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I indthroco Around Staggered Scttines tn

Old-grozoth

IN THE PAST DECADE, the patch-
wise pattern of clear cutting known as the
staggered-setting system has gained wide
acceptance in the Douglas-fir forest of the
Pacific Northwest. Several advantages and
a few disadvantages are claimed for this
cutting method in comparison with con-
tinuous clear cutting (Aufderheide, 1949).
One major disadvantage of the staggered-
setting system has proved to he windthrow
of trees along the margins of the clear-cut
units. In some arcas, the damage has seri-
ously depleted many of the settings reserved
for later cutting, forcing changes in cutting
plans and creating administrative problems.
This study has attempted to determine
the relative importance of some of the
factors which influence windthrow around
clear-cut settings in the Cascade Range,

Wind Bchavior in Mountains
And Forests

There is a substantial hterature on  the
behavior of wind in mountains and forests,
Certain observations ¢an he drawn from
this literature which help to explain wind
damage on the study arca. These observa-
tions should also help forest managers in
locating windfirm cutting houndarics.

1. Wind damage is often heavy on
ridzetops and upper slopes. “There are sev-
cral reasons for the heavier damace. High
ridges protrude above the general level of
the terrain and are exposed to the higher
wind speeds of the free aire In addition, a
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ridge  which protrades upward into the
wind stream forms an obstruction causing
vertical convergence of streamlines. s
free air passes over an obstruction such as a
ridge, it moves at greater speed (French,
1951). Wind damaze consequently oc-
curs in the vicinity of the crest (Smith,
1946).

Heavy wind damige in forests on ridee-
tops and upper slopes has been reported
from many places, including the Oregon
Coast Range (Ruth and Yaoder, 195555
from Colorado (Alexander, 1954); from
v Smith and  Weit-
knecht; ! and from New Fnoland (Brooks,

1939).

2. If a ridze or mountain is shaped so

that wind can pass around as well as over

castern - Oregon by

it, wind speeds will be accelerated on the
shoulders of the mountain. With a west
wind, for example, accelerated wind speeds

‘I.hc nl‘r]]"r i'\ a r("(.'.‘”\'h E”I'CQ:L‘: ;'J :E:"
Pacific Northwest Forest and Range apen
ment  Station, Forest Scrvice, U. S0 Dept

of Agriculture. e wishes to acknowledge
the help of Rox R. Siien, Russel G Mitdhells
Robert H. Ruth, Owen P. Cramer, and others
wha assisted in the teld work or reviewed the
paper. Special acknowledgement is due G
Liovd Hayes for editorial help and guidaoce
in preparing the manuscript.

1Smith, Kan., and R. H. Weitknecht. 1915,
Windfali damage on cut-over arcas Whits
National Forest. UL S, For. Serv,, Pacif.

west, Foro Range Exp. Sta. Unpub. ms.
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P00 Wiandthrow s Bikely to be heaviest
mothe first few yvears after cutting, "The
most vulnerable trees are windthrown duor-
me the first heavy storms after cutting.
The remaining stand zrows more wind-
firm with passine time (N\dexander, 1954
Weidman, 1920,

11, TInvestigators in the Pacitic North-
west have found no consistent relation-
<hip between size of clearing and amount

of wind damage. Worthington (195.3)

observed only nezligible windfall around

small group clear cuts in virgin old-growth
I)nng];n—ﬁr. although it appeared  to i
<evere around a large clear-cut arca of 130
acres. On the other hand, Ruth and Yoder
(19253) found that blowdown occurred on
the lee side of openings as small as one-half
acre i the Sitka spruce-western hemlock-
Donglas-fir tvpe. On ecight units ranging
in size from 11 to 81 acres, they found no
correlation between size of clear cut andd
amount of blowdown,

Study Area

The Ho Jo Andvews Experimental Forest
i« Tocated on the west slope of the Cascade
Ranze, 50 miles cast of Fucene, Orezon.
[t occupies the 15,000 acre drainagze of
Lookout Creek, a tributary of Blue River
which, m turn, flows into the Mekenzie
River.  The rouzh, mountainous topoo-
raphv and the 400-yvear-old stind of old-
crowth Dougclas-fie (Pseudotaga menziesn
(Nlirh.)
old-zrowth forests on the west slopes of
the Cascade Rance. Western hemlock
(Tewga heterophylla (Raf.) Sarg.), west-
ern redeedar (Thuga plicata Donn), and
Pacific silver fr (Abics amabilis (Dougll)
Forbes) are present in the stand as under-

Franco) are representative of

story species. Western white pine (Pois
monticola ])mlg].), noble fir (Abirs pro-
(Libho-

present in

cera Rehdl), and incense-cedar
cedrus decurrens Torr)) are
small amounts. The drainaze is triangular
in shape and narrows to a point at its lower
™ end, which opens to the west-southwest. A
sd lonz, high ridoe rices abruptlv across the

wide upper end of the drainage.
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but localized arcas of <hajiow soil underlain
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The chimeate and wesiber conditons are
t_\'ixi(':li of the Orecon Coscide Ranse, The
winters are mibd and wet, the suimmers
warm and drve Annual preciitation aver-
azes 65 to 10t inchies, wostlv rain, at the

clevations accnpied b Douzlas-fir. About

75 percent of the precipitation falls durinz

November throush \pril, saturatine the
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were studied in detaill "The posttion of cach
windthrown tree along 8.9 nules of cntting
jme was plotted on a map (Fiz. 2), and
the following data were recorded: Speaies,
diameter at breast height, divection of faily
evidence of wood rots or lorging mjury,
and soil conditions i the root holes, Finad-
ly, the position of each tree on the cutting
houndary was classified according to topo-
araphic location and the distance from the
cutting edge.

Wind Behavior in the Study Area

Approximately 90 percent of the wind-
thrown trees were blown down by winds
from the southwest quadrant (Fig. 3).
Most of the damaging winds in western
Orcgon  accompany  southwest  storms
which sweep in from the Pacific Ocean
during the winter.  Sixty percent of the
trees on the study arca were felled by the
violent storm of December 4, 1951, which
hew down almost 5 billion board feet of
timber in the Cascade Range in Oregon
(Greeley ¢t al., 1953). Other southwest
storms accounted for about 30 percent, and
most of the remaining 10 percent were
felled by east winds which occasionally
reach damacing speeds.

Patterns of windfall (Fig. 2) showed
that windflow on the study area was m ac-
cordance with many of the observations of
wind hehavior deseribed in the hiterature,
Windfall was Tizht around units in topo-
craphically sheltered  locations,  notably
units B, C, and 17, G, and 1. Tt was heavy
around middle and upper slope units that
were indangerous locations according to
the observations listed carlier,

Heavy and definite patterns of windfall
aromnd  the upper clear cuts showed  that
stronz winds occurred on the upper slopes
(obwervation 1), Lighter and more hap-
hazard windthrow around the units on the
lower slopes sugzgests that stormwinds are
cenerally less violent at the hase of the
mountain. - However, not all the topo-
craphically <heltered locations are on the
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end of the clear cut {obwrvaton 35 and
caused a moderate ameunt of blowdown
there. Beiow the e, hn\.\‘a'\z';', the wined-
throw stopped. Here the wind did oot
closely foliow the dape, apparentiy becaase
It was too steep, or the change in .\:n'v: Wi
too abrupt. Hence theve was very littie
windthrow avound the furgest part of this
unit.

Unit B N Vashaped indentation i the
downwind cutting edze on unit B funneled
wind into the reserve stand at the nuarvow
end of the opening (observation §). The
gradual constriction of the air channel be-
tween cutting edges “A” and “B7 (1
4 and 3} concentrated the force of the
accelerating wind azainst trees at the apex
of the funnel. The winds blew down a
lane of trees and extended the end of the
funnel 3000 fect into the uncut timber
(point “C." Fiz. 4}, Indentations of tiis
kind 1 exposed cutting cdzes are obviousiy
danzerous, ‘
Une . OF all the catting units, unit i,
located on the northwest shoulder of an

abrupt rise in the main ridze over which
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NUMSER  OF WINDFALLS

FFicure 3. Direction of fall for wind-

thrown trecs on the study area.
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Ieere 6. Storm <winds blow -
hindered into unit I°° (foregrownd)
from the saddle on the main ridge
where this picture wcas taken.

the staind  (Fig. §8). The detlected wind
currents converged with the wind stream
flowing over the crest and down the jee
slope of the ridge. "Fhis further aceclerated
the wind speed along the north cutting
edoe. Where these combined winds fun-
neled out of the unit at its northeast corner,

a swath of green timber a quarter-mile

lone was blown down.

Penctration of wcindthroic vito the re-
seroe .t/ml//. AInxt nf tlu‘ \\'in(llln'u\\'
around  the Stlu]_\' unl'f‘ﬁ n((‘lll'l‘ul Swithin
200 feet of the cutting edges.
thrown trees were most concentrated in the

The wind-

firet SO feet. For cach «uccessve SO fect
awav from the cutting boundary, the num-
her diminished by about one-hall ("Fable 1.
In gencral, windthrow heyond the 200-
foot distance was neghigible and assumed
a widely scattered pattern similar to that
found in the virgin forest in other parts of
the drainage. Average penctration of wind-
throw was (l(‘(‘p('\t on cast cntlin; t'f]_;\'\
where the southwest winds exerted  their
full force after blowing across the clear-cut
arca.

Blowdown beyond 200 fect from the
cutting boundary occurred inonly four
places on the study units, all on cast cut-
ting cdges. Three of the locations have
already heen deseribed—funneling of wind
by cutting edzes in unit B, lee flow on the

66 / Forest Scicnce

- i e U;.':.'..

R v R
b

LT o

j St LT SR | b.

reore 7. Windflow over the vidge
in wnit I before cutting (ay and
after cutting (b).

upper slopes i uinit Biy oand pozraphic
and funneling effects inounit LT e fourth
location was the southenast corner of unit
D), where wet soils along a creex amd i
a poorly drained area contributed 1o tie
heavy windthrow,

Wind esca

logoing road

;‘fn: inte or Howine out of
rizht-of-ways caused a smail
amount of windthrow on the edzes of &
few | settings, but tiis eifect scems o be
relatively unimportant. The Tizht dan-
ace was himited to about [ chain on cach
QM(‘ of the l‘i:iii-t-l.-".‘.i}' Ol t;w HE:I‘\ of
the kt'ltin;_\ The wiadthrown trees were
mamly of the understory specios,

No attempt was made to determine
amounts of windtivow  along reads oe-

tween  the clear=cit settin

the windiall patterns avonnd the study riits
and observation .‘(Ilv;l; the roads fadicated
that the richts-of-way were not very -
portant in feedmy the wind from clearcut

to clearcute In one plice,

rizht-of-wai allonved the
swampy arei on the iee side of the road.
A moderate amount of windfall ocourred
on this wet area.

Factors Affecting Wind Damage
To the Reserve Stand

Stz of clvarcut. Amount of windfall

hiowed no consstent velation to the size
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TABLE 2. Windfall in relation to size of setting during the first 2-year period

after cutting.

Length

Voivine per

of cutting Vol windthrown  chain of cutting

Unit Size boundary per acre clearcut foundan cquiviieni®
(1 (2) (%) () (5) (0}
Acres Chain: I;’,/: i1 "J‘. ]'f: dcres
G 24 68.7 KRIEY 44 01.63
C 30 78.0 2,390 5.2 1t
D 37 R7.3 5,180 ¥ 1.28
E 39 834 3430 t 1.73
B 40 100.5 4,020 40 I.40
H 44 921.6 5,950 63 2.33
F 48 97.1 15,640 iG] 5.04
6810 6 0.64

| 66 108.9

1Gross volume.
Number of acres in the original stand on each
windthrown around the unit. "Fhis comparison

of trees.

cistance  to wind  than the more dense
crowns of western hemlock and silver fir.

Curtis (1943) found that open-crowned
trees were among the most resistant to
windthrow. Boyee (1929) atwibuted the
windfirmness of western redeedar on the
Olympic Peninsula to its open crown, short
hole, and deep root system.

In the uncut stand, hemlock and silver
tir in the understory were protected from
the force of storm winds by the taller
Douglas-firs. Fritzsche (1933) has point-
ed out that root systems developed under
such conditions are not adapted to with-
stand  drastically increased  wind - stresses
cuch as those which occur on the perime-
ters of clear-cut scttings. “T'hese trees were,
therefore, very susceptible to windthrow
(observation 9).

Al sizes of Douglas-fir scemed equal-
ly susceptible to windthrow. The number
windthrown by diamcter classes was n
proportion to the abundance of trees of
those diameter classes in the virgin stand.

Q The larger diameter western hemlocks also
proved just as susceptible to windthrow as

smaller ones.
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unit which would be equivalent o the volume

allows for differences in stand density and sive

Topographic location of cutiing bownidary.
Windfirmness of cutting boundaries on
ditferent topographic Jocations was com-
parcd on the basis of number of Douckis-
fir windiails per chain of cutting boundary.
Oniy Douzias-fir was used for this com-
parison hecause I!\t‘_\' were the largest trees
and contamed 77 percent of the windfadl
\'ninnn'.

Cuttinr C(l:_'(‘\ Jocated :»,lx';(llx‘l to the
contour or along roads sustiined the least
windthrow (Pabic 4). This Tow rate of
loss was not due to tnim':_'r.;.w}.{r location hut
to the fact that couthwest dorm winds in

the studv area blow paralicl to cuttd

cdues on the contour. Thercfore, thie trees
on such honundaries were not exposed to the

full force of the storm winds. A road

arades on the study arvea are usonaliy 7 per-
cent or Jess, with maximum grades of 10
peveent, cutting boundaries along  roads
are, n cffect, vary similar to those jocated
paralicl to the contour.

v H
Jies to thwe

Cutting boundaries at right an
destructive  winds were more windfrm
when located along ridocs than when lo-

cated along erecks or perpendicular to the
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Number of windfalls per chain of cutting bowndaiy by species and

/

I topographic location of cutting bowilary.

I3 nglh

Windialt. per cinin

Topographic of Douglas- Western Weztern - Silver White  Nobie  Incense Al
location cutting fir hemlock red-cdar fr pine 1 cedar spev
boundary
(chaing)
Along road 100.2 0.14 0.29 .04 : AL Gois
Along creck 1406.1 98 2.08 RE 0.01 0.01] kRS
Mong ridge 18:4.5 2 59 A2 06 02 1.66
Perpendicular
1o contour 213.0 .29 30 .02 £H2 ) . - 63
Paralicl to
contour 64.9 4 42 03 Al : .02 st 2
Outer edge
.25

of bench 4.0

A high water table may he present on
some arcas only during the rvainy season.
During the dry  summer period, when
many of the cutting units are laid out,
these places may be diflicult to recounize.
LLocal topography ic often helpful. Shallow
hasine on flats or benches at the base of a
dlope may  become saturated  durime the
rainy season. A high water table mayv also
he present in streambanks along shallow
waterconrses or the streams may overflow
and saturate adjacent arcas,

Skunk cabbage (Lysichitum americanion

Hulten and St. L) is an excellent indica-
tor of poorly drained areas (Ruth and
Yoder, 1953). Root systems of windfalis
are aleo useful. On sites with a high wa-
ter table, the root systems often have a
flat, tablelike appearance on the bottom.
A somewhat <imilar root development may
Ao occur where rock or dense clay lavers
restrict root development. In cither case,
it wonld not he wise to expose such arcas
on the edze of a clear cut,
Decav. Root rvots were by far the most
mportant factor predisposing - Douglas-fir
to windthrow (“Table 5). Raot rots were
avsoctated with the Toss of 34 percent of the
wandthrown I)nu;];m-ﬁrs_

TO 7 Fraen
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Butt rots were neat moimportince o
root rots. Almost 20 percent of the wind-
thrown  Douplas-firs had been weakened
by butt rot o the point where they were
cither uprooted or broken off at the base.

Poly porns cehccemit=n Fro, which causes
red-brown butt rot, was by far the most
important fungus causing windthrow of
Donzias-fr. Tt was responsible for one-
third of the root vot and il of the butt rot
in windthrown Pouzias-firs. An examini-
tion was made of aif stimps ona strip one-
third of a chain wide nside the edres of
the cisht <tudv uwnitse Althouczh Pu,’_\-l‘wr:r-
cchzecinitzii was found inooniv about 1S
trees i the

ctand, this 18 percent contributed 29 per-

percent of  the Doz ias-tir

cent of the windthrown Douz

Porie icetrii Nure, was second in un-
portance. “This funzus was responsible for
most of the root rot in Douglas-tir. Pori
TCelri sometimes enters and  causces \'lm';ij.
in the Tower portion of the bole, but & was
of littie importance as a butt rot in the
study area. Althouzh it was associated with
windthrown

3 . : .
almost  one-fourth  of  the

Dourins-firs, it was found as a hutt ot in

only about 3 percent of the 702 Douglis-
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vear or two after the fire. This resulted
inoan mdicrimmate thinnime of the odee
of the stand and increased the exposure of

the remaining trees to storm damage.

Conclusions and Application
Of Results

Windthrow around stagz_ered settings can-
not he climinated entively, but it can he re-
duced. Success ina particular area will
depend Targely upon the judgment of the
forester who lavs out the settings. "he ve-
sults of this and other studies suguest sev-
cral ways foresters can reduce wind dam-
age around staggered settings in the Ore-
con Cascade Range.

Destructive winds in the Caseade Range
usually come from the southwest, but cast
winds also canse appreciable windthrow.
Scttings <hould be designed for maximum
protection  from  the  southwest  winds.
However,-in areas known to be subject to
strong cast winds, the cutting cdues which
will be exposed to the cast winds should
also be chosen with special care.

Windward

houndaries Tocated parallel to the dircction

cutting  boundaries  and
of stormwinds generally suffered only Tight
damage.  Protection from wind  damage
need not be the governing factor in the
selection of these boundaries. A\ normal
amount of care in their selection should be
suflicient.

Leeward cutting houndaries suffered the
areatest windthrow losses (Figo 2y Pre-
vention of windthrow <hould he a major
consideration in Jocating lecward cutting
houndarics,

The relationship  hetween  windthrow
and topographic location of cutting bound-
aries suzrests a unit design for reduction
of windfall on slopes with northwest or
southeast exposures in the Cascades. The
top and bottom boundarics of the clear cut
drould be located cither along roads or
parallel to the contowr on benches. A come-
what less desirable Jocation for the lower
houndary would be along a main creck.
The side boundaries  <hould  bhe  located
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'ioure 9. Unit desion suggested fo
porthzeest and southeast slopes in

the Cascade Range.

cither on the crest or on the windwiard
dlopes near the erest of a secondary or other
(Fir. %) Units i

this manner should result inoaomi

mimor ridoe

UL ol

windthrow, simplify salvaze of anv wina-

throw which does ocenr, and chminate the
necessity for varding salvaze Togs throuzh
the regenevating area. In addition, some
slach burninz simplitied
(Silen, 19355,

On Jonz

to <torm winds, cuttine should start in tic

problems  are

moh ridres which are exposed

fee of the ridze. Clear cntting the top of
a sceondary ridee that obstructs the wind
can indirectiv cause extensive  biowsd

in the stand in its lee. Windthrow mt

be minimized by cutting successive setti
«

 fod H < e - 1 " .
nto the  wind dor  exmmpe, stari

8 DU S

two settines beyond the base of

(Figo 10 The last setuing o the seves
should incinde the stand on the windwand
1 e .4 . 1 " ' e £ o5
siope of the |'u1:l'. bV dhiowins tine ol

1 . 5 TR T
(‘:!(‘h ciear=-cut <cotting to restock detore tie
next unit & cuty the new stands will de-
crease i heizht to windward, and the ex-

tent of cutting baudarics exposed to wind
damaze will be minimized.

Additionad grades for reduction of woi-
throte.  Following arve some further siz-
cestions that may be helpfal in reducton

of windthrow around staggered ~v:::'n_;<.

1. Locate cuttinz boundarics that are ex-

poced to damaging winds at least 200

feet from poorly driincd or shallow

sotls.

-t




e

Poniers o mad s o e

ey

o

0

[enkins, Co 1. 1952.

I

Ay

Popnorskry, J. 1927,

Rt

IForeeasting  the
monntain wave. U, S0 Depe Defense,
Air Force Cambridoe Rescarch Center,
Air Foree Survevs in Geophysics, No.
15. 32 pp

nern. Vieror So 19400 Hurreane
damage on the Bartiett Foapermental
Forest, U. S, For. Serv., Ntheast. FFor,
Fap. Sta, Tech., Note No. 42,0 2 pp.
ANLEY. Gorpon. 19450 The helm
wind of Cross Fell. Quart. J. R, Met.
Soe. Jll‘_\'—()('tnlwl', I()-H. Pp. ]()7
215,

Dic Forstsehad-
liehen Fizenschaften Des Fohns Und
Deven  Waldhanhche
('The detrimental gualities of the Fohn

Jekampfune,

(Wind) and ailvicultural measures to be
taken  against them.)  Schweiz. 7.
Forstw. 78(11): 345-357, 390-3197.
(U. S. For. Serv,, Dive of Srivics
Trans.)

i, Roperr Ho and Ray AL Yoper.
1953, Reducing wind damage in the
forests of the Oregon Coast Range. U.

S. For. Serv., Pacif. Nthwest, For.

Range Fp. Sta., Sta. Paper No. 7. 30

Pp-

[ Ferest Science

1 o 1 1 S S X i o i . . i

St s, Rov i 19530 More cilivivnt voad
;\di' \ Jeot ¥ I)'H.‘,l-»f}l G,
Punhermman YOt oL, DY, oby O,

Satrrir, Davie M. 9o, Storm

in New Faochud forestss Yale Sci

NMiaster's Thesiss 173 pp.
Sororow-Ki M SRS S/kady od
pos Ju w bcach Patrzanskich. (Sturm-
sehiirbn in den Patra=-\Wildern und dic
waldboaatichen VorbeusunssnyissreZ2ein,)
Poldka Akademin Umicjetnesci, Prace
1-127. 1 Ger-

man summaey: 11E<123.1  (Not seen;
cited from Smith, |

Weibaian, R. H. 19200 Fhe windiail
prohlem in the Kiaumath region, Orvezon.
= e 18¢8): 837-843.

WortrLe, Max. 1935-30. Wald und
Windwhutz,  (Forests and wind pro-
tection. ) Forstwiss, Chio 57 349-3062;
$S: 325-338, 429448, (Reviewed by

fohn F.

672.)

WORTHINGION, NORMAN . 1953, Re-

Godfrev in ], FFor., 38: 670-

production following small zroup cut-
tings inovirzn Donglas-fir. Ul S, For
Serv., Pacif. Nthwest. For Range Fixp.
Sta., Res. Note Noo 8+, S5 pp.




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

