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Outline

1. Climate change and climate models

2. Climate sensitivity in forest growth models

3. Disturbances and upscaling
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Timeline

1988

Intergovernmental Panel on Climate
Change (IPCC)

1992

Earth Summit – Rio

– United Nations Framework Convention 
for Climate Change (UNFCCC)
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The Keeling curve
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Climate change and climate models

2021

• Sixth Assessment Report

– Shared Socio-economic 
Pathways (SSP)

– Global Surface Air 
Temperature

IPCC 2021. Climate Change 2021: The Physical Science Basis. p.571
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Climate models

Human activities

– CO2

– Non CO2

– Albedo

– Land use
Swart et al. 2019. Geoscientific Model Development 12(11): 4823-4873
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Climate and growth models

• Web of Science
– forest growth model empirical

– forest growth model empirical climate

– forest growth model « process-based »

– forest growth model « process-based » climate
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n = 1777

Process-based models

n = 1004

n = 613

n = 683

Empirical models
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Process-based modelling

• 3-PG (Landsberg and Waring 1997)

– Purely process-based

• Triplex (Peng et al. 2002)

– Hybrid (combines 3-PG + empirical features)
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Carbon allocation

Monthly time steps

Source: Peng et al. 2002 
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Empirical growth modelling

• Stand-level models

• Transition matrices (1960s)

• Individual-based models (1970s)

– Distance-dependent

– Distance-independent
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Some models used in 

forest management 

planning in Canada
TASS

MGM

Artemis

OSM
GYPSY

VDYP

MIST

NATURA

TIPSY
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Climate sensitivity implementation

1. Re-expressing some variables as functions of climate variables

Source: Monserud et al. 2008 
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Climate sensitivity implementation

2. Including climate variables directly in 
individual-based models

– Tree-ring data 

– Permanent-plot data

– Diameter or basal area increment

– A large variability in the climatic variables 
and their effects
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Source: Oboite and Comeau 2021 
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Mortality

• Very few examples of 
climate-sensitive 
mortality modelling

Source: Cortini et al. 2017

Source: Maringer et al. 2021 
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Quercus macrocarpa

Recruitment

• Species migration

Picea engelmannii
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Recruitment

Regional suitability

vs

local suitability

Source: Fortin et al. (in press)

Picea glauca
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Climate variables

• 30-year normals

• What about the 
interannual variability?

Fort McMurray, AB

Source: BioSIM Web API
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Climate variables

Integrating annual
climate variables in 
growth models?

Source: de Dios Garcia et al. 2018
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Climate sensitivity

• Climate sensitivity vs climate change sensitivity

• What happens when other explanatory variables are 
dependent on climate (e.g. forest type, SI)
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Climate sensitivity

• Artemis

– Individual based

– Distance 
independent

– Available for 25 
forest types

Source: Government of Quebec, 2022
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Source: Fortin et al. 2022

27

https://doi.org/10.1139/cjfr-2021-0255


© His Majesty the King in Right of Canada, as represented by the Minister of Natural Resources, 2023

UNCLASSIFIED - NON CLASSIFIÉ

Outline

1. Climate change and climate models

2. Climate sensitivity in forest growth models

3. Disturbances and upscaling
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Disturbances

Changes in the 
disturbance regimes

• Intensity

• Frequency

• Severity

Source: Muratov 2001
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Disturbances

• Adapting mortality modelling to known disturbances

Source: Manso et al. 2015 
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Disturbances

• Different recurrence times

– Once every 40 years

– Once every 20 years

• Stochastic simulations

Source: Melo et al. 2019
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Large-area predictions

• What do we really know?
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Human responses to uncertainty

• Averaging what we know 
– Consolidating our knowledge

• Bringing in new information
– Remote sensing
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The « average » plot

Growth
model

Averaging what we know 
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Bringing in new 
information to fill
the gaps
(e.g. Falkowski et al. 2010)

Growth model
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Uncertain input variables

• Jensen’s (1906) inequality

• Average the predictions not 
the input variables
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• Few stochastic models on the market

– Gertner (1987)

– Vanclay (1991)

– Kangas (1999)

– Fox et al. (2001)

– Fortin et al. (2012)

– Kershaw et al. (2017)

Stochastic models

Source: Fortin 2016
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Growth model

Avoiding Jensen’s inequality

The « average » prediction
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Fully stochastic growth model
The « average » prediction

Parametric bootstrap estimators
• Pfefferman and Tiller (2005)

• Fortin et al. (2018)
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Large-area predictions

Source: Melo et al. 2019
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Take home messages

1. Climate sensitivity implementation

– Predict climate-dependent variables (SI)

– Include climate variables directly in the model

• 30-yr normals or annual values ?
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Take home messages

2. Different species responses
– Warmer climate does not mean better growth

– Boreal species adapted to cold environment

– Species migration is lagging
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Take home messages

3. Disturbance regimes are changing

– Accounting for disturbances in growth models

– Stochastic simulations
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Take home messages

4. We need large-area predictions
– Different methods of upscaling

• Beware Jensen’s inequality

– Bootstrap estimators allow for error propagation in these
predictions
• Need for fully stochastic models though
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BioSIM Web API

• http://repicea.dynu.net/BioSim/BioSimWeather?lat=48.5&long

=-74.5&from=2000&to=2016&model=DegreeDay_Annual
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attention

Rubén Manso

Lara C. de Melo
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José Riofrio

Bianca Eskelson

Juha Metsaranta

Derek Sattler

mathieu.fortin@nrcan-
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