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The rhythm of trees - the fascination of watching trees grow

Roman Zweifel
Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Birmensdorf, Switzerland

TreeNet Conference
Bad Bubendorf, 27/28 June 2022
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Point dendrometers …

… a method to monitor radial stem growth
and tree water relations 
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ØNOVEL chance to relate environmental 
conditions to growth at an hourly resolution

ØAnd display that in near real-time!
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The fascination of watching trees grow

• Does the diel stem radius rhythm tell us something about a tree’s annual 
growth performance?

• What happens to stem growth when the spruce is decapitated by a 
storm or the beech is knocked down, but the sensors continued to run 
unharmed?

• Nowcasting with TreeNet
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The fascination of watching trees grow – Part I

• Does the diel stem radius rhythm tell us something about a tree’s growth 
performance?
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Time of peak growthWe found:

Ø Huge variation of peak growth timing
Ø What can we deduce from this?
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The fascination of watching trees grow – Part I

• Does the diel stem radius rhythm tell us something about a tree’s growth 
performance?
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We found:
Ø Species growing earlier in the night have a larger (annual) growth potential

Zweifel et al 2021
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The fascination of watching trees grow – Part I
• Does this hold for individual trees of a species as well?
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We found:
Ø The earlier the growth peak the more the annual growth
Ø Significant for some species only
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The fascination of watching trees grow – Part I

• Does this hold for individual trees of a species as well?
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We found:
Ø In LME model, number of growth hours per year is essential
Ø Together with peak hour timing and hourly growth rate
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lme.formula 
 Best model selection AIC
                                    m1$coefficients$fixed
(Intercept)                                    1358.41588
scale(Tree_GRO_med_hr)                          166.32366
scale(Tree_grohours_med)                        681.14876
scale(Tree_Timing_GRO_hour_max_rel)             −60.45067

Random effects ~1 | Tree_species/Site_ID/Seriesname
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lme.formula 
 Best model selection AIC
                                    m1$coefficients$fixed
(Intercept)                                     1556.1666
scale(Tree_GRO_med_hr)                           289.3477
scale(Tree_grohours_med)                         809.1470
scale(Tree_Timing_GRO_hour_max_rel)             −109.7828

Random effects ~1 | Tree_species/Site_ID/Seriesname
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WSL 2021
Storm at 2 am 13 July 2021



The fascination of watching trees grow – Part II
What happens to a decapitated or knocked down tree?
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Ø 30 m Norway spruce decapitated at 4 m
Ø No branches and needles left
Ø Sensors at the stem unharmed 



The fascination of watching trees grow – Part II

• What happens to a decapitated or knocked down tree?
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We found:
Ø Sapflow completely stopped
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The fascination of watching trees grow – Part II

• What happens to a decapitated or knocked down tree?
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We found:
Ø Considerable growth after the storm (0.2 mm)
Ø Very little daily shrinkage
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The fascination of watching trees grow – Part II
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We found:
Ø Ca 5-10% of annual growth after storm
Ø No growth in 2022 anymore
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The fascinaDon of watching trees grow – Part II
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Ø Support for turgor threshold theory for growth
Ø Support for theory of sink-driven growth

How is that possible?

We conclude:
Ø Due to a release of negative water potentials
Ø Enough carbon and balanced water relations

Sampling 3 May 2022, Norway spruce LWF-Demo site (WSL). 
Broken crown after storm 13 July 2021, 1-2 am. 1 mm 
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Muri 2021



The fascination of watching trees grow – Part II
• What happened to beech trees felled by the storm (the root parAally sAll 

in the ground, sensors unharmed)?
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The fascination of watching trees grow – Part II
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• What happened to beech trees felled by the storm (the root partially still 
in the ground, sensors unharmed)?

We found:
Ø Considerable growth after the storm 20-30% of annual growth in 2 of 3 trees
Ø Apparently no limiting factors for growth despite the fall of the trees
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Thank you!

Sophia Etzold, Kasia Zieminska, Frank Sterck, Sabine Braun, Arthur Gessler, Lorenz Walthert, Nina Buchmann, 
Werner Eugster, Richard Peters, Matthias Häni, Simon Knüsel, Micah Wilhelm, Käthi Liechti, Nicolas De 

Girardi, Christian Hug, Maurizio Mencuccini, Tommaso Anfodillo, Georg Von Arx, Martina Lazzarin, Linda 
Feichtinger, Yann Salmon, Leonie Schoenbeck, Katrin Meusburger, Arnaud Giuggiola, Marcus Schaub, 

Andreas Rigling
and many more …
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TreeNet – the 
biological drought 
and growth 
indicator network

WSL, ETHZ, IAP, Uni Basel
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