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Trees and forests as nature-based solutions in the US
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U.S. GHG emissions by gas, 1990-2021
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Net Emissions decreased 
~16% from 2005 to 2021 
(see black line)

In 2021, net emissions 
(accounting for sequestration 
from land sector) increased  
6.8% from 2020 levels
(see black line)

U.S. Environmental Protection Agency [U.S. EPA]. 2023. Inventory of U.S. greenhouse gas emissions and sinks: 1990–2021. EPA 430-R-23-002. Washington, DC: U.S. Environmental Protection Agency. 
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021
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 Include all categories of emissions and removals as reported in the 
NIR
 Account for the land sector using a net-net approach
 Use a “production approach” to account for HWPs consistent with 

IPCC guidance
 May exclude emissions from natural disturbances, consistent with 

IPCC guidance

Relevance to recent US commitments

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/United%20States%20of%20America%20First/United%20States%20NDC%20April%2021%202021%20Final.pdf

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/United%20States%20of%20America%20First/United%20States%20NDC%20April%2021%202021%20Final.pdf


What are nature-based solutions?

“Actions to protect, sustainably manage and restore natural and 
modified ecosystems in ways that address societal challenges 
effectively and adaptively, to provide both human well-being 
and biodiversity benefits. They are underpinned by benefits that 
flow from healthy ecosystems and target major challenges like 
climate change, disaster risk reduction, food and water 
security, health and are critical to economic development.”

CarbonBrief
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Trees and carbon

Doaisami, M., Kish, R., Paroshy, Domke, G.M., Thomas, S.C., Martin, A.R. 2022. A database of wood carbon fractions across the world’s trees and forests. Nature – Scientific Data. https://www.nature.com/articles/s41597-022-01396-1

https://www.nature.com/articles/s41597-022-01396-1


Emissions and removals from the LULUCF in the US

U.S. Environmental Protection Agency [U.S. EPA]. 2023. Inventory of U.S. greenhouse gas emissions and sinks: 1990–2021. EPA 430-R-23-002. Washington, DC: U.S. Environmental Protection Agency. 
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021

> 95%

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021


Emissions and Removals Categorya 1990 1995 2000 2005 2010 2017 2018 2019
Forest land remaining forest landb (663.8) (647.1) (624.5) (555.5) (611.8) (564.0) (599.8) (583.3)
Non-CO2 emissions from fire 1.5 0.5 2.9 8.2 4.7 18.3 15.7 15.7 
N2O emissions from forest soils 0.1 0.3 0.5 0.5 0.5 0.5 0.5 0.5 
Non-CO2 emissions from drained organic soils 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Forest land converted to non-forest landb 117.3 119.0 121.0 122.9 124.5 125.3 125.3 125.3 
Non-forest land converted to forest landb (98.2) (98.3) (98.4) (98.7) (98.8) (99.1) (99.1) (99.1)
Harvested wood products (123.8) (112.2) (93.4) (106.0) (69.1) (95.7) (98.8) (108.5)
Woodlands remaining woodlandsc 4.1 4.1 4.0 3.9 3.8 3.5 3.5 3.5 
Urban trees in settlementsd (96.4) (103.3) (110.4) (117.4) (124.6) (129.8) (129.8) (129.8)
Total Emissions and Removals (859.1) (837.0) (798.3) (742.0) (770.8) (740.9) (782.4) (775.7)

Forest land carbon cycling (MMT CO2 eq.), US 2021

Domke, G.M. et al. 2023. Greenhouse gas emissions and removals from forest land, woodlands, urban trees, and harvested wood products in the United States, 1990–2021. Resource Bulletin WO-101. Washington, D.C.: U.S. 
Department of Agriculture, Forest Service, Washington Office. 10 p. https://doi.org/10.2737/WO-RB-101.
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https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator

105,143,990

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator


Brief overview of FIA

Bechtold W.A. and Patterson, P.J. 2005. The enhanced Forest Inventory and Analysis program—national sampling design and estimation procedures. Gen. Tech. Rep. SRS-80. 85 p.

 Specifically designed to track change over time
 Permanent sample plots across all lands and ownerships
 Remeasurement every 5-10 years

 Multiple approaches for assessing disturbance (e.g., 
disturbance code), and tree- and site-level attributes (e.g., 
damage, mortality, removals)
 Observed land cover and land use attributes
 Publicly available and accessible in several formats
 It is not a carbon or greenhouse gas monitoring system



Brief overview of FIA – distribution of plots
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Brief overview of FIA – distribution of plots

141,588350,140



Sass, Emma M.; Butler, Brett J.; Markowski-Lindsay, Marla. 2020. Distribution of forest ownerships across the conterminous United States, 2017. Res. Map NRS-11. Madison, WI: U.S. Department of Agriculture, Forest Service, 
Northern Research Station. https://doi.org/10.2737/NRS-RMAP-11

Where is the forest in the US and who owns it?

https://doi.org/10.2737/NRS-RMAP-11


Forest land carbon stock changes by ownership

Domke, G.M. et al. 2023. Greenhouse gas emissions and removals from forest land, woodlands, urban trees, and harvested wood products in the United States, 1990–2021. Resource Bulletin WO-101. Washington, D.C.: U.S. 
Department of Agriculture, Forest Service, Washington Office. 10 p. https://doi.org/10.2737/WO-RB-101.

https://doi.org/10.2737/WO-RB-101


Where is the carbon in trees in the CONUS?

Yu, Y., Saatchi, S., Domke, G.M., Walters, B., Woodall, C., Ganguly, S., Li, S., Kalia, S., Park, T., Nemani, R. and Hagen, S.C., 2022. Making the US national forest inventory spatially contiguous and temporally consistent. Environmental 
Research Letters, 17(6), p.065002. https://iopscience.iop.org/article/10.1088/1748-9326/ac6b47

https://iopscience.iop.org/article/10.1088/1748-9326/ac6b47


Where is the carbon in forest land (MMT C)?

Note: estimate in WY is the total over all counties

Domke, G.M. et al. 2023. Greenhouse gas emissions and removals from forest land, woodlands, urban trees, and harvested wood products in the United States, 1990–2021. Resource Bulletin WO-101. Washington, D.C.: U.S. 
Department of Agriculture, Forest Service, Washington Office. 10 p. https://doi.org/10.2737/WO-RB-101.
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Department of Agriculture, Forest Service, Washington Office. 10 p. https://doi.org/10.2737/WO-RB-101.
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Context (and magnitude) are important

Carbon stock change (MMT C eq. yr-1)

Carbon stocks (MMT C)



Note: the estimate in WY is the total over all counties

How are carbon stocks changing (MMT CO2 eq.)?
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Trees in Settlements > 17% of the land sink

U.S. Environmental Protection Agency [U.S. EPA]. 2023. Inventory of U.S. greenhouse gas emissions and sinks: 1990–2021. EPA 430-R-23-002. Washington, DC: U.S. Environmental Protection Agency. 
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021


https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator

> 25% of passenger vehicle emissions each year

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator


What is contributing to changes in forest carbon?

Quirion, Brendan R.; Domke, Grant M.; Walters, Brian F.; Lovett, Gary M.; Fargione, Joseph E.; Greenwood, Leigh; Serbesoff-King, Kristina; Randall, John M.; Fei, Songlin. 2021. Insect and Disease Disturbances Correlate With Reduced 
Carbon Sequestration in Forests of the Contiguous United States. Frontiers in Forests and Global Change. 4: 716582. 10 p. https://doi.org/10.3389/ffgc.2021.716582.

Stanke, Hunter; Finley, Andrew O.; Domke, Grant M.; Weed, Aaron S.; MacFarlane, David W. 2021. Over half of western United States' most abundant tree species in decline. Nature Communications. 12(1): 395-. 
https://doi.org/10.1038/s41467-020-20678-z.

Fitts, Lucia A.; Russell, Matthew B.; Domke, Grant M.; Knight, Joseph K. 2021. Modeling land use change and forest carbon stock changes in temperate forests in the United States. Carbon Balance and Management. 16(1): 4. 16 p. 
https://doi.org/10.1186/s13021-021-00183-6.

Xu, Liang; Saatchi, Sassan S.; Yang, Yan; Yu, Yifan; Pongratz, Julia; Bloom, A. Anthony; Bowman, Kevin; Worden, John; Liu, Junjie; Yin, Yi; Domke, Grant; McRoberts, Ronald E.; Woodall, Christopher; Nabuurs, Gert-Jan; de-Miguel, 
Sergio; Keller, Michael; Harris, Nancy; Maxwell, Sean; Schimel, David. 2021. Changes in global terrestrial live biomass over the 21st century. Science Advances. 7(27): eabe9829. 18 p. https://doi.org/10.1126/sciadv.abe9829.
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https://doi.org/10.1126/sciadv.abe9829
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Area burned and fire emissions
Wildland Fire Emission Inventory System (WFEIS)
 MODIS Collection 6 burned area mapping product (MODIS MCD64A1) 

for burn areas/perimeters for 2001-2021

 Landsat for burned area defined in Monitoring Trends in Burn Severity 
(MTBS) for 1990-2020

 Landsat data also contribute to LANDFIRE layers such as existing 
vegetation types and fuels models

Domke, G.M. et al. 2023. Greenhouse gas emissions and removals from forest land, woodlands, urban trees, and harvested wood products in the United States, 1990–2021. Resource Bulletin WO-101. Washington, D.C.: U.S. 
Department of Agriculture, Forest Service, Washington Office. 10 p. https://doi.org/10.2737/WO-RB-101.

https://doi.org/10.2737/WO-RB-101


Reforestation and recovery of tree cover

Zhou, Q., Xian, G., Horton, J., Wellington, D., Domke, G., Auch, R., Li, C. and Zhu, Z., 2022. Tree regrowth duration map from LCMAP collection 1.0 land cover products in the conterminous United States, 1985–2017. GIScience & 
Remote Sensing, 59(1), pp.959-974. https://doi.org/10.1080/15481603.2022.2083790

https://doi.org/10.1080/15481603.2022.2083790


Advances in estimation and reporting, 2023-2024
 National Scale Volume and Biomass (NSVB) models
 Live and standing dead trees
 Litter  

Westfall, J.A., Coulston, J.W., Gray, A.N., Shaw, J.D., Radtke, P.J., Walker, D.M., Weiskittel, A.R., MacFarlane, D.W., Affleck, D.L.R., Zhao, D., Temesgen, H., Poudel, K.P., Frank, J.M., Prisley, S.P., Wang, Y., Sánchez Meador, A.J., Auty, D., 
and Domke, G.M. 2023. A national-scale tree volume, biomass, and carbon modeling system for the United States. Gen. Tech. Rep. WO-XXX



Advances in estimation and reporting, 2023-2024
 National Scale Volume and Biomass (NSVB) models
 Live and standing dead trees
 Litter  

 Extending CONUS methods to coastal Alaska
 Including HI, Pacific Affiliated Islands, and Caribbean Islands
 Litter and soil model predictions now in FIADB
 Improved consistency in land representation 
 Cropland and grassland conversions
 Wetlands and other lands

 Improved fire emissions estimation
 WFEIS-based estimates now include MTBS-, WFIGS-, and MODIS-based burns
 MTBS- and WFIGS-based estimates are now calculated per burn event (i.e., 

separately for each forest fire)



Final thoughts
 Nature-based solutions need to be considered as 

part of a portfolio approach for climate change 
mitigation
 Trees, forests, and harvested wood products 

represent some of the greatest opportunities 
 Enhance carbon sequestration capacity
 Avoided emissions
 Substitution of fossil fuels
 More than just carbon

 We must be realistic and work with nature and 
consider all lands and people
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Thank you
Grant Domke: grant.m.domke@usda.gov

FIA program: www.fia.fs.usda.gov/

FIA carbon: www.fia.fs.usda.gov/forestcarbon/

NSVB models: www.fs.usda.gov/research/research/inventory/FIA/VBC

NCA5: www.globalchange.gov/nca5
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