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Summary and Implications for Decision Makers 

Forests as a Natural Climate Solution  

https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-Executive-Order.pdf
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Table E1. Names, descriptions, and forest management activity acres (not including land-use change or natural 
disturbance) for our 19 modeled scenarios. 2022-2031 is the “treatment phase” when most modeled treatments are 
implemented, representing the highest level of annual activity. 

Scenario name and description 

Average annual management 
activity, 2022-2031 (ac yr-1) 

Current activity 
(CBAU) 

New scenario 
activity 

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

280,368 - 

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 

280,368 - 
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Landscape restoration 
Post-fire salvage/site prep and reforestation, addressing both current backlog 
and projected future need 

280,368 247,025 

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

280,368 789,462 

Expand fire resilience treatments to mature and old-growth forest (MOG resilience) 
Expand eligibility for fire resilience treatments (a combination of thinning and/or 
prescribed fire) to reduce future wildfire severity in mature and old-growth 
forests following US Forest Service definitions 

280,368 789,462 

Forest conservation 
Reduce the rate of permanent forest loss from land-use change 

280,368 13,186 

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

280,368 9,512 

Extended rotations 
Increase minimum even-aged harvest age from 50 to 80 years on all forestlands 

165,504 114,864 

Altered rotations 
Increase minimum even-aged harvest age from 50 to 80 years on public 
forestlands, decrease minimum even-aged harvest age from 50 to 40 years on 
private and Native American forestlands 

165,504 114,864 
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Fire resilience + Biochar, MOG resilience + Biochar 
Use additional biomass (non-merchantable) material cut during fire resilience 
treatments to create biochar 

280,368 789,462 

Fire resilience + Transportation fuels, MOG resilience + Transportation fuels 
Use additional biomass (non-merchantable) material cut during fire resilience 
treatments to create transportation fuels 

280,368 789,462 

Fire resilience + Mass timber, MOG resilience + Mass timber 
Use additional biomass (non-merchantable) material cut during fire resilience 
treatments to create biochar 

280,368 789,462 

P
o

rt
fo

lio
s 

 
(c

o
m

b
in

e
d

 s
c
e
n

a
ri

o
s)

 

Ramp up implementation (Ramp up) 
Landscape restoration + MOG resilience scenarios 

280,368 1,036,487 

Ramp up + Innovative wood utilization 
Landscape restoration + MOG resilience scenarios with innovative wood 
utilization (biochar + transportation fuels + mass timber) 

280,368 1,036,487 

Maximum natural climate solutions by 2045 (Max NCS) 
Landscape restoration + MOG resilience + Forest conservation + Silvopasture + 
Extended rotations scenarios 

165,504 1,174,049 

Max NCS + Innovative wood utilization 
Landscape restoration + MOG resilience + Forest conservation + Silvopasture + 
Extended rotations scenarios with innovative wood utilization (biochar + 
transportation fuels + mass timber) 

165,504 1,174,049 
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Climate-Smart Forestry in California 
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BOX 1. CLIMATE-SMART FORESTRY PRACTICES IN CALIFORNIA 
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Influence of future climate 
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BOX 2. CARBON METRICS 
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The benefits of expanding climate-smart forestry in California 
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Table E2. Comparison of forest area (million acres), ecosystem carbon stocks (MtCO2e), net carbon balance (MtCO2e yr-1), 
and cumulative net carbon balance (MtCO2e) in 2022 vs 2071 for our 19 modeled scenarios. Net carbon balance includes 
net ecosystem flux in the forest, transfers to HWP, emissions from wood products in use and in landfills, substitution benefits 
in years where harvest is different than CBAU, and leakage in years where harvest is less than CBAU. Negative numbers for 
net carbon balance represent a net carbon sink and positive numbers represent a net carbon source. Negative numbers for 
% change from CBAU indicate lower emissions than CBAU, while positive numbers represent higher emissions than CBAU. 

Scenario 

Forest area 
(million ac) 

Ecosystem carbon stocks 
(MtCO2e) 

Average net carbon 
balance  

(MtCO2e yr-1) 

Cumulative net carbon 
balance 

(MtCO2e) 

2022 2071 2022 2071 2022-2031 2046-2071 2022-2071 
% change 
from CBAU 

 BAU 31.5 28.9 9,455.5 8,391.8 10.5 10.1 501.2 -61% 

CBAU 31.3 16.3 9,364.4 4,693.2 20.7 27.7 1,299.6 - 
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Landscape 
restoration 

31.3 24.5 9,387.3 6,454.6 23.4 28.6 1,360.2 5% 

Fire resilience 31.4 23.5 9,392.4 6,318.0 32.9 27.7 1,435.5 10% 

MOG resilience 31.4 23.5 9,389.2 6,281.5 33.5 27.7 1,444.6 11% 

Forest conservation 31.3 17.5 9,368.1 4,973.0 20.2 26.7 1,244.3 -4% 

Silvopasture 31.3 16.5 9,377.7 4,728.5 20.9 27.3 1,288.8 -1% 

Extended rotations 31.3 16.3 9,377.2 4,713.8 20.7 27.4 1,284.8 -1% 

Altered rotations 31.3 16.3 9,370.4 4,688.6 20.7 27.7 1,299.1 0% 
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Fire resilience + 
Biochar 

31.4 23.5 9,392.4 6,318.0 30.5 27.7 1,411.9 9% 

Fire resilience + 
Transportation fuels 

31.4 23.5 9,392.4 6,318.0 31.4 27.7 1,420.3 9% 

Fire resilience + 
Mass timber 

31.4 23.5 9,392.4 6,318.0 28.1 27.6 1,382.4 6% 

MOG Resilience + 
Biochar 

31.4 23.5 9,389.2 6,281.5 30.8 27.7 1,418.1 9% 

MOG Resilience + 
Transportation fuels 

31.4 23.5 9,389.2 6,281.5 31.8 27.7 1,427.5 10% 

MOG Resilience + 
Mass timber 

31.4 23.5 9,389.2 6,281.5 28.3 27.6 1,387.7 7% 
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 Ramp up  31.4 26.8 9,394.9 6,963.6 33.5 27.0 1,425.7 10% 

Ramp up + 
Innovative wood 
utilization 

31.4 26.8 9,394.9 6,963.6 25.6 26.4 1,324.5 2% 

Max NCS 31.4 28.9 9,401.0 7,485.3 32.2 24.1 1,302.3 0% 

Max NCS + 
Innovative wood 
utilization 

31.4 28.9 9,401.0 7,485.3 25.2 23.9 1,223.7 -6% 
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Other Considerations 
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Introduction  
Forests as a Natural Climate Solution  
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Assessing Forest Climate Benefits in California  

Research and Modeling Process  

https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-Executive-Order.pdf
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Systems-Based Forest Carbon Modeling 
Forest Carbon Accounting 



18 

Figure 1. Simplified systems view of land uses and sectors influencing forest carbon stocks and sequestration. The forest 
sector (gray box) shows the forest carbon pools and transfers used in the CBM-CFS3 and CBM-HWP-CA models. For 
DOM (dead organic matter) pools, “very fast”, “fast”, “medium”, and “slow” refer to various decomposition rates of dead 
organic matter in the forest ecosystem. Transfers between the land use sector (blue box) and the forest sector (gray box) 
represent land use changes (either forest loss or forest gain). Leakage (black dashed outline) represents the potential for 
harvest activities and associated emissions to leak outside of the accounting system boundaries (i.e. to the neighboring 
state) in response to decreased harvest within the system. Product substitutions (red outline) represent the use of 
harvested wood in place of other materials in the economy. Adapted from Kull et al. 2019 and Nabuurs et al. 2007. 
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Forest Ecosystem Model  

Figure 2. Modeling inputs and process for CBM-CFS3. Adapted 
from Kull et al. 2019. 
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Figure 3. Maps of forest cover 
(shown in green) with spatial 
reference classifiers for a) 
forest product regions and b) 
ecoregions for California. 
Forest product regions are 
from Standiford et al. (2020) 
and Ecoregion (created by 
CAL FIRE based on Bailey’s 
ecosystem section) from the 
California Forest Carbon Plan 
(Forest Climate Action Team 
2018; CAL FIRE 2016). 
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Harvested Wood Products Model  

 

Figure 4. Pathways for carbon in harvested wood products in CBM-HWP-CA model used for analysis of the fate of 
harvested carbon in California. CP stands for composite panels; OI stands for other industrial products. Pulp and Pulp 
In Use categories are included as historic products but are no longer produced in California. Mass Timber, Biochar, 
and Transport Fuel categories are included for alternative wood utilization scenarios and do not represent current 
active industries in California. 
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Economic Analysis 
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Identifying Forest Management Priorities  

• 
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Table 1. Acres in need of fire resilience treatments in California by ownership category and ecoregion. 

Ecoregion 

Ownership Category 

USFS BLM NPS 
Other 

federal 
State / 
local 

Private 
industrial 

Native American 
and private non-

industrial 
All 

North Coast 7,576 28,151 4,464 677 29,536 109,836 187,011 367,252 

Klamath / 
Interior Coast 
Ranges 

2,199,309 130,277 258 6,704 26,333 448,847 866,058 3,677,785 

Sierra / 
Cascades 

2,730,737 183,784 207,660 15,255 67,368 847,648 1,072,248 5,124,701 

Eastside 371,568 125,067 - 605 3,390 72,196 115,166 687,992 

Central Coast 
and Interior 
Ranges 

170,612 40,144 8,300 29,937 58,186 1,587 380,593 689,359 

Central Valley - 111 - 10 59 - 3,898 4,079 

Deserts, South 
Coast and 
Mountains 

487,733 23,192 415 3,639 44,386 - 122,543 681,907 

All 5,967,535 530,725 221,097 56,828 229,257 1,480,115 2,747,517 11,233,075 
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Developing Modeling Scenarios  

Business-as-Usual Scenario  
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Climate-Adjusted Business-As-Usual Scenario 

Alternative Management and Disturbance Scenarios 



29 



30 



31 



32 

Table 2. California BAU and CBAU ecosystem disturbance parameters. BAU values are based on historical average rates 
from 2000-2021. CBAU values are based on projections under RCP 8.5 from 2022-2071. See Appendix for assumptions 
and data sources. 

Land-use change (same for BAU and CBAU) 

Practice Biomass Impact 
Total  

(ac yr-1) 
USFS  

(ac yr-1) 
Other Federal 

(ac yr-1) 
State / Local 

(ac yr-1) 
Private / Native 

American (ac yr-1) 

Forest loss - -60,247 -31,664 -6,022 -707 -21,854 

Forest gain - 5,110 736 126 126 4,124 

Net trend - -55,137 -30,930 -5,898 -581 -17,730 

Forest management practices (same for BAU and CBAU) 

Practice Biomass Impact 
Total  

(ac yr-1) 
USFS  

(ac yr-1) 
Other Federal 

(ac yr-1) 
State / Local 

(ac yr-1) 
Private / Native 

American (ac yr-1) 

High harvest 90% cut, 85% removed  26,287 3,810 17 12 22,447 

Intermediate harvest 50% cut, 45% removed  35,581 3,074 44 183 32,282 

Group selection 50% cut, 45% removed  52,997 1,117 17 929 50,936 

Commercial thin 30% cut, 25% removed 41,113 26,109 35 44 14,925 

Hazardous fuels thin 30% cut, no removal 3,943 2,666 53 165 1,088 

Precommercial thin 10% cut, no removal 39,616 27,409 17 74 10,114 

Rx fire 5% burned 25,049 12,130 1,038 783 5,147 

Pile burn 50-90% consumption 
of pile 

20,364 - - - - 

Salvage 90% cut, 90% removed 29,616 4,576 - 10 25,027 

Total - 280,368 86,815 1,300 2,372 163,566 

Natural disturbances 

Disturbance Severity BAU (ac yr-1) CBAU (ac yr-1) Difference (ac yr-1) 
Historic Range  

(ac yr-1) 

Wildfire High 133,363 349,373 +216,010 2,232-939,136 

 Moderate  125,938   323,370   +197,432  5,174-802,026 

 Low 158,508 158,508 - 9,065-934,514 

Insects High, mortality 4,369 8,005 +3,636 0-56,369 

 Moderate, mortality 723,181 1,353,314 +630,132 3,457-3,556,668 

 Low, mortality 175,746 312,519 +136,773      0-1,224,336 

 High, defoliation 6,264 6,264 - 0-49,062 

 Moderate, defoliation 918 918 - 0-10,533 

 Low, defoliation 11,796 11,796 - 0-128,793 

Disease High, mortality 96 94 -2 0-1,873 

 Moderate, mortality 43,171 55,187 +12,016 31-292,091 

 Low, mortality 4,630 4,459 -171 0-43,387 

 High, no mortality 4,262 4,262 - 0-49,156 

 Moderate, no mortality 4,948 4,948 - 0-96,668 

 Low, no mortality 10,008 10,008 - 0-46,127 

Abiotics High, mortality 835 954 +120 0-18,187 

 Moderate, mortality 9,082 9,535 +453 0-101,177 

 Low, mortality 30 32 +2 0-663 

 High, no mortality 8,223 8,223 - 0-178,096 

 Moderate, no mortality 1,692 1,692 - 0-28,505 

 Low, no mortality 7,443 7,443 - 0-87,744 

Additional climate impacts (statewide average) 

Post-fire regeneration failure on 82% of high-severity wildfire acres 28% decline in forest productivity (annual growth rates) 
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Table 3. California BAU HWP parameters. Values are based on most recent available data from 2000-2019. Percentages 
may not sum to 100% due to independent rounding. See Appendix for assumptions and data sources. 

Removals distribution (proportion of carbon inputs distributed to various modeling streams) 
Softwood removals Hardwood removals 

Industrial roundwood 65.3% of all removals Industrial roundwood 1.6% of harvest removals 

Utilized biomass 18.8% of all removals Utilized biomass 82.6% of harvest removals 

Bark residue 15.9% of all removals Bark residue 15.9% of harvest removals 

Residential fuelwood 0% of all removals Residential fuelwood 100% of salvage removals + 
50% of deforestation removals 

Direct to landfill 0% of all removals Direct to landfill 50% of deforestation removals 
       

Roundwood exports 
Softwood exports 4.1% Hardwood exports 0% 
 

Commodity distribution (proportion of carbon distributed to various commodities) 
Softwood commodities Hardwood commodities 

Lumber 52.2% Lumber 1.3% 

Composite panels 9.7% Composite panels 0.2% 

Posts, poles, pilings 0.7% Posts, poles, pilings 0% 

Bioenergy from mill residue 10.8% Bioenergy from mill residue 48.4% 

Composite panels from mill residue 3.1% Composite panels from mill residue 13.9% 

Other industrial uses from mill residue 5% Other industrial uses from mill residue 20.3% 

Bioenergy from bark residue 9.7% Bioenergy from bark residue 9.7% 

Mulch from bark residue 6.2% Mulch from bark residue 6.2% 

Unused bark residue 0.03% Unused bark residue 0.03% 

Fuel from exported roundwood 1.2% Fuel from exported roundwood 0% 

Paper from exported roundwood 0.5% Paper from exported roundwood 0% 

Wood from exported roundwood 1% Wood from exported roundwood 0% 
       

Product half-lives 
Domestic use 

Softwood lumber 42.7 years  Bioenergy 0 years 

Hardwood lumber 22.5 years Softwood mass timber 85.5 years 

Softwood composite panels 33.7 years Hardwood mass timber 73.3 years 

Hardwood composite panels 27.5 years Biochar 100 years 

Posts, other industrial uses 12 years Transportation fuel 0 years 

Pulp 2.6 years   

International use 
Wood, composite panels, other 
industrial uses, poles 

30 years  Fuel 0 years 

Paper 2 years 
       

Product retirement 
Wood 90.3% landfill  

9.7% recycled 
Paper 26% landfill  

68% recycled 
  Mass timber 100% landfill 

       

Landfills 
Decomposable materials Paper: 50% 

Wood: 10% 
Landfilled product half-lives Paper: 17 years 

Wood: 30.5 years 

Methane generation rate k 0.02 m3 yr-1 Exported landfilled product half-lives Paper: 13.5 years 
Wood: 26.5 years 

Methane release 72.8% flared 
27.2% unrecovered 
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Table 4. Ecosystem and wood utilization scenario parameters for California. Unless otherwise noted, scenario changes 
from CBAU are immediate and last for the entire simulation period (2022-2071). Scenario impacts are activity acres (not 
footprint acres), meaning some scenario treatments can occur or repeat on the same physical acre of forest, though not 
within the same model year. Scenarios that are components of one or more portfolios are marked with the symbol for 
appropriate portfolio. See Appendix for assumptions and data sources. 

Forest management scenarios 
Post-fire landscape restoration 

Scenario name Objective Change from CBAU  Scenario impact, 2022-2071  

Landscape 
restoration*^ 

Address current post-fire 
reforestation needs within 10 
years 

+134,880 ac yr-1 post-fire site prep and 
low-density reforestation from 2022-
2031 

1,348,800 post-fire acres 
reforested at low density 

Address future post-fire 
reforestation needs within 3-5 
years of high-severity wildfire 

+171,961 ac yr-1 post-fire salvage/site 
prep and low-density reforestation 

8,598,050 post-fire acres 
reforested at low density 

Wildfire resilience 

Scenario name Objective Change from CBAU Scenario impact, 2022-2071  

Fire resilience Address current fire resilience 
treatment needs within 10 
years, then continue 
maintenance treatments 

+523,438 ac yr-1 mechanical thin to 
reduce fuels from 2022-2031 

+65,490 ac yr-1 hand thin to reduce 
fuels 

8,508,892 acres thinned  

+229,405 ac yr-1 Rx fire (burn only, not 
follow-up after thinning) 

+54,576 ac yr-1 pile burn (follow-up 5 
years after hand thin) 

+104,689 ac yr-1 Rx fire (broadcast burn 
10-30 years after mechanical thin) 

3,886,700 acres of Rx fire and 
pile burn 

Decrease wildfire severity in 
response to treatments 

206,153 ac yr-1 moderate-severity 
wildfire instead of high-severity wildfire 

180,043 ac yr-1 low-severity wildfire 
instead of moderate-severity wildfire 

19,309,800 acres of fire at 
lower severity 

Expand fire resilience 
to mature and old-
growth forest*^ 
(MOG resilience) 

Address current resilience 
treatment needs within 10 
years, then continue 
maintenance treatments 

This scenario uses the same techniques 
and area targets as the Fire Resilience 
scenario 

8,508,892 acres thinned 

3,886,700 Rx fire and pile 
burn 

Increase resilience in mature 
stands within 10 years 

Increase age restriction for resilience 
mechanical thin from 140 to minimum 
old-growth forest age threshold as 
defined by USFS (varies by forest type) 
to make mature acres eligible for 
treatment 

~998,730 additional acres 
eligible for resilience 
treatments 

Increase resilience in old-growth 
stands within 10 years 

Remove age restriction for hand thin 
and pile burn to make old-growth acres 
eligible for treatment 

~720,040 additional acres 
eligible for resilience 
treatments 

Land use and land cover 

Scenario name Objective Change from CBAU Scenario impact, 2022-2071  

Forest conservation^ Reduce permanent forest loss 
from land-use change by 2045 

Compounding decrease of forest loss 
rate by 2,397 ac yr-1 until it matches 
forest gain rate in 2045, then hold 
steady 

2,150,404 forest acres 
conserved 

Silvopasture^ Increase silvopasture 
implementation by 2045  

+9,512 ac yr-1 planted in silvopasture 
system from 2022-2045 

219,000 acres planted in 
silvopasture system 

Changing harvest rotations 

Scenario name Objective Change from CBAU Scenario impact, 2022-2071  

Extended rotations^ Increase harvest age for all 
forest owners 

Increase minimum harvest age from 50 
years to 80 years 

5,743,250 acres eligible for 
extended rotation lengths 

Altered rotations Increase harvest age for public 
forest owners, decrease harvest 
age for private forest owners 

Increase minimum harvest age from 50 
years to 80 years on public lands 

Decrease minimum harvest age from 50 
years to 40 years on private lands 

5,743,250 acres eligible for 
altered rotation lengths 
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Table 4, cont. Ecosystem and wood utilization scenario parameters for California. Unless otherwise noted, scenario 
changes from CBAU are immediate and last for the entire simulation period (2022-2071). Scenario impacts are activity 
acres (not footprint acres), meaning some scenario treatments can occur or repeat on the same physical acre of forest, 
though not within the same model year. Scenarios that are components of one or more portfolios are marked with the 
symbol for appropriate portfolio. See Appendix for assumptions and data sources. 

Forest management + Innovative wood utilization scenarios 
Scenario name Objective Change from CBAU Scenario impact, 2022-2071  

Fire resilience + 
Long-lived wood 
products 

Allocate additional harvested 
merchantable material from 
treatments in Fire Resilience 
scenario to mass timber 

+100% of additional harvested material 
in Fire Resilience scenario eligible for 
use as lumber allocated to production 
of mass timber 

Longer half-life for mass 
timber than lumber 

Substitution benefits from 
using mass timber in 
construction 

MOG resilience + 
Long-lived wood 
products 

Allocate additional harvested 
merchantable material from 
treatments in MOG Resilience 
scenario to mass timber 

+100% of additional harvested material 
in MOG Resilience scenario eligible for 
use as lumber allocated to production 
of mass timber 

Longer half-life for mass 
timber than lumber 

Substitution benefits from 
using mass timber in 
construction 

Fire resilience + 
Biochar 

Allocate additional utilized 
biomass material from 
treatments in Fire Resilience 
scenario to biochar 

+100% of excess utilized biomass 
material (after meeting operational and 
idled bioenergy facility capacity) in Fire 
Resilience scenario allocated to 
production of biochar  

Longer half-life for biochar 
than biomass left or burned 
on site 

MOG resilience + 
Biochar 

Allocate additional utilized 
biomass material from 
treatments in MOG Resilience 
scenario to biochar 

+100% of excess utilized biomass 
material (after meeting operational and 
idled bioenergy facility capacity) in 
MOG Resilience scenario allocated to 
production of biochar  

Longer half-life for biochar 
than biomass left or burned 
on site 

Fire resilience + 
Transportation fuels 

Allocate additional utilized 
biomass material from 
treatments in Fire Resilience 
scenario to transportation fuels 

+100% of excess utilized biomass 
material (after satisfying bioenergy 
facility demands) in Fire Resilience 
scenario allocated to production of 
transportation fuels 

Substitution benefits from 
using bio-based 
transportation fuels 

MOG resilience + 
Transportation fuels 

Allocate additional utilized 
biomass material from 
treatments in MOG Resilience 
scenario to transportation fuels  

+100% of excess utilized biomass 
material (after satisfying bioenergy 
facility demands) in MOG Resilience 
scenario allocated to production of 
transportation fuels 

Substitution benefits from 
using bio-based 
transportation fuels 

Forest management portfolios 
Portfolio symbol and 
name 

Objective Change from CBAU Scenario impact, 2022-2071 

* Ramp up 
implementation 

Increase pace and scale of 
post-fire landscape restoration 
and fire resilience treatment 
implementation within 10 years, 
then continue maintenance 
treatments 

This portfolio combines the Landscape 
Restoration and Expand Fire Resilience 
scenarios with CBAU management and 
natural disturbance not affected by 
other component scenarios 

9,946,850 post-fire acres 
reforested 

12,395,592 acres treated for 
fire resilience 

^ Max natural 
climate solutions 
action by 2045 

Maximize natural climate 
solutions action statewide by 
2045 (based on the scenarios 
included in this analysis, not all 
possible natural climate 
solutions in California) 

This portfolio combines the Landscape 
Restoration, Expand Fire Resilience, 
Forest Conservation, Silvopasture, and 
Extended Rotations scenarios with 
CBAU management and natural 
disturbance not affected by other 
component scenarios 

9,946,850 post-fire acres 
reforested 

12,395,592 acres treated for 
fire resilience 

~1,718,770 additional mature 
and old-growth acres eligible 
for resilience treatments 

2,150,404 forest acres 
conserved  

219,000 acres established in 
silvopasture 

5,743,250 acres with 
extended rotation lengths 
(50->80 years minimum 
harvest age for all forest 
owners) 
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Table 4, cont. Ecosystem and wood utilization scenario parameters for California. Unless otherwise noted, scenario 
changes from CBAU are immediate and last for the entire simulation period (2022-2071). Scenario impacts are activity 
acres (not footprint acres), meaning some scenario treatments can occur or repeat on the same physical acre of forest, 
though not within the same model year. Scenarios that are components of one or more portfolios are marked with the 
symbol for appropriate portfolio. See Appendix for assumptions and data sources. 

Forest management + Innovative wood utilization portfolios 
Portfolio symbol and 
name 

Objective Change from CBAU Scenario impact, 2022-2071 

* Ramp up 
implementation + 
Innovative wood 
utilization 

Increase pace and scale of 
post-fire landscape restoration 
and fire resilience treatment 
implementation within 10 years, 
then continue maintenance 
treatments 

Allocate additional utilized 
biomass from fire resilience 
treatments to innovative wood 
products 

This portfolio combines the Landscape 
Restoration, Expand Fire Resilience, 
Long-Lived Wood Products, Biochar, 
and Transportation Fuels scenarios with 
CBAU management and natural 
disturbance not affected by other 
component scenarios. Biochar and 
Transportation Fuels scenarios each 
take 50% of excess utilized biomass 
rather than 100%. 

9,946,850 post-fire acres 
reforested 

12,395,592 acres treated for 
fire resilience 

Longer half-life for mass 
timber than lumber; longer 
half-life for biochar than 
biomass left or burned on site 

Substitution benefits from 
using mass timber in 
construction and from using 
bio-based transportation 
fuels 

^ Max natural 
climate solutions 
action by 2045 + 
Innovative wood 
utilization 

Maximize natural climate 
solutions action statewide by 
2045 

Allocate additional utilized 
biomass from fire resilience 
treatments to innovative wood 
products 

This portfolio combines the Landscape 
Restoration, Expand Fire Resilience, 
Forest Conservation, Silvopasture, 
Extended Rotations, Long-Lived Wood 
Products, Biochar, and Transportation 
Fuels scenarios with CBAU management 
and natural disturbance not affected 
by other component scenarios. Biochar 
and Transportation Fuels scenarios 
each take 50% of excess utilized 
biomass rather than 100%. 

9,946,850 post-fire acres 
reforested 

12,395,592 acres treated for 
fire resilience 

~1,718,770 additional mature 
and old-growth acres eligible 
for resilience treatments 

2,150,404 forest acres 
conserved  

219,000 acres established in 
silvopasture 

5,743,250 acres with 
extended rotation lengths 
(50->80 years minimum 
harvest age for all forest 
owners) 

Longer half-life for mass 
timber than lumber; longer 
half-life for biochar than 
biomass left or burned on site 

Substitution benefits from 
using mass timber in 
construction and from using 
bio-based transportation 
fuels 
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Results and Discussion  

Influence of Future Climate 
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Figure 5. BAU and CBAU scenario results showing a) total forest area (million acres), b) ecosystem carbon stocks (MtCO2e), 
and c) annual net ecosystem carbon flux (MtCO2e yr-1) from 2000-2071. Net ecosystem carbon flux refers to the net yearly 
sequestration of carbon by forests across all 14 ecosystem carbon pools, after accounting for decomposition, natural 
disturbance emissions, and wood product transfers. In Panel c), negative numbers for net ecosystem carbon flux represent 
a net carbon sink and positive numbers represent a net carbon source. 

Figure 6. BAU and CBAU scenario results showing a) disturbance area (million acres) by disturbance type and net 
ecosystem carbon flux (MtCO2e yr-1), and b) annual net ecosystem carbon flux (MtCO2e yr-1) by disturbance type from 
2000-2071. Net ecosystem carbon flux refers to the net yearly sequestration of carbon by forests across all 14 ecosystem 
carbon pools, after accounting for decomposition, natural disturbance emissions, and wood product transfers. In Panel b), 
negative numbers for net ecosystem carbon flux represent a net carbon sink and positive numbers represent a net carbon 
source. 
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Figure 7. BAU and CBAU scenario HWP carbon stocks (MtCO2e) by primary product, 2000-2071. Positive numbers 
denote accruing carbon stocks. 
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Figure 8. BAU and CBAU scenario results showing annual HWP removal distribution (MtCO2e yr-1) for a) softwoods and b) 
hardwoods from 2000-2071. Removals are comprised of woody material that is cut and removed from the forest and does 
not include any residues or other materials left on site. 
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Figure 9. CBAU scenario age class distribution by forest type group 
in A) 2022 and B) 2071. Percentages calculated excluding post-fire 
regeneration failure. 
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Climate Change Impacts by Ownership Class 

Figure 10. BAU and CBAU scenario results showing a) total forest area (million acres), b) ecosystem carbon stocks (MtCO2e), 
and c) annual net ecosystem carbon flux (MtCO2e yr-1) by ownership class from 2000-2071. Net ecosystem carbon flux 
refers to the net yearly sequestration of carbon by forests across all 14 ecosystem carbon pools, after accounting for 
decomposition, natural disturbance emissions, and wood product transfers. In Panel c), negative numbers for net 
ecosystem carbon flux represent a net carbon sink and positive numbers represent a net carbon source. 
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Climate Change Impacts by Ecoregion 
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Figure 11. BAU and CBAU scenario results showing a) total forest area (million acres), b) ecosystem carbon stocks (MtCO2e), 
and c) annual net ecosystem carbon flux (MtCO2e yr-1) by ecoregion from 2000-2071. Net ecosystem carbon flux refers to 
the net yearly sequestration of carbon by forests across all 14 ecosystem carbon pools, after accounting for decomposition, 
natural disturbance emissions, and wood product transfers. In Panel c), negative numbers for net ecosystem carbon flux 
represent a net carbon sink and positive numbers represent a net carbon source. 
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Effects of Alternative Management Scenarios 
Net Carbon Balance in Forests and the Forest Products Sector 
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Figure 12. Annual net carbon balance for selected scenarios, 2000-2071. Net carbon balance includes net ecosystem flux 
in the forest, transfers to HWP, emissions from wood products in use and in landfills, substitution benefits in years where 
harvest is different than CBAU, and leakage in years where harvest is less than CBAU. Negative values denote carbon 
sequestration (a net carbon sink). Positive values denote carbon emissions (a net carbon source). 
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Table 5. Average annual net carbon balance for modeled scenarios during three model phases. Net carbon balance includes 
net ecosystem flux in the forest, transfers to HWP, emissions from wood products in use and in landfills, substitution benefits 
in years where harvest is different than CBAU, and leakage in years where harvest is less than CBAU. Negative values for 
net carbon balance represent a net carbon sink and positive values represent a net carbon source. Negative values for % 
change from CBAU indicate lower emissions than CBAU, while positive values represent higher emissions than CBAU. 

Scenario 

Average net carbon balance 
(MtCO2e yr-1) 

Cumulative net  
carbon balance 

(MtCO2e) 
Treatment 

phase 
(2022-2031) 

% change 
from CBAU 

Post-
treatment 

(2032-2045) 

% change 
from CBAU 

Maintenance 
phase 

(2046-2071) 

% change 
from CBAU 

2022-2071 
% change  
from CBAU 

 CBAU 20.7 - 26.0 - 27.7 - 1,299.6 - 

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
) 

Landscape 
restoration 

23.4 13% 27.5 6% 28.6 3% 1,360.2 5% 

Fire resilience 32.9 59% 27.3 5% 5 0% 1,435.5 10% 

MOG resilience 33.5 62% 27.6 6% 27.7 0% 1,444.6 11% 

Forest conservation 20.2 -3% 24.4 -6% 26.7 -4% 1,244.3 -4% 

Silvopasture 20.9 1% 26.2 1% 27.3 -1% 1,288.8 -1% 

Extended rotations 20.7 0% 25.8 -1% 27.4 -1% 1,284.8 -1% 

Altered rotations 20.7 0% 26.1 0% 27.7 0% 1,299.1 0% 

In
n

o
va

ti
ve

 w
o

o
d

 u
ti

liz
a

ti
o

n
 

sc
e
n

a
ri

o
s 

Fire resilience + 
Biochar 

30.5 47% 27.3 5% 27.7 0% 1,411.9 9% 

Fire resilience + 
Transportation fuels 

31.4 51% 27.3 5% 27.7 0% 1,420.3 9% 

Fire resilience + 
Mass timber 

28.1 35% 27.2 5% 27.6 0% 1,382.4 6% 

MOG Resilience + 
Biochar 

30.8 49% 27.6 6% 27.7 0% 1,418.1 9% 

MOG Resilience + 
Transportation fuels 

31.8 53% 27.6 6% 27.7 0% 1,427.5 10% 

MOG Resilience + 
Mass timber 

28.3 36% 27.6 6% 27.6 0% 1,387.7 7% 

P
o

rt
fo

lio
s 

 
(c

o
m

b
in

e
d

 s
c
e
n

a
ri

o
s)

 Ramp up  33.5 61% 27.8 7% 27.0 -2% 1,425.7 10% 

Ramp up + 
Innovative wood 
utilization 

25.6 23% 27.4 5% 26.4 -5% 1,324.5 2% 

Max NCS 32.2 55% 25.4 -2% 24.1 -13% 1,302.3 0% 

Max NCS + 
Innovative wood 
utilization 

25.2 22% 25.2 -3% 23.9 -14% 1,223.7 -6% 
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Figure 13. Cumulative standardized net carbon balance for selected scenarios, 2000-2071. Net carbon balance includes 
net ecosystem flux in the forest, transfers to HWP, emissions from wood products in use and in landfills, substitution 
benefits in years where harvest is different than CBAU, and leakage in years where harvest is less than CBAU. Negative 
values denote additional carbon sequestration and storage relative to CBAU. Positive values denote reduced carbon 
sequestration and storage relative to CBAU. 
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Figure 14. Snapshot of cumulative standardized net 
carbon balance (MtCO2e) and component parts for all 
scenarios at the end of the treatment period (2031), 
end of the post-treatment period and target year for 
California’s net-zero targets (2045), and end of the 
model period (2071). Scenarios are listed from left to 
right in descending order of net carbon balance in 
2071 (from higher emissions to lower emissions). Net 
carbon balance includes net ecosystem flux in the 
forest, transfers to HWP, emissions from wood 
products in use and in landfills, substitution benefits in 
years where harvest is different than CBAU, and 
leakage in years where harvest is less than CBAU. 
Negative values denote additional carbon 
sequestration and storage relative to CBAU. Positive 
values denote reduced carbon sequestration and 
storage relative to CBAU. 
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Figure 15. Actual management footprint results (accomplishments, not targets) by management category for modeling 
scenarios during three model phases. 
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Ecosystem Carbon Trends 
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Figure 16. Selected scenario results showing a) total forest area (million acres), b) ecosystem carbon stocks (MtCO2e), and 
c) annual net ecosystem carbon flux (MtCO2e yr-1) from 2000-2071. Net ecosystem carbon flux refers to the net yearly 
sequestration of carbon by forests after accounting for decomposition, natural disturbance emissions, and wood product 
transfers. In Panel c), negative numbers for net ecosystem carbon flux represent a net carbon sink and positive numbers 
represent a net carbon source. 
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Figure 17. CBAU and Max NCS portfolio results showing a) disturbance area (million acres) by disturbance type and net 
ecosystem carbon flux (MtCO2e yr-1), and b) annual net ecosystem carbon flux (MtCO2e yr-1) by disturbance type from 
2000-2071. Net ecosystem carbon flux refers to the net yearly sequestration of carbon by forests across all 14 ecosystem 
carbon pools, after accounting for decomposition, natural disturbance emissions, and wood product transfers. In Panel b), 
negative numbers for net ecosystem carbon flux represent a net carbon sink and positive numbers represent a net carbon 
source. 
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Ecosystem Carbon Trends by Ownership 
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Figure 18. CBAU and Max NCS portfolio results showing a) total forest area (million acres), b) ecosystem carbon stocks 
(MtCO2e), and c) annual net ecosystem carbon flux (MtCO2e yr-1) by ownership class from 2000-2071. Net ecosystem 
carbon flux refers to the net yearly sequestration of carbon by forests across all 14 ecosystem carbon pools, after 
accounting for decomposition, natural disturbance emissions, and wood product transfers. In Panel c), negative numbers 
for net ecosystem carbon flux represent a net carbon sink and positive numbers represent a net carbon source. 
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Ecosystem Carbon Trends by Ecoregion 
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Figure 19. CBAU and Max NCS portfolio results showing a) total forest area (million acres), b) ecosystem carbon stocks 
(MtCO2e), and c) annual net ecosystem carbon flux (MtCO2e yr-1) by ecoregion from 2000-2071. Net ecosystem carbon 
flux refers to the net yearly sequestration of carbon by forests across all 14 ecosystem carbon pools, after accounting for 
decomposition, natural disturbance emissions, and wood product transfers. In Panel c), negative numbers for net 
ecosystem carbon flux represent a net carbon sink and positive numbers represent a net carbon source. 
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Ecosystem Carbon Trends, Forest Area, and Forest Age 
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Figure 20. A) Age class distribution, B) ecosystem carbon stock density (tCO2e ac-1), and C) net ecosystem carbon flux density (tCO2e ac-1 yr-1) for undisturbed forest in 
selected scenarios in 2022, 2031, 2045, and 2071. Net ecosystem carbon flux density refers to the net yearly sequestration of carbon per acre of forest across all 14 ecosystem 
carbon pools, after accounting for decomposition, natural disturbance emissions, and wood product transfers. In Panel B), positive values denote accruing carbon stocks. In 
Panel C), negative values denote carbon sequestration and positive values denote carbon emissions. 
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Wood Products Carbon Dynamics 
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Figure 21. CBAU and Max NCS + Innovative Wood Utilization portfolio HWP carbon stocks (MtCO2e) by primary 
product, 2000-2071. Positive numbers denote accruing carbon stocks. 

Figure 22. CBAU and Max NCS +Innovative Wood Product portfolio results showing annual HWP removal distribution 
(MtCO2e yr-1) for a) softwoods and b) hardwoods from 2000-2071. Removals are comprised of woody material that is cut 
and removed from the forest and does not include any residues or other materials left on site. 
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A) CBAU 

B) Max NCS + Innovative Wood Utilization  

Figure 23. CBAU and Max NCS +Innovative Wood Product portfolio results showing cumulative HWP carbon stocks, emissions, and flows (MtCO2e) from 2000-2071. 
Pre-man stands for pre manufacturing; this is included to demonstrate flows of carbon during the manufacturing process of each timber product. 
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Figure 24. MOG Resilience scenario results showing components of net HWP carbon balance (MtCO2e yr-1) with a) business-
as-usual HWP utilization, b) biochar, c) transportation fuels, and d) mass timber from 2000-2071. Negative values denote 
net carbon storage. Positive values denote net carbon emissions (a net carbon source). 



70 

Figure 25. Net HWP carbon balance (MtCO2e yr-1) for selected scenarios from 2000-2071. Net HWP carbon balance includes 
transfers to HWP, emissions from wood products in use and in landfills, substitution benefits in years where harvest is 
different than CBAU, and leakage in years where harvest is less than CBAU. Negative values denote net carbon 
storage. Positive values denote net carbon emissions (a net carbon source). 
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Costs , Revenues, and Wood Processing Capacity 

Figure 26. CBAU, Max NCS, and Ramp Up scenario annualized pre-fire treatment and post-fire reforestation and 
restoration costs ($ million yr-1) by treatment phase. 
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Table 6. Total costs and revenues from modeled treatments during the treatment phase ($ million). Costs include pre-fire 
resilience treatments only and do not include post-fire reforestation and restoration costs. Revenue ranges reflect low and 
high assumptions for delivered log and utilized biomass prices. 

Portfolio 
Total pre-fire resilience 

treatment cost ($ million) 
HWP revenue  

($ million) 
Fraction of pre-fire resilience 

treatment cost covered 

Ramp Up $1,008 $412 - $946 41% - 94% 

Max NCS $896 $385 - $884 31% - 70% 

    

    

Table 7. Existing sawmill capacity and additional modeled supply (million board feet scribner) for Ramp Up and Max NCS 
portfolios during the treatment phase (2022-2031). Additional modeled supply represents difference from CBAU. 

Forest product region 

Sawmill capacity  
(MMBF scribner) 

Additional modeled supply  
(MMBF scribner) 

Active Active + Idled/Closed Ramp Up Max NCS 

Central Coast 20 20 10 10 

North Coast 545 612 183 130 

Northern Interior 609 638 613 601 

Sacramento 422 422 470 441 

San Joaquin 142 231 363 348 

Southern California 0 0 8 7 

Total 1,738 1,922 1,647 1,537 

     

     

Table 8. Existing biomass utilization capacity and additional modeled supply (thousand bone-dry tons) for Ramp Up and 
Max NCS portfolios during the treatment phase (2022-2031). Additional modeled supply represents difference from CBAU. 

Forest product region 

Current production  
(thousand BDT) 

Additional modeled supply 
(thousand BDT) 

In-Forest Residue All Active Facilities Ramp Up Max NCS 

Central Coast 0 0 8 7 

North Coast 0 121 118 80 

Northern Interior 482 995 396 390 

Sacramento 319 623 322 306 

San Joaquin 133 167 243 230 

Southern California 0 0 31 31 

Total 935 1,905 1,118 1,044 
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Uncertainties and Limitations 
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Appendix 

Model Development Methodology 

Forest Ecosystem Model Methodology 

1. Classifier List 

Geospatial Classifier Data 
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Table S1. List and descriptions of classifiers for California used in this study. 

Classifier Description Values 

FPRegion Forest products region (aggregations of counties) 
used for economic analysis, based on Standiford et 
al. (2020) 

1 
2 
3 
4 
5 
6 

Central Coast 
San Joaquin 
Sacramento 
North Coast 
Southern California 
Northern Interior 

OWNGRPCD FIA condition code to delineate stand ownership 10 
20 
30 
40 

US Forest Service 
Other Federal 
State and Local Government 
Private and Native American 

TYPGRPCD FIA reference code indicating forest type group 0 
180 
200 
220 
240 
260 
280 
300 
340 
360 
370 
700 
900 
910 
920 
940 
960 
970 
990 
999 

Nonforest 
Pinyon / juniper group 
Douglas-fir group 
Ponderosa pine group 
Western white pine group 
Fir / spruce / mountain hemlock group 
Lodgepole pine group 
Hemlock / Sitka spruce group 
Redwood group 
Other western softwoods group 
California mixed conifer group 
Elm / ash / cottonwood group 
Aspen / birch group 
Alder / maple group 
Western oak group 
Tanoak / laurel group 
Other hardwoods group 
Woodland hardwoods group 
Exotic hardwoods group 
Nonstocked 

Ecoregion Ecoregions of California, from the California Forest 
Carbon Plan (Forest Climate Action Team 2018) 

1 
2 
3 
4 
5 
6 
7 
8 

Central Coast and Interior Ranges 
Central Valley 
Deserts 
Eastside 
Klamath/Interior Coast Ranges 
North Coast 
Sierra/Cascades 
South Coast and Mountains 

Slope Class FIA condition code to denote stand percent slope, 
binned into 4 classes 

1 
2 
3 
4 

0-29% 
30-49% 
50-69% 
70+% 

Productivity 
Class 

FIA condition code to site productivity class, 
aggregated into 3 classes. The Nonproductive class 
was created specifically for post-fire regeneration 
failure as part of the CBAU scenario 

0 
1 
2 
3 

Nonproductive (0 cu ft ac-1 yr-1) 
Unproductive (0-19 cu ft ac-1 yr-1) 
Low productivity (20-119 cu ft ac-1 yr-1) 
Productive (120-225+ cu ft ac-1 yr-1) 

RESERVCD FIA condition code to denote reserve status for public 
lands, where reserved land is permanently prohibited 
from being managed for wood products; however, 
logging may occur to meet other management 
objectives 

0 
1 

Not reserved 
Reserved 

ALSTKCD FIA condition code indicating stocking code for all 
live trees including seedlings 

1 
2 
3 
4 
5 

Overstocked (100+%) 
Fully stocked (60-99%) 
Medium Stocked (35-59%) 
Poorly Stocked (10-34%) 
Non-stocked (0-9%) 

Thinned Binary code to denote whether a stand has 
undergone a thinning treatment to trigger transition 
to post-thinning yield curve 

0 
1 

Not commercially thinned 
Commercially thinned 

Climate Mod Binary code to trigger transition to future climate 
events and climate-modified yield curves 

0 
1 

Past climate 
Future climate 
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2. Age Classes 

3.  Forest Inventory 
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Table S2. Comparison of California forest area estimates by forest type group from FIA, existing geospatial datasets, and 
the custom map created for this study. 

Forest Type Group Forest Area (acres) 

TYPGRPCD Description FIA FIA 95% CI CALVEG LEMMA BIGMAP This study 

180 
Pinyon / juniper 
group 

1,518,347 
1,357,676-
1,679,018 

1,723,679 2,104,481 1,006,829 1,329,709 

200 Douglas-fir group 1,168,264 
1,022,200-
1,314,328 

3,255,141 1,470,699 1,314,903 1,308,647 

220 
Ponderosa pine 
group 

2,364,286 
2,154,643-
2,573,929 

3,577,284 2,705,364 2,077,919 2,186,356 

240 
Western white pine 
group 

145,624 
87,273-
203,976 

78,254 172,691 - 144,649 

260 
Fir / spruce / 
mountain hemlock 
group 

1,990,449 
1,789,794-
2,191,104 

2,650,304 2,004,443 1,671,358 1,870,346 

280 
Lodgepole pine 
group 

943,549 
805,703-
1,081,394 

422,980 779,064 619,455 779,064 

300 
Hemlock / Sitka 
spruce group 

27,052 3,446- 
50,658 

66,294 33,783 203 31,261 

340 Redwood group 793,233 
668,579-
917,888 

1,506,189 619,822 1,000,316 875,321 

360 
Other western 
softwoods group 

1,961,721 
1,767,370-
2,156,073 

487,519 1,446,015 941,343 1,504,517 

370 
California mixed 
conifer group 

7,715,167 
7,393,890-
8,036,444 

7,664,268 7,374,930 9,556,277 8,090,744 

700 
Elm / ash / 
cottonwood group 

38,725 13,291- 
64,158 

66,930 74,828 11,824 40,165 

900 
Aspen / birch 
group 

63,775 
28,176-
99,373 

51,582 55,862 1,118 51,169 

910 
Alder / maple 
group 

221,886 
154,592-
289,179 

158,125 276,917 804 213,855 

920 Western oak group 9,097,214 
8,750,667-
9,443,761 

6,823,174 13,503,576 7,212,434 9,677,267 

940 
Tanoak / laurel 
group 

1,789,154 
1,606,943-
1,971,366 

328,400 1,904,658 1,699,356 1,734,315 

960 
Other hardwoods 
group 

559,099 
448,701-
669,497 

793,951 817,205 43,742 534,757 

970 
Woodland 
hardwoods group 

104,100 
60,528-
147,671 

19,796 426,327 7,288 97,309 

990 
Exotic hardwoods 
group 

4,305 0-10,275 32,863 - - 9,413 

999 Nonstocked 1,099,960 
950,823-
1,249,098 

- 1,193,384 44,068 987,912 

Total area 31,605,908 
31,230,200-
31,981,616 

29,706,733 36,964,048 27,209,237 31,466,776 
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4. Volume-Age Curves and Volume-to-Biomass Conversions 

𝑦(𝑡) = 𝑏0(1 − 𝑒−𝑏1𝑡)
𝑏2

𝑦(𝑡) 𝑡 𝑡 𝑏𝑖

𝑏0 𝑏1 𝑏2
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𝑦(𝑡)

𝑏2 𝑏0

Figure S1. Example of empirically derived yield curves for forest type groups in California under USFS 
ownership (OWNGRPCD = 10) with a low productivity class (Productivity Class = 2) or average 
productivity (where all productivity classes have been aggregated due to small sample sizes). 
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𝑏𝑚 = 𝑎 × 𝑣𝑜𝑙𝑢𝑚𝑒𝑏

𝑏𝑚

𝑏𝑚

𝑏𝑚

5. Disturbance Types and Disturbance Matrices 

Forest management 
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Table S3. Management practice type, data sources, and harvest intensity modeled for California. Harvest intensity refers 
to the amount of merchantable biomass affected by each practice, where % removed denotes transfer to wood products. 

Modeled 
management 

type 
Included practices and data sources 

Stand 
age 

limits 

Softwood 
harvest 
intensity 

Hardwood 
harvest 
intensity 

High harvest Clearcut 
Patch clearcut 
Stand clearcut 
Harvest – high severity 

THP, LANDFIRE 
FACTS 
FACTS 
LANDFIRE 

50-140 90% cut, 85% 
removed  

90% cut, 0.1% 
removed 

Intermediate harvest Variable retention 
Fuelbreak/defensible space 
Coppice cut 
Improvement cut 
Sanitation cut 
Harvest – medium severity 
Seed tree seed/removal/ final 

step 
Shelterwood prep/ 

establishment/seed/ 
removal step 

Overstory removal cut 

THP, NTMP 
NTMP 
FACTS 
FACTS 
FACTS 
LANDFIRE 
THP, FACTS 
 
THP, FACTS 
 
 
FACTS 

Phase 1: 
50-99 

Phase 2: 
100-140 

50% cut, 45% 
removed  

50% cut, 0.1% 
removed 

Group selection Group selection 
Selection 
Uneven aged management 
Group selection cut 

THP, NTMP 
THP, NTMP 
NTMP 
FACTS 

100-140 50% cut, 45% 
removed  

50% cut, 0.1% 
removed 

Commercial thin Commercial thin 
Thinning – high severity 
Harvest – low severity 

THP, NTMP, FACTS 
LANDFIRE 
LANDFIRE 

Private 
lands: 
30-50 

Public 
lands: 
30-140 

30% cut, 25% 
removed 

30% cut, 0.1% 
removed 

Hazardous fuels thin Thinning for hazardous fuels 
reduction 

Thinning – low severity 

FACTS 
 
LANDFIRE 

- 30% cut, no 
removal 

30% cut, no 
removal 

Precommercial thin Precommercial thin 
Thinning – medium severity 

FACTS 
LANDFIRE 

Private 
lands: 
5-20 

Public 
lands: 
10-20 

10% cut, no 
removal 

10% cut, no 
removal 

Salvage Sanitation salvage 
Salvage cut 
Emergency timber operation 

THP, NTMP 
FACTS 
EM 

- 90% cut, 90% 
removed 

90% cut, 10% 
removed, 45% 
pile burned 
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Natural disturbances 

Table S4. Impacts of prescribed fire and pile burns on carbon pools in CBM-CFS3 in California, based on literature review. 
DOM stands for dead organic matter. 

Pool Description Prescribed Fire Impact Pile Burn Impact 
Aboveground Very Fast 
DOM 

1-hr fuels, leaf litter, herbaceous material 54% consumed 
3% gain from Foliage pool 

90% consumed 

Aboveground Fast DOM 10-hr fuels, small wood 91% consumed 
5% gain from Other pool 
7.5% gain from Roots pools 

91% consumed 

Medium DOM 100-hr fuels, medium wood - 50% consumed 

Aboveground Slow DOM 1000-hr fuels, large wood - 50% consumed 

Belowground Very Fast 
DOM 

Dead fine roots - 20% consumed 

Belowground Fast DOM Dead coarse roots 21% consumed 21% consumed 

Branch Snags All snags excluding the merchantable stem 
wood portion 

71% consumed 90% consumed 

Merchantable Live merchantable stem wood 3% to stem snags 
2% consumed 

- 

Other Live nonmerchantable stem wood and all 
branches, tops, stumps, and bark 

25% consumed - 

Foliage Live foliage 2% consumed 
3% to Fast DOM pools 

- 

Coarse Roots Live coarse roots 5% to Fast DOM pools - 

Fine Roots Live fine roots 2.5% consumed 
2.5% to Fast DOM pools 

- 
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Land-use change 



103 

6. Disturbance Event Schedule 

7. Post-Disturbance Transition Rules 
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8. AIDB Adjustments 

Harvested Wood Products Model Methodology 

1. Harvested Wood Volume 
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Table S5. Carbon flow splits for input harvested wood volumes in the CBM-HWP-CA model. Hardwood flow proportions 
vary based on modeled removals from salvage and deforestation activities in each scenario. Values shown in this table 
are for the CBAU scenario. Percentages may not sum to 100% due to independent rounding. 

Wood 
Type 

Proportion of Harvested Volume Partitioned into Model Input Flows 

Bark residue Utilized biomass Industrial roundwood Residential fuelwood Direct to landfill 

Hardwood 0.9% 4.6% 0.1% 51.5% 43% 

Softwood 15.9% 18.8% 65.3% - - 
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2. Exports 

3. Mill Efficiency and Use of Mill Residues 

4. Primary Product Ratios 

 Table S6. Export destination country bins based on 
product-weighted average HWP half-life. 

 
Bin 

Half-Life 
Range 

Average 
Half-Life 

Major Countries 

 1 2-5 years 3 years China 

 2 5-15 years 9 years Brazil, Mexico, 
Vietnam, Italy, 
India 

 3 15-30 years 20 years Canada, 
Germany, 
Malaysia 
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5. Additional Wood Products 
Streams 

6. Domestic End-Use Consumption and Half-Lives 

Figure S2. Primary product ratios for commodities produced in California 
in 2019, differentiated between softwood and hardwood inputs. 
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7. Product Retirement and Landfills 

Leakage and Substitution Benefit Calculation Methodology 

1. Leakage 
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2. Substitution Benefits 

Economic Analysis Methodology 

1. Estimated Treatment Costs 
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𝐻𝑎𝑢𝑙𝐶𝑜𝑠𝑡𝑟.𝑝 = (2 ∗ 𝐻𝑎𝑢𝑙𝑇𝑖𝑚𝑒𝑟.𝑝 + 1) ∗
𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝑅𝑎𝑡𝑒𝑝

𝐿𝑜𝑎𝑑𝑒𝑑𝑊𝑒𝑖𝑔ℎ𝑡𝑝

Table S7. Treatment activity cost estimates based on current rates 
in California and an additional 35% cost reflecting administrative 
costs and reasonable profit margins. 

Model Activity Estimated Activity Cost ($ USD) 

High harvest 

Merchantable timber: $59.43 GT-1 
Biomass: $16.99 BDT-1 

Intermediate harvest 
Group selection 
Commercial thin 
Hazardous fuels thin  
Precommercial thin 

Salvage $53.92 GT-1 

Prescribed Fire $286 ac-1 

Pile Burn $735 ac-1 

Resilience Mechanical 
Thin 

$1,742 ac-1 

Resilience Hand Thin $1,088 ac-1 

Reforestation Tree planting:  $625 ac-1 
Site prep and slash disposal (2x): $1,290 ac-1 
Herbicide (2x): $835 ac-1 
Total: $4,874 ac-1 

Post-fire Restoration 

GT = green metric ton 
BDT = bone dry metric ton 

Table S8. Stumpage cost assumptions by forest 
product region.

Forest Product 
Region 

$/MBF $/GT 

Central Coast 182 44 

North Coast 264 64 

Northern Interior 186 45 

Sacramento 160 39 

San Joaquin 99 24 

Southern California 52 13 

MBF = thousand board feet 
GT = green metric ton 
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Table S9. Estimated haul times and haul costs for sawmills and bioenergy facilities by forest product region.

Forest Product 
Region 

Nearest Sawmill 
(one-way hours) 

Haul Cost – 
Sawlogs  

($/t) 

Nearest Bioenergy 
Facility  

(one-way hours) 

Haul Cost – 
Biomass  
($/BDT) 

Central Coast 1.85 $33.80 2.30 $62.70 

North Coast 1.08 $22.70 1.48 $44.30 

Northern Interior 1.39 $27.20 1.68 $48.80 

Sacramento 1.10 $23.00 1.24 $39.00 

San Joaquin 1.68 $31.40 1.90 $53.70 

Southern California 2.20 $38.70 2.83 $74.60 

2. Potential Wood Product Revenues 

Figure S3. 10 years of inflation-adjusted pulplog and sawlog prices ($ per thousand 
board feet, MBF) for the Pacific Northwest, as reported in quarterly financial 
reports by Rayonier Inc. (2024), a timberland real estate investment trust (REIT). 
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3. Processing Capacity Constraints 

Scenario Parameterization Methodology 

Climate-Adjusted Business-As-Usual 
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(1 –  𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑟𝑒𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑠𝑢𝑐𝑐𝑒𝑠𝑠) ∗ 100

Landscape Restoration 
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Table S10. Estimated post-fire regeneration probability (%) after high-severity wildfire by forest type group and ecoregion. 
Blank cells do not indicate that post-fire regeneration failure is not possible; rather, they indicate that it was not projected 
in Davis et al. (2023a) for a given forest type group and ecoregion combination. 

Forest Type Group Ecoregion 

TYPGRPCD Description Deserts Eastside 
Klamath / 

Interior Coast 
Ranges 

North Coast 
Sierra / 

Cascades 

South Coast 
and 

Mountains 

180 
Pinyon / juniper 
group 

- 90% 84% - 91% 95% 

200 Douglas-fir group - 82% 78% 80% 73% - 

220 
Ponderosa pine 
group 

- 87% 81% 81% 86% 94% 

240 
Western white pine 
group 

- 73% 71% 74% 68% - 

260 
Fir / spruce / 
mountain hemlock 
group 

- 80% 74% 76% 74% 93% 

280 
Lodgepole pine 
group 

- 76% 70% 71% 73% 92% 

300 
Hemlock / Sitka 
spruce group 

- - 56% 60% 71% - 

340 Redwood group - - 74% 79% - - 

360 
Other western 
softwoods group 

- 86% 80% 78% 82% 94% 

370 
California mixed 
conifer group 

- 84% 80% 81% 84% 95% 

700 
Elm / ash / 
cottonwood group 

- 81% - - 85% - 

900 
Aspen / birch 
group 

- 82% 67% - 82% - 

910 
Alder / maple 
group 

- - 78% 81% 80% - 

920 Western oak group 100% 87% 83% 82% 87% 94% 

940 
Tanoak / laurel 
group 

- 83% 79% 80% 81% 93% 

960 
Other hardwoods 
group 

100% 86% 82% 82% 85% 94% 

970 
Woodland 
hardwoods group 

- 87% 77% - 87% 96% 

990 
Exotic hardwoods 
group 

98% 88% 81% 81% 85% 96% 

999 Nonstocked - 90% 84% - 91% 95% 
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Fire Resilience and Expand Fire Resilience Treatments 
to Mature and Old-Growth Forest 

Table S11. Estimated average productivity 
decline (%DP) by forest type group. 

Forest Type Group 
%DP 

TYPGRPCD Description 

180 
Pinyon / juniper 
group 

32% 

200 Douglas-fir group 22% 

220 
Ponderosa pine 
group 

31% 

240 
Western white pine 
group 

30% 

260 
Fir / spruce / 
mountain hemlock 
group 

30% 

280 
Lodgepole pine 
group 

31% 

300 
Hemlock / Sitka 
spruce group 

21% 

340 Redwood group 21% 

360 
Other western 
softwoods group 

31% 

370 
California mixed 
conifer group 

29% 

700 
Elm / ash / 
cottonwood group 

28% 

900 
Aspen / birch 
group 

31% 

910 
Alder / maple 
group 

23% 

920 Western oak group 27% 

940 
Tanoak / laurel 
group 

21% 

960 
Other hardwoods 
group 

26% 

970 
Woodland 
hardwoods group 

32% 

990 
Exotic hardwoods 
group 

25% 

999 Nonstocked 30% 
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Table S12. Acres in need of and eligible for fire resilience treatments by treatment approach, ownership, and ecoregion. 

Treatment approach: mechanical thin followed by prescribed fire after 15-30 years, maintained with prescribed fire 
every 15-30 years 

Eligibility requirements: slopes from 0-49%, not designated wilderness, not critical habitat, selected forest types 
(California mixed conifer, Douglas-fir, ponderosa pine, redwood, western oak, fir/spruce/mountain hemlock, lodgepole 
pine, western white pine) 

 Ownership 
Total Acres 

Ecoregion USFS BLM NPS 
Other 

federal 
State/ 
local 

Tribal 
Private 

industrial 
Private 

North Coast  3,247   2,320   412   356   1,831   738   21,743   27,527  58,175 

Klamath/Interior 
Coast Ranges 

 897,953   62,548   -     5,137   12,546   16,482   242,774   171,949  1,409,390 

Sierra/Cascades 1,926,750   103,942   -     4,942   38,505   6,527   685,262   357,296  3,123,223 

Eastside  218,129   24,783   -     149   1,139   563   60,049   46,064  350,877 

Central Coast and 
Interior Ranges 

 49,390   22,831   -     20,802   5,653   -     179   2,520  101,375 

Central Valley  -     108   -     3   10   7   -     0  128 

Deserts, South 
Coast and 
Mountains 

 150,975   7,862   -     1,111   5,435   18,433   -     7,381  191,196 

Total Acres 3,246,445 224,394 412 32,500 65,119 42,750 1,010,007 612,737 5,234,363 
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Table S12, cont. Acres in need of and eligible for fire resilience treatments by treatment approach, ownership, and 
ecoregion. 

Treatment approach: hand thin followed by pile burn after 5 years, maintained with hand thin/pile burn every 20 years 

Eligibility requirements: slopes 50-69%, not designated wilderness, not critical habitat, selected forest types (California 
mixed conifer, Douglas-fir, ponderosa pine, pinyon/juniper, tanoak/laurel) 

 Ownership 
Total Acres 

Ecoregion USFS BLM NPS 
Other 

federal 
State/ 
local 

Tribal 
Private 

industrial 
Private 

North Coast 1,408 5,306 874 77 5,527 1,674 47,907 71,718 134,490 

Klamath/Interior 
Coast Ranges 

329,435 13,285 23 373 3,238 25,631 12,447 55,359 439,790 

Sierra/Cascades 249,694 34,756 351 226 2,809 1,604 17,252 31,055 337,747 

Eastside 10,710 3,992 - 28 415 53 88 1,656 16,942 

Central Coast and 
Interior Ranges 

13,228 5,860 57 1,944 7,294 - 329 25,602 54,314 

Central Valley - 1 - 2 - - - 41 45 

Deserts, South 
Coast and 
Mountains 

84,767 5,354 127 232 5,113 1,520 - 11,078 108,191 

Total Acres 689,243 68,552 1,433 2,881 24,397 30,482 78,022 196,510 1,091,520 

Treatment approach: prescribed fire every 10-30 years  

Eligibility requirements: slopes 50-69%, not critical habitat, selected ownerships and forest types (California mixed 
conifer, Douglas-fir and ponderosa pine on NPS land, western oak on public and Tribal land, redwood) 

 Ownership 
Total Acres 

Ecoregion USFS BLM NPS 
Other 

federal 
State/ 
local 

Tribal 
Private 

industrial 
Private 

North Coast  338   3,473   2,132   1   8,156   80   7,008   3,423  24,610 

Klamath/Interior 
Coast Ranges 

 466,524   13,628   203   88   6,090   3   908   1,606  489,050 

Sierra/Cascades  173,240   3,424  158,748   6,335   19,262   1   609   755  362,374 

Eastside  2,757   -     -     -     5   -     -     4  2,765 

Central Coast and 
Interior Ranges 

 40,940   230   382   100   11,737   -     245   1,901  55,535 

Central Valley  -     -     -     5   34   -     -     -    39 

Deserts, South 
Coast and 
Mountains 

 61,976   5,043   176   50   20,804   12   -     82  88,143 

Total Acres 745,775 25,797 161,641 6,578 66,087 96 8,769 7,770 1,022,515 
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Innovative Wood Utilization Scenarios 
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Table S13. Eligibility and treatment intervals for fire resilience treatments in the MOG Resilience scenario. Bolded items 
indicate important eligibility filters. 

Forest Type 
Group 

Ownership Ecoregion 
Slope 
Class 

Stand Age 
Productivity 

Class 
Reserve 
Status 

Critical 
Habitat 
Status 

Thinning Rx Fire 

California 
mixed 
conifer, 
Douglas-fir,  
Ponderosa 
pine 

USFS, 
Other 

Federal, 
State/ 
Local 

All 

All All All Reserve All - Every 20 years 

0-
49% 

<189 years (CMC) 
<180 years (DF) 
<142 years (PP) 

Productive 
Not 

reserve 
All 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

Follow up 
every 15 years 

<256 years (CMC) 
<260 years (DF) 
<200 years (PP) 

Not 
productive 

Not 
reserve 

All 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

Follow up 
every 15 years 

50-
69% 

<189 years (CMC) 
<180 years (DF) 
<142 years (PP) 

Productive 
Not 

reserve 
All 

Hand thin (5% 
biomass cut); 
repeat on 15-
year cycle 

Follow up pile 
burn 5 years 
later; repeat on 
15-year cycle 

<256 years (CMC) 
<260 years (DF) 
<200 years (PP) 

Not 
productive 

Not 
reserve 

All 

Hand thin (5% 
biomass cut); 
repeat on 15-
year cycle 

Follow up pile 
burn 5 years 
later; repeat on 
15-year cycle 

NPS All All All All All All - Every 20 years 

Private, 
Private 

industrial 
All 

0-
49% 

<189 years (CMC) 
<180 years (DF) 
<142 years (PP) 

Productive All All 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

Follow up 
every 15 years 

<256 years (CMC) 
<260 years (DF) 
<200 years (PP) 

Not 
productive 

All All 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

Follow up 
every 15 years 

50-
69% 

All All All All - - 

Western 
oak  
(Oak 
woodlands) 

All All All All All All 
Critical 
habitat 

- - 

USFS, 
Other 

Federal, 
State/ 
Local, 
Native 

American 

All 

0-
49% 

All All Reserve 
Not 

critical 
habitat 

- Every 10 years 

0-
49% 

All All 
Not 

reserve 

Not 
critical 
habitat 

Mechanical 
thin (20% 
biomass cut, 
15% removed) 

Follow up 
every 10 years 

50-
69% 

All All 
Not 

reserve 

Not 
critical 
habitat 

- - 

NPS All 

0-
49% 

All All All 
Not 

critical 
habitat 

- Every 10 years 

50-
69% 

All All All 
Not 

critical 
habitat 

- - 

Private, 
Private 

industrial 
All All All All All 

Not 
critical 
habitat 

- - 
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Table S13, cont. Eligibility and treatment intervals for fire resilience treatments in the MOG Resilience scenario. 

Forest Type 
Group 

Ownership Ecoregion 
Slope 
Class 

Stand Age 
Productivity 

Class 
Reserve 
Status 

Critical 
Habitat 
Status 

Thinning Rx Fire 

Redwood 
(Coast 
Redwood) 

All 

North 
Coast, 
Central 
Coast & 
Interior 
Ranges 

All All All All 
Critical 
habitat 

- - 

0-
49% 

<150 years Productive All 
Not 

critical 
habitat 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

Follow up 
every 30 years 

<200 years 
Not 

productive 
All 

Not 
critical 
habitat 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

Follow up 
every 30 years 

50-
69% 

<150 years Productive All 
Not 

critical 
habitat 

- Every 30 years 

<200 years 
Not 

productive 
All 

Not 
critical 
habitat 

- Every 30 years 

Redwood 
(Giant 
Sequoia) 

All 

Sierra/ 
Cascades, 
Klamath/ 
Interior 
Coast 

Ranges 

All All All All 

Critical 
habitat 

- - 

Not 
critical 
habitat 

- Every 30 years 

Fir/spruce/ 
mountain 
hemlock, 
Lodgepole 
pine, 
Western 
white pine 

All All All All All All 
Critical 
habitat 

- - 

USFS, 
Other 

federal, 
State/ 
Local, 
Native 

American, 
Private, 
Private 

Industrial 

All 

All All All Reserve 
Not 

critical 
habitat 

- - 

0-
49% 

<150 years 
<151 years (FSM) 

Productive 
Not 

reserve 

Not 
critical 
habitat 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

- 

<200 years 
<247 years (FSM) 

Not 
productive 

Not 
reserve 

Not 
critical 
habitat 

Mechanical 
thin (40% 
biomass cut, 
35% removed) 

- 

50-
69% 

All All 
Not 

reserve 

Not 
critical 
habitat 

- - 

NPS All All All All All 
Not 

critical 
habitat 

- Every 20 years 

Pinyon/ 
juniper, 
Tanoak/ 
laurel 

All All All All All All 

Critical 
habitat 

- - 

Not 
critical 
habitat 

Hand thin (5% 
biomass cut); 
repeat on 15-
year cycle 

Follow up pile 
burn 5 years 
later; repeat on 
15-year cycle 

All other 
groups 

All All All All All All All - - 
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Forest Conservation 

Silvopasture 
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Extended Rotations and Altered Rotations 

Ramp Up Implementation Portfolio 

Table S14. Forest type groups used for Silvopasture scenario by ecoregion.

Ecoregion TYPGRPCD Description 

Central Coast and Interior Ranges 920 Western oak group 

Central Valley 920 Western oak group 

Deserts 370 California mixed conifer group 

Eastside 940 Tanoak / laurel group 

Klamath/Interior Coast Ranges 180 Pinyon / juniper group 

North Coast 370 California mixed conifer group 

Sierra/Cascades - - 

South Coast and Mountains - - 
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Max Natural Climate Solutions by 2045 Portfolio 

Table S15. Comparison of CNRA nature-based solutions climate targets (2024) with targets used in the Max NCS portfolio 
for this study. Bolded items indicate CNRA targets that were modeled in this study. 

CNRA Forest Category 
CNRA target (ac yr-1) Target in this study (ac yr-1) 

2030 2038 2045 2030 2038 2045 

Afforestation 
Oak woodland 
reestablishment 

52,900 52,900 52,900 
9,125 

(silvopasture) 
9,125 

(silvopasture) 
9,125 

(silvopasture) 

Conservation 
Conserve old-growth, 
conserve conifer, riparian, 
and oak woodland forests 

55,100 55,100 55,100 34,268 8,843 7,466 

Restoration 
Post-high severity fire 
reforestation and 
restoration, restore oak 
woodlands including 
enhancing riparian zones 

322,100 462,100 322,100 299,321 171,960 171,960 

Beneficial Fire 
Rx burn, cultural burn, 
planned managed fire, 
planned treatment burned 
in wildfire 

800,000 1,200,000 1,500,000 

622,539 
(309,030 Rx 
fire, 313,509 

managed fire) 

718,747 
(413,718 Rx fire, 

305,029 
managed fire) 

784,882 
(413,718 Rx fire, 

371,164 
managed fire) 

Other Fuel Reduction 
Activities 

Thinning, invasive species 
removal, grazing, 
mechanical treatments, 
uneven-aged harvest 

700,000 800,000 1,000,000 794,265 270,827 270,827 

Working Forest Conservation 
Extend rotations, shift 
intensity of harvest, 
restore/conserve wildlife 
habitat 

165,200 165,200 165,200 114,864 114,864 114,864 

Decrease Conversion  
Decrease illegal conversion 
and forest degradation by: 

-20% -50% -90% -34% * -65% * -92% * 

Shift to Low/Moderate 
Severity Fire 

Through beneficial fire and 
other fuel reduction 
activities, shift the 
proportion of statewide 
high severity wildfire to low 
or moderate severity 
wildfire so that: 

75% of 
wildfire is 
low/mod 
severity 

83% of 
wildfire is 
low/mod 
severity 

90% of 
wildfire is 
low/mod 
severity 

82% of wildfire 
is low/mod 

severity 

82% of wildfire 
is low/mod 

severity 

82% of wildfire 
is low/mod 

severity 

* Note that the Decrease Conversion targets in this study do not differentiate between legal and illegal forest conversion. 
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Additional Scenario Results 

Table S16a. BAU and CBAU scenario results showing periodic averages of forest area (million acres) by ownership class 
and ecoregion from 2022-2071. Totals may not sum due to independent rounding. 

Forest Area (million acres)  

  Ownership Class 

Ecoregion Period 
All USFS Other Federal State / Local 

Private / Native 
American 

BAU CBAU BAU CBAU BAU CBAU BAU CBAU BAU CBAU 

Central 
Coast and 
Interior 
Ranges 

2022-2031 

2032-2045 

2046-2071 

1.74 1.74 0.25 0.25 0.12 0.12 0.33 0.33 1.05 1.05 

1.73 1.73 0.25 0.25 0.12 0.12 0.33 0.33 1.04 1.04 

1.72 1.72 0.24 0.24 0.12 0.12 0.33 0.33 1.03 1.03 

Central 
Valley 

2022-2031 0.10 0.10 + + + + 0.02 0.02 0.09 0.09 

2032-2045 0.10 0.10 + + + + 0.02 0.02 0.09 0.09 

2046-2071 0.10 0.10 + + + + 0.02 0.02 0.09 0.09 

Deserts 2022-2031 0.18 0.18 0.01 0.01 0.12 0.12 0.01 0.01 0.05 0.05 

2032-2045 0.18 0.18 0.01 0.01 0.12 0.12 0.01 0.01 0.05 0.05 

2046-2071 0.18 0.18 0.01 0.01 0.12 0.12 0.01 0.01 0.05 0.05 

Eastside 2022-2031 2.64 2.61 1.52 1.51 0.60 0.59 0.01 0.01 0.51 0.50 

2032-2045 2.60 2.53 1.50 1.46 0.59 0.59 0.01 0.01 0.50 0.47 

2046-2071 2.54 2.38 1.47 1.37 0.59 0.58 0.01 0.01 0.47 0.42 

Klamath / 
Interior 
Coast 
Ranges 

2022-2031 7.91 7.42 4.46 4.10 0.32 0.28 0.07 0.07 3.07 2.97 

2032-2045 7.54 6.08 4.24 3.17 0.27 0.17 0.07 0.06 2.96 2.68 

2046-2071 6.94 3.77 3.89 1.49 0.19 0.11 0.07 0.04 2.79 2.12 

North 
Coast 

2022-2031 2.73 2.71 0.04 0.04 0.15 0.14 0.29 0.29 2.25 2.24 

2032-2045 2.72 2.66 0.04 0.04 0.15 0.14 0.29 0.28 2.25 2.20 

2046-2071 2.70 2.58 0.04 0.04 0.15 0.14 0.28 0.27 2.24 2.14 

Sierra / 
Cascades 

2022-2031 14.80 14.14 7.81 7.34 1.52 1.48 0.28 0.27 5.19 5.06 

2032-2045 14.61 12.54 7.70 6.21 1.51 1.37 0.27 0.26 5.12 4.69 

2046-2071 14.28 9.04 7.52 3.75 1.49 1.13 0.27 0.25 5.00 3.92 

South 
Coast and 
Mountains 

2022-2031 1.14 1.05 0.79 0.72 0.06 0.05 0.08 0.07 0.21 0.20 

2032-2045 1.10 0.85 0.76 0.57 0.06 0.05 0.08 0.06 0.21 0.17 

2046-2071 1.05 0.56 0.72 0.34 0.05 0.04 0.08 0.05 0.19 0.12 

All 2022-2031 31.25 29.96 14.87 13.95 2.88 2.79 1.08 1.07 12.42 12.15 

 2032-2045 30.59 26.67 14.50 11.69 2.81 2.55 1.07 1.03 12.20 11.39 

 2046-2071 29.51 20.33 13.88 7.24 2.71 2.23 1.06 0.97 11.85 9.88 

+ Does not exceed 1,000 acres  
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Table S16b. BAU and CBAU scenario results showing periodic averages of ecosystem carbon stocks (MtCO2e) by 
ownership class and ecoregion from 2022-2071. Totals may not sum due to independent rounding. 

Ecosystem Carbon Stocks (MtCO2e)  

  Ownership Class 

Ecoregion Period 
All USFS Other Federal State / Local 

Private / Native 
American 

BAU CBAU BAU CBAU BAU CBAU BAU CBAU BAU CBAU 

Central 
Coast and 
Interior 
Ranges 

2022-2031 

2032-2045 

2046-2071 

516.4 514.4 72.2 71.9 24.6 24.6 116.2 115.6 303.4 302.4 

512.6 506.2 71.8 70.4 24.7 24.5 116.8 115.0 299.3 296.2 

508.6 492.5 71.8 68.2 25.0 24.5 117.9 113.5 293.8 286.4 

Central 
Valley 

2022-2031 26.3 26.3 + + 0.1 0.1 4.6 4.6 21.5 21.5 

2032-2045 26.3 26.2 + + 0.1 0.1 4.6 4.6 21.5 21.4 

2046-2071 26.3 26.2 + + 0.1 0.1 4.7 4.7 21.5 21.4 

Deserts 2022-2031 41.1 41.0 0.8 0.8 28.0 27.9 2.8 2.8 9.4 9.4 

2032-2045 41.1 41.0 0.8 0.8 28.0 28.0 2.8 2.8 9.5 9.4 

2046-2071 41.3 40.9 0.7 0.7 28.2 28.0 2.9 2.8 9.6 9.4 

Eastside 2022-2031 476.1 470.4 296.8 293.4 89.4 88.8 2.9 2.8 87.1 85.4 

2032-2045 466.4 446.1 290.1 276.6 90.3 88.6 3.0 2.8 83.0 78.1 

2046-2071 449.6 405.4 277.2 248.2 91.8 88.0 3.1 2.8 77.4 66.4 

Klamath / 
Interior 
Coast 
Ranges 

2022-2031 2673.6 2495.0 1685.9 1549.1 101.4 92.0 20.1 19.2 866.3 834.6 

2032-2045 2550.9 2031.3 1600.5 1185.8 88.8 67.0 20.2 17.6 841.4 760.9 

2046-2071 2367.5 1281.4 1471.4 585.9 74.4 56.3 20.3 14.3 801.3 624.9 

North 
Coast 

2022-2031 1388.2 1372.6 25.9 25.6 87.3 86.2 163.0 161.0 1112.0 1099.8 

2032-2045 1409.4 1366.5 26.7 25.9 90.2 86.6 167.9 162.1 1124.7 1091.9 

2046-2071 1426.8 1335.0 27.4 25.8 93.5 85.6 173.4 161.2 1132.5 1062.4 

Sierra / 
Cascades 

2022-2031 3986.2 3779.6 2280.3 2123.1 443.4 427.0 76.6 75.6 1185.9 1153.9 

2032-2045 3845.6 3206.3 2189.6 1703.4 426.4 378.4 76.4 73.1 1153.2 1051.5 

2046-2071 3620.7 2124.7 2044.1 930.3 398.3 282.6 75.7 65.9 1102.6 845.9 

South 
Coast and 
Mountains 

2022-2031 244.5 223.8 164.9 149.7 9.8 9.1 22.0 20.6 47.9 44.3 

2032-2045 234.6 176.3 157.1 113.5 9.5 7.8 22.1 18.9 45.8 36.2 

2046-2071 219.5 111.8 145.4 63.7 9.1 6.3 22.4 16.4 42.6 25.5 

All 2022-2031 9352.4 8923.1 4526.7 4213.7 784.0 755.7 408.2 402.2 3633.4 3551.4 

 2032-2045 9087.0 7799.9 4336.5 3376.3 758.2 681.0 413.8 396.9 3578.5 3345.7 

 2046-2071 8660.1 5818.0 4038.1 1922.7 720.4 571.4 420.5 381.6 3481.2 2942.3 

+ Does not exceed 12 metric tons (mt) CO2e  
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Table S16c. BAU and CBAU scenario results showing periodic averages of annual net ecosystem carbon flux (MtCO2e yr-1) 
by ownership class and ecoregion from 2022-2071. Net ecosystem carbon flux refers to the net yearly sequestration of 
carbon by forests across all 14 ecosystem carbon pools, after accounting for decomposition, natural disturbance emissions, 
and wood product transfers. Negative numbers represent a net carbon sink and positive numbers represent a net carbon 
source. Totals may not sum due to independent rounding. 

Net Ecosystem Carbon Flux (MtCO2e yr-1)  

  Ownership Class 

Ecoregion Period 
All USFS Other Federal State / Local 

Private / Native 
American 

BAU CBAU BAU CBAU BAU CBAU BAU CBAU BAU CBAU 

Central 
Coast and 
Interior 
Ranges 

2022-2031 

2032-2045 

2046-2071 

0.2 0.4 + 0.1 -- -- -0.1 -- 0.2 0.4 

0.1 0.4 -- 0.1 -- -- -0.1 + 0.2 0.3 

-- 0.5 -- 0.1 -- -- -0.1 0.1 0.1 0.3 

Central 
Valley 

2022-2031 -- + + + + + -- -- -- + 

2032-2045 -- -- -- + + + -- -- -- -- 

2046-2071 -- -- -- + + + -- -- -- -- 

Deserts 2022-2031 -- -- + + -- -- -- -- -- -- 

2032-2045 -- -- + + -- -- -- -- -- -- 

2046-2071 -- -- + + -- -- -- -- -- -- 

Eastside 2022-2031 0.3 0.6 0.3 0.5 -0.1 -- -- -- 0.1 0.2 

2032-2045 0.5 1.2 0.4 1.0 -0.1 -- -- -- 0.2 0.3 

2046-2071 0.5 1.2 0.5 0.9 -0.1 -- -- -- 0.1 0.3 

Klamath / 
Interior 
Coast 
Ranges 

2022-2031 4.7 8.2 3.6 6.1 0.4 0.5 -- + 0.8 1.6 

2032-2045 4.2 8.8 3.3 7.5 0.3 0.2 -- + 0.7 1.2 

2046-2071 3.7 7.9 3.0 6.3 0.1 -- -- + 0.6 1.6 

North 
Coast 

2022-2031 -2.4 -1.2 -0.1 -0.1 -0.3 -0.2 -0.5 -0.3 -1.6 -0.6 

2032-2045 -1.9 -0.9 -0.1 -0.1 -0.2 -0.1 -0.4 -0.3 -1.2 -0.4 

2046-2071 -0.8 0.2 -- -- -0.1 -0.1 -0.3 -0.1 -0.3 0.4 

Sierra / 
Cascades 

2022-2031 9.9 14.3 6.2 9.3 1.3 1.7 -- + 2.4 3.3 

2032-2045 8.7 16.9 6.0 12.0 1.2 1.8 -- 0.1 1.5 3.0 

2046-2071 8.5 17.5 5.5 11.6 1.2 2.0 + 0.2 1.8 3.6 

South 
Coast and 
Mountains 

2022-2031 0.4 0.7 0.3 0.5 + + -- + 0.1 0.2 

2032-2045 0.3 0.7 0.3 0.6 + + -- + 0.1 0.1 

2046-2071 0.3 0.7 0.2 0.5 + + -- + 0.1 0.1 

All 2022-2031 13.1 23.0 10.3 16.4 1.3 1.9 -0.6 -0.3 2.0 4.9 

 2032-2045 11.9 27.2 9.8 21.0 1.2 1.8 -0.6 -0.1 1.4 4.5 

 2046-2071 12.2 27.9 9.2 19.4 1.1 1.9 -0.4 0.2 2.3 6.4 

+ Positive value not greater than 0.005 MtCO2e yr-1 
-- Negative value not less than -0.005 MtCO2e yr-1 
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Table S16d. CBAU and Max NCS scenario results showing periodic averages of forest area (million acres) by ownership 
class and ecoregion from 2022-2071. Totals may not sum due to independent rounding. 

Forest Area (million acres)  

  Ownership Class 

Ecoregion Period 

All USFS Other Federal State / Local 
Private / Native 

American 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

Central 
Coast and 
Interior 
Ranges 

2022-2031 

2032-2045 

2046-2071 

1.74 1.74 0.25 0.25 0.12 0.12 0.33 0.33 1.05 1.05 

1.73 1.75 0.25 0.25 0.12 0.12 0.33 0.33 1.04 1.06 

1.72 1.75 0.24 0.25 0.12 0.12 0.33 0.33 1.03 1.06 

Central 
Valley 

2022-2031 0.10 0.11 + + + + 0.02 0.02 0.09 0.09 

2032-2045 0.10 0.12 + + + + 0.02 0.02 0.09 0.10 

2046-2071 0.10 0.12 + + + + 0.02 0.02 0.09 0.10 

Deserts 2022-2031 0.18 0.20 0.01 0.01 0.12 0.12 0.01 0..1 0.05 0.07 

2032-2045 0.18 0.25 0.01 0.01 0.12 0.12 0.01 0.01 0.05 0.12 

2046-2071 0.18 0.27 0.01 0.01 0.12 0.12 0.01 0.01 0.05 0.14 

Eastside 2022-2031 2.61 2.64 1.51 1.52 0.59 0.60 0.01 0.01 0.50 0.51 

2032-2045 2.53 2.61 1.46 1.5 0.59 0.59 0.01 0.01 0.47 0.51 

2046-2071 2.38 2.60 1.37 1.49 0.58 0.59 0.01 0.01 0.42 0.50 

Klamath / 
Interior 
Coast 
Ranges 

2022-2031 7.42 7.84 4.10 4.42 0.28 0.32 0.07 0.07 2.97 3.04 

2032-2045 6.08 7.47 3.17 4.19 0.17 0.28 0.06 0.07 2.68 2.92 

2046-2071 3.77 7.03 1.49 3.96 0.11 0.24 0.04 0.07 2.12 2.77 

North 
Coast 

2022-2031 2.71 2.72 0.04 0.01 0.14 0.15 0.29 0.29 2.24 2.25 

2032-2045 2.66 2.72 0.04 0.04 0.14 0.15 0.28 0.29 2.20 2.25 

2046-2071 2.58 2.72 0.04 0.04 0.14 0.15 0.27 0.29 2.14 2.25 

Sierra / 
Cascades 

2022-2031 14.14 14.73 7.34 7.75 1.48 1.51 0.27 0.28 5.06 5.19 

2032-2045 12.54 14.41 6.21 7.55 1.37 1.48 0.26 0.27 4.69 5.10 

2046-2071 9.04 14.02 3.75 7.32 1.13 1.45 0.25 0.27 3.92 4.98 

South 
Coast and 
Mountains 

2022-2031 1.05 1.13 0.72 0.77 0.05 0.06 0.07 0.08 0.20 0.22 

2032-2045 0.85 1.11 0.57 0.75 0.05 0.06 0.06 0.08 0.17 0.23 

2046-2071 0.56 1.09 0.34 0.72 0.04 0.05 0.05 0.07 0.12 0.24 

All 2022-2031 29.96 31.12 13.95 14.76 2.79 2.87 1.07 1.08 12.15 12.41 

 2032-2045 26.67 30.44 11.69 14.28 2.55 2.80 1.03 1.07 11.39 12.28 

 2046-2071 20.33 29.61 7.24 13.78 2.23 2.72 0.97 1.07 9.88 12.04 

+ Does not exceed 1,000 acres  
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Table S16e. CBAU and Max NCS scenario results showing periodic averages of ecosystem carbon stocks (MtCO2e) by 
ownership class and ecoregion from 2022-2071. Totals may not sum due to independent rounding. 

Ecosystem Carbon Stocks (MtCO2e)  

  Ownership Class 

Ecoregion Period 

All USFS Other Federal State / Local 
Private / Native 

American 

CBAU 
Max 
NCS 

CBAU Max NCS CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

Central 
Coast and 
Interior 
Ranges 

2022-2031 

2032-2045 

2046-2071 

514.4 515.2 71.9 71.6 24.6 24.5 115.5 115.5 302.4 303.6 

506.2 509.6 70.4 70.1 24.5 24.3 115.0 114.8 296.2 300.4 

492.5 499.6 68.2 67.9 24.5 24.0 113.5 113.1 286.4 294.5 

Central 
Valley 

2022-2031 26.3 26.7 + + 0.1 0.1 4.6 4.6 21.5 21.9 

2032-2045 26.2 28.0 + + 0.1 0.1 4.6 4.6 21.4 23.2 

2046-2071 26.2 29.5 + + 0.1 0.1 4.7 4.7 21.4 24.6 

Deserts 2022-2031 41.0 43.7 0.8 0.8 27.9 28.0 2.8 2.8 9.4 12.1 

2032-2045 41.0 50.2 0.8 0.8 28.0 28.0 2.8 2.8 9.4 18.5 

2046-2071 40.9 55.6 0.7 0.7 28.0 28.2 2.8 2.8 9.4 24.0 

Eastside 2022-2031 470.4 472.6 293.4 294.0 88.8 89.0 2.8 2.9 85.4 86.8 

2032-2045 446.1 456.1 276.6 281.0 88.6 89.2 2.8 2.9 78.1 83.0 

2046-2071 405.4 434.3 248.2 263.0 88.0 89.5 2.8 3.0 66.4 78.7 

Klamath / 
Interior 
Coast 
Ranges 

2022-2031 2495.0 2579.4 1549.1 1606.6 92.0 98.9 19.2 20.0 834.6 853.9 

2032-2045 2031.3 2359.2 1185.8 1438.3 67.0 89.2 17.6 19.7 760.9 812.0 

2046-2071 1281.4 2145.1 585.9 1287.2 56.3 80.3 14.3 19.6 624.9 757.9 

North 
Coast 

2022-2031 1372.6 1383.8 25.6 25.6 86.2 86.6 161.0 162.2 1099.8 1109.4 

2032-2045 1366.5 1396.0 25.9 26.1 86.6 88.2 162.1 165.5 1091.9 1116.3 

2046-2071 1335.0 1399.7 25.8 26.6 85.6 89.7 161.2 169.2 1062.4 1114.2 

Sierra / 
Cascades 

2022-2031 3779.6 3850.3 2123.1 2183.0 427.0 436.0 75.6 75.0 1153.9 1156.3 

2032-2045 3206.3 3535.9 1703.4 1955.7 378.4 406.4 73.1 73.2 1051.5 1100.5 

2046-2071 2124.7 3147.1 930.3 1687.0 282.6 359.9 65.9 70.1 845.9 1030.1 

South 
Coast and 
Mountains 

2022-2031 223.8 238.5 149.7 159.3 9.1 9.5 20.6 21.5 44.3 48.2 

2032-2045 176.3 226.0 113.5 147.6 7.8 9.1 18.9 21.1 36.2 48.2 

2046-2071 111.8 211.2 63.7 135.1 6.3 8.5 16.4 20.6 25.5 47.1 

All 2022-2031 8923.1 9110.2 4213.7 4340.9 755.7 772.6 402.2 404.5 3551.4 3592.2 

 2032-2045 7799.9 8561.0 3376.3 3919.6 681.0 734.5 396.9 404.6 3345.7 3502.2 

 2046-2071 5818.0 7922.2 1922.7 3467.6 571.4 680.3 381.6 403.1 2942.3 3371.2 

+ Does not exceed 12 metric tons (mt) CO2e  
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Table S16f. CBAU and Max NCS scenario results showing periodic averages of annual net ecosystem carbon flux (MtCO2e 
yr-1) by ownership class and ecoregion from 2022-2071. Net ecosystem carbon flux refers to the net yearly sequestration 
of carbon by forests across all 14 ecosystem carbon pools, after accounting for decomposition, natural disturbance 
emissions, and wood product transfers. Negative numbers represent a net carbon sink and positive numbers represent a 
net carbon source. Totals may not sum due to independent rounding. 

Net Ecosystem Carbon Flux (MtCO2e yr-1)  

  Ownership Class 

Ecoregion Period 

All USFS Other Federal State / Local 
Private / Native 

American 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

CBAU 
Max 
NCS 

Central 
Coast and 
Interior 
Ranges 

2022-2031 

2032-2045 

2046-2071 

0.4 0.4 0.1 0.1 -- + -- + 0.4 0.3 

0.4 0.4 0.1 0.1 -- + + + 0.3 0.2 

0.5 0.5 0.1 0.1 -- + 0.1 0.1 0.3 0.3 

Central 
Valley 

2022-2031 + -- + -- + + -- -- + -- 

2032-2045 -- -- + -- + + -- -- -- -- 

2046-2071 -- -- + -- + -- -- -- -- -- 

Deserts 2022-2031 -- -- + + -- -- -- -- -- -- 

2032-2045 -- -0.1 + + -- -- -- -- -- -0.1 

2046-2071 -- -0.1 + + -- -- -- -- -- -0.1 

Eastside 2022-2031 0.6 1.1 0.5 0.8 -- -- -- -- 0.2 0.3 

2032-2045 1.2 1.1 1.0 0.9 -- -- -- -- 0.3 0.2 

2046-2071 1.2 1.0 0.9 0.8 -- -- -- -- 0.3 0.2 

Klamath / 
Interior 
Coast 
Ranges 

2022-2031 8.2 18.3 6.1 14.7 0.5 0.5 + + 1.6 3.0 

2032-2045 8.8 7.8 7.5 6.4 0.2 0.2 + -- 1.2 1.0 

2046-2071 7.9 5.9 6.3 4.6 -- 0.1 + + 1.6 1.1 

North 
Coast 

2022-2031 -1.2 -1.4 -0.1 -- -0.2 -0.2 -0.3 -0.3 -0.6 -0.9 

2032-2045 -0.9 -1.1 -0.1 -- -0.1 -0.1 -0.3 -0.3 -0.4 -0.6 

2046-2071 0.2 + -- -- -0.1 -0.1 -0.1 -0.2 0.4 0.3 

Sierra / 
Cascades 

2022-2031 14.3 27.9 9.3 19.8 1.7 2.2 + 0.2 3.3 5.7 

2032-2045 16.9 16.5 12.0 12.2 1.8 1.8 0.1 0.1 3.0 2.4 

2046-2071 17.5 16.0 11.6 11.1 2.0 2.0 0.2 0.2 3.6 2.7 

South 
Coast and 
Mountains 

2022-2031 0.7 0.8 0.5 0.6 + + + + 0.2 0.1 

2032-2045 0.7 0.6 0.6 0.5 + + + + 0.1 0.1 

2046-2071 0.7 0.5 0.5 0.4 + + + + 0.1 + 

All 2022-2031 23.0 47.1 16.4 36.0 1.9 2.6 -0.3 -- 4.9 8.5 

 2032-2045 27.2 24.9 21.0 20.0 1.8 1.8 -0.1 -0.1 4.5 3.2 

 2046-2071 27.9 23.7 19.4 17.0 1.9 2.1 0.2 0.1 6.4 4.5 

+ Positive value not greater than 0.05 MtCO2e yr-1 
-- Negative value not less than -0.05 MtCO2e yr-1 
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