increased \‘wrtuncc for the

March, Ap May forecasts,
while Road treek, a low-altitude
snow course, decreased in importance
for the sume forecast dates. While all
data did not indicate the relationships
this strongly, the overall picture re-
veuled a stable relationship among
snow course coefficients. Also, the
sum of the snow course coefficients
tended to become smaller as the be-
ginning forecast date advanced, that
is, the sum of the coefficients was
larger for a March-July forecast than
for a May-July forecast. This can be
expected in a viable forecast equation
since less area is covered by snow later
in the year.

We used only snow-water content
and runoff volume as parameters in
this study. This does not preclude
the introduction of other important
hydrologic parameters since the resid-
ual errors produced by the optimi-

zation can be regressed against other
parameters using mormal statisticul
methods to further reduce forecast
errors.  The major disadvantage of
the optimization procedure is the
need to obtain water content data
from all snow courses in a drainage
basin.
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Impact of five postfire
salvage logging systems
on soils and vegetation

GLEN O. KLOCK

ABSTRACT—The impact of five traditional and advanced logging systems on
soil surface disturbance, erosion, and understory vegetation was compared
under postfire salvage conditions on the east slope of the Cuscade Mountains.
Traditional systems included tractor skidding over bare ground and cable skid-
ding. Advanced systems included skyline, helicopter, and tractor skidding over
snow. Traditional logging systems caused more severe soil surface disturbance
and consequent erosion than advanced systems.

LTHOUGH wildfire creates an
ugly forest, it normally does not
destroy the timber. Use of this wood
is desirable. In the haste to salvage
fire-killed trees, however, logging op-
erations are often poorly designed.
Environmentally sensitive areas that
become the center of salvage activities
require forest management practices
that insure full environmental protec-
tion. One approach is to use logging
systems that have minimum impact on

Glen O. Klock is a research soll scientist
at the Pacific Northwest Forest and Range
Experiment Station, Forest Service, U, S.
Department of Agriculture, Wenatchee,
Washington 98801.

the soil resource. New systems can
significantly limit forest roads and re-
duce the soil erosion hazard.

For identification purposes, I defined
two classes of timber harvest yarding
systems: traditional and advanced.
Traditional systems include tractor
and cable skidding (jammer and some
high-lead operations). Advanced sys-
tems include helicopter yarding and
over-snow tractor skidding. Although
skyline logging, where the log is lifted
off the ground during yarding, has
been used for a number of years (13),
1 classify it as advanced because of
recent equipment developments.

My study compared the impact on

soils and vegetation of these five p,
fire salvage timber harvest sys(e;n
across the steep, unstable slopey u;
north central Washington.  The re
sults provide guidelines  for f”"@si
managers who seek to maximize foreg
nse with a minimum of cnvir(mmgma]
impact.

Study Area

During July and August 1970, mgy,
than 48,500 hectares of the \Vcnutchee
National Forest in north central Wg),_
ington were burned by lighh\ing_
caused fires (11). The burn includeg
the Entiat Experimental Forest, ,
study area representative of much fo.
ested land east of the Washingtoy
Cascade Range Crest (1), and severy]
adjacent watersheds.

My study area included two watey.
sheds in the experimental forest, Burng
and McCree, and the Brennegan wy.
tershed, which lies immediately east of
the experimental forest. These water.
sheds cover about 485, 567, and 1,000
hectares, respectively.  No roads had
been constructed on the McCree o
Burns watersheds before the fire. Muain
access roads had been constructed on
Brennegan.

Helvey (7) and T (8) described the
study arca watersheds in the LEntiat
River Basin, Briefly, the arca has a
steep and rugged relief dissected by
numerous tributary streams. Water-
shed clevations range from 550 meters
to more than 2,100 meters at the head-
waters.  Mean slope is about 50 per-
cent, but slopes of 90 percent arc com-
mon.
sheds is  a Mesozoic
deeply  weathered
Soils are formed from weathered gran-
odiorite colluvium covered by volcan-
ic ash and pumice. Soil depth ranges
from a few inches to more than 6.1
meters.  Vegetation types range from

Pinus ponderosa/Purshia/Agropyron
at lower elevations to Pseudotsugs %
menziesii/Calamagrostis rubescens at |

higher elevations.

The experimental forest was initial-
ly established to study the influence of
vegetation manipulation on water yield
and to test advanced skyline logging

systems on steep slopes with low tim- §
ber volume. Fire-oriented studies be- §
gan after the fire. Logging plans were §

modified for a timber salvage sale.

The Study

The area of the study, part of which

is shown in figure 1, included all of

The base rock in the water-
grandiorite, :
where exposed. |

purns and McCree watersheds and
'e east-facing slope of Brennegan,
Jto also were obtained for skyline
* ding on a small area of the west-
zwmg slope of Brennegan that was
],;gged in the late fall of 1972. The
it of the study area was logged dur-
g the winter and spring of 1972
In the fall of 1970, all three water-
gods were aerially seeded with a
rass mixture to reduce ercsion. The

 vjcCree and Bumns watersheds were

fer(ilized with 55 kilograms of nitro-
«n per hectare.  The Brennegan wa-
mshed was not fertilized. Tiedemann
and Klock (15) found essentially no
Jifference in the total live vegetative
cOver, which averaged about 10 per-
cent of the surface in 1971. The fire
pad destroyed all forest floor litter.
Five logging systems were used in
jhe timber salvage: helicopter, tractor
gidding over bare ground, tractor
&idding over snow, cable skidding,
ad skyline (Wyssen skycrane). The
uhle skidding was a combination of
mmer and high lead similar to the
jmmer system.  Jammers typically
4id ogs by cable to a road or landing

\d (B),

- Aerial view of soll disturbance on part of the study are
ystems are cable skidding (A), tractor skidding oveyr bart

p tractor skidding over snow (C), and helicopter yarding

cCree Creek Is shown at (E) and Brennegan Creek at (F).

Table 1. Percent of study area harvested by
each ygrd.mg system and number of sample
plots within each individual area,

Total Lo([iged Number of

System Area Sample Plots
Helicopter 488 1,338
Tractor skidding

on snow 24.2 534
Tractor skidding

on bare ground 4.0 279
Cable skidding 20.1 497
Skyline 2.9 255

from a maximum reach of about 120
meters.  The high-lead system was
similar to the operation reported by
Megahen and Kidd (10). This sys-
tem, with its 23-meter tower, normally
did not have enough deflection to
adequately lift the log. Logs were
skidded up to 240 meters, both uphill
and downhill,

Timber salvage on the Burns and
McCree watersheds was designed for
minimum impact on soils and vegeta-
tion while providing necessary access
to research installations on the expe-
rimental forest. To achieve this ob-

%

jective, 15.3 kilometers of high-grade
main haul road were constructed in
1971.  Slopes less than 30 percent
were logged with a tractor, slopes up
to 40 percent by tractor skidding over
a snowpack, and slopes over 30 per-
cent (except 30-40 percent over snow-
pack) by an aerial method. The sale
contractor used a helicopter for these
slopes.

Tractor and cable skidding systems
were used on the east face of the
Brennegan watershed.

About 52,000 cubic meters of tim-
ber were harvested from the Burns-
McCree sale and 45,000 cubic meters
from the Brennegan sale. Material as
small as 50 centimeters dbh was sal-
vaged. Average volume per hectare
was about 50 cubic meters (8,600
board feet per acre). Volumes of
timber removed per acre varied with
each harvest system, reflécting both
the operator’s selection practice and
higher stand volumes in some loca-
tions, such as the valley floor. Gener-
ally, highest volumes per acre were
removed by tractor and smallest by
helicopter. ’
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Figure 2. Severe soil surface disturbance measur:
T ed for sev
logging methods by seven different studies in the western Unftra%l




plots of about 13.7 meters. A plot
frame defining the sample point was
dropped immediately in front of the
recorder after the presclected distance
along each contour was traversed.
Three recorders were used independ-
ently of each other on different con-
tours.

At each plot, the method of timber
harvest, extent of soil disturbance, evi-
dence and cause of erosion, and type
and amount of surface covered by
vegetation were measured generally
following the classification established
by Dyrmess (2). Soil disturbance lev-
els were undisturbed (litter and top-
soil still in place), slightly disturbed,
and deeply disturbed (surface soil re-
moved and subsoil exposed). Erosion
levels were absent, erosion causced by
natural overland flow, and erosion
caused or associated with timber har-
vest activity, Vegetative ground cover
levels were no cover, 1 to 25 percent

During the peak of logging opcra-
tions in March 1972, warm tempera-
tures on a heavy snowpack created
erosive conditions at elevations below
1,067 meters. Serious soil movement
was observed, particularly in the area
of roads. In the early morning hours
of June 10, an intense rainstorm
(about 7.8 centimeters of rainfall in 3
hours) struck the slopes of all three
watersheds causing considerable sheet,
gully, and channel erosion. A sim-
ilar storm occurred on August 15,

Survey data were obtained in Octo-
ber 1972 on randomized plots measur-
ing 0.37 square meter. Plot location
was established by numbering 100-
foot elevation contours from the bot-
tom to the top of the area logged on
each watershed and randomly select-
ing six contours from the more than
20 available. Randomized plots were
located along each designated contour
with an average distance hetween

Table 2. Percent of the study area in total road prisms and landings.

Total

Watershed System Main Roads Spur Roads Landings Arca®
-

Bums ey a7 14 0 a1

MeCree it 28 21 o4 19

B o i 28 " — 169

*Areas could be categorized as having severe soil surface disturbance.
"Helicopter unloading pads.

Table 3. Soil surface disturbance, evidence of erosion, and vegetation and slash cover for
study area.

Advanced Systems

Traditional Systems

Tractor, Cable Tractor, )
Class Bare Skidding  Helicopter Snow Skyline
% of total logged area
Soil disturbance:
Undisturbed 26.2 23.5 88.0 66.0 74.8
Slight disturbance 37.6 44.5 1.3 24.1 22.4
Severe disturbance 36.2 32.0 7 99 28
Erosion:*® : .
Absent 61.5 55.7 708 76.3 g
Assaciated with fire alone 7.8 3.2 25.8 10.3 >
Associated with fire .
and logging 307 411 3.4 13.4
Vegetative ground cover: _
No cover 9.6 210 4.3 9.7
1- 252 60.0 60.4 49.9 627
26- 50% 20.4 129 25.1 18.5
51- 75% 6.7 5.1 13.6 7.1
76-100% 33 6 7.1 2.0

*Information given here indicates presence of erosion, not severity. Natural erosion on the
helicopter-logged area is caused by overland flow on extremel steep slopes. The amount of
downslope soil movement was minimal because site was not disturbed.

*Disturbance measurements were made immediately following logging, and the area had not
been subjected to crosive conditions.

cover, 26 to 50 percent cover, 51 to 75, bedrock (over 0.6 meter ), and up to
percent cover, and 76 to 100 percey| 38 centimeters of soil were eroded
cover. from large areas on these slopes. Fur-

Table 1 shows the total number of| ther erosion cog]d be expected.
survey plots and total area harvestqd Total vegetation cover on all harvest
by each system. Although 1 did ng areas was similar except in the cable-
attempt to make the ratio of sunve,i skidded'areas (Table ;3), Here the
plots proportional to the arca of opera.| areas with no vegetation were over
tion for each technique, randomiz.| 100 percent more frequent than in any
tion of sampling plot location appar.| other arca. As mentioned, Tief]cmzmn
ently gave a proportional coverage. , and Klock (15) found essentially no

Table 2 shows the area in roads f| difference in the vegetative cover be-
each watershed as determined fron| tween the three watersheds. The low-
aerial photographs. The 12 percen| er level of living vegetation in the
greater arca in spur roads in fhe" cable-skxddec! area thus had to ‘be
Brennegan watershed reflects the in.! caused by this loggl'ng method. This
creased road requirements for cablel removal of vegetation by the cable
skidding relative to other yarding sys.) skidding presumably accounted for
tems. ‘ the area’s greater erosion.

Results and Discussion Comparison With Other Studies

The conservation feature of thead] A number of studies have been
vanced timber harvest systems com! made on the amount of severe soil sur-
pared with the traditional systems be 3 fﬂCC_ disturbance caused by various
comes apparent in the amount of sol] yarding systems.  Figure 2 compares
disturbance and erosion associated] the results of this study with six sim-
with yarding. The advanced timba! ilar studies following logging on areas
harvest systems left 88.0, 66.0, an, ﬂYOt affected by firc in the Pacific
748 percent of the soil surface arr Northwest.
undisturbed, compared with 26.2 and 'Tlle amount of severe soil surface
235 percent for the traditional %! fllshlrll:lnce by tractor yarding found
tems (Table 3). More significant &; I this study on the east slopes of the
that severe disturbance was 0.7, 28 Cascade Mountains is similar to that
and 9.9 percent for the advanced sy found by Dymess (2) on the west
tems, compared with 362 and 3! Slopes.  Although cable skidding was
percent for the traditional methods. | se?ﬂn'd to tractor skidding in severe

Soil erosion was prevalent across ! $0il disturbance, cable skidding is usu-
burned watersheds as a result of ovetl 41V used on steeper ground, so crosion
land flow following the severe sum' My be greater with cable skidding
mer rainstorms in 1972, Because it W& f_lzln with tractor.  Severe sojl surface
difficult to separate erosion that o] “Sturbance by cable skidding  was
curred naturally from that attribute Probably, greater in this study because
directly to logg;ng, I added a class fﬂ" lf"derstlory vegetation and forest floor
erosion associated with logging, Th litter destroyed by the fire was not
class was identified by gullies follo*s I;fesenbt to protect the shallow, unsta-
ing skid trails and tractor tracks ‘“l € soil from skidding logs.
general washing and rilling of soil dl‘_ Uvance yarding systems appeared
turhed or exposed by logging. T 0 cause minimal severe soil surface

! ,,-‘dmu|, . . R
extent of soil surface uffected by € *bance in all studies. Less than
sion associated with logging ranf¢| " Percent of the area yarded by ad-
from 5.4 percent for helicopter )’-‘"rﬁ sl“l:'ff'e(l logging systems had severe
ing to 41.1 per cent for cable skidd® race disturbance, compared with

o

a3 R 7
< —o
=

(Table 3). f‘f Yﬂr(i(') 36 percent for the traditional
Although degree of erosion was ™| ing g techniques (Figure 2). Add-

Som ¢ area of roads necessary for

quent channel sedimentation in ln YﬂisL cable skidding operations conld

logged arca was much more 51“;‘\ fﬂge the total area of severe soil sur-
an in the undisturbed arca. M} ¢ disturbances to more than 50 per-

than in et Ceng I

times, particularly in the area w :WJ '

cable and tractor skidding over oL Bep, \REFERENCES CITED

ground were used, plot recor “! ™dt, HLOW. 1971, Early cffects of

noted severe gullies and loss of 5% o e on streamflow characteristics,

i e o \Forest Seiv. Res. Note PNVY- 148,
At some locations, gully depth reat i Pac, Northwest Forest and Range Exp,

: 0
measured, soil movement and cof¥;

0 AR,
80 JOURNAL OF SOIL AND WATER CONSERVAT CH-apgL 1975

B

@

>

w

>

~

®

©

. Helve:

. Klock, G, 0. 197

Sta., Portland, Ore,

Dyrness, C. T. 1965. Soil surface con-
dition lulbwing tractor and high-lead
logging in the Oregon Cascades. J. For-
estry 63(4): 272-275.

Dyrness, C. T. 1967. Soil surface con-
ditions following skyline logging, U. S.
Forest Serv. Res. Notc PNW-55. Pac.
Northwest Forest and Range Exp. Sta.,
Portland, Ore.
Dyrness, C. T. 1972, Soil Surface con-
ditions following balloon logging. U, S,
Forest Serv. Res. Note PNWV-182. Puc.
Northwest Forest and Range Exp. Sta.,
Portlund, Ore.

. Fowells, H. A, and C. H. Schubert
1951. Natural reproduction in certain
cutover pine-fir stands of California.
J. Forestry 49(3): 192-1986,

Garrison, George A., and Robert S, Rum-
mell. 1951, First-year efiects of logying
on ponderosa pine forest range lan(l,; of
Oregon and  Washington. J. Forestry
49(10): 708-713.

{ J. D.. 1972, First-year effects
of u:i:)ﬁru on water yicld and stream
temperature in north central Washing-
ton. In Watersheds in Trangition. Am.,
Water Resources Assoc., Urbana, 111

971, Streamflow loss fol-
lowing forest erosion control fertiliza-
tion. U.S. Forest Serv. Res, Note PNW-
169. Pac. Northwest Forest and Range
Exp. Sta., Portland, Ore.

. Megahan, Walter F. 1972, Logging,
erosion, sedimentation—Are they dirty

Important

dates to
remember

May 18-20
Land Use Conterence

Denver, Colorado
Contact: Land Use Conferance, 1321
Bannock Street, Denver, Colorado
80204

May 20-28
S d United Nati Sy
on the Deveiopment and Use
of Geothermal Resources
San Francisco, Californla
Contact: UN G

words? J. Forestry 70(7): 403-407.
1 f

=]

steep terratn. J. Forestry 70(3): 136-
1 141,

—

est Serv., Wenatchee, Wash.
Rice, R. M., J. S, Rothacher, and W. F,
Megal 1972, {onal c

10!

1

o

. Mégahan, W. F., and W, J. Kidd. 1972,
Effects of logging and logging roads on
erosion and sediment deposition from

Perkins, R. F.,, R. A. Woodward, and
T. P. Ryan. 1971. North Central Wash-
ington ‘fire rehabilitation project 1970.
Wenatchee and Okanogan National For.
ests. Wenatchee Nat. Forest, U. S, For-

of timber harvesting; An (A]V]I'(li'mL I‘r:
Am, Water

Watersheds in Transition.
Resources Assoc., Urbana, 111,
13. Ruth, R. H.

J. Forestry 85: 251255,
14,

'Y

Soc. Am. Proc. 19: 372376,

15. Ticdemann, Arthur R., and Glen 0.
Klock. 1975. First-year vegetation after
fire, reseeding, and fertilization on the

U. S. For-

Pac.

Northwest Forest and Range Exp. Stat.,

Entiat Experimental Forest.
ost Serv. Res. Note PNW-195.

Portland, Ore.
18. Wooldridge, David D.

line crane logging. J. Forestry 58: 369-
372,

June 8-13
First Earth Resources Survey
Symposium

Houston, Texas
Contact: Industriat Economlics
Research Division, Texas A & M
University, Box 83 FM, College
Station, Texas 77843

June 9-10

Environmental Law Shortcourse
Madison, Wisconsin

Contact: Robert Smith, University of

Wisconsin—Extension, 432 North Lake

Street, Madison, Wisconsin 53708

June 11-13

Impact A

mal Sy N
P. O. Box 7798, San Francisco, Cali-
fornia 84120

June 1-§
Twenty-second National Watershed
Congress

Portland, Oregon
Contact: David Unger, 1025 Vermont
Avenue, N.W., Washington, D.C.
20005 )

i
June 3-5
Purdue University Symposlum on
Machine Processing of Remotely
Sensed Dats

West Lafayette, Indiana
Contact: Carl Jenks, Stewart Center,
Purdue University, West Lafayette,
Indiana 47906

June 5-8
Fourteenth Biennlal Wilderness
Conference

New York, New York
Contact: Earthcare, 777 United Nations
Plaza, New York, New York 10017

Madison, Wisconsin
Contact: Robert Smith, Unlversity of
Wisconsin—Extension, 432 North Lake
Street, Madlson, Wisconsin 53708

June 11-14

Fontana Conservation Roundup
Fontana Dam, North Carolina

Contact: Robert Sloan, Fontana Viliage,

Fontana, North Carolina 28733

July 13-17

National Water Supply Improvement

Association Third Annual Meeting
Key Largo, Florida

Contact: NWSIA, P. 0. Box 8300,

Fountain Vvalley, Californla 92708

August 10-13
Soll Conservation Society of
Americs 30th Annuai Meeting
San Antonio, Texas
Contact: SCSA, 7515 Northeast An-
keny Poad, Ankeny, lowa 50021

1967, Silvicultural effects
of skyline crane and high-lead yarding,

Steinbrenner, E. C., and §. P, Gessel,
1955. The effect of tractor logging on
physical properties of some forest soils
in Southwestern Washington, Soil Si,

1960. Water-
shed disturbance from_tractor and sky-




