
PART 3:

TREES AS BIOLOGICAL INDICATORS
OF WIND AND ICE

This part shows how to assess the direction of dominant
atmospheric influences on trees and forests based on tree
deformation indices. This part also shows how tree deformation
can be used to map patterns of prevailing surface wind flow
across the landscape. Basic principles of circular statistics for
a more formal treatment of directionality and detecting subtle
directional influences are described and demonstrated.



Straight growth of tamarack is a sign of
low wind speeds

Freezing rain is the major cause of
deformation, rather than wind per se

Crown deformation of tamarack protruding well above the spruce
and fir, provide a useful guide to windiness of a locality

TREES AS BIOLOGICAL INDICES OF WIND

Trees are excellent biological indicators of prevailing wind and wind speed. They can also be used to
map areas where there is a high frequency of freezing rain, wind blasting by ice-crystals and lack of protective
snow cover for regeneration. The graphics are more-or-less self explanatory.
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Effect of deformation of wind on bole
and tracheids.

Patterns of branch form and mortality
caused by wind+ice crystal abrasion.

On a verywindy site spruce transfers most of
its growth downward into roots and thick
branches and production of dense foliage at
the expense of height growth

The dense crown with an extremely higher-
than-average foliage mass at the expense of
wood is an adaptation to strong persistent wind

The strongly spiralling trunk of this
yellow birch is an adaptation which
compensates for the forces of strong
persistent wind



114

Brisk persistent wind 15-20 ms-1
Moderately persistent wind
10-15 ms-1

Occasionally windy 5-10 ms-1Low wind <5.ms-1

Estimating Surface Wind Speed From Tamarack

Tamarack is very common
throughout forests and barrens, and on
wind swept plateaux and ridges as well
as in sheltered valleys, and is the best
tree for estimating wind direction and
wind speed. It also has flexible
branches which allow it to develop a
streamlined crown, enabling it grow
better than any other conifer on very
windy sites. Since it is the only native
conifer which sheds it needles in the
fall, its streamlining is caused only by
windiness during the growing season.

The direction of the prevailing wind during the growing season is easily determined by the
compass bearing of the direction in which the crown is flagging. The graph shows how to estimate
the average wind speed from asymmetry or skewness of the crown. That is, by comparing the amount
of proportion of tree crown on the windward vs leeward side of the tree. Naturally, one should
measure several open-growing trees ifpossible. Having obtained the deformation ratio, D, the average
growing season wind speed is calculated thus:

UD = 5.96 + 10D - 1.7 D2
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European birch English oak Mountain paper birchMountain paper birch

SycamoreCircle of European beech at Innot’s Farm, Harbour Grace

Estimating Surface Wind Speed From Broadleaved Trees

Open-growing trees with symmetrical crowns indicate light winds

Open-growing trees with asymmetrical crowns indicate brisk winds

The deformation ratio of broadleaved trees is
determined in a slightly differently way as shown in
the graph. Again it is recommended measuring only
open-growing trees.

It is also possible to estimate prevailing winds
from small groups of trees, called spinneys in
Scotland, by treating them as single trees. Like the
beech circle at Harbour Grace.
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On this east-facing slope along the coast at Lockston,
the fir trees are symmetrical and give no clue as to a
prevailing wind. By contrast, the red maple indicates
a strong on-shore wind funnelled westward up a
valley;

Asymmetric bole used to estimate surface wind
speed and prevailing wind direction over a
clear cut or a large region .

This Sitka spruce stump at Trepassey has a compression ratio
1.1 meaning that it grows in a sheltered location.

This balsam fir stump at Ship Cove has a compression
ratio of 3.2, meaning that it grows in a location with
persistent, strong wind

Occasionally localized persistent winds blowing in the
opposite direction from the regional prevailing wind can be
detected from trees growing within the canopy. Such as the
red maple in the photo taken on the coast at Lockston near
Trinity, Trinity Bay.

Compression Index

An estimate of wind direction and wind speed can
also be made from tree stumps. The index pertains only to
coniferous trees and is called the compression index on
account of the fact that a leaning conifer induces the
production of compression wood - which is a reddish,
spongy type of wood in parts of tree rings and occurs
mostly on the leeward side of the pith:

The compression index is simply the distance of the
pith on the leeward side divided by the distance from the
pith to the windward side; i.e., A ÷ B 

The equivalent for hardwoods, such as birch, is the
tension index which is simply the opposite of the
compression index; i.e., B ÷ A.
The reason being that tension wood develops on the
windward side, thus distance from the pith to the windward
edge of the stump is widest.

Using Trees to Map Surface Wind Patterns
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Trees, like this severely flagged fir, can be used to map changes in
the general flow of wind over hilly terrain

Flagging of tamarack can be used to detect changes in
prevailing wind direction.

Map of wind speed based on the
deformation index of tamarack

Map of wind direction based on
flagging of tamarack
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The 1 m layer without branches
was done by a kind of shot-
blasting of granules of ice picked
up from the snow crust by strong
surface winds.

The flagging of this black spruce was
caused by blasting by ice-crystals
picked off the snow crust by strong
winds

Heavy snow loading causes
damage to this red pine.

Blasty tops of regeneration result from winter
dessication above the snow-cover.

A combination of wind-sheer and freezing
rain gave this tamarack stand a flat top.

Close-up of the structure of tuckamore at Port
Saunders

A wildfire has revealed the structure of coastal wind-
shaped tuckamore (scrub forest) at Port Saunders.

Snow & Freezing Rain
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Heavy glaze build up on the ocean side of the trees.Twisted boles of Scots pine where there is a high
frequency of freezing rain

Twisted tamarack near the sea shore.

Sheila’s Brush glazes the trees at Government
House

Drastic as the weight of ice
appears on this birch, it will
straighten up soon after the ice
melts off it.

Soil frost heaving of tube container seedlings
( this one is actually 15 years old)

Sea salt, surfactants, ice, sand and
strong winds forces the tuckamore to
produce a protective canopy of denser
than normal foliage


