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Testing different silviculture adaptation strategies for
various climate change risks in Québec.

Francois Hébert, ing.f., Ph.D.
Research scientist
Direction de la recherche forestiere (DRF)
Ministere des Ressources naturelles et des Foréts du Québec (MRNF)
Forestry Adaptation Practitioners’ Network webinar series
March 29t 2023
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What is the best way to start a scientific presentation with the adaptation to climate change ©eececcocccccccce

Where to start ? s e
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Starting a scientific presentation on adaptation to climate change in forestry requires a

slightly different approach than a conference or public event. Here are some suggestions on

how to begin your presentation:

Start with a title slide: The title should be clear, c e, and descriptive of the main topic

of the presentation. It should include the main keywords related to adaptation to climate

change in forestry.

Take-home message:
Do all these but keep your
introduction brief, and focus on

the main topic...which I’'m not
doing right now |

SCOpE Of your present

Highlight the significance of the research: Emphasize the importance of your research in
addressing the challenges of adapting to climate change in forestry. Discuss how your
findings could contribute to the development of policies, practices, and strategies to
mitigate and adapt to climate change.

Preview your presentation: Provide an overview of the key points that you will cover in
your presentation. This will help the audience follow your talk and anticipate what they

will learn from your research.

Remember to keep your introduction brief and focused on the main topic. Engage your

audience by using visuals, graphs, and data to illustrate your points. And finally, provide a

Vot re ‘.‘ clear and compelling conclusion to summarize your main findings and their implications for Québec

gO uvernement the adaptation to climate change in forestry.




Québec’s forest management

91 % Crown land

56 764 direct jobs
* 52 % wood products

Forest management and
planning : Ministere des
Ressources naturelles et des

25 % volume per year allowed
through public auction
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Hectares per year

% well regerated cutblocks —e—Plantation —e—Manual release —e—Pre commerical thinning
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Crown land silvics between 2010-2020

Clearcutting (mainly CLAAG) —e—Partial cuts —e—Commercial thinning —e—Salvage cuts
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AAC by species groups on Crown land (2020-2023) = ceeeeeceeneeneeeneeee

Most planted species
Black spruce
White spruce
Jack pine

. W Spruces, pines, larches and firs m Other hardwoods Poplars m Other softwoods
Votre aVe

gouvernement Québec



Climate change effects on forest ecosystems

Increased average
temperature

Longer growing
season

Anticipated

impacts of Increased risk of

drought

climate
change

More freeze-thaw
events

45

)

st it g
p e
S

Increase in peak flows
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These changes may have impacts for:
* Forest productivity
e 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)

Québec



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. Mitigation Adaptation
There is a need to adapt our Reduce greenhouse Prepare for the
forestry practices that will ensure gas emissions and vagaries of climate
consistency with mitigation measures sequester them change

outside the

being implemented.

atmosphere
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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.

Québec



Adaptation options

Options Management
A objective
Resistance f \
Favor ecosystem
persistence
g J
Resilience
4 )
Mangage the change
g J

Transitions

Yo, abinen Québecis
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Phase one of research projects in adaptation =~ oo
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

uuuuuuuuuuuuuuuuu

: Gaspésie

gouverngment Québec a
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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.

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

Votre of. )
ggu';/%rr?ement Quebec



oooooooooooooooo

oooooooooooooooo
oooooooooooooooo

ooooooooooooooooooooooo
oooooooooooooooo

ooooooooooooooooooooooooooooooooooo
oooooooooooooooo

Resistance project

Collaborators: Emilie Champagne (DRF-MRNF),Catherine Périé (DRF-MRNF), Patricia Raymond
(DRF-MRNF), Annie Deslauriers (Unviersité du Québec a Chicoutimi), Frangois Girard (Unviersité
de Montréal), Etienne Boileau (MRNF), Alexis Leroux (MRNF), Marcelle Falardeau (MRNF)

\glga'\‘/eerr?g?nent Québec
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>

E First release — > Second release ——— Thinning
= (if necessary)

O .

S First release > Thinning
®)

@)

o

3 First release »  Thinning
iy

(g

No release =~ — > Thinning

Time since plantation

Votre ‘.‘ Adapted for Thiffault et al. (2003) .
gouvernement and Jobidon (2000b) Quebec
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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 49" parallel, water availability influences black spruce’s
radial growth (D’Orangeville et al. 2016, Chagnon et al. 2022).

.

géuﬂ)erhement QUébeC



What about climate change ?

Portraits Climatiques

Figu re: Cha Sélectionnez I'échelle spatiale:

Régions forestiéres e
Sélertinnne

Figure: Che

Nombre de jours de vagues de chaleur classe 3 (jours)
heat_wave_total_length_p50

10000

<

Selectionn
Régions O 3
"2 itaouais
O
goo
07-0 ot
on
o1
O 15- Laurentides
Selectionn
Nombre d
afficher / masquer
sélectionn Sélectionnez la variable climatique:
. Nombre de jours de vagues de chaleur classe 3 -
Annuel
Leaflet | Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye. Getmapping. Aerogrid, IGN. IGP, UPR-EGP, and the GIS User Community
Sélectionnez la saisonnalité: 2 )
& Téléchargez le fichier GeoPackage , .
Annue v B N (Périé et al. 2023)
& Téléchargez le fichier de formes (*.shp) 2090
Sélectionnez le scenario d'émissions:
& Télécha O Historique O Modérées (RCP4.5) @ Elevées (RCP8.5)

Sélectionnez I'norizon de temps:
@® 2041-2070

O 2071-2100

gouvern(.ament QUébeC



00 0O0OONONOIONOINOSINOSNOSNOSDS

Article
Even modest climate change maylead to

major transitions in boreal forests

https:/jdol.org/101038/541586-022-05076-3  Peter B. Reich'2*=,

d !, Rebecca A. y'. Roy L. Rich™*,

Received: 10 May 2021
Accepted: 6 July 2022

Karen E. Rice!, Sarah E. Hobbie® & Artur Stefanski'

Published online: 10 August 2022

remains uncertain’
|®Check for updates

The sensitivity of forests to near-term warming and assoclated precipitation shifts
- Hereln, using a S-year open-alr experiment In southern boreal
forest, we show divergent responses to modest climate alteration among juveniles of

nine co-occurring North American tree specles. Warming alone (+L.6 °Cor +3.1°C
above amblent temperature) or combined with reduced rainfall Increased the juvenile
mortality of all specles, especlally boreal conifers. Species differed In growth
responses to warming, ranging from enhanced growth In Acerrubrum and Acer
saccharumto severe growth reductions in Abies balsamea, Picea glauca and Pinus
strobus. Moreover, treatment-induced changes In both photosynthesis and growth
helpexplain treatment-driven changes in survival. Treatments In which specles
experlenced conditionswarmer or drier than at their range margins resulted in the
most adverse impacts on growth and survival. Species abundant In southern boreal
forests had the largest reductions in growth and survival due toclimate
manipulations. By contrast, temperate species that experienced little mortality and
substantlal growth enhancement Inresponse to warming are rare throughout
southern boreal forest and unlikely to rapidly expand their density and distribution.
Therefore, projected climate change will probably cause regeneration fallure of
currently dominant southern boreal specles and, coupled with thelr slow replacement
by temperate specles, lead to tree regeneration shortfalls with potential adverse
Impacts on the health, diversity and ecosystemservices of regional forests.

Twenty-first century climare change will influence northern forests,
through rising temperatures and altered precipitation patterns'®.
Higher temperatures associated with climate change may extend the

effects of climate warming across a range of soil moisture conditions
arerare. Moreover, such responsesmay be dependent ontime, species,
disturbance history, tree slze andgeogmphy“““

ro onar limitsto bolicactivities

ofplants when moisture Isabundam However, increased evaporative
demandwill probably lead toincreased summertime soill water deflcits,
despite modest water savlngsdue toelevated CO, (refs. '2¢%). Mid- to

high-latituder y toexperienceb and
negative effects from climate warming—positive In cool ancl/or molst
times and places, but negative in hot and/or dry timesand places** ",

Observational and experimental evidence

Obser’ positivetrendsin
growth, survival and pmdunlvit) inboreal forests* %, Some reports
suggest that tree growthand forest productivity haveincreased recently
in central and eastern Canada"****, whereas others show declines in
growth*™% and survival**%, Inall cases, disentangling the impacts of
temperature and precipitation fromone another and from other driv-
ers,suchasrising CO,,. remains challenging™"**". Whether suchimpacts
areinaggregate positive ornegative for fitness-related responsessuch
asgrowth and survival isunclear at present, because direct tests of the

iments haveexpl tive effects oftemperature
and moisture ontree performance, although all such experiments are

SCO| on.Astudy of
Iemperaleseedllngsubjec‘ttowam\lngandaSD"ireduct\anlnrainfallln
theyear Found thattt ofsixspec
Ingwere not inferior in \awralnfall’“ Bycon(ras( inother I-year studies,
warming_tr selyaffected establish-
mentof Pinusspecies by reduc o 1ousestudy
found that Picea. (posed toboth+6°C

warmingand drought, butnnttoelmeralone‘l Inaprior studyconducted
from 2009 to 2011, we found that the response of juvenile boreal tree spe-
clesto +3.4°Cwarming differed, depending on whether the species had
amoreboreal or temperate distribution”. However, whether the results
would have beensimilar under varying moisture conditions isunknown.

A 5-year warming and rainfall experiment
Hereinwe report on anindependent open-air field experiment con-
ducted from 2012-2016 with juveniles of nine tree species that included

“Department of orest Resouroes. University of Minnesota, 5. Paul M, USA.

University. Penrith. New South Wales. Australia.

“Instituse for Gl ility, University of Michigan, Ann Arbor, ML USA *Smithsonian Environmentsl Research Center, Edgewster, MO,
USA. “Department of Ecology, Evolution and Behaviar, University of Minnesota, St. Paul, MN, USA. Se-mail: preich@umn.edu

540 | Nature | Viol 608 | 18 August 2022

gouvernement

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.

Québec
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Considered solution: commercial thinning oo

Positive effects of thinning A 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)

gouverngment QUébeC



Hectares per year

% well regerated cutblocks —e—Plantation —e—Manual release —e—Pre commerical thinning

160000
150000
140000
130000
120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
0

[ ]

Crown land silvics between 2010-2020

Clearcutting (mainly CLAAG) —e—Partial cuts —e—Commercial thinning —e—Salvage cuts
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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.

gouverngment QUébeC



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) »

'(I;PI;i)nning in 2023 (WS) and in 2024

alr -

“wpe - Ministére des Ressources naturelles et des Foréts, Direction du développement et de linnovation de [~

Votre ofe | e T Y-
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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)

Votre o, ,
ggu(/%rr?ement Quebec
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Studied variables

Environment
Air and soil
Leaf area index

Y. Matera

Physiology

Sap flow, photosynthesis, water
potential, cavitation, WUE

Real time radial growth

gdui)erhgment Québec
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Resilience project

Collaborators: Patricia Raymond (DRF-MRNF), Emilie Champagne (DRF-MRNF), Daniel Dumais (DRF-MRNF),
Nelson Thiffault (NRCan), Jean-Frangois Boucher (Université du Québec a Chicoutimi), Etienne Boileau
(MRNF), Sonia Légaré (MRNF), Mélissa Lainesse (MRNF)

\glga'\‘/eerr?g?nent Québec
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Effects of climate change on wildfire regimes = o

13082018 Wildfires will only get worse unless we laarn how 1o live with them - The Globe and Mail

SUBSCRIBE
MAlL

QPINIDHN

Wildfires wil

Environmental Research Letters

O PLOS | one

ire intensity and key

RESEARCH ARTICLE ada

- Wildfire Suppression Costs for Canada under
a Changing Climate

viooran

iversity of Toronto, 33 Willcocks St Toronte, ON,

e Building, Edmomten, AR, TeG JHI, Canada
ire, 3320-122nd Street, Edmonton, AL, T6H 355,

Emily 5. Hupn"", Daniel W. M-::I(ﬂnna',r'“, John H. Pedlar', Brian J. Stocks®,
Sylvie Gauthier®™

E-mail: mike.wotton@utoronto.ca
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But is it the case in Québec ? e

Québec

A surface area burned, fire
season, number of fires and their
intensity expected by the end of
the 215t century = %’f “ 3
West > East
Most affected bioclimatic
domains. S| Iz
Lichen woodland
Spruce-feathermoss
White-birch-balsam fir

|||||

Limite territoriale des foréts attribuables
Zone Tempérée nordique
- Erabliére a caryer cordiforme

/ - Sapiniére a bouleau jaune
i T e Roe st Lobrador | zoneBoreale
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Toundra a arbustes dressés

- Toundra & arbustes prostrés
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00° 75 70 B85 a0 56° 0

~* Ministére des Ressources naturelles et des Foréts, Direction du développement et de linnovation de lndustrie

Boulanger et al. (2014), Girardin et Terrier (2015)
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Lra a2
Intégration des changements climatiques et
développement de la capacité d’adaptation dans la
détermination des niveaux de récolte au Québec
S0 50+
Novembre 2020
=
Bureau du forestier en chef
4&° 46
i Oesan
Ortara 3 - - Atlantigue
0 5% 100 Kikmatres % o
o — - \ ¥
3 7% 70" o6 62* sa

Figure 3. Zonage des régimes de feux du Québec méridional. Les valeurs représentent le cycle de feu calculé pour la
période 1890-2020. Le cycle de feu des zones A et K (") a été ajusté sur la base d'autres études réalisées dans
ces regions.

Votre Jp + 13
gouvernemen Québec 2z i3

Oonepecgaa



Main recommendation PNAS, vol 118 no 45 2021 =4

Reduce the risk exposure time Increasing fire and the decline of fire adapted black
spruce in the boreal forest

Jennifer L. Baltzer"' %, Nicola ). Day™", Xanthe J. Walker“ (3, David Greene®, Michelle C. Mack®®,
Heather D. Alexander' >, Dominique Arseneault?, Jennifer Bames Yves Bergeron , Yan Boucherl ),
Laura Bourgeau- Cha'nrezlt , Carissa D. Brown'(y, Suzanne Carriere™, Brian K. Howard 4 Sylvie Gauthier" (2,
Marc-Andre Parisien®, I(Irsten A, Reid™'o, Brendan M. Rogers” (o, Carl Roland®, Luc Sirois?, Sarah Stehn®,
Dan K. Thompsan®(, Merritt R. Turetsky”, Sander Veraverbeke®, Ellen Whitman®, Jian Yang'(®, and

Jill F. Johnstone""

for our silvicultural investments

How?
By using species with an early Ajustement des stratégies de production

. . . de bois dans certaines portions sensibles
sexual maturity mixed with a de Ia forét boréale
desirable species (e.g., black .

spruce).

Rapport présenté au
Ministére des Foréts, de la Faune et des Parcs

Chaw@

en ame aem t
forestiel

Version finale

Votre Y. . 2
gouvernement A Quebec



* 50% probability to bear cones at 30 years of age

e Seedling recrutement following wildfire limited by the
number of seeds available for a period up to 50 years
(Vigas et al. 2013).

* Anisohydric species

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

around 10 years (Rudolph, 1979). 8

* Isohydric species.

Votre of.
gouvernement

2% Québec rm




Jack pine as an insurance policy @ e

%0 X
Open o ©
Pl ) woodland % o o
antation o x ©
‘ + Salvage logging
Logging
g . >
* Thinning
Mixed-species plantation 3
(o) BS Logging Natural regeneration
b 4 JP 0 o °
o Harvested stem > | o ©

o
‘ + salvage logging o o
Votreoq.p 10 50

gouvernement . Québec
Time (years)



Establishment and growth of
planted species

Facilitation or competition for
resources?

Is it operationally and
economically feasible?

Silvicultural and management
challenges z

Growth and yield tables
calculations, plantation patterns,
release and thinning treatment
planning

@
s

m
.............

g

e (Prégent et al. 2010)

- ¢ 8 & B B 8 B &8 & 8

5 10 15 20 25 30 35 40 45 50 55 60
ggat‘veerﬁg?nent Age de la plantation (années) QUébeC
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Objectives

ooooooooooooooooooooooooooooo

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

Votre o, )
ggu(/%rr?ement Quebec



Experimental design e

* 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.

Ve 2 b
JO¢tre des Ressources naturelles et des Foréts, Direction du développement et de linnovation de ['in Que €C

& Q62 KE220MCE2 USINGRSe 6 Q52 tOWse DASCROU QN QeASI00DEWGUL 6 Q6 LIVUOASIOU Q6 |y,




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

gouvernement
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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.

Votre .\.,
gouvernement

Québec



Transition project

Collaborators: Patricia Raymond (MRNF-DRF), Emilie Champagne (MRNF-DRF), Julie

Godbout (MRNF-DRF), Marine Duperat (MRNF-DRF), Samuel Royer-Tardif (CERFO),

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

\glgltjt\./%rﬁg?nent Québec



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.

Votre q.p ‘re des Ressources naturelles et des Foréts, Direction du développement et de linnovation de [
gouvernement B S S S i s -__\@I[ébec
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Take-home message s

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.

gouverngment QUébeC
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