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Introduction 
The Tongass Carbon Stocks Assessment provides an evaluation of existing information on baseline 
carbon storage (i.e., carbon stocks) in vegetation and soils within forested and non-forested ecosystems, 
including products generated from them, known as biogenic carbon. The 2012 Planning Rule requires an 
evaluation of existing information on baseline carbon stocks (36 CFR 219.6(b)(4)). The Land 
Management Planning Handbook describes the purpose of the carbon assessment as helping the USDA 
Forest Service understand current trends in carbon uptake and storage as a critical ecosystem service 
provided by forest and non-forest ecosystems (FSH 1909.12.4).  

The information within this assessment can help land managers understand carbon stocks, fluxes, and 
impacts of disturbances at the forest level. This includes understanding: 

• The Tongass National Forest’s role in carbon uptake and storage; 
• Where carbon is stored (carbon pools); 
• The influence of past disturbances and management activities on carbon; 
• How disturbance and management may affect carbon in the future; and, 
• Existing conditions and future status of the plan area as a carbon sink or source. 

Scope and Scale of Assessment 
With a focus on producing a concise public document that supports the development of a revised plan, 
general information about the carbon cycle in forest ecosystems is not repeated here but can be found in 
other sources such as D’Amore and McGuire (2020) and other literature cited in this report. 

This report relies on models and data to characterize biogenic carbon dynamics at the national forest 
level. Results and information are derived from a variety of models, data sources, and qualitative 
analyses. Available datasets described below vary in terms of their coverage, uncertainty, and limitations. 
For instance, plot level data (such as Forest Inventory and Analysis (FIA)) provides data across all carbon 
pools and the level of uncertainty can be assessed, but it has limited spatial coverage. Additionally, soil 
carbon pools are measured on a subset of FIA plots, so the statistical models used to predict carbon stocks 
may limit the applicability of soil carbon predictions from FIA for the Tongass National Forest. Other 
datasets, such as remotely sensed data, may have broader coverage across the forest, but may only include 
some (but not all) carbon pools or include less information about uncertainty and/or different caveats. 
There are additional data limitations related to carbon in non-forested areas relative to forested areas, 
particularly due to a lack of FIA plots in these cover types.  Non-forest carbon is likely a small but 
significant fraction of the total carbon on the Tongass NF and is included in some datasets we present 
here.   

Information is presented from a variety of scientific publications, such as Leighty (2006), Zhu and 
McGuire (2016), and others.  Additionally, as you’ll see below, this carbon assessment describes a suite of 
results using FIA data, some at the national forest level and others at the USDA Forest Service regional 
level. At the national forest level, this report characterizes carbon stocks and fluxes, drivers of non-soil 
carbon dynamics, and stand dynamics. Estimates of aboveground live tree, belowground live tree, 
understory, standing dead, downed dead wood, litter, and soil organic carbon are estimated for the years 
2005 to 2023 for key forest ecosystem carbon pools, using FIA data.  The impact of disturbances, 
including harvest, are estimated for 1990 to 2011 using The Forest Carbon Management Framework 
(ForCaMF; Birdsey et al. 2019; Healey et al. 2014; Raymond et al. 2015; Healey et al. 2016). Years of 
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coverage reflect spans of data available for each tool/dataset. In addition, data from several modeling 
projects describe a variety of carbon estimates relative to several unit measurements, displayed in Table 1. 
“Carbon” is abbreviated as “C” throughout the document.  

Table 1.  Carbon Units. The following table provides a crosswalk among various metric measurement units used in the 
assessment of carbon stocks and emissions. 

Multiple Name Symbol 

100 Gram G 

106 Megagram Mg 

1012 Teragram Tg 

1015 Petagram Pg 

 

Status and Trends 

Tongass National Forest Carbon Stocks  
The first comprehensive evaluation of carbon stocks on the Tongass was conducted by Leighty et al. 
(2006). The total estimated carbon stock was 2.8 Pg C in 1995 including carbon in trees, 
seedlings/saplings, snags, coarse woody debris, understory, roots, and soil. Soils in the coastal temperate 
rainforest store large amounts of carbon (D’Amore and McGuire 2020, Leighty et al. 2006).  In this initial 
evaluation, soil carbon was the largest pool and estimated at 1.86 Pg C (Leighty et al. 2006). 

Another estimate for the Alaska Region (R10) estimated that the Tongass had 1.269 Pg C in non-soil (live 
tree, standing dead, down dead, understory, forest floor) pools (Heath et al., 2011). This was followed by 
a subsequent evaluation of FIA C stock of 1.270 Pg C for the Tongass (Smith et al., 2019)1.  

More recently DellaSala et al. (2022) quantified woody biomass (includes live trees, roots, woody debris, 
seedlings/saplings, snags, and understory vegetation) and soil organic carbon across the Tongass National 
Forest, estimating total soil organic and woody biomass carbon to be 2.7 Pg.  Much of this carbon was 
soil carbon (1.6 Pg) with a lower amount in woody biomass (1.1 Pg). 

Recent work integrates multiple soil carbon models to produce an ensemble average model to estimate 
soil carbon at two depths for the Tongass.  Soil carbon (0-30 cm) is estimated at 1.12 Pg and soil carbon 
(0-100 cm) is estimated at 1.81 Pg (Jones and D’Amore 2024). 

Overall, given this compilation of information, total ecosystem carbon on the Tongass National Forest is 
estimated at 2.7-2.8 Pg C or higher, with soil carbon as the largest carbon pool. 

Carbon stocks on the Tongass National Forest compose about 10 percent of the carbon on National Forest 
System (NFS) lands (Heath et al. 2011, Law et al. 2023). As such, the Tongass is considered to be a 
carbon reservoir of national significance (DellaSala et al. 2022, Law et al. 2023, Shanley et al. 2024, 
D’Amore 2020).  

U.S. Geological Survey LandCarbon Program Estimates 
The USGS LandCarbon program developed carbon stock estimates and flux predictions for all regions of 
the United States, including Alaska (Zhu and McGuire 2016). The LandCarbon project used the 

 
1 An adjustment to the reported total of 1385 Tg C in Smith was made by subtracting the estimated total for the Chugach of 115 Tg 
from Heath to derive a Tongass estimate.   
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Terrestrial Ecological Model (TEM) to estimate carbon through model algorithms of biomass 
accumulation and loss based on variable measurements from Southeast Alaska. The approach is not a 
direct measurement, but a prediction or estimation based on convergence of ecological variables and 
known growth limits for specific vegetation types.  

As seen later in this document, while the original LandCarbon analysis was at the scale of the whole state 
(Zhu and McGuire 2016), for this assessment, data specific to a general, buffered area surrounding and 
including the Tongass is presented in the tables and figures in the section below titled “Projections of 
Future Carbon Stock Changes” and was provided by Helene Genet at University of Alaska Fairbanks. 
Additional information from the LandCarbon program may be added or revised in this assessment in the 
future. 

Forest Inventory and Analysis 
Based on FIA plot data, total carbon stocks in the Tongass National Forest increased from 891.8 
teragrams of carbon (Tg C) in 2005 to 914.5 ± 25.3 Tg C in 2023, an approximate 2.5 percent increase 
over this period (Figure 1; see Box 1 for carbon units’ description) (USDA 2024). This incorporates 
carbon stocks for all pools, including live and dead vegetation and soils. FIA data suggest carbon stocks 
in the Tongass National Forest have increased from 2005 to 2023 (Figure 1), with some uncertainty in 
annual stock estimates. However, FIA plots are not located within Wilderness Areas on the Tongass 
National Forest (approximately 3 million acres of forested area are within wilderness on the Tongass), so 
these estimates do not capture the carbon stored in soils, live, and dead carbon pools in these locations 
(Figure 2) and as such, underestimates the total amount of stored carbon on the Forest. FIA measurements 
from 2005-2023 estimate a rate of carbon accrual of 1.26 Tg C y-1.  Of note, uncertainty in the 2023 
estimate (±25.3 Tg C) was greater than the change across the time period from 2005 to 2023.  

 
Figure 1.  Total forest carbon stocks (Tg) for the years 2005 to 2023, based on FIA estimates. Error bars represent a 95 
percent confidence interval (only available for 2023). 
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Figure 2.  Map of approximate FIA plot locations and Wilderness Areas within the Tongass National Forest. 

Live and dead vegetation may be a substantial proportion of total carbon stocks in the Tongass National 
Forest. Based on FIA, live vegetation, including aboveground live trees, belowground live trees (roots), 
and understory vegetation comprise about 37.5 percent of the carbon in the Tongass National Forest 
(Figure 3; Table 2). Standing dead wood, downed dead wood, and litter together make up about 16.22 
percent of total forest carbon there (Figure 3; Table 2).  

Approximately 46.3 percent of forest carbon is stored in soils (Figure 3). This is a modeled estimate and 
reflects the total soil organic carbon (SOC) in the soil profile (Domke et al., 2016, 2017, and 2023). The 
current uncertainty associated with the soil carbon estimate is unknown but includes both model 
uncertainty and sample uncertainty. In most temperate forest ecosystems, soils represent the largest 
ecosystem carbon pool (Walters et al., 2023) and offer, through their protection and management, an 
opportunity to mitigate rising atmospheric carbon dioxide concentrations (Bossio et al., 2020). 
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Figure 3.  Percentage of total carbon stocks by pool in 2023. 

Changes in total carbon storage and forested area collectively determine changes in carbon density. 
Forested area sampled by FIA on the Tongass National Forest changed from 2,656,448 hectares (ha) in 
2005 to 2,719,735 ha in 2023, a net increase of 63,287 ha (Table 2); these estimates do not include areas 
within Wilderness, which are neither sampled nor estimated. Minor changes in forested area may result 
from sampling intensity issues or weighting strata rather than actual changes in forested area. Given the 
increasing stocks of total ecosystem carbon and increase in forested area on the Tongass National Forest, 
carbon density increased from about 335.71 Mg C/ha in 2005 to 336.23 Mg C/ha in 2023 (Table 2). 
However, without estimates of uncertainty for these estimates, it is not possible to know if the observed 
change is significant or not. 

Table 2. Carbon stocks and forested area estimates. 

Measure Year 2005 Year 2023 
Net change 
(2023-2005) 

% change 
(2023-2005) 

Mean stock2 +/- confidence interval (Tg) 891.8 914.46 ± 25.3 22.67 2.54 

% stocks, soil organic carbon3 47.4 46.27   

% stocks, live 36.5 37.51 0.96 2.64 

% stocks, downed dead wood and detritus 16.0 16.22 0.2 1.26 

Carbon density (Mg/ha) 335.7 336.23 0.52 0.16 

Area (ha) 2,656,448 2,719,735 63,287 0.02 

 

 

 
2 As noted above, this is an underestimate given FIA data is not collected within Wilderness Areas on the Tongass National Forest. 
3 Net change not reported given limitations associated with FIA soil carbon estimates. 
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Stock Change 
The estimate of net change across the studies described here have identified the Tongass National Forest 
as a net sink for carbon. Alaska’s temperate coastal forests absorb more carbon from the atmosphere than 
they release. They function as carbon “sinks” in part because cool temperatures slow decomposition and 
lead to an accumulation of carbon in woody debris and soils (D’Amore and McGuire 2020). The Forest 
also has a relatively small area that has been harvested (~4 percent of the total forest area), with the intact 
forest maintaining growth and diversification of the stands through small-scale disturbance and an almost 
complete lack of fire in the region.   

“Net ecosystem carbon balance” (NECB) is the complete ecosystem balance of inputs and outputs 
representing the true net sink or source in the ecosystem. This estimate includes aboveground and 
belowground plant production, soil respiration, and lateral losses of carbon (see Chapin et al. 2006). It is 
considered the “gold standard” regarding estimates of stock change and determining whether an area is a 
carbon sink or source. 

• Modeled estimates for all components of the carbon cycle have a positive NECB (Genet et al., 
2016).   For the general, buffered area surrounding and including the Tongass, NECB is estimated 
at 3.4 Tg C y-1 (see Table 4).  Modeled NECB from field and remote sensing information on the 
Tongass estimated the flux at 1.48 Mg C Ha y-1 (D’Amore et al. 2016), indicating the Tongass is a 
carbon sink. 

• FIA data also indicates the Tongass is a carbon sink.  The carbon stock change estimate from FIA 
data (2005 – 2023), as described earlier, is 1.26 Tg C y-1.  

• Other estimates of the annual rate of change in carbon also support the Tongass as a carbon sink, 
but are lower given their limited coverage in terms of carbon pools and/or geographic coverage 
on the Forest (such as Leighty et al. (2006), Barrett (2014)).   

Carbon in Harvested Wood Products 
Harvested wood products (HWP) are a source of ongoing carbon storage which can reduce net 
greenhouse gas emissions, depending on regional markets, product end use, and species composition 
(Lippke et al., 2011; McKinley et al., 2011; Skog et al., 2014). The Intergovernmental Panel on Climate 
Change (IPCC) recognizes wood as a renewable resource that when sustainably managed can mitigate 
climate change (IPCC 2022b, 2023). Assessing impacts of harvest on GHGs thus should include carbon 
storage estimates from wood products. 

The duration of carbon persistence in harvested wood products (HWP) depends on the commodity type. 
For example, paper, pulp, or small-piece biomass will not retain carbon as long as timber does. Carbon 
stored in HWP increases with HWP commodity production. Landfills (also known as solid waste disposal 
sites or SWDS) also store discarded forest products and may continue to store carbon for many decades, 
as decomposition is slowed under oxygen-poor conditions. Wood products used in place of steel or 
concrete, as well as wood-derived biomass used in energy production in place of coal and natural gas, 
may reduce net greenhouse gas emissions as well, via their substitution for higher greenhouse gas-
emitting products (Gustavsson et al., 2006; Lippke et al., 2011). 

In the Alaska Region, harvest levels were low until the 1950s then increased and peaked in the mid-
1970s, resulting in an increase in biogenic carbon storage in HWP (Figure 4) (Loeffler et al., 2014). 
Timber harvesting fluctuated from the late-1970s to 1990s. HWP and landfill carbon storage peaked in 
1996 at about 13.5 Tg C. However, because of a decline in timber harvesting in the late 1990s (to 1930s 
levels) HWP carbon stocks began to decrease. In the Alaska Region, the contribution of national forest 
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timber harvests to the HWP carbon pool is less than the decay of retired products, causing a net decrease 
in product-sector carbon stocks. The carbon stocks in use as harvested wood products in 2013 represents 
an estimated 1.28 percentage of regional carbon stocks of that year.  

 
Figure 4.  Total region-wide carbon stocks (Tg) in harvested wood products in use and at solid waste disposal sites (SWDS) 
from 1910 to 2013.   

Factors Influencing Forest Carbon Dynamics 

Disturbance 
The impact of disturbances, including harvest, on carbon dynamics are estimated for 1990 to 2011 using 
The Forest Carbon Management Framework (ForCaMF; Birdsey et al. 2019; Healey et al. 2014; 
Raymond et al. 2015; Healey et al. 2016). This data and framework indicates that the low frequency of 
disturbance on the Tongass has not significantly impacted overall carbon stocks historically. Harvest is the 
dominant disturbance, with minimal impacts to carbon density.   

From 1990 to 2011, harvest was the most leading disturbance type in the forested areas of the Tongass 
National Forest (Figure 5; Table 3). Harvest affected about 0.9 percent (approximately 24,872 ha) of total 
area included in the model analysis (2,749,499 ha) over this period. On average, harvest affected 0.04 
percent of the total forested area per year (Figure 5).  
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Figure 5. Percentage of forested area disturbed from 1990 to 2011 by disturbance type.   
 
Table 3: Disturbance effects. NA indicates data not available. 

Change from 1990 to 2011 Abiotic Disease Fire Harvest Insects 

Reduction in carbon (Mg/ha) 0.00 NA 0 -0.45 0.00 

Percentage change in carbon 0.00 NA 0 0.27 0.00 

Percentage of forest impacted 0.06 NA 0 0.90 0.02 

Total forest area impacted (ha) 1762 NA 18 24872 497 

Average annual percentage of forest impacted 0.00 NA 0 0.04 0.00 

Harvest on the Tongass National Forest had the greatest impact on carbon stocks from 1990-2011, 
resulting in -0.45 Mg/ha lost potential storage of carbon that would have been present over the time 
period, in the absence of this disturbance type (Figure 6). Carbon stocks may have been approximately 
0.27 percent higher without harvest during that time (USDA 2024). Other disturbances did not have a 
measurable impact on potential carbon storage between 1990 and 2011 (USDA 2024). 
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Figure 6. Lost potential storage of carbon (Mg/ha) relative to a hypothetical no-disturbance baseline (zero line), resulting 
from disturbances from 1990 to 2011. Gray lines are 95 percent confidence intervals. Soil carbon is not included. 

All disturbance effects combined (including abiotic disturbances) resulted in the loss of -0.47 Mg/ha, or 
0.28 percentage reduction in carbon storage (USDA 2024). All estimates of carbon related to disturbance 
from 1990 to 2011 do not include soil carbon. Multiple disturbance types may have affected the same area 
during a given time interval so individual disturbances are not necessarily additive to all effects 
combined. Low-grade disturbances would also not be detected unless they affected canopy closure given 
the disturbance estimation methods used (Healey et al., 2018). Additionally, chronic lower-severity forest 
disturbances (such as insect effects) may be overestimated in this framework because the same incidence 
may be recorded in multiple years, depending on duration and intensity of canopy impact (Healey et al., 
2018). 

Although harvest is the predominant disturbance type in the Tongass National Forest, the impacts on 
forest carbon storage were far below the national average, due to the extensive areas of forest within the 
region that are not actively managed for timber. Unlike forests across much of the United States during 
the period up to 2011, the Tongass experienced little detectable disturbance from other disturbance agents, 
such as fire, insects, and drought, likely a result of the region’s climate.  

These results indicating harvest having a larger effect on carbon stocks relative to natural disturbances is 
consistent with other local literature (Carter and Buma 2024). 
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Stand Development and Dynamics 
Forests are generally considered to follow a multi-stage model of progressive stand development after a 
severe disturbance: stand initiation, stem exclusion, understory re-initiation, and old growth. However, in 
a stand affected by frequent moderate-severity disturbance (such as windthrow or landslides) trees may 
cycle between intermediate stages for centuries (standing dead trees and/or old living trees of low 
abundance). While these stands generally follow the four stages of development, progressing from 
seedling to old growth, the period spent in each stage varies. Setbacks to earlier stages may result from 
limitations in site conditions (hydrology, soils, or climate) or intermediate disturbances, making the stand 
origin or endpoint difficult to determine (e.g., Franklin et al., 2007; Palik et al., 2020). 

Stand age can serve somewhat as a proxy for past disturbances and management activities (Y. Pan et al., 
2011). When a forest stand is disturbed by a high severity disturbance, stand age returns to zero until 
regeneration commences. Relative percentages of forested area in given age classes might reflect stand-
replacing disturbance events in situations where a given stand age class predominates. Uneven-aged 
stands may reflect lower severity disturbance regimes and have more complex patterns. 

The coastal temperate rainforests of the Tongass National Forest sustain both high carbon accumulation 
rates and high carbon storage due to a climate that promotes abundant biomass production and depressed 
decomposition. The most common forest type groups by area in areas sampled by FIA plot data within 
Tongass National Forest are Hemlock/Sitka Spruce4 and Fir/Spruce/Mountain Hemlock,5 with smaller 
amounts of Lodgepole pine, across all stand age classes (Figure 7). The most common stand age class is 
stands that are over 200 years old, comprising 55 percent of the forest area sampled. Stands from 150–200 
years old make up 18.5 percent of the sampled forested area.  

 

 
4 Includes the western hemlock, Sitka spruce, and western redcedar forest types. 
5 Includes the mountain hemlock and Alaska yellow-cedar forest types. 
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Figure 7. Percentage of forested area by FIA forest type group and stand age class in 2023. 

In general, middle-aged forests (about 50 to 100 years old) sequester carbon at a faster rate than older 
forests (D’Amore and McGuire 2020).  Older forest ecosystems take up carbon more slowly than younger 
forests. However, longer periods of carbon accumulation result in these forests having higher carbon 
stocks, especially in forest floor and downed dead wood components (Gray et al., 2016; Hoover et al., 
2012; Hoover & Smith, 2023, D’Amore and McGuire 2020).  

Uncertainty and Data Limitations of current and historical carbon data 
Because of the lack of FIA plot locations within the 19 Wilderness areas within the Tongass National 
Forest, ecosystem carbon stocks estimated from FIA measurements (Figure 1) do not provide an accurate 
estimate of total carbon on the National Forest.  

Soil carbon is influenced by many different abiotic and biotic factors. One of the major ideas in soil 
carbon change is the concept of soil carbon persistence. Previous models of soil carbon partitioned the 
stock into pools that turned over at rates defined as fast, intermediate, and slow. Many ecosystem models 
still use concepts of soil carbon stock change related to these concepts. Recent recognition of the soil 
carbon stock has demonstrated that the soil matrix is much more dynamic than previously recognized and 
there are rapid and varying changes in the soil carbon pool. However, the net change remains small 
overall making the determination of the direction of change difficult. Several models have demonstrated 
promise in improving prediction of soil carbon stock change, but these are applied to smaller areas such 
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as watershed or project areas (Weider et al. 2015). Management influence on soil carbon is hard to 
determine, though few documented changes have been identified on the Tongass. 

Estimates of soil stock change are extremely difficult due to the small change within a very large stock 
and variability in the landscape. A large number of samples and estimates of the range of variability in the 
samples is needed, but not practical under most circumstances. Models offer a method to provide 
estimates of the direction and potential magnitude of change by integrating known drivers of soil carbon 
cycles within soils. Verification is difficult, but with highly controlled pedon (soil profile) sampling and C 
measurements is possible. The current approach of survey methods using soil cores is highly suspect as a 
method for estimating stock change due to the lack of control on local soil C variability. 

Factors Influencing Potential Future Carbon Dynamics 

Forest Aging 
Future carbon uptake, storage, and stability are influenced by forest stand age dynamics. Older stands 
tend to have slower growth rates and declining net primary productivity (NPP). Landscape-wide, forest 
aging may result in some decline in rates of carbon uptake. Based on FIA estimations, given the age 
distribution across the Tongass (see Figure 7 earlier in this document), and assuming old-growth stands 
dominate the forested areas of wilderness, it is unlikely that growth rates and NPP will change without a 
future increase in natural disturbances that lead to elevated tree mortality rates.  

Although live biomass may approach peak levels and stabilize or decline in older stands, ecosystem 
carbon stocks may continue to increase as dead wood and detritus, as well as soil carbon stocks, 
accumulate (Pregitzer & Euskirchen, 2004). Stand structural heterogeneity, as individual trees die via gap 
dynamics, can increase over time, with resulting shifts of carbon among pools, and total carbon stocks. 
Past and present aging trends can inform future conditions with respect to carbon uptake, storage, and 
stability. However, the interpretations of past stand and landscape dynamics effects on carbon uptake, 
storage, and stability may be limited, because potential changes in management activities, disturbance, 
and future climate variability are likely to affect future stand age distributions and forest growth rates (S. 
C. Davis et al., 2009; Keyser & Zarnoch, 2012) as well as their variability across broader areas. 

Due to the low frequency and intensity of natural disturbances on the Tongass National Forest, the most 
substantial source of change in the carbon stock on the Tongass could be the manipulation of young-
growth stands. These stands are rapidly increasing carbon in aboveground biomass across a range of ages 
since harvest. If these stands are harvested via regeneration harvest like clearcut or shelterwood, there will 
be a decrease in the overall carbon storage of the young-growth stands. This biomass removal will be 
partially offset by use of the wood in durable harvested wood products, but the net change with be a 
reduction in the carbon pool on the Tongass.  That being said, the amount of young growth on the forest 
relative to the amount of old growth is small.  As described in the Terrestrial Ecosystem and Timber 
Resource assessments, there are approximately 5 million acres of productive old growth, approximately 
400,000 acres of generally productive young growth, and more than 4 million acres of unproductive 
forestland.   

Projections of Future Carbon Stock Changes 
Projections of Future Carbon Stock Changes are presented in Table 4 and Figures 8–10, from the 
LandCarbon model.   

These projections of carbon suggest the Forest will remain a carbon sink through the end of the century, 
although some areas/ecosystems are projected to lose carbon.  
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Total vegetation and soil carbon over time and net ecosystem carbon balance from the 2016 LandCarbon 
analysis (Zhu and McGuire 2016) are shown in Table 4.  The 2016 LandCarbon analysis was at the scale 
of the whole state (Zhu and McGuire 2016); data and results here are limited to a general, buffered area 
surrounding and including the Tongass, as provided by Helene Genet at University of Alaska Fairbanks.  
Of particular note are the three landcover types that compose the large majority of the vegetated portions 
of the Tongass: maritime upland forest, maritime fen, and maritime lowland forest.  These three landcover 
types all show a positive net ecosystem carbon balance. 

Table 4. Distribution of historical and future carbon stocks (in gC/m2) by land cover type, as well as the net ecosystem 
carbon balance (NECB, in gC/m2/yr). Historical and future carbon stocks are averages across the [2000-2009] and [2090-
2099] time periods respectively. NECB is computed from stock changes, representing the [2005-2095] time period. Results 
shown here are for a general buffered area surrounding and including the Tongass. Spatial standard deviations (s.d.) are 
indicated in parentheses. The three landcover types that compose the large majority of the vegetated portions of the 
Tongass are italicized and at the top – Maritime Upland Forest, Maritime Fen, and Maritime Lowland Forest.  

Landcover 
Area 
km2 

Total vegetation C 
[2000-2009] 

gC/m2 

Total soil C 
[2000-2009] 

gC/m2 

Total vegetation C 
[2090-2099] 

gC/m2 

Total soil C 
[2090-2099] 

gC/m2 

NECB  
[2005-2095] 

gC/m2/yr 

Maritime 
Upland 
Forest 31,095 

30,070  
(s.d. 8,269) 

24,132 
(s.d. 3,778) 

34,863  
(s.d. 7,945) 

23,175  
(s.d. 2,749) 43 (s.d. 34) 

Maritime 
Fen 22,583 

3,648  
(s.d. 7,316) 

75,858  
(s.d. 16,692) 

5,050  
(s.d. 8,628) 

82,920  
(s.d. 17,732) 94 (s.d. 53) 

Maritime 
Lowland 
Forest 4,597 

15,228  
(s.d. 8,043) 

31,739  
(s.d. 13,620) 

19,728  
(s.d. 9,046) 

32,628  
(s.d. 14,066) 61 (s.d. 65) 

Shrub 
Tundra 2,647 

2,138  
(s.d. 1,461) 

95,143  
(s.d. 47,876) 

2,745  
(s.d. 2,193) 

97,359  
(s.d. 47,282) 31 (s.d. 222) 

Alpine 
Alder 

Shrubland 381 
1,543  
(s.d. 4,000) 

29,865  
(s.d. 11,409) 

1,967  
(s.d. 4,595) 

30,113  
(s.d. 3,660) 7 (s.d. 93) 

Deciduous 
Forest 10,302 

6,307 
(s.d. 2,335) 

47,532  
(s.d. 33,615) 

6,542  
(s.d. 3,632) 

48,237  
(s.d. 33,514) 10 (s.d. 116) 

Heath 
Tundra 11,350 

446  
(s.d. 2,035) 

53,812  
(s.d. 15,595) 

504  
(s.d. 2,326) 

47,565  
(s.d. 9,839) -69 (s.d. 95) 

White 
Spruce 
Forest 6,429 

3,725  
(s.d. 1,831) 

40,667  
(s.d. 47,383) 

4,014  
(s.d. 2,128) 

44,659  
(s.d. 48,841) 47 (s.d. 141) 

Wetsedge 
Tundra 234 

981 
(s.d. 380) 

120,259  
(s.d. 21,276) 

1,267  
(s.d. 675) 

112,776  
(s.d. 18,165) -80 (s.d. 175) 

Black 
Spruce 
Forest 3,583 

1,877  
(s.d. 645) 

57,062  
(s.d. 54,129) 

2,072  
(s.d. 1,080) 

57,939  
(s.d. 51,364) 11 (s.d. 139) 

Tussock 
Tundra 3,994 

233  
(s.d. 112) 

53,693  
(s.d. 9,602) 

322  
(s.d. 188) 

52,466  
(s.d. 8,177) -13 (s.d. 28) 
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Figure 8.  Mean aboveground biomass in gC/m2 for the period [2090-2099], averaged across the six climate scenarios 
combining three AR3 emission scenarios (B1, A1b, A2) and two global circulation models (CCCMA, and ECHAM5). 
Aboveground biomass was estimated from total vegetation applying a 80 percent ratio. (Data for the region provided by 
H. Genet, University of Alaska Fairbanks, from Zhu and McGuire 2016). 
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Figure 9. Mean soil organic carbon in gC/m2 for the period [2090-2099], averaged across the six climate scenarios 
combining three AR3 emission scenarios (B1, A1b, A2) and two global circulation models (CCCMA, and ECHAM5). (Data for 
the region provided by H. Genet, University of Alaska Fairbanks, from Zhu and McGuire 2016) 
 

 
 
Figure 10.  Net ecosystem carbon balance (NECB) in gC/m2/yr for the period [2005-2095], averaged across the six climate 
scenarios combining three AR3 emission scenarios (B1, A1b, A2) and two global circulation models (CCCMA, and 
ECHAM5). Blue shades represent ecosystem carbon sinks. Red shades represent ecosystem carbon sources. (Data for the 
region provided by H. Genet, University of Alaska Fairbanks, from Zhu and McGuire 2016) 
 

Changing Temperatures and Environmental Effects on Potential Future 
Carbon Dynamics 
The relationship between carbon sequestration and changes in climate was recognized as an important 
thing to consider, according to the feedback heard at the Community Workshops (during the Assessment 
engagement).  Temperature is a key driver of physiological processes and productivity.  As such, 
predicted increases in temperature may affect carbon stocks in a few different ways.  First, it may lead to 
longer growing seasons and increased growth rates, yielding higher aboveground vegetation carbon 
stocks.  For instance, increases in temperatures are resulting in alpine areas accumulating a smaller 
snowpack and experiencing a longer growing season. With warmer temperatures at higher elevations 
plants can colonize these areas that were historically not suitable. 

On the contrary, increased temperatures may lead to higher decomposition, yielding lower carbon stocks.  
Temperature is a major control for organic matter decomposition and the increase in temperature that has 
already occurred on the Tongass and will continue to rise is well documented (Fellman et al. 2017, 
Halofsky et al. 2024).  Thus, higher temperatures may increase the loss of carbon through decomposition 
of the recent litterfall (Fellman et al. 2017) and woody debris. Whether the net change is an increase or 
decrease in carbon storage will depend on which of those factors outweighs the other – changes in tree 
and other vegetation growth vs changes in decomposition.   
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In addition, changes in climate will affect carbon storage given its impacts on disturbances.  For instance, 
there may be decreased carbon sequestration rates in heavily affected western hemlock stands due to 
projected increases in the incidence and severity of hemlock dwarf mistletoe (Halofsky et al. 2024).  If 
increases in atmospheric rivers occur (see Drivers, Stressors, and Climate Change Assessment), there may 
be increased carbon loss from erosion and landslides.  

In general, there is a lot of uncertainty regarding how a changing climate may affect future carbon stocks 
and dynamics. 

Key Takeaways 
• The Tongass National Forest has very high total carbon stocks and carbon density, with total 

ecosystem carbon estimated at 2.7 – 2.8 Pg C or higher.  (1 Pg = 1 billion metric tons.)  Carbon 
density in forested portions is estimated to be 336 MgC/ha, over five times higher than the 
average carbon density on NFS lands (60.6 MgC/ha). 

• Aboveground live tree biomass and soil carbon pools contribute the majority of stored carbon; 
estimates vary across sources due to limitations in data.  

• The low frequency of disturbance on the Tongass has not significantly impacted overall carbon 
stocks historically. Harvest is the dominant disturbance, with minimal impacts to carbon density.   

• The Tongass is currently a carbon sink. Modeled projections of carbon suggest the Forest will 
remain a carbon sink through the end of the century, although some areas are projected to lose 
carbon. 

• Carbon uptake and storage in the Tongass National Forest may be vulnerable to numerous threats 
related to climate change and its interactions with forest patterns and processes.  The Tongass 
National Forest will consider carbon and carbon stewardship as part of its holistic approach to 
land management.    
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Glossary 

Adaptation - Adjustment in natural or human systems to a new or changing environment. Adaptation 
includes, but is not limited to, maintaining primary productivity and basic ecological functions such as 
energy flow; nutrient cycling and retention; soil development and retention; predation and herbivory; and 
natural disturbances. Adaptation occurs primarily by organisms altering their interactions with the 
physical environment and other organisms.  

Biogenic carbon – carbon which cycles through living organisms, such as soil carbon, carbon stored in 
trees, or other plant parts. 

Biomass - The mass of living organic matter (plant and animal) in an ecosystem. Biomass also refers to 
organic matter (living and dead) available on a renewable basis for use as a fuel; biomass includes trees 
and plants (both terrestrial and aquatic), agricultural crops and wastes, wood and wood wastes, forest and 
mill residues, animal wastes, livestock operation residues, and some municipal and industrial wastes.  

Carbon carrying capacity – the amount of carbon that can be stored in a system as a function of 
prevailing climatic conditions and natural disturbance regimes, and a potential foundation for carbon 
management plans. 

Carbon flux  -The transfer of carbon from one carbon pool to another. 

Carbon pool - Different types of biomass found within forests. The amount of carbon stored in pools 
changes over time and in response to various factors. Any natural region or zone, or any artificial holding 
area, containing an accumulation of carbon or carbon-bearing compounds or having the potential to 
accumulate such substances. Pools can be defined in several ways, but generally include the following: 
live aboveground biomass (trees, shrubs, herbs, grasses), live belowground biomass (roots), dead wood 
(standing dead trees, stumps, logs), forest floor (leaves, small branches), and soil (mineral soil, decaying 
organic matter). 

Carbon sequestration - The process of plants using sunlight to capture CO2 from the air and convert it 
into plant biomass, including wood, leaves, and roots. The process of increasing the carbon content of a 
carbon reservoir other than the atmosphere; often used narrowly to refer to increasing the carbon content 
of carbon pools in the biosphere and distinguished from physical or chemical collection of carbon 
followed by injection into geologic reservoirs, which is generally referred to as “carbon storage.” 

Carbon sink - In general, any process, activity, or mechanism that removes a greenhouse gas or a 
precursor of a greenhouse gas or aerosol from the atmosphere; in this report, a sink is any regime or pool 
in which the amount of carbon is increasing (i.e., is being accumulated or stored). 

Carbon source - In general, any process, activity, or mechanism that releases a greenhouse gas or a 
precursor of a greenhouse gas or aerosol into the atmosphere; in this report, a source is any regime or pool 
in which the amount of carbon is decreasing (i.e., is being released or emitted). 

Carbon stock - The amount or quantity of carbon contained in the inventory of a pool or reservoir. 

Carbon storage - The amount of carbon retained long-term within the forest, stored in “carbon pools.” 

Climate change adaptation – see “Adaptation” 

Climate change mitigation – see “Mitigation” 
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Greenhouse gases - Gases that absorb heat in the atmosphere near the Earth’s surface, preventing it from 
escaping into space. If the atmospheric concentrations of these gases rise, the average temperature of the 
lower atmosphere will gradually increase, a phenomenon known as the greenhouse effect. Greenhouse 
gases include, for example, carbon dioxide, water vapor, and methane. 

Mitigation - In the context of climate change, actions that reduce the amount of heat-trapping greenhouse 
gases, such as CO2, in the atmosphere to minimize changes in the Earth’s climate. Actions can include 
avoiding or reducing emissions of greenhouse gases into the atmosphere, as well as removing greenhouse 
gases that are already present in the atmosphere. 

Net Ecosystem Carbon Balance-This is the complete ecosystem balance of inputs and outputs 
representing the true net sink or source in the ecosystem. This estimate includes aboveground and 
belowground plant production, soil respiration, and lateral losses of carbon (see Chapin et al. 2006). 

Resilience - The ability of an ecosystem and its component parts to absorb, or recover from the effects of 
disturbances through preservation, restoration, or improvement of its essential structures and functions 
and redundancy of ecological patterns across the landscape. 
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