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Where to start ?

• Take-home message: 
• Do all these but keep your

introduction brief, and focus on 
the main topic…which I’m not 
doing right now !



Québec’s forest management

• 91 % Crown land

• 56 764 direct jobs
• 52 % wood products
• 32 % paper

• Forest management and 
planning : Ministère des 
Ressources naturelles et des 
Forêts (MRNF)

• 25 % volume per year allowed
through public auction
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• Most planted species
• Black spruce

• White spruce

• Jack pine
67%

20%

10%
3%

AAC by species groups on Crown land (2020-2023)

Spruces, pines, larches and firs Other hardwoods Poplars Other softwoods



Climate change effects on forest ecosystems

Increased risk of 
drought

Increase in peak flows

Longer growing 
season

More freeze-thaw 
events

Increased average 
temperature

These changes may have impacts for:

• Forest productivity

• Stand composition

• Area burned by wildfires and the frequency of 
regeneration failures

• The duration and severity of insect infestations

• The emergence of invasive exotic species

• The habitats of certain forest-dwelling wildlife 
species

• Land access (integrity of infrastructures and 
multi-purpose roads)

Anticipated 
impacts of 

climate 
change



The forest sector’s role in the fight against
climate change

• The forestry sector is recognized as a mitigation actor through its 
contribution to carbon sequestration in forest ecosystems, in wood 
products, and by using wood products to replace materials with a 
higher carbon footprint (IPCC).

• The forest sector’s ability to contribute to 
climate change mitigation will be impacted 
by climate change itself.

• There is a need to adapt our 
forestry practices that will ensure 
consistency with mitigation measures
being implemented.

Mitigation Adaptation

Reduce greenhouse 
gas emissions and 
sequester them 
outside the 
atmosphere

Prepare for the 
vagaries of climate 
change



• Research projects financed by 
the Plan pour une économie 
verte (Plan for a Green Economy)

• Action 3.3.1.1:
• Evaluate the impacts of climate

change on the most vulnerable
economic sectors (e.g., forestry) 
and support them through the 
implementation of adaptation 
solutions.



Adaptation options

Resistance

Options

Resilience

Transitions

Favor ecosystem
persistence

Management 
objective

Mangage the change



Phase one of research projects in adaptation 
sylviculture at the MRNF

• Workshops in 2020 with 3 
pilot regions to assess
risks associated with
climate change

• One project per 
adaptation option
• Resistance: Outaouais

• Resilience: Nord-du-
Québec

• Transition: Gaspésie



• Resistance: Commercial thinning to improve water stress resistance in 
plantations in a context of climate change. 

• Resilience: Mixed-species plantations to increase resilience to wildfire
in boreal forests. 

• Transition: Management of tree species composition in plantations 
and natural stands through enrichment planting and mixed-species
plantations.



Resistance project
Collaborators: Emilie Champagne (DRF-MRNF),Catherine Périé (DRF-MRNF), Patricia Raymond 

(DRF-MRNF), Annie Deslauriers (Unviersité du Québec à Chicoutimi), François Girard (Unviersité
de Montréal), Étienne Boileau (MRNF), Alexis Leroux (MRNF), Marcelle Falardeau (MRNF)
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Water availability

• A limiting factor for softwood radial growth
• Lower number and size of cambial cells in the annual growth ring

• But is it the case in Québec ?
• Many dendroclimatic studies show that water availability has a limited impact 

on tree productivity, especially in boreal forests.

• However, under the 49th parallel, water availability influences black spruce’s
radial growth (D’Orangeville et al. 2016, Chagnon et al. 2022).



What about climate change ?

(Périé et al. 2023)



• Main findings:
• Treatments where species were exposed to 

hotter and drier climate than their climate
envelope had the most adverse effect on 
survival and growth.

• Most sensible species: Jack pine and white 
spruce.

• Even on mesic sites, white spruce and balsam
fir will probably decline despite a modest
increase in temperature.



Périé et al. 2023



Périé et al. 2023



Périé et al. 2023



Considered solution: commercial thinning

• Positive effects of thinning ↗ with intensity

• Thinning effect
• Specific for each species

• Decreases with time

• Becomes negligible after 20 to 40 years

• For tree species at their water stress tolerance limit on dry stations, 
thinning could be insufficient to improve water stress resistance.

• Physiological mechanisms involved in the thinning response are still
poorly understood.

Moreau et al. (2022)
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Objectives

• Evaluate the financial and the operational feasibility of various
thinning intensities as a water stress management tool in softwood
plantations in the context of climate change.

• Measure the growth and the physiology of the residual stems 
submitted to various thinning intensities.



Experimental design

• 2 trials
• Jack pine (JP)
• White spruce (WS)

• Western sugar maple-yellow birch
bioclimatic subdomain

• Glaciofluvial outwash deposits

• 4 blocks

• Plantation in 1990

• Pre-commercial thinning in 2000 (JP), 
2004 (WS)

• Thinning in 2023 (WS) and in 2024 
(JP)

Control (no 
thinning)

Thinning -30% 
basal area

Thinning -40% 
basal area

Thinning -50% 
basal area

5 ha

Experimental block (20 ha)



Operational measurements and financial analysis

• Operational measurements
• Harvested volume (m3/ha), mean

stem volume (m3/stem) to harvest
and prior to harvest (m3/stem). 

• Cost benefit analysis
• MERIS model from MRNF

• Lumber product assortment with
StatSAW (Auty et al. 2014)

A. Dumas

A. Dumas



Studied variables

• Environment
• Air and soil

• Leaf area index

• Physiology
• Sap flow, photosynthesis, water 

potential, cavitation, WUE

• Real time radial growth

Y. Matera Y. Matera



Resilience project

Collaborators: Patricia Raymond (DRF-MRNF), Emilie Champagne (DRF-MRNF), Daniel Dumais (DRF-MRNF), 
Nelson Thiffault (NRCan), Jean-François Boucher (Université du Québec à Chicoutimi), Étienne Boileau 

(MRNF), Sonia Légaré (MRNF), Mélissa Lainesse (MRNF)



Effects of climate change on wildfire regimes



But is it the case in Québec ?

• Québec
• ↗ surface area burned, fire

season, number of fires and their
intensity expected by the end of 
the 21st century
• West > East

• Most affected bioclimatic
domains:
• Lichen woodland

• Spruce-feathermoss

• White-birch-balsam fir

Boulanger et al. (2014), Girardin et Terrier (2015)





• Main recommendation
• Reduce the risk exposure time 

for our silvicultural investments

• How?
• By using species with an early

sexual maturity mixed with a 
desirable species (e.g., black 
spruce).

PNAS, vol 118 no 45 2021



A solution ? Mixed species plantations (BS-JP)

• Higher juvenile growth rate
• Cone production sufficient to regenerate a stand at 

around 10 years (Rudolph, 1979).
• Isohydric species.

D.Dumais

• 50% probability to bear cones at 30 years of age
• Seedling recrutement following wildfire limited by the 

number of seeds available for a period up to 50 years
(Vigas et al. 2013).

• Anisohydric species

D.Dumais



Jack pine as an insurance policy

BS
JP
Harvested stem

Time (years)

0 10 50

Open 
woodland

Logging

Natural regeneration

Mixed-species plantation

Plantation

Logging

Thinning

Natural regeneration

+ Salvage logging

Natural regeneration

+ salvage logging



Challenges associated to mixed species plantations

• Establishment and growth of 
planted species
• Facilitation or competition for 

resources?

• Is it operationally and 
economically feasible?

• Silvicultural and management 
challenges
• Growth and yield tables 

calculations,  plantation patterns, 
release and thinning treatment
planning

(Prégent et al. 2010)

A. Dumas



Objectives

Evaluate the operational feasibility and economic profitability of various
mixed-plantation patterns by quantifying their effects on planters and on 
the seedling’s supply chain

Measure the initial success of planted seedlings in terms of their survival, 
growth and physiology as a function of their microsite 

Measure the mid and long term success of planted seedlings in terms of 
survival, growth, physiology and on the carbon budget, and the influence 
of the competing vegetation on those variables



Experimental design

Clearcut
(control)

Pure Black spruce 
plantation

Pure jack pine 
plantation

Mixed-species
BS-JP mixed per

strips

Mixed-species BS-JP 
per seedling

(50:50)

8 à 10 ha

Experimental block (40-50 ha)

• 4 blocks
• Western black spruce-feathermoss

subdomain
• Silvicultural scenario planned for mixed-

species plantations: 
• Disk scarification + plantation at 

1600 stems/ha + manual release + 
thinning (JP) + CLAAG

• No mix of species in the containers 
either at the nursery or at the planting
site.



Studied variables

• Survival
• Physiology

• Photosynthesis, water potential

• Functional traits
• SLA, NUE, WUE.

• Plantation microsite characterization
• Substrate type, planting position, humus 

thickness, soil temperature

• Carbon
• Soil, snags and big woody debris

• Environmental variables



Studied variables

• Person-time measurements and 
cost of every step of plantation 
establishment
• Site preparation, 

• Seedling freight, plantation, 
manual release, etc.

• Goal: establish payment rates for 
mixed species vs monospecific
plantations.

M. Brémont

S. Desalliers

J. Carignan



Transition project
Collaborators: Patricia Raymond (MRNF-DRF), Emilie Champagne (MRNF-DRF), Julie 
Godbout (MRNF-DRF), Marine Duperat (MRNF-DRF), Samuel Royer-Tardif (CERFO), 

Étienne Boileau (MRNF), Caroline Hamelin (MRNF), Greg St-Hilaire (MRNF), Mélanie 
Ruel (MRNF)



General objective

• Assist or facilitate the 
transition of species in order
to maintain wood productivity
in forest ecosystems where
some species could be not 
adapted to new climatic
conditions. 

• Regions targeted : Bas-St-
Laurent et Gaspésie.



Take-home message

• The impact of climate change on the Québec’s forestry sector is a 
concern for the MRNF and for the Governement of Québec.

• Adaptation sylviculture in Québec is still at its development stage. 

• A knowledge gap remains on the estimation of climate change risks
on forest ecoystems and on their integration in forest management 
and planning in Québec.


	Slide 1: Testing different silviculture adaptation strategies for various climate change risks in Québec.
	Slide 2: Where to start ?
	Slide 3: Québec’s forest management
	Slide 4
	Slide 5
	Slide 6: Climate change effects on forest ecosystems
	Slide 7
	Slide 8
	Slide 9: Adaptation options
	Slide 10: Phase one of research projects in adaptation sylviculture at the MRNF 
	Slide 11
	Slide 12: Resistance project
	Slide 13
	Slide 14: Water availability
	Slide 15: What about climate change ?
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Considered solution: commercial thinning  
	Slide 21
	Slide 22: Objectives 
	Slide 23: Experimental design
	Slide 24: Operational measurements and financial analysis
	Slide 25: Studied variables
	Slide 26: Resilience project
	Slide 27: Effects of climate change on wildfire regimes 
	Slide 28:  But is it the case in Québec ? 
	Slide 29
	Slide 30
	Slide 31: A solution ? Mixed species plantations (BS-JP)
	Slide 32: Jack pine as an insurance policy
	Slide 33: Challenges associated to mixed species plantations
	Slide 34: Objectives
	Slide 35: Experimental design
	Slide 36: Studied variables
	Slide 37: Studied variables
	Slide 38: Transition project
	Slide 39: General objective 
	Slide 40: Take-home message

