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Global Forest Cover

- 30% of land area, ~ 40 million km?
- 6200 m? per person






Regardless of what Montana’s timber industry eventually becomes, it currently employs approximately
9,000 people across the state, earning 5400 million in labor income annually and accounting for 10
percent of the state’s economic base, according to Todd Morgan, director of forest industry research for
UM'’s Bureau of Business and Economic Research. Flathead Beacon, 10/8/08









Forests Also Store A LOT of Carbon in Their Biomass...

For the 1.42 billion hectares of Northern forests, roughly above the 30th parallel, we
estimate the biomass sink to be 0.68 billion tons of carbon per year
— Myneni et al (2001), PNAS



...And In Their Soils

What does all this carbon mean for the atmosphere in a warmer world?



The Global Carbon Cycle
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Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (UK., 2001)



What Regulates Forest Tree Distribution?



The Relationship Between Climate & Vegetation






Climate Change is Expressed in Multiple Ways

Temperature,

Precipitation,



Runoff timing,



The form of
precipitation,



And these effects are occurring
over broad scales Mote (2003) J. Geophys. Res.



Average temperature in the western United
States has risen considerably in the last 20
years—about 0.6C. Diaz (2007), Geophys. Res. Lett
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EEE NEWS

Yosemite's giant trees disappear

Matt Walker
Editor, Earth News

The oldest and largest trees within California's world famous Yosemite National Park are
disappearing.

Climate change appears to be a major cause of the loss.
The revelation comes from an analysis of data collected over 60 years by forest ecologists.

They say one worrying aspect of the decline is that it is happening within one of most protected forests
within the US, suggesting that even more large trees may be dying off elsewhere.



Fig. 1. Locations of the 76 forest plots in the western United States and southwestern British Columbia

Increased Mortality

Increased Growth

P. J. van Mantgem et al., Science 323, 521 -524 (2009)

Published by AAAS



Fig. 2. Modeled trends in tree mortality rates for (A) regions, (B) elevational class, (C) stem diameter
class, (D) genus, and (E) historical fire return interval class

P. J. van Mantgem et al., Science 323, 521 -524 (2009)

Published by AAAS



Jump et al. (2006), Global Change Biology,
(Mediterranean Ecosystems)
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Yes, compelling evidence












2 | Feature Article
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The tree (Pinus albicaulis) has no value as commercial timber. But gnarled and bushy whitebark pines
anchor the timberline in much of the West. They hold the soil for other vegetation to get a foothold, and
they trap snow, prolonging the spring runoff.

They are slow-growing trees and may not even bear cones until they are a half-century old. In the late 19th
century, the naturalist John Muir counted rings in a weatherbeaten example high in California’s Sierra

Nevada. Its trunk was just six inches across. To his astonishment it was 426 years old.

The beetle’s usual targets were once midaltitude lodgepole and ponderosa pines. But it has begun extending
its range as it adapts to warming temperatures in the Rockies — two degrees since the mid-1970s. Asa
result, it has been killing whitebark pines at altitudes in the Rockies and the Cascades of Oregon and
Washington that would have once been too cold.









Is there evidence
that

climate
change is
causing more/
larger wildfires?



Summer 2007 Montana Wildfires

Research has linked drought, rising temperatures, earlier melting of snowpack, and fuel
buildups due to past fire suppression to the extreme fire seasons of recent years



CLIMATE CHANGE

- - Higher spring and summer temperatures and
IS G I Oh a I Wa rm I ng c a ll SI n g M Ure, earlier snowmelt are extending the wildfire

season and increasing the intensity of wildfires

La rg er Wi I dii res.? in the western United States.

Steven W. Running



Is there evidence
that

climate
change is
causing more/
larger wildfires?

Yes, and compelling



How is
climate
change
affecting
forest carbon
dynamics?




Carbon Cycling in Terrestrial Ecosystems

NPP: 120

 Resp: 119
o FF Emitted: ~6

FF Accumulated: ~3

Forests are helping us by absorbing some of our CO2 (‘Carbon sink’).
How?



The Effects of Temperature on Plant Production (NPP)



Increased Carbon Storage in High Latitude Forests

Can we expect this “discount” to last?


















Precipitation Dec

0 5 Wk A0l 400 mm

Cata: MCEFP/NCAR Reamalysis Project, 19551997 Climatologies
Animation: Department of Geography, University of Qregon, March 2000



They exchange more C, energy and water than any other
biome,

Net Primary Productivity (kgC/m?2)

00000000 T
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http://earthobservatory.nasa.gov
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Some Evidence for Climate Change in the Tropics

Changes in growth were significantly associated

with regional climate changes Feeley et al. (2007), Ecol. Lett.



Climate Change & Tree Growth In Costa Rica
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Figure 3. Net 4 vear change (1997-2001) in estimated above-ground biomass (Mg ha™") in eighteen 0.5 ha plots stratified
across an old-growth tropical wet forest landscape (the CARBONO Project plots, La Selva, Costa Rica; D. B. Clark and
D. A. Clark, unpublished data). Black bars, inceptisol plots: mean change +6.3 Mg ha™'; grey bars, ultisol plateau plots: mean
change —6.8 Mg ha~!; white bars, ultisol slope plots: mean change —1.7 Mgha~!. The above-ground biomass of each tree was

estimated by using the tropical wet forest allometric equation of Brown (1997). The mean 4 year net change in estimated
above-ground biomass (n= 18 plots) was —0.7 Mgha™' (95% confidence interval: +3.8 to —4.6 Mgha™').

Field observations indicate decreased forest productivity and increased tree
mortality in recent years of peak temperatures and drought

D. Clark (2003), Proc. Roy. Soc. London B



Climate Change & Tree Growth In Costa Rica

These and other recent findings are consistent with decreased net primary production in
tropical forests in the warmer years of the last two decades. As has been projected by
recent process model studies, such a sensitivity of tropical forest productivity to on-
going climate change would accelerate the rate of atmospheric CO2 accumulation.

WHY???
Clark et al. (2003) PNAS



Climate Change & Tree Growth In Costa Rica

"Our working hypothesis right now," says Oberbauer, who set up the original Carbono
study with the Clarks and now runs the tower research, "is that trees are getting too
warm to photosynthesize. The temperature optimum for these things is not very high.”



Effects of Climate (Temperature) Change on Tropical Tree Growth
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Figure 3. Temperature response of (A) CO, assimilation
rate (A) and (B) dark respiration (R,), determined from gas
exchange measurements on Citrus limen. n =3 £ SD.



What About Tropical Soil C?



Are tropical soils a carbon “time
bomb”?
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Temperature increases have different effects on NPP and decomposition!



How Tropical C Cycle Respond to Global Warming?

Tropical
Forests

NPP

C Storage

Temperature






Tropical C Cycle and Precipitation?






Soil Respiration Rates,
April 2008 — Sept 2008

Apr-08 May-08 Jun-08  Jul-08 Aug-08 Sep-08
Date
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