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Peak Stream Discharge During Thirty Years of Sustained Yield
Timber Management in Two Fifth Order Watersheds in Washington State

Abstract
Analysis ofrainfill and peak ilos l;om l95l to 1980 br means ofregression models ras pcrformed on lwo {arershcds in sou{hweslern
Vashington to examine the ef fects of  t imber harvest ing or  peak f low magni tude.  One warershed contai red r imLer berween
15 and 60 years ol age and had experienced no logging during the study pe.iod. The otirer $atershed sas being activcl) harvesred
and roaded at  a rate of  approxinately 344 Ha/yr .  t rom exaninat ion of  regfcsl ion models,  no changc in peak f low nagni tude
could be detected in e i thfr  {dtershed for  the 1951 to 1980 per iod.

Introduction

The results of watershed studies indicate that
peak f lows in rain-dominated svstems of the
Par " i f i c  No r thwes t  have  been  sho ! rn  t u  i nc r casp ,
decrease or remain unchanged after logging and
road construction. Harr (1979) states that whether
or not a change occurs depends on rhat part of
the hvdrologic system is altered and hov perma-
nent the alteration is. Clearcut timber harvest was
implicated by Anderson and Hobba (1959) as in-
creasing annual f lood peaks through reduction
in  eva lo l r ansp i ra t i on  and  a l t e ra t i on  i n  snou  ac -
cumulation and melt rates. ln ini t ial  hydrologic
measurements in logged warersheds at thc H. J.
Andrews experimental forest (HJA), Rothacher
(1970) found peak f lows to have increased by
some 200 percent due to increases in soi l
moisture al ier logging, al lowing more water to
be seen as runoff.  In the Alsea Basin study, Har-
r is (1977) reported a 20 percent increase in peak
flow on Needle Branch Creek and a 2 percent
increase on Deer Creek as compared to Flynn
Creek, the control watershed, but considered
such increases to be stat ist ical ly insignif icant
since the mean of the peaks fcll within the predic-
t ion l imits. Hornbeck (1973), Har et al.  (1975),
and Ziemer (1981) also reported increases after
logging due to dif fereDces in soi l  moisture. In
further examination of HJA data, Harr (1979)
reports that the normally large winter peak f low
events, occurring after suff icient rainfal l  had oc-
l u r r r d  t o  r e . t o r e  . o i l  m o i s t u r e , l e f i c i t . ,  " " r ,
similar between loggcd and unlogged areas. Peak
flon increases were found to occur in fal l  and
e a r l 1  r , i n t . r . t u r m  c \ e n t 5  f r i o r  l o  5 u i l s a t u r a t i o n .
E ram in ing  t he  e f f e r  t  o f  o th . r  f o re . t  p ra , " t i ,  " . .

Harr et al.  (1975) found increases in peak f low
to be proport ional to the percent of the water-
shed occupied by compacted soi l  areas (roads,
landing, and skid trai ls) where increases were
observed when compacted surfaces exceeded l2
percent of natershed area. Other observers have
reported peak f lows to be reduced by logging.
Cheng et al. (19?5) attributed peak flow reduc-
t ion to be due to decreased soi l  pore space, thus
forcing water through slower routes. Harr and
McCorison (1979) demonstrated reduced peak
flow in clearcut areas in western Oregon and at-
tr ibuted the reduction to be the result of de-
creased snow accumulation and increased melt
rates. Chistner and Harr (1982) examined long,
term precipitat ion records for western 0regon
and concluded that no significant climatic change
had occurred over the last 35 years that could
affect peak stream f low,

Such mixed results indicate that the par-
t icular hydrologic system in question must be
well  defincd prior to interpretat ion of peak f low
relat ionships. The majori ty of the peak f low
research in the Northwest has been accomplished
on watersheds ranging from 13 to 2l Ha in size.
Because of the dif f iculty in quanti f icat ion of
hydrologic variables, peak f low relat ionships on
larger streams have not been examined in as
much detai l  as small  watersheds. Lyons and
Beschta (1983) detected an apparent trend toward
peak flow increase in the Middle Fork Willamette
r i r e r .  a  665  Lm ' :  wa te r . hed  i n  O fcgon .  i n  as "o r " i a .
t ion with a part icularly heaw increase in logging
activi ty. Increasing trends such as this are im-
portant in examining downstream response to
logging activi t ies, part icularly in relat ion to
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erosion of stream bed and banks, f ish habitat,
and f looding. This case studv was undertaken in
an attempt to evaluate whether thc trends ob-
served by Lyons and Beschta occurred elsewhere.

The objective of this study was to examine
peak discharge in relat ion to t imbcr ha est
through use of historical stream f low records on
lwo watersheds: one in a state offorest regrowth
and the other having experienced a relat ively
rapid rate of harvest during the last ten years.

Watershed Characteristics

The Deschutes watershed is located in the
f o o t h i l l s  o f  t h e  C a s c a d e  M o u n t a i n s  i n
southwestern Washington state. The Deschutes
River f lows in a northwcsterly direct ion to Budd
Inlet at the southernmost end of Puget Sound.
Total watershed area encompasses some 429 km'
of which 232 km'? occur in the headwater area
examined in this study. The principal saJmonid
species ut i l iz ing the r iver are Coho salmon (On-
corhlnchus kisutch),Stee\head (SaLmo gairdne rfi,
and Cutthroat trout (S. c/arli).

Elevations range from 100 m at the stream
gauge to approximately I  120 m, of which l0 per-
cent l ies above 850 m. The winters are general ly
m i l d  r ^ i t h  t hp  ma jo r  p rec ip i t a t i on  oc r . u r r i ng  a .
rain from Pacif ic 0cean frontal systems. Snow
accumulations of 25 to 40 cm occur for short
periods abovc 850 m in elevation. Annual averagc
precipitat ion ranges from approximately 130 cm
in the lower basin near the stream gauge to 210
cm in the headwaters area.

The headwater port ion of the Deschutes
watershed consists of long straight "v"-shaped

valleys and smooth steep slopes, commonly 70
percent (35o) and steeper. Soi ls are moderately
deep (50 to 100 cm) to shal low (less than 40 cm)
loams and clay loams developing from volcanic
ash mixcd with basalt,  andesite, basalt ic breccia,
and welded tuff  residuum with local inclusions
of sedimentary rock. The lower watershed was
partially influenced by continental glaciation dur-
ing the last glacial period. Slopes are 30 percent
( l70) or less and r idges are broad and smooth.
Soils developed on the glacial si l ts, clays, and
sand and gravel deposits are highly variable,
ranging from clay with low permeabilitv to highly
permeable soi ls developing on glacial outwash.
Soil  stabi l i ty is general ly good, with one isolated

area of earth-f low slump terrain associated with
deeply weathered tuff  and breccia rocks.

Douglas-fir (Pseudotsuga menziesii\ is the
principal timber species in the basin with western
hemlock (Isaga lret erophylla) and Pacific silver
f i  (Abies amabalis) at the upper elevations. The
area has been continuously harvested over the
past 30 years (Figurc l)  when some 11,344 Ha
or 49 percent of the project area was harvested.
Currently, stand age on,14 percent of the arca
is less than l5 years. Road construction has been
continuous during the samc period, result ing in
a road density of 3.08 km/km'?. The rnajor form
o f  t imb" r  ha r res t  has  been  c i ea r  ' " u l t i ng  us ing
high lead cable systems. During early stages of
basin development, tractor skidding methods
were employed on some of the more gentlc ter.
rain in the lower basin. Minimal si te preparation
activi t ies have been reguired, with broadcast
burning accomplished in areas of part icularly
heary slash concentrat ions. Al l  clearcut unrts
have been regenerated with Douglas-f ir .

Figure L Curnulat ive arca hafyested in the Descnures Dasm
between 1951 ard 1983.

The Naselle watershed occupies 1,1,1.9 km'?on
the southwest Washington coast in the southern
port ion of the Wil lapa Hil ls. The Naselle River
f l o r s  i n  a  snu lhwes le r l l  d i r ec t i on  cmp t )  i ng  i n to
Wil lapa Harbor. Elcvations range from sea level
to approximatelv ?60 m. Periods of snow are rare
with the dominant precipitat ion occurring as long
dural ion moderate intensity rain from north
Pacific Ocean storm systems. A strong orographic
enhancement is present with annual average
precipitat ion ranging from 255 cm near the nver
mou lh  l o  305  cm a l  l he  upp r . r  oJe ra t i ons .

Thc soi ls in the Naselle basin arc deep and
fine texturcd developing from weathered basalt,
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fine-grained siltstone and graywacky sandstone
rocks on steep slopes exhibit ing a dendrit ic
drainage pattern.

The principal t imber species is western
hemlock with sorne Douglas-fir and sitka spruce
(Picea sitchensis). There was no timber harvest
during the 30-year time period examined for this
study. The stand age ranges from 45 to 60 years.
Road density is l.4l km/km'and no new road
construction has taken place during the period
over which stream flow data was examined for
this project.

Methods

Peak flow data from the U.S. Geological Survey
(USGS) gage near Rainier Washington was used
for the Deschutes River. Continuous data was
recorded at this site between 1949 and 1975 and
a crest gage has been maintained since 1975. The
Naselle River gage has been operative since 1929.

Peak f low was de f ined as  lhe  max imum in -
stantaneous discharge above the established base
flow for each stream. The base discharge levels
selected by the USGS were l l2 m3/s for the
Naselle and 56 m3/s for the Deschutes. For this
study, 67 peak flow events were identified on the
Deschutes and 43 on the Naselle.

Storm rainfall corresponding to each peak
flow event was obtained from representative Na-
t iona l  Ocean ic  and Atmospher i r  Admin is l ra t ion
(N0AA) weather stations. Storm rainfall was
defined as the amount of rainfall on the day the
peak flow occurred and the previous three days.
Although there is no record of snow accumula-
tion amounts, field observations since 1975 have
shown that the larger stream flow events resulted
from rain on snow.

Weyerhaeuser  Compan l  ha"  been mon i to r .
ing rainfall in the upper Deschutes watershed
since 1975 with continuous recording instru-
ments  in  con junc l ion  u  i th  a  s t rpamf low mon i lo r -
ing network. To provide rainfall data for the
years  p rev ious  to  1975.  cor re la t ions  us ing
monthly rainfall between nearby NOAA stations
at Cougar, LaGrand and Olympia were made.
The best relationship was obtained between the
Weyerhaeuser gage and the NOAA station at
Cougar 6E (r'? = 0.94) 40 km south of the
Deschutes basin (Figure 2). The relationship be-
tveen individual storm events at Cougar and the

Deschutes during the 1976 to l9B0 period, when
both stations were operative, produced an r' =
0 .86  p  <0 .01  (F igure  3) .  The la rges t  p rec ip i ta t ion
erenl al both stations resulled from rain on snow.

Figure 2. Relationship between total nonthly rainfalJ in the
upper Deschures watershed and the N0AA station
at Cousa. 68.
Rainfall Desctrutes = 0.2685 + 0.9098 x rainfall
at  Cougar 6E r '? = 0.94 (ps0.0l )

Rainfall recorded at the N0AA station lo-
cated at the town of Naselle near the river mouth
was used to characterize precipitation events for
the Naselle watershed. No direct measurement
of precipitation was available for the headwaters
of the Naselle basin. Examination of an isohyetal
map prepared from rainfall data from 1930 to
1957 by the N0AA river forecast center in Port-
land, 0regon shoved the headwaters area to te-
ceive some l7 percent more average annual pre-
cipitation than at the river mouth (Anonymous,
1964). Since no other rainfall data were available,
the rainfall recorded at the official Naselle sta-
tron lYas used.

To exarnine temporal changes in peak flow
magnitude in relation to land management, a
regression method described by Lyons and
Beschta (1983) which relates total storm rainfall
to peak discharge was used to remove as much
of the variation in discharge as possible at-
tributable to rainfall, thus allowing temporal ex-
amination of the normalized data. Although there
may be some sho comings in this storm-rainfall-
flow analyses since snow melt contribution could
not  be  de termined.  unu lua l l y  la rge  prec ip i la l ion
or rain on snow events can be accounted for, A
plot of the flow residuals against time was then
used to examine the relationship between rncreas-
ing clear-cut area and peak flow magnitude. In-
creasing values of the flow residuals in tirne
would indicate increasing peak flows.

j
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Results and Discussion

Regression of peak flow and storm rainfall events
using . -odei of the form: q = arb was per-
formed for the Deschutes and Naselle river
basins. While this model represented the data
reasonably well, the r'? was improved slightly by
a linear relationship (Figures 4 and 5). This
analysis showed that, although significant, less
than half of the variation in peak flow magnitude
could be accounted for by storm rainfall (r' =
0.45 p<0.01 for the Deschutes and r' = 0.34
p<0.01 for the Naselle) (Figure 4).

The large variance could be caused by inabil-
ity to accurately account for the amount of storm
precipitation contributing to the hydrograph
peak and other factors, such as antecedent soil
moisture, snow melt, and precipitation form and
in lens i l y .  These paramclers  must  be  more  r igor -
ously quantif ied before developing generai pre-
dictive capabil it ies. Lyons and Beschta (1983)
reported a similar relationship (r' = 0.38), and
found that the addition of a tirne variable into
lhe  equat ion  nas  s ign i f i can l .  suggest ing  a  pos-
sible increase in peak discharge as timber har-
vesting progressed.

A plot of the flow residuals for both the
Deschutes and Naselle watersheds showed no
time trends in peak flow magnitude (Figures 6
and 7). From this analysis, differences in peak
flow between an actively harvested watershed and
one at or approaching hydrologic maturity could
not be demonstrated.

This case analysis indicates that care must
be exercised not to assume that changes in
stream discharge necessarily correspond to a par-
ticular level of timber harvest. A wide range of
hydrologic factors and the level and duration of
their alteration must be considered. Secondly,
watershed s ize  mus l  be  cons idered in  in le rpre l ing
research results. It has been demonstrated in
small watershed studies that peak flow has been
affected by timber harvesting and the road net-
work, Similar evidence does not exist for north-
lvest river systems the size of the Deschutes and
Nase l le .  Because o f  thc  normal  p rogress ion  in
timber harvesting, only a small percentage of a
large watershed is harvested at one time. Even
with the increased rate of hanest in the Des-
chutes after 1970, it was distributed throughout
the basin and unlike the harvesting effects
demonstrated in small watershed studies, no
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effecr in peak flow magnitude could be detected.

Care must be exercised in the use of models

based on data from small watershed studies for

225

the purpose of predicting conditions in large

watershed systems since the results can be

misleading.
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