions between past managememtactices and changing climate. Unhealthy forests in the fow
middle elevations are overly dense and homogenous with large amounts of down woody fuels, and are
more prone to large intense wildfiré§® These conditions pose higher risks and costs doess and
firefighting activities. In addition, large intense, wildfires in forests not adapted to them can lead to long
term change, including vegetation type conversion, more frequent fire return intervals, and ultimately
higher fire suppression cost®espite these changes, wildfire suppression in the US remains highly
effective, with nearly 98% of all ignitions suppressed before reaching 300°4tres.

For low and midelevation forests in California, health and resilience implies restoration of donslit

(lower stem densities, larger more fire resistant trees, reduced fuel loads) that support a reduction in the
propensity for highly damaging and costly wildfires and other disturbance events such as drought and
insects. Activities aimed at improvingsilience in these forests are often center around reduction of
hazardous fuels and modification of degraded stand structr&? Forest management policies on

various scales have highlighted the importance of these actififjémit, as discussed earliehe pace and
scale of implementation has lagged far behind need, owing to societal and organizational barriers and
disincentives?® 2%°

Between 1985 and 1999, the annual cost for federal firefighting exceeded $600 million only twice.
Between 2012 and 201 %ederal agencies spent no less than $1.6 billion each year on firefighting. In 2015,
costs surpassed $2 billion for the first tirffl@. The USDA Forest Service, which accounts for about 70
percent of these federal costs, spent 16 percent of its 1995 apjataul budget on firefighting; in 2015,
firefighting accounted for more than 50 perceiit. Fire suppression has increasingly come at the expense
of other programs, including fuel and vegetation management and forest restoration.

While fire suppression witontinue to be vitally important in protecting lives, property and assets at risk,
O2yiGAydzZSR SEOf dzaA 2y 2 hdafted Miestswikiuy comrmehstirat@ rbkloratio & R NE
and fuel reduction will result in continued buildup of fuels andditons which support more damaging

fire that is difficult and costly to control. In a sedinforcing fashion, more damaging wildfire can promote

more risk aversion and discounting of lereym benefits of restoratiori’? Mitigation of this feedback lqo

can result in reduced suppression costs in the lmn?*wSa i 2N GA2y 2F [/ It AF2NY ALl

#%2ysSDA, 2016h.

3 stephens et al., 2016
%4 calkin et al., 2005

5 Hessburg et al., 2015
%% North et al., 2009
%"NCWFMS, 2014

28 North et al., 2015

29 calkn et al., 2015
2ONIFC, 2015
*"LUSDA, 2015

272 Calkin et al., 2015

23 Collins et al., 2013

99



Forest Carbon PlarDraft for Public ReviewJanuary2017

condition less prone to severe fire will be more cost effective over time, but it will require adomg
perspective, commitment, and significant sttual changes in wildland fire and vegetation management.

Various frameworks have been proposed for this type of restructuring affigctesing on resilience, and a
G2yS aAl S FAda Ftté FLILINRIOK gAfft y2igoneN] > IAISY
communities and forest§*?>2’® As an element of fire and forest management, land use planning will
need to take a central role. In California alone, thereZagemillion housing units within the Wildland

Urban Interface (WUI), 83% of whickedn dense Interface, and 17% of which are in moresga

populated IntermixX’” Restoration treatments in the WUI may require more intensive fuel treatments and
focus on home ignition zones. In nagserve forests, achieving health and resilience neayire road
networks for access to conduct management and restoration activities such as thinning and prescribed
burning, which will also improve fire suppression access. In more remote areas, naturally ignited or
prescribed fire may be used under modexateather conditions to reduce fuels loads and restore forest
structure. In this type of framework, fires can be suppressed and managed at lower size and intensity,
resulting not only in lower fire suppression costs, but also improved forest health aitiémee.

8.8 Coaobenefits Conclusions and Policy Recommendations

Climate resilience is the most important aspect of healthy forests, when considering a range of benefits as
described here. Managing forests for carlkasdescribed in this Plan wilsult inincreasecdclimate

adaptive capacitandgreater climate resilience. A stromicator2 ¥ NB aAf ASy O0S Aa | I yI
biodiversity: higher rates of diversity across a landscape (within individual stands and up to the bioregional
scale) and within indivical landscape elements (species, genes, etcetera) result in greater resfiiénce.
Managing a forest for diversity and, thus, resilience, will ensure that, over the long term, California has the
resources on which it has come to depend, allowing the statednage adaptation at a more realistic rate

and to reduce costs by addressing problems before they start. The management activities necessary to
restore forest health vary by region, forest type, and climate change stressors, and therefore no single
approad is appropriate. The approach andlsenefits outlined here describe generalized forest needs

and benefits as a whole; more specific details on approaches in each region can be found in the regional
section in this document.

Current scientific understandi of forest dynamics strongly supports forest management that promotes
diverse forest stands that are dominated by large trees that are resilient to fire, drought, insects, and
diseases. Tése conditionsin turn, result in enhanced carbon storage andtipléd cobenefits of forests
restored to healthy conditions. It is a wimin situation for both carbon sequestration and the benefits we
desire from our forestssincethe cobenefits inherent in responsible and healthy forest management
coincide with carbn capture.

In most management regimes, carbon capture aaduestrationis a minoror incidentalconsideration. A
focus on overall forest health and accompanying implementation ofésemmendationsdentified in

" North et al., 2015

> Stephens et al., 2016
2% calkin et al., 2015
*""FRAP, 2016

> Thompson et al., 2009
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this document will help to diversify magement practices, and will achieve the Forest Carbon Plan goal of
sequestering and maintaining more carbon over tiffteere may be circumstances where, for a variety of
reasons, a landowner may manaigpeests for maximunrates ofcarbon sequestratiorihile this is not
currentlythe case in most situations, it is important that an understanding of the effects of different
management activities be developed in order to better equip land managers and policy makers to
incentivize desirable activities.

There § often a time lag between forest management actions and their effects on net carbon storage. Not
only does the living forest system require time to adjust and stabilize following dramatic disturbance (often
up to five years), but carbon benefibf forestmanagement actions can be years, and even decades, in the
making. From an investment perspective, this can have the net effect of handicappirgionfprest
management projectaCabenefits such aavoided catastrophic wildfirgncreased recreation qmrtunity,

snow water retention or rural economic growgitovide neasterm benefits and increase the return on
investment from the projectMeasuring the return on investment of dmenefits associated with forest
management will be an important part of améng that California invests in the best possible outcome for

the greatest number of citizens over the long term.
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9 Wood Products and Biomass Utilization

California is the third largest producer of timber in the nation, while at the same time importarg/év

percent of its wood for consumption from other states and countries. This presents a significant

opportunity to increase istate utilization of timber products while simultaneously focusing on forest

restoration. Increased production of timber aneod products, particularly if used-state or in nearby

states, may reduce the overall transportation emissions associated with wood products used in California

and regionallyThisutilization approactalso ensures that the lumber and other wood produased in

I FEAF2NY AL FNBE LINRPRdAzZOSR Ay FEA3AYyYSyild AGK [ FfATF2NY
the forest and during manufacturin@ection6 details the fate of woodbased carbon in the production of

forest products in California.

California seeks to implement a resilient forest products and biomass strategy that is diversified, scaled to
address both private and public biomass utilization needs, and advances climate change and economic
development objectives regionally and statewid hissectionprovides an overview of existing utilization
pathways than can be scaled up to take woody biomass to its highest and best use.

As described isection3, the woody material generated through increased management and restoration
activities(including addressing the current massive tree mortality due to drought and bark beetteskll
as thebyprodudsresulting fromongoing timber harvest, exceeds the existing, productive biomass
utilization capacity in the state. In order taximize contibutionsto climate change objectives, this
materialmust be utilized in a manner that minimizes net GHG and black carbon emiggisemissions
accounting should include the carbon stored in harvested wood products produced.

Social cebenefits of sucessful implementation of this strategy include creation of revenue streams to

fund forest health treatments partially or in full; skilled job creation in rural areas and downstream
manufacturing and use; and improved diversification and resilience of@amadomies. The carbon

sequestration and emission reduction benefits can be multiple and varied. Diversion of material from open

pile burning, the traditional method of ifield disposal, to renewable energy and fuels reduces GHG and

black carbon emissiolENB2 Y (G KS FT2NBAGNE aSO0G2NJ FyR O2y G4 NROdzi Sa
Portfolio Standard and Low Carbon Fuel Standard, respectetisoil amendments such as compestd

biochar can contributenaterialto advancell KS a il 6SQa | &1 fGKe {2Afta& LYAGAL

Traditional lumber products and engineered wood products such as-tawssated timber and oriented
strand board can displace metals, bricks, and concrete, which have higher lifecycle GHG emissions than
wood, in both low and midrise building. Wood ntarial substitutions, analyzed across multiple

applications and studies, have been shown to displace an estimated 3.9 temp€Qon of dry wood

used?”® These engineered products can be manufactured from smaller dimensional lumber and wood
chips, which rakes them potential highevalue channels for traditionally lowalue material.

9.1 TraditionaWoodProducts

The California Forest Practice Act, which goveordederaltimber operations in California, cites carbon
2S5 dz8a0NI GA2Y A 8¢ ONRGADZRNBAYR O#/KAE dBY NEKS adF (8
Resources Code Section 4512.5). The threat to this important role is also idetiféitlis clear that

UL GKNB 3 hQ/ 2yyYy2NE HAMA
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climate change will continue to strepsiblic and privatdorest ecosystems. The Act alsatesthat

LINR I OGABS YIylFI3aSYSyid Aa SaaSyidAalf F2 Ndequestration G A2y |
NREf So /I A Tiddbedhanes legultdrnis lsekk t&bRlance the ecological, societal, economic, and

other public trust values of Gfornia forests with those ofandowners These regulationsnclude

requirg(r)nentsthatyz YFSRSNIf GAYOSNI KINBSadta YSSG NBLX FyGAy3
years:

Where forests are managed feustainabldimber production, carbon is removed the shortterm, in the

form of harvested treed_onger term, working forests managed for sustainable timber production can
provide greater carbon storage than unmanaged ford¥t€? The primary products adfommerciatimber
operations ardumber, other wod products, andiomass energy, but there are a number of other

products that are produced as the byproducts of these operat{@ablel0in Section 6.3} Mclver et al.
estimated that, in 2012, 2.4 million metric tons of carbon was processed int@gnénished lumberand

other products?® In the reporting year, less than 1% of the products went unused. As can be seen in Table
10in Section 6.3.4finished lumber production accounted for only 26% of the carbon stored in 2012,
leaving 73% of the cadm as byproducts of the industry, most of that going to energy production. How this
08 LINRRdAzOG Aa YIylF3aSR KFa AYLIX AOIFIGA2ya F2NJ /I fAF2NY
discussed below.

Timber harvesting activities in California have bearthe decline since the mitl980s. Mclver et al.

(2015), estimated that timber harvesting in California was 1.425 billion board feet in 2012, representing a
decline of 18 percent from 2006 (1.504 billion board feet) and of 36 percent from 2000 (1.8&6 thilkrd
feet). Sincaeachinga low of about 750 million board feet in 2009, harvest has picked up somewhat to
approximately 1.5 billion board feet in 2038 Finding policy solutions that encourage sustainable
YIEYyF3aSYSyld | yR dzi $and8 ahd wobgprdddc® teyeducelbesinds® addbeinissions
leakage while ensuring a decasing carbon footprint iscatical consideration.

While current utilization practices throughout the full wood products use cycle increases the carbon
benefit, as compare with historic estimate®®, wood products do decay over time, returning carbon to
the atmosphere. The climate change impacts of this decompostiedependent on the manner of
disposal. In anaerobic environments (such as in landfills), the byprodudanf decay includes methane,
a shortlived climate pollutant. In open air (such as in buildings), waadlast a long time, thoughtill
decomposeandslowlyrelease carbon over its lifetime.

Using national and state mill efficiencies, wood productitiies and factors governing the fate of
discarded wood products were reported by Smith et al. (2006) and by Stewart and Nakamura (2012).
Using Californiaspecific factorstheyestimated that 61 percentof wood product carbon (for all wood
products) wouldeventually be returned to the atmosphere through decaycombustionafter 100 years.
The tenyear averagearbon storage imvood products fromharvesting from2001 to 2010 range

280
281

California Department of Forestry drrire Protection, 2016e
Gustavsson et al., 2017

*25myth et al., 2014

3Mclver et al., 2015

?8 California State Board of Equalization, 2016

% Stewart & Nakamura, 2012
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between 0.304 and 0.33VIMT of carbon per year in Californiwith the bulkof this (approximately 90

percent) coming from private forestlands.

¢CKS adlFiSQa 3I21ta NBfIFGSR SeptiorBtRwilreqiire thgarticpaién ol y R K S
all interest groups and land managekéost working foests with regularlyccurringtimber harvests are

privately owned.In 2012 83% of the 14 billion board feetof timber harvestedin Californiacame from

private lands’® National Forest System Lands, while compriSihgercent of timberland in the stat&’
produced 14 percat of the 21012 timber harvest®®

Differing management strategies and competing regulatory objectives (habitat values for example) likely
mean that carbon storage will rarely be the primary fooitandowners at least under existing scenarios.
Private tmberland management practices can result in conditions different from the deleelihy forest
conditions described in this Plan of more large, widely spaced.tfElesse differing imperatives can create
conflict, but are inherent in a diverse, healttgonomy andnust be understood in orddp get California

to a sustainable carbon future in a way tls&trves the community, landowners, and the state
Understanding the implications of variofest management practices on carbon storage aadbon
emissions including both on the forest and in forest products streamid,be an essential component of

RSGSNN¥AYAYTI 20SNIXff adaGaNIGS3a3xsSa ySSRSR (2 | OKAS@S
9.2 Woody Biomass

Biomass generated from forest managemernti\dties, or woody biomass, is playing an increasing role in
forestry. 2° This biomassan be used to produce secondary wood products, such as landscaping materials
compost,and wood stove pelletsMarketsforcestend to favorlow grade small diameter tees (eight

inches to 12 inches) and wood residukat canbe chipped and used as fuel or sold for uses other than

saw logs**?**Wood chips and smaller dimensional lumber can be transformed into engineered products
used in buildings, including tall wood hlihgs. However, significant economic challenges exist: it is
particularly expensive to haul heavy, moistuieh, lowenergy wood over long distan¢és™®, and the

marketin Californigor woody biomass is not yet fully developed to the point where divieedibn plays a

role in price stabilityCurrent state and local building codes also limit the structural use of timber and
engineered wood products.

Biochar is aother biomassderived product, and its createceither as a byproduadf bioenergy

generatdn or as a primary productHeating biomass in the absence of oxygen is a process called pyrolysis
that thermo-chemically transforms organic material into a stable char residue that resists decomposition,
while also producingio-oil andsyrgas that can geerate renewable energ§” This residue is called
biochar?®*?%%" Carbon originally sequestered in the biomass will be stored for a much longer time in

28 Mclver et al., 2015

%7 Christensen, 2016

2B Mclver et al., 2015
PhObSAtfE HAMM
*YEvans& Finkral, 2009

1 Rarbour et al., 2008

22 Beacker et al., 2009

3 Han et al., 2004
#*\Weisberg et al., 2010

2% priver & Gaunt, 2010
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biochar (on the order of millennia) because it is significantly more inert than the original feedistock
which itisderived.?*®?** When biochar is put in the soil,ptovides additional adaptive capacity for forests
and other lands because it helps soils to retain moisture through increasedi@urrently, excess forest
material that could be pyrolyzed Imirned in open pileseft to decompose in the foresbr (primarily

wood from urban sourceg)ndergasanaerobic digestiom landfillsin the absence of oxygea process

that releases methane, a strof@HG whichcould be avoided through the productiarf biochar). To
produce biochar that meets the standards and needs of its application, a facility must be managed
specifically for its productionThe Healtly Soils Initiative, led by the California Department of Food and
Agriculture, will help developral support the generation of, and markets for, biochar as well as compost
from forest biomass for use in agricultural, rangeland, municipal, and residential soil amendments.

Nano-cellulose particles can be prepared from any cellulose source materiakdmd pulpis normally

used. This material can then be used to create plastics, food additives, antimicrobial films, lightweight body
armor, and ballistic glass. This is a very early technology whbiefinotyet have consistently viable

markets.

Californiais the largest consumer of engineered wood products west of the Mississippi Riversyatiein

production volumes are virtually zef8" Crossiaminated timber (CLT) is a wood panel typically consisting

of three, five, or seven layers of dimension lumbeented at right angles to one another and then glued

to form structural panels. Because of this process, the panels can be created with small diameter timber

(such as that resulting from forest restoration), and creates a product with exceptional strength,

dimensional stability, and rigidity. All of the CLT used in California is imported from out of state or

overseas. A lumber facility in Oregon expanded its production to CLT in 2016, becoming the first U.S.
manufacturer of CLT panels certified for struetunse®?¢ K A & Tl OAf A& Qa LINRBRdAzOG 6 A
a02NR O0dAfRAY3I Ay t2NIfFyRT (GKAa RS@St2LIYSyd Aa 2y
U.S. Tall Wood Building Prize Competifitn.

9.3 Biomass Energy

Biomass generated from forestanagement activities, can be used to generate electricity, heat, and
transportation fuel. There isngoingresearch testing the viability of biomassurced electricity

generation, liquid biofuels, and biogas. These renewable sources of energy can ttezlneed for fossil
fuels and can support rural economies. Given the alternative of qqilerburning or broadcast burning
biomass, bioenergy development through burning wood in a controlled environment with effmdats

or converting to biofuels talisplace fossiluel emissions, provides multiple benefits, including a reduction
in GHGandcriteria air pollutantemissions providing an economic impetus to perform forest restoration
work, and retaining existing primary wogufocessing infrastructurentough valueadded product made
from wood residuals.

2% | ehmann, 2007

#"Roberts et al., 2010

*®\Woolf et al., 2010

299 ehmann, 2007

%9 50hi, 2009

*1The Beck Group, 2015.

%2 Oregon ForesResources Institute, 2016
%3 .S. Department of Agriculture, 2015
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BENEFITS OF BIOMASS UTILIZATION
OVER OPEN-PILE BURNING

REDUCTION ¢

Flgure 16Emissions mnparlsonbetweeh Bloenergy Productlon and Opd?lle Burning
Source: Baker et al., 2015

Biomass energy provides opportunities for rural development and job creation in ecomlbrdepressed
regions.Additionally, he value of theenvironmental services providday biomass energy production is
estimated to be in excess of ten cents per kilowatt h§Energy selbufficiency in the form of relatively
small, distributed bioenayy plants throughout the state is one reason for biomass energy development.
Extracting lowvalue biomass from the forest through thinning and fuel reduction projects promotes
growth of highervalue, larger and more firgesistant treeswhichalso tend toprovidemore wildlife
benefits.

9.3.1 Challenges for Bioenergy and Biofuel Development

Woody biomass utilizatiohas playedan increasing role i€aliforniaforestry over time®*® Concerns over
rising energy costs, climate change, forest healtid hazardous i buildups have led to executive orders
and legislation that encourage the use of trees and woody plants as sources of energy. However,
significant technical and economic challenges exist.

For instance, it is particularly expensive to haul heavy, magsich, low-energydensitywood over long
distances®**” Haul distancealong with other sitespecific variables, such as forest type and condition,
influences the market value for wood energy chips. Market forces dictate that low grade small diameter
(eight inches to 12 inches) trees and wood residues be chipped and used as fuel or sold for uses other than
saw logs®®*® In scenarios where utilizing waste from commercial timber harvests ddfepportunityto

394 Morris, 1999
BhOobSAEES HAMM
3% Becker et al., 2009

¥"Han et al., 2004

%98 Evans & Finkral, 2009
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reduce risk of damage to forest watershedduce costs of fire suppression, and/or meet other forest
management objectives, biomass projects can potentially offer net benefits to forest
stakeholderg 0311312313

Furthermore, several critical barriers exist that must be overctoredlowfor effective dilization of forest
biomass for transportation fuels. These include: high costs of aggregating feedstocks and delivering
finished biofuels from remote and inaccessible locations, and high capital costs of mature technologies
that inhibit investment. Addionally, emerging technologies for woody biomass conversion show
significant promise, but require public financial support to help mitigate perceived risks and overcome
early technology development costs. The solution to addressing these critical banagrrequire

targeted government funding in the netarm.

9.3.2 Legislative Support for Forest Biomass

Markets for biomass energy in California are complestin flu®®> ¢ KS @l ad YlI22NRG& 2F /
conversion facilities were built in the 1980s, evhregulatory and economic conditions were more

favorable. Now these plants are-3B years old and need upgrading. The number of biomass facilities
producing energy in the state has diminished over time primarily due to economic issues. Facilities are
shutting down or idling due to expiring power contractdoenergy generation prices in current contracts

are oftenunfavorable due to competition from cheaper wind and solar generatisnwell as natural gas
power production To aid new biomass plan®enate Bill 1122 (Rubio, Chapter 612, Statute of 2012)
established a feed in tariff to new bioenergy facilities that are 3 MW andTéss program, called the
Biomass Market Adjusting TariBioMAT) program, tasks the three largest Independently Ownéititlds

(IOUs) to procure their share of 250 MW of bioenergy, with 50 MW allocated to facilities that use forest
material from sustainable forest management. In Septenitf&6, Governor Brown signed Assembly Bill
1923 (Wood), which adjusts the BioMAT dimets to allow electric generators to have a nameplate

capacity of 5 MW while maintaining the export lirtitthe gridof 3 MW. In addition, in 2016 the

Legislature passed Senate Bill 859, which requiresitivastorowned utilitiesand the larger locgbublicly
owned utilities purchase their proportionate share of 125 megawatts of electricity from existing bioenergy
facilities that usea specified percentage déiel from High Hazard Zones (HHZ) in California.

Contributing to the biomass energy markati 0 KS adl 6SQa wSySélofSa t2NIF2¢
RPS, established in 2002 under Senate Bill 1078, requires all electricity retailers in the state to procure a
LRNOAZ2Y 2F NBGIFIAE alfSa FTNRBY NBy Sditcedsifgly Prggiessee 4 2 dzN
NEySgltofS SySNHe (FNBASGaAa F2N GKS adldsSqQa t2FR aSNX
owned utilities to increase their procurement of eligible renewable energy resources to 50% of retail sales

by 2030.

Facilities that generate electricity using biodiesel derived from biomass feedstock, a biomass fuel, or
biomethane derived from digester gas and/or landfill gas are eligible for the RPS. Eligible feed stocks for
biomass facilities certified underthe RP A y Of dzZRSZ Ay LI NI X alyeé 2NBIYAO Y

39 Barbour et al., 2008
30 owell et al., 2008
31 Mason et al., 2006
¥23nider et al., 2006
3 iu,2016
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FdzSf a4 Ay Of dzRAYy3IZ o6dzi y20 ftAYAGSR (23 XX YAttt NBaAA
NEAARAZS &S X3 622R YR 622R 6FaidsS TINEBNTEANG SNANVAYRE
O2y@SNEAZ2YE a4 RSTAYSR Ay (Cdaerily Berevae 32banNdSTatilities2 RS & S
in California certified and eligible for RPS, and fivegertified biomass facilities with future commercial

operations dates. fiese 40 facilities have a combined nameplate capacity of 944 MiAhese40

biomass facilities, 22 were operational at the end of 2015.

LY FTRRAGAZ2YS [/ FEAT2NYALFQa [ 296 /ARBGBnDrpvidEazddng { G Y R NF
incentive for comerting forest biomass into fuel. Support for biofuels from the LCFS has been strong since
550SY0SN) Hamnx a ONBRAG LINAOSA KIF@PS AYyONBFraSRI Iy
caps on carbon intensity of transportation fuels are loweredach successive year.

Strongpolicies arecriticalto fostering development of biomass markets. Biomass utilization could support
activities to reduce hazardous forest fire conditions and support a resodnassd industry in local

communities However the lowfinancialvalue of biomass for energy productiameans that it is likely to

be only a marginal driver of harvesting activities, absent some kind of subsidization of the harvesting

and/or the hauling of the material to the power plant.

9.3.3 Forest Bimass Research and Development

TheCaliforniad y SNH & / 2 (CECedearkh2agd@eévelopment on biomass in general, and forest

biomass and forest management activities in particular, is supported under the Electric Program

Investment Charge (EPIC) Paogr the Natural Gas (NG) RD&D Program, and the Alternative and
wSySglkofS CdzsStf yR +SKAOfS ¢SOKyz2f23@& tNBINIYQa {d

Specifically, underthe 9 /9a8S NHe& wSaSI NODK |yR 5S@St2LIY201d4 5AJAaA
Triennial Investmet Plan allocated 2@ercent of funding, or about $26 million, for bioenergy technology
RSOSt2LIYSYd | yR RSY2yailNI7aeanial InvebthentPladallccdtes $18t L/ Q& H
million for bioenergy TD&D and $5 million for bioenergy applied R&D.

Research and development on forest biomass and forest management activities aekhtesdroad

challenges to the widespread commercialization of bioenergy systems. For the applied R&D in the first EPIC
investment plan, the emphasis was on modular bioenerggtems for forest/urban interface which will

support sustainable collection, management, and power generation from forest residue thinning. The
applied R&D in the second plan complements the efforts in the first plan by targeting other key anticipated
areas such as:

1 Identifying and customizing application of advanced conversion technologies in a larger forest
or woody biomass application to support sustainable forest practices and help reduce fire
hazards;
9 Advancing sustainability standards for biomesBections to ensure environmentally
sustainable systems; and
1 Improving performance and efficiency in electricity and heat generation; and now largely
adzLILR2 NI AY3 GKS adl G6§SQa S7¥3cadtteamoidity I RRNEAda (GKS

The/ 9 /fiQtdioenergy solicitation under EPIC addressed key challenges such as costs and environmental
impact, improved efficiency by demonstrating bioenergy technologies that are proven in the pilot or bench
scale, and demonstrating effective business models for biagnsystems. The TD&D efforts placed
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emphasis on communitgcale bioenergy facilities and on low emission or zero emission distributed
generation technologies, including combined heat and power.

TheCECQCeleased a new EPIC bioenergy solicitation in sun#@26 to address firhazard reduction

focused forestry biomass to enerdy.response to thd® 2 @ S NJ/-30M201 & Praclamation of a State of
Emergencyo protect canmunities against unprecedented tree eidf, the EPIC program accelerated the

release of the bioenergy solicitation by a year and dedicated $15 million of the $23 million available for
bioenergy research to support technologies that can help mitigate ghtorelated tree mortality. The

solicitation has both applied research and development (AR&D, $5M) and technology demonstration and
deployment (TD&D, $10M) components that propose solutions for biomass from high hazard zones. The

AR&D supports early stagevelopment on technologies and strategies for the sustainable use of forest

residue and thinning to generate renewable electricity, while reducing catastrophic fire hazards. The

projects funded through this research group must use technologies and seateged for

environmentally and economically sustainable use of locally available woody biomass resources and

provide benefits to local communities and 10U electricity ratepayers. The TD&D component was designed

to demonstrate innovative technologies,deniques, and deployment strategies to expand the efficient

YR &adzaidlAylrofS dzasS 27 thdCAKRRMBedhigiazam 208eR Perthd 2 Y I 4 &
D2OSNYy2NDRa tNROfFYlFGAZ2Y 2F | {GFGS 2F weBNBSyOe v |
thermal energy. Additionally, the woody biomass must be a byproduct of sustainable forest management

I OGAGAGASE a RSTAYSR o0& GKS /t!/Qa .A2a! ¢ LINBINIY
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Box11: EPIGFunded Forest Biomass Gasification Project in North Fork, CA

The North Fork Gomunity Power Forest Bioenergy Facility Demonstration prgjeatides one example of recent efforts
to develop new biomass energy capacitycated in North Fork, Californii,is a technology demonstration and
deployment project supported by a $4.9 nah grant from the California Energy Commiss6&C)The project, managed
by the Watershed Research and Training Center, will install and demonstrate a comiseaigalasificatioto-electricity
system that converts wood waste from forest managemesthties to renewable electricity.

TheCEQunds are part of a larger project that will ultimately result in a 2 MW biomass gasification plant. The project is a
public/private partnership between Phoenix Energy and the North Fork Community DevelopmerdilCand includes

more than $1.36 million in match funding. This project supports the Forest Carbon Plan goals by reducing fire risk, and
improving watershed protection and air quality, and providing local jobs.

The plant will use forest biomass fromrést management operations and hazardous fuels treatment activities in the
greater North Fork area, in a high priority tree mortality zoResearchers will investigate technical, environmental, and
economic aspects of operating the biomass gasificatilify including: evaluation of the reactor, gas cleanup and
automation and controlgprotocols to improve performance and reduce operating cagtsdstock characteristics;
feedstock consumption in combination with other gasifier parameters and its itrgraproduct gas quality; engine
generator performance, air emissions, and quality of ash and biochar byproducts.

- R
R gﬁ,ﬁ"

E

The facility features a G&upplied biomass gasification systerthe gasifier, gas conditioning system and engine. GE and
Phoenix Energy amollaborating on design and implementation, and plan to replicate the system at different locations in

the state. The system is anticipated to consume about 8,000 bone dry ton B@®pdy biomasper year for a 1 MW

system and be able to operate at Ea7,000 hours per year. The facility will help redeog@ssions by diverting biomass

from burn piles and utilizing the biomass as an energy resource in a controlled environment, with projected annual emission
reductions of 10 tons of NOx, 38.2 tons of fparlate matter, and 2,430 tons of carbon dioxide equivalent,€3O

Electricity generated from the plant is anticipated to be sold to PG&E through the California Public Utilities Commission
(CPUC) SB 1122 Bioenergy Fieeti | NA FF @ | y R 350 progradmi efedtridtilitiesriust grocure 50% renewables
by 2030. This project will help PG&E meet its RPS obligation.

The project broke ground in November 2016.
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In 2015, the Public Interest Natural Gas R&D program allocated about $4.4 millioadas laind

renewable natural gas research. These programs include bioenergy research that also supports

advancements for biochemical conversion of other organic wastes. A more detailed description of the

CEQa 0A2SYSNHE& wg5 LI NIws BibgaRandieghéWalfehatBaighs résdatcly || 44 F2
under the Natural Gas R&D program aims to lower the cost, improve the efficiency and reduce associated
emissions of the production biogas, cleanup, upgrading to pipeline quality biomethane, and onsite use for
power generation. Opportunities for forest biomass include conversion to syngas via a thermochemical

process and subsequent upgrading to biomethane through a process such as methanation.

TheCE@esearch and Development Division manages several activarcbseand development projects
funded under the 20122014 EPIC plan and the Natural Gas Research and DevelopmentiRrogra

9.3.4 Forest Biomass for Transportation Fuels
TheCEQ& ! f G SNY I GABS YR wSySglotS CdzSt FyR xSKAOES ¢
comprehensive investigation of sustainable forest biomass utilization, four forest biomassaailet
variousdemonstration projects, and surrentlyreviewing several proposed technologies that could
process woody biomass into fuels under an operciation, CommunityScale and Commercidtale
Advanced Biofuels Production Facilities solicitation (G5606). These projects are displayed in the
tables attached and show that pilatale technologies are being developed for the commercial production
of multiple fuels, including biomethane, ethanol, renewable diesel, and renewable gasoline.

Additionally, the ARFVTP has funded research conducted by8i@A-orest Service. The D&Forest
Service, supported by university and private subcontract@sgmtly completed an applied research
project, which provides tools to evaluate and prescribe sustainable harvest and utilization of forest
biomass in California. Tasks include:

91 Developing a revised version of BioSum model, which provides an analygiganitg tool for
modeling the impacts of alternative forest treatment prescriptions under-gjtecific conditions in
California forest lands;

1 Quantifying carbon storage and mass balances following wildfires, by measuring carbon losses
from fire comparedo adjacent unburned lands, to quantify benefits from treatments to reduce
the intensity of high severity fires;

1 Measuring forest ecological impacts from recent fires, to measure rates of forest recovery from
high severity wildfires; modeling impacts abtuel demand, to develop scenarios measuring the
economic viability and potential locations of forest biofuel facilities, based on alternative
technology, costand price assumptions; and

1 Quantifying the efficacy of fuel reduction treatmerasdlookingat their impacts on reducing
wildfire severity and lowering carbon emission from wildfire.

TheCEGs considering a targeted ARFVTP solicitation for forest biofuels projects in the near future. An
allocation of extramural funding from outside the ARFVIIdeation process would greatly facilitate such
an offering. Since many forest communities are among the smsbeconomically challengeid the

state, and lie within or in near proximity to impacted air districts, such a solicitation would complement
emerging State policy goals.
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Box P: Sustainability of Biomass Utilization

A suite of interrelated studies were integrated to evaluate the sustainability of increased forest biomass utilization for
transportation fuels under differing management pracscgcross public and private lands and expected fire regimes.
Several field studies at the stand scale quantified the direct ecological effects of treatments and wildfires. Other studies
usingthesefield data modeled effects of treatments and wildfires @arbon stocks within the forest under a range of site
conditions. Twelve individual tasks were included to address ecological, environmental, andcmwonic dimensions of

biomass harvest.

In this project, researchers assessed the lesgale impacts diorest practices designed to reduce risk of severe wildfire by
developing an analytical tool that simulates-yi®ar impacts of optimally selected treatments on net carbon sequestration,

costs of implementation, and reduction in severe fires.
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(FIA) data, to evaluate optimum treatment sequences for reducing severe fire probabilities in each stand. BioSum evaluated
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sequence of prescriptions to
minimize fire hazard for each
stand, the resulting scenarios also
improved overall forest health as
indicated by multiple performace
metrics such as improved stand
vigor, increased longerm net
carbon sequestration, and reduced
mortality losses. Implementing
these optimal silvicultural
sequences over a 4fear time
horizon would eventually reduce
the fire hazard across most of
CaF 2Ny Al Qa GAYOSNII yYyRa
percent.

Several tasks were designed to
look at how a sustainable biomass
utilization industry could be
developed in California. The
research team also investigated
how a set of biofuel production
facilities using forest residuesin
induce increased demand for
forest biomass utilization. Using a
spatiallyexplicit site simulation
model, various scenarios were
analyzed to identify the optimal
number of facilities, their
locations, sizes, and total
throughput.

Under scenarios thatover all

areas generating substantial forest
residuals under BioSum
prescriptions, several dozen

facilities could be sited within the State, each producing2@5million gallons per year. This assumes that federal lands are
included in forest restoratiomanagement plans, and also assumes currently favorable carbon credit market prices for low
carbon biofuels from forest biomass. The resulting build out would sustainably utilize 9.2 milliomdbotums (BDT) per

year, and generate gross revenues, inahgdcarbon credit sales, of close to $1 billion per year.
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10 Existing State Legislation and Regulation

Forest lands, even those held in private ownership, consideredr LJdzo t A O (G NHzA (G ¢ NB A& 2 dzND¢
owners of the forests manage for their specificetijves but their management must preseneertain

public trustor societalvalues inherent in them. These values are discussed furtigedtions, identified

Fd -@ORSTAGAEY o0dzi ISYSNIftfe AyOfdzRS oBaitFAGA &dzOK
aesthetics andecreatio® | YR | ANJ ljdz2r f Adeéd LG A& 6SOlFdzasS 2F GKS
landscapes that we have forest and landscape management regulations in place, and it is the underlying
objective inherent in all new statlegislatior?**

10.1 State Regulatory Framework

While the California Environmental Quality Act (CEQA; Public Resources Code Section 21000 et seq.)
LINE A RS& 2@OSNI NOKAY3I LINERGSOGA 2NefdyFaredl PiastiGe Adt,i I 1 SQa
passed in 193, establishes the primary vision, values, and regulatory framework around which all non
federal forest lands in California must be managed. It is recognized as the most comprehensive forest
regulatory framework in the natioff® This Act is implemented thugh the Forest Practice Rules (FPRS),

which are promulgated by the Board of Forestry and Fire Protection. The FPRs require a Timber Harvesting
Plan (THP), which is a CE€ivalent document, to be completed by the landowner and approveGAly
FIRBprior to most forest management efforts. The THP takes into consideration stream course protection,
risk to wildlife and habitat, fire protection, water quality issues, and sustainable forest yield, among other
factors. As part of the regulatory process, a T¢Hgubmitted to, and must be reviewed by, the following

state agenciesCAL FIR@he lead agency), the Department of Fish and Wildlife, the Regional Water Quality
Control Board, the California Geological Survey. As a part of this process, most of dresesaglso

administer their own resource protection laws for fistildlife, and water quality.

N>

There are circumstances in which a permit is not required. These are called emergencies or exemptions.
Currently, some of the most wethown and welused exmptions include those for dead and dying trees
and for substantially damaged timberlands (FPR Section 1038).

¢tKS O02ai FyR O2YLX SEAGE 2F /FEtAT2NYAlI Qa Ctwa OFy C
particular. These landowners ovapproximatelyd 1 LISNOSy G 2 F / | £ A ¥2 bdttel Q& F2 |
FPRs are structured in a way that makesvemanagemenprohibitivelyexpensive for many of these

landowners. Solution® amelioratethis concernhave been attempted most notablythe Nonindustrial

Timber Management Plan (NTMP) and the more recent Working Forest Managementd@jeamp

enacted through AB 90£hapter 648, Statutes of 20iBut while these strategies reducegulatory costs

for landownerdn the long termghey still presentsubstantial upfront costs that are problematic for some

small landowners

The California Forest Improvement Program, or CFIP, is an incentive prfogiandownersholding less

than 5,000 acres of forestland. It provides eslsarefundsfor devebpment of forestmanagement plans

and conducting forest improvement work, such as tree planting, thinning, addressing insects and disease,
reducing stream sedimentation, and improving wildlife habitéthile this progranmcurrently provides

314
315
316

Morrison et al., 2007
Morrison et al., 2007
American Forest Foundation, 2015
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meaningfulinved 4 YSy 4 Ay id2 [/ It AT 2 NyoArteSQdo nof Raks thelscaNBf aicedidtD S a =
forest health and resilience improvements on small forestland holdings

Assembly Bill 1492 (Chapter 289, Statutes of 2012) established the Timber Regulatioreahd For

Restoration Fund (TRFRF) to finance the timber harvest regulatory programs at state agencies and a grants
program for forest restoration. These funds are generated by a one percent assessment on lumber and
wood products sold at the retail level in Gathia. Forest restoration grant programs using these funds

are currently being administered by CAL FIRE, the Department of Fish and Wildlife, and the State Water
Board.

In fall 2015, the USDA Forest Service Pacific Southwest Region, National ReekPaeific Region, CAL

FIRE, Sierra Nevada Conservancy, multiple environmental organizations, and two prescribed fire councils
signed the Memorandum of Understanding for the Purpose of Increasing the Use of Fire to Meet Ecological

and Other Management Ojtives (MOUf" ¢ KS ah! NBO23ay Al S&a GKIG GKS &adl
KFI oS S@2t SR gAGK FTANBI 6KAOK LINPPARSE NBaiAfASyOS
the cooperation between the parties to increase the use of fire to meet eamdbghd other management
202S0GA0Sa Ay | 002 NRI y U&ificatlons koXhe MAULdE: OurrénflySiilerva P O A & A 2
anda number of additional agencies and organizatibage signean to it.

10.2 Recent ForesRelated Legislation

Forest issues ha seen an increase legislativeattention and regulatioroverthe pastseveralyears.
{2YS 2F GKS fS3ratrdArzy LI &aaSR Aa tAaGSR 0St263 Ay
efforts.

1 Senate Bill 859 (Chapter 368, Statutes of 2016)ogrother things, this bill established new
procurement requirementsor bioenergygeneratedwith forestsourced biomass from tree
mortality High Hazard Zones Californig*? It also calls foARB in consultation withlCNRAand
CAL FIRte complete a standrdizedGHGemissions inventory for natural and working lands,
including forests. Further, the legislation dire€SIRAo establish a working group on expanding
wood products markets that can use woody biomass, especially that from high hazard zones
determined by the Tree Mortality Task Force. Recommendations from the working group are due
to the Legislature by June 2017.

1 Assembly Bill 2480 (Chapter 695, Statutes of 2016): This statute identifies watersheds as part of
I TETAT2NY AL Q& ¢ thile Sdiihpleyiehtstioraconditiads(anzimduded it is possible
GKIFIG GKAA oAttt O2dzZ R NBadZ G Ay AYyONBFraSR Ayg@dSai

1 Assembly Bill 417 (Chapter 182, Statutes of 2015) provides the Board of Forestry and Fire
Protectian with additional flexibility in setting post timber harvest tree stocking standards in order
to, in part, contribute to specific forest health and ecological goals as defined by the Board.

1 Senate Bill 1122 (Chapter 612, Statutes of 20&8uires productin of 50 megawatts of biomass
energy using byproducts of sustainable forest management from fire threat treatment areas as

" USDA Forest Service, 2015h

¥8High Hazard Zones are areas designated by California State government as being in greatest need of dead tree
removal due to severe tremortality levels caused by 5 years of drought and subsequent bark beetle infestations.
These areas are designated in two tiers, representing both potential direct threat to people, buildings and
infrastructure from falling trees (Tier One), as well as devdire risk and forest health considerations (Tier Two).
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determined by CAL FIREhe aim of the law idistributed generation of smalicale power facilities

less than 5 MW (a change enagtey AB 1923) andelivering3 MW to grid

Assembly Bill 1504 (Chapter 534, Statutes of 2010) requires the Board of Forestry and Fire
Protection to ensure that its rules and regulations that govern timber harvesting consider the
capacity of forest resourseto sequester carbon dioxide emissions sufficient to meet or exceed the

a 0 | GHduction requirements for the forestry sector, consistent with the AB 32 Climate
Change Scoping Plan goal of 5 million metric tons CO2 equivalent sequestered pehgeBoard

is implementing an annual monitoring and reporting process, based on USDA Forest Service Forest
Inventory and Analysis data, to meet this requirement. The first report is anticipated in early 2017.
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11 Research Needs

Thissectioncompiles by topicarea, a number of important research needs that were identified in the
course of preparing the Forest Carbon Plan. Finding opportunities to address these needs will be part of
the implementation Forest Carbon Plan implementation actions Gasdiord).

11.1 Planning, Monitoring, and Modeling

1

T

Enhance the predictive capacity of forest carbon models to aid in planning, policymaking and
investment.

Standardize methods, data, and modeling acg®sgernmentagenciesand landownerdo

facilitate planning for foreshealth management activities across ownership boundaaies at

the landscape scale

Develop a forest carbon monitoring program that reportsforest carbon stock changes more
frequently than current methods, such as shortening the FIA sampling cycletr$ (as is done

in a number of Southern states) from the current 10 years, and/or measuring stocksaomaal
basisusing a remote sensing technique such as LIDAR. This more rapid updating of forest carbon
stocks, especially when paired with infornmat forest carbon emissions, will greatly aid adaptive
management under the current circumstances of relatively rapid forest change.

Develop an information management system to track implementation activities across local, state
and federal agencieasnd pivate landownersn a standardized way that includes cost and other
elements that would allow for improvement in cesfficiency and overall effectiveness over time.
Perform fullGHG andarbon lifecycle analysdsr wood products and biomass utilization

pathways including those imported from out of state and saldCalifornia, to inform

policymaking and potential incentives and regulation related to wood products markets, building
codes, and energy

11.2 Forest Restoration and Protection

T

Initiate and continueesearch relating to appropriate restoration efforts in areas affected by

uncharacteristic wildfire or tree mortality or both, including incorporation of climate change

modeling.

Develop a multdisciplinary science panel to track and study new issudsditise with climate

change and/or interactions of forest stressors significantly beyond levels previously experienced,

for example tree mortality and fire behavior.

Develop best management practices consisting of silvicultural systems that are likebate

forest structure and composition that are likelylbe optimal over a wide range of-ggt

unknown future climate situations.

Continue research into the lortgrm impacts of forest management practices on site

productivity and resilience. This ispeciallyimportant where natural disturbance has been

suppressed for decades and response to reintroduced disturbance may have unexpected

outcomes.

Gain a better understanding on how to minimize habitat impacts and stress on forest species

from forest treatment activities.

Better information on genetic and species selectiasf tree planting sockthat can best thrive

under dhangirg climate conditions.

Correlate, to the extent possible, actions taken to enhance carbon storage with downstream
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water supply gantity values. Pay special attention to forest losses and changes due to climate
change, including forests moving upslope.
1 Identify forests at greatest risk to type conversion.
1 Identify areas with the most forest carbontiaie greatestrisk to loss.
11.3 ForestManagement and Markets

1 Comprehensively calculate the costs and benefits of forest treatment activities compared with a
status quo approach, to include suppression, insurance, watantity and qualityrecreation,
wildlife habitat air quality and otherecosystem services
Develop new products/markets for excess biomass material.
Identify soil types that are best suited for biochar integration, and the best application strategies
for this material.
91 Develop optin carbon maximization practices for foresiimt are managed for other uses,

including timberlands, similar tine Natural Resources Conservation Serfacming strategies.

= =4

11.4 Forest Carbon Emissions

91 Develop a better understanding of how different fire types (i@v, medium, severe, and pile
burning) and different forest fuels affect black, brown, and superaggregate carbon emissions to
better understand how different management practices affect climate forcing potential and
human health.

1 Investigate the process dbrestdead pool decay and emissioates and timeframes.

11.5 Education

1 Develop and disseminate tools to assist landowners and local and regional land use planners and
forest managers in assessing current forest conditions and desired future conditions for carbon
resiliency and forest healtland identifying management activities to facilitate the transition to a
resilient state.

1 Develop infrastructure for relaying advisories and information about upcoming prescribed burns
to populations likely to be impacted.

New information and toolswill have a great impact asthe Forest Carbon Plan begins implementation at the
regional level and agrategiesturn into actions. Key sudiesalready underway include the resource
economicsstudy being conducted by the University of Calfornia, Berkeley for the Forest Climaté\ction

Team research to support CNR& Fourth Cimate Chang Assessment®™®, and research by Lawrence

Berkeley National Lab in support of the natural and working lands component of the 2030 Target Scoping
Plan. Asother gapsin knowledgeemerge, keyresearch prioritiesmust be identified, developed, and

fundedin order to ensure that science-based, cst-effective strategiescontinue to move the state of

practice forward, informing governmeaigencies, private businesses and landowrer$o the best

investment for the cost

39 California Natural Resources Agency, 2016¢
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12 Conclusions

I TEAT2NYAIFI QF C2NBANXYARNBAY 0f AMKASETATRAY Al Q4 T2 NJX
longterm carbon sinkrather thana GHG and black carb@mission sourceThe information presersd

here acknowledges both the resilience and weaknessésres$t health in regions across the state, and
providesmultiple strategies to promote healthy wildland and urban forests that protect and enhance
forest carbon and the broader range of ecosystaviees for all forests in California. It emphasizes
working collaboratively at the watershed or landscape scale to restore resilience to all forestlands in the
state. It builds on existing regulations, incentive structures, and programs that are ala@ady at

securing carbon on forestlands, including the Timber Harvest Practice Rules, offset projects eligible for
ONBRAGAY 3 Asandtrddé progranNdhal theGreerthdusd Gas Reduction Fund Forest Health
and Urban and Community Forestry progsmespectively, and recognizes the criticality of partnering
with federal and private landowners and managers.

Key fhdingsof the Forest Climate Action Teahmat serve to guide the proposed goals and implementation
describedm the Forest Carbon Plan ladethe following

1 /It A FiarésEddnd3@apeprovide abroadrange ofpublicand private lenefits

1 The health of drestsin many regions of the state igtkrioratingrapidly.

1 Extremefires andfire suppressiorcosts areincreasingsignificantly, ad these fires are a growing

threat to public lealthand safety.

Reducingcarbon bsses fronforestsis essential to retingthe & i | GHERduction @argets

1 Current ates offuel reduction, hinningof overly dense forestgnduse of prescribed and
managed fre are far below ¢velsneededto restore forest health, prevent extreme fires, and meet
the di I (GHQ &duction targets.

1 The state must work closely with Federal and private landowners to manage for forest health and
resiliency efficiently and atcale.

9 The limited hfradructure capacity for forest management, woodopessingand biomass
utilization, and the limited appropriately trained supporting workforce, are majgradimensto
forestrestoration

1 Regiondy-basedefforts can best identifyhe areas that pose the greatest threat to forest health
and offer the best opportunities to restore resilience.

9 Landscapeor watershedlevel collaboratiom with leadership by federal agencies such as the
USDA Forest Service and Bureau of Land Managestat#,agencies such as conservancies,
nongovernmental organizations, and large private landownéssthe most promising approach to
greatly increasing the pace and scale of forest restoration treatments.

=

The Forest Carbon Plan will move into implementafalowingits finalizationin goring 2017 The Forest
Carbon Plan will be a foundatioramponentof the Natural and Working Lands Clim&bkangeAction
Planidentified in the 2017 Climate Change Scoping Plan Update.

Implementation will be undertakenyba diversity of public and private entities (including State

Gonservancies, federal land management agencies, local governments, nongovernmental organizations,
and individual private landownerg)at will need to collaborate in order to achieve successest health
outcomes derived from this work will benefit a broad constituency of stakeholders, with many benefits
being realized over a long timescale. There is a clear need to identify and increase the resources available
for implementation in a manndhat reflects these broad beneficiaries, and to identify and pursue ways to
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improve the efficiency of any funds spent. The Forest Carbon Plan makes the following recommendations
to initiate and guide implementation:

1. Regionalize implementation of the Foré&sarbon Plan, including development of regionally driven
Forest Carbon Action Plans. This regionalization should be led by state conservancies in
geographies where they exist; alternative leadership capacity will need to be identified in areas not
coveredby state conservancies.

2. Work collaboratively at the large landscape or watershed scale to define critical biophysical and
often social units for analysis and work.

3. Identify and cultivate traditional and new sources of public funding, and pphilate
partnerships, to support the proposed actiong=Adescribed above and to implement them at the
regional level.

4. Explore opportunities for regulatory and policy changes and streamlining to advance the activities
described in this Plan and implemented at theiceml level. These might include:
f. Increase use of prescribed and managed fire for restoration.
g. Streamline permitting for certain restoration activities.
h. wSRdzOS avYlftt fFyR2ySNARQ FAYIYOALFf o0 NNARSNA
i. Development of new wood product and biass facilities.
j-  Modify the restrictions on the export of sawlogs from federal and other public lands.

Successful implementation will require ingenuity, strong partnershipsfiandcial and information

resourceslt will also require commitments to stdakie course to 2030, 2050, and beyond, so that

I TEAT2NYAIIQa FT2NBada OFy O2yiGaAydzS (G2 &aSNBS Fa I NEF
and lifegiving abundance for future generations of Californians.
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Appendix 1: California Forest Inventory

Overview

Forest eosystems are an important part of the carbon cycle, taking in carbon dioxide, storing carbon as
part of its woody biomass, and releasing oxygen back into the atmosphere. Forests exchange carbon with
the atmosphere through photosynthesis, converting carllarxide to biomass (i.e. plant organic material)

in trees, shrubs, and plants. Biomass is a term used to denote live and dead plant material in ecosystems.
In turn, forests release carbon during respiration, decay, removal, or combustion of plant materials
Forests store carbon in aboggound plant materials, litter and woody debris on the forest floor and in the
soil profile. The capture of carbon by forests from the atmosphere is termed sequestration. Carbon is also
stored in wood products derived frofmrvested trees. Through natural disturbance and management
actions carbon is stored and released at varying rates; moving between the pools described in the diagram
as part of an integrated system (Figure 1). The quantity of material stored in a poghan point in time

is referred to as the carbon stock and the rate at which the stock changes over time is the carbon flux.
Forests can switch between a carbon sink and source over time given the range of management practices
and variable environmentalonditions.

Forest management activities can influence the carbon balance in many different ways. For example, fuel
reduction projects involve thinning and burning to reduce fuel loads and wildfire risk. Initially, this creates
a shortterm reduction inive tree biomass until the stand recovers, but it can also reduce the greenhouse
gas emissions from wildfire and improve the health of ovddnse forest stands. In some cases, forest
biomass from fuel reduction projects can be utilized asdriergy. Tirber harvesting also removes forest
biomass, but carbon storage accrues from harvested material that is used #akimgy wood products

that can provide stable lontgrm climate benefits. In addition, wood products can have a lower emissions
profile whenthey are used instead of other, more energy intensive building materials such as cement and
steel. Additional benefits are gained by creating energy from biomass that would otherwise have come
from fossil fuels.

Forest Sector Carbon Pools and Flows
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Introduction to Methods

Two general apmaches are used to estimate the exchange of carbon dioxide and other gases between
forests and the atmosphere. These approaches may be implemented using direct measurements, process
models, or reference values from published sourf8&ne approach is tostimate the net change in the
amount of carbon contained in forests (carbon stocks) over time. The-st@aige approach typically
involves direct measurements, with deployment of a statistieddigigned network of otthe-ground plots

over an area, in wikh attributes for vegetation species, size, and the amount of dead organic matter
present on site are periodically recorded over many years using standard measurement methods.
Specialized calculations are then used to convert plot data to estimatestwircaCarbon is estimated for
defined pools (i.e., abovand belowground live, understory, herbaceous and grass, shrub, standing dead,
dead downed, litter and debris, duff and soil carbon). These pools correspond to Intergovernmental Panel
on Climate Gange(IPCCtgategories for biomass, dead organic matter, and soils, while special
consideration is also given to harvested wood proddttin turn, statistical procedures are used to
aggregate data from many plots in order to generate estimates thatepeesentative for a large area

(i.e., the state or ecoregion) at a point in time. An example of this approach HAReogram of the

USDA Forest Servic@he federal government uses natioré\data (together with other sources and
methods meeting gidelines of thePCQo fulfill climaterelated national and international reporting
obligations. Emerging applications augment fglased approaches with spatially explicit data from
technologies such as Light Detection and Ranging or Synthetic Apeddae. Rrhese technologies

(typically mounted on aircraft or other platforms such as satellites) yield a snapshot abwelll

information on the threedimensional structure of forests. Other sateHtased instruments provide
information in other regins of the radiative spectrum, from which other forest attributes are inferred.
Such information is then combined with plbased data to directly estimate quantities at variable spatial
resolution over large areas. A second approach, called thelgsémethod, involves subtracting carbon
losses from carbon gains. This method also may utilize models, default or reference data on growth and
losses, or locatiospecific data?

A third approach involves directly measuring the exchange of trace gases bewests and the

atmosphere. This approach is found in research applications in the fields of earth and atmospheric
sciences and biogeochemistriResearch applicatiorisvolve specialized equipment and combinations of

data measured with varieties of imsiments near the ground within a forest and from other platforms

such as aircraft, satellites, or towers. Their typical purpose is to advance understanding of the processes
that govern the exchange of matter (including greenhouse gases) and energy bdtwests and the
atmosphere. These approaches are tailored for use at specific spatial and temporal scales, for example, for
a forest stand and a fivgear research project, or for large areas or regions and for long periods.

Approaches have strengths alidhitations. Plots need to be deployed in sufficient numbers to be
statistically representative, field data collection is thim@nsuming, and years transpire before plots are re
measured. Depending on the density of plot deployment, recent disturbarmetgysuch as fire) may or
may not be detected in plot data. However, grodmased approaches provide statistically robust crucial
information unavailable by other means. Airborne technologies such as Light Detection and Ranging or

320
321
322

Intergovernmental Panel on Climate Change, 2006
Intergovernmental Panel on Climate Change, 2006
Intergovernmental Panel on Climate Change, 2006
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Synthetic Aperture Raat can augment plebased networks or overcome some of their limitations at a

cost. Airborne or spaekased technologies afford opportunities to augment grodrased measurement
systems by covering large areas. Remote sensing products vary in eas@d uaage from open source

to proprietary. Process models can be useful provided they are well developed and calibrated against real
world data. The utility of these approaches likely depends on the scope and purpose of a given forest
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carbon monitoring #ort.

1
1

Examples of programs measuring forest carbon and other stand characteristics.

Forest Inventory and AnalygiSIA)Program http://www.fia.fs.fed.us/

LandTrendr combinetime series satellite data with plot data from theréstInventory and
Analysis Fogram to generate spatially explicit estimates of forest carbon stocks and chang
http://landtrendr.forestry.oregonstate.edu/

LandCarbon is a national assessment of ecosystem carbon sequestration and greenhousg
fluxes. LandCarbon combinesr&stinventory andAnalysis Prograrand other grounebased
data together with remote sensing products and models. Asgests are produced for
regions of the U.Shttp://www.usgs.gov/climate landuse/land carborn/
http://landcarbon.org/

USDA CarbonScapes is a web mggiegtionthat reports carbon pools in the landscape by
areas (county, watershed, and major land resources) within the conterminous United State
CarbonScapes is designed to inform stakeholders about USDA inventory, modeling, and
mapping of terrestrial lnsphere carbon across the landscape.
http://www.carbonscapes.org/index.html

LandfireC is the name of an approach developedravéisity ofCalifornia, Berkeley to
estimate carbon stocks and change forests and other natural lands in California. It uses
geospatial vegetation data from the federal consortium Landfire.gov, data fayest
Inventory andAnalysis Programand other sourceshttp://www.landfire.gov ;
http://ucanr.edu/sites/forestry/files/212528.pdf

CarbonTracker is@rbon dioxidaneasurement system developed by the National Ocean &
Atmospheric Administration to track emissions and sinks of carbon dioxide in North Ameri
and around the worldhttp://www.esrl.noaa.gov/gmd/ccqgg/carbontracker/

NASA Carbon Monitoring Sgsat develops new technologies and methods to improve
monitoring of carbon stocks and fluxes, and operates technology demonstration projects W
state and local partner$ittp://carbon.nasa.gov/; https://cmsun.jpl.nasa.gov/

AmeriFlux is a national network of research sites making-temg measurements ofarbon
dioxide water vapor, and energy exchange in forests and other lands.
http://ameriflux.Ibl.gov/

Carbon Storage

The following information on carbon storage in forests is based primarikiARrogram data, which is
collected by thadJSDA Forest Servibacific Northwest Research Statiofhe data presented here were
collected on a teryea cycle ending in 2014. FIA remeasures-tereh of the plots every year. This data
collection process is very sound for leimgm assessment, however it should be noted that these data do
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not well represent the significant levels of severe wildlanddind tree mortality that have visited our
forests over the last five years.

The section provides summarieskiAProgram estimates for carbon stocks in abosed belowground

carbon pools. Estimates for abegeound forest carbon include live tree, ugrdtory vegetation, down

woody material and standing dead trees. Belgmwund carbon pools include live and dead roots, and soil
organic carbon. Carbon contained in wood products is also estimated based on results from Mclver et al.

(2015).

The amounto®D | Nb 2y OdzZNNBy (f &
Program (Tabl&). Estimates for abovground forest carbon include live tree, understory vegetation,
down woody material and standing dead trees. Belpraund cabon pools include roots of live and

aid2NBR
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standing dead trees and soil organic carbon. Trees store carbon as they take on growth and release carbon
due to disturbance and natural mortality. Emissions result when trees die from natural and human causes

such as fie, insects, drought or harvest. These various processes, including decay, release carbon over
different time horizons, which can affect how and when the carbon moves between the various forest
carbon pools. TheSDA-orest Service manages lands contajrtime most aboveyround carbon; the

private lands (corporate and necorporate) are the next highest (Taldlg

Table 1. Aboveand Below Ground Forest Carbon, 2014 (excludes harvested wood

products)Units in 1,000 metric tons of Carbon.

Owner Above Grand Below Ground | Total

USDA Forest Service: 688,308 438,442 1,126,750
Other federal government: 112,787 79,375 192,163
Local 13,352 9,141 22,492
State 47,196 22,483 69,679
Other public 457 524 981
Private Corporate Forestland 194,149 141,595 335,44
Non-corporate private: 234,143 181,322 415,465
All owners 1,290,391 872,882 2,163,273

Source:USDA Forest ServigeAc November 22, 2016 updatd

Includes: Above ground live tregbove ground dead tree, down wood, and aboveground understor
vegetation; Belowground Includes: Below ground live and dead tree roots, below ground understc
roots, and soil organic carbon. Excludes harvested wood products

Growth and Harvest by Ownebhsp

According to the 201&IAProgramdata, the live tree stockhanges associated with the current level of
harvest (removals) and mortality is generally less than growth on both private and public forestland.
National Forest Systeiands have substantidive tree inventories, but exhibit higher mortality rates.
Private forests have lower live tree inventories and lower mortality rates because portions of live tree
carbon stocks are being transferred to wood products and to energy production. The chaggesth,
mortality, and removals among ownership groups reflect different goals for, and approaches to, forest

323 Christensen, 2016
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management. This results in characteristic patterns of carbon stocks and change that are unique for each
ownership group.The figures belowlustrate tree volume peacre annual changes due to growth,

mortality and harvest (removals) by land statusietional Forest System Lan@Sgure 2) and by

ownership type on nonNational Forest System Lan@3gure 3) reported by thEIAProgram National

Forest System Lanéshibit high rates of mortality generally outpaced by growth, whereas reserved areas
(Wilderness) exhibit a net decline in tree volume (Figure 2). Other public forest lands exhibit net increases
in tree volume, while corporate andn-corporate private forest lands exhibit contrasting rates of harvest
and net change (Figure 3). The analysis perioddditional Forest System Lands and +idettional Forest
Systemlands vary, due to changesHhAProgramplot design initiated in 2000.

100

I Growth

80 Removals

H

60 = Mortality
an I M Net change

-20

-40

-60

Annual volume change (ft3/ac/yr)

-80

-100
All forest land Timberland Wilderness Other Forest

Figure 2 Average Annual Change in Volume (cubic feet) Growth, Removals and Mortality ger dh National
Forest System Landsetween 2001 to 200@&nd 2006 to 2010 bydnd status in Californiderror bars
represent sampling error).

Source: Christenset al. (2014)
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Figure 3: Average Annual change in Volume (cubic feet) Growth, Removals and Mortality per Acre per Year on
on- National Forest Systerifimberland ketween 191 to 1994 and 2007 to 2010 byw@ership in
California(error bars represent sapling error).Source: Christensen et £2015)

Urban Forests
Heat Islands

The urban areas of California have on avermaigeearly 35 percent of their land area covered by

impervious surfaces, such as pavement and buildings. Impervious surfaces aréaskeuarfacesand

combned with excessive heat can absorb solar radiation and reflect heat, creating what is called the urban
heat island effect. The heat island effect compoundsatiectsof air pollution. According to a 2013
report,***urban heat islans lead to daytime temperatures in urban areas on average one to six degrees
Fahrenheit higher than in rural areas, while nighttime temperatures can be as much as 22 degrees
Fahrenheit higher as the heat is gradually released from buildings and pavéhéhban heat islands can
affect human health by contributing to respiratory difficulties, heat cramps and exhaustiorfatedrheat

stroke and heatelated mortality.

Environmental Justice

It is very important to note that tree canopy cover and other grepacegparks, open space, et@je

distributed highly unevenly in Californidcor instance, according td kDA Forestervice 2010 tree

canopy assessment of Los Angéfésome portions of the city have tree canopy cover of over 38 percent,
while otherareas of Los Angeles have tree canopy cover of less than five percent. Perhaps not surprisingly,
lower tree canopy cover in urban areas is often an indicator of areas that bear a higher pollution burden

and are more socieconomically depressed. This daseen when comparing low tree canopy cover

324
325

California Environmental Protection Agency and California Department of Public Health, 2013
U.S. Environmental Protection Agen2908
%% McPherson et al., 2010
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areas with areas that have a high CalEnviroScreéf 8dre (lesignated aslisadvantaged communities).

It is exceedingly important that communities are engaged early and often with these types of projeets. Th
community should identify if, when, and where tree canopy and green infrastructure efforts will take
place.

Other CeBenefits

Urban forests, including green urban infrastructure solutisaduce energy usé® and storm water runoff
and make urbanized areanore resilient to climate change. Urban forests benefit areas by providing
recreation, pollution reduction, carbon storage, heat island mitigation, noise reduction and increased
wildlife habitat. Increased property values are often also realized. Tdwssy/stem service benefits are
very welldocumented by the&JSDAForest Service amongst others. Benefits achieved vary with tree size,
canopy cover, and location, and are generbhyghtenedin hotter climates.

Activities associated with urban forestrpégreen infrastructure can add jobs and economic value to the
California economy? In fact, in 2009, there were nearly 60,000 urban forestry related jobs in California.
The revenues directly associated with urban forestry in 2009 in California wer&®dtion.

Urban forests also produce a usable wood fiber resource. Trees in urban areas have a finite life. When
trees become hazardoupestinfested diseased, or cause excessive infrastructure damage, they must be
removed. Trees removed for thegalid management purposes are considered to be an emission of

carbon dioxide since they are routinely deposited in landfills or chipped for land cover. If urban trees were
utilized to make high quality wood products or to generate electricity at a biog@ssration facility,

these emissions are reduced or eliminated.

Summary of Forest Carbon Estimates from Other Assessments

A number of projects have reported estimates of the amount of carbon contained in the -gjoovad live

pool in U.S. forests. Soraee reported here for background and are not directly comparable to the

categories reported in Table 1. Using a combinatioRl8frogram plot data and geospatial vegetation

data from the federal consortium Landfire.gov, Gonzalez et al. (2015) estinfétedit Ay wnamn [/ I € A ¥
forests contained 840 million metric tons of carbon (plus or minus 210 million metric tons of carbon) in the
aboveground live pool. Other remotsensing based assessments report abgk@und live forest carbon

stocks ranging fror@70 million metric tons of carbdrf to 870 million metric tons of carbofi:

FIAProgram data has been used to evaluate forest carbon stocks for national rep&ésglts from FIA

show that national forest carbon stocks increased by 15 percent betweeh di8® 2008 However for

this same time period carbon stored in harvested wood and wood products have declined. The most
recent U. S. Environmental Protection Agency national report estimated mean annual stock change from
2004 to 2013 at 10.6 million métrtons of carbon per yedr for California. This estimate did not include

327 Office of Environmental Health Hazard Assessment, 2014

38 McPherson & Fipson, 2015

329Templeton et al., 2013

330kellndorfer et al., 2012

*twilson et al., 2013

%2 Heath et al., 2011

%3 U.S. Environmental Protection Agen2p15b
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harvested wood products or carbon storage in forest soils.
National Forest Carbon Accounting Framework

The need for a standard forest carbon accounting framework has been recognittexifederal level. The
United States government is adopting a cohesive carbon accounting framework that lirfkdg\gmaual
inventory system of all forest carbon pools to modules that compile predictions of carbon stocks and stock
changes back to th#990 baseline and forward to usdefined time horizong* The new framework can
estimate carbon implications of past disturbances and management and separate land use change into
deforestation and afforestation effects on carbon stocks and stock changedianal and regional scales.

While the National Forest Carbon Accounting Framework is designed to meet natoahaimonitoring

needs, it is hopethat through research partnerships with stakeholders such as states, valid-gcalimg
techniques can bdeveloped to disaggregate national results to smaller scales. For example, in order to

use the National Forest Carbon Accounting Framework at smaller scales, research is currently underway to
incorporate finer spatial resolution imagery (i.e., Landsaetsaries, which is available everywhere since

1972) withFIAProgram data. To help dowstale the National Forest Carbon Accounting Framework,
strategic partners have the opportunity to increase the base intensiflAProgram plots (one plot per

2,248 lectares) through direct or #ind contributions.

Additional efforts are being made to integrate Landsat data wigiht Detection and Ranging or Synthetic
Aperture Radamformation. This integration will allow higuality, current biomass maps to berileed

for any location where there are samplesloght Detection and Ranging or Synthetic Aperture Red&x
supported by field measurements, such as Forest Inventory and Analysis Program data. This agifiroach
also provide an annual time series of fni@ss maps using a consistent set of methods so that trend lines
are devoid of artifacts associated with changes in sample design or approach.

Lastly, efforts are underway to more directly incorporate harvested wood products through the Woodcarb
Il model wihin the National Forest Carbon Accounting Framewtk further increase the analytical
capacity to assess carbon dynamics in the United States and provide for consistent sbasado

projections.

Improving Carbon Quantification at the Landscape and jeob Levels Going Forward

The forest management objectives described here, and the diversity of implementation mechanisms that
will be used to realize them, will likely require new methods of carbon stock,-stuankge and greenhouse

gas quantification, muitoring and verification. Since the 1990s, forest carbon accounting has evolved
globally and in California, from the scale and methods used for offset projects, to statewide inventories, to
county-scale or regional accounting used in some climate actians3*®**"**#3%* These methods have

been and will continue to be informed by fididised measurement, the FIA program and otherwise, as

well as satellite imagery and spatial analysis. Advancements in the availability and quality of satellite

$4\Woodall et al., 2015

35 \Woodall et al., 2015

%% California Air Resources Board, 2015
%7 Climate Action Bserve, 2012

%% American Carbon Registry, 2011
%9The Nature Conservancy, 2016
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imagery are rapiédind may offer new methods for cesffective carbon stock analysis at statewide and
NEIA2YIf 2NJ 2dzNRARAOGA2ylf aoOlfSaod !'a 2dzift AySR
need to include wood products, which may necessitate newkirgcand monitoring systems for wood
intended for durable, longerm use or other uses. Down woody material and soil carbon constitute
significant forest carbon pools, play important roles in the cycling of carbon and nutrients through
processes such asd and decomposition, and present unique challenges for inventory. Inventory
improvements will need to leverage advances in monitoring, quantification and understaofding
processes that govern these pools.

While forest health will be pursued at th@ndscape scale, the Forest Carbon Plan will effectively be
implemented at all scaleacross property boundarieand using different policy and incentive tools, so we
will need methods of tracking performance that can accommodhi® complexity Moreove, alignments

will develop between state and federal programs as federal climate policy evolves. For example,

/I TETAFT2NYAIFIQE C2NBad tNIOGAOS ' OG IyR wdzZ Sa FyR
production (through Senate Bill 1122)cmform accounting for the carbon and greenhouse gas outcomes
for bioenergy under the federal Clean Power Pfn addition, methods to assess the outcomes of
managing forests for climate and other benefits should seek to incorporate impact or perfaemastdcs

for climate cebenefits cited as indicators of forest health, including water quality and wildlife habitat.

%

Ay ¢

I TETAT2NYAlI QA FT20dza 2y ,&uH @afibhRodzdr carldOrRagiayffér bppdtdnities2 y A G 2 N

to track these cdbenefits as wll.

Agencies are working together to establish this accounting framework, building on existing inventory
methods and projecbased and regional accounting frameworks for carbon and greenhouse gases, and
integratingnew data and methods as needed to félps. This work will be accelerating in 2016 and 2017 to
facilitate goalsetting for the Forest Carbon Plan and 2@80 Target Scoping Plan Updatend will be
ongoing. Advances in biological and spatial science and technology, will need to be incorpegatady,

over time. State agencies plan to work with local jurisdictions, federal partners, and stakeholders from
non-governmental organizations, the forest products industry, and acaderdavelopthese

guantification methods.

Stand Conditiong Impacts on Forests

Wildfires, drought, insects and disease are all natural agents of disturbance that healthy forests experience

and respond to. Under conditions of prolonged drought the effect of disturbance can be amplified. Stand
characteristics influencehe resilience of forests to respond to disturbance. They also present
opportunities for management strategies that can improve forest carbon outcomes.

TheUSDAForest Service maintains an inventory of areas witisiCalifornialandsaffected by wildfire**?
Between 2000 and 2013 those fires totaled nearly four million acres. Of that total, about 400,000 acres
potentially requires planting to restore forest cover. An additional 140,000 acres is expected to naturally
regenerate to forest. As a rule, plamgiis not considered for lands that were hardwood, pinyamper or
closedcone conifer types. The analysis indicated that planting is required for mixed conifer, pine, fir and
Douglas fir forest types.

340
341

U.S. Environmental Protection Agency, 2015a
California Air Resource Board, 2016a
342 USDA Forest Service, 2016b
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Stand Conditions Under-stocked Forest

Accordingo FIAProgram data there are seven to eight million acres of understocked forest land in
California (Tabl@). Some of the forest types with substantial acreage of understocked stands include:
western oak group, California mixed conifer group, pondemsa group, other western softwoods group
and fir, spruce and mountain hemlock grotfp.

An analysis of th€lAProgram data was performed to determine which forest types would provide the
greatest stored carbon if they were fully stocked. The five topdotgpes that store the greatest amount

of carbon dioxide per acre in live trees when fully stocked are the redwood group (291.8 tons per acre), the
fir, spruce and mountain hemlock group (219.9 tons per acre), the Defigtasup (210.5 tons per acre),

the California mixed conifer group (201.9 tons per acre) and the tanoak and laurel group (161.8 tons per
acre). Of these, redwood, Dougifisand California mixed conifer are also principal sources of timber in

the state. The ponderosa pine group, whishhie other major source of timber in the state, stores

relatively less carbon when fully stocked (122.7 tons per acre).

Table2. Understocked NofReservel Forest &ands (thousands of acres)

Timber Other | Total Timber Other Totd
land forest land forest

Forest type group Total Total Total Forest type group Total Total Total

Softwoods: Hardwoods:

California mixed 1,026 7 1,033 18 2 20

conifer Alder and maple

Douglasfir 64 - 64 Aspen and birch -

Fir, spruce and 199 25 224 1

mountain hemlock Elm, ash and cottonwooq

Western hemlock and -- -- -- 38 19 57

Sitka spruce Tanoak and laurel

Lodgepole pine 105 6 111 Western oak 282 2,132 2,413

Pinyon and juniper 12 1,035 1,047 | woodland hardwoods 60 219 279

Ponderosa pine 828 28 856 Exotic hardwoods 2 -- 2

Redwood 56 -- 56 Other hardwoods 19 96 115

Western white pine 9 6 15

Other western 103 810 913

softwoods

Total 2,403 1,916 4,319 Total 419 2,475 2,895
Unknown (mostly 88 14 102
seedlings)
Non-stocked 428 105 533

2005 to 2014IA Program data
Stand Conditiong Overstocked
Current forest inventories provide estimates of forest health and suggest there are opportunities to

increase forest management teduceoverstocking on an estimated one two million acres of non
reserved forest lands. UsitgAProgram data, Tablg estimates the acreage of overstocked stands by

343 Christensen et al. 2016
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forest type. Note that this estimate may not adequately represent stand characteristics. There are likely to
be millions of aditional acres of forest that would benefit from fuel treatments to reduce wildfire hazard

and improve forest health.

Table3. Overstocked NofReserved Forest Stands (thousands of agres

Timberland Other Total Timberland Other Total
forest forest
Forest type group Total Total | Total | Forest type group Total Total | Total
Softwoods: Hardwoods:
California mixed conifer 305 -- 305 | Alder and maple 8 -- 8
Douglasfir 52 -- 52 | Aspen and birch 5 7 12
Fir, spruce and mountain 86 -- 86 | Hm, ash and - -- --
hemlock cottonwood
Western hemlock and Sitka 8 -- 8 Tanoak and laurel 400 33 433
spruce
Lodgepole pine 2 14 16 | Western oak 206 295 | 501
Pinyon and juniper -- -- -- Woodland -- 1 1
hardwoods

Ponderosa pine 51 -- 51 | Exotic hardwoods - -- --
Redwood 57 -- 57 | Other hardwoods 37 1 37
Western white pine -- -- --
Other western softwoods 7 6 13
Total 569 20 589 | Total 657 337 | 993

Source2005 to 2014-IAProgram data
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Appendix 2Estimated Changes in Extent for Individuak Species

This summary table provides more details from the work of Thorne et al. (2016) that was presented in Section 2. Theaaablersimt extent of
presence of the individual species (in 1,000 of acres) and the increase or decrease of éxterspecies under the four modeled climate change
scenarios over three periods of time. A key to the species name abbreviations is provided below.

Individual Tree Species Gained/Lost Acres (Thousands)
Tree CNRMRCP 4.5 CNRM RCP 8.5 MIROC RCP 4.] MIROC RCP 8.5
Species Current|2010-{2040| 2070 | 2010 |2040-2070-[20102040{2070-[2010{ 2040 | 2070
Code Tree Species Name 2039|2069| 2099 | 2039 |2069| 2099120392069 2099|2039 2069 | 2099
ABCO |white fir 15,521 4,850 2,10€ 304 4,900 1,779 -5,99 3,336-1,487 -3,8494 4,01§ -3,319 -9,792
ABMA |California red fir 4,630 2,979 1,241 224 3,319 98§ -1,534 2,119 -20C¢ -1,73( 35 -3,289 -3,984
ADFA |chamise 15,244 8,714 9,764 11,800 5,504 9,434 15,911 6,359 7,66¢ 8,964 5,01§ 5,64( 9,503
AMDU?2 [burrobush 23,874 -721 542 1,833 -1,609 1,557 -84 2,624 7,247 9,123 3,793 10,75( 14,49(
ARCAL11 |coastal sagebrush 15,244 -883 1,104 2,349 68 1,854 7,999 4,319 4,94§ 3,96 3,445 3,724 7,289
ARMA |whiteleaf manzanita 15,699 503 1,141 1,95Qq 1,145 -707 6,434-2,413-3,68€¢ -2,294-3,909 -2,82% 263
ARME |Pacific madrone 15,204 2,429 3,603 6,104 1,064 2,914 10,494-1,754-2,36§ -1,159-2,79¢ -1,134 -559
ARPAG6 |greenleaf manzanita 12,814 -174 -1,75( -4,034 -4,35] -5,427% -9,763-3,35(-4,21¢ -5,933-1,79] -5,164 -8,853
ARTR2 |big sagebrush 22,804 -3,08% -4,42¢§ -5,67( -4,754 -5,44§-15,003-2,28§ 68(C -73 3,504 4,503 -2,019
ARVI4 |sticky whiteleaf manzanitg| 11,371 6,054 7,28¢ 9,244 6,944 8,941 16,449 2,534 2,254 4,384 2,874 4,40€ 6,524
BAPI  |coyotebrush 23,149 -794 2,904 3,714 2,50( 1,273 9,474 1,980-1,42( -721 2,71( 1,684 5,256
CADE27 lincense cedar 15,819 8,804 7,620 7,021 9,24310,544¢ 3,981 6,261 4,194 3,801 6,066 2,559 -2,724
CECU [buckbrush 21,491 4,999 3,474 2,834 1,271 -2,004 -1,71(-1,37%-2,069 -1,879 -372 -709 1,344
CEIN3 |deerbrush 13,034 2,435 2,87 3,724 4,471 6,914 10,529 4,156 4,043 5,564 2,75( 4,716 5,381
CHSEZ11 |bush chinquapin 4,774 -457 -1,79§ -2,189 -1,664 -2,394 -3,36{4-1,776-2,224 -2,924-1,05( -2,942 -3,984
CORA |blackbrush 4,824 -1,10( -1,519 -1,653 -494 -2,206 -3,344 -458 73§ -1,11(0 378 2,22€ -665
ERFA2 |Eastern Mojave buckwhed 31,074 7,734 7,814 7,424 7,217 6,53¢ 9,344 1,009 5,71¢ 4,194 4,17 7,444 9,795
JUCA [Southern California walnu 5,613 1,29% 2,885 5,029 1,524 4,244 9,404 2,209 4,344 6,494 2,291 3,484 8,786
JUOC |western junipe 10,934 -3,979 -7,44€¢ -8,529 -6,83¢ -9,173 -9,921-2,674-6,724 -8,051-3,299 -8,57§ -10,393
LATR2 |creosote bush 23,154 -1,18% 285 1,501 -1,065 3,129 214 2,490 4,994 4,599 3,487 4,331 5,645
NODE3 [tanoak 8,23q0 2,71(¢ 2,853 3,831 1,957 1,709 1,524 -78§-3,105 -3,349-2,93%1 -3,604 -5,009
PIAL |whitebark pine 1,969 -1,089 -1,474 -1,744 -1,03% -1,65%5 -1,954-1,424-1,719 -1,8814-1,709 -1,969 -1,964
PICO3 |[Coulter pine 3,004 1,304 -19 -653 1,57§ -403 -550 450 -85§ -1,0294 1,017 -651 -63
PIJE |Jeffrey pine 18,4794 4,693 2,30¢ -530 1,524 -1,18§-11,184 1,959 -57(C -2,454 2,149 -2,947 -10,97(
PILA  |sugar pine 15,174 7,121 4,844 4,599 6,234 6,644 2,269 1,933 -444 -1,1714 2,755 -1,234 -5,084
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Individual Tree Species Gained/Lost Acres (Thousands)

Tree CNRMRCP 4.5 CNRM RCP 8.5 MIROC RCP 4.| MIROC RCP 8.5
Species Current|2010|2040| 2070 | 2010 {2040{2070[2010{2040{2070[2010{ 2040 | 2070
Code Tree Species Namg 2039|2069| 2099| 2039 | 2069| 2099[{2039 2069 2099|2039 2069 | 2099
PIMO |singleleaf pinyon 4,881 5,881 4,693 2,999 4,52] 2,814 -2,174 5,825 6,944 6,799 8,471 8,430 5,257
PIPO |ponderosa pine 19,801 3,55§ 5,425 4,93¢ 5,000 7,589 6,319 5,614 5,154 5,293 2,917 2,604 -654
PISA2 |California foothill pine 19,779 2,599 2,947 2,941 3,323 444 4,179 621 -30€ 13 -484 -491 3,341
POTR5 |quaking aspen 6,664 1,618 -2,040 -3,544 -2,019 -4,364 -5,644 -951-2,75¢ -3,734 6,544 -83(Q -4,594
PSMA |bigcone Douglafir 1,659 6,929 4,58( 4,064 5,450 4,090 3,269 1,199 1,35§ 2,034 1,774 1,523 3,174
PSME |Douglasfir 17,101 -1,719 -1,909 -1,37] -3,0974 -5,717 -1,733-4,973-8,793 -9,153-4,614 -7,06§ -7,67
QUAG |California live oak 17,391 9,05310,65( 11,414 6,544 7,376 15,569 8,78§ 7,12] 7,409 6,69§ 6,241 9,099
QUCH2 |canyon live oak 20,694 5,269 4,804 4,911 6,043 6,514 543§ 1,069 139 104 579 -16§ -3,437
QUDO |blue oak 26,704 2,530 3,391 3,713 2,379 330 3,819 4,680 5,001 3,694 2,38 2,317 3,147
QUEN |Engelmann oak 1,03qQ 2,175 3,289 4,75 5,974 7,943 9,414 2,254 4,174 4,279 2,925 5,751 6,91]
QUGA4 |Oregon white oak 10,684 800 2,19¢ 3,571 1,764 4,03( 10,654-2,256 -1,454 49 473 1,184 1,667
QUKE [California black oak 20,184 7,059 8,764 9,114 7,61410,261 8,784 7,287 6,134 6,534 5,80§ 4,587 3,23(
QULO |valley oak 26,540 6,480 8,944 11,454 3,763 4,92114,039 5,979 3,529 6,184 7,971 7,144 13,434
QUWI2 linterior live oak 12,910 9,533 9,153 10,329 10,52712,659 16,349 3,404 4,444 7,954 4,07¢ 5,099 10,234
SEGI2 |giant sequoia 839 1,177 1669 1,984 1,073 1,674 1,944 1,294 1,25¢ 969 1,431 68 -287
SESE3 |redwood 7,06 -37C 38 -98§ 92§ -3,093 -1,454-1,469-3,383 -3,843-2,87 -3,07§ -3,084
UMCA |California laurel 18,079 -2,124 -2,12¢ -1,734 -937 -3,98( 734-5,101-7,457 -7,414-6,321 -7,379 -8,129
YUBR JJoshua tree 5,364 369 -84(0 -1,634 -941 -2,809 -4,574-1,271 -667 -1,031-1,67]1 -837 -2,249
ABMAS |[Shasta red fir 1,59( 81 -285 -664 1,254 -447 -1,214 -242-1,471 -1,559 -557 -1,56¢ -1,59(
PAAC3 |Jerusalem thorn 9,964 6,717 8,55§ 13,28 3,624 8,321 14,52 2,381 7,093 8,354 2,744 10,98( 18,624
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Appendix3: Ecoregional Assessments

1 Overview

As describedh the Forest Carbon Plaalimate chang impactsCalifornia forests with more frequent and
severe wildfires, pests, disease, increased temperatures, and changing precipitation and water availability.
These effectsnay decrease forest growifand hence decrease rates of carbon sequestratioajse

geographic shifts in tree distribution and forest tygas presented in the Science Snapshatd result in

forest loss and tree mortalitfand hence increase rates GHGemissions) However, the types of impacts
currently being seen and anticipatare not the same across all regions of the state. Hence, it is important
to look at our forests in greater depth on a regional basis, using the ecoregions that were presented in
Section6.2.

1.1 Regional Forest Information

1.1.1 Klamathinterior Coast Rangesdtegion

1.1.1.1 Overview of the Ecoregion

The KlamatHnterior Coast Ranges Ecoreglms between the North Coast Ecoregion to the west and the
Southern Cascades Ecoregion to the east (Figure 1). It extends north into Oregon and is bounded to the
south by the Catral Valley. It is characterized by the steep, complex mountainous terrain of the Klamath
Mountains, which include the Siskiyou, Marble, Scott, Trinity, and Salmon Mountain systems. The bulk of
the Klamath and Trinity River systems flow through thearegas well as a portion of the Sacramento

River. It covers approximately 8,690 square miles, with elevations ranging from 100 toe¥038 f

The climate is Mediterranean, with cool, wet winters and warm summer droughts that support complex
vegetation @tterns and high floristic diversityThe mean historical maximum temperature has increased
one degredrahrenheit over the past century?* Precipitation declines with distance from the coast,
though the eastern Klamattegionreceives high precipitatiomdm warm air lifting.

Figure 1 providea broad overview of the Klamafhterior Coast Range3 O2 NEIA 2y Q& F2NB A
conifer forests of the ecoregion are among the most diverse in North Am&ridehe region is thought to

have beercriticalto the development of western forest vegetation. That is, duaglier periods of

climate change this region was left untouched by glaciers. As a result, it served as a refuge and contains a
mix of floras from the Cascades, Sierra Nevadacaadtal ranged?®**’

Conifer and mixed hardwoedonifer forests comprise the majority (pércend of the Klamath Mountains
bioregion by area, and are generally organized along elevational and longitudinal gréidatswood
dominated woodlands cover an additiomahe percent Shrubs and grasslands comprise approximately 11

34 Thorne et al., 2016
¥ DellaSala et 311999
¥ \Whittaker, 1961
%7\Wagner, 1997

8 EFRAP 2015
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and3 percentof the area, respectively. Edaphic (soil type, depth) and topographic factors (aspect, slope
position) play a significant role in the distribution of vegetation types.

Conifer stadsin this ecoregiomusuallyconsist ofDouglasfir in combination with any of five other species,
including sugar pine, ponderosa pine, incense cedar, Jeffreygmdevhite fir. An upper montane zone
can be distinguished from a lower zone by the insezipresenceof white fir and Shasta red fir, and
decreasedresenceof black oak and other hardwood¥.

VEGETATION

Klamath/Interior Coast Ranges Ecoregion

VEGETATION
Forestland

[ conifer Woodland
- Hardwood Forest
Rangeland 4 7 3
[ shrub Sy ; 2 3 — 7% DUNSMUIR
- Herbaceous ; g
|:| Desert Shrub/Woodland
Forest and Rangeland
[ conifer Forest

[ Hardwood Woodland
Other

:] Agriculture

I:l Barren/Other

I urban

I:] Water

[:l Wetland

0 25 50 Mi
£ 0 25 50 Km

1DAHO

DATE: September 1, 2016
SCALE: 1:1,800,00
PROJECTION: CaliforniaTeale Albers

DATA SOURCE: CAL FIRE Forest Climate Action
Team Ecorcgions FCAT Regions2016_v1; CAL
FIRE fvegl5_1

PACIFIC

OCEAN

Figurel. Vegetation of the Klamathnterior Coast Ranges Ecoregion.

349 Skinner et al., 2006
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There are almostightmillion acres of forestland in the Klamalthterior Caast Rangescoregion (Table
1)**° The federal government is responsible for 63 percent of the forestland in the region, and private
owners manage the bulk of the remainder (37 perceMpst of the forestlands are in unreserved status
(78percend, and this potentially available for a broad range of management options that may help to
address climate adaptation and mitigatioReserve lands (22 percent) may be available and suitable for
prescribed or managed fire.

Table 1 Area of sampled land by statuend ownership group, California 2068014; Klamath/Interior
Coast Ranges Ecoregion.
Ownership group
National forest BLM NPS Other Stateand Private Total
federal local govt.

Land status
Thousand acres
Unreserved forest land:

Timberland 2,590 134 -- -- 18 1,674 4,416
Other unreserved forest land 391 126 -- 6 20 1,206 1,749
Total, unreserved 2,981 260 -- 6 38 2,880 6,165
Reserved forest land:
Reserved productive forest 1,316 6 67 -- 7 -- 1,396
land
Other reserved forest land 258 17 28 1 25 -- 329
Total, reserved forest land 1,574 23 94 1 32 -- 1,724
Total, forest land 4,555 283 94 7 70 2,880 7,889

Source: Forest Inventory Analysis (FIA) Program, Christensen 2016 unpublished data

The Klamathnterior Coastal Rangdscaegion has substantial water supply assets, but little storage
capacity. These watersheds are predominately rféd; the watersupply impacts from climate change will
likely be less dramatic thahosein the Sierra Nevadd.he level of climatanipacts in the Klamath
Mountains are expected to be between those in the Sierra Nevada and thosednakanges®™
Salmonid fish poglations are declining in the region. This is in part a reflection of water quality
impairments and constrained water management options in #rgéKlamath Rivewatershed which
originatesin southern Oregon androsseghroughnorthern California befee draining to the ocearA
recent settlement proposes to remove four large dammsthe Klamath Riveaas part of anajor fisheries
restoration plan.

1.1.1.2 Disturbance Regimes

Fire has been an important and widespread disturbance factor in the Klamath Mouhtaiagion for
millennia®*? Though steep slopes and largmntinuousareas of flammable vegetation are common, the
variability and fine grained scale of forest types in the region prevent clear assignment of fire regimes to
distinct ecological or elevatiohaones. Prior to EurAmerican settlement, Native Americans ignited fires

for various purposes. Settlers in the historical period (ca. 4&88M) likely replaced or increased Native

%9 Christensen, 2016
%1 California Department of Forestry and Fire Protection, 2010
%2 Skinner et al., 2006
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American ignitions with accidental or intentional ignitions of theimd® until comprehensivédederal

policies of fire suppression in thveestern US resulted in a firefree period, the likes of which are not

present in the record for at least the preceding 400 yéatstire suppression is believed to have

decreased the h&rogeneity of thevegetation in theregion. Lightning is a common and important ignition
source, with lightningcaused fires accounting for much of the area burned in recent decades, including the
2002 Biscuit Fire which burned neably0,000acres (a sigificant portion of which burned in Oregan)

Studies of presettlement fire regime¥® 3°6 357358353360 g )9 gest that the predominant fire regime of the
area was one of relatively frequent fires (median return intervals e@§ears), on the order of sear
hundred hectares, though this may have varied significantly by landscape. Fires in the lower and upper
montane conifer forests burned mostly at lawoderate intensity, but exhibited moderate to high degree

of spatial complexity. Topography was an imtpot factor, with topographic features constraining size in
most years, except for those with particularly severe fire conditions. Aspect and slope position likely
affected fire severity, with the upper third of slopes on southern and western aspectsierping more
severe fire. Moisture patterns played an important role as well, with surface fires more dominant as one
moves from mesic western forests to dry eastern portions of the redjon.

Fire return interval departure (FRIBIso discussed in Seati@) is an analytical method used to quantify

the difference between current and presettlement fire frequenci®&sThis tool allows managers to

identify areas that are at a high risk of significant wildfires due altered fire regimes, which also may interac
with other factors such as climate change or droudfigure 2shows FRID on a percentage basis for the
Klamath/Interior Coast Ranges Ecoregion based on 2015 data. As is evident from the figure, bulk of the
ecoregion is highlighted in red, indicatirttat much of the area has seen 67% or greater departure from

the historic fire interval (i.e., much lower fire frequency than historically). The figure indicates that a very
large area would need to be treated for ecological restoration, fuels reductétgin fire or habitat
management practices, or other activities to bring the effective fire return interval back closer the
historical level. While the historical fire return interval may be a somewhat less appropriate benchmark
today due to a number dactors, including climate change, the current FRID provides a strong indicator of
the direction of fire return interval correction that is needed.

%3 Taylor & Skinner, 2003

%% Skinner et al., 2006

**Wills & Stuart, 1994

336 Taylor & Skinner, 1998

%7 Stuart & Salazar, 2000

*¥ skinner, 2003

%9 Taylor & Skinner, 2003

%0 Fry & Stephens, 2006
*1Hessburg et al., 2016

%2 3afford & Van de Water, 2014
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Fire Return Interval Departure - 2015

Klamath

% Departure from Historic Fire Regime

67% + More Fire Than Historic

34% - 66% + More Fire Than Historic
- 0 - 33% More Fire Than Historic
- 0 - 33% Less Fire Than Historic

34% - 66% + Less Fire Than Historic
I 67% + Less Fire Than Historic

Nald and

Data - USFS 2015 FRID, CAL FIRE, and ESRI [ Tracy
IVESAFIERE, DaLotns, badrmylnel, © OvanSirasiblap sontdbutors, and hs BIS ussr

somimunity, 511, FIERE, Magmyindk, © OosnSirastiviag sontibutors, ané hs SIS
San Mateo Fremont USarsommunity

Figure 2 Fire Return Interval Departure for the Klamath/Interior Coast Ranges Ecoregion.
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1.1.1.3 ForestManagement

Fgure 3 shows stylized management regimes for the forestlands of the ecoregion, identifying areas of
high, medium, low timber, and no timber management emphasis by ownership class. The largest
proportion of the area, 5ercent is in no maagement emphasis, followed by medium {@&rcen), low

(14 percend, and highq percen). The areas of medium to high timber management emphasis may be the
most promising areas for implementing forest treatments designed to improve forest health anelsaddr
climate mitigation and adaptation.

Figure3. Management Landscape of the Klamath/Interior Coast Ranges Ecoregion.
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