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Glossary  of Terms 

Business-as-Usual (BAU) ς A scenario in which average historical (2000 -2021) rates of forest 

management, land-use change, natural disturbance, and harvested wood product (HWP) utilization 

are continued each year through 2100. 

Carbon Storage or Carbon Stocks  ς The amount of carbon physically held by living and dead trees, 

contained in the soil and forest floor material, and carried in wood products throughout the economy. 

Climate Adjusted Business -as-Usual (CBAU)  ς A scenario based on the Business-as-Usual (BAU) 

that also includes projected future climate change impacts. These impacts, based on an RCP 8.5 future 

emissions scenario, includ e more frequent and severe natural disturbance, decadal declines in 

productivity, and post-fire regeneration failure following a fraction of high -severity wildfire. 

Dead Organic Matter (DOM)  ς Carbon, originally contained in a live biomass pool, which is 

transferred to the forest floor and within mineral soils as the result of litterfall, tree mortality, natural 

disturbances, and harvest. DOM is subject to decomposition, at a rate proportional to its size and its 

location (above or belowground). 

Decomposition Emissions  ς Emissions from the forest ecosystem resulting from the decay and 

decomposition of dead organic matter and soil carbon stocks. 

Disturbance Emissions  ς Emissions from the forest ecosystem resulting from wildfires and other 

disturbance events. 

Ecosystem Emissions  ς Total carbon emissions from the forest ecosystem, including decomposition of 

dead organic matter and soil carbon stocks, and carbon emissions that result from wildfires and other 

disturbance events. 

Harvested Wood Products (HWP)  ς Products and commodities produced from woody material 

removed from the forest typically, though not exclusively, during harvest or other management events. 

Harvested Wood Products (HWP)  Emissions  ς Emissions from the forest products sector resulting 

from decomposition of HWP in landfills, combustion of  harvested wood and wood residues used as a 

fuel source, and from HWP energy recapture. 

Harvest Transfers  ς The movement of carbon from the forest to the forest products sector resulting 

from harvest . From the perspective of net ecosystem carbon flux, harvest transfers are a  net loss of 

carbon. From the perspective of net HWP carbon balance, harvest transfers are a net gain of carbon. 

From the perspective of net carbon balance, harvest transfers are a lateral movement of carbon from 

one carbon storage pool to another (neither a loss nor a gain). 

Land -Use Change (LUC) ς A process by which management activities alter the total forest area. 

Afforestation and silvopasture practices contribute to an increase in total forest area. Deforestation 

contributes to a decrease in total forest area. Post-fire regeneration failure is not considered a land-use 

change event, as the total forest area remains the same, though the productive forest area decreases. 

Landscape Resilience  ς A set of scenarios based on CBAU that also includes management practices 

which aim to make the forest landscape better adapted to future disturbance events . This is 

accompanied either by  reducing carbon stocks via thinning or prescribed fire treatments  (Wildfire 

Resilience) or by reducing the density of pest and pathogen vectors via thinning  with harvest removal 

(Pest Resilience).  
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Landscape Restoration  ς A scenario based on CBAU that also includes management practices which 

aim to restore growth and productivity in forests in a state of post-fire regeneration failure. Landscape 

Restoration treatments include site preparation and salvage (where legally permissible) and subsequent 

replanting at low stand density. 

Net Carbon Balance (NCB)  ς A metric which sums net ecosystem carbon flux and net HWP carbon 

balance to provide a system-wide carbon balance estimate from both the forest and HWP. Net carbon 

balance is presented from the atmospheric perspective, where negative values indicate carbon 

sequestered from the atmosphere and stored in forests and wood products (a net carbon sink) and 

positive values indicate carbon emitted to the atmosphere from forests and wood products (a net carbon 

source). 

Net Carbon Sequestration  - The annual rate of carbon capture from the atmosphere by forests, 

affected by rates of tree growth, mortality, decomposition, and disturbance. 

Net Carbon Source vs Net Carbon Sink  ς A descriptor of whether the forest and/or the forest sector 

emits more carbon than it sequesters and stores (carbon source) or emits less carbon than it sequesters 

and stores (carbon sink).  

Net Ecosystem Carbon Flux (NECF)  ς A metric which sums net yearly sequestration of carbon by 

forests across all ecosystem carbon pools, after accounting for decomposition, natural disturbance 

emissions, and harvest transfers. Net ecosystem carbon flux is presented from the atmospheric 

perspective, where negative numbers represent a net carbon sink (less carbon in the atmosphere) and 

positive numbers represent a net carbon source (more carbon in the atmosphere). 

Net Primary Productivity (NPP) ς The measure of net sequestration of carbon in forests from growth, 

after accounting for annual losses of carbon to decomposition. 

Net HWP Carbon Balance  ς A metric which sums transfers of HWP from the forest to the forest 

products sector, emissions from wood products in use and in landfills, substitution benefits (which can 

be positive or negative) in years where harvest is different than CBAU, and leakage in years where 

harvest is less than CBAU. Negative values for net HWP carbon balance denote net carbon storage in 

the wood products sector, whereas positive values denote net carbon emissions (a net carbon source) 

from the wood products sector. 

Post-fire Regeneration Failure  ς A landscape state in which the forest fails to naturally regenerate 

following high -severity wildfire, leading to decreased forest productivity. During post-fire regeneration 

failure, forests do not grow and therefore  remain at age zero, and they do not sequester additional 

carbon each year, though they still store carbon in soil and dead organic matter stocks. These carbon 

stocks are subject to emissions from decomposition and disturbance. 

Product Substitution or Substitution Benefits ς A change in economy-wide emissions resulting from 

a change in the production of certain wood commodities which can substitute for more emissions-

intensive alternatives. This change in commodity production is calculated relative to the commodity 

production expected under CBAU, and not all commodities are assumed to have substitutes. Because 

of the difference in embodied emissions between wood and non -wood alternatives, increasing the 

production of wood commodities leads to a reduction in non-wood alternatives and displaced emissions 

(an overall emissions reduction , or a positive substitution benefit ). Likewise, a decrease in the 

production of wood commodities leads to an increase in non -wood alternatives (an overall emissions 

increase, or a negative substitution benefit). 
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Productive Forest Area ς The total forest area not in a state of post-fire regeneration failure. We use 

ǘƘŜ ǘŜǊƳ άǇǊƻŘǳŎǘƛǾŜέ ƘŜǊŜ ǘƻ ŘŜƴƻǘŜ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǘǊŜŜǎ ŀǊŜ ŀŎǘƛǾŜƭȅ ƎǊƻǿƛƴƎΦ ¢Ƙƛǎ ŘƻŜǎ ƴƻǘ ƛƳǇƭȅ ǘƘŀǘ 

all productive forest area has an equal rate of net primary productivity and does not distinguish between 

various forest productivity classes. 

Silvopasture  ς A management practice which involves the low -density planting of trees in active 

pasture without disrupting its pastureland use. Silvopastoral tree planting increases total (and 

productive) forest area. 

Harvest Leakage ς An increase in out-of-state harvest activity which is assumed to occur when there 
is a decrease in harvesting in-state but demand for HWP is assumed to remain constant . Leakage is 
only applied to scenarios and years where annual harvest rates are less than CBAU. Leakage appears as 
an increase in HWP emissions, and is meant to account for HWP emissions not  otherwise captured 
within the bounds of the model.  

Urban Growth Boundary  (UGB)  ς An area, designated by a municipality in Oregon,  in which that 

municipality  expects to grow over a 20-year period. Development of land outside the UGB for urban 

uses (e.g., housing, industrial facilities, businesses, or public facilities such as utilities) is strongly 

restricted, effectively limiting the potential for suburban sp rawl into forest and farmland.   
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Summary and Implications for Decision Makers  

Forests as a Natural  Climate Solution   
Climate change presents a global challenge to society and the ecosystems we rely on. In turn, forests 
have become increasingly important in international climate change dialogue, as seen in the Paris 
Agreement, the COP26 DƭŀǎƎƻǿ [ŜŀŘŜǊǎΩ 5ŜŎƭŀǊŀǘƛƻƴ ƻƴ CƻǊŜǎǘǎ ŀƴŘ [ŀƴŘΣ ŀƴŘ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ 
Panel on Climate Change (IPCC) Sixth Assessment Report (COP26 2021; Popkin 2019; Calvin et al. 
2023)Φ ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ƛƴŎǊŜŀǎƛƴƎ ǎŎƘƻƭŀǊƭȅ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ŦƻǊŜǎǘǎΩ ƛƳǇƻǊǘŀƴŎŜ ŀǎ ŀ ƴŀǘǳǊŜ-based solution 
to climate change, or natural climate solution (NCS; (Drever et al. 2021; Griscom et al. 2017; Fargione 
et al. 2018; Ellis et al. 2024; Buma et al. 2024).  
 
US forests and the forest products sector already play an important role in mitigating climate change, 
a benefit which can be significantly impacted by forest management decisions and policies as well as 
future climate conditions (EPA 2024; Fargione et al. 2018; Wear and Coulston 2015; Oswalt et al. 2019; 
Anderegg et al. 2020). The overall climate mitigation benefit of the forestry sector is determined not 
only by the trees growing in a forest, but also by what they are used to produce (i.e., harvested wood 
products, HWP) and how HWP are used and ultimately retired. The largest NCS opportunities for 
forests typically come through reforestation, forest conservation, or forest management pathways 
(Griscom et al. 2017; Fargione et al. 2018; Drever et al. 2021; Buma et al. 2024) , which can include 
long-term carbon storage in HWP such as mass timber (Xie et al. 2021). However, these benefits can 
be constrained or even negated in fire -prone ecosystems if wildfire hazard s and the intensity and 
frequency of wildfire impacts on forests are not curtailed (Jerrett et al. 2022). 
 
To maintain and strengthen the NCS capacity of forests, future management and policy decisions will 
need to mesh mitigation goals with adaptation to future climate conditions. This dynamic is central to 
the concept of climate-smart forestry (CSF), a sustainable forest management approach that seeks to 
balance the ability of forests to adapt to and mitigate climate change while continuing to provide 
fundamental wood products and ecosystem services (Nabuurs et al. 2018; Bowditch et al. 2020; 
Verkerk et al. 2020). This approach acknowledges the importance of maintaining or increasing carbon 
storage in forests and forest products as a climate solution but also emphasizes the need for robust 
carbon sequestration rates to continue to draw carbon out of the atmosphere as part of a global effort 
to mitigate climate change. CSF techniques focus on long-term forest health and resilience in the face 
of climate change as part of sustainability in forest management, and they aim to accomplish all these 
goals while supporting  a strong forest products sector. According to the IPCC, meeting our global 
climate goals is not possible without forests (Calvin et al. 2023) , and forests need the health and 
resilience benefits provided by CSF to play their part. Therefore, the most promising future NCS 
practices for forests will need to follow a CSF approach. 
 
Oregon is important from the perspective of forests, the forest economy, and climate change. The forests 
of Oregon hold large volumes of carbon relative to many other states, and the forest products sector is 
a leader in softwood lumber and plywood production.  The state of Oregon first set greenhouse gas 
(GHG) emissions reduction goals in 2007 (ORS 468A.205), which require the state to reduce GHG 
emissions to at least 75% below 1990 levels by 2050. This goal was updated in 2020, when Governor 
Kate Brown issued Executive Order 20 -04 (Brown, 2020), and was most recently modified in the 
hǊŜƎƻƴ /ƭƛƳŀǘŜ !Ŏǘƛƻƴ /ƻƳƳƛǎǎƛƻƴΩǎ όh/!/Σ ƪƴƻǿƴ ŀǎ ǘƘŜ hǊŜƎƻƴ Dƭƻōŀƭ ²ŀǊƳƛƴƎ /ƻƳƳƛǎǎƛƻƴ ǳƴǘƛƭ 
2024) Roadmap to 2030 (Oregon Global Warming Commission 2023) , which sets a target of a 95% 
reduction below 1990 levels by 2050. Within the Roadmap to 2030, OCAC clarifies that natural and 
working lands, including forests, should have a set of sequestration goals separate from, and in addition 
to, hǊŜƎƻƴΩǎ ǎŜŎǘƻǊ-based emission reduction targets. These goals, as outlined in the 2021 Natural and 
Working Lands Proposal (Oregon Global Warming Commission 2021a) , are to sequester at least an 
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additional 5 teragrams of carbon dioxide equivalent (TgCO2e) ǇŜǊ ȅŜŀǊ ƛƴ hǊŜƎƻƴΩǎ ƴŀǘǳǊŀƭ ŀƴŘ ǿƻǊƪƛƴƎ 
lands and waters by 2030, and at least 9.5 TgCO2e per year by 2050, relative to a 2010 to 2019 activity-
based, business-as-usual net carbon sequestration baseline , representing a 23% and 44% increase 
respectively. However, there is increasing uncertainty in ǘƘŜ ƭƻƴƎ ǘŜǊƳ Ǿƛŀōƛƭƛǘȅ ƻŦ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘǎ 
acting as a net carbon sink, largely due to projected declines in forest health and productivity fueled by 
the effects of climate change (Wear and Coulston 2015; Oswalt et al. 2019; Halofsky et al. 2022) . As 
such, future policy and planning efforts aimed at meeting and exceeding these goals could be hampered 
without a  clear understanding of the current baseline of forest management and the wood products 
economy, the scale of potential future climate impacts, and the effectiveness of different CSF practices 
at mitigating climate change effects ƻƴ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘǎΦ  
 
This report is designed to guide Oregon toward identifying promising CSF practices and to encourage 
the inclusion of forests and the forest products sector in state-level climate action planning. Here, we 
present comprehensive forest sector carbon modeling results for a broad range of forward -looking 
forest management and innovative wood utilization scenarios and assess the carbon sequestered in 
forests and stored in HWP for each one, along with an analysis of potential leakage impacts and the 
substitution benefits from using wood in place of other emissions-intensive materials. These results will 
provide information about forest climate mitigation and adaptation opportunities that can integrate 
with and inform statewide efforts, including h/!/Ωǎ wƻŀŘƳŀǇ ǘƻ нлолΣ h/!/Ωǎ bŀǘǳǊŀƭ ŀƴŘ ²ƻǊƪƛƴƎ 
[ŀƴŘǎ DƻŀƭǎΣ ŀƴŘ ǘƘŜ hǊŜƎƻƴ 5ŜǇŀǊǘƳŜƴǘ ƻŦ CƻǊŜǎǘǊȅΩǎ όh5Cύ [ŀƴŘǎŎŀǇŜ wŜǎƛƭƛŜƴŎȅ tǊƻƎǊŀƳ ŀƴŘ нл-
Year Landscape Resiliency Strategy (Oregon Global Warming Commission 2023, 2021a; Oregon 
Department of Forestry 2023a).  
 

Modeling Forest Management and Wood Utilization in Oregon  
Following previous work (Dugan et al. 2018, 2019, 2021; DeLyser et al. 2022a, 2022b; Papa et al. 2023; 
DeLyser et al. 2025), we assess carbon trends and management scenarios in the forest ecosystem and 
forest products sector for Oregon utilizing a systems-based approach. This systems approach accounts 
for the influence of forest management activities beyond the forest itself and allows us to examine 
potential trade-offs or synergies between management strategies that enhance or alter forest ecosystem 
carbon stocks, HWP volumes, or other important forest ecosystem services (Dugan et al. 2018). Our 
scenario development and modeling process includes:  
 

1) Consultation with state natural resource agency staff and forestry experts to understand 
forest management priorities, concerns, and goals in Oregon, based on current conditions 
and a landscape resilience needs assessment;  

2) Development of business-as-usual (BAU) and climate-adjusted BAU (CBAU) scenarios and 
alternative forest scenarios ς including forest management, natural disturbance, and land -
use change ς to project future forest carbon trends under various management practices and 
future climate conditions;   

3) Scenario modeling with i) a growth and yield -based forest ecosystem model - the Carbon 
Budget Model of the Canadian Forest Sector (CBM-CFS3; Kurz et al. 2009) - parameterized 
for conditions in Oregon, ii) a customized harvested wood products dynamics model (CBM-
HWP -OR) built using the Abstract Network Simulation Engine framework  (ANSE; CFS 
2024), iii) potential leakage factors applied to changing harvest rates,  iv) displacement 
factors to evaluate substitution benefits from using wood products and bioenergy in place of 
more emissions-intensive materials; and 

4) Engagement and discussion with state agency staff to explore modeling results and consider 
implications for Oregon.  
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Through a series of meetings with ODF, Oregon Department of Environmental Quality  (DEQ), and 
USDA Forest Service (USFS) staff, along with academics and forestry practitioners in the state, we 
identified several management priorities and concerns for forests in Oregon: land use and land cover, 
harvest practices and stand rotations, forest resilience to wildfire and pests, forest regeneration 
and reforestation,  and wood utilization and HWP efficiency . From these stated priorities we 
developed 23 modeling scenarios to forecast potential CSF pathways represented by a broad range of 
forest management and wood utilization practices  (Table E1 ). We constructed a business-as-usual 
scenario (BAU) and a climate-adjusted version (CBAU) to illustrate the influence of future climate o n 
forests if future management practices did not change from current trends. All additional scenarios 
were built upon the CBAU scenario to illustrate the potential impact of each alternative management 
and wood utilization approach in the context of our pr ojected future climate. As much as possible, we 
also integrated and aligned with priorities and recommendations highlighted in other statewide efforts 
when developing our scenarios, including hǊŜƎƻƴΩǎ 20-Year Landscape Resiliency Strategy (Oregon 
Department of Forestry 2023c)  ŀƴŘ h/!/Ωǎ 2021 Natural and Working Lands Proposal (Institute for 
Natural Resources 2023; Oregon Global Warming Commission 2021a) . We collected historical data 
from 2000 -2021 for model validation and used this as the basis for our forward -looking scenario 
projections over a 79 -year period from 2022 -2100. See Report  Tables 2 and 4 for full scenario 
descriptions and parameters. 
 
Table E1. Names, descriptions, and differences in model prescription from BAU/CBAU for our 15 forest management 
scenarios and portfolios, and 2 alternate harvested wood products scenarios. CBAU and alternative wood product 
scenarios are modified from BAU. Forest management scenarios and portfolios are modified from CBAU. 

Scenario name and description Difference from BAU/CBAU 

 Business-as-usual (BAU) 
Continuation of average historical rates of 
management, land -use change, and natural 
disturbance  

- 

Climate -adjusted business-as-usual (CBAU) 
Continuation of average historical rates of 
management and land -use change. Inclusion of 
projected future climate change impacts including 
more frequent and severe natural disturbance, 
productivity declines, and post -fire regeneration 
failure 

+206,431 ac yr -1 high-severity wildfire 
Post-fire regeneration failure on an average of 73% of high-

severity wildfire acres 
57% average decline in forest productivity (annual growth rates) 

by 2100 

F
o
re

st
 m

a
n
a
g
e
m

e
n
t 
sc

e
n
a
ri
o

s 
(r

u
n
 o

n
 C

B
A

U
) 

Wildf ire Resilience 
Fire resilience treatments (a combination of 
thinning and/or prescribed fire) to reduce future 
wildfire severity 

+641,858 ac yr-1 wildfire resilience treatments (thin and Rx fire) 
365,423 ac yr -1 wildfire at lower severity 

Pest Resilience 
Pest resilience treatments (thinning to reduce 
insect pest prevalence and replacement of trees 
impacted by Swiss needle cast) to reduce future 
insect and disease outbreak severity 

+272,194 ac yr-1 pest resilience treatments (thin and remove slash) 
267,831 ac yr-1 insect and disease disturbance at lower severity   

Landscape Restoration 
Post-fire salvage/site prep and reforestation, 
addressing both current backlog and projected 
future need 

+16,969 ac yr-1 post-fire reforestation from 2022 -2050 (backlog)  
+105,803 ac yr-1 salvage/site prep and reforestation in areas with 

post-fire regeneration failure (2022 -2100) 

Net Zero Forest Loss via Increased Afforestation (NZA) 
Increase the rate of afforestation to ensure net zero 
permanent forest loss from land-use change 

+32,252 ac yr -1 of afforestation (203% of CBAU afforestation 
rate) 

Net Zero Forest Loss via Decreased Deforestation 
(NZD) 

Decrease the rate of deforestation to ensure net 
zero permanent forest loss from land-use change 

-32,252 ac yr -1 of deforestation (43.9% of CBAU deforestation 
rate) 
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Climate -Smart Forestry in Oregon  
Results of this study show that when accounting for the effects of climate change, Oregon forests are 
projected to be a consistent net source of carbon emissions from 2029 through the end of the century. 
Though the forest products sector is currently a growing carbon storage pool for the state, holding a 
substantial fraction of the carbon removed as a result of timber harvest, its contributions are not enough 
to counteract projected ǘǊŜƴŘǎ ƛƴ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘ ŜŎƻǎȅǎǘŜƳǎΦ ¢ƘŜǎŜ ǘǊŜƴŘǎ ŀǊŜ ǇŀǊǘƛally 
driven by climate change and its projected effects, which drive larger and more severe natural 

Table E1, cont. Names, descriptions, and differences in model prescription from BAU/CBAU for our 15 forest management 
scenarios and portfolios, and 2 alternate harvested wood products scenarios. CBAU and alternative wood product 
scenarios are modified from BAU. Forest management scenarios and portfolios are modified from CBAU. 

Scenario name and description Difference from BAU/CBAU 

F
o
re

st
 m

a
n
a
g
e
m

e
n
t 
sc

e
n
a
ri
o

s 
(r

u
n
 o

n
 C

B
A

U
) 

No Deforestation Outside of the Urban Growth 
Boundary (UGB)  

Prevent all permanent forest loss from land-use 
change outside of the 2023 urban growth 
boundaries (UGB) 

-62,556 ac yr -1 of deforestation (99.2% of CBAU deforestation 
rate) 

Silvopasture 
Integration of low -density native tree cover in 
active pastureland without removing the land from 
pasture use 

+24,928 ac yr -1 planted as silvopasture (2022-2050) 

80-Year Rotations 
Increase minimum even-aged harvest age from 40, 
50, or 60 years  to 80 years on all forestlands  

381,241 ac yr-1 eligible for altered rotation lengths  (84% of CBAU 
harvest volume) 

CMAI Based Rotations 
Change the  minimum even-aged harvest age to 
the forest type group specific CMAI on all 
forestlands 

381,241 ac yr-1 eligible for altered rotation lengths  (83% of CBAU 
harvest volume) 

Uneven-Aged Management  
Replace high-intensity harvest with group selection 
on all forestlands east of the Cascade divide 
(Eastern Oregon, Blue Mountains, and East 
Cascades and Modoc) 

23,961 ac yr-1 from high-intensity harvest to group selection (99% 
of CBAU harvest volume) 
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Combined Resilience and Restoration (CRR) 
Wildfire Resilience + Pest Resilience + Landscape 
Restoration 

+31,155 ac yr-1 post-fire reforestation  (2022-2100) 
+914,052 ac yr-1 resilience treatments (Wildfire and Pest) 

365,423 ac yr -1 wildfire at lower severity 
267,831 ac yr-1 insect and disease disturbance at lower severity  

Maximum Forest Area and Carbon (Max FAC)  
UGB + Silvopasture + 80-Year rotations 

56,221 ac yr-1 of avoided deforestation  
+24,928 ac yr -1 planted as silvopasture (2022-2050) 

Maximum Forest as Natural Climate Solutions (Max 
NCS) 
Wildfire Resilience + Pest Resilience + Landscape 
Restoration + UGB + Silvopasture + 80-Year Rotations 

+31,155 ac yr-1 post-fire reforestation  (2022-2100) 
+914,052 ac yr-1 resilience treatments (Wildfire and Pest) 

365,423 ac yr -1 wildfire at lower severity 
267,831 ac yr-1 insect and disease disturbance at lower severity  

56,221 ac yr-1 of avoided deforestation  
+24,928 ac yr -1 planted as silvopasture (2022-2050) 
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Innovative wood utilization 
Allocate harvested wood from wildfire and/or pest 
resilience treatments to innovative wood products 
which more accurately reflect their potential use . 
Applied to Wildfire Resilience, Pest Resilience, CRR, 
and Max NCS 

50% of material removed from resilience treatments to lumber 
Up to 5% of material removed from resilience treatments to 

biochar by 2100 
Remaining proportion of material removed from resilience 

treatments combusted for bioenergy  

Increased HWP efficiency  
Improve the efficiency and carbon storage  potential 
ÏÆ /ÒÅÇÏÎşÓ ÆÏÒÅÓÔ ÐÒÏÄÕÃÔÓ ÓÅÃÔÏÒ ÂÙ increasing 
product half - lives and recycling rates. Increase the 
production of longer -lived wood products from 
roundwood and mill residue. Applied to CBAU, CRR, 
Max FAC, and Max NCS 

50% increase in the half- life of lumber used in construction  
25% increase in the recycling rate of lumber used in construction  

25% of mill residue used in wood fiber products 
Up to 5% of hardwood roundwood commodity production is mass 

timber by 2100 
Up to 5% of hardwood roundwood commodity production is mass 

plywood by 2100 
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disturbances as well as declines in forest productivity. Our CBAU scenario projects that the annual area 
of high -severity wildfire will increase by 825% from 2022 to 2100 (from 55,235 ac yr -1 to                     
510,721 ac yr-1ύΣ ŜȄǇƻǎƛƴƎ ƭŀǊƎŜ ǎǿŀǘƘǎ ƻŦ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘ ǘƻ ǇƻǘŜƴǘƛŀƭ post-fire regeneration failure and 
driving substantial decreases in forest area and carbon stocks and increases in projected carbon 
emissions from forests over the next 79 years.  
 
Despite this trajectory, the scenarios modeled in this analysis demonstrate various climate -smart 
practices that provide opportunities to minimize losses of forest area and carbon and create a more 
stable forest carbon sink in Oregon ( Box 1). Our scenarios also illustrate the potential to deploy 
increased wood efficiency and innovative wood utilization to further improve future carbon trends. In 
combination, concurrent management actions and wood utilization practices offer substantial progress 
toward CSF objectives ς balancing carbon sequestration and storage while improving the stability and 
resilience of forests in the state. 

 
A key factor for successful CSF will be addressing negative wildfire impacts, which we model in two 
ways. Post-fire reforestation and restoration is critical both for addressing the current reforestation 
need across the state (estimated at 492,000  acres; (McCarley et al. 2025)) and for combatting future 
regeneration failure as high -severity wildfires expand under future climate conditions (creating 
reforestation need on over 8 million additional acres from 2022 -2100). This work includes  site 
preparation techniques to prepare the landscape for safe planting efforts and reduce future fuel hazards 
in post -burn areas (including salvage of commercially viable timber where legally permissible) , and 
subsequent reforestation at stand densities which will  promote resilience to future  climate impacts. 
Though not specifically modeled here, locally appropriate  climate-informed reforestation techniques 
like planting climate -adapted species in variable stand structures, or long-term maintenance of open 

BOX 1. CLIMATE-SMART FORESTRY PRACTICES IN OREGON 

V Address post -fire regeneration failure  through landscape restoration activities 
such as site preparation techniques  (including salvage of commercially viable 
timber  where legally permissible) to prepare the landscape for safe planting efforts 
and reduce future fuel hazards in post-burn areas, and subsequent reforestation. 

V Reduce the impact and severity of future pest outbreaks and wildfires  through 
resilience treatments, including thinning and prescribed fire, at a landscape scale. 

V Use additional woody material  removed from landscape restoration and 
resilience treatments in innovative wood products to store carbon in durable wood 
products while gaining substitution benefits from using the wood in place of more 
emissions-intensive materials. 

V I ncrease the efficiency of the forest  products sector  through shifting production 
toward longer-lived HWP, longer retention of products in use, and higher rates of reuse 
and recycling. 

V Reduce the rate of permanent forest loss  through reduced deforestation, 
afforestation, and management practices that prioritize landscape restoration and 
silvopasture. 

V Prepare for increasing negative impacts of climate change  and use climate -
adapted species and stand structures to promote forest health and resilience. 
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space via prescribed burning , will also be important for fostering future forests more resilient to wildfire 
and a changing climate (Meyer et al. 2021; North et al. 2022; Rose and Haase 2005). 
 
Fire resilience treatments, a combination of thinning and prescribed fire to reduce stand densities 
(North et al. 2022) , provide a second climate -smart approach to addressing wildfire impacts , 
particularly  in dry, historically fire-prone ecoregions (Reilly et al. 2022). These treatments help to create 
conditions where future wildfires will likely burn at a lower severity in treated areas (Davis et al. 2024). 
Based on projections from the 2023 Pacific Northwest Quantitative Wildfire Risk Assessment (McEvoy 
et al. 2024), we estimate that more than 8.6 million acres of forest across Oregon are currently in need 
of treatment to reduce future wildfire risk and severity. Treating these acres over the 29-year period we 
modeled, which aƭƛƎƴǎ ŎƭƻǎŜƭȅ ǿƛǘƘ h5CΩǎ нл-year Landscape Resiliency Strategy (Oregon Department 
of Forestry 2023c), can help restore critical resilience to the landscape before wildfires are projected to 
intensify in the 2050s. This can help reduce direct wildfire emissions and mortality from high -severity 
wildfires , can ease the future demand for reforestation in areas afflicted by post -fire regeneration 
failure , and can help bolster local economies once dependent on timber revenues (Hjerpe et al. 2024).  
 
Though less of a pressing issue than wildfire, insect and disease outbreaks can also reduce carbon 
sequestration either through direct tree mortality or via defoliation or other conversions of live biomass 
to dead organic matter (DOM), which is subject to decay and decomposition emissions. Based on our 
assessment of the National Insect and Disease Risk Map (USDA Forest Service 2018b), more than 10.4 
million forest acres across Oregon could benefit from  insect pest resilience treatments. These 
treatments typically include thinning to reduce pest habitat  prevalence, and disposal of slash to prevent 
it from becoming a further vector for pest outbreaks. While less conclusive than the studies surrounding 
wildfire treatments , research suggests that thinning can be effective for reducing pest prevalence and 
spread, and thus pest effects on tree mortality and defoliation (Coops et al. 2008; Whitehead et al. 
2003) .  
 
Both wildfire and pest resilience treatments, modeled across millions of acres, include the cutting and 
removal of large amounts of additional woodΦ ²ƘƛƭŜ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘ ǇǊƻŘǳŎǘǎ ǎŜŎǘƻǊ ƛǎ ǊƻōǳǎǘΣ ǘƘŜǊŜ are 
limited uses  and markets  for the small diameter material typically removed as part of resilience 
treatments, especially as the annual volume of this material is expected to be up to 4.6 times greater 
than the commercial removal and utilization of similar material at present. In addition, the existing 
mi lls with the capacity to process this wood (mainly in western Oregon) may be geographically isolated 
from where the majority of  treatments are occurring (mainly in central and eastern Oregon), making 
use of this wood difficult to justify economically  (BBER 2022) . To account for this, we developed an 
innovative wood utilization scenario in which material from wildfire and/or pest resilience treatments 
is prioritized for use in lumber products and biochar, with the remaining material combusted for 
bioenergy. When biomass that would otherwise be used in shorter -lived products such as pulp and 
paper products are instead used in longer-lived products like timber , composite panels, and biochar, a 
larger fraction of this carbon is locked away, enhancing the sink strength of the forest products sector. 
 
In addition to innovative use of wood from resilience treatments, further emissions reduction benefits 
can be gained through more efficient wood use in the forest products sector. For example, utilizing 
timber  in long-lived product categories such as construction lumber or mass timber means that carbon 
is retained in the forest product sector for longer than if the same material were used for paper or other 
industrial  products such as mulch. Because long-lived products may also substitute for more emissions-
intensive materials like concrete and steel, producing more of these wood products helps avoid (or 
displace) emissions from production and use of alternative products, reducing overall carbon emissions 
to the atmosphere. Concurrently, increased recycling of lumber products can also extend the residence 
time of the associated carbon in these wood products, that is the amount of time the product, and thus 
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the carbon within , spend in use or inert in the landfill . Finally, finding new uses for mill residues, such 
as in the production of wood fiber insulation, means that direct emissions from combustion of unused 
mill residues are lower and the carbon in these residues is now stored in a longer-lived wood product. 
 
Beyond addressing the effects of natural disturbances like wildfire and pest outbreaks, strategies which 
curb the rate of permanent forest loss from land-use change can also stabilize forest carbon in Oregon. 
Potential opportunities for Oregon include acti ve afforestation campaigns to counteract the trend of 
forest loss, strict enforcement of Urban Growth Boundaries and state land-use planning restrictions for 
forest lands to prevent widespread conversion of forests to other non-forest working-land categories, or 
low-density silvopasture plantings on existing agricultural lands.  In all such cases, these approaches 
lead to higher forest carbon stocks and help reduce the rate of forest loss, though at a smaller scale than 
the losses associated with wildfire and post -fire regeneration failure. In addition, when the rate of 
deforestation is reduced, so too is the transfer of wood to the forest products sector, which creates the 
potential for leakage as harvest in neighboring states can increase to fill the demand for HWP (in which 
we assume that 84.4% of the annual harvest deficit is subject to leakage; Wear and Murray 2004) . 
 
This potential for leakage also applies to any actions that modify timber harvest practices in Oregon. 
Under CBAU, carbon removed from the forest via harvest is over four times more than what is lost from 
natural disturbances,  demonstrating the large influence timber harvests exert on forest carbon 
dynamics in Oregon . Previous studies have suggested that  practices such as extending rotations or 
reducing harvest intensities may lead to carbon benefits via increased forest carbon stocks (Graves et 
al. 2020, 2022) . Results from our scenarios focused on changing harvest practices show that this can 
increase carbon stocks in the near term (e.g., prior to harvest) but can also result in lower cumulative 
ecosystem productivity for these practices than under CBAU. This occurs as with our modeled growth 
and yield curves, extending rotations means maintaining  stands past their asymptote in productivity , 
during which they sequester carbon at a  slower rate than a comparable stand subject to the CBAU 
rotation assumptions (Randazzo and Gordon 2023). In addition, because average timber volumes are 
lower during the period of harvest deferral , harvest demands again have the potential to leak to 
neighboring states, counteracting a substantial portion of possible wood product sector emissions 
reductions. 
 

The consequences of not pursuing climate-smart forestry  
Without the application of climate -smart forestry practices, it will be challenging to minimize future 
ŎŀǊōƻƴ ƭƻǎǎŜǎ ŀǎ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘǎ ŀǊŜ ǎŜǾŜǊŜƭȅ ƛƳǇŀŎǘŜŘ ōȅ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜ ŎƻƴŘƛǘƛƻƴǎ. Our results 
show that the forest ecosystem in the state has been a fairly consistent net carbon source from 2000 to 
2021, primarily driven by large scale harvest removals and, in recent years, an increase in the area of 
high-severity wildfire. While harvest removals are not a direct emission of carbon to the atmosphere 
like decomposition or disturbance emissions, they none-the-less lower forest ecosystem carbon stocks 
as wood is transferred to the forest products sector, a major dynamic in net ecosystem carbon flux (Box 
2) . Harvests also lead to an increase in DOM , and thus future decomposition and/or  pile burn emissions 
from the fraction of biomass harvested but not utilized. Under our projected future climate conditions 
ŀǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ /.!¦ ǎŎŜƴŀǊƛƻΣ hǊŜƎƻƴΩǎ ŦƻǊŜǎǘǎ ǿƛƭƭ ōŜŎƻƳŜ even more of a consistent net source 
of carbon emissions as natural disturbances, declining productivity, and post-fire regeneration failure 
intensify across the landscape. This drives substantial decreases in  productive forest area ( -37%, a 
loss of 11.1 million acres) and carbon stocks ( -24%, a loss of 2.4  petagrams  (equal to one billion 
metric tons) of carbon dioxide equivalent, or PgCO2e; Table E2). Consequently, from 2022 -2100 
cumulative carbon emissions from forests  are almost six times higher under CBAU than BAU . 
 
Projected losses in productive forest area (Box 3) are largely due to the combination of more frequent 
high-severity wildfire, regeneration failure following roughly 73% of those high -severity events (based 
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on our analysis of data from Davis et al. 2023a), and forest loss from land-use change. We distinguish 
here between total forest area, including forests in a state of post -fire regeneration failure, and 
productive forest area, which only includes forests actively growing and with the capacity to sequester 
carbon (but does not imply that all forests are equally productive in terms of net primary productivity  
(NPP) or productivity class). The increased frequency of natural disturbance events and regeneration 
failure also have implications for ecosystem carbon stocks, both in the near- and long-term. First, as the 
frequency of natural disturbance  events increases, so too does the volume of carbon directly emitted 
during a disturbance (e.g., wildfire emissions) . Second, in the years directly following a disturbance, 
there is an increase in ecosystem emissions from decomposition of snags and other DOM generated as 
the result of the disturbance . Finally, because a fraction of the forest enters a state of post -fire 
regeneration failure , statewide NPP - and thus the future ability  of the forest to sequester additional 
carbon - will be reduced. 
 
From 2022 -2100, the annual area of  high-severity wildfire is projected to increase by about 825%, 
leading to 58% higher direct disturbance emissions over this period than are projected under BAU . 
Despite increases in total wild fire area, direct disturbance emissions per acre are projected to decline 
over time as the result of loss of biomass and DOM stock densities during successive disturbances. Due 
to aggressive contemporary fire suppression coupled with loss of traditional ecological practices, forests 
in some ecoregions in Oregon are largely overstocked relative to their historical densities (Serra-Diaz 
et al. 2018; Knight et al. 2022; Bernal et al. 2022), meaning that when wildfires initially occur , there is 
a large volume of biomass and DOM available to burn. During subsequent disturbances, less of this 
biomass and DOM is available, and thus per acre emissions are lower.  
 
All remaining productive forests in the CBAU simulation  also experience declining productivity due to 
climate adaptation mismatch, which occurs because climate conditions are changing more rapidly than 
trees can adapt (Falk et al. 2022) . This mismatch , mainly a moisture limitation,  causes forests to 
accumulate biomass more slowly or experience higher rates of mortality because they are now poorly 
adapted to their current climate (Stewart and Wright 2023). Across Oregon, average forest productivity  
is projected to decrease by about 57% by 2100  due to climate adaptation mismatch  (based on our 
analysis of data from Stewart and Wright 2023) , further depressing carbon accumulation and net 
ŜŎƻǎȅǎǘŜƳ ŎŀǊōƻƴ ŦƭǳȄ όŜǾŜƴ ƻƴ ƻǘƘŜǊǿƛǎŜ ǳƴŘƛǎǘǳǊōŜŘ ƭŀƴŘǎύ ŀƴŘ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ŦƻǊŜǎǘΩǎ ŎŀǊōƻƴ 
source status in the future.  
 
USFS lands ς those within the National Forest System ς along with Native American and privately 
owned forests bear the brunt of future climate impacts in our results. USFS lands are projected to lose 
52% of their productive area from 2022 -2100 (decreasing from 14.0 to 7.2 million acres) and 29% of 
their carbon stocks (decreasing from 5.1 to 3.6 PgCO2e) over the same period. USFS lands are also 
projected to accumulate 4.8 million acres of post-fire regeneration failure area by 2100, which is 25% 
of statewide productive forest area in the same year. Overall, USFS lands make up roughly 61% of the 
total forest area and 63% of the total carbon stocks lost under the CBAU scenario and contribute 44% 
of the additional net ecosystem carbon flux expected under future climate conditions. 
 
Private and Native American lands also experience significant impacts under the CBAU scenario, losing 
30% of forest area (decreasing from 11.1 to 7.8 million acres) and 22% of carbon stocks (decreasing 
from 3.2 to 2. 5 PgCO2e) from 2022 -2100, with 2. 4 million acres of post -fire regeneration failure and 
612% higher cumulative net ecosystem carbon flux by 2100. This large percentage increase in emissions 
is because forests in this ownership class switch from being a small net carbon sink under the BAU 
scenario to a large net carbon source under CBAU, mainly due to climate -related declines in 
productivity. Under CBAU, p rivate and Native American lands account for 30% of total  losses of 
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productive forest area, 30% of the total loss in carbon stocks, and contribute to 38% of the additional  
net ecosystem carbon flux expected under CBAU. 
 
Forests in the West Cascades, Klamath Mountains, 
and East Cascades & Modoc ecoregions are 
projected to experience the greatest changes in 
forest area and carbon stocks due to climate change 
(Box 3). These three ecoregions experienced the 
highest amounts of high -severity wildfire during 
our BAU period (2000 -2021), so our model 
assumes they will continue experiencing higher 
rates of wildfire and associated post -fire 
regeneration failure, driving changes in forest area 
and carbon. Consequently, by the end of the 
simulation, the area of post -fire regeneration 
failure is greater than the area of productive forest 
for the West Cascades (2.8 of 4.4 million total 
acres; 64%)  and East Cascades & Modoc  
ecoregions (2.9 of 5.6 million  total  acres; 51%) and 
is 47% of the total forest area  (1.4 of 2.9 million 
total acres) for the Klamath Mountains ecoregion.  
 
The West Cascades ecoregion loses 6 8% of its 
productive forest area (from 4.9 to 1.6 million 
acres) and 24% of its carbon stocks (from 2.1 to 1.6 
PgCO2e) from 2022-2100 under CBAU. This large 
loss of productive forest area, combined with a  
projected 55% decline in productivity by 2100, 
means that from 2022-2100 the West Cascades 
ecoregion is projected to  switch from being a net 
carbon sink to a net carbon source, accounting for 
30% of the additional net  ecosystem carbon flux 
across the entire state despite only making up 8% 
of total forest area. 
 
Similarly, the Klamath Mountains ecoregion  loses 61% of its productive forest area (from 4.0 to 1.6 
million acres) and 3 6% of its carbon stocks (from 1.6 to 1.0 PgCO2e) from 2022-2100 in the CBAU 
scenario. As in the West Cascades ecoregion, substantial losses of productive forest area to post-fire 
regeneration failure and a 54% decline in productivity by 2100 mean that from 2022-2100 the Klamath 
Mountains ecoregion, which is a very slight net carbon sink  under BAU assumptions, will switch to a 
net carbon source and account for 19% of the additional statewide  net ecosystem carbon flux under 
CBAU.  
 
The East Cascades & Modoc ecoregion loses 57% of its productive forest area (from 6.5 to 2.8 million 
acres) and 34% of its carbon stocks (from 1.7 to 1.1 PgCO2e) from 2022-2100 under the CBAU scenario. 
Interestingly, despite this large loss of productive forest area and an above average (60.3% vs 57.2%) 
projected decline in productivity, the East Cascades & Modoc ecoregion only accounts for 9% of 
additional statewide net ecosystem carbon flux under CBAU. This relatively small change may be due 
to the fact that even under BAU assumptions, the East Cascades & Modoc ecoregion is projected to be 
the largest net carbon source and thus has limited capacity for increased emissions from more frequent 

BOX 2. CARBON METRICS 

Net ecosystem carbon flux  refers to the net 
yearly sequestration of carbon by forests 
across all ecosystem carbon pools, after 
accounting for decomposition, natural 
disturbance emissions, and wood product 
transfers. Net ecosystem carbon flux is 
presented from the atmospheric persp ective, 
where negative numbers represent a net 
carbon sink (less carbon in the atmosphere) 
and positive numbers represent a net carbon 
source (more carbon in the atmosphere). 

Net carbon balance  includes net ecosystem 
flux in the forest, transfers to HWP, emissions 
from HWP in use and in landfills, substitution 
benefits (which can be positive or negative) in 
years where harvest is different than CBAU, 
and leakage in years where harvest is less than 
CBAU. Net carbon balance is presented from 
the atmospheric perspective, where negative 
values indicate carbon sequestered from the 
atmosphere and captured as carbon in forests 
and wood products (a net carbon sink) and 
positive values indicate carbon emitted to the 
atmosphere from forests and wood products 
(a net carbon source). 
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BOX 3. PROJECTED CLIMATE IMPACTS ON PRODUCTIVE FOREST AREA 
AND ECOSYSTEM CARBON STOCKS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Differences in productive forest area and ecosystem carbon stocks , aggregated by 
ecoregion and forest type group circa 2019. The CBM-CFS3 is an aspatial model, where 
the exact locations of inventory records are not known or tracked, and inventory data are 
categorized by a series of classifiers that define relevant characteristics of the forest 
landscape (forest type group) or reference spatial units within the study area (ecoregion). 
This means that differences depicted here are not specific to an exact mapped location but 
rather represent dynamics across a grouping (ecoregion and forest type group) as a whole.  
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disturbances under the CBAU scenario. In addition, for much of the forest area in this ecoregion which 
burns but does not fail to regenerate, carbon stocks and productivity increase (Box 3), indicating that 
under current conditions these forests may have reached an age-related asymptote in net growth and 
productivity (mean stand age of 109 years old in 2022 vs the statewide average of 87 years old).  
 
Overall, the ecoregions east of the Cascade crest (East Cascades & Modoc, Blue Mountains, Eastern 
Oregon) account for 41% of the loss of productive forest area and 45% of the loss of carbon stocks from 
2022-2100 under CBAU. In addition, just 23% of the additional net ecosystem carbon flux in the CBAU 
scenario from 2022-2100 comes from these three ecoregions, each of which are a net carbon source 
under both BAU and CBAU. By contrast, the four west side ecoregions (Coast Range, Willamette Valley, 
Klamath Mountains, West Cascades) account for 77% of the additional net ecosystem carbon flux under 
CBAU, with two of four ecoregions (Coast Range and West Cascades) switching from a net carbon sink 
under BAU to a net carbon source in the CBAU scenario.  

 

The benefits of expanding climate-smart forestry in Oregon 
Depending on which CSF practice listed in Box 1 is implemented, or how multiple management 
practices are concurrently applied across the landscape, CSF practices can accomplish up to a 45% 
decrease in annual emissions  from OregonΩǎ ŦƻǊŜǎǘǎ ƻǾŜǊ /.!¦ by 2100 (Table E2 ). This scale of 
potential emissions reductions from various CSF practices means that climate-smart forestry can help 
make significant progress towards  hǊŜƎƻƴΩǎ emissions reduction goals (Oregon Global Warming 
Commission 2023) , and natural and working lands targets (Oregon Global Warming Commission 
2021a). Though forests may not be able to act as a net carbon sink to offset emissions from other sectors, 
CSF practices like those modeled here, or others being investigated across Oregon (e.g., Rose and Coate 
2000; Wightman, Gonzalez-Benecke, and Dinger 2019; Kim et al. 2017), can reduce net forest carbon 
emissions and confer other important landscape benefits. 
 
In all scenarios modeled, forests and the forest products sector in Oregon remain a net carbon source 
from 2034-2100, as indicated by an annual net carbon balance above zero (Table E2, Box 2). However, 
several alternative management scenarios illustrate potential pathways to slow or reverse the influences 
of future climate on forest ecosystems, and when combined with alternat ive wood utilization, these 
pathways may offer progress toward CSF objectives. For example, in the Landscape Restoration 
scenario, the implementation of reforestation and restoration treatments in areas affected by post-fire 
regeneration failure, following a forecasted increase in high-severity wildfire, limits the decline of 
productive forest area to just -11% (3.4 million acres) rather than -37% (11.1 million acres) under CBAU 
(Table E2). Though net ecosystem carbon flux is higher than CBAU as a result of restoration treatments 
(an average of 25.2 TgCO2e yr-1 vs 18.4 TgCO2e yr-1 under CBAU), this is an expected behavior given the 
substantially increased wood product transfers from salvage logging. However, from a systems 
perspective, this increased removal of salvaged wood does not lead to direct carbon emissions, provided 
this wood is utiliz ed in the forest products sector. Under our BAU wood utilization assumptions, most 
of this salvaged wood is expected to be used in durable lumber products, meaning the carbon it contains 
is effectively stored in the forest products sector for the lifetime of the product. In addition, when 
production of these products surpasses expected production under CBAU, these products can substitute 
for more emissions-intensive alternatives such as building materials produced from concrete and steel, 
further adding to emissions reductions und er the Landscape Restoration scenario. Furthermore, the 
substantially higher growth rates in these newly restored forests push statewide productivity to be 
nearly 2.6% higher (on average 4.3 TgCO2e yr-1 more carbon sequestered through growth than CBAU), 
meaning that  when these forests reach maturity, they may have sequestered much of the carbon that 
was emitted when the forest initially burned (on average 6.5 TgCO 2e yr-1 of carbon emitted from all 
natural disturbance types).  When taken together, these dynamics lead the Landscape Restoration 












































































































































































































































