
“What’s in store for trees in North America 
with climate change?”

BC FFEI Seminar November 20, 2008
Dan McKenney 

Natural Resources Canada, Canadian Forest Service, Sault Ste Marie
(with John Pedlar, Kathy Campbell)

• Introduction – what we do
• Context - climate change  
• Our work – “Plant hardiness” Project 
• Climate change and trees analysis
• Discussion points and Conclusions 



• Spatial climate modeling
- the development of various models (data) that cover Canada and the US; 
being used by us, other researchers and various agencies (e.g. Env Can, Ag 
Can, Health Can., OMNR, FLUXNET ORNL, Woods Hole,…)

• Species modeling (distribution, productivity, abundance)
- “Plant hardiness”, pest risk assessments, growth potential, climate change 
studies

• Bioeconomic modeling (spatial and non-spatial cost-benefit and trade-off 
models)

- the economics of wood production, carbon, bioenergy, biosolids, non-
commercial values; alien species spread and impact assessments

“Geospatial tools and economic analysis”
NRCan-CFS, Great Lakes Forestry Centre

Sault Ste Marie, Ontario
Primary activities
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Spatial Climate Modeling
(a generic driver of ecological systems)

Models for Canada and North America
– Many variables and time 

steps
– Point estimates and grids 
– Ongoing improvements
– Numerous journal articles 

and Tech Notes

Climate change scenarios 
– CGCM2, A2, B2 
– HadCM3, A2, B2
– CSIROMk2, A2, B2
– More underway

CGCM-B2, 2071-2100

1971-2000

Data freely distributed to many 
agencies, researchers, planners, 
etc.

http://cfs.nrcan.gc.ca/subsite/glfc-climate
1000’s unique hits each month…latest – Photovoltaic power potential 
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Predictions of global climate trends

Source: International Panel on Climate Change, 4th Assessment Report 2007. 6



Estimates of CO2 and temperature sensitivity from 
Earth’s history

Source: Ruddiman, W.F. 2001. Earth’s climate past and future
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Past and projected trends in selected Canadian ecozones

- Annual Mean Temperature -
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Changes in growing season length (days) across BC seed zones for 4 
time periods (some collaborative work with Greg O’Niell, BC MFR)
Note we have included non Douglas-fir seed zone parts of the province for completeness.

a) 1950-2003 b) 2011-2040

c) 2041-2070 d) 2071-2100
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What’s in store for trees in Canada?
Will the Sault be our bread basket?

(Sault Star, September, 2002) 10



Photos from: http://www.saltspringmarket.com/salt_spring_island/gardening.htm

• We already grow palms in Canada! 
(Salt Spring Island, B.C. - Canada’s 
Hawaiian Island)
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What can grow where?

Sometimes trivial, sometimes not!
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“The Plant Hardiness Project: Connecting plants and climate”

Mapping what can grow 
where…

Four important points:

1) Continent-wide 

2) Climate-envelop based

3) Expert and public  
contributions

4) Maps for trees, shrubs, 
grasses, vines and 
perennial flowers 
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Original Plant Hardiness Map (Oullet and Sherk,1967)
• Based on 1931/60 values for:

– minimum winter temperature, 
– length of the frost-free period,
– summer rainfall, 
– maximum summer temperature, 
– snow cover, 
– January rainfall and maximum wind 

speed.

• Survival of 174 ornamental trees and 
shrubs at 108 locations

• Calculated a hardiness index between 
0-100

• Mapped index  by hand interpolation of  
640  weather stations.

Source: McKenney, D., Campbell, K. 2002. Getting into the Zone – what does Canada’s new plant 
hardiness zones map really mean? CFS Tech. Note. 103. 
http://www.glfc.cfs.nrcan.gc.ca/landscape/PDF/Tech_Note103_E.pdf

14



Y=-67.62+1.734X1+0.1868X2+69.77X3+1.256X4+0.006119X5+22.37X6-0.01832X7

Oullet and Sherk (1967) PH formula

New PH map (2001):

• updated climate data, 

• 2 km grid

• some controversy in Vancouver 
Island and deep Southern Ontario

• map is only a guide 
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Data to Date
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To Date
• ~ 3.0 million observations 
• ~4500 plant species with observations
• >1300 species with 50+ observations
• Models for over 2500 species 
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A climate change experiment
Tree Data: which species to include?

• Data exists for 286 tree
species that also have digital 
range maps

• Not all species have 
complete coverage

• Species were pre-filtered
using range maps

• 130 species chosen for 
analysis

17



Climate Data (Current)

• 30-year averages for the period 1971 to 
2000

• 6 variables used in analysis: 
1) Annual mean temp; 
2) Min Temp coldest month; 
3) Max temp hottest month; 
4) Annual precip; 
5) Precip during coldest month; 
6) Precip during warmest month

Mean Annual Temperature
(1971-2000)

http://www.glfc.cfs.nrcan.gc.ca/landscape/climate_models_e.html

Regional, National and International Climate Modeling 
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• Generated using 3 GCMs: 
• CGCM2
• HadCM3 
• CSIROMk2 

• 2 climate change scenarios:
• A2 
• B2

• Estimates from GCMs are appended to 
current values for 3 time periods: 

• 2011-2040
• 2041-2070
• 2071-2100 Mean Annual Temperature

(2071-2100)

Climate Data (Future)
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Future Climatic Range (2041-2070 
and 2071-2100, CGCM B2)

Sugar Maple (Acer saccharum)

Sugar maple data points

www.planthardiness.gc.ca

Climatic Range (1971-2000)
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1971-2000 2011-2040 2041-2070 2071-2100

Collaborative work with BC Ministry of Forests and Range

Model influences
• the accuracy of climate models, variable selections

• the accuracy and distribution of plant observation data (including 
georeferencing and plant identification 21



Migration issues….
Mostly from Neilson et al, 2005; McLachlan et al 2005, 2007

• Vegetation change due to climate change: a) in situ conversions; b) 
movement of species from other locales – “fronts and jumps”

• Four components: a) fecundity; b) dispersal; c) establishment; d) 
growth to reproductive age; (all this varies tremendously between 
species and possibly between populations of the same species)

• We learn from pollen studies and more recently “Chloroplast DNA”
studies: Migration rates 100 - 1000m/yr or maybe much less!

• Dynamic Global Vegetation Models (eg Neilson et al, 2005)
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Migration and Climate Change
- “the” great unknown -

• the extent to which plants will 
be able to shift with climate is 
unknown

• many methods have been 
developed to try to model 
migratory patterns

• we have defined 2 “extreme”
scenarios to bound the 
problem: 

1) full dispersal 

2) no dispersal

Legend 
          Future Climate Range 
          Current Climate Range 

Full 
Dispersal

No 
Dispersal
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Results
- Change in Climate Habitat Size -

Full Dispersal Scenario

• average decrease in climate envelope size of about 12% 

• Of the 130 species, 72 showed a decrease in future CE size 

No Dispersal Scenario

• future CEs decline sharply in size – by 58% on average 

• all species showed declines 
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Results
- Species showing greatest declines in Climate Habitat size -

Scientific Name Common Name 
 

Change in Climate Envelope 
Area (%) 

 Full Dispersal No Dispersal 

Gordonia lasianthus Loblolly-bay -93.3 -98.3 
Chamaecyparis lawsoniana Lawson's false cypress -64.5 -97.9 
Nyssa ogeche ogeechee tupelo -71.9 -96.1 
Quercus virginiana live oak -81.8 -95.4 
Magnolia macrophylla bigleaf magnolia -70.5 -93.6 
Acer barbatum Florida maple -61.7 -92.4 
Chamaecyparis thyoides Atlantic white-cedar -58.9 -92.3 
Magnolia virginiana sweetbay magnolia -62.1 -92.2 
Quercus imbricaria shingle oak -60.8 -91.0 
Abies magnifica California red fir -76.8 -87.5 
Nyssa aquatica water tupelo -64.3 -87.2 
Taxodium distichum baldcypress -61.2 -83.0 
Celtis laevigata sugar hackberry -45.2 -81.1 
Quercus phellos willow oak -55.2 -80.8 
Pinus virginiana scrub pine -57.3 -80.7 
Quercus coccinea scarlet oak -50.1 -80.7 
Ilex opaca American holly -55.8 -80.4 
Quercus nigra water oak -54.7 -79.8 
Pinus echinata shortleaf pine -51.0 -79.3 
Pinus taeda loblolly pine -57.2 -79.2 
Fraxinus quadrangulata blue ash -33.8 -77.9 
Fraxinus latifolia Oregon ash -33.9 -77.2 
Abies procera noble fir -1.8 -75.7 
Liquidambar styraciflua sweetgum -45.8 -74.8 
Magnolia acuminata cucumbertree magnolia -36.2 -74.1 

 

Loblolly Bay (current)

Loblolly Bay (2071-2100)
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What other studies have found 
- Habitat Size  -

Reported effects of climate change on climate habitat size are 
quite variable in the literature:

• 41 of 42 UK species showed declines (Brereton et al., 1995)

• about half of western US species showed declines (Shafer et 
al. 2001)

• ~ 40 of 135 US species showed declines (Iverson et al. 2005)
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Results
- Change in Latitude -

Full Dispersal Scenario

• shift northward by 6.4 degrees latitude (~700 km) on average

• all species showed northward shift

• 700km/70 years = ~10km/year

No Dispersal Scenario

• shift northward by 3.0 degrees latitude (~330 km) on average

• all species showed northward shift 
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Results
- species showing greatest northward shift -

 

Scientific Name Common Name Northward Shift in CE 
Latitude (o) 

 Full 
Dispersal 

No  
Dispersal 

Alnus rhombifolia white alder -9.7 -5.0 
Tilia americana American basswood -9.2 -4.1 
Salix nigra black willow -9.0 -3.6 
Acer saccharum sugar maple -8.9 -3.3 
Ostrya virginiana ironwood -8.7 -2.9 
Acer saccharinum silver maple -8.7 -3.3 
Quercus rubra red oak -8.7 -3.3 
Prunus serotina wild black cherry -8.5 -2.7 
Ulmus rubra red elm -8.4 -2.9 
Fraxinus americana white ash -8.4 -3.1 
Quercus alba eastern white oak -8.4 -2.4 
Betula alleghaniensis yellow birch -8.2 -3.9 
Pinus strobus eastern white pine -8.2 -3.4 
Populus deltoides eastern cottonwood -8.2 -3.2 
Juglans nigra black walnut -8.2 -3.0 
Juglans cinerea butternut -8.1 -3.5 
Celtis occidentalis sugarberry -8.0 -2.8 
Quercus palustris pin oak -7.9 -3.4 
Quercus macrocarpa bur oak -7.9 -3.5 
Betula nigra river birch -7.8 -1.9 
Acer spicatum mountain maple -7.8 -3.7 
Juniperus virginiana eastern red cedar -7.7 -2.5 
Magnolia acuminata cucumbertree magnolia -7.6 -4.0 
Robinia pseudoacacia black locust -7.6 -3.2 
Acer rubrum red maple -7.6 -2.0 

 

White Alder (current)

White Alder (2071-2100)

28



What other studies have found 
- Latitude Shifts -

The magnitude of the latitude shifts reported here is at the 
high end of that reported in the literature:

• 100-500 km (Overpeck et al., 1991)

• ‘hundreds of kilometres’ (Shafer et al. 2001)

• 100 – 300 km (Prasad et al. 2006)
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Results
- Northward shift in climate habitat richness -

• Climate in much of the southern  
US not within the climatic 
tolerances for any of the 130 tree 
species in this study by end of 
century (~700 tree species in NA)

• Alaska, the northern Prairie 
provinces, Ontario, Quebec, and 
the Maritimes are predicted to 
experience future climate that is 
favourable for a wide variety of tree 
species – with potential increases 
of more than 60 CEs

Legend
0-12 (species)
12-24
24-36
36-48
48-60
60-72
72-84
84-96
96-108
108-120
120+
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Close to Home 
- Results for some familiar Canadian species -

Change in 
Area (%)

Change in 
Latitude

Change in 
Area (%)

Change in 
Latitude

Deciduous Species:
Sugar Maple 20.0 -8.9 -49.2 -3.3
White Ash 7.4 -8.4 -52.6 -3.1
Trembling Aspen -2.7 -4.5 -24.7 -2.4
Red Maple 19.6 -7.6 -42.3 -2.0
Silver Maple 12.0 -8.7 -53.9 -3.3
White Birch 2.5 -5.2 -28.7 -2.2
Red Oak 5.6 -8.7 -52.7 -3.3
Basswood 11.2 -9.2 -52.7 -4.1
Ironwood -0.3 -8.7 -57.4 -2.9
Beech -10.6 -7.4 -53.7 -3.3
Black Cherry 4.1 -8.5 -53.7 -2.7
Black Walnut 7.6 -8.2 -55.5 -3.0
Coniferous Species:
White Pine 14.4 -8.2 -49.3 -3.4
Black Spruce -5.8 -4.0 -28.0 -1.9
White Spruce -10.6 -3.3 -24.5 -1.7
White Cedar 9.9 -6.2 -48.3 -2.9
Balsam Fir -8.4 -4.0 -36.1 -1.7
Jack Pine 5.0 -5.5 -32.8 -3.5
Average 3.7 -6.9 -44.6 -2.8

Common Name Full Range Overlap Range
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Some discussion points

• GCM models – what path, what model, how good are they? 

• Fundamental vs realized niche….fundamental niche larger and 
unknown making modeling actual and even potential distributions 
(and relative abundance) VERY difficult

• Effects of extreme weather/climatological events and other “errors in 
variables”?

• Other biotic and abiotic interactions….lots of complexity!

• Spatial data for resolving models a big challenge – eg soils in the 
north

• Ethics and risk preferences – Assisted migration or not? (McLachlan 
et al 2007)

• Financial resource constraints – who and how will we pay for large 
migration efforts?
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Concluding comments
• Major biogeographic pressures in store by mid-century if you believe 
the GCMs

• Ontario/Quebec species…may not be as heavily impacted, relative 
to other parts of NA. Climate envelop maps for more than 2500 
species can be viewed at the Plant Hardiness page (plus metadata on 
climate tolerances) – a higher resolution BC project in the works with 
Will MacKenzie and Del Meidinger

• Future efforts likely to include: alternative modeling strategies; 
different GCM scenarios, explicit migration and intervention strategies 
tied to climate envelops, land use change inclusive of economics; 
climate and growth rate linkages; etc…
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