
WhatWhat’’s a Tree Got to do With It?s a Tree Got to do With It? 
U.S. Forests and Climate Change 101U.S. Forests and Climate Change 101

Allen M. SolomonAllen M. Solomon
National Program Leader for Global Change ResearchNational Program Leader for Global Change Research

US Forest ServiceUS Forest Service

Sally Ride Science Educator Conference
July 23, 2008  - Silver Spring MD



Roadmap of the TalkRoadmap of the Talk



 

What is the pattern of US climate change so far What is the pattern of US climate change so far 
and how much can we expect in this century?and how much can we expect in this century?



 

How do trees and forests regulate atmospheric How do trees and forests regulate atmospheric 
greenhouse gases?greenhouse gases?



 

What stresses on our forest ecosystems have we What stresses on our forest ecosystems have we 
seen and what more should we expect?seen and what more should we expect?



 

What can be done to help sustain and protect What can be done to help sustain and protect 
trees and forests from impacts of changing trees and forests from impacts of changing 
climate?climate?



U.S. Temperature Anomalies: U.S. Temperature Anomalies: 
20002000--2006 versus 18952006 versus 1895--20002000

Presenter
Presentation Notes
Climate changes of direct concern to Forest Service 

Warming, increased growing season length

More warming in winter than in summer, 

More warning at night than in day

More warming at high latitudes than at low latitudes

Increased intensity of the hydrological cycle

Rainfall increases as larger storms, earlier snowmelt in West

	Droughts more intense, longer, more frequent 



Climate is changing, and much of the change in the lower 48 states is occurring in the western US.  Hence, the focus is on these 11 western states where the greatest warming is occurring.



Consider that as much as 75% of western water supplies come from mountain snowmelt. 

50% of water supplies for the 11 western states originate in the National Forest System.

Hence the increase in temperatures and increased frequency and intensity of droughts is a direct threat to the forests and the water they provide.







U.S. Precipitation Anomalies: U.S. Precipitation Anomalies: 
19991999--2007 Palmer Drought Severity Index2007 Palmer Drought Severity Index

Presenter
Presentation Notes
Drought is the combination of less rainfall and warmer temperatures – the western US has been particularly droughty, though the southeast has also had severe drought, both outcomes predicted by global climate models





Temperatures at the end of the 21Temperatures at the end of the 21stst Century: Century: 
20802080--2099 compared to 19802099 compared to 1980--19991999

IPCC Fourth Assessment Report, Working Group I, 2007
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Presentation Notes
Climate changes of direct concern to Forest Service 

Warming, increased growing season length

More warming in winter than in summer, 

More warming at night than in day

More warming at high latitudes than at low latitudes



Climate will continue changing, especially at high latitudes in winter, but much of the change is predicted to occur in western North America in summer.











Precipitation at the end of the 21Precipitation at the end of the 21stst Century Century 
20802080--2099 compared to 19802099 compared to 1980--19991999

IPCC Fourth Assessment Report, Working Group I, 2007

Presenter
Presentation Notes
The higher latitudes are predicted to have increased rainfall, the temperate latitudes less. Notice that moisture in the lower 48 is predicted to be much more reduced in the growing season than in the winter 
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Capturing Carbon from the Capturing Carbon from the 
Atmosphere: What it takesAtmosphere: What it takes

Presenter
Presentation Notes
The capture of atmospheric CO2 and soil water in the presence of sunlight also depends on temperature – the warmer the temperature, the more photosynthesis, up to a point, when temperature begins to slow the process.



The breakdown of the sugars that CO2 and water formed happens both in sunlight and at night, and is also temperature dependent. Hence, warmer nighttimes mean more respiration, but not necessarily more photosynthesis.





Terrestrial Portion of the Global Carbon CycleTerrestrial Portion of the Global Carbon Cycle

Post, W.M., T.H. Peng, W. R. Emanuel, A.W. King, V.H. Dale and D.L. DeAngelis. 
The global carbon cycle. American Scientist 78:310-326, 1990.

Presenter
Presentation Notes
The key property of the land portion of the global carbon cycle for policy makers is the differing rates of carbon uptake and release of the several processes which operate simultaneously. 



Overall, the earth holds about 700 billion tons (10 e15 g) of carbon above ground, and about 1500 billion tons below ground. Of that, each year about 60 or so billion tons is taken up by the earth, and about an equal amount is released to the atmosphere.



Figure from Post, W.M., T.H. Peng, W. R. Emanuel, A.W. King, V.H. Dale and D.L. DeAngelis. 1990. The global carbon cycle. Am. Sci. 78:310-326.





Yearly Carbon Uptake and Yearly Carbon Uptake and 
Storage: Younger is FasterStorage: Younger is Faster

Presenter
Presentation Notes
Carbon removed from the atmosphere via photosynthesis may be stored for a year or so in leaves, but can remain stored for many years in the wood of branches, tree trunks and roots. 



Notice that the annual increment of wood reaches a maximum about 25 or so years of age, then begins to decline, although its not as evident as this photo appears to show, because there is a larger diameter around which to increment.





Direct Effects of CODirect Effects of CO22 : Greater : Greater 
Growth, More Drought ResistanceGrowth, More Drought Resistance

D.L Regehr, FA Bazzaz, WR Boggess, 1975. Photosynthetica 9:52-61

Presenter
Presentation Notes
As atmospheric CO2 increases, growth increases over short terms. Also, as CO2 increases, the amount of water needed to fix an amount of carbon decreases, because stomates do not open as widely to let moisture escape the leaf tissue





Modeled Net Ecosystem Productivity Modeled Net Ecosystem Productivity 
from Year 1800 to 2200from Year 1800 to 2200: : Carbon Gain Carbon Gain 

then Saturationthen Saturation

Cramer, W. and 16 others, 2001. Global Change Biology 7:357 - 373

Presenter
Presentation Notes
The “carbon fertilization” effect saturates at higher concentrations, as these several different vegetation models show.



http://www3.interscience.wiley.com/journal/117991450/home
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Direct Effects of Climate Change: Direct Effects of Climate Change: 
Gradually Increasing TemperaturesGradually Increasing Temperatures

Growth slows, 
mortality increases



 
Trees on poorest 

sites die first



 
Large old trees 

and seedlings and 
saplings die more 
quickly

Presenter
Presentation Notes
Gradual warming over this century is expected to eventually overcome any effects of CO2 fertilization, reducing growth of established trees, blocking the establishment of seedlings, and killing large old trees whose large leaf loads require more soil moisture and nutrients than do smaller trees.





Direct Effects of Climate Change on Forests: Direct Effects of Climate Change on Forests: 
Black and White Spruce Dieback in AlaskaBlack and White Spruce Dieback in Alaska

Presenter
Presentation Notes
Interactions of climate change with other critical stresses

Direct impacts of climate change

Warming on forests growing on permafrost 

Increased hurricanes especially in E. Coastal Plain forests

Insect damages, especially in West, East

Warmth/drought increases population densities, range expansions

Warmth/drought decreases tree resilience

Wildfire, especially in West, Alaska

Longer growing seasons, drought, increase flammability of fuels

Fire suppression, insect damage, increase fuels

Air pollutants, especially in the East

Ozone, sulfur dioxide, acid rain in East decrease mature tree resilience

Nitrogen deposition in urban areas can saturate soils, increase stress on young, old trees



Forest diebacks from direct impacts of increasing warming can be expected, with release of carbon a result.



This shows Alaskan muskeg, in which permafrost is melting, resulting in shallow-rooted spruce dying from the flooding, and from toppling over.



Photo from Cover, Bulletin of the Ecological Society of America, Volume 82(3), 2001 by M.T. Jorgenson.



Direct Effects of Climate Change on Forests: Direct Effects of Climate Change on Forests: 
Increasing Hurricane IntensityIncreasing Hurricane Intensity

Katrina damaged or 
destroyed 19 billion 
board feet of timber 
up to 100 miles inland

Along with higher sea 
levels, hurricanes are 
likely further north on 
the Atlantic Coast.

Presenter
Presentation Notes
Another direct effect of climate change and variability is the increase in hurricane intensity in the southeastern US and the Caribbean. Note that most of the damage is to largest trees storing the most carbon, and that sequestration of new carbon begins almost immediately from release of young trees from competition



Hurricane Hugo in 1989; in North and South Carolina alone, more than 4.5 million acres of timberland were significantly damaged. Volume of softwood growing stock was reduced by 21 percent with nearly one-third of the remaining volume damagedto some degree. Hardwoods sustained less immediate loss-6 percent-but one-third of the remaining hardwoods was damaged. 

an estimated 21.4 billion board feet of timber were destroyed or damaged.



Direct Effects of Atmospheric CODirect Effects of Atmospheric CO22 and and 
Management on Forests: Enhanced Tree Management on Forests: Enhanced Tree 

Density at All Vertical LevelsDensity at All Vertical Levels
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Grazing consumed Grazing consumed 
fine fuels for the fine fuels for the 
past 100+ yearspast 100+ years
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Fire suppressed Fire suppressed 
for the past 50 for the past 50 
yearsyears
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Logging reduced Logging reduced 
for the past 20 for the past 20 
yearsyears

Presenter
Presentation Notes
Increased density of forests because of fire exclusion and reduced logging means that

each tree has fewer nutrients and less water, 

reducing the amount of defenses they can mount to insects and diseases, and 

Increasing the impacts of climate change on them 



Their close proximity to one another facilitates population explosions among insect pests
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Indirect Effects of Climate Change on Indirect Effects of Climate Change on 
Forests: Drought and PestsForests: Drought and Pests

Warmth and Warmth and 
drought drought 
enhance enhance 
epidemics in epidemics in 
forests.forests.

Insect and Insect and 
disease disease 
epidemics are epidemics are 
increasing in increasing in 
number and number and 
spreading spreading 
rapidly.rapidly.

Photos by Craig Allen, US Geological Survey
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Presentation Notes
Interactions of climate change with other critical stresses

Direct impacts of climate change

Warming on forests growing on permafrost 

Increased hurricanes especially in E. Coastal Plain forests

Insect damages, especially in West, East

Warmth/drought increases population densities, range expansions

Warmth/drought decreases tree resilience

Wildfire, especially in West, Alaska

Longer growing seasons, drought, increase flammability of fuels

Fire suppression, insect damage, increase fuels

Air pollutants, especially in the East

Ozone, sulfur dioxide, acid rain in East decrease mature tree resilience

Nitrogen deposition in urban areas can saturate soils, increase stress on young, old trees



On the Colorado Plateau, 1.5 million hectares (about 3.5 million acres) of pinion pine and 1 million hectares of ponderosa pine died during the drought of 2001-2004. 



But little of the mortality is from direct effects of the drought, which many of the drought-tolerant pines could withstand, but instead from insect infestations that normally could not reach such epic proportions. 



In this case, dense trees coupled with no water, no protective sap, and no cold winter temperatures to stop pine bark beetle populations from multiplying.
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On the Colorado Plateau, 1.5 million hectares (about 3.5 million acres) of pinion pine and 1 million hectares of ponderosa pine died during the drought of 2001-2004. 



But little of the mortality is from direct effects of the drought, which many of the drought-tolerant pines could withstand, but instead from insect infestations that normally could not reach such epic proportions. 



In this case, dense trees coupled with no water, no protective sap, and no cold winter temperatures to stop pine bark beetle populations from multiplying.





Indirect Effects of Climate Change on Indirect Effects of Climate Change on 
Forests: Warmth and PestsForests: Warmth and Pests

Winter Warming Winter Warming 
at higher at higher 
latitudes latitudes 
Permits:Permits:

•• More insect More insect 
generations generations 
each yeareach year

•• Insect survival Insect survival 
over winterover winter

•• Rapid insect Rapid insect 
migration northmigration north

10 M ac. - 2002

Presenter
Presentation Notes
Warming, as opposed to drought, has greatest effects at higher latitudes, where insects taking 2 years to mature, do so in 1 year, and some can overwinter to add to larger insect populations the following year
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Carroll, A.L., Taylor S.W., 
Régnière J. and Safranyik, L. 
2004.  Effects of climate and 
climate change on the mountain 
pine beetle. In: Shore, T (ed.)Proc. 
Mountain Pine Beetle Symposium 
30-31 October 2003. Can. For. 
Serv.Pacific For. Cent., Victoria, 
BC. In press.

Presenter
Presentation Notes
Mountain pine beetle is moving North – typical host is lodgepole pine in the West; jack pine is closely related but so far free of MPB

The small area where lodgepole and jack pine overlap (green and red together on map) has recently been invaded by MPB.

Once into jack pine, MPB can invade southeast all the way to Labrador, and south into coastal plain pine forests of closely related pitch pine, and meet the Southern Pine Beetle migrating northward along the east coast!
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Presentation Notes
Mountain pine beetle is moving North – typical host is lodgepole pine in the West; jack pine is closely related but so far free of MPB

The small area where lodgepole and jack pine overlap (green and red together on map) has recently been invaded by MPB.

Once into jack pine, MPB can invade southeast all the way to Labrador, and south into coastal plain pine forests of closely related pitch pine, and meet the Southern Pine Beetle migrating northward along the east coast!



Indirect Effects of Climate Change on Indirect Effects of Climate Change on 
Forests: Increasing Crown FiresForests: Increasing Crown Fires

•• Warming increases Warming increases 
the frequency of the frequency of 
intense standintense stand-- 
replacing firesreplacing fires

•• Many large fires Many large fires 
are in diseased are in diseased 
and drought and drought 
stressed forestsstressed forests
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Presentation Notes
Interactions of climate change with other critical stresses

Direct impacts of climate change

Warming on forests growing on permafrost 

Increased hurricanes especially in E. Coastal Plain forests

Insect damages, especially in West, East

Warmth/drought increases population densities, range expansions

Warmth/drought decreases tree resilience

Wildfire, especially in West, Alaska

Longer growing seasons, drought, increase flammability of fuels

Fire suppression, insect damage, increase fuels

Air pollutants, especially in the East

Ozone, sulfur dioxide, acid rain in East decrease mature tree resilience

Nitrogen deposition in urban areas can saturate soils, increase stress on young, old trees



Once trees have died back, the landscape is at least temporarily ripe for intense stand replacing wildfires (until needles drop) instead of less destructive surface fires that are more easily suppressed.



But more likely and more important, the drought that brings on the insects and the wildfire, directly dries other fuels, so even forests of living trees are vulnerable to stand replacing crown fires.





Following Following 
intense fire, intense fire, 
different tree different tree 
species will species will 
dominatedominate

Soil organics and Soil organics and 
nutrients are nutrients are 
oxidized and oxidized and 
surfaces erodedsurfaces eroded

Changing climate Changing climate 
makes recovery makes recovery 
slow, uncertainslow, uncertain

Presenter
Presentation Notes
The Biscuit Fire of 2003 burned over 500,000 acres in southwestern Oregon.



These Brewer spruce and Douglas fir are being replaced by incense cedar (Libocedrus decurrens) and the broadleaved tree tan oak (Lithocarpus densiflorus), both of which are distributed primarily to the south. Many shade-intolerant weedy tree species are invading the burned areas, and will dominate for decades if not centuries.



Burn above Babyfoot lake. Burned Douglas fir with scorched, dark bark and Brewer spruce (Picea breweriana) with brown sapwood, its thin bark having been completely burned away. Note hikers at right for scale.



U.S. Forest Acres Burned Each Year    U.S. Forest Acres Burned Each Year    
19101910--20052005

From J. Littell, data on file, University of Washington

Presenter
Presentation Notes
Note that before about 1950, acres burned seemed to be inversely related to temperature, as slash and other fuels left from logging determined wildfires.

Two or three decades after 1950, there was little relationship between fire and temperature, as fire suppression was effective in the low-fuels forests 

Since about 1980, a close relationship between wildfire and temperature exists.



From the 2007 fire report on the NICC website. From the 2007 fire report on the NICC website. 
http://www.nifc.gov/nicc/predictive/intelligence/2007_statssumm/http://www.nifc.gov/nicc/predictive/intelligence/2007_statssumm/2007Stats&Summ.html2007Stats&Summ.html

The Last Decade Has Seen the Most 
Intense Increase in Areas Burned

Presenter
Presentation Notes
During the last decade, large wildfire years have become the rule instead of the exception. The year 2008 is on track to be another 9 million acre year.



Wildfire May Also Depend on Pattern of Wildfire May Also Depend on Pattern of 
Drought Conditions Drought Conditions in Previous Yearsin Previous Years
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Swetnam TW, Baisan CH (2003)Tree-ring reconstructions of fire and climate history in the Sierra Nevada and south-western United States. In ‘Fire and climatic 
change in temperate ecosystems of the Western Americas’. (Eds TTVeblen,WL Baker, B Montenegro,TW Swetnam) pp. 158–195.(Springer Verlag: NewYork)

Presenter
Presentation Notes
In dry lower elevation forests, excess moisture that builds up fuels for several years, followed by a drought year, greatly increase wildfires (left figure). Further upslope in wetter forests, excess moisture to  build up fuels is less important than two or more consecutive years of drought to dry out the larger fuels on the forest floor.





Direct Effects of Climate Change on Forests: Direct Effects of Climate Change on Forests: 
Synergy with Atmospheric PollutantsSynergy with Atmospheric Pollutants

Growth Decreases:Growth Decreases:
TroposphericTropospheric ozoneozone
Acid rains and fogsAcid rains and fogs

Growth Increases:Growth Increases:
Nitrogen depositionNitrogen deposition
Atmospheric COAtmospheric CO22

Presenter
Presentation Notes
Interactions of climate change with other critical stresses

Direct impacts of climate change

Warming on forests growing on permafrost 

Increased hurricanes especially in E. Coastal Plain forests

Insect damages, especially in West, East

Warmth/drought increases population densities, range expansions

Warmth/drought decreases tree resilience

Wildfire, especially in West, Alaska

Longer growing seasons, drought, increase flammability of fuels

Fire suppression, insect damage, increase fuels

Air pollutants, especially in the East

Ozone, sulfur dioxide, acid rain in East decrease mature tree resilience

Nitrogen deposition in urban areas can saturate soils, increase stress on young, old trees



The chronic defoliation of the weakest trees by air pollutants and acid rain, is being amplified by greater climate variability, which reduces resilience in healthy trees.



Direct Effects of Climate Change on Forests: Direct Effects of Climate Change on Forests: 
Slow Migration of Species and BiomesSlow Migration of Species and Biomes

NOTE: “ka” is a thousand years
“UKMO” is a future climate scenario by the U.K. Meteorology Office

J. T. Overpeck, R. S. Webb, and T. 
Webb III, 1992, Geology 20:1071-1074

Presenter
Presentation Notes
6000 years ago, major biomes of eastern North America were in place, as the last of the continental ice sheets melted in Hudsons Bay

By 3000 years ago, very little had changed, although the boreal forest was beginning to emerge

The biomes that the European settlers found 3000 years later included a large boreal forest and a southern pine forest stretching to Texas

The climate of 100 years in the future, projected by the global climate model from GISS, shows much greater change than in the past 6000 years. Climates to which trees are adapted will be far from the trees, while trees migrate at about an order of magnitude slower than climate migrates.
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Reduce Carbon Densities While Reduce Carbon Densities While 
Maintaining Forest StructureMaintaining Forest Structure

Presenter
Presentation Notes
What Forest Service Research is doing about it’s climate change concerns

Enhancing carbon sequestration

1605b carbon accounting activities – ready for cap and trade

GHG inventories, assessments – knowing stock trends and amounts

Increased forest products including biofuels

Enhancing forest resilience

Carbon cycle research – basis for predicting future C dynamics

Thinning programs – healthy forests are climate-resilient

Genetics research – plant mixed provenances to hedge uncertainty



We know that decreasing forest density through thinning increases the resilience of the remaining trees, but, research has to define how much to decrease forest density.

The picture on the left illustrates a dense forest of Douglas fir and western hemlock in the Cascades of western Oregon.

 On the right, the forest has undergone a 60% cut of all age classes with slash used as cushions for heavy equipment to avoid soil compaction. 

This thinning approach reduces density while maintaining size and age structure, structural diversity. 

At the same time, the technique provides forest products and potential biofuels.



Reduce Carbon Densities While Reduce Carbon Densities While 
Maintaining Forest StructureMaintaining Forest Structure

Presenter
Presentation Notes
In removing biomass and forest products, forest structure must be preserved; that means clear cutting must be reduced and replaced with selective cuts

Clear cutting does not provide the sustaining forest structure in which thinning increases resilience to ongoing climate change. Instead, clear cuts become densely populated, vulnerable to drought, insects and wildfires.



-- reduce intensity of pest infestationsreduce intensity of pest infestations 
-- increase probability that needed future species will increase probability that needed future species will 
be presentbe present

Increase Forest Ecosystem Diversity

Presenter
Presentation Notes
Even in areas dominated by single species in the past, planting a diversity of species with greater stress tolerance will insure at least some success in rapid growth of populations that turn out to be most appropriate to the climate conditions 30 or 50 years from now.



 The research questions involve how to maintain trees through their life cycles: can we plant future dominants that may not survive today’s climate, and if so, what are the most likely to be successful? Or do we accept that establishment is the most critical life stage for survival, and plant today’s species that will grow slowly if at all under future climates?



Assisting the Migration of Tree Assisting the Migration of Tree 
Varieties and SpeciesVarieties and Species

Established trees 
thrive beyond their 
natural boundaries

Seedlings rarely 
survive outside their 
boundaries

Establish future 
species in today’s 
forests now 

Presenter
Presentation Notes
These giant sequoias grow vigorously in a Corvallis, Oregon park, some 300 miles north of their natural range in the California Sierra Nevada near Sacramento. Yet, their seeds never germinate and establish here.



The Torreya Guardians, a loosely defined group of "citizen-scientists," horticulturists and ecologists, are planning to plant 31 seedlings of an endangered evergreen -- Torreya taxifolia, also known as the "stinking cedar" -- in North Carolina later this month.

It's part of a last-ditch effort to save the Torreya. Ravaged by warming temperatures and fungal diseases in recent decades, the 160 million-year-old species is now found in pockets of land along Florida's Apalachicola River and in southern Georgia. Of the thousand or so wild Torreya taxifolia trees in the United States, just one is healthy enough to produce seeds, scientists believe. With that in mind, the Torreya Guardians are busily harvesting seeds from Torreya trees living in nurseries and private gardens, such as those at the Biltmore estate in Asheville, N.C. (ClimateWire, 18July08).



Reforestation must follow disturbance but what Reforestation must follow disturbance but what 
species to plant for maturity 50 yrs into the future?species to plant for maturity 50 yrs into the future?

From J. Zhang et al, 2009, Journal of Forestry 106:425-430
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Presentation Notes
2007 picture showing reforestation from 1992 Fountain Fire in northeastern California adjacent to area not reforested; reforestation began in March 1993 and continued for five years. Ponderosa pine, Douglas fir and white fir. Original forests were about 70 years old, of ponderosa and sugar pine, Douglas fir, white fir, incense cedar and California black oak.



Forest Recovery Forest Recovery 
from Major from Major 
Disturbances: Disturbances: 
Choosing the Choosing the 
FutureFuture’’s Treess Trees
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Presentation Notes
Where are the seed sources for, say, replanting a burn in northern Idaho? Warmer and wetter Oregon? Warmer and dryer Arizona? Much warmer and much dryer Mexico? We must hedge our bets on the future by planting seeds from all three kinds of warmer areas.





Forest Carbon Cycle: Normally a 
Process Taking Hundreds of Years

years,
decades

decades, centuries

days,
years

Presenter
Presentation Notes
The natural forest carbon cycle includes rapid loss of carbon by wildfire, insects infestations, and wind damages, followed by slow recovery over decades and centuries.

Almost 4 million hectares of forests burned in US wildfires last year, and 1.5 million hectares of woodland and dry forests were lost to pine bark beetles in the western US during the drought of 2001-2004. Another 1.5 million hectares of southern pine forests were damaged or destroyed by Hurricanes Rita and Katrina in 2005. Although quickly released, the carbon is resequestered only slowly over decades and centuries.

Field research is revealing potential management tactics at the 77 experimental forests and ranges, by approximately 500 scientists at many research laboratories throughout the US.



Forest Carbon Cycle: Now We Must 
Increase Cycling Rates

Presenter
Presentation Notes
Forest management must speed up the natural forest carbon cycle by removing carbon into long-lived storage in wood products, by replacement of fossil fuels with biofuels made from forest products, and by replacement of high-intensity carbon materials like cement and steel with wood.

Reducing carbon emissions by including forest products in carbon cap and carbon trading systems is critical. 



Two New and Important Sources of Two New and Important Sources of 
Information on Climate Impacts and Information on Climate Impacts and 

Adaptation in the U.S.Adaptation in the U.S.



Thank you.Thank you.
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