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Outline
What do we know, and how well (WG1)? Tree Studies

What can we do?  (Adapt (WG2), Mitigate (WG3), 
Both (Synergy!))

What’s the role of adaptation?  What about 
managed adaptation?

How much mitigation do we need?  How do forests 
mitigate?  How much can they do? At what cost?

AFF Perspective:  What research can help family 
forests adapt and mitigate profitably/sustainably?

Throughout, I will draw heavily on IPCC 2007: WG1, WG2, WG3, and 
Lessons Learned from AR4 (Doherty et al., 09) and Bierbaum’s Pinchot 

Lecture



From Bierbaum (‘09)
Climate Change: What do we know?

• Past is not prologue…and the pace of change is quickening
– Infrastructure and natural resource management and planning based on the 

last 100 years of climate will be wrong

– Design features of infrastructure and tolerances of species will be exceeded

• Committed to further climate changes
– Adaptation is occurring, even if unplanned

• Degree of warming mattersDegree of warming matters
– Mitigation makes a difference

• Its not just the averages that matter…
– Regional and local variances; seasonal changes; Extreme eventseg o a  a d oca  a a ces; seaso a  c a ges; e e e e s

• Need a Portfolio Approach:
– Adaptation and Mitigation—but there are interlinkages across the two!

Adaptive Management is needed• Adaptive Management is needed
– In all sectors and regions

• Investment is not commensurate with the urgency of the problem…
Need integrative regional assessments involving stakeholders– Need integrative regional assessments involving stakeholders

– Need prioritization of  needs, not laundry lists

– Need transformational not evolutionary change



WGI: Physical Science
Global atmospheric concentrations of carbon dioxide, methane 
and nitrous oxide have increased markedly as a result of 
human activities since 1750 and now far exceed pre-industrial 
values determined from ice cores spanning many thousands of 
years.

The global increases in carbon dioxide concentration are due 
primarily to fossil fuel use and land use change, while those 
of methane and nitrous oxide are primarily due to agriculture.

The understanding of anthropogenic warming and cooling 
influences on climate has improved since the TAR, leading to 
very high confidence (9/10) that the global average net effect 
of human activities since 1750 has been one of warming, with 
a radiative forcing of +1.6 [+0.6 to +2.4] W/m^2

Changes already observed to physical and biological systems 
are severe, and more are expected. 



Credit:NASA



10,000 yrs of
Greenhouse 
Gas History

(Ice Cores, IPCC 07)



Going back even 
farther...Ice cores from 

permanent ice pack 
(e.g., Antartica) allow 
us to see back more 
than one ice-age 
cycle.  

The present GHG 
concentration in the 
atmosphere exceeds 
that over the past 
650,000 yrs.

>10%/decade at 
present rates



Holocene Paleoclimate & Tree Rings
Dating Accuracy diminishes with time--Tree 
Rings are often the most accurate (IPCC 
WGI)

Networks of tree ring widths and densities 
can be used to infer climate patterns

Temperature, moisture, solar variations, etc., 
detectable from tree records

Triangles=Tree 
Record

Tree Rings show recent warming largest is 1000yr (IPCC 07)



Radiative Forcing Components

Cause is Radiative Imbalance, Anthropogenic Big.



But, Feedbacks are 
Important! 

The most powerful greenhouse gas is water 
vapor (about 30 W/m^2).

We do not directly control water vapor, but 
as the planet warms from other ghg, more 
water vapor builds up

So, the primary climate effect is indirect--a 
small change to the part we dominate sets 
off changes in natural systems.
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Computer models allow us to understand our impact.
Model uncertainty is large, but smaller than uncertainty about our actions (scenario forecasts)



Models still 
deficient

Clouds & Aerosols

Land Ice

Ocean Eddies

Seasonal/Diurnal 
Cycles

Ecosystem Feedbacks

AR5&6 models will 
improve all these Fr
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How bad is it now?



How bad will it be? Depends. 



WGII, Adaptation:
Managed Forest Adaptation

Some climate change is unavoidable, so what 
should we do to adapt and prepare?

Temperature Change

Hydrological Change

Forest fires, etc.



Managed Adaptation & Relocation

Hoegh-Guldberg et al, Science 2008.



Managed Adaptation & Relocation
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Shifts in ecosystems for a 3 degree C increase. 

green=forests; brown = grasslands;  yellow=deserts

Source: Leemans and Eickhout, Global Environmental Change, 

2004

g ; g ; y



Managed Adaptation & Relocation
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Changing summers in the Midwest
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Roughly 2 timber generations away, need to
change species when replanting soon!



Managed Adaptation & Relocation:
Need more extreme-resilience, too.Projected changes in extremesProjected changes in extremes

57



WGII: Adapting Forests

Planting times, species
can help adapt.

Impacts and choices 
are highly regional.



WGII: Regional Forests
Amazon: Droughts change 

Forest to Savanna

Central Europe: Droughts
and heat waves N. Europe: may benefit

Australia: Droughts
and heat waves



WGII: N. American 
Forests

West: Overstressed 
Water, increased Pests & 

Fires

North: changes to water, 
but longer growing 

overall may be beneficial.

East: changes to water, 
species, but overall may 

be beneficial.



WGII: Summary



WGIII, Mitigation:
Role of Forests

Carbon Sink/Source by Afforestation/
Deforestation.  Biomass burning!

Aerosols & Air Quality Impact

Albedo, Permafrost, etc.



13th June, 2008



How Much Mitigation Needed?
7 “Wedges”=7 GtC/yr



Forests as Mitigation:
2 Wedges at < $100/ton?



To stabilize:

Crucial transient
uptake by land.

Permanent 
uptake, too. 

Afforestation 
helps transient

uptake.



Aerosols & Air Quality
"The American Petroleum Institute filed suit 
against the EPA [and] charged that the 
agency was suppressing a scientific study for 
fear it might be misinterpreted... The 
suppressed study reveals that 80 percent of 
air pollution comes not from chimneys and 
auto exhaust pipes, but from plants and 
trees." Presidential candidate Ronald Reagan, 
in 1979.

"Trees cause more pollution than automobiles 
do." -- Ronald Reagan, 1981



Aerosols



1 hour ozone (ppb)(pp )

Understanding changes in air
and forests’ role/response is 

an important adaptation/mitigation consideration



Radiative Forcing Components

Much of the total uncertainty is due to aerosols.



Albedo, Permafrost, etc. 

Some carbon storage in forests may be 
offset in radiation balance by changes to 
albedo (snow->forest in particular).  However, 
in most locations net gains outweigh losses.

Huge amounts of carbon & methane may be 
released by melting permafrost (and other 
soil changes).  The role of forests, 
afforestation, etc. in this process is important 
to understand.



What Research to Support? 
(Broad Federal Agenda)

Restructuring Federal Climate Research to Restructuring Federal Climate Research to 
M t th  Ch ll  f Cli t  ChM t th  Ch ll  f Cli t  ChMeet the Challenges of Climate ChangeMeet the Challenges of Climate Change

released 2/25/09released 2/25/09

–– Restructure the program around integrated Restructure the program around integrated 
scientificscientific--societal issuessocietal issues

–– Establish a US climate observing system with Establish a US climate observing system with 
physical, biological, and social observationsphysical, biological, and social observations

–– Support a new generation of coupled EarthSupport a new generation of coupled Earth--Support a new generation of coupled EarthSupport a new generation of coupled Earth
system modelssystem models

–– Strengthen research on adaptation, mitigation, Strengthen research on adaptation, mitigation, 
and vulnerabilityand vulnerabilityand vulnerabilityand vulnerability

–– Initiate a national assessment process with broad Initiate a national assessment process with broad 
stakeholder participationstakeholder participation

–– Coordinate federal efforts to provide climate Coordinate federal efforts to provide climate 
services routinely to decision makersservices routinely to decision makersFr
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What Research to Support? 
(Some Gaps Persist)

NRC Report on CCSPNRC Report on CCSP**
!"#$%#&'(!"#$%#&'(

!! Understanding and predicting Understanding and predicting physicalphysical
climate change is progressing wellclimate change is progressing wellg p g gg p g g

!! Declining observing capabilityDeclining observing capability

!! Inadequate human dimensions funding:Inadequate human dimensions funding:
–– $30 million; lack of collaboration$30 million; lack of collaboration

!! Inadequate progressInadequate progress
i  i  i t   h  ll b i  i  i  i t   h  ll b i  –– in assessing impacts on human well being in assessing impacts on human well being 
and vulnerabilitiesand vulnerabilities

–– in providing knowledge to support decision in providing knowledge to support decision p g g ppp g g pp
making and risk analysesmaking and risk analyses

–– in communicating results and engaging in communicating results and engaging 
stakeholders in a twostakeholders in a two--way dialogueway dialoguestakeholders in a twostakeholders in a two way dialogueway dialogue

*Evaluating Progress of the US CCSP Program: Methods & Preliminary Results
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What Research to Support? (May 
be some federal $$ forthcoming)

CLIMATE SECURITY ACTCLIMATE SECURITY ACT

! 2 Percent Annual Reductions in GHGs

! Investment in U.S. Forests and Soils 

Sequestration: $115B Through 2030

I t t i  U S  N t l R  ! Investment in U.S. Natural Resources 

Adaptation: $137B Through 2030p g

Kostyack 2008Kostyack, 2008

(Lieberman-Warner Bill)
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#1: Improved Climate Modeling (including Land!)

#2: 10-30yr Forecasts (will benefit forestry if metrics in place)

#3: Regional Forecasts (will benefit forestry if metrics in place)

#5: Regional impacts of sensitive systems needed

#6: A systematic approach to vulnerability needed (incl. forests)

#7: Scenarios for land use needed (incl. forest changes)

#8: Observations of hydrology changes (forest role and impact)

#10: Carbon cycle observations (forest role and impact)

#11: Aerosols (Forest role and impact)



My Suggested AFF Priorities
AFF should support research into the role 
family forests can play in mitigation

AFF should support afforestation and 
reduced deforestation

AFF should support research into adaptation 
strategies as applied to family forests

AFF should support research that clarifies 
the information needed by family forests, so 
that basic research gives answers (metrics).

For impact beyond family forests, AFF should 
encourage research projects that will inform 
or be useful as IPCC-class studies


