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Chapter 1. Introduction 
The 2012 Planning Rule requires National Forest and Grasslands to conduct a carbon assessment 
prior to plan development or revision 219.6 (b) (4). The Responsible Official determines the 
scope and scale of the assessments, and identifies and evaluates existing information relevant to 
the plan area. 
This assessment relies heavily on information collected as part of the Forest Inventory and 
Analysis National Program (FIA). FIA serves as the Nation’s forest census, providing valuable 
information on public and private forests. This report uses only FIA information limited to the 
Grand Mesa, Uncompahgre, and Gunnison National Forests (GMUG). It does not include 
adjacent private lands, or other public lands.  The figures and graphs represented in this 
assessment contain uncertainty associated with the FIA.  FIA is a national sample design with 
20-30% uncertainty of forest carbon stock changes nationwide.  When this design is applied to a 
smaller scale, such as a single national forest, the uncertainty can greatly exceed 30%.  A full 
discussion of uncertainty related to measurement error, model error and temporal sensitivity is 
discussed in The Baseline Estimates of Carbon Stocks in Forests and Harvested Wood Products 
for National Forest System Units (USDA 2015) and Assessment of the Influence of Disturbance, 
Management Activities, and Environmental Factors on Carbon Stocks (USDA, 2017 Draft).  
Both reports were produced by the Office of Sustainability and Climate (OSC) of the US Forest 
Service (USFS) and further interpret FIA data for each National Forest and Region in the USFS.   
The scope of this assessment is generally limited to forest ecosystem carbon pools. It does not 
assess geologic carbon stocks sequestered in coal, oil, and natural gas. Although these are 
important aspects of the global carbon cycle, this information was not readily available for 
resources specific to the GMUG. Quantifiable data for carbon sequestered in harvested wood 
products is also beyond the scope of this assessment, although a qualitative discussion generally 
describes the role of wood products in the carbon cycle. Specific information regarding forest 
disturbance was taken from Grand Mesa, Uncompahgre, and Gunnison National Forests – 
Assessment of Ecosystem Integrity and System Drivers and Stressors for Terrestrial Ecosystems 
(GMUG Assessment, 2017), a key component to the overall assessment process to support the 
plan revision effort. 

Chapter 2. Background 
Human activities have increased concentrations of greenhouse gases (GHGs), including carbon 
dioxide and methane. Global atmospheric levels of GHGs continue to increase and exceed pre-
industrial values. These gases add to the “greenhouse effect” and cause the temperature to 
increase, and lead to changes in precipitation patterns. Forests play an important role to regulate 
global climate. Forests and other ecosystems generally act as carbon sinks because, through 
photosynthesis, growing plants remove carbon dioxide from the atmosphere and store it.  Fens 
and other wetlands are located throughout the GMUG and can store carbon for very long periods 
of time, but rely on ground water discharge from adjacent forests to maintain this important 
ecosystem function. Carbon storage, and other services of fens are compromised when 
developments or other factors that limit the amount of inflowing water.    Yearly uptake of 
carbon by forests in the conterminous United States can offset over 15 percent of our annual 
national emissions. Conversely, forest disturbances, such as fire and insects and disease, and 
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harvesting can release stored carbon.  However, when trees reestablish and stands grow and 
mature, carbon is again sequestered. (USDA, 2015) 
National Forests comprise 22 percent of the total forested land in the United States and 24 
percent of the total carbon stored, excluding interior Alaska. The future of carbon stocks on the 
national forests, such as the GMUG, will be influenced by climate and disturbances, such as 
wildfire, insects, and extreme weather across the U.S. (USDA, 2015) 

Chapter 3. Forest Carbon on the Grand Mesa, 
Uncompahgre, and Gunnison National Forests 
Figure 1 displays total forest ecosystem carbon for each National Forest and Grassland in the 
Rocky Mountain Region (Region). The GMUG contains the most sequestered carbon of any 
National Forest, which is expected because it is the largest unit in the Region. Total forest 
ecosystem carbon on the GMUG is approximately 130 teragrams (Tg), or 143,300,000 short 
tons, equivalent to 525,000,000 tons of carbon dioxide. When comparing carbon to carbon 
dioxide a conversion factor of 3.67 must be applied to account for the two oxygen atoms in 
carbon dioxide.  Essentially, a single molecule of carbon dioxide is 3.67 times heavier than a 
single atom of carbon.   

 
Figure 1. Total forest carbon in the Rocky Mountain Region 

Some common equivalencies of this carbon total include the emissions associated with 1) 
49,000,000 residential homes for one year; 2,486,000 railcars worth of coal burned; or 
52,000,000,000 gallons of gasoline burned. Greenhouse gas equivalencies were generated using 
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the EPA Greenhouse Gas Equivalency Calculator. Small rounding errors may exist from 
converting short to metric tons. 
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Forest Carbon Pools on the Grand Mesa, Uncompahgre, and 
Gunnison National Forests 
Total forest ecosystem carbon includes accounting for seven separate carbon pools: above-
ground live tree, below-ground live tree (roots, mainly), understory, standing dead trees, down 
dead wood, forest floor, and soil organic carbon (Table 1). Soil carbon is an important carbon 
sink. Soil organic carbon includes all organic material in soil to a depth of 1 meter, but does not 
include roots captured in the below-ground category.  These estimates are based on the National 
State Soil Geographic spatial database.  Figure 2 displays these seven forest carbon pools. 
Carbon is not static on the landscape; it is not retained indefinitely in a particular pool. Rather, 
carbon moves from pool to pool as plants grow, die, decompose, and reestablish. 

 
Figure 2. Forest carbon pools 

The GMUG has recently experienced a slight downward trend in carbon stored in live trees, 
while experiencing an upward trend in dead trees, likely due to corresponding aspen and spruce 
mortality. 

Table 1. Major forest carbon pools on the GMUG National Forests in Metric Tons of 
Carbon 

Year 
Live Trees, Above  
and Below Ground 

(Tons of C) 

Standing Dead, Above  
and Below Ground 

(Tons of C) 

Soil Organic 
(Tons of C) 

2008 57,276,824 4,201,809 35,912,640 
2009 57,538,610 4,867,123 36,593,800 
2010 57,453,657 5,088,287 36,830,713 
2011 57,990,167 4,984,062 37,089,195 
2012 57,333,414 5,106,883 36,924,822 
2013 57,245,417 5,453,870 36,970,771 
2014 57,199,323 5,889,619 37,123,002 
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Year 
Live Trees, Above  
and Below Ground 

(Tons of C) 

Standing Dead, Above  
and Below Ground 

(Tons of C) 

Soil Organic 
(Tons of C) 

2015 57,000,983 6,290,223 36,935,393 
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Forest Disturbance and Ecosystem Carbon 
Disturbances, such as harvesting, insects and disease, and fire play an important role in the forest 
carbon cycle. Figure 3 displays trends in disturbance on forestland for the GMUG during 1991–
2011. Disturbance levels from harvesting activities is fairly consistent from year-to-year, but fire 
and insects tend to fluctuate. While timber harvesting does play a role in disturbance and the 
carbon cycle, it is a very small percentage of changes in the overall carbon cycle of the GMUG. 

 
Figure 3. Major forest disturbances on the GMUG National Forests 

Insect disturbance has become significantly more important since 2005, particularly with the 
recent beetle infestations. Large beetle outbreaks have occurred on several forests in Colorado 
and Wyoming, including the GMUG. The spruce bark beetle infests all species of spruce, but 
principally found in Engelmann spruce on the GMUG. It has also caused mortality in lodgepole 
pine. The spruce beetle may persist for decades to centuries in spruce stands as a rarely 
encountered, endemic insect. Under the right conditions, they have extensive outbreaks over 
large areas. In 2016, the GMUG had 91,000 acres of active spruce beetle activity. Cumulative 
acres affected by spruce beetle (1996-2016) total 328,000 acres, with the majority of that in the 
Gunnison Basin. (GMUG Assessment, 2017) 
In addition to these insect outbreaks, aspen stands are deteriorating from the impacts of sudden 
aspen decline (SAD) on 237,000 acres of aspen on the GMUG. Sudden aspen decline is a rapid, 
landscape-scale deterioration initiated by drought and warm temperatures. On the GMUG, SAD 
commenced with a severe drought in 2002, and increased through 2010 (Worrall et al. 2008, 
2010). While SAD is no longer spreading on the GMUG, SAD-impacted aspen stands show 
significantly lower density of live overstory trees and decreased amounts of successful suckering 
as compared to healthy aspen stands on the GMUG (Worrall et al 2015). Severely impacted 
stands may convert to another cover type over time if these low levels of regeneration persist. 
(GMUG Assessment, 2017) 
  



Grand Mesa, Uncompahgre, and Gunnison National Forests 
REVISED DRAFT Forest Plan Assessments: Carbon 

7 

Wood Products and Carbon Sequestration 
Carbon sequestered in harvested wood products may be a consideration for timber management 
and production from the GMUG. Forest restoration and other treatments that generate long-lived 
wood products, such as lumber, transfer ecosystem carbon to harvested wood products.  
However, total carbon accounting from vegetation treatments is a complex issue that often 
considers factors such as fossil fuel used to harvest and transport material, as well as the energy 
consumed to convert harvested wood products into final products. When carbon remains stored 
in lumber and wood products, it does not contribute to GHG emissions.  However, when those 
products decay, burn, or otherwise deteriorate, carbon would be released in the form of CO2 
emissions. When wood products end up in landfills, carbon continues to be stored for many years 
since decay is dramatically slowed.  Substitution of wood for more fossil fuel-intensive building 
materials, such as concrete, steel, or plastic, has a carbon sequestration benefit over these other 
materials. Forest vegetation treatments also generate excess material (woody biomass) that may 
be substituted for fossil fuel sources. (USDA, 2015) 
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