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Climate Change and Tree Growth: 

Some Forests Fare Better than Others!



Canada’s forests
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Canada’s boreal zone

➢552 million hectares 
➢28% of the world’s boreal zone

➢223 million hectares of forest

➢94 % is on public lands

➢Wide variety of habitats for 
fauna, flora, arthropods, etc.
➢Cold and warm, humid and dry 

environments
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➢Renewable sources of food and
raw materials

➢70% of Aboriginal communities live 
in forested regions 

➢Significant carbon reservoir

➢Contributes to the economy
➢The forest industry contributes $20 billion, 

or 1.25%, to the GDP

Canada’s boreal zone
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Changes in the state of the climate that can be 
identified by changes in the mean or variability 

and that persist for an extended period, 
typically decades or longer.

Definition of “climate change”

United Nations Framework Convention on Climate Change 1992
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It can be attributed directly or indirectly to human 
activity that alters global atmosphere composition or 

to the natural climate variablity observed over 
comparable periods.

Definition of “climate change”

United Nations Framework Convention on Climate Change 1992
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In general, the term “climate change” is most often 
used to refer to human impact on climate, as 

opposed to “climate variability.”

Definition of “climate change”
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1824: discovered – Joseph Fourier

1858: experimented – John Tyndall

1896: quantified – Svante Arrhenius

1981: climate change – James Hansen

CO2 influences climate through the greenhouse effect

Gobal mean temperature 

Without effect: -18oC

With effect: 15oC

IR: infrared radiation
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30%
11.0 GtCO2/yr

Fate of anthropogenic CO2 emissions (2007–2016)

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2017; Global Carbon Budget 2017

24%
8.8 GtCO2/yr

34.4 GtCO2/yr

88%

12%
4.8 GtCO2/yr

17.2 GtCO2/yr

46%

Sources  =  Sinks

6%
2.2 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-2017-123
http://www.globalcarbonproject.org/carbonbudget/


▪ Eccentricity: distance to the sun (100,000 years)

▪ Obliquity: seasonal intensity (41,000 years)

▪ Precession: seasonal calendar (23,000 years)

Factors that have an impact on natural climate variability

Ahrens (2003)
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12



▪The configuration of eccentricity, obliquity and
precession parameters results in a continuous drop 
in the intensity of summer solar radiation at our 
northern latitudes

Berger and Loutre (1991)

Factors that have an impact on natural climate variability
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Factors that have an impact on natural climate variability

Ocean temperatures

Ahrens (2003)
14



Temperatures – 500 to 2006 A.D. 

Mann et al. (2009); Allison et al. (2009)

Northern Hemisphere mean temperatures

15

http://ambio.allenpress.com/ambioonline/?request=get-abstract&issn=0044-7447&volume=033&issue=06&page=0356


Climate Change &
Tree Growth

A CLEAR 

EVIDENCE
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Silva et al. (2010); Xu et al. (2013); Beck et al. (2011); de Jong et al. (2011); Girardin et al. (2014)

Green: productivity increase

Orange: productivity decrease

(a) North America’s boreal forestMajor disturbances

➢In a number of locations, forests have recently 

experienced a decline in productivity
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Climate Change:

No simple matter
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(a) North America’s boreal forestA complex territory

19



(a) North America’s boreal forestFactors that influence trends

• Disturbances and their impacts

• Fire 

• Insects

• Management

• Spatial heterogeneity of climate 

change

• Uneven warming and drying trends 

across regions

KNMI Climate Explorer 20



▪Large–scale atmospheric 
planetary waves
• Localization and magnitude of high 

and low pressure systems

▪Seasonal droughts

FIRES

L

H

L

Weather

Girardin and Tardif (2005)
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▪Legacy of past disturbances
• The issue of paludification

• Post-fire regeneration failures

Projected proportion of non-productive 

forests in Clay Belt forested landscapes

Stand opening

Terrier et al. (2014)

(a) North America’s boreal forestFactors that influence trends
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Climate Change:

A matter of perspective
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▪ Can be obtained using field or 

satellite observations representing 

different components of forest 

productivity, e.g. leaf vs stem level

– Pollen and macrofossils (e.g. 

Carcaillet et al. 2010) 

– Tree growth rings (Brienen et al. 2016) 

– Permanent plots (e.g. Ma et al. 2012)

– Satellite (de Jong et al. 2011)

– Modelling (Balshi et al. 2009)

Growth and productivity indicators

24



PresentPast

The Holocene (7,000 years ago)
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Biomes
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Blarquez et al. (2015); 
Alleman and Blarquez 
(2016)

History of variable postglacial biomass
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Open boreal forest Mixed boreal forest
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End of the Holocene (1800-1950)

PresentPast
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Trees are first-rate 
biological indicators. 
Their annual rings reveal 
the events that have 
occurred in their 
environment.

▪ Drought, excessive rain, fire, 
insects and air pollution all 
leave their mark on trees’ 
annual growth rings.

Tree growth rings
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▪Text

A pioneering analysis

(Canada)

(Quebec)

Gajewski and Atkinson (2003) 30



The Anthropocene (1950 to present)

PresentPast
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➢598 sampled plots

➢2,807 tree increment cores from 19 species

➢Black spruce (44%)

➢White spruce (10%)

➢Trembling aspen (7%)

➢Jack pine (7%)

➢Balsam fir (6%) 

➢All samples are absolutely cross-dated

Canada’s National Forest Inventory

Girardin et al. (2016)
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Change in basal area 

Girardin et al. (2016)
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Growth trends, 1982-2002
Growth rings

Satellite data

Girardin et al. (2016)
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▪Text

Comparison with changes in biomass
Growth rings

Permanent plots
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0.2%-0.2%

Basal area

Growth trends, 1950-2002

Black spruce in Canada

+

1950-2002

_

Decline in growth: 

➢ White and black spruce in 

northwestern Canada 

➢ Black spruce in the maritime forests 

of Atlantic Canada

➢ Black spruce, Eastern white cedar 

and jack pine in the eastern portion 

of the Boreal Shield

Accelerated growth:

➢ Subalpine fir, lodgepole pine, 

Douglas fir and Western hemlock in 

the forests of western Canada
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The quantification of tree 
growth variability in 
relation to climate factors 
reveals strong negative 

temperature control and 
strong positive moisture 

control on the spatial 
patterns of growth rate. 

Factors that control growth

Girardin et al. (2016)

Importance

-0.5 +0.5
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The Anthropocene (1970-2100)
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▪Text

Modelling
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Climate sensitivity in a climate change context

Respiration
Demand for cellular maintenance: 

mainly associated with higher temperatures

Colour: climate sensitivity
White: no relation

Girardin et al. (2016)
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Impact on future productivity (RCP 8.5)

Yellow: Decrease
Green: Increase

➢ General NPP decline from 

1971-2004 to 2071-2100 

assuming there is no CO2

fertilization effect

➢ A 20% decrease in national 

productivity, which affects 

72% of the territory

➢ If a CO2 compensatory effect 

is included, 47% of the 

territory undergoes an NPP 

decline
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Climate Change &
Tree Growth
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Many phenomena are not well 
understood, remain uncertain, or are not 
included in the models:

▪ Temperature acclimation

▪ Demographic plasticity

▪ Genetic plasticity

▪ Species’ compositional changes

▪ Uncertainty related to regional climate change

▪ Low meteorological weather station density

...

Not quite “rocket science”
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