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3.2.1.3 Climate Change and Forest Carbon 
Climate change is a particularly complex challenge given its global nature and inherent interrelationships 
among its sources, causes, mechanisms of action, and impacts. The effects of climate change observed 
to date and projected to occur in the future include changes in temperature, precipitation, and 
disturbance patterns that drive and stress ecosystems and the benefits they provide, including degraded 
air quality, water resources, wildlife, carbon storage, and the quality of recreational experiences. In the 
context of global atmospheric carbon dioxide, even the maximum potential forest management levels 
described by the plan alternatives would have a negligible effect on global emissions and climate. 
This analysis considers the following: 

• The potential impacts of climate change on the Nez Perce-Clearwater as indicated by 
consideration of changes in climate, such as temperature and precipitation patterns, and the 
effects of climate change impacts on ecological, social, and economic resources; and 

• The potential effects of management actions on climate change as indicated by consideration of 
changes in carbon sequestration and storage arising from natural and management driven 
processes. 

Climate Change 
Climate change impacts to the environment are interwoven with the social, political, and economic 
fluctuations occurring at local, national, and world scales. Climate is described by the long-term 
characteristics of precipitation, temperature, wind, snowfall, and other measures of weather that occur 
over a long period in a particular place (Halofsky et al., 2018a, 2018b) and is a primary driver of the 
ecosystem. 
Understanding and responding to climate change will play a critical role in the future of land 
management and the ability of the Nez Perce-Clearwater to continue to provide a range of values and 
benefits. The current 1987 Forest Plans do not address climate change. 

Information Sources 
An ever-increasing body of knowledge exists regarding climate and climate change. This climate change 
summary is based in large part upon the work of the Northern Rockies Adaptation Partnership, which is 
a “science-management” collaboration with the goals of 1) assessing vulnerability of natural resources 
and ecosystem services to climate change and 2) developing science-based adaptation strategies that 
can be used by national forests to understand and mitigate the negative effects of climate change. The 
Northern Rockies region includes the U.S. Forest Service Northern Region 1 and the adjacent Greater 
Yellowstone area, spanning northern Idaho, Montana, northwest Wyoming, North Dakota, and South 
Dakota. Five subregions are identified and assessed; the Nez Perce-Clearwater is in the Western Rockies 
subregion. 
Global climate models are the principal source of future climate projections and are effective at 
simulating global climate characteristics; however, because the spatial patterns of regional climate are 
far more heterogeneous than suggested by global climate model outputs, specific downscaling 
techniques are utilized to provide inputs for regional and sub-regional analyses (Daniels et al., 2012). 
The Northern Rockies Adaptation Partnership compiled downscaled climate information to a sub-
regional level, which is a scale that is meaningful for the Nez Perce-Clearwater and its surrounding 
landscapes. 
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The Coupled Model Intercomparison Project began in 1995 to coordinate a common set of experiments 
for evaluating changes to past and future global climate; this approach allows for comparison of results 
from different global climate models around the world (Halofsky et al., 2018a, 2018b). Version 3 
simulations were forced with emissions scenarios from the Special Report on Emissions Scenarios, which 
represent futures with different combinations of global population growth and policies. Conversely, 
Version 5 simulations are driven by “representative concentration pathways,” which do not define 
emissions but rather concentrations of greenhouse gases and other agents that influence the climate, 
and do not assume any particularly climate policy actions (Halofsky et al., 2018a, 2018b). The Northern 
Rockies Adaptation Partnership considered Coupled Model Intercomparison Project Version 5 climate 
scenarios, but also utilized the best available information from multiple literature sources, some of 
which are based upon Version 3 modeling results. 
Climate projections embody a number of uncertainties, including the uncertainty of future emissions 
driven by socioeconomic processes and unpredictable policy choices, variability internal to a given global 
climate model’s simulation of weather and climate, variability related to parameterization and other 
model characteristics, and uncertainty or error in observed climate data used in downscaling global 
climate model output (Daniels et al., 2012). 

Current Climate and Recent Historical Trend 
The climate of the Northern Region fluctuates between cool and warm periods and is affected by 
multiple factors. The influences of sea surface temperature and atmospheric pressure are thought to 
directly influence drought in the western United States (Kitzberger, Brown, Heyerdahl, Swetnam, & 
Veblen, 2007). Multiple indices exist to measure sea surface temperatures, including the Pacific Decadal 
Oscillation, which tracks variations in the northern Pacific that tend to cycle every twenty years (Zhang, 
Wallace, & Battisti, 1997). Correlations between these variations and ecological disturbances such as 
wildfire have been shown. Also, in the northern Rocky Mountains the majority of the variability in peak 
and total annual snowpack and streamflow is explained by season-dependent interannual-to-
interdecadal changes in atmospheric circulation associated with Pacific sea temperatures (Pederson, 
Graumlich, Fagre, Kipfer, & Muhlfeld, 2010). 
Recent climate cycles can be demonstrated by variations in the Pacific Decadal Oscillation. The early 
1900s were a relatively normalized period where warm and cool years were relatively equally 
represented and fluctuations fairly low. The following period until the 1940s was dominated by warm 
conditions, while the period from about 1950 to 1980 was dominated by cool conditions. During this 
cool period, ecological disturbances such as wildfire affected a relatively small area, although this was 
also influenced by human actions such as fire suppression and livestock grazing. Since the 1980s, the 
Northern Region and the Nez Perce-Clearwater have experienced a warm Pacific Decadal Oscillation 
cycle, along with increased extent and frequency of disturbances including wildfire and insect outbreaks. 
The Nez Perce-Clearwater lies at the boundary between the warm, wet maritime airflows from the 
Pacific Ocean and the cooler, drier airflows from Canada. Summers are typically hot and dry, and winters 
are relatively cold. Precipitation varies seasonally, with little occurring during the summer months. 
Average annual precipitation for the period from 1948 to 2005 (NRCS data accessed August 2019) 
ranged from 25 inches in low elevation valleys to 60 to 80 inches at the upper elevations. The majority 
of precipitation falls as snow between October and April. 
Other climate data demonstrates trends for temperature and precipitation over the recent historical 
period. In the Western Rockies subregion, the Northern Rockies Adaptation Partnership found that from 
1895 to 2012 the annual mean monthly minimum temperature increased by about 3.0 degrees 
Fahrenheit, while the annual mean monthly maximum temperature increased by about 0.6 degrees 
Fahrenheit. During the same period, the annual mean monthly precipitation increased slightly by an 
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average of about 0.1 inch per month (Halofsky et al., 2018a, 2018b). Current climate conditions in this 
subregion include an annual mean monthly maximum temperature of approximately 53 degrees 
Fahrenheit; an annual mean monthly minimum temperature between 27 and 33 degrees Fahrenheit; 
and an annual precipitation between 35 and 40 inches (Halofsky et al., 2018a, 2018b). 

Future Climate and Expected Impacts 
Future climate has the potential to influence all resources. Natural variation in climate will continue, 
coupled with the effects of anthropogenic influences. Different climate models project differing rates of 
change in temperature and precipitation because they operate at different scales, have different climate 
sensitivities, and incorporate feedbacks differently. However, the climate models are unanimous in 
projecting increasing average annual temperatures over the coming decades. The authors of the 
Northern Rockies Adaptation Partnership (NRAP) found that [emphasis added]: 

Global climate models project that the Earth’s current warming trend will continue throughout the 
21st century in the Northern Rockies. Compared to observed historical temperature, average 
warming across the five NRAP subregions is projected to be about 4 to 5 °F by 2050, depending on 
greenhouse gas emissions. Precipitation may increase slightly in the winter, although the magnitude 
is uncertain. Climatic extremes are difficult to project, but they will probably be more common, 
driving biophysical changes in terrestrial and aquatic ecosystems. Droughts of increasing frequency 
and magnitude are expected in the future, promoting an increase in wildfire, insect outbreaks, and 
non-native species. These periodic disturbances, will rapidly alter productivity and structure of 
vegetation, potentially altering the distribution and abundance of dominant plant species and 
animal habitat. (Halofsky et al., 2018a, 2018b) 

Historic and projected climate in the Western Rockies, which includes the Nez Perce Clearwater, are 
summarized below (Halofsky et al., 2018a, 2018b). 

• Changes in climate affecting mountain snowpack will have important hydrologic implications. 
Most of the streams in the Western Rockies subregion depend on snowmelt for runoff and 
snowpack changes strongly dictate streamflow responses. 

• Over the historical period of record from 1895 to 2012, the annual mean monthly minimum 
temperature increased by about 3.0 degrees Fahrenheit, and the annual mean monthly 
maximum temperature increased by about 0.6 degrees Fahrenheit. 

• During the same period, annual mean monthly precipitation increased slightly by an average of 
about 0.1 inch per month. 

• Temperature is projected to increase five to ten degrees Fahrenheit by 2100, including increases 
in both the annual mean monthly minimum and annual mean monthly maximum. 

• Mean monthly maximum and minimum temperatures are projected to increase for all seasons. 
The mean monthly spring and fall minimum temperature and the mean monthly winter 
maximum temperature may rise above freezing. 

• Seasonal precipitation is projected to be slightly higher in winter and spring and slightly lower in 
summer than during the historical period of record. 
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Some key relationships include the following from Halofsky et al (2018a, 2018b) and other sources as 
noted. More information is provided in resource reports as appropriate. 

• Decreasing snowpack and declining summer flows will alter timing and availability of water 
supply. 

• Declining summer low flows will affect water availability during late summer. 
• Decreased snowpack, in combination with higher air temperature and increased wildfire, will 

increase stream temperatures and reduce the vigor of cold-water fish species. 
• Declining summer water flows may result in some communities experiencing summer water 

shortages. Water quality will decrease in some locations if wildfires and floods increase. 
• Increasing air temperature will influence soil moisture and will cause gradual changes in the 

abundance and distribution of tree, shrub, and grass species, with more drought tolerant 
species becoming more competitive. The earliest changes will be at ecotones. 

• Natural disturbance will be the primary facilitator of vegetation change, and future forest 
landscapes may be dominated by younger age classes and smaller trees. 

• High-elevation forests will be especially vulnerable if disturbance frequency increases 
significantly. 

• As wildfires and insect outbreaks become more common, the supply of timber and other forest 
products could become less reliable. 

• A longer growing season will increase productivity of rangeland types and, thus, available forage 
for livestock, especially those dominated by grasses. 

• In montane grasslands, wildfire may kill Douglas-fir and other species that have recently 
established through fire exclusion. 

• High-elevation, snowy environments provide habitat for predators, such as the Canada lynx, 
fisher, and wolverine. Predator prey of snowshoe hare is expected to deteriorate as snowpack 
decreases. 

• Animal species that are highly dependent on a narrow range of habitat, such as the pygmy 
rabbit, Brewer’s sparrow, and greater sage-grouse, will be vulnerable if habitat decreases from 
increased disturbance. 

• Animal species that are mobile or respond well to disturbance and habitat patchiness, such as 
deer and elk, will be resilient to a warmer climate. 

• Some amphibian species may be affected by pathogens that are favored by a warmer climate. 
• A warmer climate will generally improve opportunities for warm-weather recreation, such as 

hiking, camping, and sightseeing, because it will create a longer time during which these 
activities are possible. 

• A warmer climate will reduce opportunities for snow-based winter activities, such as downhill 
skiing, cross-country skiing, and snowmobiling, because snowpack is expected to decline. 

• Recreationists may seek more water-based activities to seek refuge from hotter summer 
weather. 

• Viewsheds and air quality will be negatively affected by more wildfires and longer pollen 
seasons. 

• Regulation of soil erosion will be decreased by agricultural expansion, spread of non-native 
plants, and increased frequency of wildfire and floods. 
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• Carbon sequestration will be increasingly difficult if disturbances increase as expected. 
• Climate-induced changes in habitats will affect abundance of culturally-valued plants and 

animals. 
• Studies by Westerling (2016) and Morgan et al (2008) identify the mid-elevational areas located 

between 5,000 to 7,500 feet in the Northern Rockies as having the greatest risk of climate-
induced fire increases in the region and have also found that the timing of spring snow-melt can 
drive the intensity of fires. 

• Hotter and drier weather and earlier snowmelt mean that western wildfires start earlier in the 
spring, last later into the fall, and burn more acreage (Melillo, Richmond, & Yohe, 2014). 

• Changes in the timing of streamflow related to changing snowmelt are already observed and will 
continue, reducing the supply of water for many competing demands and causing far-reaching 
ecological and socioeconomic consequences (Mote et al., 2014). 

• The combined impacts of increasing wildfire, insect outbreaks, and tree diseases are already 
causing widespread tree die-off and are virtually certain to cause additional forest mortality by 
the 2040s and long-term transformation of forest landscapes. Under higher emissions scenarios, 
extensive conversion of subalpine forests to other forest types is projected by the 2080s (Mote 
et al., 2014). 

• Changing climate is likely to increase the risks of and extent of invasive species. Controlling 
weeds costs the United States more than 11 billion dollars per year, with most of that spent on 
herbicides (Hatfield et al., 2014). Both herbicide use and costs are expected to increase as 
temperatures and carbon dioxide levels rise (Hatfield et al., 2014). 

Forest Plan Components that Address Climate Change 
Although not specifically mentioned, most of the natural resource desired conditions were developed to 
facilitate natural ecological processes and create healthy ecosystems, which are more resilient and better 
adapted to changing climate. The following plan components explicitly address climate change and 
promote resilience and adaption to the effects of climate change: 

• FW-DC-TE-01. Vegetation management supports vegetation composition and structural diversity 
as described across broad potential vegetation type groups in the face of changing conditions. 

• FW-DC-TE-03. Peatlands, including fens and bogs, have the necessary soil, hydrologic, water 
chemistry, and vegetative conditions to provide for continued development and resilience to 
changes in climate and other stressors. Peatlands support unique plant and animal species. 

• Forestlands Desired Conditions - The forestlands desired conditions were developed to promote 
and increase the resiliency of forest landscapes and incorporate adaptation to changing climates. 

• FW-DC-FIRE-01. Restore and maintain landscapes: Landscapes across the Nez Perce-Clearwater 
are resilient to fire-related disturbances in accordance with management objectives. Natural 
fuel conditions emulate the structure, species mix, spatial pattern, extent and resiliency of the 
historic fire regime of the area. Wildland fires burn with a range of intensity, severity, and 
frequency that allows ecosystems to function in a healthy and sustainable manner and meet 
desired conditions for other resources. 

• FW-DC-SOIL-01. Soil productivity and function contributes to the long-term resilience of 
ecosystems. 
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• FW-DC-WTR-01. National Forest System lands provide distribution, diversity, and complexity of 
watershed and landscape-scale features including natural disturbance regimes and aquatic and 
riparian ecosystems to which species, populations, and communities are uniquely adapted. 
Watersheds and associated aquatic ecosystems retain their inherent resilience to respond and 
adjust to disturbances, including climate change, without long-term, adverse changes to their 
physical or biological integrity. 

• FW-DC-WL-02. Ecological conditions across the Nez Perce-Clearwater area provide for, or 
contribute to, the persistence of populations of species of conservation concern over the long 
term, with sufficient distribution to be resilient and adaptable to stressors and likely future 
environments. 

The strategies for the forest plan integrate the management approaches of promoting resilience to 
change, creating resistance to change, and enabling forests to respond to change (Millar, Stephenson, & 
Stephens, 2007). The Northern Rockies Adaptation Partnership publication by Halofsky et al (2018a, 
2018b) is the main source of information on possible strategies and approaches. Appendix G provides 
further information on climate change adaptation strategies and identifies plan components that 
support them. 

Forest Carbon 
Forests are dynamic systems that naturally undergo ebbs and flows in carbon storage and emissions as 
trees establish and grow, die with age or disturbances, and re-establish and regrow. Through 
photosynthesis, growing plants remove carbon dioxide from the atmosphere and store it in forest 
biomass, such as in plant stems, branches, foliage, and roots. Some of this organic material is eventually 
stored in forest soils through biotic and abiotic processes (Ryan et al., 2010). Carbon can also be 
transferred and stored outside of the forest ecosystem in the form of wood products, further influencing 
the amount of carbon entering the atmosphere (Gustavsson et al., 2006; Skog et al., 2014). Many 
management activities initially remove carbon from the forest ecosystem, but they can also result in 
long-term maintenance or increases in forest carbon uptake and storage by improving forest health and 
resilience to various types of stressors (McKinley et al., 2011). 

Relevant Laws, Regulations, and Policy 
There are no applicable legal or regulatory requirements or established thresholds concerning 
management of forest carbon or greenhouse gas emissions. The 2012 Planning Rule and associated 
directives require an assessment of baseline carbon stocks and a consideration of this information in 
management of the forests (USDA, 2015). The Nez Perce-Clearwater continues to develop principles and 
direction for consideration of biological carbon in land management and planning decisions. Forests play 
an active role in controlling concentration of carbon dioxide in the atmosphere. Forests store large 
amounts of carbon in their live and dead wood and soil and are an important carbon sink, removing 
more carbon from the atmosphere than they are emitting (Pan, 2011). 
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Methodology 
The spatial scale of this analysis includes the forested lands of the Nez Perce-Clearwater. The Nez Perce-
Clearwater consists of approximately 4 million acres, with approximately 3.7 million acres (1,516,569 ha) 
as forested lands. The effects analysis for greenhouse gas emissions looks at the global atmosphere 
given the mix of atmospheric gases can have no bounds. The temporal scale for analyzing carbon stocks 
and emissions focuses on the expected 15-year lifespan of the plan. This report includes analysis and 
discussion beyond this expected lifespan to provide context for potential forest carbon dynamics and 
factors influencing these dynamics in the future. However, estimates of future carbon stocks and their 
trajectory over time remain unclear because of uncertainty from the multiple interacting factors that 
influence carbon dynamics. 

Analysis Methods and Assumptions 
The affected environment section summarizes the Forest Carbon Assessment for the Nez Perce-
Clearwater (Hoang et al, 2019), which is included in the Plan Record. The carbon assessment draws 
largely from two recent U.S. Forest Service reports: the Baseline Report (U.S. Department of Agriculture, 
2015) and the Disturbance Report (Birdsey et al, in press). These reports provide assessments of forest 
ecosystem and harvested wood product carbon stocks and flux and the factors that have influenced 
carbon dynamics. The Resource Planning Act assessment (U.S. Department of Agriculture, 2016) and a 
regional vulnerability assessment (Halofsky et al., 2018a, 2018b) also provide information on potential 
future carbon conditions. These reports incorporate advances in data and analytical methods and 
collectively represent the best and most relevant scientific information available for the Nez Perce-
Clearwater. 
Potential carbon effects are discussed qualitatively, with supporting estimates where possible. This is 
accomplished by drawing on the quantitative analysis of the impacts of past management activities on 
forest carbon stocks and fluxes, as well as through future-looking analysis where available (Hoang et al, 
2019). 

Measurement Indicators 
The key indicators for carbon sequestration include: 

• Carbon pools or carbon stocks, carbon uptake, and carbon dioxide emissions 

• Natural and human- caused influences on carbon stocks, uptake, and emissions 

Affected Environment 
The carbon legacy of the Nez Perce-Clearwater is tied to the history of Euro-American settlement, land 
management, and disturbances. The dominant, historical fire regime that occurred within forested 
vegetation in the Inland Empire can be characterized as a variable or mixed-severity fire regime (Brown, 
2000; Kilgore, 1981; Zack & Morgan, 1994). The Inland Empire refers to an area of the Pacific Northwest 
that includes parts of Washington, Oregon, Idaho, and Montana. The type of fire regime found within 
the Inland Empire commonly had a moderately short fire-return interval for nonlethal or mixed severity 
fires, with lethal crown fires occurring less often. Relative to the other two common fire regimes that 
are often recognized for forested vegetation—the nonlethal and stand-replacement regimes—the 
mixed-severity fire regimes are the most complex (Agee & Skinner, 2005). Individual mixed-severity fires 
typically leave a patchy pattern of mortality on the landscape, which creates highly diverse communities. 
These fires kill a large percentage of the more fire-susceptible tree species, such as hemlock, grand fir, 
subalpine fir, and lodgepole pine, and a smaller proportion of the fire-resistant species, including 
western larch, ponderosa pine, whitebark pine, and western white pine (Arno, Parsons, & Keane, 2000). 
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Carbon stock 
Forests in the Nez Perce-Clearwater have maintained a carbon sink. For the Nez Perce National Forest, 
forest carbon stocks have increased from 1990 levels of 120.69 (+/- 30.7) teragrams of carbon (Tg C) to 
147.96 (+/- 16.89) Tg C in 2013, a 22.6 percent increase in carbon stocks over this period. The Clearwater 
National Forest increased from 117.60 (+/- 24.26) teragrams of carbon (Tg C) in 1990 to 131.47 (+/- 
15.77) Tg C in 2013, a 11.8 percent increase in carbon stocks over this period. For context, 147 Tg C is 
approximately equivalent to the emissions from 104.5 million passenger vehicles in a year. The increase 
in storage indicates that the negative impacts on carbon stocks caused by disturbances and recent 
climate conditions have been modest and exceeded by forest growth (Hoang et al, 2019). 
Nez Perce-Clearwater was accumulating carbon steadily at the start of the analysis in the 1950s through 
the mid-1980s (positive slope) as a result of regrowth following disturbances and heightened 
productivity of the young- to middle-aged forests (30-60 years old). As stand establishment declined and 
more stands reached slower growth stages around the 1980s, the rate of carbon accumulation declined 
(negative slope). Forest regrowth and aging following historical disturbances caused by harvesting and 
land-use changes in the early 1900s have collectively been responsible for the majority of carbon 
accumulation since 1950 in the Nez Perce-Clearwater. However, the effects of disturbance and aging 
have declined relative to other factors in recent decades as forests have matured and non-disturbance 
factors have become more important. 

Disturbance 
Fire and disease have been the dominant disturbance type on the Nez Perce-Clearwater from 1990 to 
2011 (Table 1). Although disturbance has played an important role for ecosystem integrity during this 
period, forest carbon losses associated with disturbances have been small compared to the total 
amount of carbon stored in the Nez Perce-Clearwater, resulting in a loss of about 3.6 percent of non-soil 
carbon from 1990 to 2011 from all disturbances, including fire, disease, insect, and harvest. This affected 
about 6.76 percent of the forested area, (about 100,752 ha during this period) of the Nez Perce-
Clearwater. Given that the Nez Perce-Clearwater contains about 1,489,421 ha average forested land, 
non-soil carbon losses from all disturbances have been about 378,029 Mg C per year (0.38 Tg C yr-1)  
Harvest also played a disturbance role, contributing to 0.82 percent (approximately 12,282 ha) of the 
average forested area on the Nez Perce Clearwater from 1990 to 2011, resulting in 0.37 percent of non-
soil carbon loss from harvest. Given that the Nez Perce-Clearwater contains about 1,489,421 ha average 
forested land, non-soil carbon losses from all only harvest has been about 3,746 Mg C per year (0.037 Tg 
C yr-1). (Hoang et al, 2019). Using these same calculations for fire disturbance, non-soil carbon losses 
from fire have been about 17,457 Mg C per year (0.017 Tg C yr-1). 
Table 1. Impacts of Disturbance to Carbon 

 Fire Harvest Insect Disease Combined 
Percent of disturbance 5.38 0.82 0.56 NA 6.76 
Total estimated forested area 
disturbed (ha) 80,143 12,282 8,328 NA 100,752 

Non-Soil carbon loss in 2011 
(Mg/ha) -2.47 -0.53 -0.01 -2.52 -5.33 

% Non-soil carbon loss in 2011 0.00 0.37 1.71 1.74 3.62 
*Based on average forested area of 1,489,421 ha 
Recent warmer temperatures and precipitation variability may have stressed forests, causing climate to 
have a negative impact on carbon accumulation since the 1990s. Conversely, increased atmospheric 
carbon dioxide and nitrogen deposition have potentially enhanced growth rates and helped to 
counteract ecosystem carbon losses from disturbance, aging, and climate. 
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Environmental Consequences 
In a global atmospheric carbon dioxide context, even the maximum potential management levels 
described by the plan alternatives would have a negligible impact on national and global emissions and 
on forest carbon stocks, as described below. As in this case, when impacts on carbon emissions and 
carbon stocks are small, a quantitative analysis of carbon effects is not warranted and thus is not 
meaningful for a reasoned choice among plan alternatives (USDA Forest Service, 2009). Although 
advances in research have helped to account for and document the relationship between greenhouse 
gas and global climate change, it remains difficult to reliably simulate observed temperature changes 
and distinguish between natural or human causes at smaller than continental scales (Intergovernment 
Panel on Climate Change (IPCC), 2007). 
Even more difficult is the ability to quantify potential carbon consequences of management alternatives 
in the future due to potential variability in future conditions and the stochastic nature of disturbances. 
The result of such uncertainty is often a very low signal-to-noise ratio; small differences in carbon 
impacts among management alternatives, coupled with high uncertainty in carbon stock estimates, 
make the detection of statistically meaningful differences among alternatives highly unlikely. 

Description of potential management effects on carbon (All alternatives) 
All of the proposed management activities would initially directly reduce carbon stocks on the Nez 
Perce-Clearwater, though minimally. However, this initial effect would be mitigated or even reversed 
with time, reducing the potential for negative indirect and cumulative effects. These short-term losses 
and emissions are small relative to both the total carbon stocks on the Nez Perce-Clearwater and 
national and global emissions. Further, the proposed activities would generally maintain and improve 
forest health and supply wood for forest products, thus having positive indirect effects on carbon 
storage. The Nez Perce-Clearwater will continue to be managed to maintain forests as forests and the 
many ecosystem services and co-benefits the forests provide, including carbon uptake and storage. 
All action alternatives provide desired conditions for terrestrial ecosystems and the standards and 
guidelines that help achieve or maintain those conditions. These proposed activities will help maintain 
critical ecosystem functions into the future, in part by balancing the maintenance of carbon stocks and 
rates of carbon uptake. The following management strategies are incorporated into forest plan direction 
under all alternatives that also influence carbon uptake and storage potential: 
• Manipulate the forest to provide for new young forest conditions to support wildlife habitat. This 

can cause a decline in carbon stocks, but, compared with older stands, doing so promotes 
relatively high rates of carbon uptake over time as forests regrow (Pregitzer & Euskirchen, 2004). 

• Enhance or accelerate the development of old-growth conditions to support higher carbon stocks 
in mature forests compared with younger stands (Harmon, Ferrell, & Franklin, 1990). 

• Decrease forest densities and fuel conditions to reduce the risk of large, stand-replacing 
disturbance from insects, disease, and fire. Although this strategy initially reduces carbon stocks, it 
can lower risk for greater carbon stock losses and emissions in the future (Wiedinmyer & Hurteau, 
2010). 

• Ensure successful reforestation after harvest or mortality-inducing disturbances to ensure 
continued carbon uptake and storage (Intergovernment Panel on Climate Change, 2014). 

• Promote desired composition, structure, function, and ecological integrity pattern, which will 
support long-term carbon uptake and storage in the face of changing environmental conditions 
(Millar et al., 2007). 

• Use harvested wood for valuable and renewable products to store carbon over the long-term and 
substitute for energy-intensive materials or fuels, reducing the net carbon emissions into the 
atmosphere (Gustavsson et al., 2006; Lippke et al., 2011). 
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Direct and Indirect Effects of the No Action Alternative 
The effects of actions under the No Action Alternative would result in a similar pattern of carbon storage 
and flux, as described in the Affected Environment section above, because it represents a continuation 
of the status quo. This direction would support the Nez Perce-Clearwater towards continued resilience 
at both the stand and landscape scales. 

Direct and Indirect Effects of All Action Alternatives 
All action alternatives include components addressing carbon storage and sequestration potential 
through maintenance or enhancement of biodiversity and function, and managing for resilient forests. 
Indirectly, all the plan direction associated with these concepts work towards achieving this desired 
condition. Table 2 enumerates the plan components that relate to carbon storage in the revised forest 
plan, and the expected effects of this direction. 
Table 2. Summary of Revised Plan Components Related to Forest Sequestration 

Plan component Expected effects 
FW-CARB-DC-01 The revised forest plan recognizes the importance of the role of the Nez Perce-Clearwater 

related to carbon storage and sequestration, establishing a desired condition that directly 
addresses carbon sequestration. This desired condition focuses on sustaining this key 
ecosystem service through maintenance or enhancement of ecosystem biodiversity and 
function and managing for resilient forests adapted to natural disturbance processes and 
changing climates. This approach to management of forests for purposes of contributing to 
climate change mitigation is supported by a number of scientific sources (Hurteau, Koch, & 
Hungate, 2008; North & Hurteau, 2011; Reinhardt & Holsinger, 2010; Ruddell, Walsh, & 
Kanakasabai, 2006; Ryan et al., 2010; Schaedel et al., 2017; Wiedinmyer & Hurteau, 2010). 

TE, FOR, FIRE Desired conditions for vegetation, and the standards and guidelines that help achieve 
them, are designed to maintain and create vegetation able to accommodate gradual 
changes related to climate and tend to return toward a prior condition after disturbance 
(i.e., resilience). Management tools available to achieve these desired conditions would 
include prescribed fire, timber harvest, planting, and thinning in young forests. 

MA2 and MA3-GDL-
FOR-01 

Sets coarse wood material requirements based on Graham et al (1994) to ensure sufficient 
levels of organic materials. Down wood material stores carbon. 

FW-GDL-SOIL-02 Sets an 85 percent target for effective ground cover (litter, fine & coarse wood material or 
vegetation), which stores carbon. 

MA3-STD-FOR-01 to 03 Sets up requirements for old growth stands and limits fragmentation of old growth stands. 

Each of the action alternatives propose varying levels of acres to be treated; thus, they are projected to 
have dissimilar effects on carbon. Alternative X represents the maximum area of the land base that 
would be impacted by vegetation management objectives and, therefore, is evaluated here as the 
maximum possible level of influence on carbon dynamics. Refer to the Terrestrial Ecosystems analysis 
for a full discussion of objectives under each action alternative. 
When comparing the action alternatives, the maximum treatment area for harvests and thinning is 
found within Alternative X, which would be approximately 5,665 ha (14,000 acres) per year, or about 0.4 
percent of total forested area on the Nez Perce-Clearwater. Based on satellite imagery, total estimated 
harvest disturbance from 1990 to 2011 was 12,282 ha (Hoang et al, 2019). This is an increase of about 
ten times the annual harvest area when compared to past harvest levels. Assuming that the annual 
carbon impact also increases up to ten times above past levels, harvest treatments under this 
alternative may result in a maximum removal of about 37,460 Mg (0.037 Tg C) of carbon per year from 
aboveground pools. 
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Alternative X also includes prescribed burning of up to 2,165 ha (5,350 acres) annually, a reduction of 
0.6 times the annual fire compared to past levels from 1990 to 2011. If maximum levels of prescribed 
burning are achieved, this would result in a potential loss of about 10,474 Mg (0.010 Tg C) of carbon 
annually, as estimated from the historical analysis. However, the historical period included wildfires 
which generally burn at higher severities and result in greater carbon losses than prescribed burns. By 
reducing hazardous fuels, additional prescribed burning described in Alternative X may indirectly reduce 
the risk of more severe wildfires and greater carbon losses in the future (Agee & Skinner, 2005; 
Wiedinmyer & Hurteau, 2010). 
Considering the maximum area treated with harvesting and prescribed fire, the amount of carbon that 
might be removed is small relative to the approximately 279.43 Tg C of carbon stored in the forest 
ecosystem of Nez Perce-Clearwater. With maximum intensification, potential management actions 
would affect up to less than 0.5 percent of the forested area and much less than 1 Tg C annually (0.0.05 
Tg annually). Alternative X will not adversely or permanently affect forest carbon storage, but would 
rather achieve a more resilient forest condition that will improve the ability of the Nez Perce-Clearwater 
to maintain carbon stocks and enhance carbon uptake. 

Effects to Resource from Other Resources 
Terrestrial vegetation 
Under all action alternatives, plan components for terrestrial vegetation would ensure that forested and 
non-forested plant communities are managed to be within their natural range of variation, therefore 
ensuring that the carbon sequestration capacity is maintained over the long term on the Nez Perce-
Clearwater. The No Action Alternative does not prescribe desired conditions based on the natural range 
of variation, but would also result in the lands of the Nez Perce-Clearwater being managed for native 
vegetation communities and, therefore, would provide a similar potential for carbon sequestration. 
Fire and fuels management 
Of all the potential disturbances on the landscape both natural and human ignitions fire incidents would 
have the greatest potential to cause short term reductions in carbon sequestration by removing 
vegetation as well as causing carbon emissions via the generation of smoke. However, fire is also a 
primary mechanism for restoring and maintaining native vegetation with conditions consistent with the 
natural range of variation, thereby contributing to carbon sequestration potential over the long term. 
Plan components for fire and fuels management would help ensure the long-term sustainability of 
vegetation communities while also allowing for flexibility in allowing fire to play its natural role on the 
landscape. These factors would generally be the same for all alternatives. 
Timber  
Plan components for timber management would allow for the short-term, localized reduction of carbon 
sequestration through the removal of living vegetation. The magnitude of this is greatest in Alternative X 
and least in Alternative Z, but the difference between alternatives is minor. However, plan components 
that guide timber management, including desired vegetation conditions, would ensure that forest 
resiliency is promoted by these activities and, therefore, timber management would contribute to the 
long-term capacity of forests to sequester carbon. 
Mining and mineral extraction 
Mining undergoes site-specific NEPA analysis to determine effects and required mitigation and effects to 
vegetation from mining is determined at the project level. The impacts to carbon stores from mineral 
extraction on the forest would be localized and insignificant at the forest-wide scale. 
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Livestock grazing 
In all alternatives, livestock grazing would occur on the Nez Perce-Clearwater. Plan components would 
ensure that grazing is managed in a manner that would maintain desirable vegetation communities and, 
therefore, would not preclude the carbon sequestration potential of rangelands under any alternative. 

Old growth 
Old growth forests provide particularly concentrated sites for carbon sequestration on the landscape. 
These forests would fluctuate in location and abundance over time based on natural disturbances and 
successional processes, regardless of alternative. Plan components under the action alternatives 
specifically call for increasing the amount, distribution, and patch size of old growth over time and, 
therefore, should increase the amount of carbon sequestered in these areas. The No Action Alternative 
also includes minimum retention of certain proportions of old growth on the landscape, but would not 
necessarily result in an increase in overall abundance of these areas relative to the existing condition. 

Aquatic habitat, riparian management zones, and watershed 
Measures to protect aquatic habitat, riparian management zones, and watersheds would generally 
result in vegetation being maintained as needed for watershed function and would result in a greater 
likelihood of vegetation cover being maintained within riparian management zones specifically. These 
measures would be greater for the action alternatives than the No Action Alternative. The retention of 
vegetation in riparian areas would provide areas of refugia, potential old growth, and seed sources to 
contribute to the larger resilience and, therefore, carbon sequestration potential of vegetation on the 
landscape over time. 

Conclusion 
Climate change is a global phenomenon, because major greenhouse gases mix well throughout the 
planet’s lower atmosphere. Estimated emissions of greenhouse gases in 2010 were 13,336 ± 1,227 
teragrams carbon globally (Intergovernment Panel on Climate Change, 2014) and 1,881 teragrams 
carbon nationally (Agency, 2015). All of the plan alternatives are projected to contribute negligibly to 
overall emissions. Furthermore, it is difficult and highly uncertain to ascertain the indirect effects of 
emission from multiple, generally small projects that make up these alternatives on global climate. 
Management actions are directed at a very small percentage of the total forest land on the Nez Perce-
Clearwater; even in the near-term, these alternatives would have minimal direct effects on carbon 
emissions and carbon stocks relative to total carbon stocks in the Nez Perce-Clearwater. Because the 
potential direct and indirect effects of alternatives would be negligible, the contribution of the plan’s 
proposed actions to cumulative effects on global atmospheric greenhouse gas concentrations and 
climate change would also be negligible. 

The proposed activities under all action alternatives generally maintain and improve forest health and 
resiliency to disturbances. Potential negative effects may be mitigated and completely reversed with 
time as the forests regrow. Over the longer term, the activities proposed in the plan are likely to 
increase carbon storage and reduce emissions by reducing disturbance risk and storing carbon in wood 
products. The management mechanisms applied in all plan alternatives are consistent with 
internationally recognized climate change adaptation and mitigation practices identified by the 
Intergovernmental Panel on Climate Change (D’Amato, Bradford, Fraver, & Palik, 2011; Intergovernment 
Panel on Climate Change (IPCC), 2000, 2007). 
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Carbon stocks on the Nez Perce-Clearwater will likely continue to increase or remain stable under all 
plan alternatives into the foreseeable future. Natural ecosystem processes, including forest growth 
(succession) and small-scale disturbances such as fire, insects, and harvest, will continue to influence 
carbon stocks and emissions, but they are not expected to significantly change current trends in carbon 
over the span of the plan. All plan alternatives would preserve existing forest lands and forests by 
improving forest conditions and retaining forest characteristics by maintaining current land use. Given 
the likely changes in land use in coming decades on adjacent land ownerships, this is a critical goal. 
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