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• The climate is changing, and it is impacting 
forests in many ways. 

• The magnitude of continued accelerated change 
requires  adaptation strategies aimed to maintain 
healthy and productive forests.

• Tools for adapting forest and their habitats in light 
of climate change (www.fs.fed.us/nrs/atlas)

• Collaboration in research and partnerships in 
shared stewardship are of critical importance.

Forest, birds, and climate change



Effects on Forests
SHIFTING SEASONS | SHIFTING STRESSORS | SHIFTING SPECIES

National Climate Assessment 2014 & 2017

National Climate 
Assessment IV

Annual average 
temperature over 
the contiguous 
United States has 
increased by 
1.2°F (0.7°C) 



Not only is there a 
consistent trend of warming 
a corresponding incidence 
of extreme conditions can 
drive ecosystem change  

Figures from IV National Climate Assessment



Effects on Forests
SHIFTING SEASONS | SHIFTING STRESSORS | SHIFTING SPECIES

• Growing seasons have 
increased ~2 weeks in past 
century

• Projected increases of another 
10-30 days by midcentury for 
much of US

• Altered phenology, e.g., earlier 
peak stream flow and plant 
flowering

NCA 2014 & 2017; Image: Brianne Walsh/UMCES



Increasing likelihood of many extreme weather events

Effects on Forests
SHIFTING SEASONS | SHIFTING STRESSORS | SHIFTING SPECIES

NCA 2017, Schiermeier 2018
Image: American Forest Foundation 



Climate change exacerbates many ecosystem stressors.

Effects on Forests
SHIFTING SEASONS | SHIFTING STRESSORS | SHIFTING SPECIES

Images: NCA 2014, USGCRP TSU 2017, Clark et al. 2016, Peters et al. 2015

Warmer 
temperatures 
drive 
moisture 
deficits.



These changes are 
having impact on 
ecosystems.

Not just increases 
in temperature but 
variability in 
conditions and 
other persistent 
change are 
influencing forest 
health

Clark et al. 2016, Peters et al. 2015



• Capture current 
and potential future 
conditions

• Key variables that 
capture stress and 
growth indicators in 
plants

• Complementary to 
species models

Climate indices of change 

www.nrs.fs.fed.us/pubs/55870
(Matthews et al. 2018)



• Over much of the 
US, droughts will 
intensify in second 
half of this century.

• Even with more 
precipitation, more 
drought in many 
area such as Ohio

Cumulative Drought Severity Index

www.nrs.fs.fed.us/pubs/55870
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2099-low emissions 2099-high emissions

Heat Index

Days over 86F
For SE Ohio that is 
almost double even 
under lower emissions 
and up to 100 more days 
under higher emissions



Climate analogs (Adams et al. In Pred)
• Sigma dissimilarity standardizes climatic 

distance according to historic interannual 
variability.

• Based on same 7 variables as used in the Atlas
• Calculated for each urban area for the year 

2100 under RCP 8.5. 



Climate change along with other drivers can have 
multiplicative influence on forest ecosystems 



• Such shifts will influence wildlife and other 
taxa dependent on these ecosystems 

With change in forest dynamics the emergence of novel conditions 

From McDowell et al. 2020 Science 



www.fs.fed.us/nrs/atlas

Atlas Components:
• DISTRIB = Habitat 

suitability model
• Adaptability ratings = 

species traits not 
included in models

• SHIFT = Colonization 
likelihood model

Climate Change Atlas

New version 4!
www.fs.fed.us/nrs/atlas



Sugar Maple

Average of 3 climate models
Medium emissions (RCP 4.5)

Average of 3 climate models
High emissions (RCP 8.5)



Sugar Maple



Balsam fir Red maple



Northern Red Oak
temporal mismatch current 
and projected future habitat

New tree atlas quantifies 
colonization likelihood by 
2100 (Prasad et al. 2016).

Intersection of SHIFT and 
DISTRIB II gives clearer 
picture of mismatch between 
how much climate is projected 
to change and how far trees 
may move on their own.

Colonization is limited to range 
margins and infill  (Blue) which is 
derived from habitat quality (HC) 
and colonization likelihood (CL)

Current 

RCP 8.5

SHIFT example: Northern Red Oak



How are the Atlas data being used?

• Climate Change Response Framework

• Ecosystem Vulnerability Assessments

• Combined species outputs provides new view of Atlas results
– 1 x 1° example



A flexible workbook and menu to address 
diverse needs
• Designed for a variety of land owners with 

diverse goals
• Does not make recommendations
• Includes:

– Adaptation Workbook
– Adaptation strategies for different 

resource areas (menus)

Adaptation Resources

Swanston et al. 2016 (2nd edition); www.treesearch.fs.fed.us/pubs/52760; www.adaptationworkbook.org



Real-world examples 
of climate-informed 
forest management.

Nearly 500 projects 
have used the 
Adaptation Workbook 
to consider climate 
change and identify 
adaptation actions.

Adaptation Demonstrations

www.forestadaptation.org/demos



Central Appalachians Forest 
Ecosystem Vulnerability Assessment 
and Synthesis: A Report from the Central 
Appalachians Climate change Response Framework 
Project

Minnesota Forest Ecosystem
Vulnerability Assessment and 
Synthesis: A Report from the Northwoods Climate 
change Response Framework Project

Wisconsin/Western UP Forest 
Ecosystem Vulnerability Assessment 
and Synthesis: A Report from the Northwoods 
Climate change Response Framework Project

Audience: Land managers
Scope: Forest ecosystems
Vulnerability of:
•Tree species 
•Forest/natural communities
•Does not make 
recommendations

Another example of how these data are 
being used: Climate Change Response 

Framework -NIACS



Central Appalachians Region

(Butler et al. 2016)



Statistically 
significant trend

P-value < 0.1

1.1 °F

www.climatewizard.org

Observed Annual Temperatures 



Statistically 
significant trend
P-value < 
0.1

www.climatewizard.org

Observed Annual Precipitation 



• Enable 
managers/public
s to understand 
potential 
changes in tree 
species for each 
particular area

• (Iverson et al. 2019)

Regional Summary Tables





Consider overall patterns of climate change



Common Name Scientific Name Range MR %Cell FIAsum FIAiv ChngCl45 ChngCl85 Adap Abund Capabil45 Capabil85 SHIFT45 SHIFT85 SSO
red maple Acer rubrum WDH High 82 1144.1 11.3 Lg. dec. Lg. dec. High Abundant Good Good 1
sugar maple Acer saccharum WDH High 70.4 1021.4 10.1 Sm. dec. Sm. dec. High Abundant Good Good 1
black cherry Prunus serotina WDL Medium 74.8 906.5 9.8 Lg. dec. Lg. dec. Low Abundant Poor Poor 0
yellow-poplar Liriodendron tulipifera WDH High 67.3 861.7 10.6 Sm. dec. Lg. dec. High Abundant Good Good 1
white oak Quercus alba WDH Medium 61 592.9 7.5 Sm. inc. No change High Abundant Very Good Very Good 1
American elm Ulmus americana WDH Medium 66.8 490.5 5.7 Sm. dec. No change Medium Common Poor Fair 1
white ash Fraxinus americana WDL Medium 63.9 428.4 5.3 No change No change Low Common Poor Poor 0
black locust Robinia pseudoacacia NDH Low 45.9 398.2 6.7 Lg. dec. Sm. dec. Medium Common Poor Poor 0
black oak Quercus velutina WDH High 55 318.5 4.6 Sm. inc. Lg. inc. Medium Common Good Very Good 1
sassafras Sassafras albidum WSL Low 58.8 316.9 4.4 No change Sm. dec. Medium Common Fair Poor 1
northern red oak Quercus rubra WDH Medium 54.4 297.8 4.1 No change No change High Common Good Good 1
chestnut oak Quercus prinus NDH High 27.7 261.7 7.1 Sm. dec. Sm. dec. High Common Fair Fair 1
slippery elm Ulmus rubra WSL Low 55.3 235.1 3.3 No change No change Medium Common Fair Fair 1
shagbark hickory Carya ovata WSL Medium 50.1 233.3 3.9 No change Sm. dec. Medium Common Fair Poor 1
American beech Fagus grandifolia WDH High 44.8 220.5 4.0 No change Sm. dec. Medium Common Fair Poor 1
black walnut Juglans nigra WDH Low 39 203.4 4.3 Sm. inc. Sm. inc. Medium Common Good Good 1
bigtooth aspen Populus grandidentata NSL Medium 27.3 174.4 5.9 Lg. dec. Lg. dec. Medium Common Poor Poor 0
pignut hickory Carya glabra WDL Medium 39.4 170.9 3.3 Sm. inc. Sm. inc. Medium Common Good Good 1
sycamore Platanus occidentalis NSL Low 27.2 170.8 4.7 Sm. inc. Sm. inc. Medium Common Good Good 1
blackgum Nyssa sylvatica WDL Medium 43.7 159.9 3.0 Sm. inc. Sm. inc. High Common Very Good Very Good 1
florida maple Acer barbatum NSL Low 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat Migrate + 3
pecan Carya illinoinensis NSH Low 0 0 0 New Habitat New Habitat Low Absent New Habitat New Habitat Migrate ++ 3
sugarberry Celtis laevigata NDH Medium 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat Migrate + Migrate ++ 3
blackjack oak Quercus marilandica NSL Medium 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat Migrate + Migrate ++ 3
Shumard oak Quercus shumardii NSL Low 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat Migrate + Migrate + 3
winged elm Ulmus alata WDL Medium 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat Migrate + Migrate ++ 3
water oak Quercus nigra WDH High 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat Migrate + 3
cittamwood/gum bumelia Sideroxylon lanuginosum ssp. NSL Low 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat 3
black hickory Carya texana NDL High 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat 3
bluejack oak Quercus incana NSL Low 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat 3

104 total species reported on
80 species present now according to plots
~35 decline and 20 increase in habitat by 20%
~13 species could have new habitat by 2100
6 species could migrate in within 100 yrs



Chestnut Oak  
Current and habitat 8.5

Black Cherry
Current and habitat 8.5

Common Name Scientific Name Range MR %Cell FIAsum FIAiv ChngCl45 ChngCl85 Adap Abund Capabil45 Capabil85 SHIFT45 SHIFT85 SSO
red maple Acer rubrum WDH High 82 1144.1 11.3 Lg. dec. Lg. dec. High Abundant Good Good 1
sugar maple Acer saccharum WDH High 70.4 1021.4 10.1 Sm. dec. Sm. dec. High Abundant Good Good 1
black cherry Prunus serotina WDL Medium 74.8 906.5 9.8 Lg. dec. Lg. dec. Low Abundant Poor Poor 0
yellow-poplar Liriodendron tulipifera WDH High 67.3 861.7 10.6 Sm. dec. Lg. dec. High Abundant Good Good 1
white oak Quercus alba WDH Medium 61 592.9 7.5 Sm. inc. No change High Abundant Very Good Very Good 1
American elm Ulmus americana WDH Medium 66.8 490.5 5.7 Sm. dec. No change Medium Common Poor Fair 1
white ash Fraxinus americana WDL Medium 63.9 428.4 5.3 No change No change Low Common Poor Poor 0
black locust Robinia pseudoacacia NDH Low 45.9 398.2 6.7 Lg. dec. Sm. dec. Medium Common Poor Poor 0
black oak Quercus velutina WDH High 55 318.5 4.6 Sm. inc. Lg. inc. Medium Common Good Very Good 1
sassafras Sassafras albidum WSL Low 58.8 316.9 4.4 No change Sm. dec. Medium Common Fair Poor 1
northern red oak Quercus rubra WDH Medium 54.4 297.8 4.1 No change No change High Common Good Good 1
chestnut oak Quercus prinus NDH High 27.7 261.7 7.1 Sm. dec. Sm. dec. High Common Fair Fair 1
slippery elm Ulmus rubra WSL Low 55.3 235.1 3.3 No change No change Medium Common Fair Fair 1
shagbark hickory Carya ovata WSL Medium 50.1 233.3 3.9 No change Sm. dec. Medium Common Fair Poor 1
American beech Fagus grandifolia WDH High 44.8 220.5 4.0 No change Sm. dec. Medium Common Fair Poor 1
black walnut Juglans nigra WDH Low 39 203.4 4.3 Sm. inc. Sm. inc. Medium Common Good Good 1
bigtooth aspen Populus grandidentata NSL Medium 27.3 174.4 5.9 Lg. dec. Lg. dec. Medium Common Poor Poor 0
pignut hickory Carya glabra WDL Medium 39.4 170.9 3.3 Sm. inc. Sm. inc. Medium Common Good Good 1
sycamore Platanus occidentalis NSL Low 27.2 170.8 4.7 Sm. inc. Sm. inc. Medium Common Good Good 1
blackgum Nyssa sylvatica WDL Medium 43.7 159.9 3.0 Sm. inc. Sm. inc. High Common Very Good Very Good 1
florida maple Acer barbatum NSL Low 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat Migrate + 3
pecan Carya illinoinensis NSH Low 0 0 0 New Habitat New Habitat Low Absent New Habitat New Habitat Migrate ++ 3
sugarberry Celtis laevigata NDH Medium 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat Migrate + Migrate ++ 3
blackjack oak Quercus marilandica NSL Medium 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat Migrate + Migrate ++ 3
Shumard oak Quercus shumardii NSL Low 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat Migrate + Migrate + 3
winged elm Ulmus alata WDL Medium 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat Migrate + Migrate ++ 3
water oak Quercus nigra WDH High 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat Migrate + 3
cittamwood/gum bumelia Sideroxylon lanuginosum ssp. NSL Low 0 0 0 New Habitat New Habitat High Absent New Habitat New Habitat 3
black hickory Carya texana NDL High 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat 3
bluejack oak Quercus incana NSL Low 0 0 0 New Habitat New Habitat Medium Absent New Habitat New Habitat 3



Common Name Scientific Range MR %Cell FIAsum FIAiv ChngCl45 ChngCl85 Adap Abund Capabil45 Capabil85 SHIFT45 SHIFT85 SSO N
chestnut oak Quercus pNDH High 65.1 1601.0 17.6 Sm. dec. Sm. dec. High Abundant Good Good 1 1
yellow-poplar Liriodend  WDH High 62.5 1107.4 11.6 Sm. dec. Lg. dec. High Abundant Good Good 1 2
white oak Quercus aWDH Medium 72.1 904.1 7.8 No changeNo changeHigh Abundant Very GoodVery Good 1 3
red maple Acer rubruWDH High 84.6 844.8 7.0 No changeSm. dec. High Abundant Very GoodGood 1 4
Virginia pine Pinus virg NDH High 54.8 551.3 6.4 No changeSm. dec. Medium Abundant Good Fair 1 5
northern red oak Quercus r WDH Medium 64.5 532.0 6.0 Sm. inc. Sm. inc. High Abundant Very GoodVery Good 1 6
blackgum Nyssa sylvWDL Medium 71.4 467.2 4.5 No changeNo changeHigh Common Good Good 1 7
scarlet oak Quercus cWDL Medium 50.6 419.3 5.0 Sm. dec. Sm. dec. Medium Common Poor Poor 0 8
eastern redcedar Juniperus WDH Medium 37.4 380.2 6.6 Lg. inc. Lg. inc. Medium Common Very GoodVery Good 1 9
black oak Quercus vWDH High 56.5 374.8 4.8 Sm. inc. Sm. inc. Medium Common Good Good 1 10
black locust Robinia psNDH Low 57.9 359.1 4.6 Sm. dec. No changeMedium Common Poor Fair 1 11
pignut hickory Carya glabWDL Medium 71.6 346.4 3.4 No changeSm. dec. Medium Common Fair Poor 1 12
eastern white pine Pinus stroWDH High 36.1 342.5 7.9 Sm. dec. Sm. dec. Low Common Poor Poor 0 13
black cherry Prunus se WDL Medium 43.5 307.9 4.9 No changeNo changeLow Common Poor Poor 0 14
loblolly pine Pinus taedWDH High 7.3 298.1 16.4 No changeSm. inc. Medium Common Fair Good Infill + Infill ++ 1 15
white ash Fraxinus aWDL Medium 52.6 250.3 3.6 No changeSm. inc. Low Common Poor Fair 1 16
mockernut hickory Carya albaWDL Medium 44.1 219.2 3.9 Sm. inc. Lg. inc. High Common Very GoodVery Good 1 17
ailanthus Ailanthus NSL FIA 36.3 209.0 4.6 Unknown Unknown NA Common NNIS NNIS 0 18
sweet birch Betula lenNDH High 36.2 179.7 4.1 Sm. dec. Lg. dec. Low Common Poor Very Poor 0 19
longleaf pine Pinus paluNSH Medium 0 0 0 New HabitNew HabitMedium Absent New HabitNew Habitat Migrate + 3 72
northern white-cedar Thuja occiWSH High 0 0 0 New HabitNew HabitMedium Absent New HabitNew Habitat 3 73
florida maple Acer barbaNSL Low 0 0 0 New HabitNew HabitHigh Absent New HabitNew HabitMigrate + Migrate + 3 74
yellow buckeye Aesculus fNSL Low 0 0 0 New HabitNew HabitLow Absent New HabitNew HabitMigrate + 3 75
pecan Carya illinNSH Low 0 0 0 New HabitNew HabitLow Absent New HabitNew Habitat Migrate + 3 76
black hickory Carya texaNDL High 0 0 0 New HabitNew HabitMedium Absent New HabitNew Habitat 0 77
sugarberry Celtis laevNDH Medium 0 0 0 New HabitNew HabitMedium Absent New HabitNew HabitMigrate + Migrate ++ 3 78
American holly Ilex opacaNSL Medium 0 0 0 New HabitNew HabitMedium Absent New HabitNew HabitLikely + Likely + 3 79
mountain or Fraser maMagnolia NSL Low 0 0 0 New HabitNew HabitLow Absent New HabitNew Habitat 0 80
overcup oak Quercus lyNSL Medium 0 0 0 New HabitNew HabitLow Absent New HabitNew Habitat Migrate + 3 81
water oak Quercus nWDH High 0 0 0 New HabitNew HabitMedium Absent New HabitNew HabitMigrate + Migrate ++ 3 82
Shumard oak Quercus s NSL Low 0 0 0 New HabitNew HabitHigh Absent New HabitNew Habitat 3 83
bluejack oak Quercus inNSL Low 0 0 0 New HabitNew HabitMedium Absent New HabitNew Habitat Migrate + 3 84

Southern Red Oak and example 
of potential migration



www.fs.fed.us/nrs/atlas

• Climate change is 
altering the distribution 
and dynamics of forest 
tree and bird species

• Models can help us 
anticipate changes and 
devise management 
strategies.

Thank you!

Questions?


