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Preface

This report synthesizes forest inventory and spatial data from federal and state sources to present
a snapshot of beetle-killed spruce across Southcentral and Interior Alaska. This natural resource
is being investigated for use in cellulose-based products, particularly building insulation.
Research funded by the U.S. Department of Energy’s Advanced Research Projects Agency—
Energy program has successfully developed an insulation known as Celium, which combines
beetle-killed spruce with mycelium, the root network of fungi. The resulting insulation product
can be manufactured locally and used across all Alaskan climate zones for residential,
commercial, and shipping applications. Removing standing dead wood has the potential to
reduce wildfire risk and, in turn, mitigate adverse public health effects associated with wildfire
smoke. This local resource assessment, funded by the Denali Commission, contextualizes and
reconciles unaligned forestry data sources, establishing a pathway toward a refined, replicable
analysis and, ultimately, presenting estimates of beetle-killed spruce biomass to inform the
potential scale and development of a Celium industry.
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Executive Summary

This report evaluates the resource potential of spruce tree biomass in Alaska. Specifically, it
looks at forest stands impacted by spruce beetles since the onset of an outbreak in 2016 for use in
non-lumber products, with an emphasis on cellulose-mycelium (Celium) insulation. The analysis
indicates the availability of biomass and describes the accessibility of stands for potential salvage
harvest, emphasizing economic valorization and outlining repeatable methodologies for future
assessments. We (the project team) assume that clear-cutting is used due to its economic
efficiency and ease of implementation, though we also discuss selective harvesting for
comparative purposes.

Annual aerial surveys are the most up-to-date source of information on spruce beetle outbreaks
and the cumulative extent of impacted forests. Between 2021 and 2024, 1.2 million acres of
beetle-killed forest were observed. Of this total, an estimated 324 thousand acres lie within one
mile of existing roadways in Alaska, indicating a potentially accessible resource for commercial
use. Although aerial surveys effectively identify the extent of affected areas, estimating the
weight of beetle-impacted spruce biomass requires extensive ground-based inventory methods.
Here, we use historical forest inventories, developed through such ground surveys and
maintained by federal and state entities, in conjunction with recent aerial monitoring of beetle
damage to provide biomass estimates. According to the federal inventory, around 56.8 million
tons of dry biomass from spruce damaged by the spruce beetle are currently available in Alaska
for use in nonstructural products. State inventory data, adjusted using recent beetle-kill
observations, estimate 8 million tons of green biomass that could be used as salvage-harvested
spruce for Celium feedstock.

This report describes salvage harvest opportunities and limitations in areas of Alaska connected
to the primary road system. The estimates are constrained by the extent and quality of available
forest inventory data and rely on historical records of the spruce beetle outbreak. In past
outbreaks in Alaska, three billion cubic feet of spruce trees were estimated to have been lost
because the trees were not harvested quickly enough. Salvaging beetle-killed trees allows for the
recovery of some of their economic value before the wood deteriorates, and in some cases, may
also help reduce near-term wildfire fuel hazards. However, the overall link between beetle
mortality and wildfire risk remains context-dependent (Hicke et al. 2012; Black et al. 2013).
Understanding the logistical and economic implications of using this feedstock is important for
any venture wishing to valorize it. The actual amount of accessible standing dead spruce will
change over time. This report lays out a process to ascertain this number in the future, as these
trees are spread over tens of thousands of acres of land managed by different organizations.

Vi

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.



Table of Contents

EXECULIVE SUMMANY ....ceeiiiiieiiiiis i e s e s e e R e e e s R e e e R e e e R e e e nn e Vi
LI 411X 11T e o 1
1.1  Cellulose-Mycelium Composite INSUIAtION.........c.cccverevircrierieiieieerie et saesresreereereesreens 1
1.2 Effects of Spruce Beetle Infestation in Alaska...........ccoecveciieciieriienienienieseesie e eee e 2
1.3 Economic Effects of Spruce Beetle Outbreaks in Alaska ...........ccocceviiiiiniiiiiiiieeeieeeeeeee 3
1.4 MEthOAS OVEIVIEW ....eeiiiiitiitiiiiie ettt ettt ettt ettt sttt et e bt e bt et e e sbeesbeesatesatesabeembeenbeenbeenbeens 3
L5 TIEETVIBWS ..ttt ettt ettt ettt ettt b ettt s b et e b e a e et e e bt e et et e s bt emt et e sbeemteebeententeaneeneenees 7
2 Resource Assessment From the Federal Forest Inventory and Analysis (FIA)........ccccccoeiicniiinnees 8
2.1 Background (FTA) .....cooii oottt ettt ettt ettt e s bt e saee s et e sateeateenbeenbeenseeseeseans 8
2.2 RESUIES (FTA) coiiiiiieiie ettt ettt et e st e et e et e e st e e eataeetbeesssaaensaeessseesssaessseeensseesssenns 9
2.3 DISCUSSION (FLA) oottt ettt et et e et e e et e eeaeeeeaneeeaveeeteeeeaneas 13
3 Resource Assessment From Alaska State Forest Inventory (DFFP).........cccooovviiiiiiicnniiciniiinnns 15
3.1 Background (DFFP) .......ooi oottt et ettt s 15
3.2 RESUILS (DFFP) ..ttt ettt ettt a e es et e ae et e seeseeneeneenee 17
3.3 Accessibility Analysis and RESUILS...........covieriiiiiiiiiiieieere ettt re e es 19
3.4 DiSCUSSION (DEFP) ..oooiiiiiiicecee ettt et e e et et e s te e eaaeeeaneas 20
4 Conclusions for Alaska SPruce RESOUICE. ... s 22
4.1 Federal (FIA) Versus State (DFFP) RESUILS.......c.ccoviiiiiiiiiieeieee ettt 22
4.2 Implications DY REGION ........cccuiviiiiiiiiiiiciiee ettt reesreete e teestaestaesebessneesseesseenns 23
4.3 Data LIMITAtIONS ...cccueiiiiieiiiietie ettt e eteeeteeeeteeestteeeveeeteeestseesesesebasessssessseesssesensssessseessseseseeenssens 24
4.4 TNEETVIEW DISCUSSION ..eeiutiitietieitieitte ettt ettt et et ettt e b e et e e bt e bt e sbeesbeesbeesaeesneeeneeenee 25
L 1= R =Y o L= S SPRN 27
5.1 Effect on Celium ProOJECT.....ccviviiiiiiiiiieeit ettt stesve v e eebeesbeesseeseesraestaesssesenesssensnas 27
Lo L= T 29
= =] 1= T = 31
Appendix A: Additional Tables..........ccccuceiiiiiim e ———————_——— 35
vii

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.



List of Figures

Figure 1. Spruce beetle (DendroCtonus FUFIDENNIS) ...........cccuveeeuieecieeciieeciie et eteeeeeve e v saeesaeeeseseeeens 2

Figure 2. Spatial extent of data sources used to estimate total spruce and beetle-killed spruce resources—
including USFS units (black) measured within the FIA and four select state forest
inventories (green) from the Alaska DFFP. Roads (gold) from the Alaska DOT and DFFP

were used to understand aCCESS 10 TESOUITES. .....eueeuieruerrieierierteeniereeeteeeeseeeseeeeseeeneeseseeeseeneens 6
Figure 3. Land ownership of forest lands within census areas and boroughs of the FIA Susitna-Copper
UL 1ottt ettt et e e bt e s ae e e h e e s st e e ateenteen s e eat e e te e beeehteenteenteeneeenteenteenteens 11

Figure 4. The extent of observed (2021-2024) spruce beetle damage according to the ADS with respect to
FIA unit boundaries and boroughs and census areas in Southcentral and Interior Alaska .... 13
Figure 5. Select state forest inventories (green) in relation to forest health ADS and roadway access...... 18

List of Tables

Table 1. Comparison of Federal and State Data’ ...............cccooveuevieeveeereeeeeeeeeeeeeeeeese e 5
Table 2. Summary of Estimated Biomass for All Spruce Trees and Those Coded as Insect-Disturbed .... 10
Table 3. Dry Biomass Estimates, Along With the Percentage of the Estimate Located on State Lands

(Shown in Parentheses) by Alaska Borough and Census Area..........ccceceevereniencnencenennen. 12

Table 4. Green Biomass (Tons) of Spruce Resource Across Four State Forest Inventories....................... 19

Table A-1. LiSt OF INTETVIEWEES .....eeruieuieeirtieieite ettt ettt et ste sttt e bt et e et et e e st e te et entetesseeneeseeseeneeneene 35

Table A-2. Summary of Forest Inventories Conducted by Alaska Division of Forestry (ADF 2025)....... 35

Table A-3. Spruce-Dominated Strata Were Identified for Each Inventory............cccocceveniniincninenncnnne. 36
viii

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.



1 Introduction

Alaska has abundant resources but often lacks the infrastructure to manufacture, refine, and
distribute the end-use products. This report assesses the commercial potential of one of these
resources—spruce trees damaged by bark beetles—and discusses how information was obtained.
Annual spruce beetle aerial monitoring cannot quantify the biomass of affected trees; therefore,
beetle monitoring data must be complemented by field-survey-based forest inventory
information to estimate the weight of this resource. This analysis is conducted at a high level to
provide an initial understanding of the scale, feasibility, and potential infrastructure needs, which
will inform decisions about more detailed studies or investments. Because the quantity and
quality of beetle-impacted trees change yearly, this assessment should be refined for the specific
time or location of interest and updated when monitoring and analysis methods improve.

The National Laboratory of the Rockies (NLR) researched the potential valorization of Alaskan
beetle-killed spruce biomass along with U.S. Department of Agriculture (USDA) federal
foresters, State of Alaska foresters, and other forestry experts. The results include estimates of
the resource potential of harvestable biomass to produce cellulose-mycelium (Celium) insulation,
identification of additional research needs, and discussion of best practices for sustainable
harvest for large-scale ventures under different utilization assumptions.

1.1 Cellulose-Mycelium Composite Insulation

Beetle-killed trees remain usable for a limited (and variable) time before the wood begins to dry,
crack, and decay, ultimately becoming suitable for only low-value applications such as
fuelwood. Using standing dead spruce in Alaska to manufacture insulation products may provide
multiple benefits, including recovering economic value from a declining resource and reducing
certain fuel hazards. However, the broader relationship between beetle-caused mortality and
wildfire risk remains variable across forest types, outbreak stages, and fire weather conditions
(Hicke et al. 2012; Black et al. 2013). Producing insulation locally addresses Alaska’s urgent
need for in-state manufacturing, especially as the costs of importing construction materials and
supplies remain high and continue to rise. Leveraging the state’s workforce and natural resources
supports cost containment while strengthening the local economy. Two promising applications
for locally manufactured insulation include insulated shipping containers and building materials.

Insulated Shipping Containers: Shipping temperature-sensitive goods in Alaska—especially
seafood—relies heavily on insulated containers to maintain temperature control during transit. In
Alaska’s fisheries, expanded polystyrene (EPS) foam boxes, or “fish boxes,” have long been the
standard packaging because they are lightweight, durable, and offer superior insulation that
keeps seafood fresh from catch to consumer. However, these single-use polystyrene seafood
boxes contribute significantly to ocean debris that affects the marine ecosystem. While seafood
export is the primary use in Alaska, these single-use EPS boxes are also widely utilized for
shipping perishable foods, pharmaceuticals, and fragile products. Although EPS can be recycled,
the infrastructure needed to support that specialty service is not always locally available,
especially in Alaska. As global policies, restrictions, and commitments to reduce plastic
pollution increase, having a locally produced, biodegradable option for the state would be
beneficial to the fishing industry and other consumers.
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Building Insulation: As the housing stock across Alaska ages, its ability to maintain a
conditioned interior diminishes, driving up utility costs for owners. Many older homes face
severe moisture problems (caused by high interior humidity and insufficient insulation) that
contribute to poor health outcomes for occupants. Problems such as mold growth and subsequent
respiratory issues become prevalent when interior conditions cannot be adequately managed.
Unfortunately, transporting building materials to Alaskan construction sites is expensive,
especially for remote locations off the road system or areas in need of housing after disasters.
Although synthetic insulation (e.g., EPS and extruded polystyrene [ XPS]) is lightweight and
offers a high R-value, reliance on these imported materials from the contiguous United States
poses its own set of challenges. The high transportation costs dramatically increase the overall
price, making these options less feasible for many homeowners, particularly in economically
disadvantaged areas. Synthetic insulation also exacerbates moisture problems in homes, as it has
a low permeance and can trap moisture in the building, leading to mold and rotting within the
structure.

Cellulose-mycelium composite insulation a new, high-performance insulation that combines
foamed cellulose pulp made from beetle-killed spruce and mycelium (the fungi root network). Its
thermal performance is equivalent to that of EPS, but its high permeance manages building
moisture to limit mold and rot.

1.2 Effects of Spruce Beetle Infestation in Alaska

The spruce beetle (Dendroctonus rufipennis) is the most damaging insect in Alaska’s forests
(USDA Forest Service—Alaska Region 2018; Figure 1). It is a native bark beetle species that
primarily targets white and Lutz spruce trees (Picea glauca and Picea x lutzii, a hybrid of white
and Sitka spruce) in Alaska. Spruce beetle can also infest other types of spruce in Alaska, such as
Sitka spruce (Picea sitchensis) and black spruce (Picea mariana), although it only targets the
latter rarely. Cyclical outbreaks are a natural part of Alaska’s ecosystem but can be exacerbated
by abiotic disturbances, favorable weather conditions, and poor logging practices. Since the
1980s, however, there has been a notable increase in outbreak intensity, with warmer, dryer
summers accelerating beetle development, leading to rapid population growth and tree mortality
(Werner et al. 2006). The most severe outbreaks have affected Southcentral Alaska, especially
the Kenai Peninsula and Copper River Valley, with millions of acres of spruce forest affected
(Berg et al. 2006).

Figure 1. Spruce beetle (Dendroctonus rufipennis)

Photo from Stephen Burr, U.S. Forest Service
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The relationship between spruce beetles, forest health, and wildfire risk is complex, with various
factors at play across millions of acres. The large-scale tree mortality caused by spruce beetle
outbreaks can influence wildfire risk. Standing dead trees are not more flammable than live
spruce; however, dry needles and ground accumulation of fallen trees and limbs are tinder for
surface fires, as are the smaller trees, shrubs, and grasses that grow once larger trees have gone
(Hicke et al. 2012; Schulz 1995). Beetle-killed trees typically retain their dying needles into the
second year after attack. During this time, the risk of crown fires, fast-spreading fires that occur
in the upper part of the trees, can increase if the trees are not removed. As in many other places,
Alaska's fire seasons are changing, with the rate of fire frequency and total burned area
increasing (USDA n.d.).

1.3 Economic Effects of Spruce Beetle Outbreaks in Alaska

Spruce beetle outbreaks have caused significant economic losses in Alaska by degrading timber
resources, increasing forest management and fire suppression costs, and disrupting local
economies. The most immediate economic impact is the loss of merchantable timber when
mature spruce trees are killed. In commercial forestry, beetle infestations can render extensive
areas of spruce stands economically unviable if salvage operations are not initiated promptly.

During the 1990s outbreak on the Kenai Peninsula, tens of millions of trees were killed every
year (Holsten et al. 1999; U.S. Forest Service 1997; Werner et al. 2006). Although some salvage
logging occurred on state and private lands to recover economic value, a substantial portion of
the dead wood ultimately decomposed in place or was lost to subsequent wildfires.

The most recent outbreak began in 2016 and, at the time of this writing, has affected
approximately 2.25 million acres, covering an area comparable to the size of Connecticut. Public
education efforts have been initiated to help Alaskans recognize signs of infestation and
encourage small-scale management actions. Large-scale forest management strategies address
these outbreaks through coordinated efforts (USFS, UAF, and AK DNR 2018). For each year
that passes after a tree is damaged, the chance to use its timber decreases. Spruce beetle attacks
frequently result in tree death. These beetles target larger trees, and smaller trees have a better
chance of surviving (U.S. Forest Service 2024b). As the spruce beetle activity from outbreaks
decreases, the damaged forests become vulnerable to other damage agents, making it more
urgent to create a harvest plan.

The outbreak that started in Southcentral Alaska in 2016 has generally declined since its peak in
2018, and statewide spruce beetle activity saw a precipitous drop in 2024, with beetles observed
over 35,100 acres compared to 90,100 acres the previous year. The acreage newly affected in
2024 was the lowest reported activity since 2015. Much of this reduction occurred in the Kenai
Peninsula, with affected acreage dropping by 93% over one year, to just over 2,000 acres in
2024.

1.4 Methods Overview

Developing robust estimates of available forest biomass involved synthesizing multiple data
sources, each providing complementary perspectives on forest composition, distribution, and
accessibility. Accurate estimates of forest biomass require ground surveys to assess forest
composition and measure trees. Models rely on field samples and other data to estimate forest
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characteristics in unsampled locations. Aerial surveys and imagery-based analysis often support
forest classification and biomass estimation but are not widely accepted as the sole source of
information to inform timber harvest. The research in this report relied on two sources of forest
inventory data to analyze the scale and distribution of biomass in Alaska: the Forest Inventory
and Analysis (FIA) program, which is managed at the federal level, and the Division of Forestry
and Fire Protection (DFFP; Table 1), which is managed at the state level (Hanson 2012; Hanson
2013; Hanson 2014a; Hanson 2014b). The analysis focused on areas linked by Alaska’s primary
road system, where 75%—-80% of the state’s population resides and where human resources,
transportation infrastructure, and fabrication capacity are most concentrated. This research area
is defined by the spruce beetle outbreak, which began in Southcentral Alaska before spreading to
the Interior.

FIA (federal) and DFFP (state) forest inventory datasets serve different purposes: The former
encompasses all forested land within USDA-defined units, while the latter primarily focuses on
state-owned timberland. A lack of precise, publicly available federal plot locations limits the
analysis to aggregated information from the FIA and related tools. In contrast, state datasets
provide spatially explicit estimates, enabling geospatial analysis of timber resource availability
through GIS, access routes, and areas affected by recent aerially detected disturbances.

Although FIA and DFFP inventories provide foundational data on forest structure and biomass,
they both represent conditions during sampling and not necessarily current forest health,
particularly in regions affected by recent disturbance (such as ongoing spruce beetle outbreaks).
To account for temporal changes, this analysis incorporates data from the forest health aerial
detection survey (ADS), conducted cooperatively each year by the DFFP and U.S. Forest Service
(USFS) Forest Health Protection. These surveys offer a broad spatial overview of active
disturbance agents, including beetle-related mortality. Recent beetle-kill was defined in this
study as the ADS polygons with observed beetle-kill in any survey year from 2021-2024. This
information was critical for interpreting how forest inventory data may have changed in the years
since field measurements were collected.
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Table 1. Comparison of Federal and State Data’

Federal (FIA)

State of Alaska (DFFP)

Source Name

Forest Inventory and Analysis

Alaska Statewide Forest Inventory

Agency USFS (part of USDA) Division of Forestry and Fire Protection
(part of the Alaska Department of Natural
Resources)
Units Dry tons Green tons
Access Approximate plot locations (privacy Publicly available mapped polygons with
protections) high spatial precision
Coverage All forested lands in Alaska, Selected regions of state-owned and state-

regardless of ownership (federal,
state, Tribal, municipal, and private).
Sampling is statistically
representative but spatially sparse
due to Alaska’s size and
remoteness.

managed timberland. Coverage is focused
on areas with potential for timber harvest or
active management. Excludes federal,
Tribal, and most private lands.

Defined Units
and
Corresponding
Years

Coastal Unit, 2010-2023; Susitna-
Copper Unit, 2019-2020; and
Tanana Unit, 2014-2019

Kenai Peninsula, 2012; Tanana Valley,
2013; Susitna Valley, 2014; and Copper
River Basin, 2014

Purpose Long-term, statistically robust Tailored to state-owned lands and timber
monitoring of forest conditions, availability, with applications in harvest
carbon stocks, and trends across all ~ planning, forest health assessment, and
ownership types. Supports national economic development. Supports state-
and regional forest policy, ecological level forest resource planning, timber sale
research, and carbon accounting. administration, and operational decision-

making.

Monitoring In Alaska, the FIA uses a periodic Typically, a one-time inventory per region,

Interval inventory approach—longer cycles with years of data collection varying by
(15—20 years for Interior; 10-15 area. Some inventories are over a decade
years for coastal regions) old and may predate significant
supplemented by remote sensing disturbances (e.g., spruce beetle
technologies. Elsewhere, this outbreaks).
process is annualized (continuous
inventory revisiting plots
approximately every 5-7 years).

Use in GIS Best used for broad-scale mapping. High spatial resolution; mapped stand-level

polygons enable integration with aerial
surveys, road networks, and harvest
planning. Well-suited for site-specific GIS
analysis.

"(Hanson 2012; Hanson 2013; Hanson 2014a; Hanson 2014b)
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Forest inventory datasets used in this analysis were superimposed in GIS to define the research
area and visualize the spatial extent of each dataset (Figure 2).! Areas marked as roadways are a
combination of (1) roads of the Alaska Department of Transportation (DOT) and Public
Facilities and (2) forest roads identified by the Alaska DFFP. Roadways are used to understand
access to beetle-killed trees in forest inventory areas; this helped define the research area and
highlight where concentrated areas of population, infrastructure, fabrication capacity, and spruce
beetle outbreak overlap.

Forest Inventories S A

f' N
of Alaska """ﬁﬁ“
Federal FIA Unit \&T
- Boundaries
State DOF

Inventory Area

Roads (DOT & A
forest roads) ’ y

INITED
s TATES

Tanana Unit

Susitna-Copper Unit

Coastal Unit

Research Area W

F B

Figure 2. Spatial extent of data sources used to estimate total spruce and beetle-killed spruce
resources—including USFS units (black) measured within the FIA and four select state forest
inventories (green) from the Alaska DFFP. Roads (gold) from the Alaska DOT and DFFP were used
to understand access to resources.

This report targets spruce inventories in forests around Alaska’s road system in response to the
spruce beetle outbreak, which started in and is concentrated in Southcentral Alaska. The research
began with federal estimates of spruce feedstock to evaluate the maximum potential supply for a
full-scale Celium industry. State data are used to refine this assessment by focusing on
productive forest lands, using additional datasets like road access and recent forest health aerial
surveys. Estimates of spruce biomass for potential use in cellulose-based products were derived
from the two primary data sources and various resource filters. By clearly defining filters and
assumptions, this work facilitates repeatability.

! All spatial data visualization and analysis for this local resource assessment was conducted in ArcGIS Pro 3.0.3.
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Understanding the number and condition of standing dead trees in Alaska is crucial, as these
factors change annually. Therefore, applying each dataset appropriately and establishing a
reliable system for ongoing estimates is essential. This report provides high-level estimates of
potential spruce resources available for salvage harvest across a broad study area. However,
additional field surveys or more refined analyses will be necessary to quantify resources at a
resolution fine enough for activities such as developing a harvest plan for a particular area at a
given time. Access to timely data will be critical for effective business planning, informed
investment decisions, and maintaining a resilient supply chain that can adapt to changing
environmental conditions.

Local timber harvest planning in Alaska is guided by a suite of foundational documents,
including Forest Land Use Plans, Best Interest Findings, the Five-Year Schedule of Timber
Sales, and area-specific sales records. These planning tools provide detailed, regionally specific
guidance—often addressing recent spruce beetle impacts and outlining corresponding forest
management strategies. To fill data gaps and contextualize research findings, NLR also
interviewed Alaskan stakeholders and technical experts to better understand spruce beetle
monitoring, timber access, harvest feasibility, and the potential for processing beetle-killed
spruce.

1.5 Interviews

NLR researchers interviewed various experts to gather insights into the potential for harvesting
timber for a potential Celium insulation industry. The goal here was to understand the multiple
factors influencing the production process, from biomass assessment to product fabrication. The
experts included specialists in forestry, entomology, land management, logging, insulation
manufacturing, and seafood packaging. They were identified through professional networks,
previous collaborations, references, online searches, and cold calls. Interviews were conducted
throughout the project to increase the likelihood that the findings would be relevant and valuable
to industry and government.

Baseline questions were prepared for each industry to facilitate comparison. As new information
emerged, additional questions were added. Interviews typically lasted 15—60 minutes, depending
on the expert’s availability and interest. Initial communication was typically via email to
schedule meetings or answer questions, and phone calls allowed for direct discussions of
prepared questions. Follow-ups were conducted as needed. A list of interviewed organizations is
provided in Appendix C.
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2 Resource Assessment From the Federal Forest
Inventory and Analysis (FIA)

The high-level estimates support planning for emerging cellulose-based industries in Alaska.
Later in this assessment, we include a discussion of data limitations and recommendations for
improving estimate accuracy and expanding geographic scope.

2.1 Background (FIA)

The U.S. Forest Inventory and Analysis (FIA) program, led by the USFS, tracks forest conditions
nationwide. FIA data provide tree number, volume, dry biomass, and carbon estimates based on
measurements such as species, diameter, height, and wood density. The goal of the FIA data is to
continuously assess the size, health, and use of forest resources on forested land across all land
ownerships. In Alaska, data are collected and published by the Pacific Northwest Research
Station and made publicly available. FIA surveys follow standardized plot designs and field
protocols to ensure national consistency. Data from the Coastal Unit (Figure 2) derive from
protocols aligned with FIA surveys in the contiguous United States, with plots spaced every
6,000 acres subject to annualized field surveys.? However, data collection methods had to be
adapted in response to the scale and inaccessibility of much of Interior Alaska, so plots for some
USFS units (e.g., Susitna-Copper and Tanana) are spaced every 30,000 acres, and field surveys
are conducted on a periodic basis.®> Given the limited accessibility and infrequent sampling of
interior plots, FIA supplements field data using NASA Goddard’s LiDAR, Hyperspectral, and
Thermal Imager (G-LiHT) remote sensing tools. Full state inventory coverage is expected to take
15-20 years from 2023; thus far, only a small portion of Alaska has been inventoried. The FIA
and Alaska-specific methodologies are described in detail in Burrill et al. 2023, Pugh et al. 2018,
and USFS 2023.

We derived estimates of biomass from FIA data using the EVALIDator tool, which models
population-level statistics across forested land within inventory units based on field surveys
(U.S. Forest Service 2024a). Biomass estimates in this report refer to the oven-dry weight of
sound wood in the merchantable bole of timber species for trees >5 in. diameter at breast height
(dbh).* This includes the biomass, including bark, from a one-foot stump to a minimum four-
inch top diameter of the central stem. Analysis in this report used FIA disturbance codes (i.e.,
types of forest disturbances) to evaluate the effects of beetles. Although the spruce beetle code
within the FIA was not systematically applied in Alaska surveys, supplemental information on
the Southcentral outbreak and information gathered in interviews allowed us to interpret FIA
estimates of insect-impacted biomass within the context of spruce beetle damage. Specifically,
the insect-related disturbances recorded in the Susitna-Copper Unit (Figure 2) from 2019-2020
were assumed to derive entirely from spruce beetles, because field visits coincided with known
beetle outbreaks during that time.

Biomass estimates were also categorized by census area and land ownership to better understand
how resources are distributed across units. In addition to these estimates, general information on

2 Different plots are visited each year, so data are updated on a rolling basis.
3 That is, all plots within a unit are measured before moving to the next unit.
4 FIA variable DRYBIO_BOLE.
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roadway access and aerial observations of beetle-killed acreage were summarized by FIA unit
boundaries. Although these beetle-kill data provide valuable context, they are not spatially linked
to FIA biomass estimates, as FIA plot locations are confidential. Nevertheless, these
classifications offer valuable geographic insight into the distribution and accessibility of affected
forest areas.

For this study, data from the Coastal Unit (Figure 2) were processed separately to include only
the portion of the unit in the Southcentral region. The research area focused on areas of spruce
beetle outbreak. This outbreak started and is concentrated in Southcentral Alaska and includes
the populated and developed areas linked by Alaska’s primary road system. The Coastal Unit
subset retains data from the Anchorage Borough, Kenai Peninsula Borough, and Chugach
Census Area and excludes Southeast Alaska. For clarity, all references to the “Coastal Unit” in
the remainder of this report refer only to the subset area encompassing the Anchorage, Kenai,
and Chugach (previously Valdez-Cordova) regions.’ As expected, this spatial restriction reduced
the total biomass estimate: The spruce biomass within these three areas accounted for just 23%
of the total spruce biomass in the complete Coastal Unit. This restriction also affected species’
composition (i.e., the relative abundance of species). Whereas Sitka spruce comprised 93% of
total spruce biomass across the entire Coastal Unit, it fell to 72% in the subset area; Sitka spruce
does not occur in other FIA units outside this one. In contrast, white and black spruce, which are
not widespread across the complete unit, were highly concentrated in the subset area, with more
than 98% of their totals within the portion of the Coastal Unit located in the three selected census
areas.

Lutz spruce, a hybrid of Sitka and white spruce, is commonly found in the area and attacked by
spruce beetles, but it is not independently identified and reported in FIA data. We assume that
Lutz spruce biomass is assigned to white or Sitka spruce species and recognize that forest
composition may vary in future years (Morton et al. 2023). Despite white spruce contributing
only 25% of the total biomass in the subset, it accounted for nearly 60% of the standing dead
biomass, indicating its disproportionate susceptibility to damage agents (i.e., spruce beetles).
Notably, the limited number of FIA plots in the Coastal Unit reduced statistical confidence in
Coastal Unit estimates.

2.2 Results (FIA)

According to federal data, there are 170,311 thousand tons of spruce (white, black, and Sitka)
across FIA units in the study area. Of this, 41,395 thousand tons are dead spruce. Although
species are consistently reported together throughout this study, white spruce is responsible for
the bulk of the biomass. According to FIA data, 70% of biomass is attributed to white spruce and
11% 1is attributed to black spruce. The remainder is from Sitka spruce, found only in the Coastal
Unit. In the two Interior units, white spruce dominates, making up 90.5% of spruce biomass in
the Susitna-Copper Unit and 82.0% of spruce biomass in the Tanana Unit. Of the total spruce
across all FIA units, 21.5% (27,687 thousand tons) of live spruce and 59.0% (24,426 thousand

51In 2019, the Valdez-Cordova Census Area was redistricted into the Chugach Census Area and Copper River
Census Area, but this change was not reflected in the FIA at the time of data collection. In this report, estimates of
the former Valdez-Cordova Census Area that fell within the Coastal Unit were assigned to the Chugach Census
Area, and estimates that fell within the Susitna-Copper Unit were assigned to the Copper River Census Area.
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tons) of dead spruce have experienced “insect disturbance” (Table 2). The reported 2.5%
(1,117/44,655) impact of insects to spruce biomass in the Coastal Unit, despite including the
heavily affected Kenai Peninsula, reflects the timing of the forest inventory survey rather than
current conditions. This figure is discussed further in the report, where assumptions are made to
approximate more recent impacts. Updated estimates are highlighted in the results section.

Table 2. Summary of Estimated Biomass for All Spruce Trees and Those Coded as Insect-
Disturbed

Total area represents the full area of FIA unit considered in this analysis. Forest area estimates (percent calculated in
parentheses) were taken from the published report for Tanana Unit (Legner et al. 2022) and approximated based on
maps of forested area or tree canopy cover when no FIA reported value was available. Beetle-kill area (and percent

of impacted acreage out of total area) was calculated as the cumulative acres of spruce beetle damage located within

each unit, according to the ADS.

Total Area (% | Total Spruce | Dead Total Dead Beetle-Kill
. Insect- Insect-
. Forested) Biomass Spruce Area
Region Impacted | Impacted
Millions of Thousands of tons Acres
acres
Coastal o 182,174
(subset) 13.7 (42%) 44,655 7,780 1,117 248 (15%)
918,532
o) 1]
Susitna-Copper 31.3 (34%) 55,736 25,423 | 33,187 2,451 (76%)
0 106,105
Tanana 33.4 (62%) 69,920 8,192 17,809 21,727 (9%)
Total 78.4 170,311 41,395 | 52,113 24,426 1,214,807

Note: The Coastal Unit includes estimates only within the Kenai Peninsula Borough, Anchorage Borough, and
Chugach Census Area. Dry biomass of sound wood includes merchantable bole (including bark) from a 1-ft stump to
a minimum 4-in. top diameter of the central stem for trees with dbh =5 in. Biomass estimates represent the sum of
black, white, and Sitka spruce trees measured in forested conditions—either in total or with a condition-wide insect
disturbance—and classified as live or dead. Trees in these conditions may be dead from any cause.

Adjusting inventory estimates with the current understanding of beetle outbreak conditions, FIA
data indicates that as much as 56,819 thousand tons of dead, insect-affected (i.e., beetle-killed)
spruce may be available as a result of spruce beetle damage. This estimate is the sum of all
biomass in the Kenai Peninsula and Anchorage Boroughs of the Coastal Unit plus insect-
impacted biomass in the Susitna-Copper Unit. This assumes that 100% of the spruce biomass in
two of the three select census areas of the Coastal Unit is dead because of spruce beetle
disturbance; there were no reports of insect impact in the Chugach Census Area at the time of
inventory and no recent evidence of beetle activity to support including the area’s biomass in this
assumption. We also assume that 100% of insect-affected spruce biomass in the Susitna-Copper
Unit is now dead, as the interior inventory is periodic rather than annualized and field visits for
FIA surveying in 2019 and 2020 overlapped with the bark beetle outbreak. Beetle-kill biomass
estimates based on FIA data exclude any dead and/or beetle-impacted biomass reported in
Tanana, as most of the Tanana Unit is north of the Alaska mountain range, where the spruce
beetle outbreak front had not yet progressed at the time of FIA data classification. Although the
outbreak has since penetrated the Tanana Unit, that would not have been captured in the insect-
impacted estimates based on pre-2019 surveying. The assumptions and justifications were
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discussed with FIA data managers and were considered appropriate for the objective of this
report. More details are provided in the Discussion Section.

To add spatial information and refine estimates of the beetle-killed biomass resource based on
realistic salvage harvest potential, we applied jurisdiction and land ownership filters within the
EVALIDator tool. Borough and census area boundaries confine estimates to areas smaller than
the total boundary of each FIA unit. Interior Alaska units (Susitna-Copper and Tanana) were
acquired together.
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Figure 3. Land ownership of forest lands within census areas and boroughs of the FIA Susitna-
Copper Unit

Image from S. Ellison, USFS; to appear in Ellison and Kuegler (forthcoming)

Attention is concentrated on the Susitna-Copper Unit, which has been the most active area of
beetle outbreak in recent years. High-resolution land ownership data in relation to the FIA
estimates with respect to the Susitna-Copper Unit boundary as well as borough/census area
boundaries contextualizes where the estimated biomass resource may be expected to
geographically exist and be accessed (Figure 3). State land across the Susitna-Copper Unit,
displayed in green, identifies areas with utilization potential for Celium due to overlap of
standing dead beetle-killed spruce forest and state ownership, which supports access and salvage
harvest.

In the Matanuska-Susitna Borough, which falls within the FIA Susitna-Copper Unit, nearly 75%
of spruce biomass of any classification (total, dead, insect-impacted, or dead insect-impacted) is
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located on state-owned lands (Table 3). When limited to trees identified as beetle-infested but
still alive at the time of the survey, this proportion increases to 85%, suggesting that state lands
may contain areas with more recently infested trees or higher survival rates. Overall, an
estimated 67% of the spruce biomass reported in the Matanuska-Susitna Borough is dead, and of
this total, approximately 96% was attributed to spruce beetles (regardless of land ownership).

Table 3. Dry Biomass Estimates, Along With the Percentage of the Estimate Located on State

Lands (Shown in Parentheses) by Alaska Borough and Census Area

Estimates for the Matanuska-Susitna Borough and Copper River Census Area fall within the Susitna-Copper FIA
Unit, whereas those for the Kenai Peninsula and Anchorage Boroughs and the Chugach Census Area fall within the
Coastal Unit. "Not Available" (NA) indicates areas with too few surveyed plots (<10) to provide a statistically valid
estimate of biomass.

All Spruce Dead Spruce | Total Insect- Dead Insect-

Biomass Impacted Impacted
Region Thousands of tons (% on state land)
Matanuska-Susitna Borough 31,768 (74%) | 21,143 (74%) | 27,129 (76%) 20,344 (74%)
Copper River Census Area 23,329 (26%) | 3,537 (31%) 5,058 (NA) NA (NA)
Kenai Peninsula Borough 22,050 (32%) | 5,604 (34%) 1,095 (NA) 236 (NA)
Anchorage Borough 1,582 (NA) 791 (NA) NA (NA) NA (NA)
Chugach Census Area 21,023 (43%) 1,385 (36%) 0 (NA) 0 (NA)

In contrast, most spruce in the Copper River Census Area remain alive (85%), with 22% (5,058
out of 23,328 thousand tons) showing signs of insect impact. Between one-quarter and one-third
of this biomass is located on state land. However, estimates of beetle-killed spruce (whether dead
or still alive at the time of the survey) are based on limited observations because of the small
number of sampled plots meeting this condition. As a result, the available data do not support a
reliable estimate of how much beetle-impacted biomass is found on state-owned land in this
region.

In the Kenai Peninsula Borough (Figure 4), 32% of spruce biomass (nearly 7,000 thousand tons
out of 22,050 thousand tons) was on state lands within the census area. Reported insect impacts
in the Kenai Peninsula were low, likely reflecting the timing of FIA surveys, which sampled a
small number of plots each year from 2010-2023, rather than current stand conditions. Sample
plots in the Anchorage Borough estimated 1,582 thousand tons of spruce biomass, but sample
sizes were insufficient to determine the portion on state lands. In the Chugach Census Area, total
spruce biomass was estimated at 21,023 thousand tons, with 43% located on state land; no
beetle-kill was documented in this area. In the Coastal Unit, estimates of insect impacts were not
reported by land ownership in any census area because of limited sampling within each census
area.

Although the absence of precise FIA plot locations prevents a direct correlation between FIA-
based biomass estimates for spruce and factors such as roadway access or aerial spruce beetle
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survey data, the acreage of beetle impact within each FIA unit is summarized (Figure 4).
According to aerial monitoring conducted between 2021 and 2024, 76% of all recently beetle-
killed forest areas fall within the Susitna-Copper Unit, followed by 15% in the Coastal Unit and
9% in the Tanana Unit (Table 2). Within the Susitna-Copper Unit, approximately 209,700 acres

of recently beetle-impacted spruce forest are located within one mile of a roadway, indicating a
potentially accessible resource.
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Figure 4. The extent of observed (2021-2024) spruce beetle damage according to the ADS with
respect to FIA unit boundaries and boroughs and census areas in Southcentral and Interior
Alaska

2.3 Discussion (FIA)

FIA analysis provides a high-level view of estimates of the beetle-killed spruce biomass resource
potentially available for Celium. The dataset covers the broadest spatial extent of Alaska based
on currently available field measurements. Relying on informed assumptions, we report up to
56,819 thousand tons of dead, insect-impacted spruce resource across federal FIA units, with
33,187 thousand tons in the Susitna-Copper Unit (Table 2).6 If we remove the assumption that

6 See Section 4.3 for details.
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live, insect-impacted spruce have died since field sampling (2019-2020), then the dry biomass
estimate in Susitna-Copper Unit is reduced to 21,727 thousand tons, and the vast majority of this
resource is found in the Matanuska-Susitna Borough.

Recent aerial surveys (2021-2024) have identified spruce beetle-kill over 918,532 acres within
the Susitna-Copper Unit, with approximately 209,700 acres located within one mile of a road.
Although the FIA data provide consistent and rigorously derived biomass estimates, the use of
plot-level measurements to represent extensive areas introduces uncertainty and inhibits
geographic precision. Without plot-specific data (including sample date by plot), we cannot
further refine assumptions of the extent of beetle damage at present.

The raw FIA biomass estimates of insect-disturbed spruce trees make up 2.5%, 60.0%, and
25.5% of total (live and dead) spruce biomass in the Coastal, Susitna-Copper, and Tanana Units,
respectively. Based on forester input from interviews and a general comparison of field survey
time stamps to beetle outbreak trends, we understand the raw estimates of insect-impacted
biomass within the FIA to be underestimated. At present, the spruce resource in the Coastal Unit
has experienced widespread damage by beetles, with 182,174 beetle-killed acres reported in the
past four years of aerial data. In the Susitna-Copper Unit, trees that were reported as impacted
but still alive at the time of the field survey are likely damaged or dead in 2025 and could be
considered for salvage harvest. The Southcentral outbreak likely had not reached the Tanana
Unit at the time of FIA surveying (2014-2018) but has since entered the southern reaches of the
unit, including 106,105 acres of spruce beetle activity reported by aerial surveys. Additionally,
the Tanana experiences significant insect activity from endemic activity or other damage agents
(such as the northern spruce engraver beetle), which cannot be distinguished from the spruce
beetle within the “insect-impacted” data as reported by the FIA.

Despite these limitations, this theoretical “maximum resource scenario” can be complemented by
focusing on a subset that, based on interview findings and FIA filters for jurisdiction and land
ownership, is likely most viable to harvest. The northern Matanuska-Susitna Borough garners
particular attention because the trees experienced infestation most recently, suggesting that they
may not have extensive decay. Still, all trees could have existing decay or other defects prior to
beetles arriving. Relative to other boroughs, significantly more biomass in the Matanuska-
Susitna Borough is located on state-owned land, where the regulatory pathway for salvage
harvest is more straightforward. State land managers have also actively encouraged harvest
activity in the Matanuska-Susitna Borough (personal communication Alaska DNR, No. 2,
2/18/2025). There are 20,784 thousand tons of dead or damaged beetle-attacked spruce on state
land in the Matanuska-Susitna Borough. In contrast, stands on the Kenai Peninsula are primarily
located on private lands, indicated by a sharp decline in the number of sample plots when filtered
for state ownership; minimal insect impacts were reported at the time of the survey, and
estimates were again limited by low plot counts.
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3 Resource Assessment From Alaska State Forest
Inventory (DFFP)

3.1 Background (DFFP)

The Alaska Department of Natural Resources Division of Forestry and Fire Protection (DFFP)
conducts forest inventory efforts to address specific forest management needs. Throughout this
report, the Alaska Statewide Forest Inventory refers to a compilation of these inventories, which
are publicly accessible on a unified platform managed by DFFP (Alaska Division of Forestry
2025). Unlike the federal USFS FIA program, which uses a broad, long-term sampling approach,
state inventories are conducted on a regional, point-in-time basis with a denser network of field
plots, providing more precise estimates of forest resources. Additionally, the DFFP inventories
target timberland areas (forestland identified for commercial wood products), whereas FIA
surveys encompass all forestland. Because of their ad hoc nature, DFFP inventory methods,
metrics, and reporting formats can vary. DFFP data include sample plots, sampled stands, and
vegetation coverage estimates. Spatial polygon files representing vegetation coverage, including
timber type, across inventory areas were used for analysis.

This report aggregates biomass and volume estimates for spruce trees from inventories
conducted in the Kenai Peninsula, Susitna Valley, Copper River Basin, and Tanana Valley
(Hanson 2012; Hanson 2013; Hanson 2014a; Hanson 2014b). Each DFFP inventory falls entirely
within a USFS FIA unit: the Kenai Peninsula (Coastal Unit), Susitna Valley and Copper River
Basin (Susitna-Copper Unit), and Tanana Valley (Tanana Unit). Biomass estimates were drawn
from these four inventories based on their relevance to the potential development of a Celium-
based industry, spatial overlap with FIA units, and spruce beetle ADS data. Each inventory
reports the total land area and timberland acreage (i.e., the portion of forestland considered
suitable for harvest).

Forest inventories classify areas of the forest into “strata,” grouping regions with similar
characteristics, such as species composition, tree size and density, and environmental traits.
Volume estimates for each species and stratum are derived using standard formulas based on
data collected at sample plots within forest stands; per-acre volume averages are extrapolated
across the entire stratum. For each inventory, this analysis compares total spruce biomass across
all strata to total biomass (all species) within the spruce-dominated strata. This comparison
serves as a sensitivity analysis to help users understand how high-level estimates of biomass
potential may vary under different assumed harvesting schemes. Other inventories available
through DFFP (the Kuskokwim River, Middle Yukon, Haines, Cordova, and Southern
Southeast) were excluded from the analysis because of limited accessibility, low spruce beetle
activity, and lower market relevance. These are listed in Appendix C.

Volume measurements in net cubic feet followed methodologies outlined in each published
DFFP inventory report, and biomass was calculated in green tons using region- and species-
specific conversion factors. For instance, the Kenai Peninsula and Susitna Valley used 33 Ib/ft?
for white spruce and 45 1b/ft for black spruce, while the Tanana Valley and Copper River Basin
used 34 Ib/ft for both. Seedling/reproductive strata (dominated by trees <5 inches dbh) and
dwarf forests (<25 ft high at maturity) are excluded from biomass totals. The estimates included
in this report are:
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e Across all strata, total green biomass and volume of spruce trees with dbh >5 in. and top
diameter >4 in., consistent with FIA definitions for merchantable bole

e For spruce-dominated strata (those where spruce was identified as the primary or
codominant species), total green biomass and volume of all trees within the strata

e Live versus dead biomass (i.e., trees that had died within the previous five years at the
time of the survey) within all strata for each inventory.

Because field sampling of all state inventories within the study area occurred before the 2016
spruce beetle outbreak, recent beetle monitoring data were necessary to estimate the beetle-killed
biomass within the state data. For this purpose, the team used data from the ADS, conducted
cooperatively each year by the Alaska DFFP and USFS Forest Health Protection. Additional
ground surveys complement aerial surveys with detailed tracking of forest health conditions, and
summaries are regularly reported (U.S. Forest Service 2024b). The scope of these surveys varies
annually based on budget constraints and research priorities, primarily focusing on monitoring
insect and disease populations, understanding pest biology, and detecting invasive species (U.S.
Forest Service 2025).

Aerial surveys from 2021-2024 were combined into a single spatial dataset, which is used in this
analysis to represent recently beetle-killed forest areas (Figure 5). For each year, polygons where
spruce beetles had been recorded were selected and merged into a single spatial layer.” This layer
was dissolved by host (tree species) and damage agent (spruce beetles) to remove overlapping
polygons. The result visualizes the acreage of recent, observed beetle-impacted forest (a single,
dissolved polygon layer) and is used in spatial analysis with state forest inventory data.

To estimate the biomass of recent beetle-kill using DFFP inventory data, we selected state
inventory polygons if any part overlapped with the processed ADS spruce beetle data (dissolved
polygon layer). Biomass across all selected polygons was summed and reported; spruce-specific
biomass could not be isolated. This method aims to capture the broadest extent of potentially
salvageable material by including timberland adjacent to confirmed beetle impact—areas that
may have gone undetected because of the limited aerial survey range (typically within two miles
of flight paths) or that improve harvest efficiency even if damage is minimal. It also compensates
for the lack of DFFP inventory in many visibly impacted areas, offering a more realistic estimate
of salvageable biomass. Interviews with foresters and inventory data managers also shaped the
interpretation of spruce beetle impacts (personal communication AK DNR DFFP 2025 No. 1,
5/12/2025; personal communication AK DNR DFFP 2025 No. 4, 7/8/2025).

Additionally, roadway and forest road data were used to evaluate access to biomass characterized
within state forest inventories. The DFFP forest road dataset was leveraged to include state,
federal, municipal, and borough-owned forest roads; closed and proposed roads were excluded.
These data were combined with DOT roads. A secondary scenario included closed and proposed
forest roads to evaluate potential improvements in access.

"DCA = spruce beetle.

16

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.



3.2 Results (DFFP)

A total of 25.7 million tons of live and dead spruce biomass (white, black, and Sitka species)
were found across all strata within four state forest inventories in proximity to Alaska’s road
system. Alternatively, the total biomass for all species within the strata that were dominated by
spruce was 26.5 million tons. Of the total spruce biomass in net green tons, 1.5% is in the
inventory area of the Kenai Peninsula, 16.6% is in the Susitna Valley, 7.7% is in the Copper
River Basin, and 74.2% is in the Tanana Valley. White spruce consistently makes up the bulk of
the reported resource, with volume density estimates across inventories ranging from 408—502
net ft* per acre for white spruce compared to 12-58 net ft* per acre for black spruce.

According to the state forest inventory data available at the time of sampling, standing dead
spruce represented approximately 2.6% of the total spruce (678 thousand tons). This proportion
varied significantly by region. At the time each inventory was conducted, standing dead spruce
accounted for 47.6% of the spruce volume in the Kenai Peninsula, 1.2% in the Susitna Valley,
11.5% in the Copper Basin, and 1.1% in the Tanana Valley. Although the Kenai Peninsula
reported the highest proportion of dead spruce (182,000 tons), the Copper Basin contained the
greatest absolute volume of standing dead spruce (229,000 tons). Notably, 43% of the Copper
Basin’s timberland was classified as reproduction-stage white or black spruce, suggesting that
low-productivity stands were widespread. Both the Kenai Peninsula and Copper Basin
inventories attributed observed tree mortality to the spruce beetle outbreak of the 1990s, which
had subsided by the time of sampling. The 2012 Kenai Peninsula inventory specifically
prioritized identifying beetle-killed spruce. Both surveys reported the severest mortality among
larger trees, particularly in white spruce sawtimber and pole-timber stands (Hanson 2014a;
Hanson 2014b). It is important to note that all state inventory records referenced here predate the
more recent spruce beetle outbreak that began in 2016. These inventories are presented to
establish a baseline of forest conditions and tree mortality as documented by state-led field
surveys (Table 4).

Current estimates of beetle-impacted forest biomass were produced for this report by leveraging
the ADS areas of recent beetle impacts. In total, the analysis of state inventory biomass adjusted
for beetle-kill presents 8,097 thousand tons of green biomass impacted by spruce beetles within
state forest inventories that can serve as potential resource for Celium feedstock. There were
more than 1.2 million acres of spruce beetle damage identified along the 2021-2024 flight paths,
but just 18% (224,000 acres) overlapped with any state forest inventory area. We overlaid
documented areas of recent spruce beetle disturbance with state inventory polygons to estimate
beetle-killed spruce biomass by region (Figure 5).
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In the Susitna Valley, 7,688 thousand tons of biomass fell into beetle-damaged forest stands,
while in the Copper Basin, that total was 28 thousand tons (Table 4). Aerial surveys of the Kenai
Peninsula report beetle impact but affected areas have limited overlap with the small footprint of
the state forest inventory area. The Kenai Peninsula inventory area covers 46.7 thousand acres,
81% of which are dominated by spruce. Based on interviews, we assumed that 100% of the
spruce biomass estimated in 2012 can now be considered beetle-kill (personal communication,
Alaska DNR DFFP No. 3, 2/21/2025). As a result, the total inventory spruce biomass is reported
as beetle-kill rather than estimated using the same methods applied in the Susitna Valley and
Copper Basin (Table 4).

The Tanana Valley inventory is the largest by surveyed timberland area, covering over 2 million
acres. It reports the highest volume of spruce biomass in both all strata and spruce-dominated
strata compared to other inventory areas. However, only 1% of the spruce was reported as
standing dead in the 2013 survey. Although the leading edge of the spruce beetle outbreak (2016
onset in Southcentral) has advanced northward in recent years, it does not overlap with any
portion of the Tanana Valley state inventory. Any spruce beetle activity in the area is attributed
to endemic populations rather than the outbreak. As a result, the Tanana Valley inventory reports
zero beetle-killed spruce biomass in the DFFP results (Table 4).

Table 4. Green Biomass (Tons) of Spruce Resource Across Four State Forest Inventories

Beetle-Kill Road
Area All Spruce Biomass Dead Spruce (2021-2024 Access
(acres) (tons) (tons) ADS; tons) (tons)
el 46,780 381,651 181,803 381,651 273,161
Peninsula
Susitna 488,735 4,274,268 50,358 7,687,541 599,305
Valley
g°p.'°e’ 219,549 1,994,000 229,000 27,578 148,569
asin
Tanana 2,152,935 19,091,000 217,000 0 5,563,114
Valley
TOTAL 2,907,999 25,740,919 678,161 8,096,770 6,584,149

Note: Total and dead spruce estimates and inventory areas are drawn directly from published state inventories
(Hanson 2012; Hanson 2013; Hanson 2014a; Hanson 2014b). Acreage values represent the total timberland
surveyed. Beetle-kill estimates are based on different assumptions by region: for the Kenai Peninsula, 100% of the
inventoried spruce resource is assumed to be beetle-kill, whereas for Tanana, 0% is assumed. Estimates for the
Susitna Valley and Copper Basin reflect the total biomass within the inventory polygons that intersect the areas of
spruce beetle damage identified in the ADS conducted from 2021-2024. Road-accessible estimates aggregate all
spruce-dominated biomass within one mile of DOT or DFFP forest roads, regardless of beetle-kill status.

3.3 Accessibility Analysis and Results

Summary statistics on forest roads help illustrate the accessibility challenges that affect harvest
planning and management. On the Kenai Peninsula, 477 miles of forest roads exist, but only 50
miles are owned by non-Native entities. Of that, the University of Alaska owns 31 miles, the
state owns 10 miles, and municipal governments own nine miles. In contrast, all 44 miles of
forest roads within the Copper Basin inventory area are owned by the state. The Susitna Valley
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has 151 miles of forest roads, 90% of which are under state ownership, while the Tanana Valley
contains 99 miles, with 98% of the roads being state-owned.

Statewide, Alaska has 2,568 miles of forest roads, according to the inventory maintained by the
Alaska Department of Natural Resources. Approximately two-thirds of these roads are Alaska
Native-owned, and 24% are owned by the state. The remainder, each less than 5%, are owned by
federal agencies, the University of Alaska, private landowners, the Alaska Mental Health Trust,
or municipal and borough governments. Approximately 30% of the total forest road mileage lies
in areas covered by the federal and state forest inventories referenced in this study. Forest road
ownership and distribution are relevant to a practical understanding of the degree of coordination
and contracting potentially required to access and harvest forest stands.

Across nearly three million total acres of timberland in the four selected state inventories, not
quite one million acres are located within one mile of public roadways, including forest roads
that are active or inactive. Of the spruce-dominated strata specifically, 197,583 acres are
accessible to a road, totaling 6,584 thousand tons of biomass. This estimate climbs to 225,174
acres of accessible spruce-dominated forest, containing 7,500 thousand tons when considering
closed and proposed forest roads. Results are reported by state inventory in Table 4.

DFFP inventory data (marked in green in Figure 5) are displayed in relation to the one-mile road
buffer (light blue) and aerial-reported beetle damage (red). Particularly in the Susitna Valley,
areas of beetle-damaged forest exist within the one-mile buffer of the roadway, but there is very
limited state inventory data (biomass estimates) at those locations. These instances highlight
areas that suggest salvage harvest potential and call for follow-up work to locate or initiate
ground surveys to quantify the biomass resource.

The Kenai Peninsula has 273 thousand tons of road-accessible beetle-affected biomass (spruce-
dominated strata, all species); this is derived by carrying through the 100% beetle-kill
assumption informed by local foresters, despite recent (2021-2024) beetle damage polygons only
minimally overlapping with the inventory area. Although the Copper Basin has nearly 150
thousand tons of road-accessible biomass in spruce-dominant strata, a lack of spruce beetle
observations suggests that very little of the forest area contains concentrated beetle-kill to target
for salvage harvest. Similarly, in the Tanana Valley inventory area, spruce-dominated strata are
accessible by road but are not beetle-impacted.

Out of all recent aerially detected beetle-impacted forests, 18—27% of the area is located within a
mile of roadways, with estimates varying based on how proximity is defined during geospatial
calculations.

3.4 Discussion (DFFP)

A total of 25.7 million tons of spruce biomass (all species) was reported across all strata in four
selected state forest inventories conducted between 2012 and 2014 along Alaska’s road system.
Since 2016, when a Southcentral spruce beetle outbreak began, an estimated 8,097 thousand tons
of this biomass have been affected within those inventory areas, representing the portion
potentially available for salvage harvest for Celium production. Regionally, this includes
approximately 382 thousand tons of beetle-killed spruce on the Kenai Peninsula, 7,688 thousand
tons in the Susitna Valley, and 28 thousand tons in the Copper Basin.
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At the time of the inventories, all regions reported a similar volume of standing dead spruce—
around 200,000 tons—except for the Kenai Peninsula, which had a significantly smaller
inventory footprint. Since then, the Kenai Peninsula and Susitna Valley have experienced
substantial beetle-related mortality from the most recent outbreak (2016 onset in Southcentral),
while the Copper Basin and Tanana Valley have remained largely unaffected. Based on expert
interviews and aerial survey interpretation, it is reasonable to assume that 100% of the Kenai
Peninsula’s spruce inventory is now beetle kill, while the inventoried areas of the Tanana Valley
have experienced 0% impact. For the Susitna Valley and Copper Basin, additional estimates
were developed using recent ADS data to approximate standing dead spruce from the outbreak
since 2016.

Acerial beetle damage surveys are conducted along flight paths with a visual range of
approximately two miles in clear conditions. Although compiling annual surveys from 2021 to
2024 improved coverage through cumulative mapping, the data remain non-systematic and
spatially discontinuous. To address this, all timber stand polygons within the Susitna Valley and
Copper Basin inventories that intersected any beetle-impacted polygon—regardless of the
proportion of overlap—were included in the analysis. This method assumes that if beetle damage
is confirmed in part of a polygon, the entire polygon may reasonably be considered impacted,
whether because of undetected mortality or because it lies adjacent to affected stands and may
still be viable for harvest. Using this approach, the Susitna Valley contained a significant volume
biomass considered beetle-kill (7,688 thousand tons), followed by the Copper Basin (28
thousand tons).

To assess harvest strategy implications, total spruce biomass across all strata was compared with
biomass in spruce-dominated strata using DFFP inventory data. This comparison helps evaluate
the potential tradeoffs between targeting spruce versus harvesting all timber within known
spruce-dominant areas. Overall, the difference in total available biomass between the two
strategies was minor, amounting to less than 1 million tons. The Copper Basin and Tanana
Valley showed greater total biomass in spruce-dominated strata, while the opposite was true for
the Kenai Peninsula and Susitna Valley. These findings suggest that there is no consistent
advantage to either approach in terms of volume alone. Instead, operational factors such as
economics, logistics, labor availability, or site access may be more influential in determining the
preferred harvest strategy.
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4 Conclusions for Alaska Spruce Resource

Annual spruce beetle monitoring provides insight into the cumulative impact of the outbreak and
identifies areas of ongoing beetle activity. From 2021-2024, ADS data reported approximately
1.2 million acres affected by spruce beetles. In 2024, the eastern Matanuska-Susitna Borough
and southern Denali Borough experienced the most persistent activity of that year, with
approximately 15,000 acres impacted. In contrast, the Municipality of Anchorage and Copper
River Census Area showed light activity in 2024, with fewer than 1,000 acres affected in total.
Discontinuous beetle activity, totaling roughly 2,500 acres, was also observed farther north (e.g.,
in the Tanana Valley), though this is not considered part of the ongoing outbreak, which started
in Southcentral in 2016. These current, geography-based observations help identify beetle-
damaged forest stands with minimal decay that may be most viable for salvage harvest U.S.
Forest Service 2024b).

However, aerial observations of beetle damage neither directly translate to large-scale estimates
of spruce biomass (by weight) on timberlands nor provide information on accessibility to
impacted areas. This study connects recent beetle outbreak patterns with historic forest inventory
data and road access to support a more comprehensive resource assessment. To understand data
resources for forest timber harvest and spruce beetle monitoring, the following datasets were
visualized in this report:

e State (DFFP) and federal (FIA) forest inventory areas
e ADS (2021-2024) cooperatively conducted by DFFP and USFS
e Road networks (DOT and DFFP).

These spatial datasets were leveraged together to:

e Estimate the cumulative area of recent beetle-kill accessible to roads

e Report biomass across forestlands and summarize recent beetle-kill within federal units

e Report biomass within select timberlands and summarize recent beetle-kill in state
inventories.

4.1 Federal (FIA) Versus State (DFFP) Results

The federal inventory indicates that 56,819 thousand tons of dry spruce biomass may be
available for salvage harvest as Celium feedstock. In comparison, the state inventory data,
adjusted using recent ADS beetle observations, indicates that 8,097 thousand tons of green
biomass are available. The federal inventory represents all forest lands under all ownership types
within the unit boundaries defined by the FIA to provide systematic coverage. The FIA’s
objective dictates this comprehensive scope; as a result, it reports higher estimates of total spruce
and beetle-killed biomass than estimates derived from state forest inventories. State inventories,
by contrast, target productive timberlands, focusing on state-owned lands, and aim to represent
the economic potential of timber resources in specific areas. Methods vary across these
independent, point-in-time surveys. In short, the broader extent and inclusive scope of the FIA
data explain its higher estimates of spruce resources. For these and other reasons, results from
the two datasets are not directly comparable.
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When focusing on beetle-kill resources, FIA and DFFP results must be considered separately, as
identical methods cannot be applied to both datasets. FIA data do not publicly provide spatial
information on sample plots, so biomass estimates from the FIA cannot be combined with aerial
spruce beetle observations or other spatial analyses. In contrast, DFFP inventories provide
specific estimates, allowing integration with aerial survey data and other spatial datasets, as
described in this report.

4.2 Implications by Region

The Kenai Peninsula area has a well-documented high concentration of beetle-kill resources near
roads. The area is cited for its potential—where harvesting beetle-kill for a value-add product
would also serve the interests of land managers regarding forest and fire management. Most of
the land in this region, however, is privately owned, which potentially limits immediate access
and may require agreements and planning on an ad hoc basis. This makes the absolute resource
(when limited to state land) in the Kenai Peninsula relatively small. The spruce beetle outbreak
that began in 2016 intensely affected the peninsula, but activity has since declined and shifted
northward. Consequently, earlier-impacted stands may now be at more advanced stages of decay,
reducing their suitability for Celium production compared to areas with more recent or ongoing
infestations.

Federal and state inventory data suggest that the Susitna Valley could be a candidate for Celium
development. FIA estimates of beetle-killed biomass in the Matanuska-Susitna Borough (which
is within the Susitna-Copper Unit) exceed those in any other Alaskan FIA unit. The region has
experienced extensive and ongoing beetle activity, as evidenced by aerial monitoring. When
combined with state inventory data showing substantial spruce biomass on timberlands, these
findings highlight the potential for harvest. However, much of the Susitna Valley resource (total
and spruce-dominated) is located east of the Susitna River, disconnected from current road
access. Although winter access may be feasible and is worth evaluating—particularly because
this area is prioritized by the state for management and harvest—it poses logistical challenges for
immediate utilization (personal communication, Alaska DNR DFFP No. 2, 2/18/2025).

According to state inventory data, the Copper Basin contains smaller timber stands and reports
more standing dead spruce than any other area, primarily caused by the beetle outbreak in the
1990s. This resource is likely to have undergone significant decay, similar to conditions
observed on the Kenai Peninsula. Current aerial surveys show limited new beetle activity in the
region. Despite these limitations, the Copper Basin remains of interest because of the relatively
high road accessibility of its spruce stands.

Based on both federal and state inventory data, the Tanana Valley contains the largest overall
spruce resource. It benefits from a relatively well-developed forest road network, with publicly
available information on planned timber sales through 2030, as well as additional proposed roads
that would further improve access. However, no biomass estimate is currently available to
characterize the extent of beetle-affected spruce. The federal inventory was completed before the
outbreak reached the region, and the state inventory area does not overlap spatially with aerially
observed beetle damage. Recent monitoring has identified spruce beetle activity in the Denali
Borough. Endemic spruce beetle activity, along with supplemental effects from the northern
spruce engraver, continues to cause localized tree damage. These disturbances may create
opportunities for salvage harvest, but they are not directly related to the outbreak and therefore
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lack the scale or contiguity needed to define a concentrated resource. Additional current and
location-specific forest survey data would significantly improve the ability to assess available
biomass for Celium. They would provide a stronger basis for long-term planning to support
industry development in the Tanana Valley.

4.3 Data Limitations

The geographic scope of this report was defined to encompass areas affected by the spruce beetle
outbreak that began in Southcentral Alaska in 2016 and has since advanced into the Interior
region. The analysis was constrained by the limited spatial coverage of federal and state forest
inventories. The analysis was also restricted temporally: Most forest inventory data for biomass
estimations predate the current outbreak’s onset and recent effects. Consequently, temporally
relevant biomass estimates could only be generated where historical state forest inventory data
spatially overlapped with recent beetle impact observations. Furthermore, because of limitations
in the available data, this assessment reports the weight of standing dead timber but does not
account for the degree of decay. Across all datasets, improved spatial and temporal resolution—
ideally with consistent updates—would significantly increase the accuracy and confidence of
biomass estimates. Additional dataset-specific limitations are described below.

In the federal (FIA) dataset, low survey resolution is the most critical limitation: Each plot in the
Interior units (Susitna-Copper and Tanana) represents roughly 30,000 acres—an area comparable
to the size of San Francisco. The Alaska Statewide Forest Inventory (DFFP) data are constrained
by outdated coverage. Although a decade-old dataset may still be considered recent in traditional
forest management, particularly in slow-growth northern ecosystems, the rapid mortality driven
by the spruce beetle outbreak has rendered some of the previously reported stand characteristics
obsolete and may no longer reflect current conditions. Theoretically, the more recent federal FIA
data could update older state datasets, while the finer-resolution DFFP data could support model
calibration of FIA’s population expansion estimates. Notably, there is no known coordination
between federal and state data managers to systematically cross-validate findings in overlapping
field survey areas. Both datasets would benefit from integrated data sharing and harmonized field
protocols.

Annual aerial surveys conducted cooperatively by the Alaska DFFP and USFS Forest Health
Protection are used to monitor insect and disease impacts, including beetle infestations. These
surveys provide non-systematic sampling through flight transects and rely on visual observations
of canopy-level damage. They do not capture below-canopy decay, such as root rot or stem
degradation. Observations vary based on flight conditions, observer expertise, and prioritization
of specific regions. The activity of different damage agents (such as the spruce beetle and
northern spruce engraver beetle) can be challenging or impossible to distinguish aerially, so
knowledge of entomology and local and historical trends can be essential to interpret findings
appropriately.® Although the ADS offer valuable annual snapshots of forest health, including the

8 For instance, the northern spruce engraver also occurs in Southcentral Alaska but is affecting trees to a lesser
extent than the spruce beetle, and it is likely involved in much of the more recent black spruce mortality. This report
does not estimate available biomass by species, but it does describe white spruce as the target host and dominant
species within the reported spruce resource. Nuances to forest health such as these have been included in interview
context but are not quantified within the methods and limit interpretations to a high level.
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progression of the spruce beetle outbreak that began in 2016, they do not provide biomass
estimates. Biomass data must come from ground-based field surveys, which are spatially
inconsistent and generally not conducted with beetle-specific impacts in mind (U.S. Forest
Service 2025).

In regions such as the Susitna Valley and Copper Basin, limitations in annual aerial survey
coverage hinder clarity regarding the true extent of the spruce beetle outbreak. To compensate
for potential underreporting caused by incomplete flight paths, this report aggregates biomass
estimates by including all inventory strata that overlapped with observed beetle-kill—regardless
of whether spruce was the dominant species. This inclusive approach was necessary because
species-specific data could not be isolated within those strata. It likely results in an
overestimation of beetle-killed spruce biomass, as it includes non-spruce biomass within those
polygons. The net effect of this methodology is an unresolved tension between underreporting
(because of incomplete aerial coverage) and overreporting (caused by a lack of species filtering).
There is currently no known method to disentangle these offsetting biases without further field
data.

Finally, stand accessibility plays a key role in shaping realistic salvage potential. For this
analysis, a stand was considered accessible if any portion lay within one mile of a road
(measured by the shortest path). This assumption results in a more inclusive estimate, based on
the logic that contiguous areas can be reached more easily once harvest begins in an accessible
portion; however, this method may overstate true accessibility. Conducting sensitivity analyses
using more conservative definitions (e.g., only including biomass strictly within the one-mile
buffer) would clarify the implications of this assumption.

4.4 Interview Discussion

Interviewing experts from various sectors provided essential context for interpreting biomass
estimates from diverse and independent data sources. The team interviewed individuals involved
in land management, timber harvest, entomology (specifically spruce beetle research), insulation
manufacturing, and seafood packaging. The insights summarized below informed the team’s
understanding of viable biomass available for Celium insulation production.

Local, state, and federal land managers provided information on timber sale processes, quality
control, and ongoing mapping and inventory activities. Interviewees commonly observed that, in
stands previously dominated by spruce, most larger trees (approximately four in dbh or greater)
were attacked and killed. In contrast, mixed or hardwood-dominated stands exhibited
significantly less beetle mortality. Generally, standing dead spruce remains viable for harvest for
approximately three to five years post-mortality, depending on regional climate and site
conditions. However, no standardized method currently exists to determine the precise moment a
tree is declared dead. Interviewees were also asked about fire risk and its influence on the
valuation of beetle-killed trees. Fire mitigation experts had reportedly advised experts that
needleless standing dead trees do not pose a significant fire risk, nor do they substantially affect
the economic value of the wood.

Most local land managers reported that no routine, data-driven procedure exists to assess whether
a stand contains sufficient harvestable beetle-killed spruce; on-the-ground assessments remain
the preferred method. In 2025, USFS staff are exploring the relationship between soil moisture

25

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.



and spruce decomposition to better model and estimate the remaining solid wood volume.
Parallel efforts are underway to define what constitutes “merchantable” wood in the context of
post-beetle mortality. The Alaska Department of Natural Resources is also remeasuring long-
standing inventory plots—many established before the 2016-onset outbreak—to quantify annual
spruce mortality rates.

Logging and harvest professionals provided overlapping insights, often from operational or
business perspectives. One local sawmill operator noted that, in his experience, commercial
harvesting is only economically feasible on federally owned land, where the scale justifies
investment. Several stakeholders cited the high cost of harvesting and lack of transportation
infrastructure as limiting factors. Historical context was also provided: The reduction of wood
supply contracts from 50 years to 5-10 years under the Tongass Timber Reform Act led to the
decline of Alaska’s pulping industry and the departure of most paper companies, due in part to
the scarcity of privately owned forestland and long-term certainty.

Industry-specific feedback also addressed the feasibility of producing Celium insulation in
Alaska. Interviewees emphasized that some regions may be better suited for mobile, distributed
harvesting operations, while others could support centralized processing facilities. Areas close to
major cities or high-traffic barge ports would be better suited for a centralized plant to compete
with the high-volume inventory being shipped from Seattle, while remote areas with river access
and established efforts toward alternative housing solutions would be a better fit for remote
manufacturing. Several respondents highlighted opportunities for alignment with broader
housing and construction initiatives in Alaska. Such coordination could reduce logistical
challenges and create synergies with other efforts to expand the availability of locally harvested
and locally manufactured building materials.
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5 Next Steps

Continued data collection and reporting will enhance understanding of the spruce beetle
outbreak, the extent of suitable timber, and the availability of beetle-killed biomass. Since this
report was authored, a new DFFP inventory for the Kenai Peninsula has been published and
should be used to update estimates based on recent surveying in the Kenai Peninsula (Kleinhenz
2025). In addition, an FIA report for the Susitna—Copper Unit is anticipated (Ellison and Kuegler
forthcoming). Although the Cooperative Alaska Forest Inventory (CAFI) reports provided
valuable background context, the underlying dataset was not publicly accessible (Malone, Liang,
and Packee 2009). Future access to CAFI data would allow for a more targeted evaluation of
beetle-killed trees near roads, with CAFI plots potentially identifying high-priority salvage areas
for Celium production.

Further analysis of land ownership in relation to biomass estimates could clarify the feasibility of
access and harvest. Stakeholder interviews—with landowners, managers, harvesters, and
processors—will help refine what is realistic and economically viable. If specific harvest zones
are identified, more granular biomass estimates can be developed using existing and
supplementary data. Beyond the current geographic focus, future assessments should evaluate
forest resources statewide, especially near remote population centers. Similar methods can be
applied to the Kuskokwim River region, where DFFP inventory data exists. Local resource
assessments can complement this dataset, while remote sensing and modeling should be
employed in areas lacking field data.

Through systematic aerial surveillance (beyond the ADS) or satellite imagery, remote sensing
offers the potential for broad-scale forest health assessments, including mapping beetle-killed
stands. Although such data cannot directly calculate biomass without ground measurements,
modeling approaches (e.g., Andersen 2011; Andersen et al. 2011) can estimate biomass when
trained with field data. These tools can also support harvest planning. As Alaska looks to the
timber industry for future economic development, reliable data will be foundational for resource
assessment, manufacturing strategies, and investment planning. Coordination across data
sources, improved access to datasets, and innovation in analytical methods are all necessary to
strengthen future analyses and support informed decision-making.

5.1 Effect on Celium Project

This local resource assessment provides critical insights into Alaska’s available cellulose supply,
supporting future decisions about potential supply chains and the siting of a pilot manufacturing
facility for Celium. To date, Celium insulation has been produced exclusively from beetle-killed
white spruce. However, the team continues to evaluate the necessity of expanding the feedstock
base. The quantity and accessibility of beetle-killed spruce in Alaska outlined in this report
directly inform those considerations to ensure a reliable and sustainable supply chain. While an
estimated 57 million tons of beetle-affected biomass exist statewide, the Celium team has
identified approximately 8 million tons of green biomass—based on state inventory data—for
potential salvage harvest spruce for Celium production. This quantity is several orders of
magnitude larger than would be needed to satisfy the statewide demand for insulation in Alaska,
indicating no immediate need to diversify feedstock.
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The Celium research team is actively exploring commercialization pathways, including strategic
partnerships and potential manufacturing location areas. The team hopes to connect with
stakeholders in resource-rich areas to explore the potential development of a Celium industry in
the area and learn about important local logistics to consider. The Susitna Valley is a promising
location for development, and the team would consider further exploration to identify areas
prime for harvest. The stands disconnected from road access but proximate to the river have the
potential to be ideal for Celium’s mobile manufacturing model. Development in and around the
Kenai Peninsula—driven by its high concentration of beetle-killed spruce, estimated between
236 and 381 thousand tons—will likely require coordinated efforts to enable harvesting on
private land. In contrast, the Tanana Valley has a large spruce resource and an active timber
industry, but further analysis is needed to determine how much of that resource is beetle affected.
The Copper Basin area is a less obvious candidate for immediate development, but, as research
continues, more granular analysis could be conducted, and promising opportunities for
collaboration could become apparent.

This methodology was developed and outlined in hopes that future analysis could be conducted
closer to key decision points as forest conditions evolve, interest in Celium grows, and new data
become available. This approach allows for more granular assessments of prioritized areas and
can support the planning and development of a Celium-based industry in Alaska.
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Glossary

Term Definition
Biomass Organic mass of trees.

The main portion of a tree trunk, usually the straightest and often
Bole measured from the base to the first branches. Biomass estimates in this
report refer to the dry weight of sound wood in the boles of trees.

A factor that directly harms individual trees or small areas of a forest.
Damage can be caused by insects (like bark beetles), diseases (such as
root rot), extreme weather (like ice storms), animals (such as moose

Damage agent browsing on young trees), or human activities (like mechanical injury
from logging). Damage agents are typically assessed to understand the
immediate health of trees and inform near-term forest management
decisions.

}Il)eliagmhfzrb?)bre%t Tree trunk diameter measured at 4.5 ft (1.37 m) above the ground.
Larger-scale natural or human-caused events that alter the structure,
composition, or function of forests over broader areas and longer time
frames. Examples include wildfires, hurricanes, widespread insect

Disturbance agent outbreaks, droughts, and clear-cutting. Disturbance agents are important
for understanding long-term ecological change, forest resilience, and
regeneration. Although some can also cause localized damage, their
primary significance lies in their and role in ecosystem dynamics.

The oven-dry biomass, in pounds, of wood in the merchantable bole of
timber greater than or equal to 5 in. dbh from a 1-ft stump to a minimum
4-in. top diameter. Federal estimates in this report are always dry biomass
unless otherwise indicated.

Dry biomass

Forest land Land with at least 10% tree cover (USFS definition).

The non-dry biomass, in pounds, of wood in the merchantable bole, based
on traditional log-based timber harvesting, which defines this as a

Green biomass minimum 5-in. dbh and a minimum top diameter of 4 in. Calculated from
volume (cubic feet) based on a listed weight of green cordwood by
species. State estimates in this report are always green biomass.

A systematic process of collecting and analyzing data about forest
conditions over an area larger than a plot—such as a forest stand, region,

Inventory or entire state. It involves compiling data from multiple plots to estimate
characteristics like biomass, volume, species composition, forest health,
and growth trends.

29

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.



Term

Merchantable
bole

Plot

Pole-timber

Timberland

Definition

The portion of a tree’s main stem (i.e., trunk) considered suitable for
commercial use, typically measured from the stump to a specified top
diameter limit or to the point where significant branching or defects
begin; used in timber volume calculations and forest inventory
assessments to estimate usable wood for products such as lumber, pulp, or
veneer.

A geographically defined area within a forest where detailed
measurements of trees and other vegetation are conducted. Plots can be
permanent or temporary. The size and shape of plots vary based on the
objectives of the study or inventory. Common measurements within a plot
include tree species, dbh, tree height, health status, age, and understory
composition.

Trees typically 5-9 in. dbh that are often used for posts, poles, or left to
grow into sawtimber (larger trees suitable for lumber).

Land capable of producing over 20 ft* per acre of commercial roundwood
products, excluding fuelwood. This is a subset of forest land.
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Appendix A: Additional Tables

Table A-1. List of Interviewees

Org./Affiliation No. Communication Type Date (Most Recent)
AK DNR DFFP 1 Email and video call 7/8/2025
AK DNR DFFP 2 Email and video call 2/18/2025
AK DNR DFFP 3 Email and video call 2/21/2025
AK DNR DFFP 4 Email and video call 5/12/2025
AK DNR DFFP 5 Email and phone 1/22/2025
AK DNR DFFP 6 Video call 2/21/2025
AK DNR DFFP 7 Email 2/21/2025
AK DNR DFFP 8 Email 3/28/2025
AK DNR DFFP 9 Email 2/21/2025
Finished Works LLC 1 Email and phone 1/31/2025
I\B/I:rtgggﬁka-Susitna 1 Phone 1/17/2025
Poppert Milling 1 Phone 1/10/2025
Trident Seafoods 1 Phone 2/25/2025
University of Montana 1 Email 2/19/2025
University of Montana 2 Email 2/20/2025
oA et o oo 1 Email and video call 2127/2024
T JSTEAD 1 Email 8/29/2024
USFS 1 Email and video call 3/17/2025
USFS 2 Email and video call 4/1/2025
USFS 3 Email and video call 3/6/2024
USFS 4 Email 3/18/2024
USFS 5 Email 4/23/2024
USFS 6 Email 4/1/2025

Table A-2. Summary of Forest Inventories Conducted by Alaska Division of Forestry (ADF 2025)

Sampled # of Timberland
Inventory Year Stands Plots Acres Acres Use
Matanuska-Susnna 2006 1221 138,000 84.69 Background/
Borough Context
Cordova? 2012 32 320 1,214,563 170,029 None
Kenai Peninsula® 2012* 91 910 83,178 46,780 Results
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Sampled # of Timberland
Inventory Year Stands Plots Acres Acres Use
Tanana Valley* 2013 487 4870 2,873,239 2,152,935 Results
Copper Basin® 2014 73 730 435,657 219,550 Results
Susitna Valley® 2014 127 1270 772,416 488,735 Results
Galena ("Middle Yukon®)’ 2015 48 480 272,138 140,622 SLpplemE e
Analysis
McGrath (“Upper Supplemental
Kuskokwim River Area”)? 2016 58 580 213,080 123,958 Analysis
Aniak/Kalskag ("Lower 5519 49 400 233,527 139,141 SUTIEENIE
Kuskokwim”) Analysis
Middle Kuskokwim'® 2019 40 400 167,778 38,582 Supplemental
Analysis
Southern Southeast!! 2020 125 1247 74,555 43,998 None
Haines'? 2020 54 651 259,295 43,682 None

*Since this report was authored, a new DFFP inventory for the Kenai Peninsula has been published. To reflect the
latest data, readers should update the relevant estimates in this report using the results from the recent survey in

the Kenai Peninsula (Kleinhenz 2025).

1 Sanders Forestry Consulting 2006; 2 Hanson 2012a; 3 Hanson 2012b; 4 Hanson 2013; ® Hanson 2014b; 8 Hanson
2014a; 7 Hanson 2015; 8 Hanson 2016; ® Hanson 2018; ' Hanson 2019; ! Alaska Division of Forestry 2020;

12 Hanson 2020

Table A-3. Spruce-Dominated Strata Were Identified for Each Inventory

Region Strata Strata Descriptions
Needleleaf: Dead White or Sitka Spruce; Needleleaf: Live White or
Kenai Peninsula 12468 Sitka Spruce, Pole; Needleleaf: Black Spruce, Pole Size or Larger;
T Broadleaf: Pole Size or Larger; Mixed Forest: Dead Needleleaf
Dominating
Coboer River 1237 White Spruce Sawtimber; White Spruce Pole-Timber Closed; White
PP P Spruce Pole-Timber Open; White Spruce-Aspen Pole-Timber
Susitna Valle 256 7 Mixed Pole-Timber Open; Mixed Sawtimber Closed,; Mixed
y T Sawtimber Open,; Mixed Reproduction
White Spruce Sawtimber; White Spruce Pole-Timber; White
Tanana Valle 1,2,9,10, Spruce-Birch Sawtimber; White Spruce-Birch Pole-Timber; White
y 11,12, 14 Spruce-Birch-Aspen Sawtimber; White Spruce-Birch-Aspen Pole-

Timber; Black and White Spruce-Birch-Aspen
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