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Presenter
Presentation Notes
National Forests are concentrated in the western US,

In the Southwest, they frequently cover tops of isolated mountain ranges, which is the defining feature of climate change impacts the USFS must deal with.


Direct Effects of Climate Change:
Gradually 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 reduce 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.



p.s. See Science Jan 23 2009, by Nate Stephenson and many others, documenting exactly this.
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Long term climate change effects: Growth of

Lodgepole pine varieties in BC transplant gardens

Pinus contorta latifolia latifolia
growth (Rocky Mountain giresssses contorta
variety) Is more sensitive,

lessened as climate warms

Pinus contorta contorta
(coastal variety) is less
sensitive, increased as
climate warms

Transfer Distance ('C)

Gerald E. Rehfeldt et al. (1999) Ecological Monographs
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Transplant gardens covering most seed provenances of lodgepole pine (P. c. latifolia) and shore pine (P. c. contorta) demonstrate that (height) growth is indeed reduced by warmer temperatures, though the shore pines which are limited by cool summer temperatures at the beach do indeed get energized by warmer temperatures up to a point.



Gerald E. Rehfeldt, Cheng C. Ying, David L. Spittlehouse, David A. Hamilton Jr. (1999) GENETIC RESPONSES TO CLIMATE IN PINUS CONTORTA: NICHE BREADTH, CLIMATE CHANGE, AND REFORESTATION. Ecological Monographs: Vol. 69, No. 3, pp. 375-407. 

The 20-yr height (percentage of plantation mean) of ssp. latifolia and ssp. contorta plotted by transfer distance (planting site mean minus the provenance mean) in units of the mean annual temperature. Regression lines are values predicted by the general transfer function. Positive values of transfer distance denote transfers into a warmer climate than the provenance.


Simulated Potential Vegetation 1961-1990

Bl Subalpine forest and tundra [ ] Steppe

I Closed forest [ ] Shrubland

[_1 Open conifer forest/woodland [ Desert/semi-desert shrubland
[] Prairie woodland [ ] Water

[ 1 Grassland [ Areas with no soil data

Simulations by Sarah L. Shafer, USGS, unpublished; future climate from HADCM3 Climate model in the WCRP CMIP3 data set.
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Presentation Notes
Simulated vegetation distribution, as constrained by climate of the late 20th century is very close to measured distributions.

Change of climate to that modeled for a century later shows the expected reduction of open and closed forest ecosystems on isolated ranges, as lower elevation trees grow more slowly then die out, not to be replaced. Hence, FS must come up with species that can indeed handle the increasing climate stress.
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Presentation Notes
Simulated vegetation distribution, as constrained by climate of the late 20th century is very close to measured distributions.

Change of climate to that modeled for a century later shows the expected reduction of open and closed forest ecosystems on isolated ranges, as lower elevation trees grow more slowly then die out, not to be replaced. Hence, FS must come up with species that can indeed handle the increasing climate stress.


Direct Effects of CO,: Greater
Growth, More Drought Resistance
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D.L Regehr, FA Bazzaz, WR Boggess, 1975. Photosynthetica 9:52-61
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But, climate change may be only part of the physical environmental changes trees may be responding to. 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




Simulated Potential Vegetation 1961-1990

Bl Subalpine forest and tundra [ ] Steppe

I Closed forest [ ] Shrubland

[_1 Open conifer forest/woodland [ Desert/semi-desert shrubland
[] Prairie woodland [ ] Water

[ 1 Grassland [ Areas with no soil data

Simulations by Sarah L. Shafer, USGS, unpublished; future climate from HADCM3 Climate model in the WCRP CMIP3 data set.
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Presentation Notes
Again, here is the simulated vegetation of the late 20th century. 

The second set of simulations use the climate constraints on the ecosystem vegetation, and the increases in growth and water use efficiency from increasing CO2. 

Note that especially the spruce and fir of highest elevations are projected to cover much more territory as they migrate downslope. This is the opposite of the concept we have always had of contractions in elevational range. Two interesting implications emerge:

The isolated mountain ranges of the basin and range have genetically very depauperate spruce and fir populations. There simply is very little genetic variation there. FS again will need to supplement that genetic mix, big time.

The vegetation may be responding to climate + CO2, but the fauna will be responding only to the climate change, so they will continue migrating to higher elevations. Gila monsters in Douglas fir forests? Certainly, a redistribution of species, and serious disruption of endangered species-habitat relationships.


Simulated Potential VVegetation with' Effects
of Climate Change and CO, increase
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Simulations by Sarah L. Shafer, USGS, unpublished; future climate from HADCM3 Climate model in the WCRP CMIP3 data set.
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Presentation Notes
Again, here is the simulated vegetation of the late 20th century. 

The second set of simulations use the climate constraints on the ecosystem vegetation, and the increases in growth and water use efficiency from increasing CO2. 

Note that especially the spruce and fir of highest elevations are projected to cover much more territory as they migrate downslope. This is the opposite of the concept we have always had of contractions in elevational range. Two interesting implications emerge:

The isolated mountain ranges of the basin and range have genetically very depauperate spruce and fir populations. There simply is very little genetic variation there. FS again will need to supplement that genetic mix, big time.

The vegetation may be responding to climate + CO2, but the fauna will be responding only to the climate change, so they will continue migrating to higher elevations. Gila monsters in Douglas fir forests? Certainly, a redistribution of species, and serious disruption of endangered species-habitat relationships.


Direct Effects of Atmospheric CO, and
Management on Forests: Enhanced Iree
Density at All Vertical Levels

Grazing consumed
fine fuels for the
past 100+ years
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Fire suppressed
for the past 50
years

Logging reduced
for the past 20
years
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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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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
Forests: Drought and Pests

Warmth and October, 2002
drought At
enhance
epidemics In
forests.

Insect and disease
epidemics are
Increasing in
number and
Sspreading
rapidly.

Photos by Craig Allen, US Geological Survey
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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.
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Indirect Effects of Climate Change on
Forests: Drought and Pests

Warmth and
drought
enhance
epidemics In
forests.

May, 2004

Insect and disease
epidemics are
Increasing Iin
number and
Sspreading
rapidly.

Photos by Craig Allen, US Geological Survey
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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
Forests: Increasing Crown Fires

- Warming increases
the frequency of
Intense stand-
replacing fires

- Many large fires
are In diseased
and drought
stressed forests
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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.




Indirect Effects of Climate Change on
Forests: Slow Migration te Suitable Climate

»Climate change
rate is an order of
magnitude greater
than measured
migration rates

= odgepole pine,
as N.Z. Wildings,
into suitable sites

»Establishment is
critical, then slow
reproduction and
Spread
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Natural migration is a slow process, especially of wind-transported seeds

Lodgepole pines in this picture originated as seeds 20 years before, carried about 20 km from populations to the left. Establishment is infrequent and irregular, but it is the spread and colonization of suitable habitats which obviously will take many decades.


Increase Forest Resilience: Assist Migration of
Tree Varieties and Species

sEstablished trees
thrive beyond their
natural boundaries

»Seedlings rarely
survive outside their
current boundaries

»Establish future
species in today’s
montane forests now
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To plant species that can survive now, but not in 50 years? Or plant species that cannot survive now, but can in 50 years? 

The latter is the action of choice; if trees can be artificially established outside of the natural range, they will grow, though probably not reproduce until the appropriate climate permits.

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).


Increase Forest Resilience: Enhance
Species and Provenance Diversity

- reduce intensity of pest infestations
- Increase probability that needed future species
will be present
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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.




Increase Forest
Resilience:
Thinning while
Retaining Forest
Structure
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*"Increased water and
nutrients for remaining
trees

=Decreased fuels to
carry wildfire to canopy

=Decreased food for,
and increased
resistance to insects

David Peterson, USFS PNW Station, Seattle WA
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Eastside Cascades ponderosa pine forest, Lassen National Forest, before thinning, ca. 300 trees/acre

Eastside Cascades ponderosa pine forest, Lassen National Forest, after thinning, ca 90-110 trees/acre



Removed 28.5 green tons/acre, 40% sawlogs, 60% chips and biomass

Generated $124/acre



From David Peterson, FS PNW Station, Seattle WA


Forest Carbon Cycle: Normally a
Process Taking Hundreds of Years
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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.
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Forest Carbon Cycle: Now We Must

Increase Cycling Rates
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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. It is not sufficient to conceive of permanently storing forest carbon on the stump; instead throughput into long-lived carbon pools and fossil-fuel replacements, thereby increasing the rate of carbon cycling.

Reducing carbon emissions by including forest products in carbon cap and carbon trading systems is critical, although only a direct carbon tax is likely to make the difference in carbon emissions needed to avoid catastrophic environmental disaster. 


I'hank you.
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