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Effects of climate on forest trees

• Climate is a major environmental 
factor affecting the 
performance of trees 
(environmental effect) 

• Climate is also the most 
important evolutionary force 
molding among- and within-
species variation (genetic 
effect)

2



Climate determines forest types (among-
species variation) at the global scale
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Climate controls species distribution 
(among-species variation) in a region

Biogeoclimatic Ecosystem Classification (BEC) in British Columbia 4



Climate also drives among-population 
variation within a species

• Among-population variation is 
often observed along climatic 
gradients
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Can our trees adapt to their new 
climates?
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To help trees to adapt to climate 
change

• Determine plant-climate relationships

• Predict responses of trees to climate change

• Develop management strategies to adapt to 
climate change
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Provenance trials are used in climate 
change studies

140 provenances 60 test sites

Lodgepole pine provenance trial in BC (established in 1974) 8



9



10



11



12



13



Among-population variation at a test site

An individual transfer function

14



Use of plant-climate relationships to 
predict future climate envelopes for 

ecosystems and species ranges
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Objectives 

• Development of high-resolution climate 
model

• Development of population response 
functions to climate

• Predict future climatic envelops for BC 
ecosystems and species ranges
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The resolution of PRISM data is low: 4 x 4 km

Vancouver area
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The low resolution can result in huge amount 
of error in predictions for temperatures
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ClimateBC – a computer program for 
predicting current and future climate data
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PRISM

Mean annual temperature for Vancouver area
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21ClimateBC v2.0

ClimateBC output (100m x100m)
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Predictions improved

Wang et al. 2006. Intl. J. ClimatologyWang et al. 2006. Intl. J. Climatology
22



Relationships used to predict derived variables

DD<0°C DD>5°C FFP

NFFD
EMT

Snow
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It generates climate data for past 102 years 
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It predicts climate data for the next 100 years 
using results from global circulation models
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ClimateBC outputs

Maps of Mean Annual Temperature
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Free to download

Google “ClimateBC” to find
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A web version is 
also available
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Objectives 

• Development of high-resolution climate 
model

• Development of population response 
functions to climate

• Predict future climatic envelops for BC 
ecosystems and species ranges
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Lodgepole pine provenance trial in BC 
established in 1974 (Illingworth 1978) 

140 provenances 60 test sites

Plant materials
MAT
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Effects of predicted anchor points on 
climatic response functions
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Multivariate approach further improved 
response functions
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Variation in response of lodgepole pine populations 
to climate change
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The performance of populations from the best SPU
at individual sites
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Current 2020s 2050s 2080s

Response of lodgepole pine populations to climate change
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Current 2020s 2050s 2080s

Response of lodgepole pine populations to climate change

Future climates are based on CGCM2Ax2
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Current 2020s 2050s 2080s

Response of lodgepole pine populations to climate change
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Current 2020s 2050s 2080s

Response of lodgepole pine populations to climate change
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Optimization predicted to be effective, but 
uncertainty exists 
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Individual transfer functions

Wang et al. 2006. Global change BiologyWang et al. 2006. Global change Biology
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A universal transfer function

O’Neill, Hamann and Wang 2008, Journal of Applied EcologyO’Neill, Hamann and Wang 2008, Journal of Applied Ecology
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Objectives 

• Development of high-resolution climate 
model

• Development of population response 
functions to climate

• Predict future climatic envelops for BC 
ecosystems and species ranges
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Hamann and Wang, 
Ecology 2006
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