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Climate and carbon services
• Climate impacts modeling

• Vulnerability assessment

• Climate adaptation

• Carbon biogeochemistry

• Carbon management

Northern Institute of Applied Climate Science
(aka NIACS)

adapationworkbook.org



Bird Impacts and 
Adaptation

Climate Change 
Forest Impacts

Ecosystem 
Adaptation
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THE GOOD: 
Longer growing 

seasons.

THE BAD: 
Shorter, warmer 

winters.

THE UGLY: 
More extreme 

events.
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Many northern/boreal species are 
projected to decline in the region–
contract to more northerly and 
higher-elevation locations

Many species common farther south 
are expected to see increased and 
new habitat within the region.
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Likely to decline
 Balsam fir
 Black, red, & white spruce
 Northern white-cedar
 Eastern hemlock

 Black ash
 Paper birch
 Quaking aspen
 Tamarack

Mixed model results
 American beech
 Sugar & red maple
 Yellow birch
 White pine

Potential “winners”
 American elm
 American basswood
 Black cherry
 Eastern hophornbeam
 Gray birch
 Northern red oak
 Serviceberry
 Silver maple
 Sweet birch
 White oak

New habitat (esp. south)
 Black hickory
 Chinkapin oak
 Common persimmon
 Hackberry
 Loblolly pine
 Osage-orange
 Shortleaf pine
 Southern red oak
 Sweetgum
 Virginia pine

www.forestadaptation.org/ne-species

http://www.forestadaptation/org/ne-species
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Climate change is a 
“threat multiplier”

 Chronic stress

 Disturbances

 Insect pests

 Forest diseases

 Invasive species

Interactions make all 
the difference.
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Drought

Injury

Pests and 
Disease

Image: Bartlett Tree Experts



Effects on Forests
SHIFTING SEASONS | SHIFTING SPECIES | SHIFTING STRESSORS

Location, Location, Location
Research and assessments describe broad trends but local 

conditions and management make the difference. 



Adaptation is the adjustment of systems 
in response to climate change. 

Adaptation actions are designed to specifically 
address climate change impacts & vulnerabilities 
in order to meet goals and objectives



Adaptation is the adjustment of systems 
in response to climate change. 

Ecosystem-based adaptation activities build on 
sustainable management, conservation, and
restoration.



Desired 
ConditionsNatural Forest 

Dynamics

Wildlife 
Habitat

Past 
Management 

History

Invasives Timber Sale 
Revenue

Disturbance:
Past + Future

Recreation

Forest 
Health

And more!!
Climate 
Change

Plan & Project 
Requirements



1. DEFINE area of 
interest, 

management 
objectives, and time 

frames. 

2. ASSESS climate 
change impacts and 

vulnerabilities for the 
area of interest.

3. EVALUATE 
management 

objectives given 
projected impacts 
and vulnerabilities.

4. IDENTIFY and 
implement 
adaptation 

approaches and 
tactics. 

5. MONITOR and 
evaluate 

effectiveness of 
implemented actions.

Vulnerability 
assessments, 

scientific 
literature,  and 
other resources

Menu of 
Adaptation 
Strategies & 
Approaches

Adaptation Workbook

Swanston et al. 2016; www.adaptationworkbook.org

http://www.adaptationworkbook.org/


RESISTANCE RESILIENCE TRANSITION

 Improve defenses of 
forest against change 
and disturbance

 Maintain relatively 
unchanged conditions

 Accommodate some 
degree of change

 Return to prior reference 
condition following 
disturbance

 Intentionally facilitate 
change

 Enable ecosystem to 
respond to changing 
and new conditions

Millar et al. 2007

A Spectrum of Adaptation Options

Millar et al. 2007, Swanston et al. 2016, Nagel et al. 2017



Swanston et al. 2016



More than 50 projects in New England

Millar et al. 2007

Real-World Adaptation Projects

www.forestadaptation.org/demos
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• Thermoregulation and maintenance
• Feeding

• Courtship and breeding

• Reduced survival and reproductive success
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DeLuca and King 2016

?
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I don’t know!



Adaptation for Birds

Mawdsley et al 2009, Ralston et al 2016

Habitat adaptation
• Forest birds are inextricably linked to forest habitat

• Adapted forests will provide better habitat

Population adaptation
• Adaptation strategies apply directly to wildlife as well

• Reduce other stressors – poor habitat quality
• Maintain and enhance genetic diversity
• Growing populations more likely to adapt
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Nicolle R. Fuller

Time



Nicolle R. Fuller

Simon Pierre Barrette

Charles J Sharp

Kelly Colgan Azar

Reago & McClarren

Simon Pierre Barrette

Time

Francesco Veronesi



Nicolle R. Fuller

Simon Pierre Barrette

Time

Francesco Veronesi

|----------20 years ----------|



Nicolle R. Fuller

Simon Pierre Barrette

Charles J Sharp

Kelly Colgan Azar

Reago & McClarren

Time



Fyn Kynd

Complex Vertical Structure

Charles J Sharp

Kelly Colgan Azar

Kelly Colgan Azar



Complex Vertical Structure

Tom Paradis
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Management 
Goals 

(bird habitat)

MitigationAdaptation

Can all these goals be accomplished?



Wood Thrush

Wood Thrush







The Forest Bird Umbrella
Action Bird Habitat Adaptation Mitigation

Maintain large, 
unfragmented
forests

Habitat for forest 
birds

Supports broader
landscape 
connectivity

Maintains carbon 
stocks and 
sequestration

Forest harvest,
including group 
selection and 
gaps; retain snags

Improves structure 
used by a diversity of 
species; increases 
tree species diversity

More species and 
structurally diverse 
stands are more 
resilient

Improves growth of 
remaining trees; more 
structure can increase 
carbon storage

Promote or plant
red oak in 
harvested areas

Oaks support many 
insects and animals

Oak is projected to 
have more habitat in 
the future

Reduces risk from 
species declines by 
increasing diversity

Long rotations Habitat for interior 
birds; increases large 
trees, snags, dead 
wood 

Supports landscape 
connectivity and 
diversity

Allows trees to grow 
larger; forest retains 
carbon
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Management 

Goals 

(bird habitat)

MitigationAdaptation

Can all these goals be accomplished?



Final Thoughts

Be intentional in considering climate change.

Same actions–
climate change 

just makes them 
that much more 

important

Small “tweaks” that 
improve effectiveness

New & different 
actions to consider, 
even some that may 
seem wild & crazy

*individual results will vary



How is this place 
vulnerable to  
climate change?

 Review resources to 
understand regional 
impacts from climate 
change

 Consider your local site 
conditions to 
understand unique 
vulnerabilities and risks. 

Illustration by Jerry Jenkins, from Rustad et al. 2012

New 
report!

www.forestadaptation.org/ 
ne-assessment



What actions can be taken to

enhance the ability of a system 
to cope with change 

and

meet land management goals 
and objectives?



What actions can help systems adapt to change?

Thinning:

Favor mast-producing species,  increase diversity

Improve growth & health of remaining trees



What actions can help systems adapt to change?

Retain: Den trees, snags, coarse woody debris for habitat

Protect: Establish riparian wetland reserve



What actions can help systems adapt to change?

Infrastructure

Replace undersized culverts and bridges


