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IN BRIEF...

Rice, Raymond M., Forest B. Tilley , and Patricia A. Datzman.
1979. A watershed’s response to logging and roads: South Fork of
Caspar Creek, California, 1967-1976. Res. Paper PSW-146, 12 p.,

illus. Pacific Southwest Forest and Range Exp. Stin., Forest Serv., U.S.

Dep. Agric, Berkeey, Cdif.

Retrieval Terms: road congdruction; logging roads, logging effects, eroson;
sedimentation; sediment load; Caspar Creek, Cdifornia

A longterm dudy of the effects of logging and
roadbuilding on streamflow and sedimentation is
underway a Caspar Creek, near Fort Bragg, Cdifor-
nia. Two expeimentd watersheds are being sudied:
North Fork and South Fork of the Creek. The study is a
joint effort by the Pacific Southwest Forest and Range
Experiment Station and the Cdifornia Department of
Forestry. Results of the first 14 years of the sudy are
reported here.

The forest in the South Fork, the logged watershed,
was about 85 years old in 1962, when the study was
begun. It conssted mainly of redwood, DouglasHir,
Grand fir, and hemlock. In summer 1967, 4.2 miles
(6.8 km) of logging roads were huilt. The effects of
thet activity were measured for 4 years and then, dur-
ing 1971-73, about 65 percent of the stand volume was
removed. On-site erosion, annua suspended sediment
loads, and debris basin accumulations were edtimated
in order to evauate the effects of road congtruction and
the timber harvest.

Eroson asocisted with logging was measured on
seven plots totaing 94 acres (38 ha). They were dis-
tributed throughout the watershed so as to be represen-
tative of dte variability and the three seasons of cut-
ting. Suspended sediment load was edtimated each
year by multiplying the volume of flow in each of 19
discharge classes by the mean suspended sediment
concentration in esch class and summing. Annud de-

bris basin accumulations were edtimated by comparing
annud surveys of the basins. Two regresson equaions
were computed in order to predict the effects of road-
building and logging. They edimated the suspended
sdiment load or debris basin accumuletion in the
South Fork based on streamflow and suspended sedi-
ment load or debris basn accumulation in the North
Fork.

During logging, an additiond 0.7 mile (1.1 km) of
spur road was congructed. Of the total 4.9 miles (7.9
km) of roads, 2.4 miles (3.9 km) of the main haul road,
and 1.3 miles (2.1 km) of spur roads were within 200
feat (61 m) of the stream. During the 4 years of meas-
urement before logging began, we estimated that 1304
cu ydlsy mi (385 mPkn?) excess sedimentation oc-
curred, or about 80 percent above the amount that
would be predicted for the South Fork in an undis-
turbed condition.

The South Fork watershed produced a total of 4787
cu yd/isg mi (1413 m¥km?) excess sediment during the
5 years dfter logging was darted. This sediment repre-
sents nearly a threefold incresse over that which would
have been expected had the watershed remained undis-
turbed. Andyss of the sediment/sream power rela
tionship of Caspar Creek drongly suggests that the
reeson for the increase in sedimentation is that logging
and roadbuilding had made additiond sediment avall-
able for trangport. In the undisturbed condition, the



Caspar Creek watersheds showed relaively modest
increases in sediment load as stream power increased.
After disturbance, the South Fork showed substantial
increases in sediment transport as stream power in-
creased. The undisturbed regime was highly dependent
on supply; the disturbed regime became more depen-
dent on stream power.

The eroson and sedimentation data collected as part
of this study were used to etimate the long-term im-
pacts of repeating such disturbances a 50-year inter-
vas. If the estimated eroson rate reflected losses of
soil from the site, the soil would be completely eroded
in about 7900 years. If, on the other hand, excess
sedimentation rates were a better measure of soil loss,
exhaugtion would occur in about 34,000 years. Either

of these edimates is so far beyond current planning
horizons that they have little relevance to current man-
agement until they are more accurady estimated.

Activities in the South Fork of Caspar Creek may
have resulted in turbidities in excess of those permitted
by locd water qudity regulations. Turbidity was not
measured as part of this study but because of the nature
of the suspended sediment load of Caspar Creek, tur-
bidity increeses would probably pardle cosdy the
observed suspended sediment increeses. If that is true,
then the average turbidity of the South Fork exceeded
background by more than 20 percent (the limit set by
regulation) in 8 of the 9 years &fter road congtruction
was started.

Data recorded at weirs in the Caspar Creek drainage in northern California will show
effects of logging and roadbuilding on streamflow and water quality.
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This paper offers a smple dexcription of how
road building and logging affect sedimentation.
Fidd experiments are, however, rady smple Ex-
perimenta results reflect not only the effects of condi-
tions being tested, but adso the vagaries of man and
nature. In addition to the perturbations introduced into
our data by weather paterns, mafunctioning instru-
ments, and vanddism, our experiment included three
other extraneous events of a less conventiond nature.
A dam which had been storing sediment for 80 years
faled in December 1967, the winter following road
congruction. During logging, one landing was con-

CASPAR CREEK WATERSHED

The Caspar Creek Watershed Study is a joint inves
tigaion of the Cdifornia Depatment of Forestry and
the Pacific Southwest Forest and Range Experiment
Station. It was planned as a traditiond investigation of
paired waersheds-one logged, one left adone (fig,
1). After a period of cdibraion during hydrologic
years 1963 through 1967, the main road network was
constructed in the South Fork drainage (table 1). Dur-
ing 1971-73, after the effects of road congtruction had
been evaluated (Krammes and Burns 1973), the South
Fork was sdectivdly logged and the effects of the
harvest monitored until the end of hydrologic year
1976. We ae continuing to measure streamflow and
sediment production from the two watersheds in an-
ticipation of the next phase of the Caspar Creek Wa
tershed Study, an evauation of skyline logging which
is planned to begin in 1984.

The North and South Forks of Caspar Creek have
areas of 1225 acres (508 ha) and 1047 acres (424 ha)
respectively; they are located about 7 miles (11 km)
southeast of Fort Bragg, Cdifornia Soils are mainly
Hugo or Mendocino, overlying sedimentary rocks of
Cretaceous age. The climate is typicd of the northern
Cdifornia coadt, having mild summers with fog but
little or no precipitation. The watersheds receive about

structed on an old landdide and subsequently produced
exceptiondly large amounts of eroson. During the
winter after the completion of logging, a large land-
dide in the unlogged watershed yielded more sediment
than measured in any 2 years in the rest of the study.
Although these events complicated our andyses, we
do not believe that any of them negate the generd
trends of our findings. As appropriate, in the various
sections which follow, we will explan how each com-
plication was dedt with in order to improve our in-
terpretation of the results.

Jones’ Law: Things are always more complicated
than they have any right to be.

40 inches (1000 mm) of rainfdl each year, concen-
trated in the months of October through April. Both
watersheds were clearcut and burned in the late 1880's.

Table |-Details of timber harvest in the South Fork Of Caspar
Creek

Year logged
Item
1967 1971|1972 |1973 |average |Total
Arealogged
(acres) (M bm) 47 249 316 435 — 1047
Total stand/acre 85.1 69.9 627 513 613

Harvest/acre (M bm) | 85.1 414 43.0 331 392

Road construction
2

(acres) a7 50 ‘.2 27 — 549
Skid trails (acres) 217 276 380 — 87.3
Landing (acres) 87 33 9.0 210
Percent of logged

area sampled

in 1976 100 121 108 7.4 9.4

1Logging only for right-of-way clearing.
Temporary road not included in road work described by Krammes
and Burns (1973).



METHODS

Streamflow

From the outset, the Caspar Creek investigation was
amed primarily a deermining the influence that log-
ging and road building might have on streamflow
pesks and sediment loads. It was expected that in-
creasss, if any, in tota water yidd as a result of harvest

32

= Suspended sediment volume

Flow wvolume
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Figure P-Flow and sediment regimes of South Fork Caspar
Creek showing the percentage of the flow frequency, flow
volume, and sediment volume occurring at higher discharges
than the level indicated. For example: about 80 percent of the
sediment transport takes place in flows greater than 40 fts.

Stephen’s Law: The stature of a science is often meas-
ured by the extent to which it utilizes mathemat-
ics.

would be of little importance in northwestern Califor-
nia With this emphass on pesk flows and sediment,
little effort was made to ensure that complete records of
summer flows were obtained. The lack of complete
summer records had two consequences. First, we were
unable to determine if any water yield increeses oc-
curred because they ae characteridicdly manifested
as increesed summer flows (Anderson and  others
1976). Second, we had to reconstruct records in order
to edimate annud suspended sediment loads. These
recongtructions were based, in large measure, upon the
performance of the companion watershed. This proce-
dure may have induced a higher degree of correation
between the two caichments than exists in nature. The
recongructed data does not, we fed, serioudy affect
our andyses. Precticaly dl the recondructions apply
to low flow periods during which a minute fraction of
the tota sediment load is transported, so the effect on
annud loads would be minor.

The flow regime of the South Fork is typica of many
smdl forested watersheds in that for most of the time,
flowsare low relative to maximum discharges; most of
the flow volume, and especidly mogt of the sediment
load, is carried during reldively brief periods of high
discharges (fig. 2). For example, discharges greater
than 45 cu ft/s (1.27 m/9 occur approximatdy 1
percent of the time, but carry 26 percent of the volume
of the water and 81 percent of the sugpended sediment
that is discharged annualy by the stream. Recognition
of these relationships led to the creation of a variable,

Q to index the year-to-year variability in sediment
trangport capability of the North Fork of Caspar Creek.
NQ was the mean discharge rate of the flows which
yielded the upper 25 percent of the flow volume of the
North Fork. Throughout this paper, the term “stream
power” will be used as a synonym for either N_(_Q25 or
the smila measurement in the South Fork, 8;)25_

Suspended Sediment

Annua suspended sediment loads were estimated by
multiplying the volume of flow in each of 19 discharge
classes by the mean suspended sediment concentration
in eech of those classes and summing. Class bound-
aries were located so that approximately 5 percent of
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the annua flow occurred in esch class. The weight of
sediment thus computed was converted to a volume,
assuming a factor of 74 pounds per cubic foot (1185
kg/m®). As we had few data rdating sediment concen-
trtion to steady or recesson flows, our estimates of
suspended sediment load had to be based on rising
dage rdationships Because risng flows typicaly
cary more sediment a a given discharge than reces
son flows, this compromise caused US to somewhat
overestimate suspended sediment discharge of both the
North Fork and the South Fork. The absolute increases
in suspended sediment production as the result of log-
ging or road building are therefore somewhat inflated,
dthough the reative increases are likdy to be near
their true values. Because sreamflow records were
incomplete, about 0.02 percent of the streemflow rec-
ord for discharges greaster than 30 cu ft/s (0.85 m’/s)
was recongructed. We are confident that neither of
these compromises needed to edimate annua s
pended sediment discharges had an appreciable effect
on our results or conclusions.

During the cdibration period (1963-67), a snge
composite sediment-discharge relationship was used to
edimate annud suspended sediment loads for the
South Fork of Caspar Creek. In subsequent years,
while the South Fork was being disturbed by the effects
of road building and logging, individud reationships
were developing for esch year. This procedure was
used to guard againgt the possibility that the sediment-
discharge relationship was changing from year to yesr.
A single reationship was used throughout the study to
edimae the suspended sediment load of the North
Fork. This procedure differs from that of Krammes and
Burns (1973), who used normalized suspended sedi-
ment discharges, after Anderson (1971). Conse-
quently, our data differ from theirs for hydrologic
years 1963-71.

Debris Basin Accumulation

The remainder of the sediment discharge was cap-
tured as depodts in the gilling ponds upstream from
each of the Caspar Creek weirs. Annua accumulations
were edimated by comparing bottom profiles of the
sediment a gpproximately 24 cross sections in each of
the reservoirs. When the reservoirs approached ap-
proximately one-haf capacity, they were excavated
during the summer season. On three occasions, this
survey and cleanout procedure led to apparently illogi-
cd resultsnegdive reservoir depostion during hy-

drologic years 1972 and 1976 (table 2). These negative
numbers may be the result of surveying erors they
may represent actua losses over the wer of re
mobilized bottom sediment; they may represent set-
ting of the deposts or decay of organic materid.
Because dl of the negative “accumulaions’ occur in
dry years, we think the last explanation is the most
probable. In either basin, less than 3 inches of settling
could account for these differences. Assuming thet a
certain amount of compaction of sediment takes place
in every year, we have chosen to use these negative
numbers as our best estimates of the debris basin ac-
cumuletions

Calibration Equations

Two regression equations were computed in order to
edimate the changes in sediment yidd of the South
Fork which may have resulted from road congruction
and logging. Each of the equetions was based on two
independent varigbles The firg independent varigble
was the edimated sediment discharge (either sus
pended sediment or debris basin accumulations) of the
North Fork. The second varigble was NQ,, The re-
gressions were based on the relationships which
exiged during the cdibration period (hydrologic years
1963-67). They were

SSF = 175 + 102 SNF - 465 NQ, )]
DF = 114 + 3 DNF - 215 NQ, @
in which

SSF = the annud suspended sediment discharge of
the South Fork of Caspar Creek (yd¥/mi?)

SNF = the suspended sediment discharge of the
North Fork of Caspar Creek (yd®/mi?)

Nazs = the mean discharge of the upper 25 percent
of the flow volume of the North Fork of
Caspar Creek (ft/gmi)

DSF = the anud debris basn accumulation behind
the South Fork weir (yd¥mi?)
DNF = the anud débris basn accumulation behind

the North Fork weir (yd¥mi?)

Both the suspended sediment and the debris basin
regresson equations gave excdlent fits to the daa
They had coefficients of determination of 1.00 and

0.93, respectively.


RSL PSW


RSL PSW



Table 2—Annun sedimensaion and preamploe fromr e Cuapny Ercck saicrakde

MORTH FORE

SOATH PORK

Hydro- spemded sedimini Dictares hasin acoumulation
lagie a Sxigpended | Mwhric bein Tawial B i Ticeal
year Mk, sediment | accamulation | sedimes 50y | Observed | Prediciod | Increase | Observed |Predicted | herease Iscrrase
a fnlslse mil O pdlng i ——————  Cu filalg md iy s mi
Calitration period
1061 24 50y 10113 5622 157 43 2965 LY 182, 3 &T.04 BZ.ird
14 3023 S4.Hp SNl 158, (M) A 12 13035 44 Bl T304
10 0.6 £12_54 G5 L4 4r7. 0 7500 AELES  AED Y NI 1M
1 Gl 11261 Tag 4 H27 .G L5T1.53 1I08E 41030 4/0.5) 19320 1ER.A3
1967 24.30 138.24 B0, 1 134K, =ik 4.7 2 M3 109, 24 B4 55
Tatal 16GEG 47 1693 .41 JIE3 3R 139 .07 G5H.54
Anerege EErS ) 33404 T 6 FIR.2L 131.71
Road comsiruction evaloatisn
| 96d 20.00 £7.65 53156 121,41 .t O T S st 42 S [ELA il 4.3 445, 16
1 G 44.'% ELIVR L B TE4 22 44 52  SR5497 W3R 202.07 IM42% 168,12 b 11 2EE. 1B
19T 52,93 IET.ZH 22709 A SG.0¢ Ri2d4 RE1E 130G 1470 L] il 16 dR
1971 &7 .51 ELOEE ] IT1.E2 B0 91 798 50618 341,57 234,91 41054 L1k £ 547 45
T-aml 1334 04 147 IR | G H25.56 4TH 46 134,032
Aveiape ki ) 26075 505 49 200,39 RALE.* 16N
Logging evalisibon
1972 I8, 3% a.1% — B0, [0 -20.05% 1935 e 14]1.71 AT — 1403 4552 -193.28 —115.91
19T 4T 401 A6l 17953 5. 24 55,82 1R94.9 WITE W73 INRTI &.0H 135H.AxE | TES, 16
1974 2.1 2NT. 4R 121915 L Gl.43  FR0040  15S4ED —162.31 TN 40074 = 53.23 =215.56
Adpsied” L Uk Mam 117a. ETT N L E 150 1040, 52 20004
1975 45 50 3300 23&.07 LENIE 4117 16RO 3SRES R19.23 10288 w331 .58 &71.E81
1975 a3, 7 CERT T 17.461 T N =T O T B e - T R P W ) FENL 1.0 -1 15%9.95
Toal RS:0LHG 152053 AE2.T 14Bd 59 —H. 14 2355 45
{Adjusted) {1424.53) [BTE.ZL) (1M, T4 {eh32 44y (15460 (4757 05)
Average 17 304,17 Kl 54 WO 7 —17.43 4R
{Adjusted ) [2B4. 90} (ITE 4} ) 1 5) W26 49} A HRET AL
Coambined dats-road constnaction and logging
Toial 4545, B 2568._HS TiH4 65 EETLLR 3A9.32 A, 27
{Adjusted) (279947} (192330)  (46R2.68) 14458 00) (633.07)  (6051.07)
Avoaage L) 64 2R5 .0 226,07 9.7 41 76 1411 N5
i Adjuszed) (306,61 ) (213,89} 15 240 30} =i, A5 ) WL R T

! Increase statistically significant p = (003 level sccording 1o Choa's (1960 bess,
? Incrgase statistcally significent p o< 00 level according o Chos”s (] Wa0) esn,
' Adjusted by wsing the monmal sedimentaiicn of the Morh Fork for 1974 miher ig the ohserved rte resulning Brom e lasdsiide.



RESULTS

Road Construction

The effects of road congruction and logging were
andyzed separatdly. Each of these andyses had two
parts. Eroson was estimated to quantify the impact of
the ectivity on the watershed and sediment increases
were tedted ddidicdly to evauate the response of the
watershed to that impact.

Erosion

The main road in the South Fork of Caspar Creek
was condructed during the summer of 1967. During
the following December, an old splash dam failed in
the South Fork drainage, about 300 feet (91 m)
downgtream from a mgor stream crossing of the road.
The dam had been doring sediment for gpproximately
80 years since it was last used to flush logs downstream
during the origind logging of the South Fork. Kram-
mes and Burns (1973) edimated that dightly in excess
of 925 cu yd (707 m®) of the 5600 cu yd (4282 n) of
dored sediment were released. Although the exact
caue of falure is not certain, we bdieve the road
condruction, and especidly disturbance a the dream
crossing, was probably responsble.

In addition to the eroson of splash dam sediment,
Krammes and Burns (1973) estimated that about 6.50
cu yd (497 m®) of erosion occurred on the road in the
immedigte vicinity of the dream channd. They ac-
knowledged, however, having no etimate of the mate-
rid eroded during the congruction of the stream cros-
sing or the amount that may have spilled into the streem
during road maintenance, and make no mention of
measurements of surface eroson on the road prism.
Consequently, in our appraisd of the impact of road
congruction, we have chosen to consder that the
splash dam falure and its sediment were entirely attri-
butable to road condruction. In this way we are com-
pensating, in pat, for the underestimation of road
prism eroson which apparently occurred.

Sedimentation

Suspended  sediment  production during the winter
following road condruction was over 3.7 times that
predicted (fig. 3. The amount of excess suspended
sediment declined in hydrologic year 1969 and the
observed sediment load in 1970 was below that pre-

Gumperson’s Law: The probability of anything hap-
pening is in inverse ratio to its desirability.

dicted. Since about 2.4 miles (3.9 km) of the main road
and 1.3 miles (2.1 km) of spur roads in the South Fork
were within 200 feet (61 m) of the sream channd, we
fed that this rapid decline in suspended sediment was
to be expected. It agrees with the findings of Megahan
(1974) in his dudies of eroson following road con-
struction in Idaho. In 1971, in response to high
streamflow, suspended sediment observed in the South
Fork rebounded to exceed that predicted by 65 percent.

Debris basn accumulations in the firg year follow-
ing road congtruction were about 50 percent greater
than predicted (fig. 3). This increase perssted through
1969 and 1970. In 1971, the increase was more than
four times the predicted vaue This large increese is
probably the result of two factors Fird, flows in the
South Fork that winter were high enough to have the
ability to entrain incipiently unstable sediment
throughout the sream channel. Second, the heavier
fractions of splash dam sediment released in 1968,
some 10,800 feet (3292 m) upstream from the debris
basn, were findly reaching it.

In total, over the 4 years between road construction
and the beginning of timber cutting, the South Fork
watershed produced about 1304 cu yd/sg mi (385
nkn?) excess sedimentation, which we atribute to
the congruction of agpproximately 3.7 miles (6.0 km)
of logging roads in the riparian zone of the South Fork
of Caspar Creek.

Logging

Erosion

Edtimates of eroson were obtained from seven plots
in the South Fork of Caspar Creek. Those plots were
sdlected s0 as to sample the three ages of cutting and to
be representative of the condition of the South Fork
watershed. Measurement procedures were identica
with a more generd dudy of loggingrelated erosion in
northwestern Cdifornia (Datzman 1978) and very
smilar to methods used by the Cdifornia Department
of Forestry in a datewide study (Dodge and others
1976). The plots were rectangular, 10 chains (201 m)
wide and from 10 to 16 chains (201 to 322 m) long,
depending on the distance from which logs were being
yaded to the landing. Within the plots, gullies greater
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than 1 &g fi (0,09 m') in o cross secton ond Fuess
movements dispiacing more than 1 cu yd (0.76 m') of
soil were completely measured. Grownd conditions
and minor exosional features were sampled on transects
at 2-chain (40-m)} irtervals aong the length of the
plats. From these data we catimax that tho timbcr
harvesiresulted in 42 9 cuydfazre (81,1 m"/ha) exzess
ension,

Sedimentation
The response of the South Fork wadershed o the
lozging disurbance. though quite dramatic. must be

comsidered tegether with the fact the post-harvest
period in:luded years of boih vey abundimt ard very
deficient rainfall and runoff. Overshelwingly, bog-
ging affected suspended sediment discharges (fig. 1)
meore than debris basin accumulation.

The stream power of both forks of Caspa Crock was
lower in bydrologi: year 1972 then in any other vear in
the study. This apparently resulled in o very small
suspended sediment increase. The sall iscresse alio
may be due, in pant, tothe fact that oaly 25 percent of
e waiershed had been logged ihe peviols Summer.
During the following winter, with over one-half the
witérshed logped and samewhat shove nommal rinfal]



and stream power, suspended sediment loads were 6.6
times greater than predicted (table 2).

Events during hydrologic year 1974 greetly compli-
cated our efforts to edimate the effect that timber
harvest was having on the suspended sediment dis
charge of the South Fork watershed. Two large land-
dides occurred adjacent to stream channels during a
March storm. One was in the North Fork; one was in
the South Fork. The North Fork dide, 4234 cu yd
(3306 m°), dumped much of its sediment directly into
the stream, which transported it to the weir where it
was measured. The South Fork dide, 727 cu yd (556
n?), knocked down ripaian trees and built itsef a
bridge above the stream. As a consequence, only a
comparatively smdl portion of its totd sediment had
entered the stream by the end of the study. As a result
of these two unusud events a draightforward use of
equation 1 leads to an estimated decresse in suspended
sediment load in the South Fork for hydrologic yesr
1974. If the suspended sediment discharge in the North
Fork is adjugted to its norma relationship with stream
power (fig. 4a), equetion 1leads to a more reasonable
edimated increase in sugpended sediment of dmost six
times the predicted vaue.

Suspended sediment increases, both in absolute and
relative terms, decreased in hydrologic year 1975 and
again in hydrologic year 1976. In tota, suspended
sediment production for the 5 years following the be-
ginming of logging was 45 times gregter then the
amount predicted by the cdibration equation.

Following the 1972 hydrologic year, surveys of the

INTERPRETATIONS

It is not enough to know that a particular logging
operation had a paticular effect on sedimentation.
Other questions need to be answered, at least in part.
What mechanisms have caused the observed changes
in sedimentation? What might be the long-term impli-
cations of repeated management impacts such as those
described here? How does this logging operation relate
to others?

Mechanisms

Inspection of the South Fork’s suspended sediment
data suggedsts that the relationship between suspended
sediment and stream power changed appreciably dur-
ing some of the postcaibration years (fig 4b). The most
marked differences were seen in the postlogging years

debris basins indicated negative accumulations in both
the North Fork and the South Fork. As noted earlier,
we dected to use these negative numbers together with
egudion 2 to edimate the effect of logging. That esti-
mate, however, may be subject to large errors, as it was
computed using vaues which were much beyond the
range of the cdlibration data. In hydrologic year 1973,
a modest increese in debris basin accumulation was
edimated. In 1974, a smilar increase was arived a
usng adjustments smilar to those used to edimate
suspended sediment increases. From these data it ap-
pears that the effect of logging on suspended sediment
is much grester than its effect on debris basin accumu-
laions. It may be however, tha snce the logging
disturbances occurred farther from the weir than those
asociated with road condtruction, the heavier materi-
as which would be measured as debris basn accumu-
laion have yet to arive a the welr. At this time there is
no clear indication which interpretatiion is correct.

In summary, the effect of logging on sedimentation
in the South Fork was mainly expressed as increases in
suspended  sediment  discharge.  Although the record
was complicated by the events of 1972 and 1974, we
have been able to adjust our estimates to overcome the
difficulties presented. Usng the adjusted predictions,
we estimate a sediment increase of about 4787 cu yd/sq
mi (1413 mkn?). We fed tha such an adjusted esti-
mate is probably closer to the typica response to log-
ging than one which would have resulted from the rigid
use of the predisturbance regresson equation with the
observed data

Hoare's Law: Inside every large problem are small
problems struggling to get out.

of 1973-75, and only hydrologic year 1970 had a
suspended sediment discharge lower than predicted by
the cdibration equation. The years that roadbuilding
and logging began (1968 and 1972) dso appear to fit
the same curve as 1973-75, dthough the very low year
of 1972 could be fitted to ether curve. Since some
suspended sediment increase in response to  logging
one quarter of a watershed would be expected, we have
chosen to include 1972 with what we shdl cdl the
“disturbance” years (hydrologic years 1968, 1972-
75). With the exception of the disturbance years, the
relationship between suspended sediment and stream
power in the South Fork is quite Smilar to tha which
exigs in the North Fork  (fig.4). Both watersheds show
only a modest increase in suspended sediment load
with increases in stream power. The disturbance years
show a much different rdationship. Suspended sedi-
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ment discharge increeses markedly with  increased
dream power. We believe the two curves describe
fundamentdly different flow regimes In the “nondis-

turbance” years, sream channds and the watershed
surface are 0 dable that the stream has transporting
power in excess of the avalable sediment. Conse
quently, this regime is supply dependent. During the
disturbance years, on the contrary, a superabundance
of transportable materid is ddivered to the drainage
system. Sediment discharge is no longer determined
ldy by the avalability of sediments raher, it is
manly a function of the transporting ability of the
dream. In this circumdance, the regime is stream
power dependent. Debris basn accumulaions dso
show a dgmilar shift from supply dependence to stream
power dependence, dthough not as dramatic as the
shift for suspended sediment. It agppears, then, that the
principd effect that logging and roadbuilding have had
is to ddiver sediment to the dream.

Soil Loss

A fundamentd quedion remains What is the long
term impact of roading and logging in the South Fork
of Caspar Creek? To answer it, we need to digtinguish
between the edtimated physicd consequences of the
operation and our professond and esthetic gppraisas
of it. In keeping with the Foret Practice Rules in
exigence a the time, reatively little congderaion was

given to erosion control or the control of water. Water
bars were infrequently and inexpertly installed.
Ephemerd channds were frequently used as skid
tralls, and landings were located with little regard to
dope hydrology or dope dability. Four years after
logging the scars had yet to hed. The measurable
physcd impacts were much less dramatic. The 10
percent of the watershed which had been severdy
disturbed by skid trails and landings (table 1)
presumably may be less productive. Similaly, the 5
percent of the watershed now occupied by road prisms
will yield few forest products. The road system, how-
ever, represents a necessary permanent investment in
the management of the drainage. To the extent that
landings and skid trails are reoccupied for later har-
vests, they too can be considered as necessary deduc-
tions from the area available to grow trees. Because the
future utilization of the currently ingdled trangporta-
tion network is uncertain, it is difficult for us to say
how much of the land thus taken out of production was
unnecessarily logt. Our best guess would be about 3
percent.

The average soil depth in the South Fork of Caspar
Creek is dbout 4 feet (1.2 m). Asuming that the
meesured “eroson” represents the excess loss of soil
from the gdte for each harvest (that is, natura erosion
equdled replenishment from naturd soil geness), and
assuming that Smilar disturbances would occur a ap-
proximately 50-year intervas the soil resource would
be totdly exhausted in about 7900 years (table 3). Our
sedimentation data, however, indicate that only about

Table 3-Short-and long-term impacts of logging and road construction in the South Fork of Caspar Creek

Soil lost due to disturbance ) )
Estimated time for complete
Volume Proportion of soil mantlet removal of soil mantle?
Disturbance Delivery
ratio
Erosion Sedimentation | Erosion | Sedimentation Erosion| Sedimentation
Cu yd/sqg mi Percent Years

Road construction 135 962.75 1,304.02 0.0233 0.0316 214,497 158,362
L Ogg| ng’ Observed 091 26,22175 2,39545 635 0580 71875 861208
Logging, adjusted? 183 26,221.75 4,787.05 635 116 7875 43,046
Total, observed 136 27,184.50 3,699.47 658 0896 7,59 55,821
Total, adjusted® 224 27,184.50 6,001.07 658 148 7,59 33,903

IAssumes a soil depth of 4 feet.

2Assumes that similar impacts occur at 50-year intervals and that new soil forms during the period at arate equal to natural erosion
3Adjusted by using the normal sedimentation of the North Fork for 1974 rather than the observed rate resulting from the landslide.
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22 percent of the eroded materid has left the wa
tershed. Usng sediment volume with smilar assump-
tions, we esimate the soil would not be exhausted for
33,900 years. Clearly, both of these figures, which
incdude gringent and unfavorable assumptions of re-
peated equal impacts and no increesed rate of soil
formation, represent planning horizons much  beyond
what a fores manager must condder. It might be
argued that our cdculations underestimate Ste degra
dation, because erosona processes will remove a dis-
proportionate share of the more fertile surface layers of
the soil. Undoubtedly, this is true to some extent;
however, our eroson measurements recorded only 3
percent of the total erosion as rill erosion. The remain-
der occurred as landdides or large gullies which re-
move manly the less fatile subsoil. Although we are
not advocating unnecessry erosion, these inferences
and extrgpolations from our data would suggest that
timber harvest, such as we measured in the South Fork,
would not cause unacceptable site damage.

Water Quality

In any appraisd of foret management impacts,
waer quaity is a mgor concern. The implications of
our edimates are more gloomy here. Although the first
and fourth largest South Fork discharges occurred dur-
ing the 5year cdibration period, suspended sediment
loads during 6 of the 9 postcdibration years exceeded
any recorded in the South Fork while it was undis
turbed. With smilar disturbances and 50-year intervas
assumed, it is doubtful that the aguatic ecosystem can
maintain itsdf when perhgps 10 percent of the years in
each century are above the norma range of variability.
In addition to possible ecologica impects, forest man-
agers need to condder the legd redtraints on water
quality degradation. If turbidity changes have pard-
lded suspended sediment changes, as we would ex-
pect, in 8 of 9 postcaibration years turbidity exceeded
the standards of the North Coast Regiond Water Qual-
ity Control Board (no increases greater than 20 percent
above background). We may now ask, which is a
fault, the logging and roadbuilding methods or the
water quality standards? The new Forest Practice Rules
may be expected to reduce considerably the amount of
water pollution which may result from timber harvest.
It appears unlikely, however, that even operations to-
tdly in keeping with the Forest Practice Rules will
avoid dl turbidities in excess of 20 percent above
background. Therefore, it might be more prudent to
modify water qudity Standards so that they specify
more atainable gods.
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Comparison to Other Logging

Fortunately, information that alows gppraisd of the
“representativeness” of the Caspar Creek Study is
avalable from an invedigation of eroson of logged
aress in northwestern Cdifornia (Datzman 1978). This
study included 102 plots dratified so as to sample as
many combinations of important Ste variables as pos
sible. The seven Caspar Creek plots were compared
with two groups of plots from Datzman's daa. Both
groups were composed of plots which had been logged
a about the same time as Cagpar Creek, and which had
supported second-growth timber (*“second-growth”
includes dl plots other than old-growth redwood). One
group of plots was composed of partiad cuts and the
other included plots which had been tractor yarded.

Our comparisons were based on two erosion vari-
ables, 14 gte variables, and 12 surface condition vari-
ables (table 4). The Caspar Creek plots were most like
the other four partialy cut plots, with respect to ste
and surface condition variables, and none of the dif-
ferences between the Caspar Creek plots and the 14
tractor-yarded plots appears serious. Comparison of
the eroson variabiles shows obvious important dif-
ferences. Caspar Creek agppears to have experienced
sgnificantly more eroson and possibly higher vaues
of the variable Net Soil Loss as wel. Seeking an
explanation, we found that the landing & one of the
Caspar Creek plots had been located on the toe of an
incipient ungtable rotationd falure. When the predict-
able dump occurred, it yidded amost one-hdf of the
eroson measured in Caspar Creek.

Had ours been the only observation of a data st
being dominated by an extreme event, we might have
had serious reservations about the “representative-
ness’ of the Caspar Creek experiment. It appears,
however, that such domination may be common.
Datzman's (1978) data are dominated by five large
events and another large data set of road-related ero-
son is dominated by three. Consequently, athough we
might prefer the data to be well behaved, it probably
represented the sort of random perturbations to be
found in mogt invedtigations of eroson. Thus we
believe that the interim use of Caspar Creek as a pro-
totype for logging impacts in second-growth tractor
haves of timber in northwestern Cdifornia is war-
ranted. Another reason for this postion is that we, like
Frodich (1973), beieve that the most important de-
terminant of eroson and disturbance is not variaion in
site conditions, but differences in operator
performance-the mistakes that led to eroson in Cas
par Creek could be made on future timber harvests.



Table 4-Characteristics of logged plotsin Caspar Creek watershed study and of other second-growth
plots (comparable with respect to time elapsed since logging) in northwestern California

South Fork Partially cut Tractor yarded
Characteristic Caspar Creek plotst plots?
Plots (number) 7 4 14
Area sampled (acres) A 44 164
Erosion variables (yd*/acre):
Erosion® 42.9 106 83
Net soil loss® 1509 90.0 1341
Site variables:
Age since logging (yr) 3.86 4.75 4.50
Mean annual precipitation (in) 44.29 61.25 67.50
10 yr maximum 24 hr (in) 4.56 6.42 6.81
2 yr maximum 6 hr (in) 180 2.10 216
Aspect severity* 529 4.75 4.50
Slope (pct) 29.7 31.0 385
Elevation (ft) 634 1638 1936
Sand in surface soil (pct) 58.6 516 50.2
Clay in surface soil (pct) 177 193 217
Sand in subsurface soil (pct) 43.7 55.4 50.7
Clay in subsurface soil (pct) 24 199 27
Field aggregate stability® 4.34 510 543
Lab. aggregate stability sufad 312 368 42.4
Lab. aggregate
stability subaurface® 45.9 350 41.6
Surface condition variables:
Areain roads (acres) 0.149 0.298 0.249
Areain landings (acres) 281 223 .349
Areain skid trails (acres) 143 112 126
Bare ground (pct) 7.9 120 214
Slash (pat)’ 20.6 148 162
Litter (pot)’ 27.6 22.2 183
Wood (pd)’ 71 118 107
Herbaceous plants (pct) 133 135 8.4
Shrubs (pct) 2.9 17.8 151
Conifers (pct) 16.6 48 2.6
Hardwoods (pct) 3.4 3.0 2.4
Rock (pct) 0.9 13 54

LIncludes both cable and tractor yarding.
2Includes both partial cuts and clearcuts.

%Erosion included all mass failures, all gullies with cross-sectional area greater than 1 ft2, and rills
(based on transect sampling) with cross-sections greater than 0.1 ft2 Erosion + excavation - till = net
soil loss.

“Reted on a scale from 1 (N) to 8 (S).

®Rated on a scale of decreasing stability from 1 to 10 (Cdif. Reg., For. Serv. 1968).

6 Represents the ratio of hydrometer readings after final time period in dispersed and aggregated
suspensions.

Slash is organic debris between 0.5 inches and 6 inches in diameter. Litter is smaller material and wood
is larger.
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CONCLUSIONS

In summary, we conclude that the study of roading
and sdective timber harvest in the watershed of the
South Fork of Caspar Creek suggests that

@ The watershed appears representative of other har-
vested aess invesigated in northwestern Cdifor-
nia

@ The informaion gained in this sudy gpplies most
directly to tractor-yarded, partidly cut second-
growth redwood and old-growth timber of other
species.

@ Disturbances from roadbuilding and logging
changed the sediment/discharge relaionship of the
South Fork from one which was supply dependent
to one which was stream power dependent, result-
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