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Résumé 

 

Les scientifiques ont établi une corrélation entre la gravité croissante de la saison des incendies 
aux États-Unis depuis les années 80 et les changements climatiques. À notre époque, la 
combustion de combustibles fossiles est la principale source de gaz carbonique atmosphérique.  
Les forêts en période de croissance absorbent le gaz carbonique de l’atmosphère et le stockent 
sous forme de biomasse; les forêts perturbées dégagent de la biomasse sous forme de gaz 
carbonique. 

Ces cent dernières années, les températures de surface ont augmenté en moyenne d’environ 1°F 
dans le monde, voire de 5°F dans certaines régions des États-Unis. Plusieurs facteurs ont 
contribué à cette tendance mondiale au réchauffement, notamment le déboisement, la variabilité 
naturelle du climat et l’augmentation des émissions de gaz à effet de serre. Selon les projections, 
la température moyenne devrait augmenter de 4° à 10°F aux États-Unis au cours des cent 
prochaines années. 

Les changements prévus devraient se faire à un rythme trop rapide pour que les forêts actuelles 
puissent s’adapter, ce qui entraîne un risque élevé de mortalité généralisée des arbres et une 
augmentation des contraintes auxquelles les forêts sont confrontées (insectes, maladies, pollution 
atmosphérique, etc.). Tout porte à croire que ces contraintes interdépendantes auront des 
répercussions sur les industries et les communautés qui sont tributaires de forêts productives et en 
bonne santé. 

Les aménagistes doivent se préparer à aider les paysages boisés à s’adapter aux changements 
prévus. Différentes activités forestières peuvent aider à équilibrer le bilan global du carbone en 
diminuant les émissions de gaz à effet de serre ou en augmentant le taux de piégeage du carbone: 
le boisement, en particulier la conversion de terres arables en terres forestières; le rétablissement 
de la végétation autochtone et des habitats de la faune et de la flore sauvages; la régénération 
active des terres forestières récoltées, en particulier en vue d’établir des espèces à croissance 
rapide; l’agroforesterie; la modification des pratiques d’aménagement des forêts en vue 
d’augmenter le taux de piégeage du carbone ou de diminuer les émissions générées par la 
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décomposition; les plantations de biomasse ligneuse à courte rotation; la protection des forêts 
contre la récolte de bois et contre la conversion des terres à des utilisations non forestières; 
l’exploitation à impact limité; les améliorations au niveau de la transformation du bois en vue de 
diminuer les émissions générées par les déchets ligneux et la consommation d’énergie; et la 
foresterie urbaine. 

Le secteur privé jouera un rôle de premier plan lorsqu’il s’agira de décider si les forêts 
américaines sont aménagées en tenant compte des changements climatiques et de leurs effets. Des 
méthodes axées sur les marchés et des programmes de mesures incitatives volontaires visant la 
gestion des gaz à effet de serre sont en cours d’élaboration aux États-Unis, dans l’Union 
européenne et ailleurs. 

Pour que les marchés du carbone puissent se développer, le gouvernement doit jouer un rôle dans 
leur établissement et les soutenir. Le gouvernement doit également stimuler la recherche 
fondamentale. Plusieurs activités spécifiques peuvent être mises en œuvre, notamment: évaluer 
s’il serait possible de piéger des quantités plus importantes de carbone dans les forêts et les 
produits ligneux; favoriser l’élimination et l’utilisation de la biomasse forestière excédentaire 
comme biocombustible et mettre en place des mesures incitatives visant à augmenter la superficie 
des plantations bioénergétiques; déterminer dans quelle mesure le piégeage du carbone aurait des 
répercussions sur d’autres valeurs forestières; définir le niveau d’avantages financiers nécessaire 
pour augmenter le taux de piégeage du carbone; communiquer aux propriétaires fonciers des 
informations sur les façons d’augmenter le taux de piégeage du carbone sur leurs terres; aider les 
propriétaires fonciers à prendre les mesures nécessaires pour augmenter le taux de piégeage du 
carbone, à comptabiliser les gains et à gagner des crédits d’émission; accélérer l’élaboration de 
méthodes permettant d’établir des bilans d’émission et des outils d’analyse et améliorer l’accès 
aux données; élaborer des projets-pilotes et des séances de formation; et mettre en place un 
système « d’alerte précoce » permettant de détecter les effets des changements climatiques.  

Les perspectives d’avenir sont préoccupantes, mais il y a néanmoins lieu d’être optimiste. En tant 
qu’aménagistes, nous sommes confrontés au défi suivant: comment aider les forêts à s’adapter 
aux changements climatiques et comment renforcer leurs capacités à stocker plus de carbone et à 
faire contrepoids aux sources d’émission de carbone. Malgré les incertitudes liées aux 
changements climatiques, nous sommes en mesure d’agir. Nous pouvons contrôler les forêts que 
nous aménageons afin de détecter les signes de changement climatique et nous pouvons nous 
préparer à adapter nos plans d’aménagement en conséquence. Les bénéfices de l’aménagement 
adaptatif vont au-delà des changements climatiques; nous pouvons d’ores et déjà les adopter sans 
hésitation. 

Nous pouvons également modifier un grand nombre d’activités forestières de façon à diminuer les 
émissions de gaz à effet de serre ou à augmenter le taux de piégeage du carbone. Mais la mise en 
œuvre de ces modifications à grande échelle, tout en continuant de produire des biens et services 
forestiers, représentera un défi de taille.  
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Introduction 

1. The fires of 2000 shocked the nation. Through televised broadcasts, millions of 
Americans witnessed some of the most severe fire behavior in living memory. Yet the fires were 
no anomaly; they capped a period of steadily worsening fire seasons since the great Yellowstone 
Fires of 1988, and they were followed within a few years by the largest individual fires ever 
recorded in six states. Large fire seasons have continued, particularly in Alaska, with the number 
of acres burned repeatedly exceeding the ten-year average. 

2. Scientists have now linked growing fire season severity since the 1980s to rising 
temperatures and earlier snowmelts (Westerling and others 2006). Higher temperatures are also 
blamed for unprecedented bark beetle outbreaks across the West (Nijhuis 2004; Schulte 2006). 
From Arizona and California to Alaska and British Columbia, tens of millions of acres of beetle-
killed trees threaten to fuel even worse fire seasons to come. 

3. A common thread is climate change. What is behind it? And what can we do about it as 
forest managers? 

Rising Carbon Emissions 

4. Carbon is the basis of life. It provides food, fiber, and energy, and it contributes to the 
greenhouse gases—mainly carbon dioxide and methane—that keep the planet habitable by 
trapping heat in the atmosphere. The world’s oceans and forests play a role in regulating 
greenhouse gases. Growing forests take up carbon dioxide from the atmosphere and store it as 
biomass; disturbed forests release biomass as carbon dioxide.  

5. The amount of carbon in the atmosphere has varied widely over geological time, but it has 
been fairly constant since the arrival of Homo sapiens on the planet—that is, until about 200 years 
ago. From air samples trapped in deep ice cores, we know that the concentration of carbon 
dioxide is now higher than at any time in the past 400,000 years (Petit and others 1999).  

6. In modern times, the main source of atmospheric carbon has come from burning fossil 
fuels. In the 1990s, global carbon emissions from fossil fuels were about 6.3 billion tons per year 
and from land use conversion about 2.2 billion tons per year. Total emissions were offset by an 
ocean uptake of about 2.4 billion tons of carbon per year and by an “unidentified sink” of about 
2.9 billion tons per year—probably a terrestrial uptake in the temperate and boreal zones of the 
Northern Hemisphere. For the 1990s, the global carbon budget yielded a net greenhouse gas gain 
of 3.2 billion tons of carbon per year (Houghton 2003). 

7. Greenhouse gas buildups tend to warm the earth’s surface by trapping increasing amounts 
of heat in the atmosphere. Over the last century, surface temperatures worldwide have risen on 
average by about 1 °F, with some parts of the United States warming by as much as 5 °F (IPCC 
2001; Joyce and Birdsey 2000). Several factors have contributed to the warming trend worldwide, 
including deforestation, natural climate variability, and rising emissions of greenhouse gases.  

8. Researchers have teased out biological responses to climate change by focusing on 
climate-sensitive behaviors of plants and animals, such as breeding, emergence from hibernation, 
seasonal migration, productivity, and changes in species ranges (Parmesan and Galbraith 2004; 
Parmesan and Yohe 2003). Examples in the western United States include earlier egg laying by 
Mexican jays; earlier emergence from hibernation by marmots (by nearly three weeks); northward 
expansion of the range of the sachem skipper butterfly; and the rising dominance of warmwater 
species in the intertidal community at Monterrey, CA. 

9. Researchers have also documented changes in disturbance regimes. About 4 million acres 
of forest in southeastern Alaska have had 10 to 20 percent mortality from spruce beetle since 
1969—one of the largest outbreaks on record. Moreover, the average area of boreal forest that has 
burned each year has doubled since 1970. A detailed analysis of fire records has revealed a strong 
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correlation between the length and severity of recent fire seasons and rising spring and summer 
temperatures coupled with earlier snowmelts (Westerling and others 2006).  

Future Impacts of Climate Change 

10. If such ecological shifts continue, what does the future hold? Forecasting climate change 
is fraught with peril, but researchers hedge their bets by modeling a variety of possible climate 
scenarios based on a range of reasonable assumptions. 

11. All climate models project continued warming in the United States in response to 
projected increases in greenhouse gases (NAST 2001). The average temperature in the United 
States is projected to rise from 4 to 10 °F over the next hundred years, with the greatest increases 
in the continental interior and in winter. Growing seasons will likely continue to lengthen in both 
spring and fall. Precipitation changes will vary, but rainfall events will probably increase in 
intensity nationwide. The hotter and dryer conditions predicted under some scenarios will likely 
continue to intensify wildfire activity in many parts of the United States; projected increases in 
area burned annually range from 4 to 31 percent (Bachelet and others 2003). 

12. Under these scenarios, how will ecosystems respond? The answer is far from clear. 
Researchers must take faraway trends into account, such as changes in Arctic ice. The Arctic 
climate is now rapidly warming, with much larger changes projected for the future (ACIA 2004). 
Changes in the Arctic can have a global impact: Increased glacial and river runoff can lower 
ocean salinity and alter ocean currents that bring warm water to northern latitudes. Changes in the 
Arctic can also affect migratory species that depend on seasonal habitat in the northern latitudes 
for breeding and feeding.  

13. Researchers must also model the impact of increased atmospheric carbon on plant growth 
and ecosystem dynamics. Other factors that affect forests are also changing, such as the chemical 
composition of the atmosphere: Ground-level ozone is rising, and acid deposition continues to be 
a problem. These factors interact in complex ways that are only partly understood (Aber and 
others 2001). HHHowever, there is a general consensus among scientists that (1) forest 
productivity will likely increase in the short term due to warming temperatures and higher levels 
of carbon dioxide in the atmosphere; and (2) factors that decrease forest productivity, such as 
tropospheric ozone, could prevail over time, resulting in regional changes in forest cover and the 
loss of some sensitive species.  

14. Climate change and concomitant changes in forest cover are nothing new (Shugart and 
others 2003). Since the Pleistocene ended about 10,000 years ago, the average global temperature 
has increased by about 3°F. As the glaciers retreated and temperatures warmed, trees migrated 
northward, gradually yielding today’s forest patterns. For example, relict northern hardwoods can 
still be found in some of the cooler drainages in Virginia’s Piedmont, now dominated by 
oak/hickory forest, attesting to a colder climate in the past.   

However, similarly gradual shifts in forest cover are unlikely today for two reasons: 

The anticipated rate of climate change over the next century is at least a hundred times greater 
than it was following the Pleistocene. 

Developed landscapes form barriers to northward migration for both plants and animals.  

15. In fact, the anticipated rate of change is expected to be too rapid for existing forests to 
adapt, creating a high risk of widespread tree mortality and increased threat from forest stresses 
such as insects, diseases, and air pollution. The interacting threats will very likely affect industries 
and communities that depend on healthy, productive forests (Shugart and others 2003). 

16. Projected changes in live vegetation carbon under two climate scenarios illustrate both the 
uncertainty of climate projections and the regional differences in expected response (fig. 1). One 
simulation shows continued growth in eastern forests through the end of the 21st century, with 
forests declining in parts of the West and the Great Lakes region. Another model suggests nearly 
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the opposite, with significant forest declines in the East and Midwest—especially in the South, 
where forests in some areas are projected to give way to savanna or even grassland. Large areas of 
forest in Canada and Alaska are expected to be particularly sensitive to climate change due to 
higher latitude and projected greater warming (Hogg and Bernier 2005). 

17. Invasive plants could benefit from climate change. Ziska (2003) explored the response of 
six invasive weeds (Canada thistle, yellow starthistle, leafy spurge, spotted knapweed, field 
bindweed, and perennial sowthistle) to concentrations of carbon dioxide from the beginning of the 
20th century to the end of the 21st century. Increases in atmospheric carbon dioxide from the 
early 20th century to the present stimulated invasive plant biomass by an average of 110 percent, 
raising the possibility that increased atmospheric carbon might be partly responsible for the 
spread of invasive weeds in the 20th century. The trend is expected to continue: Likely future 
concentrations of carbon dioxide in the atmosphere will stimulate invasive plant biomass by an 
average of 46 percent, with the largest response for Canada thistle.  

Adapting Forests to Climate Change 

18. Although countries around the world are taking steps to reduce greenhouse gas emissions, 
future reductions are unlikely to be enough to stop climate change. Forest managers must prepare 
to help forested landscapes adapt to anticipated changes. The nature of the changes is still unclear, 
but researchers are making progress in predicting them. Using new technology, they are 
conducting experiments on intact forest communities under the effects of elevated greenhouse 
gases, and they are using more sophisticated climate and vegetation models to increase confidence 
in their projections. Forest managers can already use their results to monitor forests for the 
impacts of climate change and to adapt their management plans accordingly. 

19. The goal of adaptation is to reduce the vulnerability of ecosystems to climate change and 
to increase their resilience following climate-induced changes in disturbance regimes. Specific 
adaptation responses might include: 

• reducing the impacts of stresses that can exacerbate the effects of climate change, 
particularly wildland fire, air pollution, and insects and diseases; 

• preventing or reducing barriers to species migration, such as forest fragmentation; 

• improving forest health monitoring for early detection of climate change impacts; 

• stepping up measures to prevent and control the spread of invasive species; 

• helping forests regenerate following large-scale disturbances, for example through 
reforestation; 

• increasing stand-scale resilience following drought and the spread of invasive species; 

• taking historical and projected climate changes into account in planning forest 
management; 

• considering the impacts of climate change in selecting planting stock and choosing 
planting methods;  

• supporting research to better understand forest vulnerability to multiple stresses and to 
find ways to enhance forest resilience; and 

• perhaps most importantly, raising awareness among natural resource managers about 
climate change and other threats to forest health. 

20. Each of these management strategies maximizes the flexibility needed to respond to the 
certainty of climate change—and to uncertainty about its effects. An overarching management 
goal should be ecological diversity, with a variety of species, nursery stock, and stocking levels 
across the landscape. Diversity can enhance forest resilience in the face of future challenges, 



FO:NAFC/2006/2.b 6

increasing the options available to forest managers to learn from climate change and respond 
accordingly. 

Countering Climate Change Through Forestry 

21. Adaptive management is only part of what forest managers can do to respond to climate 
change. Forests in the United States currently sequester about 200 million tons of atmospheric 
carbon per year (Heath and Smith 2004), offsetting about 10 percent of the carbon dioxide emitted 
by Americans burning fossil fuels. A century ago, forests in the United States were a net source of 
carbon rather than a sink: They emitted as much as 750 million tons of carbon per year (Birdsey 
and others 2006), mainly due to agricultural clearing, heavy logging, and losses to fire and pests. 
The switch from source to sink was due to forest regrowth, land use reversion from cropland to 
forestland, and successful fire and pest control. As forest managers, we can build on that success 
by analyzing our management practices, identifying the ones that increase carbon sequestration, 
and taking them into account in making future land management decisions. 

22. A forest has three main carbon pools—live biomass, woody debris, and soil organic 
matter. Each is affected by disturbance in different ways and over a different timescale (Pregitzer 
and Euskirchen 2004). In forests managed primarily for natural processes, the carbon balance is 
mainly driven by soil productivity and natural disturbance regimes; in intensively managed 
plantations, the main drivers tend to be site preparation, planting stock selection, and thinning 
treatments. For both types of forest, the disturbance return interval drives carbon dynamics, with 
both the timing and the intensity of the disturbance playing a role: The longer the average time 
between disturbances, the more carbon is stored; and the less severe the disturbance (for example, 
the less biomass is consumed by a fire), the more carbon is retained.  

23. For most forests, total carbon stored increases with time since the last disturbance, 
although carbon pools such as down woody debris might decline for awhile after a timber harvest. 
The pattern of carbon sequestration depends on climate, site productivity, type of disturbance, and 
other factors. Figure 2 shows a typical pattern following a timber harvest—increasing carbon 
storage, with the rate of increase declining over time. In very old forests, carbon stocks can 
actually begin to decline (Ryan and others 1997). 

24. Additional accounting is required for carbon sequestered in wood products. When wood 
is removed from a forest, all of the carbon does not immediately return to the atmosphere. Carbon 
pools in wood products include wood in use (such as lumber, furniture, and paper) and wood 
discarded in landfills. Wood used in construction can also reduce fossil fuel burning to produce 
substitute building materials such as steel or concrete (Lippke 2006; MacCleery 2005). 

25. Taking all this into account, a range of forestry activities can help balance the global 
carbon budget by reducing greenhouse gas emissions or increasing carbon sequestration. They 
include: 

• afforestation, particularly the conversion of cropland to forestland; 

• restoration of native vegetation and wildlife habitat;  

• active regeneration of harvested forestland, particularly to establish fast-growing species 
(Moore 2006); 

• agroforestry—that is, cultivating trees with crops or pasture—by sequestering carbon and 
by decreasing the need for fossil fuels and energy-intensive chemicals in producing food 
and fuel; 

• modification of forest management practices to increase the rate of carbon sequestration 
or reduce emissions from decay;  

• short-rotation woody biomass plantations, by sequestering carbon and providing energy 
feedstocks that displace fossil fuels in energy production; 
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• forest protection from timber harvest and from conversion to nonforest land uses 
(Wayburn and others 2000); 

• reduced-impact logging, by decreasing the soil disturbance and biomass decay that often 
result from traditional timber harvest methods; 

• improvements in processing wood to reduce emissions from wood waste and energy use; 
and 

• urban forestry, by increasing carbon sequestration in trees and reducing energy used in 
heating or cooling homes and businesses. 

26. One of the nation’s most difficult forestry challenges is increasing wildfire activity in 
western forests. Fuels reduction and forest health treatments reduce rather than increase carbon 
stocks in forests; however, less biomass is consumed in the resulting low-severity fires than 
would be in a crown fire conflagration. If the biomass removed is used to produce energy, then it 
will also offset carbon emissions from fossil fuel burning.  

27. Studies suggest that forestry activities in the United States could increase carbon 
sequestration by 100 to 200 million tons per year (Birdsey and others 2000; Environmental 
Protection Agency 2005; Lewandrowski and others 2004; Stavins and Richards 2005), possibly 
doubling the amount of carbon currently sequestered by America’s forests. However, the rate of 
increased carbon storage would likely decline over time as low-cost forestry opportunities run out, 
forestry sinks become saturated, and timber harvesting takes place.  

Opportunities in the Private Sector 

28. About 430 million acres of the nation’s 749 million acres of forest land are in private 
ownership. With more than half of the nation’s forests, the private sector will play a central role in 
deciding whether or not America’s forests are managed for climate change and its effects. Both 
market approaches and voluntary incentive programs to manage greenhouse gases are under 
development in the United States, the European Union, and elsewhere (Totten 1999). Some 
carbon sequestration projects are already underway, even though sequestered carbon has little 
current market value (Winrock International 2005).  

29. However, widespread private participation in carbon sequestration activities will likely 
require financial incentives. One way would be through the sale of carbon credits accumulated by 
landowners to developers, industries, and others whose activities add more carbon to the 
atmosphere. Studies suggest that improved forest management would become attractive to 
landowners at carbon prices below $10 per ton of carbon; afforestation at $15 per ton or more; 
and management for biofuels at $30 to $50 per ton (Environmental Protection Agency 2005; 
Lewandrowski and others 2004; Stavins and Richards 2005).  

30. The success of a carbon market depends on various factors (Collins 2006). The trading 
price of carbon is key, as are transaction costs; forest carbon credits must also be exchangeable 
with credits for reduced emissions, and carbon sequestration must be accurately estimated and 
reported. In addition, a technical support system is needed to provide land managers with the 
knowledge and tools necessary to make competent decisions about how to manage particular 
forests to reduce greenhouse gases. 

31. Side effects might not all be beneficial. Water quantity might decline due to increased 
transpiration by trees, and taking land out of crop production might affect food prices—at higher 
carbon prices, nearly 100 million acres might revert from cropland to forestland (Environmental 
Protection Agency 2005). A sound forest carbon management policy for the private sector will 
need to take all effects into account, both positive and negative. 

Opportunities in the Public Sector 
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32. For carbon markets to flourish, government must furnish a “driver,” such as an impetus 
for voluntary participation or a regulatory cap on carbon emissions (Collins 2006). The Bush 
administration has promoted a voluntary scheme for reducing greenhouse gas emissions, whereas 
states such as Maine and California are implementing regulatory action plans for both emissions 
reductions and carbon sequestration, and a regional greenhouse gas initiative in the Northeast 
involves eleven states. Voluntary markets such as the Chicago Carbon Exchange are driven in part 
by expectations of a future national cap on carbon emissions (Bayon and Hawn 2006). 

33. Government must also play a role in setting up and supporting carbon markets. The Forest 
Service is the lead agency for revising the national accounting rules and guidelines for reporting 
and registering emissions reductions and increases in carbon stocks. This national greenhouse gas 
registry is a key part of the Administration’s voluntary approach to reducing atmospheric carbon. 
Forest Service Research is developing the monitoring, accounting, and reporting protocols for the 
carbon registry; the Forest Service’s State and Private Forestry staff can help implement the 
guidelines through state and landowner assistance.  

34. Government must also drive basic research, and for almost two decades the Forest Service 
has taken the lead. The Forest Service has conducted research on how forest management, storage 
of carbon in wood products, and natural factors affect the exchange of carbon with the 
atmosphere. Forest Service Research provides the fundamental knowledge needed to identify and 
develop forestry practices and management systems to increase carbon sequestration, accurately 
account for changes in carbon storage, and prepare scientifically credible reports.  

35. With some 319 million acres of forestland in public management, government can play a 
key role in managing the nation’s forests for climate change and its effects. The role of state and 
federal programs in capturing the benefits of forest carbon management, particularly through 
state/federal partnerships, can be a model for the nation. Specific activities might include: 

• assessing the potential for sequestering more carbon in forests and wood products through 
afforestation, improved forest management, and substitution of wood for other materials 
that require more energy to produce; 

• facilitating the removal and use of excess forest biomass for biofuel and providing 
incentives to increase the area of biomass energy plantations; 

• identifying how increased carbon sequestration would affect other forest values, such as 
wood production and wildlife habitat; 

• determining the level of financial incentives needed to increase carbon sequestration; 

• providing landowners with information on what they can do to increase carbon 
sequestration on their lands; 

• helping landowners take the necessary steps to increase carbon sequestration, record the 
gains, and earn the corresponding carbon credits; 

• accelerating the development of carbon inventory methods, data access, and analysis 
tools;  

• developing regional demonstration projects and training sessions; and 

• implementing an “early warning” system to detect adverse effects from climate change.  

Managing Forest Carbon for the Future 

36. The climate is changing. More carbon in the atmosphere is driving a wider range of 
temperature extremes, producing warmer summers and earlier snowmelts. The combined effects 
appear to be at least partly responsible for growing fire season severity, unprecedented activity by 
forest pests, and even the accelerated spread of invasive weeds.  
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37. The future outlook is troubling, but there is hope. Climate variability and change can alter 
the structure and function of ecosystems, in turn reducing ecological resources and benefits, 
shifting feedbacks between ecosystems and climate, and disrupting lives and livelihoods that 
depend on healthy forest ecosystems. Western forests are currently estimated to be a carbon sink 
(Heath and Smith 2004), but they could become a source due to increasing wildfire activity.  

38. As forest managers, the challenge we face is this: how to help forests adapt to climate 
change and how to build their capacity to store more carbon and offset sources of carbon 
emissions. Despite uncertainty about the changing climate, we do have opportunities to act. We 
can monitor the forests we manage for evidence of climate change, and we can prepare to adapt 
our management plans accordingly. The benefits of adaptive management go beyond climate 
change; we can already adopt them without regret. 

39. We can also modify a broad range of forestry activities to reduce greenhouse gas 
emissions or increase carbon sequestration. However, implementing these modifications on a 
broad scale while continuing to produce forest goods and services will be a formidable challenge. 
Federal and state governments can play a key role in helping forest landowners ensure that forest 
carbon management and adaptation practices are sensitive to, and fully integrated with, 
management plans and practices that protect and enhance the entire suite of the nation’s forest 
values. 
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Figure 1. How carbon stocks in different pools change after a clearcut.  Dead biomass includes standing dead 
trees, down woody debris, and forest floor.  This example is for aspen-birch forests of the Lake States (Smith et al. 

2006). 



FO:NAFC/2006/2.b 10

 

References 

Aber, John; Neison, Ronald P.; McNulty, Steve; Lenihan, James M.; Bachelet, Dominique; 
Drapek, Raymond J. 2001. Forest processes and global environmental change: Predicting the 
effects of individual and multiple stressors. Bioscience 51(9): 735-751.  

ACIA (Arctic Climate Impact Assessment). 2004. Impacts of a warming Arctic. Cambridge, UK: 
Cambridge University Press. 

Bachelet, Dominique; Neilson, Ronald P.; Lenihan, James M.; Drapek, Raymond J. 2001. Climate 
change effects on vegetation distribution and carbon budget in the United States. Ecosystems 
4: 164-185. 

Bachelet, Dominique; Neilson, Ronald P.; Hickler, Thomas; Drapek, Raymond J.; 
Lenihan, James M.; Sykes, Martin T.; Smith, Benjamin; Sitch, Stephen; Thonicke, 
Kirsten. 2003. Simulating past and future dynamics of natural ecosystems in the 
United States. Global Biogeochemical Cycles 17(2): 1045-1066.  

Bayon, Ricardo; Hawn, Amanda. 2006. Voluntary markets set the stage for carbon trading in the 
United States. Global Leaflet 6 [in print]. 

Birdsey, Richard A.; Alig, Ralph; Adams, Darius. 2000. Migitation activities in the forest 
sector to reduce emissions and enhance sinks of greenhouse gases. In: Joyce, Linda 
A.; Birdsey, Richard, tech. eds. The impact of climate change on America’s forests: A 
technical document supporting the 2000 USDA Forest Service RPA Assessment. Gen. 
Tech. Rep. RMRS-GTR-59. Fort Collins, CO: USDA Forest Service, Rocky 
Mountain Research Station: 112-131. 

Birdsey, Richard; Pregitzer, Kurt; Lucier, Alan. 2006. Forest carbon management in the 
United States: 1600-2100. Journal of Environmental Quality 35: 1461-1469. 

Collins, Sally. 2006. Investing in the future of America’s forests: Markets for ecosystem services. 
In: Bosworth, Dale; Collins, Sally. “It’s a new day”: Leadership perspectives on the future of 
the U.S. Forest Service. Washington, DC: Forest Service. [In print.] 

Environmental Protection Agency. 2005. Greenhouse gas mitigation potential in U.S. 
forestry and agriculture. Washington, DC: U.S. Environmental Protection Agency.  

Heath, Linda S.; Smith, James E. 2004. Criterion 5, indicator 27: Contribution of forest 
ecosystems to the total global carbon budget, including absorption and release of carbon 
(standing biomass, coarse woody debris, peat and soil carbon). In: Darr, D.R., ed. A 
supplement to the national report on sustainable forests 2003. FS-766A. Washington D.C. 
USDA: 1-7.  

Hogg, E.H.; Bernier, P.Y. 2005. Climate change impacts on drought-prone forests in western 
Canada. Forestry Chronicle 81(5): 675-682. 

Houghton, R.A. 2003. Why are estimates of the terrestrial carbon balance so different? Global 
Change Biology 9: 500-509. 

IPCC (Intergovernmental Panel on Climate Change). 2001. Climate change 2001: Synthesis 
report. Watson, R.T.; Core Writing Team, eds. Cambridge, UK, and New York, NY: 
Cambridge University Press. 

Joyce, Linda A.; Birdsey, Richard. 2000. Overview: Assessing the impacts of climate change on 
U.S. forests. In: Joyce, Linda A.; Birdsey, Richard, tech. eds. The impact of climate change 
on America’s forests: A technical document supporting the 2000 USDA Forest Service RPA 
Assessment. Gen. Tech. Rep. RMRS-GTR-59. Fort Collins, CO: USDA Forest Service, 
Rocky Mountain Research Station: 5-17. 



FO:NAFC/2006/2.b 11

Lewandrowski, Jan; Sperow, Mark; Peters, Mark; Eve, Marlen; Jones, Carol; Paustian, Keith; 
House, Robert. 2004. Economics of sequestering carbon in the U.S. agricultural sector. Tech. 
Bull. 1909. Washington, DC: U.S. Department of Agriculture, Economic Research Service.  

Lippke, Bruce. 2006. The unseen connection: Building materials and climate change. California 
Forests 10(1): 12-13. 

MacCleery, Doug. 2005. Resource consumption, the land ethic, and NIMBYism. Presentation on 
file with the USDA Forest Service, Forest Management Staff, Washington, DC. 

Moore, Patrick. 2006. Forest management: Part of the climate change solution. California Forests 
10(1): 8-9. 

NAST (National Assessment Synthesis Team). 2001. Climate change impacts on the United 
States: The potential consequences of climate variability and change. Cambridge, UK: 
Cambridge University Press. 

Nijhuis, Michelle. 2004. Global warming’s unlikely harbingers. High Country News. 19 July. 

Parmesan, C.; Galbraith, H. 2004. Observed impacts of global climate change in the U.S. Pew 
Center on Global Climate Change, Arlington, VA.  

Parmesan, C.; Yohe, G. 2003. A globally coherent fingerprint of climate change impacts across 
natural systems. Nature 421: 37-42. 

Petit, J.R.; Jouzel, J.; Raynaud, D.; Barkov, N.I.; Barnola, J.-M. 1999. Climate and atmospheric 
history of the past 420,000 years from the Vostok ice core, Antarctica. Nature 399: 429-436. 

Pregitzer, Kurt S.; Euskirchen, Eugenie S. 2004. Carbon cycling and storage in world forests: 
Biomes patterns related to forest age. Global Change Biology 10: 2052-2077. 

Ryan, M.G.; Binkley, D.; Fownes, J.H. 1997. Age-related decline in forest productivity: Pattern 
and process. Advances in Ecological Research 27: 213-262.  

Schulte, Bret. 2006. Temperature rising. U.S. News and World Report. 5 June. 

Shugart, Herman; Sedjo, Roger; Sohngen, Brent. 2003. Forests and climate change: Potential 
impacts on U.S. forest resources. Arlington, VA: Pew Center for Climate Change. 

Stavins, Robert N.; Richards, Kenneth R. 2005. The cost of U.S. forest-based carbon 
sequestration. Arlington, VA: The Pew Center on Global Climate Change. 

Totten, Michael. 1999. Getting it right: Emerging markets for storing carbon in forests. 
Washington, DC: World Resources Institute. 

Wayburn, Laurie; Franklin, Jerry F.; Gordon, John C.; Binkley, Clark S.; Mladenoff, 
David J.; Christensen, Norman L., Jr. 2000. Forest carbon in the United States. Pacific 
Forests 3(2): 4-5. 

Westerling, A.L.; Hidalgo, H.G.; Cayan, D.R.; Swetnam, T.W. 2006. Warming and 
earlier spring increases western U.S. forest wildfire activity. Sciencexpress 6 July 
2006. [http://www.sciencexpress.org] 

Winrock International. 2005. Ecosystem services. 
[http://www.winrock.org/what/projects.cfm?BU=9086] 

Ziska, Lewis H. 2003. Past, present and future atmospheric carbon dioxide and the 
potential response of “invasive” weeds. PowerPoint presentation. 
[http://www.cleanair-coolplanet.org/information/horticulture/Ziska.ppt] 

 

 


