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Today’s Agenda

1. How much climate change

2. Impact on the Acadian Forest

3. Knowledge gaps

4. What can we do
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Annual global surface temperature record (1880–2018)
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Atmospheric CO2 highest in past 650,000 years

Source: NASA



Source: NASA
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20th century average 
annual land surface 
temperature = 4.2°C

2012-2017 average annual land 
surface temperature = 5.9°C

Δ8.0°C

Sources:
Historic data: (berkeleyearth.org)
Projection data: (Natural Resources Canada)  

Δ3.5°C



Virginia, US
MAT ~ 12.5 ˚C

Current Climate RCP 8.5 by end of 21st century

Mean Annual Temperature



DirectDirect

How will climate change affect our forest?
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● Photosynthesis
● Respiration
● Phenology

● Soil moisture

Trees 
interact with 
their 
environment

Indirect 

Plant competitionPlant competition

Forest insects and Forest insects and 
diseasedisease

Forest fire  Forest fire  



Climate controls global distribution of vegetation 



No species is adapted to all environments!

Environmental Niche: Sum total of a species’ adaptations to its environment

The niche is a multi-dimensional Envelope where each axis describes a species’ response to 
an environmental factor that affects its Performance (growth, survival, and reproduction) 

Environmental Niche Theory
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Current Climate Envelope Projected Climate Envelope

Year 2100, RCP 8.5

Source: http://planthardiness.gc.ca/

Balsam fir climate envelope



Current Climate Envelope Projected Climate Envelope

Year 2100, RCP 8.5

Source: http://planthardiness.gc.ca/

Red oak climate envelope



Northern Rang Limit under RCP 8.5

•  HWA (Adelges tsugae) introduced to Virginia, U.S. from Japan circa 1951
•  Spread into New England states by 1980s; into southern Nova Scotia just recently  
•  Constrained by low winter temperatures (mean winter temp. of -5 ˚C, Paradis et al. 2008)
•  Under RCP 8.5 it will expand its climatic range across all of Maritimes

Indirect climate impacts 

Hemlock Woolly Adelgid



Mean Winter 
Temperature under

RCP 8.5 by

2085

Current Mean Winter 
Temperature
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Indirect climate impacts

Wild Fire

Source: Boulanger et al. (2013)



Computer models provide a framework for integrating our knowledge of how ecosystems 
function and allows us to make projections about how the system may respond to stimuli

Real Forest 
Ecosystem

Virtual Forest 
Ecosystem

Bringing the pieces together
Forest Ecosystem Modeling





Modeling the Acadian Forest



Short-term (Today until year 2050)
 Little to no change in forest composition under 

either RCP 2.6 or RCP 8.5

Long-term (year 2050 to 2100)
 No changes under RCP 2.6
 Large changes under RCP 8.5

 Decline in cold adapted boreal species
 Increase in warm adapted temperate species
 Deborealization of the Acadian Forest

Projections of forest composition
Results 



Current forest 
composition

Projections of forest composition 

Projected forest 
composition by 2100 
under RCP 8.5



Projections of forest growth 

+10%

-10%

2020-2050 2050-2100



Interpreting our model results

 Composition shifts driven by changes in 
“interspecific competition” (implications for 
silviculture)

 Growth decline driven by 1) direct climate 
effects and 2) a “blocking mechanism”

 Balsam fir and spruce are unlikely to disappear, 
but will become increasingly maladapted, 
rendering them less competitive



Comparing with other model results

Our results align with a 
growing number of other 
modeling studies  
1) Bourque and Hassan 2008 (The Forestry 

Chronicle)

2) Rogers et al. 2016. (Global Change 
Biology)

3) Boulanger et al. 2017 (Landscape 
Ecology)



Comparing with empirical  studies

Growing number of empirical 
studies support our predicted 
changes

1) Evans and Brown 2017 (Environmental 
Reviews)

2) Fisichelli et al. 2014. (Ecography)

3) Fei et al. 2017 “Divergence of species 
responses to climate change” (Science)

Over the last 30 years
● 76% of species shifted west
● 62% of species shifted north
● Greater shifts in saplings than adults
● Shifts correlated with climate shifts
● Different shifts depending on 

phylogeny
➔ 81% angiosperms shifted west
➔ 71% of gymnosperms shifted 

north



Take it with a grain of salt...



Environmental Niche Theory

Maximum Summer Temperature
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Environmental niche limits poorly understood



Recent research on climatic limits
D’Orangeville et al. (2018) Beneficial effects of climate warming on boreal tree growth may be transitory. 
Nature Communications









Future research on climatic limits
Three new studies (NRCan / UNB / NBDERD)

Study# 1
Range-wide PSPs

Study# 2
Latitudinal Transect



Future research on climatic limits

Study# 3
Greenhouse Experiments



Implications for Maritime forestry sector
Wood supply and product mix

RCP 2.6
 Minimal changes expected
 Low impact on forestry sector

RCP 8.5
 Changes in composition (product mix)
 Decline in overall forest growth
 Implications on wood supply after 2050

Unlikely humanity will keep global warming 
within RCP 2.6 range and society must 
prepare for unavoidable climate change 
impacts



So what can we do?

Mitigation
➔ Reduce greenhouse gas emissions
➔ Pro carbon forestry

Adaptation
➔ Assisted Migration
➔ Adaptive silviculture
➔ Alternative forest products

Measurement
➔ Monitoring programs
➔ Experiments and field studies
➔ Improve forecasting ability (i.e., improve models)



Thanks for your time

Questions?
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