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Information and Resources



Change in Annual Temperature, 1901-2011

www.climatewizard.org

Observed Temperature Changes



Change in Annual Temperature, 1901-2011

www.climatewizard.org

Observed Temperature Changes



Change in Seasonal Mean Temperature, 1901-2011

www.climatewizard.org

Observed Temperature Changes



Change in Seasonal Minimum Temperature, 1901-2011

www.climatewizard.org

Observed Temperature Changes



www.climatewizard.org

Observed Precipitation Changes
Change in Annual Precipitation 1901-2011



www.climatewizard.org

Observed Precipitation Changes
Change in Seasonal Precip, 1901-2011



Frequency of 3”+ rainstorms

Observed Trends in Extreme Weather

Minnesota MichiganWisconsin

www.climatewizard.org



Frozen ground conditions have decreased over the 
last 60+ years – WI example

Less Frozen Ground

Rittenhouse  and Rissman 2015, Sinha et al. 2010

 
 

  

Frozen Ground Season
Annual data
Trend

 
 

  

Frozen Ground Days
Annual data
Trend



Phenology Changes
• 1-2 more freeze-thaw cycles per yr since 1900
• 6-8 day advance in growing season since 1950
• 1.4 days/decade earlier ice out since 1916
• Many other observed changes! (mammals, birds, 

etc.)

Sinha et al. 2010, Hodson 1991, Bradley et al. 1999, Kling et al. 2003, Mishra et al. 2011



Source:
NOAA 2012



Two scenarios of future GHG emissions

Future Change - Uncertainty

IPCC 2007, Graphic: C. Wake, University of New Hampshire



• Pay attention to the range of possible change

– PCM B1: low emissions + less sensitive GCM

– GFDL A1FI: high emissions + more sensitive GCM

• Projections are consistent with other data sets

• Think of them like bookends: 

Future Change - Uncertainty

Least Projected 
Change

Most Projected 
Change

PCM
Low emissions (B1)

GFDL
High emissions (A1FI)



Projected Temperature Change (F)

Sources: Stoner et al. 2012, Hayhoe et al. 2011. 

PCM B1 – Less Change Scenario, 2070-2099



Projected Temperature Change (F)

Sources: Stoner et al. 2012, Hayhoe et al. 2011. 

GFDL A1FI – More Change Scenario, 2070-2099



Projected Precipitation Change (in)

Sources: Stoner et al. 2012, Hayhoe et al. 2011. 

PCM B1 – Less Change Scenario, 2070-2099



Projected Precipitation Change (in)

Sources: Stoner et al. 2012, Hayhoe et al. 2011. 

GFDL A1FI – More Change Scenario, 2070-2099



Last Spring Frost

Sources: http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/

Low High

http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/


Snowpack >10in.

Sources: http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/

Low High

http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/


Nights Below 0 ºF

Sources: http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/

Low High

http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/


Winter Severity Index

Sources: http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/

Low HighCurrent

http://ccr.aos.wisc.edu/resources/data_scripts/LCC_MI/


Other Projected Changes

Sinha and Cherkauer 2010, Feng and Hu 2007, Notaro et al. 2011, Lambert and Hansen 2011, Wuebbles and Hayhoe 2004

By 2100, northern Michigan can expect:

• 40-80% decrease in snow-water equivalent
• 30-50 fewer days with frozen ground
• Earlier snowmelt
• More freezing rain
• 2-3 more freeze-thaw cycles
• 30-70 day increase in the                                           

growing season



Impacts on Forests
• Longer growing season
• CO2 fertilization
• Altered soil moisture
• Extreme weather events
• Less frozen ground
• Increased fire risk
• Species range shifts
• Increased stressors

Sources: Handler et al. 2014, Janowiak et al. 2014



Key Ecological Attributes: Repurposed

• The existing KEAs provide 
important information about the 
condition of the forest
– Good ecological condition would 

be expected to increase the 
adaptive capacity of a forest, 
making in more resilient to 
climate change

• Which of the existing KEAs are 
particularly relevant in light of 
climate change?

KEAs from Two-Hearted:
1) Total Stocking
2) Acceptable Growing Stock
3) Tree Species Diversity
4) Tree Species Evenness
5) Large Live Trees
6) Large Snags
7) Large Coarse Woody Debris
8) Established Seedlings
9) Desirable Established Seedlings

Janowiak, Fosgitt, Dallman, etal



NEW Climate Informed Metrics

• The idea of KEAs can be extended 
to climate change adaptation, 
where KEAs can indicate whether 
forests are:

– At risk due to climate change
– Improving the adaptive capacity 

(resilience) of forests to climate 
change impacts

– Transitioning forests to conditions 
that are expected to be more in line 
with the range of potential future 
climates

• These are used in conjunction 
with standard KEAs, such as 
diversity values

New Climate Adaptation KEAs
10) Risk of Decline – Trees
11) Risk of Decline – Established Saplings
12) Risk of Decline – Established Seedlings



New Risk Metrics

Are the trees in this stand/forest/area at risk 
from climate change?
• Integrates Climate Change Tree Atlas projections, 

which are part of published vulnerability 
assessments 

• “At risk” species identified for an ecoregion
– Suitable habitat reduced >20% by 2100

• IMPORTANT: Metric signals that species is at risk 
of decline across a general region, but it is up to 
manager to evaluate that information given local 
knowledge



Species Range Shifts

Sugar Maple

Source: Louis Iverson et al. (US Forest Service)

2070-2100 Low

2070-2100 High

Current 
Importance 

Value
Low

High

  

  

  

  

  

  

www.fs.fed.us/nrs/atlas/



Species Range Shifts
2070-2100 Low

2070-2100 High

White Oak

Source: Louis Iverson et al. (US Forest Service)

Current 
Importance 

Value
Low

High

  

  

  

  

  

  

www.fs.fed.us/nrs/atlas/



Species Range Shifts
2070-2100 Low

2070-2100 High

Quaking Aspen

Source: Louis Iverson et al. (US Forest Service)

Current 
Importance 

Value
Low

High

  

  

  

  

  

  

www.fs.fed.us/nrs/atlas/



Generally expected 
to decrease Little Change

Generally expected
to increase

New Suitable Habitat 
(Tree Atlas)

Not sure 
(Disagreement among models)

Substantial Declines:
Black spruce

Mountain maple*
White spruce

Smaller declines: 
Balsam fir 

Balsam poplar
Boxelder*
Bur oak*
Jack pine 

Northern white-cedar
Paper birch 
River birch*
Rock elm*
Tamarack*

*Species only modeled by 
the Tree Atlas (DISTRIB)

Note: model results only

Bitternut hickory*
Chestnut oak*
Chokecherry*

Eastern cottonwood*
Eastern hophornbeam*

Pin cherry*
Ohio buckeye*

Pin cherry*
Pin oak*

Striped maple*
Swamp white oak*

Substantial Increases:
Black locust*
Black walnut*

Sassafras*
Shagbark hickory*

Smaller Increases:
American beech

American elm
American hornbeam*

Black cherry 
Black oak

Black willow*
Blackgum*

Eastern redcedar*
Flowering dogwood*

Honeylocust*
Northern red oak

Scarlet oak*
Silver maple*
Slippery elm*

Sycamore*
White ash

Hackberry*
Mockernut hickory*

Osage-orange*
Pignut hickory*
Red mulberry*
Yellow-poplar*

(Atlas/LANDIS):
American basswood (0/+)

Bigtooth aspen (0/+)
Black ash (0/-)

Eastern hemlock (0/-)
Eastern white pine (0/+)

Green ash (-/+)
Northern pin oak (0/-) 

Quaking aspen (-/+)
Red maple (0/+)
Red pine  (0/-)

Sugar maple (0/+)
Yellow birch (0/-)
White oak (+/0)

Climate Change Projections for Individual Tree Species 
PCM B1 Scenario (Less Change)

Source: Handler, S.; et al. 2014. Michigan forest ecosystem vulnerability assessment and synthesis: a report from the Northwoods
Climate Change Response Framework. Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 
GTR-NRS-133. 229p. http://www.treesearch.fs.fed.us/pubs/45688.   

http://www.treesearch.fs.fed.us/pubs/45688


Generally expected 
to decrease Little Change

Generally expected
to increase

New Suitable Habitat 
(Tree Atlas)

Not sure 
(Disagreement among models)

Substantial Declines:
Balsam fir 

Balsam poplar 
Black spruce

Chokecherry*
Jack pine

Mountain maple*
Northern white-cedar

Paper birch
Pin cherry*

Quaking aspen
Tamarack*

White spruce
Yellow birch

Smaller declines: 
Black ash

Bigtooth aspen 
Eastern hemlock

Eastern white pine
Red maple 
Red pine 

Striped maple*

*Species only modeled by 
the Tree Atlas (DISTRIB)

Note: model results only

Peachleaf willow* Substantial Increases:
American elm

American hornbeam*
Bitternut hickory*

Black locust*
Black walnut*
Black willow*

Blackgum*
Boxelder*
Bur oak* 

Eastern cottonwood*
Eastern redcedar*

Flowering dogwood*
Pin oak*

Sassafras*
Shagbark hickory*

Silver maple*
Slippery elm*

Swamp white oak*
White ash

Smaller Increases:
Chestnut oak*

Eastern hophornbeam*
Honeylocust*

Ohio buckeye*
River birch*
Rock elm*

Scarlet oak*
Sycamore* 
White oak

Black hickory*
Blackjack oak*
Chinkapin oak*

Common persimmon*
Eastern redbud*

Hackberry*
Mockernut hickory*

Osage-orange*
Pawpaw*

Pignut hickory*
Post oak*

Red mulberry*
Shellbark hickory*

Shingle oak*
Sugarberry*
Wild plum*

Yellow-poplar*

(Atlas/LANDIS):
American basswood (+/--)

American beech (0/-)
Black cherry (0/-)
Black oak (++/-)
Green ash (+/-)

Northern pin oak (++/--) 
Northern red oak (0/-)

Sugar maple (--/+)

Climate Change Projections for Individual Tree Species 
GFDL A1FI Scenario (Greater Change)

Source: Handler, S.; et al. 2014. Michigan forest ecosystem vulnerability assessment and synthesis: a report from the Northwoods
Climate Change Response Framework. Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 
GTR-NRS-133. 229p. http://www.treesearch.fs.fed.us/pubs/45688

http://www.treesearch.fs.fed.us/pubs/45688


Species
Basal 
Area

Stems 
Per Acre

Freq. 
(%)

Proportion 
of Stand 

(IV %)

Future: 
Current 
Habitat Change Class

 At-risk 
Proportion 

of Stand (%)

Future: 
Current 
Habitat Change Class

 At-risk 
Proportion 

of Stand (%)
Sugar maple 79.0 117.1 100.0 40.8 0.8 No Change 0.0 0.3 Large Decrease 40.8
White ash 33.1 30.7 96.2 17.9 1.6 Increase 0.0 1.9 Increase 0.0
American basswood 18.5 23.7 73.1 12.3 1.1 No Change 0.0 1.4 Increase 0.0
Yellow birch 7.7 12.4 53.8 7.0 0.8 Decrease 7.0 0.2 Large Decrease 7.0
Bigtooth aspen 10.0 16.1 15.4 5.5 1.0 No Change 0.0 0.4 Large Decrease 5.5
Red maple 4.2 8.6 42.3 5.0 1.0 No Change 0.0 0.6 Decrease 5.0
Northern red oak 1.5 0.7 42.3 3.2 1.3 Increase 0.0 1.1 No Change 0.0
American elm 0.4 0.4 34.6 2.4 2.3 Increase 0.0 3.2 Large Increase 0.0
Paper birch 1.9 5.3 11.5 2.0 0.7 Decrease 2.0 0.2 Large Decrease 2.0
Black ash 1.5 2.6 7.7 1.2 0.7 Decrease 1.2 0.6 Decrease 1.2
Black cherry 0.4 0.2 15.4 1.1 2.4 Large Increase 0.0 1.4 Increase 0.0
Eastern hemlock 1.2 1.9 3.8 0.8 1.2 Increase 0.0 0.4 Large Decrease 0.8
Quaking aspen 0.8 0.6 7.7 0.8 0.6 Decrease 0.8 0.2 Large Decrease 0.8
Total 160.2 220.3 100.0 Proportion at-risk: 11.0 Proportion at-risk: 63.0

New Risk Metrics

Northern Hardwood Stand: Low (PCM B1) High (GFDL A1F1)



Species
Basal 
Area

Stems 
Per Acre

Freq. 
(%)

Proportion 
of Stand 

(IV %)

Future: 
Current 
Habitat Change Class

 At-risk 
Proportion 

of Stand (%)

Future: 
Current 
Habitat Change Class

 At-risk 
Proportion 

of Stand (%)
Sugar maple 79.0 117.1 100.0 40.8 0.8 No Change 0.0 0.3 Large Decrease 40.8
White ash 33.1 30.7 96.2 17.9 1.6 Increase 0.0 1.9 Increase 0.0
American basswood 18.5 23.7 73.1 12.3 1.1 No Change 0.0 1.4 Increase 0.0
Yellow birch 7.7 12.4 53.8 7.0 0.8 Decrease 7.0 0.2 Large Decrease 7.0
Bigtooth aspen 10.0 16.1 15.4 5.5 1.0 No Change 0.0 0.4 Large Decrease 5.5
Red maple 4.2 8.6 42.3 5.0 1.0 No Change 0.0 0.6 Decrease 5.0
Northern red oak 1.5 0.7 42.3 3.2 1.3 Increase 0.0 1.1 No Change 0.0
American elm 0.4 0.4 34.6 2.4 2.3 Increase 0.0 3.2 Large Increase 0.0
Paper birch 1.9 5.3 11.5 2.0 0.7 Decrease 2.0 0.2 Large Decrease 2.0
Black ash 1.5 2.6 7.7 1.2 0.7 Decrease 1.2 0.6 Decrease 1.2
Black cherry 0.4 0.2 15.4 1.1 2.4 Large Increase 0.0 1.4 Increase 0.0
Eastern hemlock 1.2 1.9 3.8 0.8 1.2 Increase 0.0 0.4 Large Decrease 0.8
Quaking aspen 0.8 0.6 7.7 0.8 0.6 Decrease 0.8 0.2 Large Decrease 0.8
Total 160.2 220.3 100.0 Proportion at-risk: 11.0 Proportion at-risk: 63.0

New Risk Metrics

Northern Hardwood Stand: Low (PCM B1) High (GFDL A1F1)
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Future: 
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 At-risk 
Proportion 

of Stand (%)

Future: 
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Habitat Change Class

 At-risk 
Proportion 

of Stand (%)
Sugar maple 79.0 117.1 100.0 40.8 0.8 No Change 0.0 0.3 Large Decrease 40.8
White ash 33.1 30.7 96.2 17.9 1.6 Increase 0.0 1.9 Increase 0.0
American basswood 18.5 23.7 73.1 12.3 1.1 No Change 0.0 1.4 Increase 0.0
Yellow birch 7.7 12.4 53.8 7.0 0.8 Decrease 7.0 0.2 Large Decrease 7.0
Bigtooth aspen 10.0 16.1 15.4 5.5 1.0 No Change 0.0 0.4 Large Decrease 5.5
Red maple 4.2 8.6 42.3 5.0 1.0 No Change 0.0 0.6 Decrease 5.0
Northern red oak 1.5 0.7 42.3 3.2 1.3 Increase 0.0 1.1 No Change 0.0
American elm 0.4 0.4 34.6 2.4 2.3 Increase 0.0 3.2 Large Increase 0.0
Paper birch 1.9 5.3 11.5 2.0 0.7 Decrease 2.0 0.2 Large Decrease 2.0
Black ash 1.5 2.6 7.7 1.2 0.7 Decrease 1.2 0.6 Decrease 1.2
Black cherry 0.4 0.2 15.4 1.1 2.4 Large Increase 0.0 1.4 Increase 0.0
Eastern hemlock 1.2 1.9 3.8 0.8 1.2 Increase 0.0 0.4 Large Decrease 0.8
Quaking aspen 0.8 0.6 7.7 0.8 0.6 Decrease 0.8 0.2 Large Decrease 0.8
Total 160.2 220.3 100.0 Proportion at-risk: 11.0 Proportion at-risk: 63.0

New Risk Metrics

Northern Hardwood Stand: Low (PCM B1) High (GFDL A1F1)



Stand 28 example (small regen not shown)Massive Excel workbook

Creates PDF report



Risk by stand (overstory):



Applied in the Real World…
• Using Climate informed inventory to guide 

management activities on the ground
– Important not to loose sight of overall management 

goals 
• Biodiversity
• Protection of water quality and ecosystem function
• Sustainable timber production

– Understanding CIMs helps us determine how climate 
change may impact our ability to meet those goals

– Silvicultural prescriptions are developed 
understanding challenges and opportunities

– Evaluate effectiveness over time – Monitoring
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