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Factors influencing stem form

Stem form
What influences the shape of a tree ?
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Stem form

Factors influencing stem form

Stem form
What about climate ?

Franceschini et al. 2016. Allometric exponents as a tool to study the influence 
of climate on the trade-off between primary and secondary growth. Annals of Botany.

doi:10.1093/aob/mcw003

Franceschini and Schneider. 2014. Influence of shade tolerance and development stage on the
allometry of ten temperate tree species. Oecologia.

doi:10.1007/s00442-014-3050-3
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What about climate ?

Dufaud. 2015. Modélisation de la largeur 
des cernes en fonction de variables climatiques
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Stem taper equations
Schneider et al. 2013, Fortin et al. 2013
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Stem form

Modelling stem form: taper equations

Objectives

1. Evaluate if stem taper changes with climatic variables.

2. Compare differences between climatic variable resolution.

3. Quantify changes in tree volume with climatic variables, if they
are important.
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Methods

Data

Data

Species Nb. st.
Trembling aspen 1 996
White birch 662
White spruce 1 971
Black spruce 3 067
Balsam fir 4 083

Stem analysis data distribution
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Methods

Model

Stem taper model with climatic variables

d2
ijk =(α +bi,1 +bij,1)·dbh2

ij ·

(
Hij −hijk

Hij −1.3

)
·

(
hijk

1.3

)2−(xijkβ+bi,2+bij,2)

+εijk

30-year mean climatic variables were inserted in the α and β

positions:

I seasonal variables (temperatures/precipitations for
summer/fall/winter/spring) with preselection using random effect
estimates bi,1 and bi,2

I annual variables (temperature/rainfall/snowfall)
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Results

Variations in stem taper with climate

Seasonal vs yearly 30-year means

Model AIC

Model Position Trembling aspen White birch White spruce Black spruce Balsam fir
Original 222 300.30 138 998.20 324 143.20 549 273.30 619 169.30
Annual α 222 297.40 138 984.50 324 122.70 549 053.50 618 962.80

β 222 298.30 138 990.10 324 136.90 549 243.60 619 161.70
Both 222 244.10 138 977.10 324 115.30 549 028.0 618 955.10

Seasonal α 222 250.70 138 978.60 324 118.10 549 007.40 618 964.30
β 222 298.70 138 986.60 n.c. 549 201.00 619 152.30

Both 222 249.20 138 966.80 n.c. 549 000.80 618 947.70
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Results

Variations in stem taper with climate

Change in white birch taper with seasonal 30-year averages
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Results

Variations in stem taper with climate

% variations in tree volume (10th vs 90th percentiles)
Annual models

Variable Trembling aspen White birch White spruce Black spruce Balsam fir
Temperature 1.66 0.61 2.90 3.16

Rain -1.04 -5.87 -2.85 -1.47 -1.95
Snowfall 0.95 -1.08 0.66 -1.91
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Results

Variations in stem taper with climate

% variations in tree volume (10th vs 90th percentiles)
Seasonal models

Variable Season Trembling aspen White birch White spruce Black spruce Balsam fir
Temperature summer -2.13 -4.68 0.76 1.46

fall 0.19 0.23
winter 3.16 7.31 -2.85

Precipitation spring 0.18
summer -3.64 0.67 0.49 0.43 3.33

fall -0.18 -0.16
winter -8.13 -0.19
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Global changes

Changes in volume

Shifts in volume with global change scenarios
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Global changes

Changes in volume

Links with functional traits
Shifts in volume with percentile comparissons
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Global changes

Changes in volume

Links with functional traits
Shifts in volume with global change scenarios
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Global changes

Changes in biomass

Effect of changes in volume on biomass estimations
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