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Observed climate trends & impacts 
25-year trend in precipitation 

    Dothistroma needle cast  

  Woods et al. 2006 

Image: Sally Aitken/Andreas Hamann 



Observed climate trends & impacts 
25-year trend in precipitation 

 Spruce & aspen dieback     Dothistroma needle cast  

Hogg et al. 2008 
Michaelian et al. 2010  

  Woods et al. 2006 

Image: Sally Aitken/Andreas Hamann 



Observed climate trends & impacts 
25-year trend in precipitation 25-year trend in winter temperature 

 Spruce & aspen dieback     Dothistroma needle cast  Mountain pine beetle 

Hogg et al. 2008 
Michaelian et al. 2010  

    Allen et al. 2010  
    photo: McLauchlan 

  Woods et al. 2006 

Image: Sally Aitken/Andreas Hamann 



Photo: P. Hennon 

Yellow-cedar decline - Alaska 

Beier et al. 2008 
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↑ Endemic pests 
↑ Novel pests 

Drought stress 
Disrupted phenology 

Maladaptation 
damage 

Pest damage 

+ 

+ 
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Lodgepole pine provenance trial – established 1974 

map: Susan Zedel 



Seed source  -1.3 °C 
Plantation     -1.3 °C 

Seed source  -1.3 °C 
Plantation       2.9 °C 
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Climate change is not good for 
trees! 
 
↓ growth 
↓ wood quality 
↑ pest damage 

↓ value 
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Lodgepole pine productivity 

O’Neill, Wang, Hamann 2008 

Climate change is not good for 
trees! 
 
Productivity decline: 10-30% by 
2080  
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Up good. Down 
bad. 
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Wang et al., 2006 
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C. Daly. 2010. J. Appl. Met. Clim. 

1990 Plant Hardiness 
Zone Map 

2012 Plant Hardiness 
Zone Map 

Assisted migration 
is being used in 
horticulture 



1931-1960 1981-2010 

McKenney et al. 2014. BioScience 

Plant Hardiness zone map 

1931-1960 1981-2010 
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Grouse Mountain (CWHvm2) 

LAT MAT MCMT TD MAP MSP DD5 PAS 
Current climate 51.3 5.3 -2.3 16.0 3626 787 1127 929 
Migration distance 0.0 1.6 1.8 0.2 256 19 307 -207 
Seed procurement target 51.3 6.9 -0.5 16.2 3882 806 1434 722 CWHvm1 
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Image: B. Jaquish Image:  M. Carlson 

AM risks – over-transfer 

Douglas-fir 
20 years old 
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Zebra mussels 
photo: US Fish and Wildlife Service 

Kudzu 
photo: S. Erhardt 

Cane toad 
Photo:E. Greenbaum  
Cane toad 
Photo:E. Greenbaum  

AM risks – species invasion 

Eurasian milfoil 
Starling 
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AM risks – hitch-hiking pathogens/insects 

American chestnut blight 
Photo:  American Chestnut Foundation 
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Vernon 

Victoria 

Vanderhoof 
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Seed source (IDFdk2) 



32 

Seed source (IDFdk2) 

Seed deployment zone 
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Cutblock (IDFdk2) 

Seed procurement zone 
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Summary 

 
1. Fixed zone → focal zone  
2. Geog based → climate based 
3. Assisted migration ← migrating the focus of the procurement space 
4. Climate migration distance: 

• accounts for past and future CC 
• multivariate 
• transparent and accurately quantified 

5. Deployability based solely on BEC climate 
6. Larger average deployment area 
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