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IN THE PAST DECADE, the patch-
wise pattern of clear cinting. known as the
staggered-setting system has gained wide
acceptance in the I)ouglas-fir forest of the
Pacific Northwest. Several advanta:(es and
a few disadvantages arc claimed for this
cutting method in comparison with con-
tinuous clear cutting (Aufder)teide, 19491.
Orm major di sadvantage of the staggered-
setting system has proved to he windthrow
of trees along the margins of the clear-emit
units. In some areas, the damage has seri-
ousl y depleted man y of the settings reserved
for later cutting, forcing changes in cutting.
plans :11111 creating administrative problems.

This stud y has attempted to determine
the relative importance of sonic of the
(actors which influence windthrOW ;11'01111d

dr:11 . -C111 settings in the Cascade Range.

‘Vinci Behavior in Mountains
And Forests

There is a substantial literature on the
behavior of wind in mountains and forests,

Certain observations can he drawn from

this literature which help to explain wind
damage on the snide area. These observa-
tions should also help forest managers in
locating windfiew cutting hotindaries.

1. Wind damage is often heav y on
ridgetops and upper slopes. There are sev-
eral reasons for the heavier danm o e. High
ridges protrude above the general level of
the terrain and arc exposed to the higher
wind speeds of the free air. In addition, a

ridge which protrudes upward i:Ito
wind stream forms an ohstruction
vertical converi.tence of streamlines. As
free not passes ove • all ohstruition sutra as a
ridge, it moves atryater speed (French,
1951). Wind damage consequently oc-
curs in the vicinity of the crest (Smith,
1946).

Ilcavy wind damage in forests on ridge-
tops and upper slopes has been reported.
from many places, including- the Oregon
Coast Mange (Ruth and Yoder, 195..;);
from Colorado (Alexander, 1954); from
eastern Oregon b y Smith and \Veit-
knecht ;' and from New Fri (land ( Brooks,
1939).

2. If a ridze or mountain is shaped so
that wiml can pass around as well as o-,er
it, wind speeds will be accelerated on the
shoulders of the mountain. NVith a west
wind, for exampk, accelerated wind speeds
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It 1 .	 N • itulthrnw is	 likely to he	 heaviest

	

rTh	 in	 the	 Cost (cxv veals after euttin;:. 	 The

	

\mo	 most vulnerable trees arc ‘vitulthrown 411;1.-
in` the first heav y storms after	 etittiii_;.

1	 The remaining stand ;,!; rows	 more
111'111 With	 pas-in`	 1 ()St. ;
\\eidinati. 1 r1:21)).

1 1.	 Inv•st• , ators in	 the Pacific North-
-)	 west have (mind no consistent 	 relation-

ship between size	 o f Hearin	 and	 ;111101111t

of	 \wind	 (1;1111:1q e.	 (	 I95.3 )
ollsei Ned	 onl y ncHigihle windfall 	 around
small 2-roup clear cuts in \ lain (141 -,41.,,wth
1)oughts-hr, althole,;11	 it appeared	 to ln•
severe around a lar ,, c clear-cut area of	 Litt
acres. ()n the other hand, Ruth and Yndia-
( 1 95.3)	 found that hloveilmk n nccurted
the Ice side of openings as small as one-half
acre in	 the Sitka	 spruce-N%-esturn	 hcmlnck-
f)ouglac-fir 'Inc. Oil eight units 	 r; Ii
in size from I I to S I	 acres, they found no
correlation bet \vccil size of clear	 cut	 and
amount of bliwvdoxyn.

Study Area
The I1.	 1. Andrews Experimental	 Forest
is located on the west shpc of the ("arcade
/Zai pse,	 51) miles east of F.11,,,em.,	 Oregon.
It	 occupies the 1 i,f/f 1 11 acre	 drain:1 ,2e of

ookont	 Creek, a tributary of lilac	 Ric ci
1111,11,	 III tarn, fl o es	 into the 'Air Kenzie

River;	 The	 mountainous	 tnpo:::-
raplit and the -11)0-scar-old stand	 of	 old-
, nawvtil	 1)oir , las-lit •	 111111Z.i/7;;

Franco) are rcpre‘critati‘c
old- rott tic forests on	 the \vest
the Cascade Ratt....e.	 IVcsterti	 heinhick
(	 11,1 ;or,' th (11a ( Raf.) Sarg.	 tve , t-
ern redceilar ( Threin	 p/; cato	 1),,tin)	 and
1' Acific	 silver fir	 ( 	( 1)0itgl.)
Forbes)	 are present in the stand ac under-
stor y species. IN'estern	 white	 pine	 (l'irlfi.;
m ,),Ilic ,ria	 ), nohle fir	 Po-
i-era Rclid.), and incense-cedar	 (1,ilio-
cedials	 dccurrclis Torr.) are present ill
.mall amounts. The drainage is triangular
in shape and mu-nixes to a point at its

	

("N%	 111(1, a hick opens 0) the Nvest-south‘%-est. A
lon .J. , high tail:!;e	 ri ses ab r uptly aernss the
\kid(' tipper end of thr drainairc.

	

aron;.ti	 t.
perimet. rs of ri.:ht r,IUt	 rm in :t sta L .4cred-
, rttit1	 p,tt,•rn	 on a /...q1:,-noitilwrst

1 ).	 units	 rut:,	 in	 size	 from
24 to (e., acres and he	 riu%
^1 	 ,(01•	 inch	 ..f
t111i15 kt . e i ,• 	 ;it	 ,t11,1 the
live	 in

	

In 7 c In - ral,	 are	 stay
h ilt locali/eil areas of	 soil underlain
by nick are wait ' redthr•iezjiolit the drain-
age.

The ( Inna te and
i t 	 -1.11(-

11 . intcr, arr inild anti	 tvt . t,	 thy !..imirrirt.:
11-arm and dry .	 Annual pree'..d itatott aver-
a i res 65 t o ion	 min,	 the
elevation, occupied by	 Douglas-fir.	 :lbout
75 percent of the pr•,-;.;•:tation	 falls during
November tilruu it .V1 1rd, saturatin• ,	the
5,,i1 during the	 period	 ‘vhcii	 vi4.1( . 11t storm
\vim!, are	 most	 conmton. 'rite	 wet	 soil.:
furnish	 ;, , or ;,rn.-itora.:c	 for the trees.

Methods
,\ total	 of N'■')	 all	 t'ti-
thlatol	 1.S million hoard feet	 of	 timber

.	 I i 7,1,1	 stilly units (it;
the II. 1. .-1	 •(-7.,-.c	 Fs pr .	we); tal

ori	 T e	 ;;;,	 poin,oeit

piroAirmatly
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%V(' IT	 / I I If•■ I in Ilelltii. 1 he position of Cal I I

windthrown tree along I.9 miles of (Amin:::
not e vac plotted on	 a map (Fig-. 21, and
the following data were recorded: Species,
diameter at breast hei " ht, direction	 of fail,
evidence of IVtinti	 rots or logizing
and	 til•	 itior

II, the	 position of each tree on the cutting
boundary was classified according to topo-
graphic location and the distance from the
cutting edge.

Wind Behavior in the Study Area

Approximately 911	 percent of the w ind-
thrown  trees. were blown down by winds
from	 t he southwest quadrant ( Fig. 3).
Nlo q 	of the	 dama! , ing	 winds in western
Oregon accompany	 southwest	 storms
which	 sweep in from the Pacific 	 Ocean
during the winter.	 Sixt y percent	 of the
trees on the study area were felled 	 by the
violent storm of DtTembcr 4, 1951, which
Hew down almost 5 billion board 	 feet of

timber in the Cascade	 Range in ()reLf.on
(Greeley el al., 1953). Other southwest
storms accounted for about 39 percent, and
most	 of the remaining 10 percent were
felled	 by cast winds cvhich occasionally
reach	 damaging. speeds.

	

Patterns of windfall 	 ( Fig. 2)	 showed
that xvindtlow on the study area wa s in ;1c-

citrdancc with man y of the observations of

\ k	 11ChaVinr described in the literature.
1Vindfall \vas	 around twits in topo-
graphic	 sheltered	 locations,	 notably
units P, (_', and	 G, and I. It was heavy
around middle nod	 upper slope units that
were	 in 11:1112erl i llS	 locat io ns according to
the oh.crvations listed earlier,

lleav y and definite patterns of windfall
around the	 upper	 cleat- cuts showed that
s trong winds occurred on the upper slopes
(observation 1).	 Lighter and more hap-
haiard windthrow around the units on the
lower slopes suggests that stormwinds arc
' : encrall v less violent at the base of the
mountain.	 Ilowever,	 not all the topo-
2iaphicallt	 sheltered locations are	 on the

I. '1ST r	 oc-
t orred aioun.i unit 1.; ,•i, ; I •	 1.■;d4:,"
and aiwind unit	 I on	 ti:• 	 slope.
f r uit' 1. This clear cut is l•,..ited	 on a es.:-,'
steep,	 concave shy,. e,tl	 th••	 side of	 ti.c
mountain. Storinw inds foli•.wed

to tli•'
end of th , clear	 (-tit	 iok:,..-rvat:on	 •,nd
(-ansed a moderat• anpoint
there. I;elow the	 the

s t ,, i )ped .	litre	 the %vim',	 did	 n.it
closely folhew the slope, apparento, 	 beca,:se
i t was- t oo steep, or the	 iii
ton :14 , 10.	 I knit' there	 very	 lizt:e
‘,..indthrow armind the	 hir;.!.e,..t.	 ;wart of	 l;4:0,

unit.
( T ull	 /;.	 V-shaped	 indentation in	 tile

the reserve stand at	 the narro%•
end of the opening. (observation S).
gradual constriction of the air channel he-
t‘veen cuttin: edges ".-1,"
4 and 1) concentrated the torsi' of	 the
acecle • atin .z wind a;ainst trees at the apex
of the funnel.	 xvinds	 down a
lane of trees and extended the end of the
flume] 3 9 9	 feet	 into	 the uncut
(point "C,''	 4 1.	 Indentation: of this
kind in e\ilosed	 ed4es are oi)vion.;-:
da p t runs.

1	 11. Of	 all	 the t-iittiti,2 units, unit if,
located on the nortii‘vest sill-Mi(.i:1- of an
abrupt rise in the main ridge over which

0	 20 40	 4: 70 00

MUM ,F4 OF	 .,erattS

FIGURE 1.	 /)ii-e.-;:ril; of :all
011 I k f' ,:111,-;ry area.
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("1(1'. 6. S orin wind s blow if it--
hindered info	 ni	 ( ore,uounil )
roin die	 e on the main

where /his pid I( re was	 Awn.

the stand ( Fig. ti ). The	 deflected wind
currents converged	 wnh the	 wind stream
tlott in	 over the (-test and down the it
slope of the ridge. This (Indict- accelerated
the wind speed along	 the	 north count:
ed:ic , \Vher•	 t hese combined N% . ill(ls fun-
neled nut of the unit at its northeast corner,
a swath of green	 timber	 a quarter-mile
long was hliwyn down.

1"171/1177/;01.1 	 of 7(4,1,1d/row into 11;r	 re-
serp,, , stand 	 \ lost of the windthrow
around	 the stuill	 units occurred -within
200 feet of the e aloe eihres. The x■ ind-
thro•n trees were most eoncentrat•d rn the
first 51)	 feet. For	 each	 ,Itece,sive 511

awa y from the cutting hut 	 the num-
ber diminished h i about one-half	 I
in 2etier p i, xvindtlirnxv	 be l ow]	 the 2tio_
foot distance AV;IS	 and assumed
a widely scattered	 pattern	 similar to that
found in the virgin	 forest in other 11;111 c if
the drainage. ,Average penetration of t • ind-
thrme xvas deepest	 on eact	 cutting ciFie,
where the southwest winds 	 eNcrted their
full force after blowing across the clear-cut
area.

lilolvdoxvn beyond 21)11 feet	 from	 the
cutting	 lloundary occurred	 in only four
places on the stud y units,	 all on	 east cut-
tinz cd7cc, Three of the locations have
already been ile ..eriheil	 funnelin: of wind
by (lath:- eil: , es in	 min 11, lee flow on the

t . RI: 7.	 trcu'• the tiro,'
iu Ifni/ I: heftily 	(11 iin,g (a)
after (lilting (bp.

II

tai si,t

Ili)i)C1 ,jcpt'S	 in unit	 I.	 anti (ied,y•.ip;.,:c
and fininelin.z etrects hi unit I : . •• iie fourth
location was	 the suitttlicaNt corner of unit
I), ‘viirre wet soils Jong a creek and is

11r:tilled arty	 coraiii)tited to ttue
heat( xvitItithrox•.

	escapin• into	 or
lo triin: road	 ri- , ht-of-wa‘i. caused. a stn;d:
amount of vcinilthrow	 on the ei::es of a
few . Yitings,	 hot thi. etIect seem.
rclatkelv uniniviortant. 'lie Pc:at dam-
:Li e was limited to ahi,ut 	 I chain ill
cidc nf	 the ri::ht-of-w-av	 int• the
the settings. The lvi,idtilrocvn tres
mainl y of the tindersto.v yet

attempt	 made to thil: r;)17.:

;1111,1f 11 tr of ■vituitio-olv :don:
I wcun	 the clear-t lit ,Ctt■■■:::S.
the NvintiillI pattern ,: ..rotimi ;lie stm:y
and oh-er%.ttio n :don:	 ti l e road, irofcated
that the ri111,-,4-‘va y 	were not very ini-
p,,rtant	 in feetitn,.: the	 win,i from c.',carcut•
hi clearcut.	 In one	 place, clt.arin_-.
riH i t-of-way allowed the wind to enter a
s.vampv area on the lee side of the road.

moderate amount of teir.cifaii occurred
on this wet area.

Factors Affectinc, Wind Damage
To the Reserve Stand

I

J

66 ,/ ro re.rt St-iotrt

i'z,' of ;fennel. Amount
showed nn con,i•tem relation to

:::1111:;,■1

   



BLE 2. 1 I . in(/f,)// in 01(11;011 10 5;7..0 Of Re p s(, ,' Miring Ike 1:r.q 2-year polo,:
•allrr cultIng.

Length
of cutting
houn,hre

( 3)

/18 ./
7c.0
S7.5
1+3.•

1M.;
91.6
97.1

1118.9

Vo'iume
I 4. i. 	 `Ain ithr , rNit	 h ■ ; ti	 tin :
per acre he.lft ut

1■,1 : f	 R.I. ft.

3.040	 44
2,190	 32
5,1RO
3,450
4,020	 40
5,950	 OS

15,640
	

161
680	 6

eiittiV (:Lehi
(6)

41.1,5

1.28
1.7i
1.4;,

8.04
0.64

Size
(2)

24
30
37
39
40
44
48
66

'Gro,svolione.
2 N tunher of acres in the origin.d stand on each unit which would he equiv.den; to the voiume

Aviti,fihrim	 .room the unit. This comp rison 3 How: for dilferencec in 44 Hid ticnsitvin.l size
of trees.

sistance	 to wind than the more dense
crowns of western hemlock and silver tir.
Curtis.	194.3) found that open-crowned
trees were among the most resistant to
wind throw. Hover ( 1929) attributed the
windfirinness of western redcedar on the
Ol y mpic Peninsula to its open crown, short
hole, and deep root system.

In the uncut stand, hemlock and silver
fir in the understory were protected from
the force of storm winds hr the taller

Fritzsche (1913) has point-
ed out that root systems developed under
such conditions are not adapted to with-
stand drasticall y increased wind stresses
such as those which occur on the perime-
ters of clear-cut settings. These trees were,
therefore, ver y susceptible to windthrow
(observation 9).

sizes of Douglas-fir seemed cyrd-

ly susceptible to windthrow. The number
wimithrown by diameter classes was in
proportion to the abundance of trees of
those diameter classes in the virgin stand.
The larcr diameter western hemlocks also
proved	 just as susceptible to windthrow
smaller ones.

Fore(/ Scie,fre

r,v:Ta	 /Or fion of 	 bori irriary
NVindtirniness of	 cutting imutularies
dirfercnt topographic locations	 tta Corn —
pared on the basis of number of Doti:Ia.-
fi! tcinldfaiis per chain 	 cutting b6undart
(nil 	 Was	 ta:,e4i for	 this com-
parson because then Were tile la • :,;(*St tree•

:fild contained 77	 percent of tile windfall
volinne.

(....tittinz	 edges	 located parallel	 to the
eiin t .. 11 r	 alon , i-	 roads	 sustained the :east
wimithrow	 i Tahie 4 ).	 rate
loss was not date to topographic locatiun but
to the fact that southwest storm winds in
the study	 area hlo• 	 paral:c1	 to	 cuttin:
edges on Ow contour. 	 Therefore, the trees
on sue ii boundaries Were not exposed to the
full force	 of tile	 storm wind:. As road
grades on tile stud y area are tisualiv 7 per-
cent or less,	 with	 MaNintifill grades of 10
percent, cutting-	 bound•rie,, ;don:
are, in effect, vare similar to those located
parallel to	 the contour.

Cutting boundaries at right angles to the
destructive	 winds were more \vindfirm
when located along . rid.les than when lo-
cated along creeks or perpendicular to the



l'.11;1,1: I. A umber (if	 fails p • )-	 of
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/;\•	 looilifin nJ ( - 1(1/111< bowl 11111'.

Win

Topographic	 of	 1)oug1 is- \Ve;t, 7 n

100,1	 toting	 fir	 fiend.,	 o i , Ayr
houndary
(chains)

N	 (.1-,,c	 Al:
fir	 imp	 ' 	 ,t c

	\long road	 1 00. 7	 0.14	 0.29	 0.01 -

	

•\l o ngcreek	 140.1	 .9g	 2.05	 . 1 1	 0.1►	 0.1i I

	

Hong ridge	 184.5	 .27	 .C9	 .12	 .Ni	 .02

Perpendicular
to contour	 2I 3.0	 .2')	 .30	 Jo	 ,°2

Parallel to

	

«mtour	 04.9	 .14	 .42	 .03	 .11
()titer cdgc

	

of bench	 4.0	 .25

11.il

1 ,A high \eater t;IF1 1 • 	he present 011

Sollle areas	 onl y during the rainy season.
During the	 dry sumnier	 period, NVI1C1 1
many of the t littitr: units 	 are laid out,
these places niav be difficult to recog-nizc.
Local topograph y is (41( . 11 11c11 1 1111. S11. 1 110«

basins on flats or benches at the Imse of a
.lope may	 hccome s.atorated during the
rainy season.	 A high Nvater table max- also
he present	 ill streamhanks	 ;floe:. shallow
tvatercourse.s or the streams ma y five/flow
:111(1 saturate adjacent	 areas.

Skunk	 I (Lisirhilruu (IIII,T;11111(1,,1

ilulten and St. (.) is an excellent indica-
tor of poorl y 	 areas I Ruth and
Yoder, 1 953). Root st-stems of windfalls
are also useful. ()I1 sites Nvith a fli h «a-
I-I table,	 the root s ystems	 often have a
flat, tahlelike appearance on tin: bottom.
.\ somewhat ...in i tia l- root development ma \-
also occur	 \‘ • Ill're rock or dense cla y layers
restrict root	 development.	 In either case,
t Nvolild not	 he	 to CNI 1oSe such Arcac

on the rd^c of a clea • cut.

/ ), . -a r. Root rots were by far the most
imp . .rtant	 failor predisposing Douglas-fir

‘vitidthro\v (Table 5). Root rots Were
ascot iated teill. t h e 1(S: of 34 percent of
'4,0,1110 . 0 .s%	 1 ).19:11;15-61 . 5.

1:1I t t rIlt■	 lltAt ill	 itripori:ince

roOt	 A11110St 2t1 pt.:rev/It of the *Wind-

ihrnw i t	 DollHas-firs had it•en
inItt 1,tt to t1IC	 p.itit wiwic	 tiler	 tvcre

either uprooted or broken o ti at the base.
Vr., which cause.,

red-brown butt rot, was itY far t il t'	 trit'!" 1:
11111;: ll■	 (- 111,•i11:_; 	wiiltIthroxv

Dott-las-fir.	 It reas	 responsible 1111- 	 cw-
thini tit tilt' root rot and ;di of the butt rot
rl Ivindthrown
Con kv.0, 1113th s of all •,.. t11111; 1, nil	 a strip one-
third of	 a chain wide ittsitle tier eol,fes
the •igilt	 •.turfy	 Aithott41
.1 1k7U,	 .-j; was found in	 obit :17,)•lit

peer 111	 114 till: D11Ir4:37.-iir tre y s 1.11 the

S perCi:nt Coiltrikiiie{1 29 per-
cent of tile ■%indthroxvn Dow:Lis-firs.

1),ria	 :lima%	 was second in im-
p o rtance.	 Tili S fun.us tV:IS responsible fill
most of the root ro t in	 ,Poria

:tint	 decay
in the inty• l - portion of the bide, hut it was
of little	 importance as a butt	 rot in the
stud y area. Aithouzli it vcas ass,lciated with
almost	 one-fourth of the	 •indtlinewn
Don,tlas-firs.	 it	 %■-as 1,11111,1 as a	 p utt	 lilt in
onl y abolit 3	 percent of t11( 7(1,:',

.7"‘	 70 ' 1
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1( .11	 utter t ilt Iil C.	 Till, resulted

in ;1/1 indi ,C1 - inlinTh' n1111111112 cif the edge
of the stand and increased the exposure of
the remaining trees to storm damage.

Conclusions and Application
Of Results

NVindthrow around stag,yred settings	 an-
not he eliminated entirely, but it can be re-
duced.	 Success	 in a p:1111Cid;11" Ale:I	 Will

depend	 la i";:ely upon the judtpnent of the
forester who lays out the settings. "rile re-
sults of	 this	 and other studies sug Lzest	 Scv-
cral wa y s foresters can reduce wind dam-
age around stao:ered settings in the ( )re-
gnn Cascade Range.

Destrnctive winds in the Cascade Range
usually come from the southwest, but cast
winds also cause appreciable windthro•.
Settings should he designed	 for maximum
protection from the southwest winds.
ilowever,- in areas known	 to he subject to
strong cast winds, the cutting edges \cinch
.611 be	 exposed to the east 	 avinds should
also he chosen with special care.

NN'indward	 cutting-	 boundaries	 and
boundaries located parallel	 to the direction
of stormwinds generally so (lured only
damage. Protection from	 wind damage
need not he the governing factor in the
selection of	 these boundaries. A normal
amount of care in their selection should be
sit fliCleiit.

Leeward cutting boundaries sn tiered the
greatest xvindthrow losses	 f 1 • 12- . 21.	 Pre-
vention	 of windthrow should he a major
consideration in inCatill:	 leclyartl cutting
houndaries.

The relationship between xvindthrmy
and topographic location of cutting bound-
aries .511'.:.;cF.ts a unit design for reduetson
of windfall	 on slopes with northwest
southeast exposures in the Cascades. 	 The

top ;Ind hOt t()nl	 1)(11111(1:11'iCS of the clear cut
should	 he located either	 along roads or

parallel to the contour on benches. A some-
what less desirable location	 for the lower
boundary would he along	 a main creek.
"l he side boundaries should he located

9.	 Unit	 s tc,z g. , % ; „1 ;
/tort,: e I (Ind soitilwast shpes
the Casiale Ran;,:e.

either	 on the crest or	 iii, tilt A.%

r the crest of a secondary or ot're-r-
minor midge	 (Fig, 9).	 laid out in
this manner should result in a minimum of
windthrow, simplify salvage of am who:-
t hrow which does occur, and elin,;,„ it • ti,e•

necessity for lardin_ salvage
the regenerating- area. 	 Iii addition, some
slash	 buritin,_	 problems are simpritieti

Silen, 1955).
On long, high ridges which are expo,d.

to storm whirls, cutting should start in ti.e
lee of the ridge. Clear cutting- the top m.:
a secondary ridge that obstructs the wind
can indirectl y cause extensive blowdown
in the stand in it. lee.	 WiniitilrnW
he minimized by cuttill': successive settin:•
"into	 Ow wind - -for example, star-tit:2
two settings	 ketone; the kcse
( Fig.	 it ,	 Thc- last	 •ttill	 in

the stand on tile windward
slope ,•1 it	 riiku. 1:t	 tiale
each clear-cut setting to restock before the
next unit is	 cut, the new	 stands	 will de-
crease in	 to windward, and the ex-
t,:•nt of cutting boundaries exposed, I'll wind
damage will he minindied.
Addifionill ;:ttiin s s for r•-drecti*n.	 of-

Foilowin 2 are	 .mime	 further s.;2-
:estions that mar he helpful in 	 reducCon
of windthrow around stag:.rered settings.

1.	 I.,.. • 3tc	 cutting 1,oun.i.u-i•s	 tiot are ex-
yoce . .i	 to (Ill/lazing win.15	 at	 lea,: 2,'!)
feet from pm,r1v	 sir tutu.I or sh:-;i:ow

72 /
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