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. A dajor obstacle to validation of climatic models involving esti-
mates of wind 1s the technical and economic constraints which preclude

and asury of wind over complex terrain,

especially over forested terrain.

This thesis examines tamarack as a biological indicator of wind as

an al method of & ‘the spatial of mean wind®

speed and direction in complex, forested terrain. The deformation of

tanarack, including crown and 8 ) vas
calibrated against the mean wind speed and direction at seven meteoro-

logical stations across Newfoundland. The indlceu were testéd in a ' -

blolog,iul wind Im.y of the Black Mountain area, Avalom Peninsula, :

~
lewfnund.’lmd. 'II:. ruulu show that tree deformation is caused prl—!ily

by -susmer A ctown ratio, DI, adapted to

tasarack, was found to be a reliabie ndicator of wind in complex

dndex. S»
a reasonsbly good estimate of vind on unx)-nun but was not reliable

for estimating wind in complex terrain.
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1.0 III:I'RD.DUCTIDN ) ¥
1.1 SCOPE OF THESIS \

To date, many numerical and theoretical models of wind flow over
c;-plax terrain and t)ltough forests, derived S€ron wi\w tmel studies,
lack fleld validation. A sajor _sbstacle to validation of climtic

models involving estimates of wind is the technical and econemic con-

straints which preclude effective and efficient of wind
over complex terrain, éspecially over forested terrain,

Despite mankind's age-6ld preoccupation. with climstic effects on

plants, notsbly the destryctive forces of wind storms, the use of vege-

tation as a blologieal’ fhdicator of wind is still primitive. Properly
calibrated, biological indices o(;gr a direee and reasonably good
estimate of cn.m-n: parameters, and un:.m be especially useful in
zegiunc with a paucity of meteorological statdons, d '

“With réspect to énviromsental resesrch and natural resouice utili-
zation, there is of late a g!aﬂi‘\l interest in Mulngiul :Lnrunu of
climatic parameters. No doibt pm of this interegt is sssocisted with
Tecent' advances in stochastie modeling techniqués.. Bological miim,
based on- tree SSEDTMELOn, DAVE TOT MRNE SN RRTLLY in' wind energy
prospecting (Putpas, 1948; Wade and Hewson, 1979). Wind energy pros-
pectofl emphisize comventence and economy as the principal advntage in
biologleal wind prospecting surveys.

‘Bestdes dixect applications of biological indices for clinste’
modeling and wind ener;y survéys, othier. applications could encompasa a

broad range of -mdm, £or examplot

= SEp— S A—
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- biomss pro and relating to forestry,
i agrh:ultu;'e, wildlife and enviromental management 3 '

- predic8ion of storn damage causing wind throw in forests, the

spread of forest fires, aud dispersal.of insects and diseases;

- estimating the Jexposure to wind as a factor™ in energy consump-

tdon, snow driEeing and packs and recreation activities.

To be quantitatively useful, biological indicators must be cali-
brated against a standard quantity. Accordingly, this thesis has two
main objectives: . ! .

- to fwvestigste the relatimship between wthd flov -and tree defor
mation; ' '

= to test the practicality of these relationships for mpping
spatial variations in wind flow over complex, forested terrain .

+ . using tree deformation indices.

L
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1.2 WIND-RELATED CLIMATOLOGICAL PROBLEMS

The climate of waomdlmd is not easily divisible into homogenqus
undts because of 4ts insuler nature, and also becsse 1t les in the
Gathiof alimet every BAYor Syclons thAE tracka Wcrons and up the eastern

seaboard of North Aerica (Sutherland, et.al.,- 1963; Banfield, 1981)

(Figl‘m: 1.1). The of weather with
frontsl systeas and the complex fopography of cthe island neans that -
comparatively snall changes tn altitude and aspect result in comsidersble
differences in the gradients of atmospheric properties, such as wind,
temperature and hunidity. These differences are often reflected by a '
sharp conerast in vegetation zomation. \ '

The effect of wind on vegetation was discussed by the ancients.

5

De Ventis, Theophrastus discuased the effects of wind on crops and

w
5

mountainous regions (Coutant and Eichenlaub, 1975). Since

' time, on

zomation as a reflection
of climatic gradients has become extensive. Some examples Of the
effects of climate on vegetation zonation can be fum;d in Wilton (1964)
and Dabenmire (1974). Becaise- plants are master integrators of atmo-
spheric properties, kisbal and Brocks (1959) applies the term 'plant—
climate' to this relationship. They defined plantclimate as: "The
condition wherein spesific groups o gssociation of plants and the
physical climate ar; in complete hlmny.“' The assumption of harmony
betwesn plants and clinate if analogous to the classical climax theory
which iuplies the existence of a steady-state, or equilibrium, at some
stage in plant succession. However, this assumptioh is snachronistic

becauss it fails to recognize the infinite dynamic processes governing




4
¥
5‘0’;’/ b
; £
J
5
= {
8 -
= 20%
i S \\
i N
N
i N
20%
o
N
]
1

STORM TRACKS
WHICH CAUSED HIGH WINDS
IN SOUTH WESTERN NEWFOUNDLAND

1956-1962 INCLUSIVE \/”_/

P 85"

6

Figure 1.1 Tracks of cyclones which cause strong winds in Atlantic
Canada (from Sutherland, et.al., 1963)-
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the n-“fure of plantclimates. ;

o Ca\?znty to the belief that plants are ever in 'complete harmony’
with physical clinate, the writer proposes a slightly modified defini-
tion ofeplantclisate; i.e. "a conditio wherein plants and amospheric
pmpe:nL refléct each other." Embodied in this gederal framework is
a reutate“neul: of the first law of thermodynamics ;hich emphasizes ﬂu‘ ’
* dynamic p‘\ri’nciple whereby plants absorb and tempSrarily store energy to.
an extent dictated by & physical climate. The plants end their plnnt—‘

climate are but a phase in a

tion of energy. Therefore, the concept of 'complete harmony' in

* physical systems s 1llogical.

. "Plantclimate! i s quantitative term used to describe trends in
physical climate associated with plant growth and decay. Apparently
the dimensions of a plantclimate zone are determined srbitrarily,
depending on the object and scale, both temporal and spatial, of
inquiry. For example, plantclimates can be stratified to study the
climate of a cell, a leat, a single plant or a group of plaats, or
parts thereof. In short, the plantclimate zone 1s an -.t'hir.ury inter-
active layer between plants_ and physical climate. * ¥ N

Being at the surface of the Earth vhere frictional forces are
greatest, the plantclimate zome occuples the most turbalent part”of the
so-called planetary boundary layer. Tl.ne planetary boundary layer is =

not easily defined because changes in its thickness vary with step

chinges in surface roughness. Also, the planetary boundary layer’varies
1n hetght diurnally £rom approximately 100m over relatively flat, .homo-

genous. terrain up to 1 km over mountainous terrain and its height at
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i any particular time varies with wind speed near thd syrface. .

: 2 VIn reality, it is impossible to separate pattirns of atmospheric » :
: ' motion by scale or size because as kinetic energy is dissipatad from . i

et streams in upper-air global circulations systems to the smallest :

" eddies at the turbulent—free laminar-layer at,the surface, a particular
wind flow pattern interacts with all others to sdne extent. Thus, what
is often loosely referred to as the planetary boundary dayer actually *
constats of nyriads of smaller boundary layers. Despite the extensive
literature on boundary layers in general, 4 totally satisfactory defi
mition w11l ressin elustve untu ve have a precise m:hemuucax defini-

t1on.of turbulencessince thid ds,%in effect, ﬁm & boundary llyer

describes. Dutton (1976) notes:

; Everybody knows what  turbulence is and yet no one can -

| define it. A turbulent flow is easily recogized if its .
; patberns can be seen visually, but no specification that

_provides a sharp, mathematical distinction between turbu-

lent and non-turbulent flow is yet available. (pp. 440)

for general refe ng:;on' (1976) 5 et &

three layers which make up. the planetary boundary layer:
: 2@ laninar layer over surfaces where viscous forces pre fatnate

' anid eddy utx‘eld 1is negligible and its thickness is a few milli~ - . .
‘meters at most;

- a constant stréss 1-}.: where the wind onfua 18 approxinately

. : logarithmic due to a emnnc eddy stres

| ~ the Ekman layer where the ‘real wind lpinla upwards to the 1
| geostrophic wind at which-point is considered to be the top of
’ the planetary layer.

Laninar layers also exist between parcels of air that are indepén-




R * 74 :
: i dent of any surface uhen t\ltbulance 1s dapened out by the work 1t has ‘ i
B to perform against u.bly stu:iﬁ.ed air. Fhis density .:m:tﬂ:kﬂ-

; phenomenon 1s utilized axtennlvely in wind tunnel uxparmnﬁs that

g ’ create boyndary layera aztlficia.‘l.ly. For ummp‘le, grace, (1977) defined - '
3 . an ﬂruficlﬂlly-induced boundary llyer over a mn, legf-like plate as: . .
£ . . . the point a uhich velecity‘[oi alr] reaches som arbitrary o . |
fraction, say 0.99, of ite welue in the satnstrean.” athematically,
7 " the' thickness of. the houndsry layer, &%, vas deftned

" g ) ; s v - B
: o= -y’ " S

=0 where u ‘= local wind velocity ' o . .
ue ‘= mainstream wjnd velocity.
This expression is amalogous to the internal Boundary layer created
by the leading edge effect’ (Oke, 1978), which involyes a step change as i
i F . vind flov encointers a newsurface vith a_ S, The

! structure of the internal boundary layer depends on the porosity, or o

bluffness, of the underlying surface. Since plant canopies are usunlly
. porqus, the air that flows through 16 referred to as the clothesline

w5 effect vhich resdjusts. the velocity and properties of air-flow within

the internal boundary layer. This bouridary layer within a boundary
layer is called the equilibrium layer. Heace, within the comstant |
stress leyer thers is sctuslly & wrles of intarual bounfery leyers, ;
sachraihdte om equilibrim layer that is wholly dependet on the

magnitude of surface effects on local wind flow. Wind flov in the \




equilibrium layer created by plant canopies does not have a logarithmic
profile except near the top of the canopy. This non-logarithmic profile
boundary layer will be referred to herein as the plantclimate zone.
Figure 1.2 is a schematic representation of layers of turbulent zones

within the planetary boundary layer.

GEOSTROPHIC WIND

EKMAN LAYER

—
o
. — by
RE=st
S e INTERNAL
Vs b BOUNDARY
A o B LAYER
= =
o

BOUNDARY LAYER

_____ NEW EQUILIBRIUM LAYER

Figure 1.2 Creation of internal boundary layers by step
changes in topography and surface texture
Over complex topography with heterogenous surfaces, especially with
vegetation, the internal boundary layer will also be complex and poorly
differentiated, which means simply that its wind profile will deviate
considerably from logarithmic. For example, obstacles such as buildings,

isolated hills and windbreaks, create special aerodynamic features by



decressing vind spesd 1n theiz Seewnts aie;, Wk W Sacisiatog near
the toy of the windvard side, vortices are generated by flow seplzntion.“
Such vortices can’be observed directly in wind twnel models. In

nature, they can be lnfcned from tree deformation (Yoshino, 1975) l’lld

wind throw (Hutte, 1968). Figure 1.3 illustrates vortices based on

Yoshino's observations.

Because the spatial variation of atmospheric properties in plant-
climates 1s extréme, they aré difficult to méasure. On a microscale
the introduction of sensors leads to systemtic grrors, whereas on a

Fdntieiasatay ot i@ ‘Soeesp dixsctly mussuriog Amlpharil: proper-
" tlea over a broad range of souditimn and tiaopy Jevikie. i Bemes with

many technical difficulties and®often prohibitively expensive. Alter-

ively, mumerical simulation and quasi cal models have been
developed to predict wind flow in forests and over complex terrain,
respectively. Quasitespirical models of wind flov in forests involved

studies of on relatively flat terrain with an

adequate fetch, " Oliver (1971), Thom (1971), Oliver and Mayhead

(1974), and 80 do not adequately reflect wind £lov in forests growing
on complex hilly terrain. Siailarly, the majority of numerical and -
_theoretical models of wind flow over complex terrain derived E£rca wind

mn.x experiments lack field validation and, therefore, have limited

practical value.. .

Plantclimate znm/& fron standard meteorological data is prone

to 1arg@errors and o oteen {reateviit, Pof alewgle, Waleod i

Bryant (1971) used the pl’im:ipll component analysis, a multivariste

statistical techniqul, to expigin variation in climate among stations

\ .
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in Newfoundland. Their analyses were restricted to parameters of tem-

perature and precipitation; and they conclud:rl that these vere the

vartables that "explatned variation" in.Newfoundlend climate.  Other
«. vdriables such as humidity; cloud cover, wind and radiation were omitted
from. the analysis because they were recorded at tof £ew stations. ‘Des-
‘pite these omiseions they maintained that: . !
t relate c to
the variation of climate m insular Newfoundland need only
use the climatic variable'that is most heavily weighted in

each principal component if climatic relatios are to be 3
adequately analyzed. ‘

C«nside:yg the relatively high mean apaual wind .pm in Newfound~

land (Banfleld; 1981; A.E.S., _1982), 1t appears’ that bscqusr this’

important Vartible as Teft ut of u,en: analysis, their conclusions
may’ be invalid. Ausyietion s ob‘jut‘o'f the principél componient
analysis ig to reduce a large number of varisbles lnto .8 set OF new :
variables (Neviham, 1968), the senpietvity of the analysis depends on
. the original choice of varisbies, especuﬁy constdering the £axet two
or three eigenvalues account for most of the variation {Mchdam, ma) .

' Another onv'the éas of. standard -metec) 1

data is that’ complex: and preclude

interpolation of local climates between meteorological stations primarily

because the climate .by standard 1 data is

, uncharacteristic of plantclinates. For examplé, for messuring standard
Factablés WLL.sensoissce Located ‘at oné level. P{inhem:'e. nmpua—'
ture and humidity- sensors are housed ‘tn artifictal shetters; ratagauges
are designed to mininize evaporation once, ratn water 1s ‘ollected; vhere *

possible anemometers are lal:lted well above !hg 1nutn..1 bwndlry ll)'!t




Furthermore, since" much of Nwzo\mdxmd'u mtenor in \minhnbited, the

"Stnard (1969) swdxed the effect that wind speed mlureml.nl:s o :

5 ;m s aid neatby forestry stattons had on forest fire danger ratinga. . «

o * i ’ Bty g o*
and radiation s rdcorded 1n: the cpen vhere: borlzontal obatruitions are’ - .

less. than 15° degrees \bn\ve the hﬂr&z_ﬁlm The maLn criteria for slting

a meteorological station are thai it have as large a fetch ‘(i.e.

level,
N\ i : ) ~
open.expanse), in all directions as possible and also be readily acces-

sible. 'Large airports generaliy provide the best sites. In practice, &

-

| fa
the congition ojf\n adequate fec&h in Newfoundland“is raraly mee. . .t . o

met;otulngiul data have limited value for r{ml:-af the Island, In addi-

tion, the climate of a region as represented by stapdard. meteorological ..

« & £ & B 5
data 1s not nearly as complex as that of a plantclimte and, therefore, .
it 1is not realistic to make direct compariSoms. Difficulties inherent ..

{n applying stdndard data on’'g regtonal basis vere denomstrated by AN oy

(1977) who showed that topogiaj 9 of regional, ;. 4 .

wind £lov based on dismce‘; and direction as criteria.

Bven compairisons. bitween -djm:tnt mtwrologic-l -r.ar.tan. Tesult "

in different interpretltixma of data for the ‘same: purpose. For example,

He f(» d that wind upeed neasurements at nine forestry s:m.on. across °

~
Canada were significantly lower than at respective Mjlcent airportd.

1y, the relative  of days with severe fire danger
ratings wag significantiy higher at airports than forestry stations.. i
N %
7 .
\ "y
. _ =35 ;
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2.0 LITERATURE REVIEW '

‘2.1 .EF!’EC’I"ZJF WIND “FLOW ON TB.!!S

In the mmky Hountaing, of North Anetica, Rydberg (1913) observed
that the tree line’ was htgher A mountadn terrain than on
1golated peaks. He aceribyced the differences to wind velocity, i.e.
being h{;her around isolated pesks than in complex terrain. Alsp in

the Rocky Mountains, Griggs (1938) observed that some léeward slopes

“supported trees, whexuas wlndwn'd slopes at corresponding elevations

did‘not. Receat atudies on advective procesdes,’ cnntlinad in,0ke (1978),

have nhm :]lia to be a common occurrence due to spatial vltlatinns in .

the energy: balance: 5l
Daubenmire 1974) and Wilton (1964) conklided that'the tree line
s modifted by latitude, implylng thit temperature regines were more
important: than wind.
Tansley (1939), 'h'anqnilll.ni (1963), Wardle (1968), anrance (1939)
and others have studlad% variation of tree deformatior !cnuied ,mnhvlly )
by wind-pruning. :

Despite the obvious effect of wind on tree.growth, relatively few

" atudte} have been condtieted on the relationship between tree grovth and ,

vind. Booth'(1976) obatfed & good corfeiation betveen gtouth of tred
plnntltioﬂl and 'ind speed in a hilly region af u.nzyre, Seotland with
curr;lnion coufficum: of r= 0. 63 to t = 0. 67.

Petexson and Hillings (1980) ahoved thae geomorphic:processes fafli-
ence patterna’of ‘tundra veget_ltinn and alluded to the importance of wind
1n'so11 arosion aad radistriburton of smow. Nichols- (i97§) sugaggred

that outliers of tres stands persist because of, protection from wind.




Figures 2.1 and 2.2 J.uua:uce the extreme gEfeccs of expunure on tree
grovth in vestern and centr&l Newfoundlind,

In dendrochronology, wind as the major factor influencing tree

growth is rarely considered, e.g., ‘Jacoby and,Cook (1981) and Clague,

et.al. (1982). Wu’ten (L98!)'l umed that spruce grw:h rings examined

3
B

up a gradient reﬂac:ed a eltue from low stress to high stress. He also N

described a regullz‘ Beowth m shel:“ed sites and 'irregular’ growth' o2

1a exposed bites and i v . to ! y Loq

 stressgs. ! Sinilarly, Kay (1973) fnund “the guue.c variation and

eupplesiicn of :ua—ung. on more axposad'”uueu, interpreting the

climtie stress 1? cemu of the' poai:lun of Atcl:ic fronts... Grace (1977) EAR L

notes :hat the tern: expoaux‘e‘ e, used too .often without plaper dgfl—-

Mtiup. Do Verren nd Kay, for exaiple; mean that wind ie the donsnm:

f;cznr 10 their cdnnept oi 'axwauu' und 'stresu"l Nevertheless,

~Cropper. and Fritts (1981) matntain th‘r. sany Arcele dmdxochtnnolngies :

i

! are.of limited Value for ‘climatit -nuy-u. even more so since ot of

i thea fail ta < t‘he“' dnce  Of g ‘a8 &

L L T nd. p et L B .

3 g Tt nur:h—c-nu-x ussn, L.:x,x dlhurl:l, L: ﬂibiricn and L. 8. var.

P .- Jukaczewi "are the miln tree specten 1n, the upper trée Yinic (Gorchukavlky

lo - "' and Shiyatov, 1978); Analysis of their vi.t:al!.ty, Cchange 1n seowth | LW

patterns and associa fon - ipdicate 2l and altitudinal

fluctuations in the tree line in response .to cyclical climatic change. °

-+ The qxpanlion of the hanll Eorell: zone is evident 11: 60-80 and MO—MOA g

*“yedr eyclés in n'I h.n. flucr.ul:ionl. In tree ri.ns H‘ld:llll of Larix v ¥

sibirica at 'the up})ar uﬁa ILM:, 100-year :yclll are evldant. “short ” : F
B
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i . Remaine of a coastal balsam fir forest destroyed ‘ 4
Y f by & combination of wind, sand, ice and salt at w ¥
Western Brook, western Newfoundland. :
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Pigure 2.2 Remnants from a forest fire on the Buchan's .
Plateau, central Newfoundland, indicates the
severity and direction of winds that deform
trees in this region.

.
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cycléof tree growth, 22-35 years, do not result in significant change®

to the tree line. .

Cooper (1913) described the forest structure of Isle Royale, Lake
Superior, as a mosaic of constant change. Native vegetation was heter-
ogeneous due to small wind throw areas. In an Appalachian virgin

forest, tree-ring growth revealed higher than average abrupt changes in

_the frequency and intensity of forest regeneration. Lorimer (1980)

attributed the changes to disturbance which hastens forest succession

.
tovards a 'climax’ by releasing the & from

. Sprugel (1976) and Sprugel.and Bormann (1981) rejécted the 'climax'

theory and ‘argued that disturbance is a vital process in ecosystam
dynamics. On the slopes of the White Mountains, New York, he cbberved
that wind dapage vas concentrated on the south'and' east slopes. The
canopy was broken by crescent-shaped strips and each band is a slow
moving wave in the general direction of the prevllling‘ wind. The highest
vave speed occurred near the top of the ridges. "sixty-year wave cycles
correspond to the lifespan of balsam fir, the dominant tree species.

At maturity balsam £ir is weakened by biotic and shiotie sevess vhilch
makes 1't vulnerable to wind throw. Waves result from the vindvl’.h!m‘-l of
a single mature tree, followed by other mature trees in the Vici.ni[‘y
blown down by later storms. Eventually, a crest-shaped vave forms. As
another generation of trees matures behind a wave, a new wave is formed
‘slightly out-of-phase with the original wave; hence, the canopy profile
has a.multi-crescent form. A strong correlation (r = 0.888 at ? < 0.01)
exists between slope aspect and angle ‘'and wave speed. l;izute 2.3 shows
wave strips on the lee slope of a small hill at the head of South Brogk

~ ]

i
|
|
I
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Figure 2,3 A serles of wave strips near the crest'of a hill {
(goreground) in South Brook Valley, 2y
£ » western Newfoundland. Note the wind
: : o “chiom stends of dacedent buless fis Just below . -
R the ridge where regeneration will probably form &
a new wave.. -







Valley, western Newfoundland mot unlike those described by Sprugel
1976). :

In Japan, 100-200 year wave cycles occur in Ables veitchii forests

on the southwest slopes of Mt. 21In fact, M. means

" on account of the whitish strips that

“mouatain with the dead tre
transect ‘the dark green slopes (Oshima, et.al., 1958 and Franklin,
et.al., 1979). )

’,"' Storm damage to forests 18 a major economic and management problem
and may account for a substantial’portion of the allowable snnual .cut.
In extreme years, storms may destroy up to 30% of the allowable annual

cut of a country (Brunig, 1967). Gilmour (1926) studied wind throw in

black spruce pulpwood forests in central Newfoundland. He examined wind

throw damage in 24 (2.25 ha) plots left within a m'..a ares. Fiye
years after coretng the volume of vind throw crees exceetied the growth
" ofthe ‘standizg tisber. Moore (1977) examined factors affecting viad ,
. throw in streamside leave strips- on Vancouver Tsland, British Colusbia.
Wind throw was ghowirto_be a complex phenomena and results primarily
from storm winds rather than pr.vnillng‘v!nd-. Environmentally, exten:

E .nve ﬂn: throw 1s considered to have undesirable effects on streams

it slopes. Sporadic wind throw, however, is cons; useful since

" ¢ aisaipstes. strasm energy, collects gravel, fqfms pgbls and is bene-
ficial to fish and other fauna (Heede, 1962 and' Swanson, etal., 1976).
Alexander (1964) provided guidelines to minimize wind throw around -
logged areas 1" opruce-£ir forests. Petrie. (1951) made .uvuummx
recomendations to nininize vind throw in the spruce plantations. BHe

foted that canopies with a more uniform height were more susceptible o
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wind throw than irregular ones; that trees conditioned to exposure are
more wind firm than sheltered trees; stands generally withstand gre.:tex
forces from prevailing winds than occasional storms from non-prevailing
directions. Kennedy (1974) conducted an extensive survey of wind damage
in forest plantations in Northern Ireland. He found that wind damage
varied significantly with other environme}xt.ll fgc:nrn (such as stand
age, s0i¥ type, slope angle and aspect) besides climate,

Johnson (1982) correlated wind throw with mean wind speed. Com-
partng field cbservation with wind tunel tests, he developed a method
for predicting maximun wind speed based on cbserved damage. The tech-
nique 1s especially useful for understanding surface winds in cycf:nic'

storms, particularly in regions where wind data is dcarce.

bt e e en S S
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2.2 TREE INDICES OF WIND
“'Numerous. studies on wind thtow tend to cohfirm general theory on
wind flow over complex terrain. For example, it is well-known that wind
throw occirs most frequently and to a greater extent on ridges and lee
slopes and on the shoulders of bell-shaped hills (Smith and Weitkneckt,
1915; Curtis, 1943; Gratkowski, 1956; Aanensen, 1965; and Hutte, 1968).
The reason, according to Hutte (1968), is that turbulence caused by
vortex wake detaches- Fitin e HATE atid attenke the EiRh FioR Lip Rt | p
\}narable side, i.e. laanlng side. Likewise, in the case of flat
Lernin. and even hilly terrain, storm winds from the nan-puv.xung
direction will generally result in more damage than those from the

prevailing direction. i §

Patterns of wind throv are useful for studying the spatial distri-
bution of storm winds (m'nka,'.-me; Curtis, 1943; uuézé, 1968; Yeidmann,
1930; and Johnston, et.al., 1982). Alexander -and Buell (1955) took
compass bearings of wind thrown logs to construct a wind rose frequency.

From this they were able to the a1%c of e winds -

in a Rocky Mountain timber stand. Weidmann 41930) did & ‘similar study

and found that wind throw was greatest in the section of a. valley where

the jubetd tends to be fummelled. s . g
In particularly windy sites tree canoples tend to be asymmetric <

with the main axts™in the direction of the prevailing wind and swept to

the leeward. (1904) tree of a number "~

of species in relation to-different wind nyatmu. He observed that : ‘

persistent, madurltely !trung winds causes as lnueh defomtion as occa:

tional ‘storm winds do. ) of tree axis .




can -distinguish between "trade winds" and vesta'rli‘eg. According to
Jefferson, "trade winds" are sssociated with clear skies, steady temper-
aiures and wind alvays tu the Sage quarter, {.e. southvest quarter.
Westerlies, on the other hand, are associated with fine, stormy weather
with vinds veering and reversing through all poings of the compass. '
Locally, tree'defornation also reflects sea breezes and mowntain winds.

Lawrence (1939) described two mechanical effects which causes
flagging, 1.e. glaze injury plus wind associated with essterly gales
and wind only. o ‘ .

In couatal areas, (he extent of Hind de(omtinn qﬂy e ma!ked hy

salt-spray, damsge. At Cape eaf, North Carolina, Vel1s Yud shunk (1937)-

showed that deformation along the coast vas largely the result of salt’
(damage rather than wind, per se. They observed injury:to shoots during
a 50 kph southeasterly which lasted 19 hours. ' Injury resulted to shrubs
along a coastal Sy Ao to others inland that were ;qually )

exposed. Soil moisture was abundant but tests for chlorine content”

revealed higher Cl concentrationson exposed than !heltex‘ed shoots, along

the strand. They.also sinulated injury by spraying Lmqt\tte shioots.with
4 : R

sea vater and showed that only protected, unsprayed lateral shoots
develop, Figures 2.4 and 2.5 show the structure of a comstal tuckamore
along shore of ‘Ingomachoix Bay, Newfoundland that dxhibits salt danafe
sintlarago that deadribed by Wells and. Shunk '(1937). I,
S:X of defortied rian)us Lhticasors 58 prevailing wind direc—
tlon dnclude those of Plesnik (1957, 1971) in the Tatra Mountains of

Central Europe; Runge (1957, 1959) in the valleys of the Aligauer Alps

and Italian Riviera; Plesnik (1973) in the Rocky Mountains of U.




.F!.gure 2.4 Coastal tuckamore (Krummholz) of balsam fir along
the shore near Daniels Harbour, western Newfound-

land (golor). The distinctive sweeping prgfile .

\1s atrributed to the effects of onshore w. '

laden with salt m;d (in winter) with ice, crystals.
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Figure

2.5, The impenetrable structure of a coastal 'tuckamore .

" 1a revealed by this burned stand of balsam fir £
" near Hawke -Bay, western Nevfoundland. Note the
branches are prédominantly on the landward side
of the trunk attributed to the effect of onshore
winds laden with salt.and (in winter) with ice
crystals. J
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Holroyd (1970) in New York; Yoshino (1975) in Japan and Eastern Europe;

i

Oliver (1960) in England; Thomas (1973) in Wales; and Noguchi (1979) in ~.

HM’T. . )

t /6riggs and Putnam (Putnam, 1948) developed a grading system to /
estimate mean wind speed from deformed conifers (Figure 2.6). Later{

Barsch (1963) devised a similar index for broadleaved trees (Figure 2.7). :

Yoshino (1975) modified these grading systems to sccount for indirect ’
and direct environmental influences (Figure 2.8). '

Weischet (1955) observed that species vary in their tolerance to

wind and devised a rather crude grading system based on differences to 7
‘ wind tolerance betveen genera. He advised that only isolated trees, or
Y trees in shelterbelts of the same species, size and age can be compared.

Owada (1973) appears to be the first to have established a semi- R

«  empirical rélartSuship between trée and wind. He
Japanese larch (Larix leptolepis Gord.) to estimate the mean growing w o e

- . =
season wind speed at a local metentaloglc-ll/sutinn (u!) .

u, = 1.6 +0.95 Ggy, L |

y by Yoshino's

“where Gy = : grdde sub;
claseification system for deformed trees

~

i Japanese Larch planced on a bog nesr Stephenville, Newfoundland

;

}

i

i

(Figure 2,9) shows thit the mean annual wind speed is approximately {
s m 87}, using Owada's equation. ‘ ’ ~ I
Wade and Hewson (1979) improved on the griginal Grigge-Putuan & |'
Barsch indices by calibrating nuserous species, mostly of wester United !

\ )
States, representing five genera of conifers, four deciduous and one

. 7 .




PREVAILING WIND DIRECTION—

%% «z«@
+B ﬁ-‘«%
éﬁ% 74

&=
m o

Figure 2.6 Griggs-Putnam index characterizing wind deformation
of conifers (from Wade and Hewson, 1980

Figure 2.7 Barsch index characterizing wind deformation of
broad-leaved trees (Barsch, 1963).
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Figure 2.8 Yoshino's grading system for tree deformation”
=" (from Yoshino, 1975).
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Figure 2.9 Severe flagging in a 17-year-old Japanése larch
plantation on peatland near Stephenville. Using
Owada's * equation the deformation indicatés a
mean wind speed between 4,5-5.0.
.

~

33

B Gy R






i . . tropical. %ion, they introduced two new indices. The first, ¢
called the deformation ratio (D ), measures the proportion of branches™ /

on the leevard and windward side of the trunk, respectively, as well as :

the angle of inclidation of the #runk. Thu deformation ratio is calcu-

lated from

T

D = (B/B) + AT/45° ‘ (15(1&/3“) <5) ) L_

where' B, = leevard angle of branch projection

S

B, = vindvard angle of branch grqfestion N
¥ AT = angle of fnclinition of Aruak o
' * Figure 2.10 illustrates the measurements required to obtain the defor- i
ation ratio. ! oL
‘&l‘he other index given by Wade and Hewson (1979), is the compression
' index (G,) given by :
- i
™/, ’ ¥
g vhere TR = tree-ring vidth leevard
* TR, = tree-ring vidth windvard
Sctedg et.ali (1979) mp:ed a more theoretical basis for esti-
! . mating wind oexocuy 1a open black spruce-lichen forests at Scheffer-
! * ville, Quebec. Their techique involved defining the relative stand ; }’
A height and weig this with a 1 factor dertved from Y
' the vertically projected stand desity. The relative stand height (i)

1s deteriined from i \‘ : :

Hs = A' (#/2) +1'




D = (B /B) + AT/45° (63 (BL/B;;) <5 35'

i
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Figure 2.10 Wade-Hewson'deformation ratid for conifera (a)
and broad-leaved or henmispherical croimed trees (5)

(fron Wade and Hevaon, 1960) .




-

N : N

where A' = fractional vertically projected stand density

mean tree height
Z = anemometer height (2 m) v
N h' = correctional factor accounting for height of large
P s boulders and shrubs

Eaving deternined Hg, the mean wind velocity at a given I\eiy:t

within the stand (u (2) 18 :lll:u}ltzd from N

b

E(z)-us-(ucdns)‘z vy, |

where ug = ulﬁ velocity at the nearest meteorological station

C4 = drag coefficient derived from measuresent at 2 m Aehtn

: the stane

. Howgver, although such factors as diameter breast height #hd crown base
dismeter enter into the equation, tree deformatiod indices are not

accounted for in their analyses. -
.
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'2.3 WIND AS A FACTOR IN COMPRESBION WOOD FORMATION
Jagfe (1973) coined the word ' thigmomorphogenesis'-meaning "plant
" growth respanse to environmental (mechanical) stimulation." For
example, Lawrence (1982) argued that shorter, sturdier trees were adap~
tations to windy, steep environments as a result of phanojypic plasticity

"and/or genepic differentiation within a population.

It has long been recbgnized that wood in
cohiferous trees 1 associated with vindy and/or steep slopes (Mer,
1888; Komonchyk,  1888; Kienholz, 1930; Low, 1964; Jacobs, 1936; Pillow
and Luxford, 1937; and others). In stands thinned by insect infesta-
tlons and partial logeing,, compression wood forms in responsé to gleater
exposure of individual trees to wind (Hartig, 18965 Low, 1964; Pillow,
et.al., [959; Opaka, 1945; Pillow, 1931). E

Comprassi{‘mad (Rothholz) is reddish wood which forms on the
leaning side of ;he sten gnd on the lower side of branches. It is
generally accepted that compression wood stimulation results fron
.geotropien (Ewart and Mason-Jones, 1906; Hartmanm, 1942; Simnott, 1952;
Fielding, 19405 Jaccard, 1920; Larson, 1965; and others).

Geotropism 1s a directed growth,response with respect’ to a plumb

- .
1line'as opposed to geotonus, which 1s an undirected growth response

from imposed o . Rawitscher (1937) defined

geotropism as a growth response to the
’

. e 9 n
of gravity and thus the sine of theyangle of deviation from vertical;

~————————whereas geotonus is a response proportional to thé longitudfmal compo-
¥ - '

g ’ &
nent of gravity and thus the cosine of the angle of deviation from the

vertical.

\
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(1888) d the of wood in
3 i

Scots pine (Pinus sylvestris L.) and Norway spruce (Picea sbies L.)

aa & functfon of gravity. Hartig (1901) fowd chat tree-ring asymerry
can result from differential nutrient absorption (due tq pruding) but
does not stimulate compression wood formation. He. observed t\\-’: arti-
fictal shaking did not {fduce conpression wood, although 1t d]‘ﬂ‘d reduce
growth :ata. Ketuholz (1930) concluded that compressioq vood kds stin-
ulated by a variety of factors including gravity, moisture, nl;tk\ientu,
phototroplen and mechanical forces. Metsger (1939) canIaed that while
several factors, especiallywiifferential solar heating; J}ny be nwglvea',

wind was chiefly le for wood !

A _ 4
Experinents on bending steas of several spectes of cnifers irito
loops found that compression wood alvays formd on the physically lower
; ; " ;
side of the shoot (Evart and Mason-Jones, 1906; White, 1908; Burns,

1920). They concluded that' cospression wood formed as’a redult’ of’

gravitational stimulati In similar Hm—znmnn\y (1932) and
(Sthnott (1952) maintained that, although gravity was associaled with
:ompran:ion wood formation, the primary cause was dxgcuﬂun.u of an”
inherent equilibrium pattern with an orientation 1“12‘&1‘1;' set by
gravity. ! %
Using a cen:rifug\incdurd (1939) demonstrated experime: Lnuy that

inertial forces 5 wood This Has been

in- similar by Hartmann (1942), Scott land .

|
Preston (1955), and Westing (196%). Jaccard (1920) foutd mf 3 stem
inclination of only 3°, producing a force equivalent to 0.05 g, resulted:
in compression wood in Austrian pine (Pinus nigra Adt.). Comﬁraallon




: \ ) L%

" " wood was also found in a longleaf pine (Pinus palustris ¥i11.) sten

inclined 2° (= 0.03 g) (Paul, 1941). Low (1964) studied the distrihn.—
tion of compression wood in plantations in Scotland. He Eound thlt
compressfbn wood accounted for 21-24% of the ;;tandlng volume of 25-40
year o0ld Scots pine plantations. Most of the *ccm/prgsxlail wood formed
on the leeward side at roughly the centre of mass (Leer 1/3 the trae-
hetght): _Wind Gas chiefly responsible fof compression wood coatent’ in

stands. Larson (1965).confirmed that unidirectional prevailing winds

" produce aaymel:ric cross-gections with a high content of uampu.ﬁoh

wood. " His grg{nhouue studies on 4 year old tamarack showed :hzr. com-
pression wood distribution in stems is similar to that ‘bserved by Low -
(1964). Ferthernore, multidirectional vinds d1d not produce compression .-
wood, primarily because stems did ngt xncu&»;rxwa;u;“h“an\, dntdirec
tional and multidirectional winds caused a downward ghift:ofe innrenent
at the expense of the upper stem. Similar growth ‘reﬁpnnses to wind were
oh‘a\urved.by Kellogg and Steucek (1980), Bannan and Bindra (1970), and
Rebs andGrace (1980). ' . b

" fne response time for nitiation of compregsion wood cells in o

12 hours (White, 1908; Jaccard, 19197 Larsen, 1953). 0n the average - *

it takes approximagely 7 days far a layer of cam-pzesslon vood cells to -
mature, while 6-7 layers of xyle_m cells are being initiated during this
period (Westing, 1959). °

A number of workers studied the internal stresses asiociated with

_the geotrophié¢ righting processes (Fitting, ‘1905; Mumch, 19375 Jacobs

1938, 1939, 1945; Jaccard, 1934; Westing, 1961; and others). Based on

the works of others and his own, Westing (1965) outlined the main’
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. factors in the mode of righting by trees: o
" - radial growth on the laver (leeward) side;
- expanding strains of compression wood;

, - radial growth depression on upper (windward) side; "

- contracting strains of normal wood on upper (windward) side;~

- potential increase in osmotic pressure in the cambial cells on
lover side. . -

Omaka (1935, 1940) maintained thar only the first two factors contribute

1
i

significantly to the righting process. ‘Jacobs (1945) referred to an
. inclined™tem as a glant fulcrum, wigh the fulerum at ground level, in

which forces as the from vertical,

decreases.” Fitting (1905) proposed a sine law which would relate the

of wood to the .vertical componenf of

e ettt

K ~ .
gravity perpendicula to the longitudinal axis of the stem. Harfasm
’ (\942) inplied that compression wood corn:en: is proportional to the

sine of its nngullx‘ displacemept. Onaka (l§A9) implied that a similar

relationBhip existed far‘lsymnty in -:m‘: However, neither presented

- :
data to support their thesis. * 5

Kaight (1803) demonstrated experimentally that the major axis of

st . apple tree to the prevailing

wind. This was alsq observed in conifers by Bannan and Bindra (1970)

_and many others.

Static forces, resufting from mass loading in the absence of
bending, are insignifidant compared to dynamic forces resulting. mainly

from wind (Boyd, 1950% Quirk & Preese, 1976a). Quirk, et.al. (1975)

ol applied torque stress to.stems of réd pine (Pinus resinosa Alt.) which
R changed the grain’angle by up to 250%; the radial growth rafe decreased )

. Sl \
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by 100% 4nd fiber length decreased by 20X. The growth rate, howevet,
remaifded unchanged. Torque stress is a vector #@¥ponent of wind and
kS

combined “wx:\r.yn:u stress, as indicated by Quirk's experiments, does

fot produce: wood. we can

“in nature, lateral dynamic stress applied by the horizental componment
Jof wlndi!.u a major gausal effect of :%my:easiun wood.

Wind action does not induce compression wood formation unless the
geotropic response time is sufficiently long. . For exasple, Burns (1920)
and Jgccard (1919) found that momentary shaking by simulated wind did
not result in compression wood. ' The degree of shaking affects height
and d@ter grouth; for example, stems of sheltered trees are tall.and
thin with symetiic tree-rings, whilst stems of trees exposed to, persis—
tent wind are shorter, strong tapered and usually have asymmetrical
tree-rings. For exsmple, Figures 2.11-2.13 show how severe bending of
stems {n a Scots'ping plantation near Bonavista, Newfoundland, results

1n"the forms of 1 gs.

N .
Quirli and Freese (1976b) conducted vibration experiments to sim

Iate vind sway in a gre and outdoor situati Vibrated trees
exhibited lower radial growth,.wood volume, crown size, and number of
cells per growth ring than ivibNaged ccasi. However, ‘vibrating had no
gffec: on the average cell size o’ cell-vall thickness. Therefore, they
chncluded the lover radial geowth vas dus atmply to a reduceion 1n the

number of cells dndicating that cambial division was a function of

and not a This the *

~

£4ndinga of Burns (1920) who found that, 1n an intlined white pm‘ilss

layers of cells were laid down in the first season on the leaning sida,
¢ L s b

me ek,
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Figure.2.11 A Scots Pine plentation near Bonavista deforned

y by wind,. Note the straight stempo!
Norway Spruce in the backgroumd which ave less
prone to deformation.
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Figure 2.12

Inclined atems of Scots Pine in a plantdtion

near Bonavista caused by persistent strong
winds. =







Figure 2.13

Cross-section of a Scots pine tree in a plan-
tation near Bonavista, Newfoundland. Note
the asymmetrical tree-rings attributed to
the effect of wind. The "prevailing" wind
direction drawn across the disc corresponds
to the direction of stem inclination.

47
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compared to 25 layers on the opposite sidé. Similarly, aftér 7 days of
inclination, an average of 9 layers on the leaning side and five on the

opposite side developed in a Norway spruce stem (Casperson, 1963).

. K
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3.0 METHODS AND MATERIALS *

3.1 CHOICE OF TREE SPECIES FOR CALIBRATION
* Tamarack (Larix laricina (Du Roi) K. Koch) was chosen because it
had a number o'f/x/t;t}lhuceg\i\rhlch made it sultable as @n indicator of
wind: o . ) \‘.\
- compared to other tree spe: ?u its deformation indicates a

/ U greater: sensitivity to wﬁd\?&xures 3.1, 3.2);.

- it has a wide 1 distribution Newfoutidland;

- it has a wide 1 renging from eric shrub
bogs, dense spruce -and £ir forests to thin soils on expoged” v
barrens;

- as a ploneer species it grows as isolated trees (Figure 3.3) on
1in well-spaced groups (Figire 3.4), rarely forms pure stands
(Figure 3.5) and, because it is intolerant of shade, extends well

above the canopy when growing in mixture with spruce and fir

(Figure 3.6). A
3.2 CALIBRATION . S .
3.2.1 Pre-selection of Sampling Plots p -

A Potential sampling eites within 1.5 km of twelve meteorological

stations vere on aerial

The main criteria for selection were sites with a reasonably homo-

genous cover, soils, open-growing tamarack trees and level
with an adequate fetch'of at least 300 m in ali’ directions. Large J

ericaceous shrub bogs were found to be ideally suited for calibration @
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Figure 3.1 The strong flagging of the tamarack (centre)
exhibits a greater semsitivity to wind than
the balsam fir (left) in the background.
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Figdre 3.2 The strong flagging of the natufally growing
tamarack tree (extreme right) exhibits a
greater sensitivity to wind than the Austrian
pines in this plantation near Avondale,
Newfoundland.
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- Pigure 3.3 An open growing tamarack tree used for cal:
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bration agairst mean wind speed at Bonavista,
Newfoundland =
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N Hpn'lll A well-speced group of tamsrack selected for
- sampling heside the runway gt Gander Inter-
1 i . natignal Airport, central Newfoundland.
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Figure 3. 6 A temarack tree extanung well’ above the Iptuce-

A 2 £4r forest near Millertown, central NewfoundZland,
(Note how the tamarack is deformed while:there
is no perc-ptibla deformation 1.n the. spruce -nd
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plots. The fact that four of the calibration sites were Located adja-
cent to airports indicates that the surrounding terrain in general had
no major hills which would unduly affect the gm‘i £low over the sampling
areas. . -

Another criterion was that all stations must have at least 10 years
of continuous climatic data (Wade and Hewson (1979) recommended that
stations have at least one year's climatic data). Wind data for all
potential calibrating sites is contained in-the Capadian Climate Normals

1951-1980 (A.E.S. 1982),
3.2.2. On-site Sefection of Sampling Plots
Of the twelve potential sampling plots visited, seven were found

to be Beceptable; they are listed in Table 1.

Table 1 . W

.
- Selected ¢alibration sites in Newfoundland

Cotpacis hticujz . lLongitude Hlevation (m)
Iz " 3 j

e stel;llgﬂ,yille‘l 48°32'N 58°33'W : 26
Deer Lake A V., 49°13'N 571°24'W 22 )
"Buchans A 48°51"y 56°50"W 276
| Twillingate 401N . 5453w 99 .
Gander 457N 403w 151
Bonavista . 48%2'N 53°05'W 25
St. John's A 41°37'N 52%5'W 140

3.23 Charscteristice of Galibrarton fiss y

3 M .
STEPHENVILLE:  Sampling plot located 1.2%m north of meteorological
3 s 23 f
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DEER LAKE A:
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station on a platéau raised bog dominated by ericaceous
shrubs 1.0 - 1.5.n high., Tamarack isolated, mre ot

of 7 trees available for sampling. .

Adjacent Ne west end of airport rumvay and roughly

0.5 km from meteorological station. Mixed, open- 2

groving tamrack-black spruce stand with ericaceous 5

|
|
|
less unifornly spaced about 15-20 m apart and a total b }
‘ i
shrub layer. Tamarack 1.3 - 1.5 times taller than’ N \
black spruce. Stind demsity approximately 10-15 trees 1
per 250 m” ad evenly Bpaced.  Shirub layer 0.25 = 0.5m }
high vith Ichen ground cover. ’ !
'S165 about 0.75 Ja southesst of uteorclaglcn) station !
on an’ ericaceous shrub bog: . Tamsrack \ddely lplced with ¥ !
a stand denstty of spproxisatily 10 tress per 250 m” oy .
with a few small black spruce ‘trées mixed in. Shrub B
layér about 0.5 m high. »
Site located 1.2 Ia soutfeast ,of neteorological station
on a tybical exposed coastsl axicneo‘ulv bog. Tamarack | -
widely spaced, approximately 2 trees per 500 n%.no.
other ‘species of tree on the site. ' Shrub layer 0.2 m
high. - - v . 2
Bog located between service road and end of Tuway on "
the esst. side of ‘sirport (80wt 1.0 m from sieteorolo-
gical statio). Temsrack widyly spaced ot roughly 5-10

trees par 500 m> on both .ua\q of road’dissecting the

Plot. Shrublayer 7.0 - L5 m high.
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BONAVISTA: Site located 0.75 kn east of the meteorological station
.
on a coastal ericaceous bog. Tamrack trees very
1solated throughout the bog. Shrub layer 0.25 - 0.5 m
high.

. JOMN'S A: Site adjacent to northwest side of contrbl tower on a
disturbed ericaceous bog and on opposite side of a

@ runway to meteorological station (= = 100 m) Tamarack

trees widely few in nusber. Shrub layer

1.0 - 1.5 o high.

3.2.4 Sampling 4 & v .
© Aerial photo interpretation of potential calijyation sites indi-

cated that tamarack stands varied in density from roughly 2 to 160
trees/ta”). Consequently, random sampling could éaly be done at tio

|
sites, Deer Lake A and Buchans A, where stand density was high esough

* to permit this technique to be used. -

* Stace the dbject 1s to sample trees which are open-growing and
totally exposed to winds from all directions, a nxi-n- stand density
of 160 n'eeslh with trees reasonably evenly spaced wege arbitrarily

= v B

chosen.

.

For the purpo:

of nndg- sampling, the plo: at Deer Dake A lnd
Suchans A were 50 m x 50 m (0.25 ha) and reprasented a gm with

Sm x 5mcells. m sides of the ﬁlotu were nuented Mrth—!ou!h and
‘east—west rg‘.putlvaly. A corner of the plot vas located" uhltrnuy
from which chosen cells would be Located by compass and chain. Partic-

ular cells were chosen iro- a nndo- aumbers table lnd the centrd of
.
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selected cells vas located with a compass and survey chain. The
tamarack tree nearest the center of selected cells vas designated the
sample tree.

At the ressining five calibrating sites there vere usually fever
than 10 videly spaced tamarack trees to choose from. In these casds
one tree and its four neareft neighbours nearest the centre of the cali-
bration site were designated for sampling. \

g .
The number of sample trees at each calibration site was set at 5.

This figure was established partly on the scarcity of trees that vas

expected at several sites and also based on a pilot study of tree defor-
mation on a bell—shapmi hill on'the Avnlcm Peninsula. This figure
agrees well wnh the theoretical eitlm:iun of the number of sample
trees requiTed fo! a mem\m population of 40 r.tg:s per plot. At95%
confidenca level the ltlnd-!!ﬂ error of estimlke, ddeally, should be less

than 12 to be accurate within 30X (Cochrans, 1963), According to the

pilot study the maximm value of the deformation ratio was 3.4 and-thes

mean was 2.1. Since the populetion extremes are expected to be no more

than 2.5 standard the 4l ssandari @) 1s

computed from iF:
., - " -
8= Q'mx -X) /'SDZ.S = (354 -2.1):/2.5 = 0.51

Thus, according to Cochrane (1963), the standard error of estimate,

based on ‘Amyla. 8, for a maximum population of N = 40-with an estimated:

standard deviation of ¢ = 0.51 is obtained from

™ 92 /) (1 -#/N) L (<12)
' - [Ow G-/ |

S
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pi n=3 the standard error of estimate is 11.3. Therefore,, n=5 :;m“
from each of the calibration sites provides good representation.

Prior to felling each sample tree & compass bearing of the direc-
tion of stem inclination was taken. (’l'he compass was cntrecte;,afor
declination.) At 1/3 tree height 4 “mark vas made on the windward and
leevard side of the stem to aid in identification of the direction of
inclination on a disc cross-section taken atMthat height. The diameter

breast height (DBE) (when breast height was less than 1/3 tree height)

* was measfired with a steel diameter tape and recorded. The maximum

leeward and windward branch extension from the trunk, and immediately
above the shrub layer, was measured with a steel tape and recorded. A

photograph vas taken at right-angles to the direction.of stem inclins-

tion. Before a 8 Tod was placed
in a vertical position mear the stem in the line-of-sight betveen_ caméra
and tree. The presence:of the rod in the photograph vas to provide a
plusb-line vhen messuring the angle of stem deflection from v;;:lcal.
Because the greatest proportion of compression wood is forned near
the centre of mass of the trunk‘ (Low, 1964), 1.e. = 1/3 trunk height,
it is assumed that this would also be the appropriate height to measure
the compression index. For reasons discussed in the previous chtp:er, :
it was in this r'hm that the maximum geotropic righting process occurs
through the production of compression wood (Low, 1964), Therefore, it
1s ‘reasonable to suggest that the compreéssiofi'index at this point 1-‘ ~
proportional to cl;. T S——— by wind. * Thérefore du:'.;niag«_’
were :“-un at 1/3 tree height. A pencil line with“an arrow to mu.;an
the direction of stem inclination was drawn across the top of the diac

3
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graph plpe!: with' 10310 ce. cells. i

diafensions by sealing the silhouette of e
. ]

and through the pith. ‘Location, fate, plot and tree nuaber were witten
on the botton of the disc.” ALL discs were placed in & paper bag ond

temporarily stored ina reixigetntﬂr within 12 hours unt{l laboratory ..-

‘analysis. . e

3.3 moumnlﬁuvsxs e ' '
3.3.1. Deformatlon Ratio ' i N 8§

The crown deformation dad angle of sten deflection from plub line °

of suple tress was plotted from pmmgrapmc 1mgcl profected onto

" “Tree heights and branch u‘(;gﬂai?nﬂ were:conyerted to relative - ..

to: fit ‘the length of |

. the graph papzr, ‘1.a< 10 ipches.’ The cu.nmcez nnge—ﬂnde: rod in

suth pl\otugraph was sligned vm:‘“m ven:icnl axis uE the grlph paper.

The ‘:nntarlina of the' -r.am ,and main quchu of the -uhuua:te were
trnced nn;o zhe gz-ph paperi ‘A -s:uigh: iine or curve, vhichever vas
lpp“printe, vas ﬂmd tfu'nugh the ex:xemxues of the .braach’ :nm.

A straight Lincve

tlvn with' a ruler Ezun 1/3 hnight on the sten to

the 'tip oE t.ha uc. This line repuaents (he .dngle of. daflecmm. An

ckample of the' grajhicsl. procedure is-show 10 Plguu 2 7.

The mgln of uten deﬂgc:ion was mea-urad vmx a pratnc:or. The

‘relative extension of leeward ‘sud \ﬂndulxd hun:he- from, t‘he stem i

‘centerline was tal§ from- the graphiat 1/3 2/3 heights, xeapectivgly.

The mean defornation ratio (B}) was computed &.rm 2 modified H.ge-
: P

Hewson formula, - ° o T ; ¢

e i i
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! : $ 3.3.2 Tree-Ring Asymmetry £ g

e . computer system (Jnrdnn and Balance, 1983) Traveracs of ‘ring-width

e compression index (C,);as defined by Wade and Hevson (1979), is the

(L ratio of tree-rings on the compression side (leevard of the pith) to

: tree ring widths on opposite side, i.e. ¥
1

Tree ring width le

’ G ™ Gree ing wldeh vlndnrd of pm| o

Since all discs had

- B = B/B, . A=.ngle of stem deflection

‘measurements were sade across the direcltﬂn of inclination from the

‘pith leeward and in the opposite direction from the pith windward.

index did not always lie id the directiod of stem inclinatiom.

. ’ Tree-ring widths gf disc samples were measured by a DIGI-MIC micro-

.

The

yanatric tree rings the highést compression

There-

fore, where applicable the maximum compression ‘endex was deternined fron

L |
( . an additional pair of traverses from the pith 1i1 line with the maximum

- width of tree-ring asymmetry.: Vi
2 # % 'Y

.
3.3.3 H!nle(l

! Hean annual wind speed for

the Cnudia Climate Normals 1957—30 (A.E.8., 1982).

h calibration site was obtained f{nn

Computer facilitles at the Atlolphtrlc Eavironment Service labor-

atoriep at Downsview, Ontario was used r.ﬂo access %nd data for severa}

other graphics relating to the calibration data.

@

At

periods of the year. The Land Statistics System (LAST), an inte

computer program designed by A.E.S., vas used to plot wind ros

ctive

5




" record various featul

The mean annual wind speed for the calibration sites was adjusted

to 2/3 of average tree height by a pover law, viz. /

ar inun annual wind speed at 2/3 treeyreight y

v v\'f-\:.'n annual wind speed at meteorological station

B, height at station
P -

“ By = 2/3'0fwverage tree height

a

= constant = 0.14 for unstable cqndltion! Ln flat. grass-
covered terrain (Sellers, 1965)

fertal using 35mm ip
N ’
and 1ight aircraft, vas undertaken in geveral parts of Newfoundland to

of ‘the rélationship between wind and trees. The

general techniquea for oblique aerial photography with respect to tree™=” '

defornation surveys are described.in Wade and Hewson (1980).
A terrestrial reconnaissance along major highways and logging roads

to map the general wind ‘flow patterns, as shown by tamarack, was tnder-

taken. A compass, d 35m and 1:50 000
topographic map were utilized to obtain direction of inclination, a -
photographic record of sample trees (as described above) and the precise

lotation, aspect and elevation of selected tamarack trees.

A detailed tree deformation survey vas undertaken on an area, 2 ka
x 3 kn, on the Avalon Peninsula containing two adjacent bell-shaped
KLY Leh pAAYHOK AR, thb AL ForRoE spaciea. Thesurea lo approxi-
umy 20 ka southwast of *u. John's airport. Stratified ssupling vas

mducnd along :

-nl\

the area.




~
' -
72
& @ung areas were on forest and map
reflecting the trends in n of cne . A 14 y
: sampling sité vithiR each stratification was marked on the map. The
.ln:emity of sampling vas by a ground of the

vnlubﬂity of deformed tmtncks wﬂ.thin ilch stratified .:el. The most

openzgroving, aingle-atemned tamarack at each sampling ni:e wvas ‘selected
fﬁp

Ling. A thtal of 59 trees were selected and' photographed
p w

according to the modified deformation ratio described for sampling trees

at the calibration sites. Detailed meabureents’of 28 of the 59 trees
2 ¢ 3

*included nl’.har measurements such as leeward and N&ndwnr&hrlnch exten~

ston, height, direction of sten inclination and disc unlple uccordlng

to the methods devcrthud above.
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xﬁ 4.1 CALIBRATION
f %411 Rel 'bem\crm %
L " ‘md Tree-ring Asymmetry
A ot

Table 2 shows the mean Aiuf,omutlon ratio, E;. mesn compression

= L/ .
index, 01' mean direction of stem inclination, R* and mean direction

SDI
. of maximm width of tree-ring asymmetry, S o

Table' 2. Megn defmvtlm rat. 10. D' mean compression index,
€y, mean direction of'stem inclination, Spyr, and'

. 4+ mean of maximum ng s
L CMl,~(nx each calibration site.

- o - -
m;‘l‘:gnum ; . ci sDIl CDII
STEPHENVILLE 1.33 1.35 200 212
. . DEER LAKE A 1.40 1.5 193 235
BUCHANS A 1.60 1.5 213 204 7
Mo TWILLINGATE 2.3 L% 267 256
% CANDER 176 ' 1.3 232 198 )
i -~ BONAVISTA * 1.95 1.66 268 235
\ ST. JOHN'S A 3.78%% 195 . 2640 224
. *#eans between calibration sites !!gnificlntly -~
1 different at 1%. . @

Only the D} value for St. John's A ig significantly different from

. values¥of the other calibration -mz For G,

S \Cprpe there 1s
no significant difference between calibration sites (5% level).
- \

There 18 & non-sign{ficant correlation between the mean defoimation

ratio, D}, and fhe-mesn c
\ ;

¢ 5. 50.1 - 66.7 €, +23.0 €

g =%

don index, E‘. expressed by the aquation

(8% = 0.76, F = 4.08)
"




ey ey

’

mre 1s also a non-significant correlation between the mean d:l(er.-
tlon of stea inclination, Sppge end the mean direction of mexisdm tree-

ring asymmetry, Cnn, where
Corg = 12661 - 9.4 5 +0.21 5.2 (&= 0.71, F = 6.19)
. . .

\r

4.1.2 Deformation, Ratio, D]

.
Tables Al-A6 summarize the data used to calmilate the defunﬂ\M

ratio. Table 3 compares the mean annual wind epeed, ¥,, recorded by

“the station snemometer and the mean annual'vind adjupted to 2/3 mean

pree height at each site, The value of z* used to adjust mean .

Yy

-annual vind speed at each station 1s shown in Table A4.

Mean annual wind speed, Vj, obtained from Cansdian
Normals (A.E.S., 1982), mean'annual wind speed
adjusted to 2/3 mean tree height v“. at each -
. calibration site and student's t-test of mean .
ponthly wind speed and mean sonthly visd speed
adjusted to 2/3 tree haight.

Table 3.

Student's -t

QLII.IAI'IQI
SITE (22 pf.)
STEPHENVILLE 4.3 3.7 1.59 s
DEER LAKE A 4.3 %.0 2.45%
BUCHANS 5.9 5.1 2.79%
TWILLINGATE 7.3 5.4 3.94%%
GANDER 5.8 5.2 247 )
BONAVISTA 7.8 6.3 3.38%%
ST. JOHN'S 6.8 6.4 1.61°N8
95% Confidence limits ¥, = 5.19 to 6.87  ® :
95% Confidence limits v“ = 4,26 to 5.94 8 .,

#84gnificantly different at 5%
“aS{gnificantly differsnt at 1%
‘NS - Non-significant at 5% lavel




’ 5
Ce At five stations the mesn annual wind speed adjusted to 2/3 mean
' - tree height is significantly different from the mean amnual wind speed )
/ * e ~
! / recorded at the station. .
| i * = 3 N .
: ™" Table 4 sumarizes the mean deformation ratios at each calibration *
i site. 7 5 .
nd s . Y
: Table 4. Mean deformation ratios at three levels (i.e.,
i B2 » T base, »', at 1/3 tree height, D' 0.33» and .
= — at 2/3 tree helght, B} | () end :om mean for-*

calibration sites. -

it : -
- -~ -mggm“, 5600 Bhoss Dos s S ;
STEPHENVILLE ~ *1.25  © L.47 1.27 . 1.3 £0.10 .
) DERR LAKE . -  1.37 142 142 .40 £ 0.02
LI BUCHANS A b" 1.66 1.55 1.59 1.60 £ 0.05
L. THILLINGATE 249 5 244 2.06  2.33:0.19
' GANDER 2 154 1.65 2.08 1.76.¢ 0.23
. ; BONAVISTA 1.56 2.21 2.09  1.95:£2.03 .
. STIJOEN'SA. 2.13 2.57 6.64 © 3.78 £ 2.03

« A eignificent correlatim exists bebueen the mein deformation ratio
and the mean anntal wind speed (R = 0.86). A non-significant correls-
tion exists between the deformation ratio, and the mean annual wind lpud
adjusted to 2/3 mean tree height (R° = 0. 7). The relationships are

expressed by the equations

* s o= - 5t - B2 2 =
. S 596 +10.0 B} < 175" (&% = 0,86, F = 16.24) )
‘ 5 ; H -
SR S 5 i _— ; v
md T 1.5 +5.2 By -'0.8 »n; &2 V77,8 - 3.8 e
: ' . . % ? ’
i) ' Table 5 compares the observed unadjusted, V,, and adjusted, L

g 'nu,n annual wind speed vith values predicted by. the hloﬁ-:m ratio, n;.
.

f

. N >
| . : _
|




Table 5. Comparison between observed mean annual wind speed,
Vp, and mean annual wind speed adjusted to 2/3 tree
height, Var, and value predicted by the deformation,

L — -

racio.
= 5 = *
|\ CALIBRATION Vi 5 Var

SITR - - % i
g oBs. PRED> OBS. . PRED. i

B STEPHENVILLE ; i.s 4.3 3.7 ' 4.0 . -,
: DEER' LAKE A 3 4.6 4.0 42 i
: : BUCHANS A 5.9 5.6 5.1 . 47 3
b g TWILLINGATE 7.3 7.8 5.4 6.2 !
i . GANDER 2 5.8 ° 6.2 5.2 5., ., - 4
¥ BONAVISTA 7.8 6.9 R 7% 5.5 s ‘ H
£ ST. JOHN'S A 6.8 6.8 6.4 . 6.3 H
: - — e o]
Because there is no significant difference at 5% between observed {
F * values of ¥, and ¥,,, nor any significant difference betveen the,valies !
; of ¥, and ¥, predicted by the defornation ratio, the results indicate » i

there is very little to be gained by readjusting the wind speed data It
base level to 2/3 meen tree hetght. o o
The relationship between deformatfon 'raifo and mean vector speed
. 1o sumarized in Table 6. Figure 4.1 gives a plot of the ponthly trend
- Nrdp B? values. : . 2
| There is higher correlation betveen the mean monthly vector speed

S and ‘the defornation ratio for the May to December period than the
Januaty to April period. Also the deformation.ratio has a higher corre-

meanannual vector lpaed than *

4 + lation coeffictent, (8% = 0,83) with the

with the mean suiner (May-Augist) vector speed (R’ = 0.69). Obviously

explanation for such a trend in an

( -  the cmm:m-. llmu;nr. 1t'1e Siaia mf the results. so far that, ; ‘-
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Figure 4.1 Plot of RZ values relating mean monthly vector
winds to the deformation ratio, A , and compres—
sion index @ .
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in general. B ) 2

. s 78
-

the deformation ratio is a good predictor of wind speed and vector speed

Table 6.  Polynomial regression analysis of -un;euo: vtna
- spesd, v(,), and deformation ratio, D!

Fo N : v ."- .
& ;(1) REGRESSION EQUATION - B2
L= -84+ .20 - 2.2 D7 0.83
oy 2 : v
VMAY-AUG =04+ 47D -0.5 n;z 0.69
Vo -10.2 +16.9 D] - 2.9 ? 0.52 F
Vein " = 9.4 +15.5 D) - 2.7 D)2 0.67
Vs EX - 9.2 +13.6 D} - 2.4 D2 0.46
Vazr * - 66+ 9.2D - 1.6‘»;1 - 0.53
Vhy 44'- 2.6 D +1.0 D2 0.81
3 0.7 D, + 0.4 D2 0.55
Yo o 10.7 D} - 135 D2 L on o,
" Ve 6.9°D -'1.0 ;2 079
-sir 14,4 D - 2.5 n"} o 0:81
-y, -10.9 + 16.8.D] - 2.9 D}? 0.79
o -18.4 +22.9 i;;_ sa1p? 0.92
s L8327 4 13.5 DL - 5.6 D)2 0.9
= - - - .
¢ ) s

! _ Table A8 shows the compression index b ci on ttn-rin; v!.dth- for
tlu p-riod 1973 to 1953. 'nun is a nen—-inxuemt con-hun between
the enpn ion index -nd unadjusted and adjusted mean sanual md
by £
.




' F
= 344 - 43.1 C‘_ +15.8 Ciz - T(R? = 0.53, F = 0.33)

] . “
v - . 2 2 - -

r . Typ = 279 -340 0, +12.3C2 (R = 0.49, ¥ = 0.30)

| The results indicate a better [au’ngn-hip between ¢, and ¥, than C;

and V. Hovever, ¢l between the ‘index and

wind speed is consiatently lawer than tlle cnrtelltinn between !he defor-

mation ratio and wind speed. ' This trend is puruculnrly ev!.denr. in the

relationship between the cmnpr“llon index and mean vector speed (Table

2
7) which, in most cases, shows a low correlation from January to June

7
A and a high correlation coefficieat from™July to December.
: Table 7. Polynomial regression analysis of mean vector wind
£ apeed, 7,, and compression index, Ci. 7
(&N — !
: \A . REGRESSION EQUATION = R2 "
: S ANNUAL 538270064 5002 0.64 |
. .
‘ s E 2
: Vi 36.4 48.0 €y +18.3 0,2 o ods
i 2.4- 0.5¢, 4 3402 0.30 i '
t - 3 ¢
4 - 2
4 m_ 6.8- 6.80C, +5.3c) Lo P
Var lO7.7+)39g ¢, - 41.7 ¢;2 0.37
g g -
v g 2 .
L 48.4 + 63.3 C, -+ 22.6 € 0.24
= 3 _ 2 B N
Yy - B2-1840+ 190 D ;
\ - B 2 . .
o g s 2 1.6 - 22.0c ka0 g2 T 0
i L TR UL, LR l;/g.u-‘smc 4-zszc1 osz‘ .o, L~
| % - - N5 6 + 13202 0.61 .
s S § e % o S
L oy g C ,.QL--:ss-n.s;i:r.s,t..si fv R L
. Lee o :
» N % ; ¥y
N ) | Voer ) 1= 360+ 48 c‘ [
e 8 e L R . N
; ,snov LM SOZC,i’Z.’lﬁG 0., e
N ¥, “216.7- zuec 4 99.2 c2 I 0.9 '
'DEC i, | . 8
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he ée-u'ln how the Gompression

of mean vecca& xpeed but the-seasonal tread 1

CoErALAtGR 16 thes st part(}\\the vear to high corrélation inthe . - . |
latter part of the year; clearly shévs, an, affinity to.the deformation ' 3

‘zabie's compares iha cbserved mean. vind speed vith that predicted . -

ratio.

by the compression index.:

Tuble E .

the compression index, 1.

1index is not as good & yredh:tor

Rz Yyalues, vith low

Cmnpntilan between the observed mean annual wind
speed, V and mean annual wind speed adjusted tp

\2/3 the Rree hetght; Vyp, and values predicted by 2 ;

.80,

S

<

CALIBMTIUN * A AT
0BS. PRED.* &' 0BS. PRED.

STRNEWVILLE 4.3 5.1 3.7 4
~ DEER LAKE A 43 5.6 ' 4.0 4.8

BUCHANS A 5.9 5.4 s 41

TWILLINGATE 1.3 7.3 . 5.4 60’

GANDER ' 5.8, - 5.0 L 52 4.5

BONAVISTA . bt 6.4 : 63 5.4

ST. JOBN'S A 6.8, 7.4 6.4 6.1 ’ .

B L i L

. ) .
A significanca ‘test betveen colums shows there 1s'no significant

difference between the observed and pr'ed{cua Var

llonvar, at 52

values (t = 2,88 for 12 DF)." ) . i
' . e
-~ h w5 §
. o= TR ’ N
< | \ . : |
} ol R : b
v ° LI {
N sl . P
¢ ¥ 7 it
. ¥ { i !
ey - e

level, the: pradictud values of V dlifﬂr significantly from the. eblnmd
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414 Diteclion of S!eﬂ Defnmtion, piR and cnIl ot

SNSRI -5
'

" s, " mibie 5. ahows. the Sl gten tnclination and dizéetion of .

maximum width of tree-r: ey for sasple Lrees at calfbration ' .

T

5
§
i
i
i

_of stem,

sites. - There 1s'no’| begween d
A . imclination, S, and of mm\..\

; ok
44" for 12 DP) Hmmval‘, there Il a nimiﬁ,clm: dtftsrenu i

C \(r'.

betweed 5., and-the mean lnn\ul vector' w%& direction (t - 2. 71 fc 12

H .
bl . DF) but gb Ilg‘nlfiunt difieuru:e between s -and’ thé ‘ean sumer

4 .
Yune-Aug.) and fall (s;p:,-ou.? vector directions (Table 9): uaa./

€)1 differs significantly from the annual sad fall yalues of

(Table 10). "5 Wi & :
p L) * N\ e N ~ u W%
Table 9. Observed mean direction of -stem Inclination;
» and mean wind vector direction, V. ..
IR’ 48¢ M€ & DIR
- s

A - - .
’ 4 m::;n?:on, smf
'!nzﬂmwm.x © 260
5 © . DEER LAKE A . l£3
, BUCHANS A~ 213
TWILLINGATE, - © 267, .
p BT GANDEE: "2
W 8 o\ BowavIsTA 268
£ L. ST Jomyis A 240

i J Trr——




Table 10. Observed mean direction of the -.;m- tree-ring
= 2 asymetry, f‘nn' And mesn vector wind direction
~ Vo . 1y 85 o

256 © o225 . . 250 : ‘
: 260 . 250 250 :

Tables 11 and 12 show the regression equations and

&2 valdes, ting the snnual, sumser, fall and donthly

values of meap vectdr wind direction; and Figure 4.2 gives a plot of

St ° & 7 the monthly trend in R’ values. Clearly, there, is a higher correlation
I - . i

1 . ‘between the direction of stem inclinat: umer vector wind direc-

e . . tlon but vlnuu; no correlation with the annual orother seasonal . \

“vector wind Wirestionss There 15 a lag apparent tathe higher -

S ' correlations between the direction of -uf-_ width of :reenng

.{Zy and late summer and fall vector wind d!.rtcti-onn The reason
for this is unc;ur. Hw-vn, 1: 18 nbvxou- that tree-ring asymmetry
i 1 “is clagely associated with the summer, and possibly late fll\l, vector

. wing direction. y - B
- ‘

~
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"Table 11. Polynomial regression analysis of mean vector
wind direction, vy, and direction of mean stem

 inclivation, S, g0
1R L . MecREssIN ;munitfcu
ANNUAL 41.0+°2.1 80 - 4782, 0.14
smomr L T3 27 Sy - 6.9 8B 0.85
FALL S 297.1% 0.3 Sppp ot 201 83 0.21,
N Tz 2005y - 45 sEy *0.04
e S saaels Sprp =37 2y “oi0s -
AR -i‘7'573~+:5.o (. -B.2 sin 0.05_~
coamt oo c_..E ’-m\x +0.0 82,0 0.36 -
' MAY 77.6 4 2.4 Sy 6.7 s;,n 0.83
Y -246.0°+ 4.7 Spp +0.0 s‘zm\ 0.81
s’ 119.0 + 1.35 Sppp - 3.7 S31 0:72\\
AUG , 18.2 + 2,3 snm_f-sJ sl?,n
ser -35.3+2.6 5, - 5.8 s;l'l'
oct 166.2 + 1.2°5 . = 3.0 82, 012 ) .
Nov 505.5 = 2.2 S0 + 4.8 S30 0.10

83




" Table 12.

. ~. wideh of uee»ung nsymetry, Cprg-

. L

Y .
.Polynomial regressfon of mean vector wind
direction, vy DIR? and rlx.rgcr.icm of maximum

REGRESSION EQUATION

T 7-2096.2 - '15.9 Gy + 0.0, 63

183,2 + 1.0. ¢y = 2.7 GGy
~456.0 4 6.7°Cpyp + 0.0 Gy
T3+ 5.5 cnrﬁ +0.0 g
- 1.94'.260 —61\C%m

-zz"l 5+ 221.8 énx‘n -0.5 o
“ “DIR

874,5 = 4.8 Crp + 0.0 GGy

EART s.‘o,c:nIK +0.0 GGy

MAY

N -385.1 + 6.1 Cprr 00 Cfpp 0.59
JuL -807.5 + 9.4 Cprp = 0.2 G 0.46
AvG ~470.4 + 6.8 Cprp + 0.0 By 0.67
SEP = 6.1+2.6Cpp = 6.3 By 0.56
ocr . ¥ -959.0 + 11.2 Cprp +70.0 Cfp 0.56
Nov -188.0 + 3.8 Cppp = 3.0 Gy 0.18
DEC 51,0 + 2.1 Cypp = 5.2 Cfpp 0.14

-

-t




VALUE

R2

1.00

Figure 4.2 Plot of Rz values relating mean monthly vector
wind direction to direction of mean stem incli-
nation, A and maximum width of tree-ring
asymmetry, @ .

85



2 TEST OF DEFORMATION TNDICES
The locatiion of the Black Mountain arda where the deformation .

indices vere itested is shovm o the phytogeographic map (Appendix). 5

Figure 4.3 15 a detaijled topographic map of e N aleo shows

the location and direction of/Atem inclination of each sample tree.

The area is dominated by three hills rising from 500 feet (153 m) to
850 feet (264 m). Black Mountatn 1 Ehe northernmost BLll and has the *
steepest alopes-(approaching 1:1.5 gradient). Between Black Mountain

and the second hill in the snuthw!st is a\sho::. narrow valley nhout

60 m deep. A broad saddle ares frvm the second hill to :he thiﬂl‘

smaller hill in the ‘soufiast corner of the map. .

" Figures 4.4 and 4.5 show that tamarack is the dominant tree speciés

i the area. Forest cover varics from sparsé, isolated tamarack in' .
ath barrens in the southeastern part, ‘o fairly dense forest

3 bogs anc t
"T"Eﬁ:e ‘SeWiere in the area. A distinctive Jegture of the‘foraa: cover 1s

t X

the different di i of ple=- and e
On the sumits of the two m.gTu? hills about 80% nf\c tamarack’ trees

have multiple stems; whereas elsevhere, evjun bogs and barrens at,
lover ejavations, multiple-stomed tamstack/ trees comprise only about ©

At. the southern enr] of the valley Between the two

10-207 of the stand.
£ /ﬁi,hg.n hille (just weat:of the pond) most of the tamrack were broken
This phenonenon was not oburved elsewhere -

.

by snow- and ice-loading.
in the area. bt

The results of the wind survey based on the deformation of 59

- .

sample trees are shown in Table 13.
Figure 4.6 shovs the distribution of meen wind speed cla
The highest mean wiRd

s calcu-

lated from the deformation ratio (Table 13).




Figure 4.3

Tomn'hic map of the Black Mountain nru,

Avalon Peninsula, Nevfoyndland, s! g the o . T
+ location and direction of stem innlhnim of’ B w.
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LEGEND:

T— Tamarack

Wb — White Birch
Bf —Balsam Fir
sc—Scrub

Mc—Bog
R—Rock

& __snow 8 Ice Damage

Figure 4.5 Map of the forest types in the Black Mountain
area.
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Results of wind survey of Black Mourtain area,
Avalon Peninsula, Newfoundland.

"Table 13.

(Data " include
Sprm»

; €
N

» and compression ratio,

o

ratio, Dy,

and ‘'mean annual wind speed predicted by the

tree nuaber, direction of stem inclination,

deformation’ ratio

Vi)

o
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C.

@ s°1)

5992423599 o4

«ssscontinued

505112073010!6213518I06!3196147891.~695.

Y pe ki i e S et et o i S By i e B D e B i e

5656Bss55666s5556565556555555555576556

‘ r
; 5
L L S O % & oo 2 ®
(ISP R e e A .- [ T = .
N :
T T e
3412zo.yam-07slmamséaeazos.‘.a?ysisys
N T ol N o O O o o o

- .
- 5567590naz:k5675snxu:nss7as901234557s
2 /1 ZNSNRARJAAILEITIRAARIRRRR
" P
| £ '




© meee #0 Spm' L prt
s ey AT

Table 13 (continued) *

+>v“15-'4x+1db' e ‘;,

(z)--28+565 b

*Signlf!cmtly 15 erent lt 101 (t 4 I, 319 for Bb DF)

., ;i Loy
3 : K 2 e . '
-, % & .
: : .
y . 2
.
i . .
v il
; 5




93

—————————_—

RS 4
CXE R
GRS X

%o 202 %

N0 v v ietetels
RIS

0000081902059
€09.90.9.0.0.0,¢"
IR

WIND SPEED
- 266 ms!
BB 60-65 ms “°
[ s6-59 ms
<55ms-

——— AREA SURVEYED

Figure 4.6

Map of the spatial variation of mean wind speed
over the Black Mountain area determined from a
survey of the deformation ratio, D;_, of tamarack.
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dla 0.0/ 8"y oo ou the south-eide of smite’ of Hiack o=
tetn and the lover hill. Righ zean dina speeds alsp odur on the south- -
vest slope of & lov ridga above the northeast shore of small pond nesr

the power _ci—uuﬂnxuu “line and on the northwestern slope of Black
Mountain. Modertely strong memn winds (6.0-6.5 @ §7) occur on the
ridges, even on conparatively low elevation ridges, betveen the tvo

ponds near the transmission line. Middle and lower slopes vith asouth .

. and west aspect, upper slopes utzg,m east aspect and the et part

of the valley betveen Black Mountain, ‘end the' neighbouring hill have mean
vind ‘speeds 1 the 5.6-5.9 s ) Tange.  Middle and Jower .io.m with *

an east

pec: Have the loest zean widd epeed (<'5.5 8 8 B *

The mean vinrl speed cllcuhted Eor the area from the defom:icn

\ratio (5.8'm SV s not limflnmtly dlifunnt £ron the mean annual
wind lpaed observed at, St. Jnhn’- llrpo(t (6 8m S ). In terms of

similarity in ax'pulutl. the calculated mean wlnd speed Eor ridges md

‘_.I_ll: 1s 6.6 2§ , vhlch is a 3% difference from nm ‘annual wind

speed at St. “Jota's airport. The calculated mean wind speed for ‘the
area differs from the mean sumer wind speed at St. John's airport by
caly 3% (Lie., 5,8 m 5 compared t0:6.0 m,87h). ’
Figure 4.7 shows the percentage frequency for 10° classes of dtrec-
tlon of steam inclination, Sy;. Seventy-five percent of S . values
are between 180° and 220°, 16.7% betveen 230° and 269° and 10.3% betwgen- |

90° and 149°. The mean Sprp for the Black Mountain area is 200° ‘(= 38°)

compared to 240° for St, John's airport, which is significantly different =~ . '
at 2% (t = 2.317 for 62 n‘v) The difference is. interpreted as betg

:lu result of differences in topography between the rolling hu.l- of .

i
i
i
i
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DIRECTION OF STEM INCLINATION

of stem inclination of sample trees in the Black

Mountain area.

Figure 4.7 Percentage frequency classes of the direction



PR

Black Mountain area compared to the flat terrain of St. John's airport.

The effect that has on wind is most p o

the wper slope in the east side of Black Mountain. These drasatic
shiffs in wind direction are interpreted as-the result of vortex systess
causfd by flov separation. -Other notable shifts in mes wind direction
wer: oble?‘v!d ‘on the north ll:‘la of hill and valley west of Black Moun-
tain. This section 18 Lnterpreted as & sone of divergence where the
-velmcy of up-slope wind iacreases with elevation. - The flow is inter-
 rupted by the north ridge of Black Moungain resylting in another vortex
systen on the opposite side of the ridge. \
don index is signi-

-The mean wind speed calculated from the compr
fiu;xt;y different from the mean vind speed calculated from the defor-
mation ratio (t = 1.819 for 86 DF). A preliminary plot of the compres-
sion index falled to produce a relisble wind £ield map. The resson for
the joor results is attributed to the influence of snow and soil creep,
and saow and ice loading vhich also contribute to the developaeat of

asymmetric tree-rings.

. 7




5.0 DISCUSSION

5.1 POWER LAW
Readjusting the nean amual wvind speed to a reference height of

2/3 mean tree height by the power law has no real advantage. The prin-

cipal objection to the use of the pover lav is the uncertainty of the - ™

value of the power a. While a = 0.l is -the most widely used, values
ranging from a = 0.12 (Nakajima, 1973) to as high as a-= 0.69 (Yoshino,
1975) for complex terrflin have been proposed. As shown above, o varies

1y with surface thernal stability and seasonally

and so, in the context of this study, the writer isn ‘agreement with -
Touma (1977) ‘and Wade-and Hewson (1980) who maintain the pover lav is
unrelisble. 'Furthermre, there 1s no significant difference betveen
the observed and predicted values of ¥ , @nd ¥, and therefore the power
law 4s not mecessary.® - . ’ .

5.2 DIRECTION

_The higher between of stem and
summer vector wind direction, compared to cther sessons of the year,

ind1 that summer ies are the main cause of tamarack

(deformtion. Mednis (1971) observed that trees on Fogo. Island on the
north coast of Newfoundland vere flagging towards the south. He shows

that, although winds dominate i the year, it 1s

the northeasterlies, laden with ice crystals, which cause tree deforma-
\

tion. However, he was referring to the deformation of balsam fir

{ednis, pers. coma.). Figure 5.1 illustrates a sinilar situation along

the southwest shore of Pistolet Bay,'on the Great-Northern Peninsula of




Figure 5:1 Tamarack (centre £nn;ro\m(ﬁ
by summer southwesterlies (i.e.
the left)  and balsam fir (backgdound) deformed
. by dessication and ice abrasion during winter
northeasterlies (i.e. £lagged to the right).
The photo was taken adjacent to the southwest
shoreline of Pistolet Bay, mfo.mu.nd. F

e et Ay






Newfoundland. The balsam fir exnibics Flagging lcasiaed by wintet morth-
nar.erlieb as dmrﬂmd by Mednis (1971); but the tamarack sre deformed
by summer southuesterlics, The reason, of course, is that tamarack 1a

a dgciduous conifer and, thus, is less affected by éeliir.atl.ng winter

winds .

The trend y 3t for 570 V8 Ve

corresponds to ‘monthly variations of wind' speed and direction vhich 15~
4
P pnti:ulnly/ﬂczablz in the vind roses for St. John's A, Gander and
S, (Appendix, mgma A2-48) . Because of coastal and vuu'ey

ds are less notdcesble in the wind roses for the

influences such. tré

other calibration sites. ngvar, it is clfar that the winter north-

éasterlies have very Ll on the of & X

Apart from a:ltistl:ll relationships, the general .trend of wind

O flow aver Newfoundland, as shown on the phytogeograpmc mp (Figure Al)
. corresponds closely, to tlhie strong southwesterlies which dominates the

for the ‘calibration sites: -

“growing -séason- as shown in the wind  ros

- The southwesterlies are modified to ‘vary‘ing degrees crographisally. For
example, in coastal aress the onsharesouthwesterlies are tumed to the
righ where, in extreme uaes,yll\ey become westerlies, Inland, topo-
graphy tends to tum the southuesterlies to the left along major
geomorphic structures. At the base' of the Long Range Mountains, 'just
north of Deer Lake, downslope mountadn winds. are conspicuous. This:is
one of ‘the few sréas in Newfoundland where downslope mountain winds are
strong enough to cause tree deformation on the windward side of moun-
tain, Other reversals of the general trend on wind flow over Newfound- *

land shown on the phytogeographic map, e.g., near Burgeo and St. John's,
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are local. topographic effects pne would expect along a coast with high

cliffs.’ - 4 © <o

5.3 TREE DEFORMATION -INDICES %

11y, the rat{o has a 1y higher

correlation With mean wind speedythan has the compression index. This

corrphorates the Findings of Wade and Hewson (1979, 1380). Apparently, *

on flat terrain, common to thé calibration sites, the mean wind speed

predicted by the deférmation ratto and. the compression index vere not

signlfickntly different atp = 0.05. on flat terrain or even gently

rolling topography, eapecinlly .on forest cutovers, the cmpnman dndex

should provide a reasonably good _astimza of ‘mean wind lpeed and dire_c-

tion; albeit, not as reliable ma estimate as the deformatiom ratio .
E, ° g ° - o

would give.

4§
In complex terrain, however, the results of the Black miuju.n wind

terna-

indicate-that-the  tndex 1o ot a practical

tive for dstimating wind Elow. " wtespisiopeb; wnotent ‘woll cxaen;

ice and snow loading and, to some extent, phototropism contribute to the

of tree-ring (Wade and Hewson, 1979) -and thus tend
to nask the contribution of wind. These effects were particularly
evident on the steep northeast: slopes of Black Mountain,

By contrdst, the deformation ratio produced a wind flow map of

" Black Mountain area that identified ‘may salient features inherent in

microscple wind £loy theory. These included ‘distinctive zones of con-
vergence and divergence and vortex systems. Figure 5.2 is a schematic,

Tepresentation of streamlines and vortices over the Black Mountain area.




Figure 5.2 Schematic representation of streamlines and
vortices, over the Black Mountain area indicated
by the deformation of tamarack.
northeast.

View looking

STREAMLINES
— — — VORTICES
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Rutter (I968a) observed that eddies occur on lee slopes with @ 1:

gradient but were not detected on lep slopes with a 1:10 gradient. The

s ratio 2 that the same ogeurs in the Black
Mountaln area where a persistent vortex wike occurs on the Lee slope of
Black Mountain which has a 1:7 graiient, but was not discernible on an
equally high b1l vith a sinilar héng!.:ud‘lnnl orlentation and a lee
slope with a 1:7'gnd1=n:. Figure 5.3 mu-n—m;’ the severe deforma-
tion ciused by a strong, persistent Yortex on the northeast slope of
Slack Yountatn, Putnam (1948), Yoghino (1957), xatser (1954, lucte
" (1968), Gloyne (1957) and others detected-an eddy zone on the leevard
crest followed by reducad vind speed in chg lower slope.

Rutter- (1968b) also ohserved that when an_fncident wind 1s oblique
:o.,:he longitudi_ml axis of hills, the wind will blow uro'\md the (upwind)
ridge. This is al;u lndiclt-ad by tree (de{omcien where the wind
follow the comtours glong the e with a north aspect providing
the ridges are well rounded with long-slopes. However, it appesrs when
. comperatively sharp ridges with steep slopes a
distinctive zone of divergenez Exlﬂtﬂ on the middle and lower windward
slope whlch ‘treates a utxm\g vortex ly!:m on the upper lee slofe of
"the ridge as a result of Flow separation siatlar to that descrited by
Yoshino (1975). The zone of dLverganf:e, lndiclted by the high wind
speed zone on the lover morthwest slope of Black Mountain (Figure 4.6)
is due also, in part, to the channelization of wind £low along the NE
side of the valley le]?aryh\g the two hills which merges with the wind
flowing around the back of the hill. Weidsan (1930) fousi that the most
extensive wind throw oceurs tn the section of valleya vhere the wind




Figure 5.3

Severe flagging of a tamarack (centre) and a
balsam fir (left) caused by a persistent.vortéx
on a steep slope on the east side of Black
Mountain, Avalon Peninsula, Newfoundland. The
flagging is roughly 90° to the prevailing
sumer wind for the reglon (which flows
directly towards the person in the ceptre of
the photo) .
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tends to be fumneled (i.e.,, at the up-wind end). While-there was n En
wind thrw in the dxvergence zoné\, since the trees were Adnpr.:d by ’ oy
geo:toplc growth, the degree of d&"muon appears to corroborn:e i
Weldman's hypothesis. Furthermore, the almost completeNgeversal of
drection of stea tnclination oh the opposite side of the ¥idge 'Lndii
cates that con;am:t\vely strong vortex, wnke systens can deve10p on lee ) '
- slopes on the /up-wind end of the longitudinal axis'of hills. So far as’ .
¢ 18 Inown no model. existe that fivolves two alrstresss from an obligie =
.1||c1dent wn{d that creates a vortex wake on up-wind lee slopes. =5 .
The hangtng valley betveen the tvo. highest hills is oriented S~
roughly MW-SE and the prevailing wlndn nre‘lnouthvunerlies, whitch meshs
the Lncident wind enters’ the SEend of the valley it bs® to noiaile The*

strongest winds are slongythe NE side of “the valley, while the lovero n

§ and middle slopes are aread~yf relative ca’l‘n, . zones of convergence. -«

However, it should be noteg’that a lon§ sloping ridge which arcs to,the
: iesiy :

SE extends the zone of convergence or le leewaxd slope south of the °

. valley. The trees in this’zong\gze thll ‘and thin'with comparatively

wood and the ratdo’ind .uev mean

low wind speed area.
a0 The high deforuation ratigs on the ridges and sumilts is an indi- "y
catlon that wigd velocity accelerates upslope. This agrees with the |

models by Jackson and Hunt (1975), Brldley (1980) and Neal (1983)- and

observation by Gloyne (1957) and -Hutte (1968). ) -

The highest deformation rat0s on the windward crests of Black




b
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Yountatn and the lover i1l indicsted that exposure on Vladuard alopes

independent ‘of ;.lnu{ian The mean wind speed between the 750-850
iot (230-260 m) wsnd'luxd cmlnun on Black Hounnj.n 1s about the same
as on the 700-750 foot (zh—z:o &) vindward contour on the lover hill
in the lou:hmt part of the area, i.e. 8.0m S Rutter (1968) also
“found that m and high elevation windward crests had the sase degree

/ of wind exposure within the same topographic unit. He suggested that

rapid scceleration of wind upslope
one flowing’ ?;:nlld to the ground and the other blowing over the lee -
slope,vortex vake: In fact, Bradley (1980) and Neal (1962) h;\ch observed
a.'jet! above the crest of hill vhich tends to support Rutters' sugges—
tion. The 'fet' effect may not be restricied to crests but nay aleo
occur over low quumn water bodies. _For u.'qn. the high deforma>
tion ratios .um; the northeast 'up ‘wind' shore of the small pond at

the base of the south slopes of Black Mouataln indicates that wind
sccelerates rapidly vithin & comparatively short éistance (0.3 ka) over
water, resulting in a distisceive zone of divergence with vind veloci-
ties ‘higher Lhmann windward saddles. It fs also noteworthy that the
pond u/ at the base of a long leeward slope where deformation ratios

are/in the lower range.

5.4 THIGMOMORPHOGENESIS .

Becayse of past logging activities ‘in the Black Mountain ares,

in ged natural n, the between

forest productivity and wind could mot be studied in detail. Howeve;

it 1s clear that height growth is as good, or better, on the middle .

as the result of two airstresms, ,
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lower windvard slopes than 1a the leevard slopes. Height-grovth ranged
from 8-14 m on lower windward Ind leevard slopes. On the ridges and
sumits height rarely exceeded 3 m.

A distinctive feature of tree fora above the 750 ‘Foot (230 =)
contour was ‘the high percentage (= 80%) of miltiple-stemmed (shrub-like)
tanarack .as' opposed |to single-stemsed (-z.rée—ltk:). tamarack. - There is
little height d‘k:fu‘me betueen the two, m-.;; they both ranged from
about 2-3.m in hui.h:. ln contrast, the nqlr.igln—lr._d trees make up

about 10-15% of the pure nmnl:k forest (8413 n in height) on the Bouth

. and east slopes of Black Mountain, and somewhat less than 10X on the

vest and not:h\flnpal elaevhere. g

The -uxﬁpu stems appear as if . -they vera a c.lulp az trees that

had germinated {n the one spot, whén in fact they origiaate from a
:.m;xg ahior, TA Heaws ui total hinu‘n: they ‘o.._zpfpduc. single-sten
forms bya hc:ur of more than 2:1.

. Since it has bem shown \dnd pm-ote- l-terl.l rrwth at the expense
_ni :u’-iml xrwth. -llll—lu-ed tl-!lak can be ﬂurprll!d as a
gouth response, to wind. Tmley (1939), Wade and Hevson (1980) aad
Foolley (1580) observed that tn continuous forest cover the top of -t
canopy 1. et s neens - dosaitet by persistent high v!.nds and ronﬂ|
in areas of low wind. In serial reconnatesiace surveys for vind pros-
pecting, Hnolley (1980) grndnd :hn mopy texture to map -pnm varia- !

tions in wind speed. Therefore tha mltl-ltu-ld form vhlch ‘t\urllly\ 7

produce a -m:h textured c-nnpy can. nha b. used u an indication ut

high viad speed zon
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valleys and dec slopes to an extent greater than in lower windvard
slopes indicates a genetic adaptation to wind. Lawrence (1982);
studying wind stress and elfin forest in hlgh altitude tropical rain
forests postulated that physiognomic trends could result from pheno-
typic plasticity, gemetic diffe!en(intim within a populatlon ora
combination of these factors. This would include a posi -gemnumn

morcality in which cree forns, ‘specially ldlp:ed to withstand the rigors

of a windy uu, would have a higher rate of survival on exposed sites

thun less well-adapted forms. ag the order of
where multi-gtemmed tanarack consist of 80X on exposed ridges and
sumits, io_-xsz on, leevard alopes and < 10% on lower windward slopes,
Lavrence's theory ‘may be applicable here.
ees opecisd which ire lesn adspted to eevte qupbelEece wisd
often develop {atd’ slow growing prostrate shrubs. Figure 5. & filu-
Fetes; the s Erovth of . LT senrsold/S1%ka Spfice I s ererineneal
Pplantation established on the windward crest -of the hill on the southern
part of the Black Mountain area. The site 1i=; .within the zone of
divergence on the windvard side of the crest of the small hill ‘south of
Black Hountadn vhere nesn susmer wind speed {5 > 6.5 m 5} (Flguu “n.
It ould be argyed that bther site factors such a2 sotl tye, cmnpl(i-
4 tion fron heath'plants, etc. are more anornn: factors limiting tree
‘ grovth. Hovever, Figure 5.5 ehows & replicated plantsyion on the Avalon
Peninoula (neax Amold s Cove) contatiitng the same d-yan-m Sttka
P spruce seedlot (and other,exotic conifers) in which the stunted grovth
« Lo barely visible, As.vith the Mountiin planting aite, pretreatment of

the Arnold's Cove site included furrowing.with a Cuthbertson forestry.

] » L
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Figure 5.4 17-year-old Sitka spruce planted on the wind-

- vard crest of hill exposed o & mesn summer
S wind speed > 6.5 m 571 in the Black Mountain
\ area, Avalon Peninsula, Newfoundland.
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.5 The stunted growth of 17-year-old Sitka spruce

and Scbts pine is barely discernible from the  * -
natural vegetation in this experimental plan-

tation mear Arnold's Cove, Newfoundland. The

mean sumser wind speed at this site, as indi-

cated by tamsrack deformation indices, is

> 5.5 m 51, Obviously there is not much

hope of the.spruce and pine progressing beyond

low tuckamore. .

!
i
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plough (Salter and Evans, 1976). In this case, competition from natural

vegetation is not a-factor because wind erosion has scoured away the

natural vegetation turf around the planted trees exposing bare soil on

the windard sjle of the furrovs. The planted tress are able to gurvive
by growing in a low spreading habit whers humua is trapped (and accums-
lated) nné thus, at least preventing soil frost-heaving. Here, we can

safely assume that a mean sumer wind speed of-> 5.5 m S™' from a south—

we.sl:etly" as by tamarack s in the area,

) PR
is the ijor constraint to tree growth.
The| results of this study fmply that a mean summerwind speed
>5.0m 5 " is a major constraint .on productive forgst growth. While

some coiferdus species may be better adapted to ind than others, the

amount T&f compression wood Fesulting from exposure to mean ‘summer wind
; 3

.speeds bf > 5.0 m'S™" seriously affects the quality of the wood from.a

utilizdtion standpoint. &
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6.0 CONCLUSIONS

The degree of deformation of tamarack can provide a good estimate

7 of mean wind speed and mean summer vector direction based on the five

main hypotheses.

S
1. Mean annual Wind speed predicted by the deformation ratio does

not differ significantly from the mean anaual wind speed
recorded by meteordlogical station.
2. Overflat terrain [Iu méan snnual wind spead ptedicr.ed by the

index floes mot dlffar /' £dom the mean

annual wind upaed/ predil:ted by the deformation ratio.

3.

Over complex terrain) the mean annual wind speed predicted by
the compression inde[(

differs significantly from the mean

annual wind spéed predicted by the deformation.ratiol. <

The mean of ‘gtem ' differs y .,
D

K
from the mean annual s¥ind vector direction. !

5. The mean of stem

does ‘mot differ signi-*
Es.c-nr.lz £rom the mean summed wind vector direction.
The results show that ths deformition ratio is a better estimator
of wiad speed and direction than the ycom,ptensiun 1nd=x. 0n flat, or

gently rolling tertain, the compression index has the advmtage 1n

a reliable ratotd of periodic vuriativns

" in wind flow and, of course, would be the only record of wind in logged

or burned are:

. In complex terrain,' however, the compression index, is unrelisble
due to other factors contributing to the growth of asymmetric tree-

rings. The deformation ratis, on the other hand, is sufficiently sensi-
3 :

’
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tive to microscale variations and ‘is able to detect persistent vortex

wvake systems, zones”of and conve by theore-

tical models}

- The direction of stém inclination shows that summer southwester-

lies, associated cyclones, is the main cause of tamarack deformation.
, 2
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Table Al. Ratio of leeward branch extension to windward, i
g * branch extension nese base, By, at one-third :
R height, By o, and two-thirds height, Bo, g6

and Angle 3235 ten inclination, A

SITE TREE # ) By a3 Bogs A Q |

0
. 1 1.21 1.08 1.13 6
i 2, 109 1.65 1.46 5
) STEPHENVILLE 3 1.13 1.45 1.25 . 77
. 4 L1 - 1,27 0.86 7
5 1.27 1.27 1.00 4
. x° 1.1z 1.34 T.14 5.8 .
4 \
1 V1.3 ' 162 5
2 1.29 1.3 7
DEER LAKE A 3 1.63 1.13 7
' 4 1.21 1.11 7
5 1.12 1.14 7
X 1.28 1.28 6.4
b . o~ -
1 1.16 1.16 1
! . 2 1.26.  ° 1.40 5
BBCHANS 3 1.70 1.54 2
¢ 4 1.57 1.70 9
" 5 £ 1,560 .. 167 s .
X 1.45 159 ) H
1 1.56 1.53 g =
2 417 ° 2,40 11 |
TWILLINGATE 3 2.06 1.55 5 . H
4 1.85 1.80 17 i
5 1.42 1.90 12
X 2.21 1.83  10.2
5 1 1.42 1.65 2.00 17 4
2 1.81 1.35 ff 2.28 7
GANDER 3 142 © 1.38 1.80 9
4 1.03 1.28 1,41 1
. s 1.35 1.42 1.75 8
s 3 T.31 1.42 1.85  10.4 '
1 1£.00
: : 2 \, 1.50 4.75 26
ST. JOHN'S A * 3 1.43 1.73 23 ‘ - i
i . 4 1.86 11,00 27, o0
| 5 1.48 1.64 31
X CL.9s 6.0z 27.8
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Table A2. Stem length of sample trees at calibration sites
CALIBRATION STEM LENGTH (m)/TREE NUMBER
8118 ‘1 2 3 s I s MEAN + 5D
STEPHENVILLE 4.21 5.52 5.24 5.12 4.94 5.0 £ 0.44
DEER LAKE 6.27 8.89 9.94 7.28 10.57° 8.59 t'1.61
BUCHAYS A .’7.59 6.07 541 7.90 ;1,35 4 6.94 % 1,00
‘TWILLINGATE 3.29 2.78 2.76 4.08 4.97 ’3.60 +0.8%
. GANDER 9.20 7.95. 6.41 5.90 5.10 6.93 £ 1.47
'BONAVISTA 2.96 3.58 3.58 3.87 - 3.5% 3.51 * 0.30
ST. JOHN'S " 8.70 8.90 13.20 10.60.

10.20 * 1.64
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Table A3. Canadian normals for mean monthly and annual wind
speed at calibration sites (m 5-1)
L4 N CALIBRATION SITE
wa <
<] < & PR
HONTH ¢ g 2 3 g B
¢ & o 2 3.
& g K
B g g 5 5 £ o
8 B g: .8
I 5.4 - 4.6 6.9 927 6.8 9.5, 1.6
FEB 5.1 4.7 6.9 8.3 6.6 8.9 7.6
MAR BN 7.1 7.6 6.5 8.2
APR 4.3 4.6 6(.2 6.6 . 6.0 7.2
HAY 3.9 4ot 5.3 5.7 5.5 6.5 6.4
JUN 3.3 4.3 5.1 507 5.2 6.4 6.2
JuL 3.1 4.0 4.8 5.8 4.8 6.3 5.9
AUG 3.5 3.8 .51 6.1 4.8 6.6 509/
sEp’ 3.9 3.9 5.4 7.2 5.3 7.3 6.1
act 41 3.9 37 8.0 5.15, 8.4 6.6
Nov PR 5.3 6.1 8.6 6.1 8.7 7.0
DEC 5.1 4.3 6.6 9.3 6.3 9.3 7.4
ANNUAL 43 Y43 5.9 7.3 ° 5.8 7.8 6.8
+ SD 0.72 , 0.31 0.78 l.Jﬂ' 66" 1.14 0.63
=~
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Table A4. Station anemometer eight; Hy, mean height of ,‘
) sauple trees, Hy ; _height to which wind data |
base is adjusted, Hy o.g; and the adjustment

factor, * ud, :

i
' \ | 1
i
i

CALIBRATION By Ry Br.0.66 2
SITE ! (m) (m) .+ @
STEPHENVILLE “10.1 5.00 3.3 .85
‘ DEER LAKE A~ - 10.1  8.95 5:91 .93
BUCHANS A 13.1 -  6.94°  .4.58 ‘.86
‘ - TWILLINGATE 19.8 3.60 2.40 T
' LGANDER - 10,4 693 457 .90
BONAVISTA- 10.1  ° 3.51 2.32 .81 7
ST: JOHN'S A 10.1 10,20 6.73 94+

*1Mean tree height is obtained From Table A3. i
**The adjustment factor, 2, is derived from the power §
law where . S
a o = 4 g )0 14
. ut o= (2y/z) By 5.6/ B , \
‘ i.e, the ratio of winds at height Z; to anemometer 1
héight Z). The value of a = 0.14 for unstable x
conditions based on Sellers (1965) and Woolley b
Ve (1980). i
. \‘ :
v . \\

3
,
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Table A5.

height at calibration sites

Mean annual wind speed ndjusr.ed to2/3 mean tree-
@ s

CALTBRATION SITE
.

. <] < B " =
MONTH g . < 3 3 i
i 0§ 2 f i,
3 & g 8
SR R - R
8 .8 B 2 8
JAN 4.6 4.3 5.9 6.8 6.1 7.7. 7.5
FEB 4.3 &3 5.9 _ 6.1 5.9 g ].(
R 40 a3 6.t Ssa U5 66 7.0
APR £ 3.7 4.3 5.3 4.9 5.4 5.8 6.4
MAY 4.6 41 4.6 4.2 4.9 5.3 6.0
N 3.8 40 4t 4.2 47 5.2° 58
JuL 2.6 3.7 4.1 4.2 4.3 5.1 5.0
AUG 3.0 .5 4 4.5 43, . st 5.5
SER 33 3.6 46 5.3 4:8 5.9 3]
oct 3.5 3.6 4.9 5.9 5.1 68 6.2
Nov 4.0 40 5% 6.4 5540 1.0 6.6
DEC 4.3 4.0. ' 5.6 6.9 5.7 7.5 7:0
i . \ ¥ -
+ 8D 0.60 : 0.28 - 0.65  0.97  0.60  0.92  0.60
oS
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Table A6, Méan monthly vector apeéd at calibration sites
Source: Anon, 1981) ;
MEAN VECTOR SPEED (ku/hr)
s b o % . . ¥
o H s g .
g & ; BB
S I I PR
8 2 E 3 IY
AN 6.3 7.2 w1 9.9 . oI5 . 18
¥EB 5.1 7.1 0.0 9.5 ize 1
MR, 2.9 vgp 4.6 857 67 8l 8.4
AR 2.0% 2.1 $0 61 T 5.8 4.9 7.8
MaY 1.4 3.0 2.7 40 vy 7.7
aw Y o2, s, ;3“5 6.0 8.6 11.0
- JUL L b2 9.0 Lp.y 8.9 11.9 13.6
o s0 0 M Noe 787 97 1.5
SEP. 49 7.4 100 1.5 8T 99 198
der 5.0 7.8 ez a8 -l12d . 109
NV 40 5.8 9.2 2.4 83 101 10.0.
DEC® . 5.5 % 5.6 7.6 161 10,0 - 13.2 18
MEAN 41% 6.0, 8.2 952 7.9 q10.2 10.5
8 148 190 | L.70 358 1.80 321 .70
* .
é 14 :
7 . - 5

RS
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~< Table A7. Sum of tree ring width for years 1973-1983 on wigdward
) and leevard side (CW,

) across the maximum

L widen of ‘dlac, and their congMaplon xacto G = oy
LN - '
\5‘[1? TREE # _Tww C‘Hlo Ci nyz sD
1 811 1236 152
2 15.97 .= 19,01  1.19
; STEPHENVILLE 3 12,04 © 19.76  1.66 135 % 0.22
. 3 . 4 6.74 8.46  1.26 -
5 5 17,05 19.36 112
s . :
X 1 19.86  22.63
- g oo 2 16.62  22.85
DEER LAKE A 3 14.84 24,53 1.56 * 0.39
S 4 12.66.  18.31 .
- 5 14.98  32.46
1 1194 , 25,37
y . 2 8.54 - 11.58
PN . BUCHANS A 3 11,91 1725 145 1.53 £ 0.34
5 S 4 * 20.95 1.33
8 5 15.83 © 21.80 1.3
Az 12.64 - 23,20 1.8
N » . 2 1.31 .
. ] TWILLINGATE 3 2,30 1.74 £ 0.37"
" . 4 1.63
N~ 5 1.62
1 1.31
. 2 < 1.06
-l GANDER 3 152 1.3 £ 0.18
. . N 1.33
5 1,48
: J %1 12
. et 2 2.13
| BONAVISTA 3 171 1,66 +0.34
i , e 4 2,43 .
5 1.50
| cw N ) o 1.70
! i - 2 1.46
. 3 © ST, JORN'S A 3 150 175 £ 0.3%
spe @ s : 4 2.43
\ - . 5% 1.5%,
\ -
| g =

4
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Table A8. Mean monthly vector direction at calibration sites
(Degrees). (Source, Anom, 1981)
VECTOR DIRECTION : :
. L . :
- ' . ’ E - < 5 < ;
) MONTH g . @ g & g
i . ) g g g a & 5 S
‘ H 8 H § © 8 ]
. 290 250 290 270 260 (270 270
. ‘B o+ 29 250 300 290 270 280 270
M 320 250 330° 330 290 280 280 H
5 ARR 360 310 20 . ‘320 0 | 2% 280 i
MAY 310 280 290 250 270 20 - 270° T
s 260 240 250 220 240 220 250
3 Ju 240 240 230 - 210 220 210 240
. AuG 260 240 250 220 240 230 240
) sEp 260" 240 240 240 250 250
oct 280 250 240 240 250 270 260
\ s MoV 260 250 260 260 240 260 250 N
: DEC 290 250 260 260 260 270 260
285 254 272 259 258 . 256 260
MAY-TUN 268 250 255 (225 23 225 250
+ sD, 318 19.8 - 318" - 36.6 217 247 13.5

[ S
.
-




Table A9.

of stem Sy and
. of maximum width of tree ring asymetry, Co., of
sample trees at calibration sites .
DIRECTION (°) =——
CALIBRATION
SITE . SAMPLE TREE NUMBER
1 2 3 4 5 MM
STEPHENVILLE ° Sy 200 200 200 200 200 200
Cprg 200 200 200 260 200 212
- p o
DEER LAKE A Spp. (19 192 1% . 192 1947 193
Cpa’ 19 20, 23 280 29 235
BUCHANS A Sppp 22 212 212 214 a1 213
- ) G 267 17 165 214 257 214
= TWILLINGATE Sy ~260 264 270 270 270 267
Cprg 260 228 235 250 308 256
GANDER Sy B 2 2% h = am
Cpg 231 18 232 191 19 198
2 BONAVISTA Sp;x 270 270 267 268 266 268
{ Cp 270 226 267 228 18 235
‘
. ST. JOHN'S A Sy 240 260 240 240 260 240
Som 2%0 M 203 220 215 . 224
St
Spyg = Direction of stem inclination of sample trees,
= Direction of maximum compre rdtio, .C.
Cor
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