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 170-220 Gt CO2-eq 
between 2012 & 2050

 Current rate is 7 Gt/yr 
(~266 Gt net release)

 Reduction of 17 to 36% 
of annual emissions 
(my math)

NRC Report 2010, Limiting the Magnitude of Future Climate 
Change



 Only 2 of 14 models were able to produce scenarios 
that attained the 450 goal (~2°C warming) 
 without immediate, full global participation and only then if 

an overshoot trajectory to the goal was allowed.
 Otherwise, no models could produce the scenario that 

met the 450 ppm CO2-eq by 2100. 
 Warming of ~3°C is more likely (550 ppm) or real 

warming may be higher (650 ppm)

NRC Report 2010, Limiting the Magnitude of Future Climate Change



 “adjustment in natural or human 
systems to a new or changing 
environment that exploits beneficial 
opportunities or moderates negative 
effects”



 Involves:
 Projection of potential impacts from science
 Scale of impacts and response

 Includes:
 Building adaptive capacity 
 Transforming capacity into action



 Communicating climate change information
 Building awareness of potential impacts
 Maintaining well-being
 Protecting property/land
 Exploiting new opportunities



NRC Report 2010, Adapting to the Impacts of Climate Change
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Hayhoe et al. 2007 in 
PA Climate Impacts Assessment

Snow-covered days per month



Annual Precipitation Annual Temperature

 It is very likely that Pennsylvania will warm (7°F)
 It is likely that annual precipitation will increase

Pennsylvania 
Climate 
Impacts 
Assessment



Consecutive Dry Days Large Precipitation Events

 It is likely that Pennsylvania’s precipitation will 
become more extreme, with longer dry periods 
and greater intensity of precipitation

Pennsylvania 
Climate 
Impacts 
Assessment



Summer Winter

 It is very likely that winter 
precipitation will increase

Pennsylvania 
Climate 
Impacts 
Assessment



http://www.nrcc.cornell.edu/drought/NE_PctTime_SE.gif



 Getting warmer (0.65 to 0.75°C/decade) –
especially in winter (Hayhoe et al. 2007)

 Increase in growing season (1 week); 
decrease in frost

 Increase in annual precipitation and heavy 
rain events (9.5mm), but droughts too



NRC Report 2010, Adapting to the Impacts of Climate Change



 Species composition and ranges
 Disturbance regimes
 Growth rates and phenology
 Insect/disease dynamics
 Hydrology & earlier peak discharge
 Interactive factors 

 fragmentation, invasive species, nitrogen 
deposition



Jack Williams et al. PNAS 2007



Woodall et al. Forest Ecology and Management 2009

Northward
migration



Beckage et al. PNAS 2008

Upslope 
migration



 Shifts in 
Biomes

Unsuppressed fire
Historical

Unsuppressed fire
Future – SRES A2

Unsuppressed fire
Future – SRES B2

Lenihan et al. Geophysical Research Letters, 
2008



 Shifts in forest types



 Shifts in individual species



http://www.globalchange.gov/publications/reports/sci
entific-assessments/us-impacts/full-report/climate-
change-impacts-by-sector/ecosystems



The invasion (orange) and retreat (blue) of fire projected by 2010–2039 under 
the A2 (mid-high) emissions scenario and based on the FIRENPP ensembles. 
Invasion was constrained to places with existing vegetation. (Krawchuk et al. 
PLoS One 2009)



Liu et al. Forest Ecology and Management 2009
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 Conservation
 “Coarse-filter” approaches, resiliency

 Restoration
 Larger seed zones, southern/drier species

 Active Management
 Match species to future habitat suitability

(e.g., facilitated migration)
 Manage with/for disturbance 

(e.g., prescribed fire)



 Consider resistance, resilience, and facilitation
 Resistance

 Increasing water supply; mitigate drought stress
 Reduce herbivory/invasives
 Fight insect/disease outbreaks
 Promote regeneration following disturbance

 Resilience
 Buffers: reduce specific impacts, promote connectivity
 Identify climate refuges and movement networks (pay 

attention to topography)
 Facilitation





 Conservation Actions
 “Coarse-filter” approach

 Expand reserves that lack adequate environmental heterogeneity
 Focus on future desired forest functions, rather than species

 Prioritize climate refuges; buffer small 
reserves

 Maintain high biodiversity to promote 
resiliency
 Manage forests for multi-species, multi-ages
 Genetic diversity



 Conservation Networks
 Link to climate-proof networks

 Link isolated habitat that is within a new suitable 
climate zone to the nearest climate-proof network

 Increase colonizing capacity 
 in the overlap zone, the part of a network that 

remains suitable in successive time frames
 Optimize sustainable networks in climate 

refugia
 the part of a species range where climate remains 

stable



 Connectivity metrics 
(graph theory) among 
core conservation 
areas

 1/3 of core habitat is 
not protected

 Currently protected 
areas are typically 
isolated, but buffered

 Connectivity is 
vulnerable to 
development



 High elevation communities in 
the Southern Appalachians are 
particularly vulnerable - limited 
upward migration

 Northward migration, while 
slower than upslope migration, 
may be important

 Mid-Atlantic Appalachians may 
present some hurdles, both 
because it is lower elevation by 
comparison (max. elevation 
around 1000 m) and is narrower.

 Narrow pathway for northward 
migration is limited to 900-1000 
m; follows Allegheny Plateau 
through PennsylvaniaE. Crisfield/Smithwick, unpublished data



E. Crisfield/Smithwick, unpublished data





 Restoration
 Mitigation (increase carbon storage)
 Build resiliency
 To what?

 Historic ranges of variability still relevant?
 Focus on function/service/natural capital?
 Manage for future species/functions?



Harris, Restoration Ecology, 2006



 Facilitated Migration
 Species that occur in 

small, fragmented 
populations, or those 
with low fecundity or 
late age of sexual 
maturity, reproductive 
characteristics more 
typical of later 
successional species 
and high-elevation 
habitats, will likely 
suffer greater 
adaptational lag. 

Figure 1 Change in the number of tree species predicted to be adequately 
conserved (cumulative cover of 10 ha, Hamann and Wang 2006) into the future, 
under the assumption that species are capable to adapt to changed climate, (•), 
migrate to suitable habitat within a reserve, (○), both, migrate and adapt, or 
neither (•). The analysis is based on bioclimatic envelope models for 49 tree 
species and 906 protected areas in British Columbia (Hamann and Wang 2006; A. 
Hamann and S.N. Aitken, unpublished manuscript.).



NRC Report 2010, Adapting to the Impacts of Climate Change



 Success must include assessment of:
 Effectiveness, Efficiency, Equity, Legitimacy

 Recognize heterogeneity in capacity, benefits, 
objectives

 Ensure actions do not adversely affect others 
(minimize negative downstream effects)

 Be careful not to amplify conflicts
 Scale-specific criteria

 International/National/State/County/Household
 Implement and Evaluate at relevant scale

 Cross-scale interactions will add complexity



 Trailing edge of rare species
 Reproduction and regeneration should 

be monitored in protected areas to 
determine if facilitated migration of 
populations is necessary among 
protected areas or to extend species 
ranges.



NRC Report 2010, Adapting to the Impacts of Climate Change
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