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The Wind in the Woods

A Lesson in Tree Biomechanics
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* 121.9 million trees
Four -1 or oyl n 205, * 23.3 million metric tons of C stored ($531.2 million value) f
* 767,000 metric tons/year of C sequestered ($17.5 million value)
* 17,380 metric tons/year total pollution removal ($145.1 million value)
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Power lines and trees knocked down by
Superstorm Sandy on Davis Hill Road in Weston, CT.
Photo by Sgt. Mike Ferullo. November 8, 2012. https://internationalmedicalcorps.otg
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https:/ /www.bchydro.com/safety-outages/ trees-power-lines / pruning-removing-trees/ removing—hazardous—tree;.html



How Trees Interact

with the Wind
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[) Immediate kinetic reaction.

a.k.a. “sway”’

2) Long-Term reaction
Developmental and adaptive
a.k.a. “thigmomorphogenesis™
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http:/ /www.lifeintesonance.com/?page_id=47



http://factfile.org/10-facts-about-chemical-reactions

ﬁ https:/ /upload.wikimedia.org/wikipedia/commons/e/e8/Newtons_cradle_animation_book.gif ( r“\







Tree Sway:

A Periodic Motion

Frequency : How fast the tree sways occur

Amplitude : How far the tree bends



Tree Sway:

A Periodic Motion

Motion Damping : Coming to a stop

Streamlining : Avoiding the wind force
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Tucker Hammerstorm. http://www.thephotoargus.com/aspen-leaf-a
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Motion Dampin

Crown Clashing 50%

‘ Aerodynamic Damping 40%
- Or “Drag”

Kiisten and Jordan Hayman http://www.thephotoargus.com /aspen-leaf-and-tree-photos/ :
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Internal

Crown Clash
Aerodynam
Or “Drag”
Viscous or
Damping

(Milne, 1991)
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PREVAILING WIND DIRECTION—
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Streamlining
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httvpsv: // ag.purdue.gdtlﬁnr/ assZ)ciation;/ TAA/Documents/ Bion}cchanics reesTelewski.pdf
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Risk of sway #1
Amplitude Greater than Capacity
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http:/ /northiowatoday.com/wp-content/uploads/2014/09/snapped_tree_2011-07_16.jpg Sunbird Photos by Don Boyd October, 2005



Risk of sway #2
Resonance
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http:/ /www lifeintesonance.com/?page_id=47 a swing



Resonance

Tacoma Narrows Bridge collapse, 1940. Balos . Vil ol e
) . . T 44 < ‘Was ') e Qeae :,: ap s ~ "— <
‘0 Only a 35 mph wind was blownlg. University of Washington Libraries, Special Collections, FARO16 ‘Q
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Model of an idealized
branched tree

~ - 3 different orders of
branching

Corresponding to
/ I, 1 3 frequency modes

Rodriguez, Mathieu, et al. "The multimodal dynamics of a walnut tree:
experiments and models." Journal of Applied Mechanics 79.4 (2012): 044505.
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1) Immediate kinetic reaction.

a.k.a. “sway”’

) Long-Term reaction
Developmental and adaptive
a.k.a. “thigmomorphogenesis”




Thigmomorphogenesis

A growth response to mechanical stimuli
Coined in 1973

Jatte, Mordecai J. "Thigmomorphogenesis: the response of

plant growth and development to mechanical
stimulation." Planta 114.2 (1973): 143-157.




Jaffe, M. J. "Morphogenetic responses of plants to mechanical stimuli or
stress." Bioscience 30.4 (1980): 239-243.

http://lifeofplant.blogspot.com/2011/01/ thigmomorphogenesis.html
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Gerald and Buff Corsi © California Academy of Sciences

: M= e
Charles Webber © California Academy of Sciences
https:/ /www.fs.fed.us/database/ feis/plants/tree/pinjef/all.html
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Improved root anchorage
Larger, tlared base
Streamlining
Lesser shoot elongation

Greater diameter growth
more tapered shape

Shorter internodes and branches
Thicker branch nodes

Smaller leaves

Increased flexibility and density

Changes in cellular structures and division

Compression and tension wood
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Vhttps: //ag.purdue.edu/fnr/associations/TAA/Documents/BiomechanicsOfT'tees Telewski.pdf
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of sway on the allometry of Liquidambar styraciflua (sweet gum)." Aserican journal of Botany (1989): 1740-1749.
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Where do tree/wind

dynamics come into play?

Planting and Species Selection

Staking for new trees

Pruning

Forest management



Speciles Selection
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http://www.state.nj.us/dep/parksandforests/ forest/ community/ Tree_Planting.htm : . 15
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http:/ /www.treeservicesmagazine.com/ tree-
health/caring-for-newly-planted-trees/
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Proper Pruning Principles

Dead Branch

Pruning

Branch

[imcp gty | ; “ I Collar Collar
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Pian pruning Remove up to Heavy pruning Topping is very
work in advance 25% of crown should be done over harmful to trees. 3 e T e AN it P TP
for healthy tree several seasons DONT DO IT! R A o : s
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http://www.bergerie.nl/en/olive-trees/pruning-an-olive-tree/ sy treesmqmrrel Ty 'l 2
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Forest Management
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