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ABSTRACT

The effects of road building and sel ective tractor harvesting
on storm peak flows and storm vol unes were assessed for a small (424
hectare) coastal watershed in Northern California. Two watersheds, the
North and South Fork of Caspar Creek were calibrated from 1962 to 1967
while no treatments took place. Roads were then built on the South
Fork, and the two watersheds were nonitored until 1971. Between 1971
and 1973 the South Fork was selectively tractor |ogged, renmoving 60
percent of the tinber volume. The stormflows were nonitored unti
1976.

Only the very snmall (566 |/s or |ess) storm peaks or vol unes
(121 kiloliters or less) were increased after roadbuil ding and | oggi ng.
Roadbui | ding al one significantly (p < 0.10) increased the small storm
peaks approximately 20 percent, but did not affect the storm vol unes.
Loggi ng increased both the peaks and volunes of the small stornms by
about 80 percent and 40 percent respectively. The |large storm peaks and
vol umes were not significantly increased by either roads or | ogging,
even though over 15 percent of the watershed was conpacted in roads,
skidtrails and | andings. The increase in small storm peaks and vol unes
are not considered significant to the streams stability or sedi nent

regi ne.
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I NTRODUCT! ON

The influence of forest managenent activities on storm
fl ows has been subject to much debate and controversy. One
subj ect of debate is the influence |ogging and road buil ding
may have on increasing stormflows and subsequent cunul ative
wat ershed effects. If the nagnitude or duration of the |arge
channel -formng flows are increased, the stream power is
i ncreased for eroding channel banks, scouring out gravel beds
and renmoving riparian vegetation (Gangnark and Bakkal a 1960;

Ri ce 1981; Chanberlin 1982). This could adversely affect the
fisheries by reducing the bank cover, scouring out spawning
beds, increasing the streamtenperature by reduci ng shade, and
decreasing the overall biotic productivity by reducing | eaf
litter input into the stream system (Chanberlin 1982).
Increasing the large channel fornming flows can increase
sedi nent ati on and channel deposition if the higher flows
under ni ne stream banks and erode the toe portions of unstable
sl opes, thereby triggering bank failures and | andslides into
t he channel (Farrington and Savina, 1977; Rice 1981). The

i ncreased sedinent can fill in pools and silt in spawning
beds, reducing the streans biotic productivity (Chanmberlin
1982).

The effect of forest managenent on | arge peak flows is
a mpjor issue relating to cunul ative watershed effects. |If
ti mber nmanagenment activities do increase the |arge peak flows,
then as nore cut units and roads are added to a watershed,
their effects on peak flown could cunul ate and coul d change

the dynami c equilibriumof the stream
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Federal |and nanagenent agencies are required to anal yze

cumul ative inpacts of their managenent by the National Environnenta
Policy Act. Most of the cunul ative watershed inpact anal yses presently
bei ng devel oped by the Forest Service are based on the assunption that
the |l arge channel -formng flows are increased as a result of forest
managenent activities (Seidel man 1981; Haskins 1983; Chatoian 1985).
For the Pacific Northwest the issue of whether |arge channel-fornng
flows are increased in size or duration by forest nanagenent has not
been fully resol ved because the findings have been m xed (Harr et al
1975; Ziener 1980; Rothacher 1973; and Harr et al. 1982). The Forest
Servi ce has been devel opi ng cunul ati ve i npact nethodol ogi es wi t hout
adequate information to do so, because of the legal requirenents to
address cunul ative inpacts. Until nore is known about the effects of
roads and | ogging on stornflows and their subsequent cunul ative

effects, these issues will continue to be quite controversial

oj ecti ves

The purpose of this study was to deternine the effects
of selective harvest and road building on stormflows for a

coastal watershed. Specifically, the objectives were to:

1) Det er mi ne whet her road buil ding and sel ective harvest
al tered peak discharge, total stormvolune, and quick
fl ow vol une.

2) Det er mi ne whet her road buil ding and sel ective harvest
altered | arge hydrographs and small hydrographs to the
same degree.

3) Devel op hypot heses about the effects of road building and
sel ective | ogging on storm hydrograph paraneters.



Ziemer (1981) did an anal ysis on Caspar Creek, the sane site as
this study, to deternmine the effects of roadbuil ding and | ogging on the
stormflows. The difference between Ziemer's work and this study is
that hydrographs were defined differently and different paraneters were
devel oped. The storm hydrograph parameters used in this paper were
simlar to parameters used on the Al sea watershed study by Harr et al

(1975), Harris (1973), Krygier and Harr (1972), and Hsieh (1970).

Literature Review

The first analysis of the effects of |ogging on floods in the
Paci fic Nort hwest was published by Anderson and Hobba (1959). The study
was done by anal yzing United States Ceol ogical Survey (USGS) gagi ng
records and | oggi ng history for sub-watersheds of the Wllanette River
in Oregon. Anderson and Hobbs (1959) concl uded that |ogging had
i ncreased fl oods, and that both for great stornms and small stormnms the
effects of forest cutting on floods were the same. These concl usi ons
were in contrast to nore recent paired watershed studies.

On the H J. Andrews experimental watershed HJ-1, in centra

Oregon, Rot hacher (1973) found that |ogging had only minor effects on
the maj or peak streanflows, which occurred when soils were thoroughly
wet. Exceptions were the early fall storns which in general do not
result in major peak streanflows. The early fall streamflows were from
40 to 200 percent higher than was predicted fromthe control watershed
usi ng the pre-1oggi ng data. Although sonme post-I|oggi ng peaks were
increased to relatively high levels, none of the increases exceeded
previ ous high stornfl ow peaks. Roadi ng another of the H J. Andrews

wat er sheds (HJA-3) significantly decreased the size of the peak



flows; Rothacher (1973) could not explain this observation except for
the fact that only two years of data existed with only relatively small
storm sizes. Other nore recent watershed studies on the H J. Andrews
Experi mental Forest (Harr et al. 1982) found that neither the size nor
timng of peak flows changed significantly after shelterwood | oggi ng
(HJA-7 watershed) and after clearcut |ogging (HIA-6 watershed). On
HJA-10 (a 10.2 hectare watershed which was 100 percent cl earcut | ogged
by a cabl e yarding systemand | eft unburned) Harr and MCorison (1979)
found the size of annual peak flows caused by rain with snow nelt was
reduced 36 percent. The peak flows resulting fromrainfall alone were
not significantly changed.

For the Coyote Creek Experinmental Watersheds, in Southern
Oregon, (Harr et al. 1979) found that roading and | ogging did
significantly (p < 0.05) increase peak flows on two out of the three
treated watersheds. Although |arge stornflow data was | acking for the
control period in this study, by extrapolating the control period
regression line beyond the data points to the higher flows indicated
that | ogging and road building increased the | arger stornflows.
Increases in size of peak flow appeared to be related to the anount of
wat er shed area where soils were conpacted. Watershed CC-1, which was
shel t erwood harvested (renoving approxi nmately 50 percent of the basa
area) and tractor |ogged, had 15 percent of its area conpacted in skid
trails and roads. Harr et al. (1979) determ ned that a nine year return
period fl ow woul d be increased approxi mately 48 percent. Watershed
CC-3, which was clearcut and tractor |ogged, had 13 percent of its area
conpacted fromskid trails or roads. The regression showed that a nine

year return period flow would be increased approxi mately 35



percent. Watershed CC-2 had 5 percent of its area heavily conpacted
and, although not statistically significant, a nine year flood fl ow
woul d be increased 11 percent. These results should be interpreted with
caution because of the lack of high flow data during the control

peri od, causing a need to extrapolate the regressions in order to
estimate treatnent effects.

On the Al sea experinental watersheds, in the Oregon Coast

Ranges, Harr et al. (1975) found that peak flows on Deer Creek 3 were

i ncreased significantly when roads, |andings and skid trails occupied
12 percent of the watershed. Harr suggests that a 10-year event could
be increased to a 25-year event, and a 25-year event could be increased
to a 90-year event on watersheds with 12 percent of their area in
roads, |andings and skidtrails. Significant increases in aid-wnter
peak flows al so occurred on Deer Creek 4 which was clearcut cable

| ogged, and had no roads. Krygier and Harr (1972) were not able to
explain the increase in md-winter. Frequent site trips showed no

evi dence of overland flow occurring during the storns. On the nmai n Deer
Creek wat ershed and Needl e Branch Creek watershed, Harris (1973) found
no significant increase in the peak flows exceeding 5.5 1/s-ha, after
clear-cutting 26 percent of the main Deer Creek watershed and 82
percent of the Needl e Branch watershed. Harr et al.'s (1975) anal ysis,
whi ch included snaller storns, showed that peak stornflows at Needl e
Branch Creek significantly increased after |ogging. The greatest

i ncreases in peak stornflows occurred during the fall, but the md-
wi nter storns on Needl e Branch Creek al so increased. These results
should be interpreted with cauti on because there were very few or no

stornfl ows of significant size after treatnment. No peak during the



post clear-cutting period on Needl e Branch or Deer Creek 4 exceeded
the estimated annual peak of 9.2 I/s-ha. The other watersheds in the
Al sea study al so used approxi mately the sane return period flows (Harr
et al. 1975).

On Caspar Creek, in Northern California, Ziemer (1980) found
that the roads, which occupied over 5.5 percent of the South Fork
Caspar Creek watershed, had no significant effects on peak flow or the
duration of the highest one half of the stormflow (HALFQ . Sel ective
tractor harvesting, renoving 60 percent of the volune over the entire
wat ershed, did increase both peak flows and HALFQ but only for flows
| ess than 0.78 1/s-ha. The snaller peaks were increased an average of
107 percent. Over 15 percent of the watershed was conpacted in skid
trails, landings and roads, but in contrast to the Harr et al. (1979)
study on Coyote Creek and the Harr et al. (1975) study on the Al sea
wat er sheds, the large nmid-winter flows were not significantly increased
(Table 1).

There is sone evidence that clearcutting can increase the |arge
stornflows, when a warmrain occurs on a wet snow pack. Harr (1980) and
Christner and Harr (1982) eval uated USGS gagi ng records and harvest
records for watersheds in the WIllamette River basin and found evidence
that | oggi ng had increased the large stormflows. They specul ate that
the increases occurred during rain on snow events where the openings
fromclear cut |ogging increased the rate of |atent heat transfer which
caused rapid nelt rates and increased runoff. Anderson and Hobba
(1959), al so using USGS gagi ng records, found that both snall and | arge

peaks had increased for watershed drainage in the Wllanmette River.
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Caspar Creek

This study anal yzed data fromthe North and South Fork of
Caspar Creek. Caspar Creek is located in the Jackson State Forest,
about 10 km south of Fort Bragg, California, and about 7 kmfromthe
Pacific Ccean (Figure 1). The North and South Forks of Caspar Creek
drai n wat ersheds having areas of 508 ha and 424 ha respectively. Soils
are mainly Hugo and Mendoci no, overlying sedinmentary rocks (Rice et al

1979) .

The climate is Mediterranean, having mild sumers with fog but
little or no rain. Caspar Creek does not receive any appreciable
snowfall. The rain fall averages about 120 cm per year (Ziemer 1981).

About 35 percent of both watersheds have sl opes |ess than 30
percent. The South Fork has about one percent of its area in slopes
greater than 70 percent, whereas the North Fork has about seven percent

of in slopes greater than 70 percent (Zienmer 1981).
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Figure 1.Vicinity Map of Caspar Creek Paired Watersheds.




MATERI ALS AND METHODS

The Caspar Creek watershed project was started in 1961, as a
cooperative project between the Pacific Southwest Forest and Range
Experiment Station, Forest Service U S. Departnent of Agriculture and

the California State Departnent of Forestry.

| nstrunent ati on

I n Novenber 1962, 120-degree sharp-crested V-notch weirs with
rectangul ar sections for higher flows (over 690 I/s) were installed at
the | ower end of each watershed, the North and South Forks of Caspar
Creek. Water |evel recorders (Mdel A-35, Leopold and Stevens Instru-
ments, Beaverton O.) were also installed on the ponds i medi ately
upstream of the weirs. The ponds were both approximtely 0.1 ha in size

and al so served as debris catch basins for the concurrent sedi nent study.

Treat ment History

The North and South Forks of Caspar Creek were originally
clearcut |ogged and burned in the late 1800's, the North Fork about 20
years after the South Fork (Tilley 1977). When the study began in 1962,
bot h wat ersheds supported fairly dense stands (700 m3/ ha) of second

growt h redwood (Sequoi a senpervirens (D. Don)Endl.), grand fir (Abies

grandis (Dougl. ex D.Don)Lindl.), western hem ock (Tsuga heterophylla

(Raf.)Sarg.) and Dougl as-fir (Pseudotsuga nenziesii (Mrb.)Franco). The

ti mber stand on the South Fork watershed was about

10
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85 years old; the tinber stand on the North Fork was approxi mately 65
years old. Because of the age difference, the North Fork was sel ected
as the control and the South Fork as the watershed to be selectively
harvested. The road |ocation and construction, and the tinber harvest
practices were designed to neet standards which in 1971 were consi dered
"state of the art" practices, but also considered comrercially
acceptabl e by the | ocal tuber contractors.

Bot h wat ersheds were nonitored in an undi sturbed condition
bet ween 1962 t hrough the spring of 1967. During the sumer of 1967
about 6.8 km of mmin-haul |ogging road and spur roads were constructed
fn the South Fork watershed. Myst of the | ogging roads were constructed
adj acent to the streamchannel. O the total 6.8 kmof road, 6 kmwere
within 61 mof the streamand 2.3 kminpinged directly on the stream
channel . The coarse debris in the stream and al ong the channel banks,
resulting largely fromthe road construction, was nostly renoved after
road construction. The roads (including cut-and-fill slopes) occupied
19 ha. (4.5 percent of the total watershed area) from which 993 m3/ ha

(85 MBF/ acre) of tinber was renoved.

About 110 m of stream bed were di sturbed by tractor operation
directly in the stream These areas were primarily around bridge
crossings, landings, and in a stretch of streamcleared of debris which
had been deposited there fromthe road construction. Al fill sl opes,
| andi ngs and mayor areas of soil exposed by the road buil ding
activities were fertilized and seeded with annual ryegrass (Lolium
multiflorum in Septenber 1967. The grass was well established before

the first rains in Novenber (Jackman and Stoneman 1973).



From 1967 through the spring of 1971, stream flow was measured
to record the effects of road construction

Loggi ng began on the South Fork of Caspar Creek during the
sumer of 1971 and continued over a three year period. The South Fork
wat ershed was divided into three sale areas, the first sale started at
the weir and continued a third of the way up the watershed (Figure 1).
The | ower area (101 ha) was selectively |ogged, renoving 59 percent of
the tinber volunme during the sumer of 1971. The niddle area (128 ha)
was sel ectively logged during the sumer of 1972, renoving 69 percent
of the tinber volune. The remaining area (176 ha) was selectively
| ogged in the sumrer of 1973, renoving about 65 percent of the tinber
volunme (Table 2). Al logging was done by tractor. Sone of the steeper
sl opes required that skid trails be constructed. The proportion of the
wat ershed area heavily conpacted (area in roads, |andings and skid
trails) occupied over 15 percent of the watershed (Table 2). Mst of
the roads and | andi ngs were near or adjacent to the streams, and many
of the skid trails did not have crossdrains installed.

The selection cutting renoved single trees and small groups of
trees with the objectives of reserving healthy, fast-grow ng stands of
the nore desirable species and provi di ng openings to encourage
regeneration. Mdst of the scattered old-growth tinmber was renoved
Near the county roads and the boundary of Russian GQulch State Park
cutting was reduced and sonme old growth trees were left for aesthetic

reasons.
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Table 2. Summary of Treatments in the South Fork of Caspar Creek.

Year

Par anet er 1967 1971 1972 1973 Average Tot al
Area harvested (ha) 192 101 128 176 424
Ave Stand Vol unme
(n?/ ha) 993 815 731 598 708
(MBF/ acr e) 85.1 69.9 62.7 51.3 61.3
Vol urme har vest ed
(m/ ha) 993 483 502 386 471
(MBF/ acr e) 85.1 41. 4 43.0 33.1 40. 3
Road construction

Ki | oneters 6.7 0.71 0.18 0. 24 4.9

hect ares 19.0 2.0 0.5 0.7 22.2
Skid Trails (ha) 0 8.8 11.2 15.4 35.4
Landi ngs (ha) 0 3.5 1.3 3.6 8.4
Area Conpacted (% 4.5 7.8 10.9 15.6 15.6

(roads, |andings,

and skid trails)

® Road construction right-of-way acreage.
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Sel ection of Hydrographs

The criteria used to select the hydrographs for analysis were
the followi ng: 1) Al hydrographs roust have an induced peak flow of at
least 28.3 1/s (0.056 |I/s-ha) on the North Fork; 2) The stormhad to
have conplete records for both the control and treated watershed for
the paraneter being neasured; 3) Store pairs had to correspond in tine;
and 4) Story flows had to posses an initial rise greater than 0.0055
| /sehashr. Precipitation records in each watershed were al so examn ned
when sel ecting the hydrographs, to prevent selecting hydrographs which
were different because of |ocalized differences in stores. No
significant differences in precipitation between the watersheds could
be identified.

The data were taken fromthe water |evel recording charts and
converted to discharge for each tine interval using the rating equation
for the weirs. For each storm hydrograph | deternined the initial, peak
and ending flow, and calculated the tine-to-peak, stormduration, tota

vol unme, and qui ck vol une.

Hydr ogr aph Separati on

Hydr ograph separation into quick volunme (that part of runoff
which enters the stress pronptly after the rainfall or snow nelt) and
del ayed vol une (the sustained fair-weather conponent of the runoff) was
based on the nethod descri bed by Hew ett and Hi bbert (1967). A line
projected fromthe initial rise, at a slope of 0.0055 |/sehashr, unti
it intersected the falling linb of the hydrograph, divided the storm

hydrograph into quick volume and del ayed vol une. Tine-to-peak, peak
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di scharge, and total volunme were al so deternmined for each of the
hydr ographs selected. Precipitation variables and ratio variables were
al so determ ned for each of the hydrograph (Figure 2 and Table 3). The
hydr ograph paraneters were abbreviated and a prefix added (Nor S) to
i ndicate the which fork the paraneter neasured, for exanple, NTVOL
woul d be North Fork total store volune and STVOL woul d be the South
Fork total story vol une.

The hydrograph paraneters used in this analysis were originally
devel oped on the Al sea watershed study and descri bed by Krygier and
Harr (1972), and Hsieh (1970). The ratio variables and the other
variables listed in Table 3 were devel oped after or taken from
vari abl es described by Ziemer (1981). The precipitation variables are

the ease data used in Zienmer's (1981) analysis of Caspar Creek

Data Anal ysi s

Det erm ni ng Affects of Roadbuil di ng and Loggi ng
on Three Hydrograph Paraneters

A | east-squared nultiple regression and Chow s test.(Chow 1960)
were used to determine if the peak flow, total volume or quick vol une
were altered after road building or |ogging. These hydrograph para-
meters are the sort significant hydrograph paraneters in terse of
managemnent inplications. The highest flows and the vol une of the
hi ghest flows nost effect channel erosion and sedi ment deposition
(Megahan 1979; Rice 1981). Rice et al. Cl979) estimated that di scharges
greater than 1273 |/s, on the South Fork of Caspar Creek, occur
approxi mately one percent of the tine, but carry 26 percent of the

vol ume of water end 81 percent of the suspended sedi nent.
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Tabl e 3. Description of Hydrograph Paraneters and O her Vari abl es
Used in the, Analysis.

Vari abl e

Definition

Hydr ogr aph Paraneters

Peak Fl ow

( PFLOW

Total Vol une
(TVQL)

Qui ck Vol une
(QaL)

The maxi mumrate of flow of a stormevent. If nultiple
peaks usually the first and | argest peak which is
conparable in tine with the other fork is picked, in
I/s.

The total water volume passing the weir between the
initial response of the streamand the intersection by
t he hydrograph separation line, in kiloliters.

That portion of total volume above the hydrograph
separation line, in kiloliters.

Del ayed Vol ume That portion of total volune bel ow the hydrograph

(DVOL)

Base Fl ow

( BFLOW

Time to Peak
(PDUR)

St orm Dur ati on
(DUR)

Rati o Vari abl es

PFLOWSFT

TVOLSFT

QVOLSFT

O her Vari abl es

STORM

separation line, in kiloliters.

The initial flow on the North Fork before the storm
inl/s.

The tinme between the initial response of the streamto
a stormevent and the peak flow, in hours.

The tine between the initial response of the streamto
a stormevent and the intersection by the hydrograph
separation line, in hours.

Rati o of the change in peak fl ow between the South and
North Forks ([ SPFLOW NPFLOW / NPFLOW .

Rati o of the change in total volunme between the South
and North Forks ([STVOL-NTVOL]/NTVQL).

Rati o of the change in quick volunme between the South
and North Fork ([SQVOL-NQVOL]/NQVQL).

Sequential storm nunmber within a year, beginning with
the first stormwi th a i nduced peak flow greater than
28.3 | /s.
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Tabl e 3. Description of Hydrograph Paraneters and O her Vari abl es
Used in the Analysis (continued)

Vari abl e Definition

O her Vari abl es

LOGGED Percent of the total watershed area | ogged or
partially cutover.

PPTDAY Precipitation within 24 hours prior to the peak, in cm

PPTVWK Precipitation between 24 hours prior to the peak and 7
days prior to the peak, in cm

PPTMO Precipitation between 7 days and 30 days prior to the

peak, in cm

APl 2 0.7 * PPTWK + 0.2 * PPTMO + 1
LOGSEQ LOGGED/ STORM
LOGBFLOW LOGCED/ (Base Fl ow)

LOGAPI 2 LOGCED! API 2
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A stepwise nmultiple regression nodel (D xon and Jennrich 1981)
was used to devel oped regression equations for the calibration period.
Usi ng the same nodel fornms devel oped fromthe calibration period data,
regressi on equati ons were devel oped for the combi ned calibration and
roaded period data sets, and the conbined calibration and | ogged peri od
data sets. The South Fork treatnent watershed paraneters were used as
dependent variables and the North Fork control watershed paranmeters as
i ndependent vari abl es.

For a given dependent variable an the South Fork, | limted the
i ndependent vari abl es the regressi on nodel could select to the
correspondi ng variable on the North Fork, its logarithm and its square.
This prevented the nbdel from becom ng overly conplex and including too
many variables. H Il (1979) determ ned that when performng nultiple
F-tests for entering variables into the equation, it is possible to have
too many significant variables. The nore variables you are selecting
fromto enter the equation, the nore likely that the conputed F-val ue
wi || erroneously suggest that one of themis significant. For exanpl e,
using regression coefficients of ten uncorrel ated i ndependent vari abl es,
the probability that one or nore of the ten will, by chance, exceed a 5
percent value is 0.40, not 0.05. The subsequent predictor equation with
too many variables nmay not performas well on a new sanple of data as an
equation with fewer variables. For ny analysis this would have increased
the chance of a type |I error occurring. Limting the nunber of
i ndependent variables also allowed nme to plot all data and regression
lines so to exam ne the relationship of the data points and rel ationship

of the regression lines.
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The hypot hesis that the regression equation for the calibration
period is still valid for the conbined calibration period plus the
treated period was tested (p = 0.10) utilizing a procedure described by
Chow (1960). The 10 percent significance | evel was chosen (a five
percent significance level is standard) to reduce the risk of comitting
atype Il error (ie. where the test would not show a change in storm
flows or stormvol umes when there actually was a change). Wth the
potential inpacts that could occur fromincreasing stormflows or
volunes, | preferred to take a higher risk of commtting a type | error
(ie. determning that stormflows or volunmes were increased when in fact
t hey were not).

Anot her test that could have been used to test the hypothesis
that the regression equations were the sane was anal ysis of covari ance
(Wlson 1978). Analysis of covariance is a conmon net hod used in paired
wat er shed studies (Z ener 1981; Harr et al. 1975). WIson (1978),
conpared Chow s F-test and anal ysis of covariance F-test and found
Chow s test uniformy nore powerful when regression nodels were not of
identical form Analysis of covariance was uniformy nore powerful when
the two data sets were of a linear conbination of the same set of
predi ctor variables, eg. when the nodel form (predictor variables or
t he nunber of significant predictor variables) did not change, but only
the coefficients changed. In ny anal yses the nodel formdid change,
therefore | used Chow s test:

Fl( Ny, Nqp- p) = Np- P * Sg' S]_ ( 1)
n» Sl

Wiere, F, is the Chow s F value, n; is the nunber of observations of

the calibration period data set, n, is the nunber of observations of
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the treated period data set, p is the nunber of paraneters estinated in
each regression (nust be the same for all regressions), S; is the
resi dual sum of squares of the calibration period data set, and S; is

the residual sum of squares for the combined data set.

Determ ning the Treatnent Effects
on Large Versus Small Fl ows

In order to examnmine how |arge flows were affected by | ogging or
road buil ding versus how snaller flows were affected, |I followed a
procedure used by Zienmer (1981). The flows were divided into three fl ow
cl asses, less than 566 |/s, greater than 1416 |/s and 566 to 1416 |/s.
The rati o between the South Fork minus the North Fork and the North
Fork ([ South Fork-North Fork]/North Fork) were conmputed for the
hydr ograph paraneters (peak flow, total volune, and quick volune). The
resulting rati os were abbreviated PFLOASFT, TVOLSFT and QVOLSFT
respectively. The ratios were used to provide a nmeasure of relative
change between the treatnment and control watersheds after road building
and after |ogging. The nmeans of the variables (PFLOASFT, TVOLSFT and
QVOLSFT) for the calibration period were conpared to the roaded period
and | ogged period ratio means for each flow class, using a two-tailed
Student t-test for unequal sanple sizes (D xon and Jennrich 1981). The
t-val ues were conputed using pool ed variances when the variances were
equal or separate variances when the variances were unequal (Steel and

Torrie 1960). An F-test was used to determi ne equality of variances.

Determining Variations in Treatnent Effects
with Antecedent Misture

To deternmine if changes in stornflows after road buil ding or

| oggi ng occurred only when wat ershed ant ecedent noisture was |ow, |
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di vided the hydrographs into two categories based on the base fl ow
(greater than or less than 28.3 I/s). Base flow was used as an direct
i ndi cator of the watersheds antecedent soil noisture condition. The
nmeans of the variables (PFLOASFT, TVOLSFT and QVOLSFT) for the
calibration period were conpared to the roaded and | ogged peri od
vari abl e neans for each base flow category using the same t-test

procedure as above for conparing fl ow cl asses.

Determ ning Significant Variabl es
in Logging Effects

To better understand the differences between the North and
Sout h Fork wat ersheds after |ogging, an all possible subset regression
(Di xon and Jennrich 1981) was perfornmed on PFLOASFT, and TVOLSFT for
the | ogged period. The-regression nodel for PFLOASFT was allowed to
choose from ni ne i ndependent variables (STORM BFLOWN NDUR, NTVCL
PPTVWK6, LOGGED, LOGSEQ API2, and LOGBFL) and the best subset of these
vari abl es were choosen for the regression using Mallows' Cp (Daniel and
Wod 1979). To limt the nunber of variables selected in the fina
equation, a penalty nunber of three was used. The penalty nunber adds a
penalty for each variable added to the nodel (Frane 1981). For
STVOLSFT, | allowed the nodel to choose from 14 vari abl es ( NPDUR
NPFLOW BFLOW NDUR, NTVOL, LOGGED, LGBFLOWN LGNRVOL, NQVOL, API 2,
LOGAPI, LOGAPI 2, LOGBFL, and COWP3) to determ ne the best subset

regression for predicting STVOLSFT.



RESULTS

Ef fects of Roadbuil di ng and Loggi ng
on Three Hydrograph Paraneters

The peak fl ow and vol une regression equations for the
calibration period were fit to a logarithm c form because the
| ogarithmic nodel best net the assunption of honpbschedasticity (having
uni form variance over the range of the regression) and gave the best
distribution of data points along the entire range of the regression
(Dani el and Wod, 1971). The subsequent regressions for the calibration
and roaded period, and calibration and | ogged period were fit to the
sane formso that Chow s F-val ues could be determined. The logarithnic
formof the regression equation was

Log(SFpar) = b, + b; Log(NFpar) (2)
where SFpar was the South Fork hydrograph paraneter, NFpar represents
the same paraneter on the North Fork, and b, and b, were the regression
coefficients.

The regression coefficients, residual sum of squares, R squared
val ues, F-ratios, and Chow s F-test val ues conparing the calibration
period regression to roaded period and to the | ogged period, are shown
in Table 4. The conputed Chow s F-val ues showed that the regression
equations for peak flow, total volune and qui ck vol ume were not
significantly different (p > 0.10) after road building. The conputed
Chow s F-val ues showed that the regressions for all of the hydrograph
parameters were significantly different (p < 0.01) after |ogging (Table

4) .

23
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Conparing the calibration and | ogged period regressions in
regards to peak flow (Figure 3), the smaller peak flows were increased
after |ogging. However, with the larger peak flows the regression |ines
converge and cross. As the peak flows becone |arger the difference
bet ween the | ogged and calibration periods dimnish

Conparing the calibration and | ogged regressions for tota
vol ume and quick volume (Figures 4 and 5), the sane pattern energed as
the peak flow regressions had shown. The smaller stormvol unes were
i ncreased after |ogging, but for the |larger stormvolunes the

regression |ines converge and cross.

Large Storm Fl ows Versus Small Storm Fl ows

To determine if the hydrograph paraneters were increased after

road buil ding and after |ogging, on both small stornflows and | arge
stornfl ows, the hydrograph paranmeters were divided into three cl asses

based on the North Fork peak flow (less than 566 |/s, 566-1416 |/s, and

greater than 1416 1/s). The nmeans of the ratio variables (PFLOASFT,
TVOLSFT and QVOLSFT) were tested by flow class to deternmine if their
means had changed fromthe calibration period after roading (Table 5),

or after logging (Table 6).

Roaded Peri od

No significant (p > 0.10) differences in the means of the ratios
for the calibration period and the roaded period were detected, except
for PFLOASFT in the peak flow class of |less than 566 |/s (Table 5). The
mean val ue for PFLOASFT during the calibration period was approxi nately

0.35 and after roading the nean value increased to 0.55
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Log(STVOL) = 0,424 + 0.817 Log(NTVOL)
Logged Peried Egquatiomn
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a significant (p < 0.10) increase of 0.20 over the calibration period.
This represents a 20 percent increase in the small peak flows (less than

566 |/s) after road building relative to control watershed.

Logged Peri od

In conparing the nmeans of the ratios (PFLOASFT, TVOLSFT and
QVOLSFT) between the calibration and | ogged period, no significant
differences (p > 0.10) were detected in the |argest two peak flow
cl asses (over 566 I1/s). In the smallest peak flow class (|l ess than 566
I/s) all the ratio variables were significantly higher (p < 0.05) after
| oggi ng (Table 6).

The South Fork peak flows, in the flow class of |ess than 566
I /s, averaged 35 percent higher than the North Fork peak flows during
the calibration period. After |ogging they averaged 146 percent higher
a relative increase of 112 percent. The South Fork total storm vol unes
and quick volunes, in the flow class of |less than 566 I/s, also
increased relative to the North Fork by 133 percent and 170 percent

respectively after |ogging.

Variation of effects with Antecedent Moisture Conditions

To determine if the antecedent noisture of the watershed
affected the stormfl ow response after road building or after |ogging,
I grouped the storm hydrograph paraneters into two categories based on
base flow (greater than or less than 28.3 I/s). Base flow was
determned by the streamflow of the North Fork at the tinme of storm
initiation. This parameter was sel ected as a direct indicator of

ant ecedent npi sture condition of the North Fork watershed.



No significant differences (p > 0.10> were found for the
calibration versus the roaded period in either base flow category.

In conparing the weans of the ratios (PFLOASFT, TVOLSFT, and
GVOLSFT) for the calibration period and the | ogged period, the neans
were not significantly different (p > 0.10) for the base flow category
greater than 28.3 I/s. The ratio weans were all significantly (p <
0.05) higher after |logging for the base flow category | ess than 28.3
I/s. The increases in store flows, relative to the North Fork, ranged
from 110 percent for peak flows to 254 percent for quick volunes after

| oggi ng (Table 7).

Significant Variables in Logging Effects

To determ ne the significant variables which predict the
changes between the North and Sout h Fork hydrograph paraneters after
I ogging, | conducted an all possible subsets regression using the
| ogged period data on PFLOASFT, and TVOLSFT. This anal ysis uses the
sanme approach Ziener (1981) took in analyzing the data except that
Ziener used the entire data set and perforned the test only on
PFLOWSFT.

The vari abl es which were significant in explaining the
differences in the North and South Fork were BFLOW NDUR, and LOGGED
(Table 8). The npbst inportant variable was a negative coefficient of
NDUR. The standardi zed coefficient had a value of -0.573. Z ener (1981)
using this sane anal ysis procedure, explained that standardized

coefficients were regression coefficients that have been scal ed so that

32

the absol ute value of the coefficient indicates the relative inportance

of that variable in the regression. As the duration of the storm
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Tabl e 8. Best Regression (as determined by Mllows' Cp) of All

Possi bl e Subset Regressions for PFLOASFT Usi hg Logged
Peri od Data.?

Regr essi on Regr essi on St andard St andar di zed
Vari abl es Coeffi ci ent Error Coeffi ci ent
| NTERCEPT 1.0795 0. 26832 1.175
NDUR -0. 0115 0. 00222 -0.573
BFLOW -0. 0063 0. 00165 -0.419
LOGGED 0. 0129 0. 00334 0. 402

a) R2 = 0.63, Standard error estimate is 0.577, n=43 and F= 22.51

b) O her variabl es considered were STORM NTVOL, PPTWK, LOGSEQ
APl 2, LOGBFL.
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i ncreased the predicted difference between the South Fork peak flow and
Nort h Fork decreased or became sore negative.

The next cost inmportant variable in estinmating the PFLOAMSFT was
BFLOW its standardized coefficient was -0.419. BFLOWis the stream fl ow
rate on the North Fork before each storm It is an indicator of the
wat er shed' s ant ecedent noisture condition. Wien BFLONwas high the
di fferences between the peak flow on the South and North Fork were small
or negative and as it decreased the predicted differences becane nore
positive. The least significant variable in the regressi on was LOGGED
its standardi zed coefficient was 0.402. This variable was the percent
ti mber volune renoved fromthe South Fork. As the area | ogged increased,
the predicted peak flows on the South Fork increased relative to the
North Fork

The results of the regression analysis for TVOLSFT using the
| ogged period data is shown in Table 9. The npbst significant variable in
predi cting TVOLSFT was a negative coefficient of the |og of NTVOL. The
greater the stormrunoff volume, the less the predicted difference or
nore negative the predicted difference between TVOL on the South Fork
and the North Fork. A positive coefficient of LOGAPI2, the percent
vol urme | ogged divided by the rain fall fromone to 30 days before the
measured stormflow, was also significant in predicting TVOLSFT. In
ot her words, the greater the volune | ogged and the | ess the anount of
rainfall the previous nmonth, the greater the predicted val ue of TVOLSFT.
The next two variables are API2 and BFLON APl 2, the precipitation from
one day to 30 days prior to the peak flow, and BFLONis the flow rate of
the North Fork before the stormstarted. They both can be used as

i ndi cators of the antecedent noisture condition of



t he wat ershed. They are highly correlated, having a 0.70 correlation
coefficient. The API2 coefficient is positive and the BFLOW

coefficient is negative.

36
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Tabl e 9. Best Regression (as determined by Mallows' Cp) of All
Possi bl e Subset Regressions for TVOLSFT Usi ng Logged
Peri od Data.?

Regr essi on Regr essi on St andard St andar di zed
Vari abl e Coef fi ci ent Error Coef fi ci ent

| NTERCEPT 0.99122 0. 42063 0.742

LOG( NTVQL) -1. 04299 0. 14481 -0. 661
LOGAPI 2 0. 03480 0. 00623 0. 493

API 2 0.28248 0. 09937 0. 337
BFLOW -0. 15596 0. 46285 -0.252

a) R2 = 0.82, Standard error estimate is 0.591, n=43 and F= 44.0.
b) O her variabl es considered were NPDUR, NPFLOW NDUR, NTVQOL,
LOGGED, LGBFLOW LOG NRVOL), NQvOL, LOGAPI, LOGBFL, and COVP3.



DI SCUSSI ON

The | arger peak flows and storm volumes (total volune and quick
vol unme) were not significantly increased after either road building or
I ogging. Significiant (p < 0.10) increases in storm peaks and storm
vol umes occurred only in the smallest stormflows (those having peak
flows < 566 |/s) after logging. After road building the small store
peaks were significantly increased but stormvol unes were not.

The increases in the snaller peak flows or stormvolunmes after
road buil ding or |ogging could have been caused by either reduced
evapotranspirati on and reduced interception fromthe renoval of the

trees, or from compaction by the roads, skid trails and | andi ngs.

Evapotranspiration and Interception Effects

Logging can nodify the soil noisture depletion by reducing
evapotranspiration (Z enmer 1981). Evapotranspiration during the grow ng
season can produce substantial soil npisture differences between | ogged
and unl ogged wat ersheds, which in turn, can cause increased stormrunoff
in the wetter, |ogged watershed. After the North Fork (control)
wat er shed received a nunber of storns and the soil noisture was
recharged, the North and South Fork responded sinmilar to the calibration
peri od. Evapotranspiration is reduced during the winter nonths and the
interval between storns are short, therefore the watershed soil noisture
di fferences generally do not becone significant again until spring or

summer (Zi ener 1981).
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The North Fork base flow provided an indicator of antecedent
nmoi sture or recharged condition of the North Fork. As the base fl ow
increased, the North Fork soil water becane recharged and the
di fference between the two hydrographs di m nished (Figure 6). The
stores occurring during | ow antecedent noisture conditions were up to
240 percent higher than predicted. Wth increasing base flow the
increases in the South Fork peak fl ows becane insignificant. The sane
trend al so occurred for the South Fork total volune and qui ck vol une
par anet ers

Interception is another variable which was changed by ti nber
harvesting and could affect stormrunoff. Rothacher (1973) found on the
H J. Andrews Experinmental Forest that interception during storns of
50-100 mm averaged 6 to 12 mmin old growh Douglas-fir. Assuming the
redwood canopy on Caspar Creek had sinilar water hol ding capacities,
i nterception would have been significant for only the small storms. Many
of the small stormflows on Caspar Creek were in response to | ess than
25 mmof rainfall. Assunming that the |ogging renoved 60 percent of the
canopy, the stormvolune froma 25 nmrainfall event could have been
i ncreased by approximately 20 percent due to the reduced interception
For larger storns interception was | ess significant because the canopy
woul d quickly reach its water holding capacity of 6 to 12 nm The
| argest stormflows on the North Fork were in response to over 220 nm of
rainfall. Renoval of 60 percent of the canopy could have increase the
total stormrunoff volunme by only about two percent over the untreated
wat er shed

The larger storns occurred during mdw nter when the uncut

wat er shed had a hi gh antecedent soil noisture. This, conbined with the
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reduced effects of interception for larger md-winter storns, caused
the logging effects to be insignificant in increasing | arge storm peaks
or volunes. The increases froml oggi ng decreased as the storm size
increased (Figure 7 and 8). The snaller peak flows were increased up to
240 percent after | ogging and the very | argest storns were not
i ncreased. The storm vol unmes were al so increased up to 290 percent for

the smaller storns after |ogging but again not for the |arger storns.

Conpaction Effects

Conpaction of the watershed nay have al so contributed to the
increase in the peak flow, total volume, and quick volume for the
smal l er storns on the South Fork. In general the soils of the Pacific
Nort hwest have high infiltration rates so overland flow on a natura
forest floor rarely occurs (Harr 1980). Skid trails, |andings, cable
corridors and roads can conpact the soil so surface runoff may occur.
This runoff can be concentrated creating a direct, nore efficient route
for water to reach the stream All areas of conpacted and di sturbed
soil do not contribute equally to increased runoff. Runoff on a ridge
top road that is outsloped would nore likely be dispersed and then
infiltrate into the soil. Aroad with controlled drai nage near a stream
woul d nore |likely concentrate the runoff into the channel. Factors
which are inportant in determning the significance of conpaction and
soi | disturbance on increasing stormflows are 1) the proxinmty of the
compacted areas to the stream channel, 2) continuity or alignnent of
the conpacted areas so that overland fl ow can reach the streans, 3)

i nterception of subsurface water by road cuts and ditches,
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and 4) watershed soil and physiographic characteristics (eg. soil
infiltration rate, depth, slope, and topography) (Harr 1980).

The roads and | andings in the South Fork watershed were
general ly adjacent to the stream and runoff fromthe conpacted areas
could directly enter the stream Conpacted skid trails could al so
transmt water to the stream Skid trails usually converged downhil
allowing the water to concentrate. The effects of skid trails on
i ncreasing stormrunoff would be | ess than the roads, since the
infiltration was higher on skid trails.

General ly, compaction would affect all but the |largest storm
flows. Wien the soils are wet, less rainfall is required to recharge
soil water so that nmore rainfall can be translated into stormrunoff,
(Harr 1980). In very large storns the watershed approaches saturation
and nearly all the rainfall runs off the watershed as stormrunoff. For
the largest three stormflows on the South Fork, over 90 percent of the
rainfall ran off. This is in contrast to the smaller, mid-winter storns
of less than 25 mm where less than ten percent of the rainfall ran off.
Although little overland flow occurred during the najor storns the
translatory flow or flow by displacenment through the soil beconmes nore
efficient as the soil approaches saturation (Harr 1975). This can be
anal ogous to a wet sponge. Wen water is added to the top of the sponge,
di spl aced water would quickly drip out the bottom If the sponge was
dryer it would take I onger for the displaced water to drip out the
bott om of the sponge or no water would drip out at all

As a wat ershed approaches saturated conditions the effects of
conpaction on the hydrograph paraneters woul d decreased. Wen the soi

becomes wet the quicker delivery of water to the streans fromthe roads
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woul d be masked by the nmore efficient translatory flow fromthe
recharged watershed. As the watershed approached saturation the
saturated wat ershed would react nore |like a conpacted watershed in that
the stornfl ow response would be quicker and nore efficient. The very
| argest stornflows in this study were not increased by conpaction
whereas the snaller storns may have been

Conparison with her Studies

My results were contrary to Harr et al. (1975) and Harr et al
(1979) studies on the Al sea watersheds and Coyote Creek watersheds,
where Harr deternined that |ogging and roadbuil ding increased the
| argest stormflows as well as the small storm fl ows when over 12
percent of the watershed was conpacted in roads, |andings and skid
trails. The South Fork of Caspar Creek had over 15 percent of its area
conpacted, in roads landings and skid trails, but the | argest storm
flows were not significantly increased. The roads and | andi ngs were near
the streans and the skid trails were orientated such that they would be
effective in delivering the water to the streamif runoff occurred.

On Coyote Creek watershed 1, the treatnents were very simlar to
that on Caspar Creek fn that they both were shelterwdod cut renpving
approxi mately the sane percentage of the volume by tractor (Table 1).
Coyote Creek watershed 3 and Deer Creek subwatershed 3 were both
clearcut (23 percent) and cable yarded (77 percent) (Harr et al. 1979).

One of the problens compn to watershed studies has been in
obtaining stormflows that were well distributed, particularly in the
| arger flow classes. The distribution of the large stormflows were a

problemon all three of the watershed studies (Coyote Creek, Al sea and
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Caspar Creek). The Coyote Creek study did not have any large stormflow
data for the calibration period. The large storns that occurred during
the calibration period filled the weir ponds with sedi nent so they could
not be neasured accurately (Harr et al. 1979). On the Al sea study no
peak during the post clear-cutting period on Needle Branch or Deer Creek
4 exceeded the estinmated annual peak of 9.2 |I/s/ha. The other watersheds
in the Alsea study al so used approxinately the sane return period fl ows
(Harr et al. 1975). Caspar Creek had four large stornflows all fairly
close in size (ranging froman estimted 12 to 25 year return period).
Two occurred during the calibration period and two occurred during the
| ogged period. Caspar Creek had the best distribution of stormflows
anong the three studies because it had |large stormflows in both
calibration periods and | ogged peri ods.

To test if the results fromthis study differed fromHarr et
al.'s (1979) study because of the additional data for |arge storm
flows, | omitted the two | argest peaks during the | ogged period from
the regressions (Figure 9). The regressions were then nore |like the
regressions for the Al sea and Coyote Creek studies. The regressions
showed both snmall and | arge peak flows increased after |ogging.
Concl usi ons based on these regressions would be sinmilar to the
concl usions made in the Al sea and Coyote Creek studies. Therefore the
differences in the results fromthis study and the Al sea and Coyote
Creek studies may be caused by the lack of large flow data on the Al sea
and Coyote Creek studies creating a need to extrapolate the regressions

to estimate treatnent effects.
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Managenent | nplications

The maj or managemnent inplication of increasing peak flow or
stormvolume is the potential for increasing erosion and scour fromthe
i ncreased stream power. |ncreased peak flows and storm volunmes resulting
fromlogging and road building are one of the proposed nechani sns of
curmul ative effects (Grant et al. 1984; Harr 1981). If the nagnitude or
duration of the large channel formng flows are increased, the channe
banks and bed can start eroding or scouring, destabilizing the stream
until a new dynanic equilibrium becones established.

A stream channel is formed in response to flow rates that are
| arge enough to cause significant bedl oad sedi nent transport and occur
often enough to have a major effect on channel form (Megahan, 1979). A
flow rate equival ent to bankfull discharge nmeets these criteria. Leopold
et al. (1964) found that the return frequency for instantaneous bankful
flows was about 1.5 years using data from a number of streams throughout
the United States. A 1.5 year return period stormwas approxi mately 2600
I/s on the North Fork and 3600 I/s on the South Fork

The only peak flows and storm vol umes that increased
significantly (0.10 level) were the snallest flows (less than 566 |/s.
The nmean of the peak flows for this class is approximtely 330 |/s
which is less than 1/10 of the estimated bank full discharge rate of
3600 I /s for the South Fork. The percentage of the suspended sedi nment
transported by this flow class is estimted at about seven percent,

usi ng a suspended sedi ment discharge rating curve devel oped by Rice et
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al. (1979). No bedload is transported by this flow class. Lisle
(personal comuni cation) in neasuring bed | oad on the North Fork of
Caspar Creek found that bed load transport did not begin until flows
exceeded 1960 |/s. Consequently, the peak flows and vol unes which were
significantly changed by | oggi ng were not channel formng fl ows.
Therefore increasing these flows would not be likely to cause a
curmul ati ve effect since channel scour would not be increased, and

bedl oad is not transported at these flows.

Rice et al (1979) found that the Caspar Creek sedinment reginme
was supply dependent, i.e. the anpbunt of sedinent transported was nore
dependent on the anount of sedinent input into the streamthan the
streans ability to transport that sedi nent. Increasing the snaller
stream fl ows, where existing channel banks or beds are not scoured out,

woul d al so not appreciably increase sediment transport.



SUMVARY AND CONCLUSI ONS

In summary, road building on five percent of the watershed and
sel ectively renoving 60 percent of tinber volume by tractor |ogging,
significantly increased peak flows and runoff volunmes only in the very
smal | est storms (those with peaks < 566 |/s). The large flows in this
study were not increased even though over 15 percent of the watershed
was conpacted in skid trails, |andings, and roads. Fromthese results it
is concluded that the road buil ding and | oggi ng caused no significant
adverse effects due to increasing the peak flows or stormvolunes. It is
al so concl uded that there was no adverse cumul ative effects due to
i ncreasing the peak flows or stormvol unes, because the |arger channe
scouring flows were not significantly increased.

Devel opi ng a cunul ative effect nethodol ogy on the assunption
that the large channel-formng flows are increased by tinber nmanagenent
based on conpaction effects nay be tenuous. O her studies have reported
increases in the larger peak flows fromroading and | ogging rel ated
conpacti on, where conpaction exceeded 12 percent of the watershed area
(Harr et al. 1975; Harr et al. 1979). But these studies have generally
been lacking in data for the higher flows either during the calibration
period or during the treatnment period. In this study, with a reasonable
distribution of data in the higher flows in both periods and with over
15 percent of the watershed conpacted, no significant increase in the

maj or channel -form ng fl ows were detected.
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