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.SIWARY

In order to study the mecinanif^s of wind action on trees, the
Induced resistance forces must be Iniown. The principle wind resistance
nier'hanism of trees arises from aerodynamic drag of the crown. This
Investigation was made to determine tlic aerodynamic drag of broadleaf
crowns.

Eight species were tested, six in site class II or better, mixed
hardwood stand in Pisgah National Forest, North Carolina, during tlie

summer of 195P. The remaining specie's were tested in site class II or
better, mixed conifer stand in Ihiasta National Forest, California, dtiring

the summer of 1950. A selected tree instrumented and mounted on the bed

of a 1-ton triich with crown exposed above the cab was transported over a

predetermined level, straight cour.se at various steady speeds. Weight
and niol.sture content of stem, brancliwood and foliage, total lielght, crown
length, and diameters at specified locations also were recorded.

The results are presented graphically by plotting drag force
normalized with dry foliage weight against moment divided by dynamic
pressure normalized with the cube of inside bark diameter at base of
crown. Each species has its own curve although their general
ciiaracteristlcs are the same.

The drag of two defoliated trees also was studied. Analysis
reveals foliated trees offer 2 to 10 times greater aerodynamic drag.
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JNTI-iODUCTroN

The el’i'eoL uf wind on Lrooo han been studied by many invest, I pja-

t.ors interes-ted .in i.die physlo.lo^yir.'al aspC'cts of ttie problenu .In order
to st,udy Lho moeiiajiic, : of wind /icb.itni, Lbo induct'd rests fanne forces
must be i nves t.iga!,ed in a mannei' wh.lidi (.uiables .spec Lfication for trt-“es

of different size, (.Town structure', aiKt/o.r rspecics. Ttiesc' aerodynamic
drag feirce.s ari.se pi'incipally from the Tri.:)wn.. The following la an anal-
ysis of crown drag ineasurement,s made on several broad.Leaf tree species.

One of ttie earliest invc.stl gallons of wind action on trees wa.'^

carried out by Metzger, who in IH03 proposed bis mechanical stem form
theory, which states that wind action ox; tree.s produces .stems behaving
as beams of uniform resistance. 01 nee then, numerous workers such a.s

Tir^n Windirsch (l?)? 'ind Jacob.s ( 4 ) have studied the stem
growihi problem with Metzger Ms theory. Amoug those who di.s.igree with
Mei.zger's i.heory 1;: Jac’.card (2) who c'onsiders stern foimi the result rot
only of mechanical wind action but also of wind effect on transpiration
and the force of gravity. Other workers haAre tried to discover ihe

action of winds on root sy.stems. Among the more recent is Pryor (8)

whose .studies on Monterey pine show that wind action .stimulates growth
in liorizont.al root system.s but has liti.lo effect on vertli;al one.s. Mach

literature devoted to the general probLcm of the action of wind on txio

growth ex.ist.So Fritzsche (l), Jacobs ( 3 ), and more recently Merger (78

discus.sed the problem quite thoroughly; tlieir discussions covered wox'k

done by other investigators not ref e;re.riced hero.

Despite the abundance of literature pertaining to wixid acl.ion on
trees, few workt rs attempted to meaaure the drag forces involved. 'I’i reri

attempted to estl.mate crrjwn. drag I'rom conifer hi'aneh drag rneaeaircmen t:

;

made in a wind tunnel as part of his study on stem foxm. however, A'/i igh

Ing the conti' ihution to crown drag from different branch orientations is

difficult. A rccc'Tit croAvn drag study repoi'ted by Sauer (JO) give;-:

experimental results for entire conifer crowns rather ttian individual
leranches. Crown drag of saplings was measured in a wind tuxirel ;

harger

trees were tested by transpt vr tixig specimt'ns mounted on a tx’uck bed. The

data were correlated for eacli species with dimen.": i.onl ess paxvimcters

which pjormi tied ci-owti. drag to he estimated fr'om the dyjiamic pre.'-sure anti

tree characteristics..

Because ol' the difference.'’’ in r rown und loliage struc tui’e betwei';n

broadleaf.s and conifer.,, it was Itclicved that Bauer's conif'er results

would hot apply. Therefore a study was made to determine thf? aerodyricimi

drag of sevei’al spec.ic's of b.rc),idleafs under’ steady wirid condition;.;

,

underlined niuiibers in parentheses, refer to Jjitei-ature

Cited, page 25.
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EXPERIMENTAL PROCEDURE

This InvcGligatlon was carried out in California and North Caro-

lina, Rill crown drag of eight species was studied (table 1); one each

of American beech and scarlet oah was tested with defoliated crowns.

Except for aspen and California black oak, specimens were selected from a

site class II or better, mixed hardwood stand in Bent Creek Expierimental

Forest, Pisgah National Forest, North Carolina, elevation 2300 feet, in

the summer of 1952. Aspen and black oak were selected from a site class

II or better, mixed conifer stand in Shasta National Forest, California,

elevation 4000 feet. In the summer of 1950. Individual trees were selected

for good stem form, crown synmietry, and road accessibility. Foliage char-

acteristics and availability wore the basis upon which species were chosen.

Test trees were felled in a manner to minimize crown damage.

The vehicle-test technique developed for the conifers study was

used (lO). Trees were instrumented v/lth ring dynamometers and mounted on

Uie bed~of a 1-ton truck. Average velocity, moment force about the base

of crown, and drag were measui'ed by transporting these instrumented speci-

mens at vai’lous steady speeds over predetermined level, straight courses.

Upon completion of drag tests, weight and moisture content of stem, branch-

wood and foliage, total height, crown length, and diameters at specified

locations were recorded for the specimen. These data were reduced and

presented graphically in a manner similar to conifer results.

The North Carolina tests course was on highway 276 in the Pisgah

National Forest. For the California tests, straight sections along high-

way 89 east of McCloud were uned. Local effects were minimized by testing

at the same velocities to and fro along the same course. Tests were per-

formed dui-ing the early morning hours when sui’face winds and road hazards

were at a minimum.

A range of speeds from 10 to 55 miles per hour (15 to JO feet per

second) at 5 m.p.h. Intervals was used. Time was recorded from a stop

watch with_0.Q02 minute least count. The lengths of test courses were

chosen such that the velocity error was less than 2 percent.

The instrumentation system for the California trees was that used

in the conifers study. Forces measured with ring dynamometers were

recorded with a Foxboro SR-4 circular chart recorder. Readings from the

circular charts had a least count corresponding to 10 pounds dynamometer

load

,

The above Instrumentation was modified for the North Carolina

tests (figure l). The dynamometer at the base of crown measured the

bending moment about the base of crown. The one close to the stem base,

'5.16 below, corneoted in subtractive circuit with another matched

dynamometer at the base of crown, measured the drag force. Measurements
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Switch box wiring

T = Tension

C = Compression

Drag dynamometers

connected in

subtractive circuit

channel oscillogrophs

- Figui'e -Schematic diagram, of instrumentation used

for North Carolina tests

v/or^ recorded with single-channel Sanborn oscillographs operated off
i'4-V batteries through converters. This change in instrumentation
allowed variable sensitivities v/hich could not be obtained with the
Foxboro I’ccorder,.

, The least count of the oscillograph record is 1 millimeter. The
.L'east cbun.t of the reduced data varies with the gain and attenuation
settings? ai'cording to where K is 31.

'4 pounds for drag measurements,
ancj 20 j

oimds for moment measurements . An account of these least coiuvt

variations is found in taljle 2 in Data and Results, under the heading
"least count accuracy." ",
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DATA AND UKiULTD

The data have been correlated with dinionsionlens parameters that
depend upon wind forces and tree characteristics (figures 2 to 5). These
correlations are similar to the ones developed for conifers. The data are
tabulated in table 2. Data for i-he defoliated t.rees are poor; hence no
correlat.ion is shown. Figure b shows the position of the center of pres-
sure as a function of the dynamic pi'ossure for several specimens tested.
Estimation of an average centei' of pressure position may be obtained from
figure 7 from tree paraineters.

20

(a)

\

mqm " u t about sase 0 Fj:

R

ow n - dynam i c pressure
(DIAMETER inside dark, BASE OF CROWN)^

UNITS)

Figui'e 2. - -Dimensionless correlation for (a) silver maple,

and (b) sweet birch (full crown)
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DRAG

f^OPCE

DRY

FOLIAGE

WEIGHT

MOMENT ABOUT BASE OF CROWN -DYNAMIC PRESSURE ^
(DIAMETER INSIDE BAm<70ASE OF CROWN )3

(lO^UNI'H)

Figure 3 .--Dimensionless correlation for
pignut hickory (full crown)





MOMENT ABOUT BAS E OF CROV-V N - DYNAM IC PRESSURE

(DIAMETER inside BARK, BASE OF CROWN)^
'

Figure 4 •--Dimension] ess correlation for (a) American beech,
and (b) yellow-poplar (full crown)

DISCUSSION

Aerodynamic drag of a nonflexible body in submerged flow is a

fnnctlon of the geometry of t]ie body, velocity, and fluid properties;
specifically It is the product of drag coefficient, frontal area, and

dynamic pressure. Drag coefficient is a function of Reynolds and/or
Mach numbers. At low velocities, such as the range considered liere,

Reynolds number dominates.

13





MOMENT A BO UT BASE OF CROWN — DYNAMIC PRESSURE
(DIAMETER INSIDE BARK BASE OF CR0^N)3

'‘'O'* UNITS)

Figure 5 .--Dimensionless correlation for (a) quaking aspen,
(b) California black oak, and (c) scarlet oak
(full crown)

For a flexible, porous body such as a tree crown, the area and
porosity change- constantly with dynamic pressure. These changes affect
the drag coefficient and hence drag. Tir^n (14,15) concluded that the
exponent for the velocit.y is not constant with crown drag. Sauer ( 10)
atfrLbutes the nonconformity of crown drag with rigid bodies to the
change in drag coefficient and area. Since this study was patterned
after the work of Sauer, the role of Reynolds number has been .subjugated
as was done for conifers. The above considerations indicate that crown
drag coefficient and area must be represented with measurable tree crown
chai-acteristics

.
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'[l.e bctiJint^ of' tP'-'' >-r ncd ;:l,('in iirvloj- the infliKmce of vrlmi

I'oreo;; r'l'.ml i.:' jd a rc" . tor nipli
,

i.tiC' majai ! tudo oj' w}il<di Ir; doprndent
upon i ho mHpn 1 * nn.r .ji tlio '.imi' I ji’f <' ud nioi hfiriL^ral pr'Oj^'r I, I o;’ ol' tfio

wocuj » Thin loiiplo and dT’pp 1'ot* o t )(nd,t'i r with ttio' dyriajiiic pn 'an'iro and
trr't^ chn rail tan 1 t U- ; imint. Idior o I'l.irr ( .onil'ii t.'O l,o pocja'o.:s tho aerodynomlc
aeirivliOf of the :i\rw\\^

Fij^uro.: to :i ric Lu'vlvr-
,

atir,^ ttif- enipirirally corrolaiod enrveo
bol.woen drag I'orce and iiic,(iient .ibout Id e hano of crown norinn 1 I zod with
dynnniic prcarnre and tree ]) iranie tern „ 'there correlation gron])ing''^

rlinllar to those use d for conli'ere^ The moinent was cirosen about the base
or crowi to indicate the degree cl' crow.r nioveinert»

Comparison of ttw data for conlfr-rs, North Carolina hroadienfs,
and California broadleco's inuioates a greater variability for the North
Cu-roJlna data„ This vaxla tnen wanncjt hr; reduced by correlation..

The tree rCjoracter-is tics used differ from those found to be impor-
tant, for coniferso Drag for con:. ler;;. was nonna.Lized with dry crown
weiphto Broadleaf tie''S, unLlke coriifan'Sj, often do not exhibit a central
stemo Their branc hwe^od weiglits constitute the major portion of the crown
weight (table C)„ If drag per unit dry o.rown weigiit we.re used, the effect
of' foliage would be oversliadowedo For this reason, ttie drag was computed
on the basis of per unit dry foliage weLghtu

Dry branehwcod to foliage weight ratio was shown to be Important
for coniffis (10;„ Because of the size range of broadleaf trees, varia-
tions in this rat,1o wei-e sniall in m..)St rvaoeso Foi’ specimens with Ifmge
differences, .scatter . f the dat-i hid .Its effect on tlie correlation..

Because of thi.,, t!'c ratl(j was el Inn nate-J from consldcrationo

Two defoliated tree i were tested witii the same procedure. Unfor-
tunately the data are.^ meager J'r^r .auwelit ion o Nevertheless, cumpari-
.scui of the raw data sh»;)W;i tha': presence of foliage increases tho ding
from two- -to tenfold (fi.gut'e H’i„ Th.is fact was brought out quantitatively
by f.auer (10)„

Tb.e oentei^ 'i-f pressur* pjsitlon calculated f:rom the data romaine-d

fairly i.onsL.uib lor the ni. t. p irt over the dynamic pressure range studied

(figure C) „ Below a, dyr _mi.c r,reoSu.re o,f approximately 2 pounds per square

fo'd., which 1.1 L lu i vs I 'U', t In ai)init u4 feet per seermd wind velocity, th'.'^

center of piavsuxv' poslti-..n for .•lom’’; trce.s ascenduil, some remained sub-

stantially .loustant, wiciie ohier-r viesc' jided,. Qp.mtitat ! ve considerations

imij.cate vario t ' r)>i ? r pcj.-ut :or, i..f ittif.cr uf pres.cure v.'^lth wind velocity

dcjj'ends upon . cum b Inat ' of stem a- d tnancii properties (table J).

Brancii and stem s t ; t ft... ss w>o -i<it iiieasuredo Exam Inal.Ion of figure 6

indicates a rnaeimurti el sage locs.tio" “ f f.he pressure cet'Ler of about 20

percent, Glnce the d.o'.-- do e.,d, illcw recti f'i cat ion of these changes, a

plot, of the average centej- of' pre.s-ure positron is given (figure 7)^
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Figure 8. --Comparison of full and defoliated crown drag
(VT-11 Sweet birch, VT-2 Scarlet oalc)

Table 3.- Reaction of ccnier of pressure pos i tion
to increase in velocity

Branch Stem Reaction

stiff stiff remain constant

limber stiff a.scend

limber 11 mber descend





The iT'.ecliaii 1 ,ti 1 prop( r11 ei.; of Uir nforn^ iiiipr/rLanf from Lhe st-ird-

p^")int of n 1 , 1‘enp f li o( m i Uad a 1 :

; ,
Irivc- hooti loft oiA beoaiioe tholo' fffecL

on t h(' lial.M dc-'oa not. jnrlnf.y (oinp I i<- a f .1 ik; fho corrolaflon„ 'Die rolo
of merdinnfnn L properL-U-n can b(* dol.crjiiincd only by more e>:pi,r j.irionLablon<.

A buslo nienharv al properly rrifers into ntrenn do Lcrm I nablona
Is t.he modu.lus ol' cJasti.oltyu '^nblo Lis is the average grren modulus of
elastloiiy j'or llie v.ir-ir)u:j test fipccimerr- in descend Lng ord(n'„ T)i(' more
supi^le, Lionce sm.a.llof modulus of elasii-Liy, iree will bond more for £i

given dynnmio pressurfo'^ '!.l]07nn c're, i,he drag will be less find a Liigher

dynamic prossm^e will be nec'"-ssnry to prod”oe ilie Siime drag. Figui-e 9
shows tdiat (lie order' In tire iable fellows approximately the order of the
cui'ves from rrgh.t io left.

Table 4-" Average modulus of <^'1 act : c i iy for" green wood
de l,e:rii!’ nod w i tli jrfcanlat- 1 tes t spox^ imens-^7*

r Hod'ulus of elasijirity of green wood
'pecle;.’ .J. (thousand psi)

I f 1 cko r'y pi g r;ut i 6 5

0

Birch, sweet I6t0

Oak, scaj"l''t 14^0

Beech 13B0

Poplar, yeli-ov 1090

Maple, silver St+0

Aspen boO

Oak, C al . 1 forn 74^^

i-.Little is know’' about the modulus of elasticity of

-living trees

74_lee

If the order of the curves wei'C proportionally distrihutea ,
division

of the independo'st v.iriabit' by tne mcdnlus of elasticity to some power

sLiouid bring the curves together. 0.1 nee the oi"der is not proportional.,

tLic curves cannot be brougi.'t together with the modulus of elasticr ty alone.

‘j'he :c,f I uei. oi f,.^l.i.age charracter'lstics on drag is inconclusive.

However, ;t is inter-cs t J.ng to note (figure 9) that hickory and asptur are

at the t'wo ('extremes ' f tr.o band ol. vourves. Table 1 shows that hickory

iiBs nlt(jrnate p'nnatoiy cornprarnded ieaveo 8 to IP Inches long while aspen

has simple alternate Ir^avco, L-
I
/T tc P inchf'.s in diameter.

p/
" Til^n n7u ou;ivd lda~bu~ 7l ra g and found su.pp.Le branciies

'.'fiord Ics;' res.' stance per giver, wind velocity.
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Tl j s kTx^wii Lj;nl. i ri I. i > i'i ^

-i !
, L i mu'S af'lor a I,roe is fol'lec] (6).

The pror'i.'nee . h' vi'd iirl sunlji'.lw '

;c> i n la > r ; l.!ic rair'' of transpij'aition

'Tl f'ri s'li'l'h ^'Mii wai.or iraiispj.r'e;-;, the Ifravos

la> '( 'lie iLacii anh ITio Aenni I'oi'omia; il.ii'ifr (the nioda.l.iis of eiastloH/y
i n reasi',;

) „ Tin' r’l'o oi' iMiii-a' oi' uirjiiulns uf olnstici ty wltii riioistnro

.•oateni h.a: i t'or. r'uli'''l hy Tiioi, . la (!, ^T’) aiKi WLlacai (K'). The rate of
ahai.ia* rif haf' slreMgl'; aith. jao'i , La >•. Mat. /at. is not kno'/Si^ and rcc[uires
fijj'ther sLu'ly,

T'.:st spo' inioTiG were feli'Mi and 'lu'iniir'd thiC rilyht before eueli rnii.

Rati,.' wore started tit .abcajt f> a ain .and iTmtinuod ard.i.1. all dttt.a wore eol-
leof'-'d for a par t i ou i nr" 1,ree.. rs: :ho eoinj) 1 f t ion of tcrsl.s, observa t i (.ms

sh-iwf'd that in till n.attfr, th'.'- lemv^a; w.m'n j'lae *id. In rtitmy eases a small
nme)unt of loaves wn.,s lorn (jl'J' dariny i.he oQuj-nr? of runs.

M( '1 stii.r*^ oonlo'Tit samplem wore 1. iken only a1. ttie end o'"’ osKth lo.st,,

Thereforf^, t]i(? tnoistnre- lo.ss id.’ le\s t free.s is Jiot .known. Comp'irison of

tisi tr(H's with trees i.irajd ''or stat, i'l br'tiknpc and 'srowj-i an.a Ly.s i s indi-

cates. a taibs t.ani.i .-il .loss of rrioi:;iure in oil tioi'th Carolina speejincns

(table t)v liomp.'U'able da ta t'c'r Ct.ilifoiania blark oak and aspen could not
be found

.

Duo to limpness oi leavo.s in f'l.ao'id crowns, their v;ind 7'os Lntanco

will be Joss 'or I lie samo dynomie pressuray also still'en'’ erown components
will i.V'.|uire .loss dyi'amic pre'.'jSero for t'po samo draj’a Thfu-ri’oro, Uie

expierimontel '•urvo ai‘o loss stoop i,.'inn they slKSuld be (figiiiv 10).

o
o
_J

Decrense due to

chonge in stem 0i

branch properties

TDrag decrease

due to chonge

m leaf property

Experimental curve -

Actual curve

LOW velocities —

^

t-'I; ir''' i'
’ nap I

'

-I

'

Vde-^ 2 j

curve

LOG





Table b... I'f.)

nnd .’I 'jw'n

(irP.f'nt .'1

nr\n lysis

" drag l,(

t rc'cs

breakage,

fipoeies

Moisture corS.ent

fellid e-1c;,st trees'^'
|

lU eat ago- an?r 1 y s 1 s treofr^

ifildge
1

lU'aneh St(aTi
1

Folj.jgc
1

Sf-orn

- •peri ;ent - - -

Silver maple 9S.f 6 1.4 b.; . 1 129,5 8>(j .7 69.5
(Acer sQccha- 10S.6 69.7 76.0 151.8 70.9 66,3
rlnuin L.) 165.2 74,4 79.7

195 .0 72.5 56.9

149.2 78 of) 74^3

Sweet birch IPS. 9 60 . 56.4 177.0 (Vgl 71.6
(Bctula lenta lOu.S 54.0 bS.P 158.9 Ou „ f"* 71.4
L.) 132.0 87,1 7.1^4

184 .

3

8 5 2) 77-2
135.4 79^8 50,9

Pignut hickory ld»S 5
'7.1 59.6 168.0 (2,.l 5 5.

2

(Cai-ya glabra iid.o 68.2 59.2 144 • 5 07.8 70 .

5

Sweet) 225.7 72.6 58,7
218.2 80.9 63-1

201,5 68.5 49.5

American beech 75.6 66.,'^ 66.5 149.1 1 ;»8 73.2

(Fagus gr a r:di - 03 . 5 50,9 77.8 151.3 Ob. 0 80 .

3

folia Ehi-h.) 121.4 'g) j) 75.0
I'.ft.b' 72,4 89.4

1
—i

1

—1H o ().3 O.L.O

Yellow-poplar 76.0 65.7 102 .

7

216 , I 105 . /
102.0

(l.iriodendron 921.

0

99,4 81 .

3

315.0 1 1 5.8 104,1

tulipifei’a L») 149.5 80.3 132,6 22 5.9 128',, 2 l.iO, f

329.1 1, '8.0 100,0

311,4 115 .') 106.2

Scarlet oak 84.1 55 .:^ 68,5 154 ol 8 5 . i 84,4

(Quercu.s coc- 99.2 88,1 85,2 109,7 08,4 9d 4

cine a Muenclih.) 92.4 62.1 76.1 127,0 02.4 67 „b

121,9 73.8 72,8

M 5„4 66.3 03.8

ITliece trees a.rranged In s ime or der as in table 2 , Moisture sajiipies

collected nfler completion of drag tests..

Joffin.iple tree.s frcm "Oi’own Chai'ac teristlcs of vdeveral Brondleai and

Paijn free Ppeciee," T» 0 . Storey (in preparation), and trees used

by W. Y. Pong for static breakage analysis.



t,4T .;••-* 7> ,

'

7
'-'

> / ly V. ^PvP"'4vi * f/— -.,,•<.-1 — • ' -st'i • *vi^\ *» f-ivrT fcr-

*4 *'; '"

»|^

..V*
'

^
I

.1

i

\ 1
•<»•’:

IT
^ I

‘

f
1.1

•7
* } *

'

«
-?

’

> . 1 ‘ »

.
tr>

. T.
,

r
-!

^

^ •
•

-i

. r.’ '
i. 4

* * II*

•• t

'

'

I

/ * V ‘

k

.V \
-

, a”
*!>“<

•\
,

A <1 .‘ .*
j

'

‘ r

''

1/

I‘

; ' ‘ h>]ivf-
'

i;' ‘"•V}- .
t/ fes ji,n

'

M,' V •)••
5-'V>Tii'v 'v;'^ J.K't'V-tvy

'

'

"(i' ^ -

'. rf.f

|pi. .'; ;

ds

. •'..r,-V

^ >. i • Ai*'



Ini Inury fuinly::h" t)y nfMMiu; l.o inclifiato geometric siinl-

Inrity lx.'tv/een young nuil niaturc brond 1 o?i t';; . In order to cntabllah tlie

gcnornl appl i eabi 1 i l.y ni' Uic f'imptricai cin-veoj, dynriniic similarity for
bi'oadleal's must be r'stal)! ished as was done for coalferG (iO). Thlc can
be done by lest.ing I.orgcr as weli, as .smaller trees.

'

Table 2 shows the resl,rlcted numlier and siae of test species. The
limlte'd snng'iles also indii^ate the ne ‘css.i ty i‘or fui’tiier experimentation.
A larger size range of test trees wiJl reveal also the role of dry brunch-
wood to foliage weight ratio.

The preceding diseusslon lias brought o\it many interesting points
which have not been studied adequately. To recapitulate, influence of
foliage characteristics

, crown geom.etry, strength properties of leaves,
branches, and stem, and change of rnolstui'e content should be Investigated
for complete understanding of the broadlcaf aerodynamic crown drag
mech'inism.

CONGLUG IONS

1. Empirical curves based on wind forces and tree parameters have
been developed for the prediction of aerodynamic drag of foliated crown

for sevei’al species of broad leaf trees.

2. Each species has its ova.i. curve although the general character-
istics of all curves are simllai'.

3. Foliage (Contributes a major portion to crown drag. For the

trees tested, a difference of two- to tenfold exists between defoliated

and full cro'wns.

3/ Storey, T. G., Growi characteristics uf several broadleaf and

palm tree spoeies--relation between v/eight of crown, bronchwood and foliage,

and stem diameter (in. prepar;i tion) ,
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Nrb'.NO bATi b I':

/^ _
( '.'’0 ill (3graph n 1 tcrnio i, i uii ;a L L i iig

‘^bh
" oiit.aldo bnrl' dfartiLd.or jl bru.'icl. lu^iglib, iru

d,, inaidc b'irk d i i.met'-'i' a1, baae of crovm, Ln.

D draj; forco, lb.

”bh
= atom length above brt.'ast height

,
ft.

H,, length ot crown, ft.

stern length from tip to center of pressure, ft.

IB inside barl:

K d,ynajnometer constant, ll;.

L length of test course, ft.

M moment about base of crown, in, -lb.

OB outside bark

t time, min.

T temperature, °F

V ve locity, ft ,/sec

„

'^'db
" total weight of dry branctivrood, lb.

total, weight of dry foliage, lb.

P mass density of air, lb, -sec , '-/ft.

o




