
A Multi-Phase Approach to 
Assessing Potential

Changes in Eastern U.S. Tree 
Distributions 

Louis R. Iverson1,2, 
Stephen N. Matthews1,2

Anantha M. Prasad1,  
Matthew Peters1

1Northern Research Station, USDA Forest Service, Delaware, Ohio  USA
2The Ohio State University, School of Natural Resources, Columbus Ohio USA

Email address: liverson@fs.fed.us



Eleven 
indicators 
that the 
climate is 
changing 

State of the climate 2009, NOAA

Land temp

Sea temp

Sea level

Snow cover



Outline
 GOAL: Help managers understand and 

adapt to changes due to climate change
 Model habitat suitability changes with 

climate change, using species distribution 
models (DISTRIB)

 Model potential for newly suitable habitat to 
get colonized within 100 years, using 
spatially explicit, cell-based model (SHIFT)

 Modify DISTRIB model outputs to include 
more biology, disturbance, and modeling 
issues with 28 Modifying Factors
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Single Decision Tree

Helps understand
relationships, and 
map drivers

30 
decision 
trees

2/3 random sampling of observations for each tree 

Bagging Trees

1000 
decision 
trees

Random sampling + randomized subset of predictors for each tree

Random Forests

use 30 decision trees to assess variability among individual tree models 
- a measure  of model reliability

best for prediction without overfitting

Prasad, A. M., L. R. Iverson, and A. Liaw. 2006. 
Newer classification and regression tree
techniques: bagging and random forests 
for ecological prediction. 
Ecosystems 9:181-199. 



Climate Change
Tree Atlas
134 species

Climate Change
Bird Atlas 
147 species

http://www.nrs.fs.fed.us/atlas
or Google “Climate Tree Atlas”

http://www.nrs.fs.fed.us/atlas�
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Important!
 The DISTRIB model projects potential 

suitable habitat by year 2100. It does 
NOT project where the species will be 
at that time, as great lag times are 
involved in tree species migrations 
(Thus, need for SHIFT).

 The DISTRIB model does not account 
for biotic interactions or human or 
natural disturbances (Thus, the need 
for Modifying Factors).



Potential changes for tree species in northern 
Wisconsin

 Evaluated 73 species from the ecoregion
 Put in to 8 classes of impacts
◦ Class 1: extirpated (1 sp)
◦ Class 2: large decrease (12 spp)
◦ Class 3: small decrease (6 spp)
◦ Class 4: no change (6 spp)
◦ Class 5: small increase (4 spp)
◦ Class 6: large increase (17 spp)
◦ Class 7: new entry-high and low emissions (11 spp)
◦ Class 8: new entry-high emissions (16 spp)

The Model Forest Project: Climate 
Change Response Framework
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Legend:
Class 1: extirpated (1 sp)
Class 2: large decrease (12 spp)
Class 3: small decrease (6 spp)
Class 4: no change (6 spp)
Class 5: small increase (4 spp)
Class 6: large increase (17 spp)
Class 7: new entry-high & low   
emissions (11 spp)
Class 8: new entry-high emissions 
(16 spp)

(New Migrants)



species habitat total
PCMlo
(mild)

Hadhi
(harsh)

balsam fir 4.8 -3.6 -4.4
aspen 16.8 -8.2 -14.3
paper birch 6 -3.3 -5.4
jack pine 3.1 -0.8 -1.5
white and red pine 4.7 0 -2.9
all oak 10.5 6.8 11.3
northern hardwood 17 -3.1 -10

Overall habitat change for the 7 major 
species groups in N Wisconsin by 
GCM/emission

% Change in HabitatCurrent
Habitat
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SHIFT
(Stochastic, spatially explicit cell-based model)

 Calculates the probability of 
colonization based on 
habitat quality, species
abundance in each cell 
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Distance between occupied
& unoccupied cells

colonization constant – used to 
calibrate migration rate 
(approx. 50km/century)

Dispersal exponent, determines
the rate of decline with distance

Only forested, unoccupied cells can be colonized

• Species Abundance (IV)
• Habitat Quality (%Forest)



Black oak potential migration by 2100

Shift (Preliminary)Output on Current 
Black Oak IVForest Density (NLCD data 2000)

Low Connectivity
High Connectivity
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Modifying factors 
 DISTRIB + SHIFT model potential suitable habitats 

under current fragmented landscapes
 Many other factors (biological and disturbance) come 

in to play to determine more likely outcomes
 We rate biological and disturbance factors for positive 

or negative impacts
 Goal is to evaluate more realistic outcomes at regional 

and local levels
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.13o North*** .46o North ***
37 of 40 species have general tendencies in agreement with our models

Biomass

Num Seedlings
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Thank you!

Louis Iverson (liverson@fs.fed.us)
Stephen Matthews (matthews.204@osu.edu)

Anantha Prasad (aprasad@fs.fed.us)
Matthew Peters (mpeters@fs.fed.us)

Atlas web site http://www.nrs.fs.fed.us/atlas
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