
Forest Practices
and
Stream flow
In
Western Oregon

R. DENNIS HARR

PACIFIC NORTHWEST FOREST AND RANGE EXPERIMENT STATION
U.S. DEPARTMENT OF AGRICULTURE FOREST SERVICE

PORTLAND, OREGON

1976
USDA FOREST SERVICE GENERAL TECHNICAL REPORT PNW-49

This file was created by scanning the printed 
publication. Text errors identified by the software have 

been corrected; however, some errors may remain. 

   



ABSTRACT 

Forest management activities, including roadbuilding, clearcut 
logging, and broadcast burning, can change certain portions of the 
forest hydrologic cycle. 
in the Coast and western Cascade Ranges of  Oregon have shown that these 
changes may increase annual water yield up to 62 centimeters, double 
minimum flows in summer, and increase fall peak flows up to 200 percent 
and small winter peak flows up to 45 percent in small watersheds. 
Changes in streamflow resulting from clearcut- logging had little effect 
on either onsite damage to stream channels and hydraulic structures or 
downstream flooding when yarding caused only light disturbance of soil. 
By increasing the size of larger peak flows, roadbuilding and soil 
compaction may cause onsite damage in small, headwater basins. 
in annual yield and minimum flows may be substantial on small watersheds 
that are clearcut; under- sustained yield forest management, such increases 
are masked in large, parent watersheds by unaltered streamflow from 
unlogged watersheds. 

Watershed studies and other hydrologic research 

Increases 

KEYWORDS: Watershed management, streamflow, road building (forest 
logging (temporary)). 

This paper was presented at the 
Symposium on Watershed Management, Logan, 
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Introduction 
Timber is a major resource of 

western Oregon, and the State's econ- 
omy is largely based on timber harvest 
and wood products manufacturing. 
Each year some 7 . 5  million cubic 
meters (m) of timber are harvested 
from National Forests alone in western 
Oregon. In some National Forests 
more than a third of this total has 
been harvested with ground-based 
systems, and soil compaction can be 
extensive (Dyrness 1965). There are 
over 23 000 kilometers (km) of forest 
roads, and each year an additional 
900 km of roads are constructed. 
Clearcutting has been the usual 
method of harvesting, after which 
slash has commonly been disposed of 
by broadcast burning. Because of 
possible effects of roadbuilding, 
timber harvesting, and burning on 
streamflow, a number of watershed 
studies were begun in western Oregon 
in the 1950's and 1960's. This 
report summarizes results from four 
of these studies and discusses appli- 
cation of results to land management 
problems. 

Western Oregon can be divided 
into four physiographic provinces 
that illustrate its varied geologic 
history: the western Cascades, the 
Coast Ranges, the Klamath Mountains, 
and the Willamette Valley (fig. 1). 
Two of  these, the western Cascades 
and the Coast Ranges, are areas of 
major timber harvesting and contain 
all the watershed studies. The 
western Cascade province is underlain 
mostly by basalt, andesite, and 
pyroclastic materials. The Coast 
Ranges province is underlain mostly 
by bedded sediments. The Willamette 
Valley, an area of alluvial agricul- 
tural soil, and the Klamath Mountains, 
a geologically complex province 
containing sedimentary, volcanic, and 
metamorphic rocks with intrusions of 
granite and serpentine, will not be 
discussed further here. 

Most of western Oregon lies 
within the western hemlock (Tsuga 

F igure  1 .- -Location of watershed  
s t u d i e s  and p h y s i o g r a p h i c  p r o v i n c e s  
i n  western Oregon. 

heterophylla) zone (Franklin and 
Dyrness 1973), the most important 
zone in terms of timber production. 
Much of this zone supports subclimax 
forests of Douglas -fir (Pseudotsuga 
menziesii) mixed with western hemlock 
and western redcedar (Thuja plicata) . 
In addition, Sitka spruce (Picea 
sitchensis) is found along the coast, 
and Pacific silver fir (Abies 
q a h i l i s )  is found at higher eleva- 
tions in the western Cascades. 

The climate of  western Oregon is 
greatly influenced by the Pacific 
Ocean. Temperatures are mild, and 
prolonged cloudy periods are common. 



Winters are wet, and summers are 
relatively dry. Precipitation; 
occurring mainly in long-duration, 
low-to-moderate intensity frontal 
storms, ranges from 170 to 300 centi- 
meters (cm) in the Coast Ranges and 
from 70 to over 350 cm in the western 
Cascades. From 75 to 85 percent of 
annual.precipitation occurs between 
October 1 and March 31, mostly in the 
form of rain. Above 900-m elevation, 
accumulations of snow are common. 

Annual streamflow is closely 
correlated with annual precipitation. 
Runoff is usually greatest in December 
and January, the months of maximum 
precipitation. At elevations where 
accumulations of snow are common, 
annual streamflow may exhibit two 
peaks, one resulting from rain in 
December and a second one resulting 
from snowmelt in April or May. 
Maximum runoff events in western 
Oregon have resulted from excessive 
rainfall concurrent with snowmelt in 
December and January. Such events 
have caused considerable damage to 
stream channels, hydraulic structures, 
and property in much of the.region 
(Rothacher and Glazebrook 1968). 

The four study areas described 
here are considered representative of 
much of western Oregon. 
study was conducted by Oregon State 
University in the Coast Ranges about 
16 km from the Pacific Ocean (fig. 1). 
Soils here are derived from marine 
sandstone and are 60 to 140 cm deep 
and extremely permeable (Corliss 
1973). . Physiography is typical of 
much of the Coast Ranges; slopes are 
steep (40 to 110 percent), topography 
is highly dissected, and V-shaped 
drainages are common. The three other 
studies have been conducted by the 

. U.S. Forest Service, Pacific Northwest 
Forest and Range Experiment Station. 
The Fox Creek study is located within 
the city of Portland municipal water- 
shed 40 km east of Portland. Soils 
here are silt loams or gravelly loams 
derived from basic igneous glacial 
tills which overlie andesite and 

The Alsea 

basalt. Soils here also exhibit 
rapid to moderately rapid percolation 
rates .1/ Although steep slopes range 
up to 60 percent adjacent to streams 
in the lower ends of these study 
watersheds, the topography of this 
study area is relatively gentle with 
slopes less than 10 percent. A 
second U.S .  Forest Service study is 
located in the H. J. Andrews Experi- 
mental forest 75 km east of Eugene. 
Slopes here are steep (55 to 110 per- 
cent), and soils are gravelly loams 
and clay loams derived from pyroclas- 
tic rocks. Soil permeabilities are 
extremely high (Rothacher et al. 
1967), and runoff is rapid. Similar 
slope and soil conditions exist at 
Coyote Creek, the site of the fourth 
study included in this report. 
are derived from tuffs and breccias 
and are quite permeable (Richlen 
1973). Study areas are further com- 
pared in table 1. 

Soils 

L’ Stephens, F. R. 1966. Soil manage- 
ment report, Bull Run-Sandy area, Oregon. 
136 p. Unpublished report, USDA For. Serv., 
Mount Hood National Forest, Gresham, Oreg. 
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Table 1--Characteristics of four watershed studies conducted i n  

western Oregon 

Watershed Elevat ion 
s tudy range 

Annual . Annual 
p r e c i p i t a t i o n  s t reamf low Timber 

Type Amount p r e c i p i t a t i o n  
as percent  of  spec ies  

m c m  

Alsea 135- 490 Rain 254 76-84 Douglas - f i r  
Red a l d e r  

H. J. Andrews 455- 915 Rain 229 56-63 Douglas - f i r  
Western hemlock 

Coyote Creek 730-1070 Rain 117 30-43 Douglas- f ir 
Mixed con i f e r  

Fox Creek 840- 1070 Rain 284 60-93 Douglas - f ir  
Snow Western hemlock 

Changes in Stream flow 
Before we look a t  changes i n  

streamflow r e s u l t i n g  from c e r t a i n  
f o r e s t  management p r a c t i c e s  i n  western 
Oregon, l e t ' s  b r i e f l y  review t h e  
f o r e s t  hydrologic system and i s o l a t e  
poss ib l e  components t h a t  may be 
respons ib le  f o r  changes i n  streamflow. 
This hydrologic system, commonly 
r e f e r r e d  t o  as t h e  f o r e s t  hydrologic 
cyc le ,  is  depicted i n  f i g u r e  2. 
P r e c i p i t a t i o n  t h a t  f a l l s  on a fo re s t ed  
area i s  sub jec t  t o  i n t e rcep t ion  by 
p l a n t  sur faces .  Some in t e rcep ted  
water eventua l ly  f a l l s  from p l a n t  
su r f aces  and j o i n s  p r e c i p i t a t i o n  
f a l l i n g  d i r e c t l y  t o  t h e  f o r e s t  f l o o r ,  

F i g u r e  2 .- - F o r e s t  h y d r o l o g i c  c y c l e .  
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while another  po r t ion  evaporates.  In 
t h e  H. J .  Andrews area, about 14 per-  
cent  of annual p r e c i p i t a t i o n  o r  a b o u t .  
30 cm i s  in t e rcep ted  and evaporated 
(Rothacher 1963). The r e l a t i v e  
amount of  storm p r e c i p i t a t i o n  l l l o s t t l  
t o  i n t e rcep t ion  by a given f o r e s t  
vegeta t ion  depends mainly on t h e  s ize  
o f  t h e  storm. For example, Rothacher 
(1963) found t h i s  l o s s  was 100 percent  
of  storms less than 1 .5  mi l l imeters  
(mm) and less than 5 percent  of storm 
p r e c i p i t a t i o n  i n  excess of  200 mm. 
In o t h e r  words, a high proport ion of 
p r e c i p i t a t i o n  from l a r g e r  storms 
reaches t h e  ground r ega rd le s s  of  t h e  
presence of f o r e s t  vegeta t ion .  
Consequently, timber harves t  would be 
expected t o  have i t s  g r e a t e s t  e f f e c t  
on in t e rcep t ion  during smal ler  storm 
events  . 

I n  undisturbed fo re s t ed  a reas  i n  
western Oregon, i n f i l t r a t i o n  capaci-  
t i e s  are extremely high and storms 
are of  long dura t ion  with low-to- 
moderate i n t e n s i t i e s .  Surface s o i l s  
f requent ly  exh ib i t  hydraul ic  conduc- 
t i v i t i e s  i n  excess of 150 cent imeters  
pe r  hour (cm/h) (Dyrness 1969, Ranken 
1974, Yee 1975). More important,  
unsa tura ted  conduc t iv i t i e s  of  a t  
l e a s t  t h e  top  meter of s o i l  a r e  
s u f f i c i e n t  f o r  s o i l s  t o  t ransmi t  a l l  
p r e c i p i t a t i o n  during most storm 
events  (Yee 1975, Harr 1975). Thus, 
f o r  Undisturbed s o i l ,  t h e  overland 
flow component i n  f igu re  2 i s  v i r t u a l -  
l y  nonexis ten t ;  t h e  movement of 
subsurface water accounts f o r  nea r ly  . 
a l l  streamflow in .wes t e rn  Oregon. A 
small amount of  streamflow, o f  course, 
does r e s u l t  from p r e c i p i t a t i o n  i n t e r -  
cepted by stream channels. 

quan t i t y  en te r ing  t h e  s o i l  a f t e r  
compaction could conceivably be so  
small t h a t  s o i l  drainage during t h e  
summer would be i n s u f f i c i e n t  t o  
maintain streamflow. Such cases may 
have been t h e  o r i g i n  o f  t h e  popular 
but  erroneous b e l i e f  t h a t  c l e a r c u t t i n g  
d r i e s  up sp r ings  and streams. 

Water i n  t h e  s o i l  i s  sub jec t  t o  
uptake  and t r ansp ika t ion  by f o r e s t  
vegeta t ion  and t o  evaporat ion from 
t h e  s o i l  sur face .  Generally, evapora- 
t i o n  from s o i l  under fo re s t ed  condit ions 
i s  minimal, p r imar i ly  because of 
small amounts of  energy ava i l ab le  f o r  
water vapor iza t ion  a t  t h e  f o r e s t  
f l o o r  and because of  r,educed a i r  
movement here.  This energy s i t u a t i o n  
can be d r a s t i c a l l y  changed by timber 
harves t ,  and evaporat ion from s o i l  i s  
genera l ly  increased a f t e r  removal of  
f o r e s t  vegeta t ion .  However, t h i s  
increas'e i s  g r e a t l y  o f f s e t  by a 
reduction i n  t r a n s p i r a t i o n  a f t e r  
timber harves t  s o  t h a t  s o i l  on a cu t  
area w i l l  conta in  much more water a t  
t h e  end of  a growing season than i t  
d id  while fo re s t ed .  Water not  
re turned  t o  t h e  atmosphere by evapora- 
t i o n  o r  t r a n s p i r a t i o n  moves slowly 
downslope and maintains streamflow 
during r a i n l e s s  per iods .  

Subsurface water may be a f f ec t ed  
by. ,construct ion of roads on s t eep  
s lopes  which may i n t e r s e c t  r e l a t i v e l y  
slow-moving subsurface wat.er and . 
convert it t o  more r ap id  su r f ace  flow 
i n  a d i t c h .  This water and water 
flowing from road su r f aces  during 
storms moves r ap id ly  through t h e  
d i t ch- cu lve r t  system and may reach 
t h e  watershed o u t l e t  more quickly 
than it d i d  before road cons t ruc t ion .  

When.soi1 i s  d is turbed  by road With t h e  foregoing hydrologic 
cons t ruc t ion ,  t r a c t o r  skidding of  
logs,  o r  broadcast  burning, i t s  
i n f i l t r a t i o n  capac i ty  may be so  
se r ious ly  reduced t h a t  not  a l l  water 
w i l l  e n t e r  t h e  s o i l .  Some water may western Oregon. 
become overland flow which can move 
r ap id ly  t o  stream channels and out  *of' 
t h e  watershed. In a few cases ,  t h e  

system i n  mind, l e t ' s  now look a t  
changes i n  streamflow which have been 
noted a f t e r  common timber harves t ing  
a c t i v i t i e s  have been c a r r i e d  out  i n  
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ANNUAL YIELD 

Increased water y i e l d s  have been 
observed i n  c l ea rcu t  watersheds a t  
a l l  four  s tudy loca t ions ,  and i n  t h e  
p a r t i a l l y  cu t  watersheds a t  some 
loca t ions .  Figure 3 shows increases  
i n  annual y i e l d  a f te r  a 96-hectare 
(ha) watershed (HJA-1) i n  t h e  
H. J. Andrews Experimental Forest  was 
c l ea rcu t .  Logging began i n  August 
1962; but  because of  opera t ional  
d i f f i c u l t i e s  with t h e  f ixed  skyl ine  
yarding s’ystem, yarding was not  com- 
p le t ed  u n t i l  October 1966, a t  which 
time t h e  watershed was burned. A 
s t a t i s t i c a l l y  s i g n i f i c a n t  increase  
i n  water y i e l d  d id  not  occur u n t i l  
1963, when 40 percent  of t h e  water- 
shed had been c l ea rcu t .  Af ter  100 
percent  of  t h e  watershed had been 
c l ea rcu t ,  annual y i e ld  was increased 
46 cm from predic ted  (Rothacher 
1970); t h e  f i r s t  year  of 100-percent 
c l e a r c u t t i n g ,  1965, may not  show a 
t y p i c a l  f i r s t  year  increase  because 
of t h e  occurrence of  two extreme 
runoff  events--Rothacher (1970) con- 
s idered  t h e  1966 and 1967 water years  
more r ep resen ta t ive  of post logging 
condi t ions .  A general  decreasing 
t rend  i s  apparent as regrowth has 
occurred. Although it i s  s t i l l  too  
e a r l y  t o  p r e d i c t  when increased water 

y i e l d s  w i l l  cease, t h e  t r end  i n .  
f i gu re  3 suggests  a t  least 20 years  
w i l l  be required.  

In t h e  Alsea study,  t h e  Needle 
Branch watershed (AL-1) was 82 
percent  c l ea rcu t  i n  1966 and burned 
i n  1967. In add i t i on ,  roads occupied 
about 5 percent  of t h i s  watershed. 
I n i t i a l  increases  i n  annual y i e l d  
reported by Harris (1973) are 
included with subsequent d a t a  i n  
f igu re  4 .  
occur t h e  first  year  af ter  logging o r  
even t h e  first  year  a f te r  burning. 
Increases of  more than 60 cm occurred 
i n  1969 and 1971, a t  l e a s t  2 years  
af ter  logging o r  burning. Here, a 
t r end  of  decreasing magnitude of  
y i e l d  increases  i s  not  r e a d i l y  
apparent .  Refores ta t ion  i s  proceed- 
i n g  here ,  but  cu r r en t ly  the  watershed 
cover cons i s t s  mainly o f  herbs and 
grasses  with red  a l d e r  (AZnus rubra) 
along stream channels. 

Maximum increases  d id  not 

A second watershed (HJA-3) i n  
t h e  H. J. Andrews study was 25 
percent  c l ea rcu t  i n  patches a f t e r  8 
percent  of t h e  watershed was i n i -  
t i a l l y  c leared  and roads were con- 
s t ruc t ed .  Figure 5 shows t h a t  annual 
increases  i n  water y i e l d  averaged 
about 17 cm during t h e  i n i t i a l  5 years  

Deviation 
from 
predicted 

cm I 
I n 
I 
I 
I 
I 
I 
I 

- - 
1 - 

0 

<-Calibration ’140 89 100 Burned Regrowth - 25 I I I I I I I I I I 1 - 1  I I I I 1 I I I I 

1953 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 
Year 

Figure 3.-- Increases i n  annual water  y i e l d  a f t e r  c l e a r c u t  l o g g i n g  i n  
watershed 1 ,  H. J .  Andrews Experimental Forest. 
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Figure 5.—Increases in annual water yield after roadbuilding and patch-cut
logging in watershed 3, H. J. Andrews Experimental Forest.

Figure 4.—Increases in annual water yield after 82-percent clearcut
logging in Needle Branch watershed, Alsea watershed study.
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after logging (Rothacher 1970, 1971), 
less than h a l f  t h e  inc reases  noted 
on t h e  c l e a r c u t  watershed. Subse- 
quent inc reases  have remained a t  about 
t h a t  l e v e l  through 1973, although a 
s l i g h t  decreasing t r end  is  apparent .  
A second Alsea watershed (DC-3), 
which contained roads and was 25 
percent  c l e a r c u t  i n  pa tches ,  s i m i l a r l y  
exh ib i t ed  smal ler  y i e l d  inc reases  
than those  noted on t h e  82-percent- 
c l e a r c u t  watershed nearby. 

Maximum 

Increases’  i n  annual y i e l d  of  
water a f t e r  t imber ha rves t ing  a c t i -  
v i t i e s  are summarized i n  t a b l e  2 f o r  
a l l  t h e  watershed s t u d i e s  i n  western 
Oregon. 
centage inc reases  were noted on water- 
sheds most ex tens ive ly  c l e a r c u t .  
The l a r g e s t  average percentage inc rease  
i n  water y i e l d  a f t e r  roadbuilding and 
ha rves t  occurred on t h e  100-percent- 
c l e a r c u t  Coyote Creek watershed 
(CC-3). Here, y i e l d  was increased an 

The two l a r g e s t  average per-  

Average 
Average increase 

average of 70 percent ,  but  only 2 
pos tharves t  years  o f  d a t a  a r e  a v a i l -  
able .  Also, s o i l  on 13 percent  of  
t h i s  watershed was compacted during 
windrowing of  s l a s h ,  and t h e  overland 
flow t h a t  occurred c e r t a i n l y  played 
an important r o l e  i n  t h e  inc rease  i n  
annual y i e l d .  No s t a t i s t i c a l l y  s i g n i f -  
icant change i n  water y i e l d  was 
noted i n  two o the r  Coyote Creek 
watersheds (CC-1 and CC-2) t h a t  were 
30-percent cu t  by t h e  shelterwood and 
patch-cut  methods nor i n  t h e  two Fox 
Creek watersheds t h a t  were 25 percent  
cut  i n  patches.  

In summary, r e s u l t s  of water 
y i e l d  s t u d i e s  have ind ica ted  t h a t  
extens ive  c l e a r c u t t i n g  i n  small 
watershe,ds i n  western Oregon may 
increase  annual water y i e l d  more than 
50 cm. 
above t h e  p r a c t i c a l  upper l i m i t  o f  
y i e l d  increases  expected from 
denuding an e n t i r e  watershed t h a t  was 

This inc rease  i s  s l i g h t l y  

Table 2--Swronary of increases in annual water y ie ld  in western Oregon 

Watershed Code 

I I I Yield increase 

Alsea (Needle Branch) AL- 1 

Alsea (Deer Creek) AL-3 

H .  J .  Andrews HJA- 1 

H.  J .  Andrews HJA-3 

Fox Creek FC- 1 

Fox Creek FC-3 

Coyote Creek cc- 1 

Coyote Creek cc-2 

Coyote Creek cc- 3 

ha 

71  

303 

96 

101 

59 

71 

69 

68 

50 

Percent ern cm Percent 

82 CC-R 62 49 27 

25 PC-R 15 7 5 

100 cc 56 38 34 

33 PC-R 27 18 17 

100 cc 37 33 70 

L‘ CC = clearcut, R = roads, PC = patch cut, SW = shelterwood. 

2’ No signif icant change. 
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proposed by Hibbert  (1967). In most 
cases, y i e l d  increases  have been 25 
t o  35 percent  o f  p red ic ted  streamflow. 

SEASONAL YIELDS 

Often t h e  d i s t r i b u t i o n  of  
inc reases  i n  water y i e l d  through t h e  
year  a r e  of more i n t e r e s t  than t h e  
s ize of  t h e  annual increases .  
Analyses of seasonal  inc reases  i n  
water y i e l d  have been made i n  t h r e e  
of  t h e  watershed s t u d i e s  i n  western 
Oregon; r e s u l t s  are s u f f i c i e n t  t o  
descr ibe ,  a t  l e a s t  r e l a t i v e l y ,  
seasonal  inc reases  t h a t  can be 
expected i n  much of  western Oregon. 

The most complete a n a l y s i s  o f  
seasonal  water y i e l d s  was made by 
Rothacher (1970) and la ter  updated 
(Rothacher 1971). Increases  i n  y i e l d  
were noted f o r  a l l  seasons after  a 
96-ha watershed (HJA-1) was c l e a r c u t  
and burned. In  much of  t h e  western 
Cascades and elsewhere i n  western 
Oregon, l a r g e s t  inc reases  have 
occurred during f a l l  months when 
s o i l s  on t h e  cutover  a r ea s  are wet te r  
than they were under f o r e s t e d  
condi t ions .  Thus, a smal le r  
proport ion of  f a l l  rains i s  requ i red  
f o r  s o i l  moisture recharge and a 
l a r g e r  proport ion can go t o  
streamflow. Smaller inc reases  i n  
y i e l d  observed during winter  months 
genera l ly  have r e f l e c t e d  d i f f e r e n c e s  
i n  i n t e r c e p t i o n  between cu t  and uncut 
areas, although i n  some cases  
d i f f e r e n c e s  i n  s o i l  moisture may 
e x i s t  between cu t  and uncut a r ea s  
because of winter  t r a n s p i r a t i o n .  
Increases  noted i n  s p r i n g  months have 
been due pr imar i ly  t o  d i f f e r e n c e s  i n  
s o i l  moisture content  as a r e s u l t  of  
t r a n s p i r a t i o n .  Summer increases  have 
been small i n  abso lu te  terms but  
l a rge  i n  r e l a t i v e  terms. For example, 
minimum flow during t h e  week of  lowest 
flow doubled a f t e r  watershed HJA- 1 
was c l e a r c u t ,  and t r i p l e d  a f t e r  t h i s  
watershed was burned (Rothacher 1971). 
Two years  a f t e r  burning, however, 
inc reases  had diminished as r i p a r i a n  
and o t h e r  vege ta t ion  re tu rned .  

Increases  i n  minimum flows were 
a l s o  observed i n  t h e  Oregon Coast 
Ranges. Harr and Krygier (1972) used 
t h e  number o f  low-flow days,  i .e . ,  
days with average flow below 0.011 
cubic  meter p e r  second p e r  s uare  

c r i t e r i o n  f o r  eva lua t ing  changes i n  
minimum flows. A s i g n i f i c a n t  reduc- 
t i o n  i n  number of  low-flow days was 
observed f o r  5 years  after  a 71-ha 
watershed (AL- 1) was 82 percent  
c l e a r c u t  and burned ( f i g .  6 ) .  As 
regrowth has proceeded, t h e  t rend  has 
been toward t h e  prelogging numbers of  
low-flow days. E f f e c t s  were i n i t i a l l y  
most pronounced i n  spr ing  and f a l l .  
Because average d a i l y  flow during t he  
s mer was genera l ly  less than 0.011 
m /s*km on even t he  82-percent- 
c l e a r c u t  watershed, an increase  i n  
streamflow during summer months could 
no t  be de tec ted  by t h i s  method of 
a n a l y s i s  even though an increase  i n  
streamflow undoubtedly d i d  occur.  A 
nearby watershed (AL-3) t h a t  was 25 
percent  c l e a r c u t  showed a less 
c o n s i s t e n t  reduct ion i n  number o f  
low-flow days, again p r imar i ly  dur ing 
s p r i n g  and f a l l  months. 

k i lometer  (m3/s*km2) ( 1  CSI& 9 ) as a 

Y 2  

Minimum flows a t  Coyote Creek 
were a l s o  increased a f t e r  a 50-ha 
watershed (CC-3) was 100 percent  
c l e a r cu t .  However, no s i g n i f i c a n t  
changes were de tec ted  e i t h e r  on t h e  
Coyote Creek watersheds cu t  i n  small 
patches  o r  by t h e  shelterwood method 
o r  on t h e  two patch-cut Fox Creek 
watersheds. 

In summary, inc reases  i n  seasonal 
water y i e l d  a f t e r  t imber removal a r e  
g r e a t e s t  i n  f a l l  and spr ing  when 
maximum d i f f e r e n c e s  i n  water s to rage  
( i n t e r c e p t i o n  + s o i l  water) e x i s t .  
Largest r e l a t i v e  increases  occur 
dur ing minimum flow i n  t h e  summer. 

3 2  - ” csm = ft js-mi . 
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Figure 6 . - -Re la t ionship  between logged watersheds and an unlogged 
( c o n t r o l )  watershed on l o w- f l o w  days  in the  Alsea  watershed s t u d y .  

STORM RUNOFF 

There has been continuing specu- 
l a t i o n  about t h e  inf luence  of  timber 
harves t ing  a c t i v i t i e s  on t h e  magnitude 
and frequency of f loods  i n  western 
Oregon. Anderson and Hobba (1959), 
f o r  example, suggested t h a t  c l ea rcu t-  
t i n g  i n  two major drainages i n  western 
Oregon increased peak flows 13 t o  56 
percent .  More recent  research ,  
however, has i nd ica t ed  t h a t ,  although 
smaller peak flows are indeed 
increased,  major runoff  events  are 
l i t t l e  changed by c l ea rcu t t i ng .  
Evidence does suggest t h a t  t h e  effects 
of  s o i l  compaction on f o r e s t  roads 
and sk id  t r a i l s  i n  some regions may 
be much more se r ious ,  p a r t i c u l a r l y  
f o r  l a r g e r  runoff  events .  

There are two characteristics of 
a runoff  event which may be i n s t r u -  
mental i n  causing some type o f  damage: 
peak flow and stormflow volume. Peak 

flows, i . e . ,  t h e  h ighes t  instantaneous 
rates of streamflow a t t r i b u t a b l e  t o  
p a r t i c u l a r  r a i n f a l l  o r  snowmelt 
events ,  are genera l ly  respons ib le  f o r  
damage t o  stream channels, hydraul ic  
s t r u c t u r e s ,  and o the r  improvements i n  
headwater areas. Thus, any increases  
i n  major peak flows af te r  harves t ing  
can r e s u l t  i n  an increase  i n  o n s i t e  
damage. An increase  i n  smaller peak 
flows, i . e . ,  flows with a r e t u r n  
per iod  of less than t h a t  of t h e  mean 
annual event ,  should no t  cause appre- 
c i a b l e  o n s i t e  damage. On t h e  o t h e r  
hand, downstream flooding i s  p r imar i ly  
a funct ion  of stormflow volume from 
headwater bas ins .  Should stormflow 
volume f o r  major runoff  events  be 
increased on many subwatersheds of  a 
l a rge  bas in ,  stormflow volume might 
be s u f f i c i e n t l y  increased on t h e  
parent  watershed t o  cause downstream 
flooding.  This downstream inc rease  
i n  stormflow would depend on t h e  s ize  
of t h e  increases  from subwatersheds, 
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t h e  propor t ion  of t h e  parent  watershed 
which e x h i b i t s  increased stormflow, 
and t h e  t r a v e l  time of  water from t h e  
various subwatersheds t o  t h e  po in t  
of  p o t e n t i a l  f looding.  Only inc reases  
i n  stormflow of major runof f  events 
are ins t rumenta l  i n  downstream flood-  
ing;  inc reases  during f requent  and 
minor runoff  events are of l i t t l e  
consequence. 

An attempt has been made t o  
i s o l a t e  t h e  e f f e c t s  of  roads on storm 
runoff  from o t h e r  t imber ha rves t ing  
a c t i v i t i e s  i n  seve ra l  small watersheds. 
Changes have genera l ly  been minor, 
i ncons i s t en t ,  and i n  most cases ,  
s t a t i s t i c a l l y  nonsigni f icant  a t  t h e  
95-percent l e v e l  o f  p r o b a b i l i t y .  
S t a t i s t i c a l  nonsigni f icance  has been 
due i n  part to t h e  small number of  
runoff  events s u i t a b l e  f o r  inc lus ion  
i n  t h e  a n a l y s i s  and t o  t h e  high 
degree o f  v a r i a t i o n  i n  both p r e t r e a t -  
ment and pos t t rea tment  per iods .  
Watershed s t u d i e s  have genera l ly  
followed t h e  same sequence. First ,  
af ter  watersheds were c a l i b r a t e d  f o r  
6 t o  10 years ,  roads were const ructed  
on c e r t a i n  watersheds, and t h e i r  
e f f e c t  on streamflow was evaluated 
f o r  1 t o  3 years .  Then timber was 
harvested and t h e  e f f e c t s  of  i t s  
removal evaluated f o r  seve ra l  years .  . 
The c a l i b r a t i o n  pe r iods ,  because they 
have been longer,  have had t h e  g rea t -  
e s t  p r o b a b i l i t y  of  conta in ing l a r g e  
runoff  events ,  those  with a r e t u r n  
per iod  of  5 years  o r  more. On t h e  
o t h e r  hand, e f f e c t s  of  .roadbuilding 
can be evaluated -for only 3 years ;  
af ter  3 years  t h e  a reas  a r e  a l t e r e d  
by logging. Thus, t h e r e  i s  genera l ly  
a shor tage  of runoff  events with 
which t o  evaluate  t h e  e f f e c t  of  roads 
alone.  'Where a s u f f i c i e n t  number of  
events has been ava i l ab le ,  t hese  
events .have been small with r e t u r n  
per iods  l e s s  than t h a t  of  t h e  mean 
annual runoff  event.  

There has been much t h e  same 
type of  d i f f i c u l t y  in '  a s sess ing  
changes i n  storm runoff  a f t e r  timber 
ha rves t .  The e f f e c t s  of  logging and 
burning should be g r e a t e s t  t h e  f i r s t  

winter  after  harvest-. As t h e  water- 
shed i s  revegeta ted ,  t h e  effects of  
these  a c t i v i t i e s  are ameliorated so 
t h a t  t h e  condi t ion  o f  t h e  watershed 
i s  somewhat improved. Consequently, 
t h e  per iod  of  time a watershed i s  i n  
a c l e a r c u t  o r  burned condi t ion  is  
r a t h e r  s h o r t ,  and t h e  number of  storm 
runoff  events s u i t a b l e  f o r  ana lys i s  
again i s  genera l ly  small. Also, t h e  
size of  these  s u i t a b l e  events tends 
t o  be small. 

Peak Flows 

In t h e  Alsea s tudy i n  t h e  Coast 
Ranges, t h e  e f f e c t s  of  roads alone on 
peak flow were va r i ab le .  A s i g n i f i -  
cant  inc rease  i n  peak flow was noted 
only  on a 40-ha watershed (AL-33) 
where roads occupied 1 2  percent  o f  
t o t a l  watershed a r e a  (Harr e t  a l .  
1975). Here average peak flow was 
increased 0.055 m3/s*km2 (5 csm) i n  
both f a l l  and winter .  Both inc reases  
were h ighly  s i g n i f i c a n t .  No s i g n i f i -  
cant  inc rease  i n  average peak flow 
after roadbuilding was noted i n  
e i t h e r  t h e  H .  J. Andrews study o r  t h e  
Fox Creek s tudy where roads occupied 
8 percent  and l e s s  than 2 percent  o f  
t h e  r e spec t ive  watershed a reas .  In 
f a c t ,  i n  t h e  H .  J. Andrews study,  a 
s l i g h t  unexplained decrease i n  peak 
flow was noted after  roadbuilding.  A t  
Coyote Creek, an inc rease  i n  average 
peak flow occurred on a watershed 
(CC-1) i n  which roads and sk id  t ra i l s  
occupied about 15 percent  of  t h e  
watershed. In a l l  four  of  t h e  above 
cases ,  t h e  runoff  events used i n  
analyses were genera l ly  l e s s  than 
0.33 m3/s *km2 (30 csm) , and were of  
l i t t l e  consequence i n  p o t e n t i a l  
damage t o  stream channels o r  hydraul ic  
s t r u c t u r e s .  Thus, f o r  western Oregon, 
analyses of changes i n  peak flows 
have f a i l e d  t o  r evea l  any cons i s t en t  
increase  caused by roads alone.  

There are only two ins t ances  
where watersheds were c l e a r c u t  (o r  
nea r ly  so) i n  t h e  absence of logging 
roads.  In t h e  H .  J .  Andrews s tudy,  
average peak flow increased 30 percent  
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af ter  a 96-ha watershed (HJA-1) was 
c l e a r c u t  (Rothacher 1973). Some f a l l  
peaks were increased 200 percent ,  but  
again these  peaks were very small and 
of l i t t l e  consequence i n  o n s i t e  
damage. S imi lar ly ,  i n  t h e  Alsea 
study,  average peak flow was increased 
30 percent  and average f a l l  peak flow 
was increased 1 2 2  percent  a f te r  a 
16-ha watershed (AL-34) was 90 percent  
c l e a r c u t  (Harr e t  a l .  1975). Largest 
peak flows, i . e . ,  g r e a t e r  than 1.1 
m3/s*km2 (100 csm) with r e t u r n  per iods  
i n  excess of  5 years  ( f i g .  7 ) ,  were 
not  s i g n i f i c a n t l y  increased i n  t h e  
H. J .  Andrews study (Rothacher 1973). 
In fac t ,  two peak flows with r e t u r n  
per iods  est imated t o  be i n  excess of  
50 years  were s l i g h t l y  l e s s  than 
predic ted ,  well wi th in  normal va r i a-  
t i o n  observed during t h e  c a l i b r a t i o n  
period (Rothacher 1971). 

E 
0 - 

w- 
1.0- 

Y 
0 
Q) e 

0.5 - 

Timber removal combined with 
f o r e s t  roads o r  ex tens ive  areas o f  
s o i l  compacted by o the r  means has had 
t h e  same effect on average peak flows 
as described f o r  timber removal 
alone. Largest percentage inc reases  
were noted i n  t h e  f a l l  when maximum 
d i f f e rences  i n  s o i l  moisture s to rage  
e x i s t  between cu t  and uncut water- 
sheds. In t h e  Alsea study,  s tatis-  
t i c a l l y  s i g n i f i c a n t  i nc reases  were 
a l s o  observed i n  t h e  winter  on two 
watersheds (AL-33 and AL-1) 65 and 82 
percent  c l e a r c u t  with 1 2  and 5 percent  
o f  t h e i r  r e spec t ive  areas occiipied by 
roads (Harr e t  a l .  1975). Runoff 
events  used i n  these  ana lyses ,  how- 
ever,  averaged from 0.28 t o  0.33 
m3/s9km2 (25 t o  30 csm), much smaller 
tharl t h e  annual runoff  event est imated 
by f lood frequency ana lys i s  ( f i g .  8 ) .  

- 50 

-100 

F i g u r  7.--P k flow fre-  
quency analysis for the 
control watershed , H. J . 
Andre w s  Experi  men ta 1 
Forest, 1952-73. 
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Figure 8.--Peak flow frequency analysis for  
control watershed, Alsea watershed s t u d y ,  
1958-73. The return periods of the three 
largest events were arbitrarily increased 
t o  be consistent w i t h  return periods o f  
simultaneous peak flows on nearby streams 
of longer record. 

In t h e  watershed (AL-1) where 
only 5 percent  of  t h e  area was 
occupied by logging roads and sk id  
t ra i ls ,  no s i g n i f i c a n t  ncrea  e i n  
peak flows above 0.55 m /sokm 
(50 csm) was observed (Harris  1973). 
In another  watershed (AL-33) of  t h i s  
s tudy where roads occupied 1 2  percent  
o f  t o t a l  watershed area, t h e  increase  
i n  peak flow appeared t o  e x i s t  f o r  
even t h e  l a r g e r  runoff  events .  Simi- 
l a r l y ,  i n  t h e  Coyote Creek study,  
where compacted s o i l  from logging 
roads and t r a c t o r  windrowing of  s l a s h  
occupied 13 percent  of  a watershed 
(CC-3) t h a t  was c l e a r c u t ,  t h e  pre-  

$ 3  

d ' c t e d  jncrease  i n  a peak flow of 1.1 

Where compacted area occupied 15 
percent  of  a watershed (CC-1) i n  
which 30 percent  of  t h e  . fo re s t  was 
removed i n  a shelterwood c u t ,  t h e  
p red i  t e d  i crease i n  a peak flow of  
1.1 m /s*km 

m 3 /s-km (100 csm) was 25 percent .  

5 9  (100 csm) was 27 percent .  

Thus, t h e  amount of  a watershed 
i n  f o r e s t  roads and sk id  t r a i l s  
appears t o  increase  t h e  s ize  of  
l a r g e r  peak flows as well as t h e  
smaller peak flows dur ing  t h e  r a iny  
season. This  c o n t r a s t s  with c l ea rcu t  
t i n g  alone which appears t o  have 
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l i t t l e  effect on l a r g e r  peak flows. 
The reason f o r  t h i s  increase  i s  
unclear  but  may be r e l a t e d  t o  t h e  
loca t ion  of d is turbed  s o i l  r e l a t i v e  
t o  cu t  areas and watercourses. 

Stormf low Volume 

Changes i n  stormflow volume 
af te r  roadbuilding and' t imber harves t -  
ing.have been analyzed f o r  only a 
small number of  watersheds (Harr e t  
a l .  1975). 'In t h e  Alsea study,  
changes a f te r  roadbuilding were 
va r i ab le .  Some changes were l a rge ,  
but  only increases  i n  f a l l  on t h e  90- 
percent -c learcut  watershed were 
s t a t i s t i c a l l y  s i g n i f i c a n t .  Once 
again,  only small runoff  events  were 
a v a i l a b l e  f o r  t hese  analyses.  

Analysis of changes i n  stormflow 
volume af ter  timber harves t ing  has 
not  been completed i n  t h e  U.S. Forest  
Service s tud ie s .  

Discussion 
The foregoing summary of  r e s u l t s  

from watershed s t u d i e s  i nd ica t e s  t h e  
magnitude of  changes i n  some aspects  
of  streamflow a f t e r  c e r t a i n  f o r e s t  
management p r a c t i c e s  are c a r r i e d  out .  
I t  i s  worthwhile t o  at tempt t o  p lace  
these  changes i n  perspec t ive  and see 
how they might apply t o  f o r e s t  manage- 
ment i n  western Oregon. 

An important ques t ion  about 
increases i n  water y i e l d  involves 
reg ional  f o r e s t  management o r  manage- 
ment of watersheds many times l a r g e r  
than t h e  headwater bas ins  where water 
y i e l d  increases  have been observed. 
In  p ro j ec t ing  experimental f indings  
t o  l a r g e  watersheds, Rbthacher (1970) 
est imated t h a t  a 46-cm o n s i t e  increase  
would be equivalent  t o  about a 2-cm 
increase  on a l a rge  area patch-cut  on 
a 100-year r o t a t i o n .  The t rend  i n  
management, however, appears t o  be 
toward s h o r t e r  r o t a t i o n .  S t i l l ,  
under even a 50-year r o t a t i o n ,  timber 
on only about 2 percent  of a l a rge  
watershed would be harvested each 

year. With an i n i t i a l  increase  of  
46 cm and a logari thmic dec l ine  i n  
annual increases  (as  Kovner (1957) 
and Ziemer (1964) have suggested) 
over a 20-year per iod ,  y i e l d  increases  
f o r  c l ea rcu t  areas would average 
about 10 cm pe r  year .  This i s  equiva- 
l e n t  t o  40 percent  of  a l a r g e  bas in  
showing a 10-cm increase  (20 years  
50-year r o t a t i o n  = 40 pe rcen t ) .  
f o r  30 years  of t h e  r o t a t i o n  o r  on 60 
percent  of  t h e  l a rge  watershed, 
increases  would be i n s i g n i f i c a n t .  
Thus, f o r  t h e  t o t a l  l a rge  drainage 
under sus ta ined  y i e l d  f o r e s t  manage- 
ment, t h e  annual increase  would be 
about 4 cm. A s  Rothacher (1970) 
po in t s  out ,  exce l l en t  streamflow 
records should have an e r r o r  of  less 
than 5 percent  which, f o r  an annual 
flow o f  100 c m ,  amounts t o  2 5 c m .  
Because many l a rge  bas ins  i n  western 
Oregon y i e l d  much more than 100 cm, 
t h e  4-cm increase  discussed above 
w i l l  be d i f f i c u l t  t o  d e t e c t  i n  a 
l a rge  watershed even though l a rge  
increases  are known t o  occur i n  small 
headwater bas ins  where 25- t o  35- 
percent  increases  i n  annual y i e l d  
have been observed. O f  course,  s t i l l  
s h o r t e r  r o t a t i o n s  and longer recovery 
times f o r  cutover areas would increase  
annual y i e l d  from a l a rge  bas in  
s l i g h t l y  more than t h a t  described 
above. 

But 

Results  of  watershed s t u d i e s  i n  
western Oregon show storm runoff  from 
small watersheds i n  headwater areas 
can be increased by s o i l  d is turbance  
and timber harves t ing .  These 
increases  might have impl ica t ions  f o r  
channel e ros ion  and design o f  hydrau- 
l i c  s t r u c t u r e s  i n  these  headwater 
a r eas  and f o r  downstream flooding.  

Generally, at tempts are made t o  
design c u l v e r t s  and br idges  t o  
withstand a t  l e a s t  t h e  25-year peak 
flow i n  western Oregon. If t h i s  s ize  
peak can be est imated reasonably and 
i s  indeed designed f o r ,  cu lve r t s  and 
br idges  are not  l i k e l y  t o  be damaged 
by an increase  i n  storm runoff  r e s u l t -  

l ing from timber harves t  alone.  
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Average peak flows can be increased, 
but the peaks to which these increases 
apply corres ond to only 0.33 to 

below the estimate4 25-y5ar peak of 
about 1.7 to 1.9 m /s.km (150 to 175 
csm) (see Figs. 7 and 8). Analyses 
of larger runoff events (Harris 1973, 
Rothacher 1973) suggest that the 
effect of clearcutting decreases with 
increasing magnitude of the runoff 
event. 

0.55 m3/s*km 3 (30 to 50 csm), well 

Design implications, potential 
onsite damage, and damage to hydraulic 
structures resulting from the effects 
of roads and other severely compacted 
areas on peak flows are much more 
serious than those of clearcutting. 
Roads are more permanent than clear- 
cuttings and, unlike the situation 
with clearcutting, differences between 
watersheds with roads and watersheds 
without roads appear to exist even 
for large runoff events. In western 
Oregon, four experimental watersheds 
had at least 12 percent of their 
areas in roads, skid trails, and 
other areas of heavily compacted 
soil. 
regression analyses indicate marked 
increases in peak flows with estimated 
return intervals of 3 to 5 years-- 
peak flows larger than the mean 
annual runoff event. 
the Alsea watershed study, Harr et 
al. (1975) suggested that a 10-year 
runoff event might be increased to a 
25-year event, and a 25-year event 
might be increased to a 90-year event 
on a watershed with 12 percent of its 
area in roads. 

For three of these watersheds, 

Using data from 

It is doubtful that normal 
clearcutting practices in the head- 
water areas of western Oregon have 
any appreciable effect on downstream 
flooding. Similar conclusions were 
reached for forested watersheds of 
the Eastern United States (Lull and 
Reinhart 1972, Hornbeck 1973). Such 
flooding results from extremely large, 
low-frequency runoff events. These 
are termed wet-mantle floods and are 
caused by such great amounts of 

precipitation that differences in 
soil moisture and interception between 
cut and uncut areas become insignifi- 
cant. 
used, soil disturbance is light 
(Dyrness 1967) and infiltration 
capacity largely unchanged on the 
clearcut area; cut and uncut areas 
should respond nearly the same during 
large storms. In addition, whatever 
differences do exist between cut and 
uncut areas are further masked down- 
stream by water flowing from uncut 
areas. To illustrate this point, 
Harr et al. (1975) assumed a 100-year 
rotation, an initial increase in 
stormflow of 10 percent, and that 
increases in stormflow would not 
disappear until 20 years after 
timber harvest. They estimated that 
the maximum increase in total storm 
flow at the outlet of a typical large 
drainage in western Oregon would be 
about 1 percent; for a 50-year rota- 
tion, the increase would be about 2 
percent, hardly enough to cause 
downstream flooding. 

If a cable yarding system is 

The effects oE clearcutting on 
storm runoff also may be overshadowed 
by other hydrologic phenomena some- 
times related indirectly to timber 
harvest. Road failures, natural 
slope failures, natural organic 
debris, and logging debris can tempo- 
rarily dam streams and cause extreme 
peak flows when such dams eventually 
fail and release large quantities of 
water and debris. Culverts and 
bridges adequate to accommodate 
design flows have failed when plugged 
with debris (Rothacher and Glazebrook 
1968). In addition, snow accumulation 
and melt rate in the ephemeral snow 
zone may be altered by clearcutting. 

A potential application of 
results of watershed studies in 
western Oregon involves the relation- 
ship between increases in water yield 
and in peak flow. 
in the northern Rocky Mountains, for 
example, are regulating timber harvest- 
ing activities to minimize channel 
erosion (USDA Forest Service 1971, 
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Code Location and 
water shed 

Alsea (Needle 
Branch) 

Alsea (Deer 
Creek) 

Alsea (Deer 
Creek #2 )31  

Creek #3)31 

3/ Creek #4)- 

H. J .  Andrews 

H. J. Andrews 

Fox Creek 

Fox Creek 

Coyote Creek 

Coyote Creek 

Coyote Creek 

Alsea (Deer 

Alsea (Deer 

Did increase occur? 
Severe 1 y Average Large 

compactedi’ Annual 2/ peak2/ peak 
flow- flow 

Area cut 

AL- 1 

AL- 3 

AL- 32 

AL- 33 

AL- 34 

HJA- 1 

HJA-  3 

FC- 1 

FC-3 

cc- 1 

cc- 2 
cc-3 

ha 

71 

303 

56 

40 

16 

96 

101 

59 

71 

69 

68 

50 

Percent 

82 

25 

30 

65 

90 

100 

30 

25 

25 

30 

30 

100 

Percent 

5 

4 

3 

1 2  

0 

0 

8 

2 

0 

15 

7 

13 

Yes 

Yes 

4/ 

4/ 

4/ Yes- 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

Yes- 

Yes- 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

Yes 

L’ Figures here a re  not d i r e c t l y  comparable. 

2’ S t a t i s t i c a l l y  s ignif icant  increases (a=0.05) i n  annual y i e ld  and average 

31 The Deer Creek watershed was divided i n t o  subwatersheds. 

Some are  for roads and skid 
t r a i l s  only; others a l so  include cut-banks and f i l l - s lopes .  

peak flows a re  indicated.  

Annual y ie ld  data a re  not available,  but increases are  assumed, based on 
r e s u l t s  of water y ie ld  analyses on other Alsea watersheds. 
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Delk 1972, Galbrai th  1973) because 
inc.reases i n  peak flow (and thus  
channel erosion)  supposedly a r e  
r e l a t e d  d i r e c t l y  t o  increases  i n  
annual water y i e l d .  

However, i n  western Oregon t h e r e  
i s  no c o n s i s t e n t  r e l a t i o n s h i p  between 
increases  i n  water y i e l d  and increases  
i n  peak flow after  t imber harves t ing  
a c t i v i t i e s .  Type of  watershed treat- 
ment and whether o r  no t  inc reases  
occurred i n  annual y i e l d ,  average 
peak flows, and l a rge  peak flows a r e  
shown i n  t a b l e  3 .  As can be seen, 
every p o s s i b l e  combination of  
inc reases  has been observed. S i x  
experimental watersheds exh ib i ted  
increases  i n  annual y i e l d  and average 
peak flows. ( Increases  i n  water 
y i e l d  have been assumed f o r  t h e  t h r e e  
Deer Creek subwatersheds although 
annual y i e l d  d a t a  are not  a v a i l a b l e . )  
Three watersheds showed an increase  
i n  water y i e l d  but none i n  average 
peak flow, and two showed no increase  
i n  y i e ld ,  but  an increase  i n  average 
peak flow. The only consis tency here  
i s  t h a t  a l l  watersheds t h a t  were a t  
l e a s t  65 percent  c l e a r c u t  showed 
increases  i n  both water y i e l d  and 
average peak flows. 

In terms of  damage t o  stream 
channels by increases  i n  peak flows, 
it seems improbable t h a t  these  average 
peaks are very e f f e c t i v e .  Sediment 
concentrat ions  a r e  f requent ly  high 
during i n i t i a l  f a l l  runoff  events ,  
n e a r l y  a l l .  o f  which are smal ler  than 
t h e  average peak flow; but  t h i s  
sediment most l i k e l y  i s  s o i l  t h a t  
f e l l  i n t o  t h e  stream. channel dur ing 
t h e  summer. Thus, even i f  a s t rong  
r e l a t i o n s h i p  d id  e x i s t  between 
increases  i n  water y i e l d  and increases  
i n  average peak flow ( i t  doesn ' t )  it 
would,be of  l i t t l e  consequence i n  
channel erosion.  

O f  considerably more importance 
t o  channel erosion a r e  increases  i n  
l a r g e r  peak flows, i . e . ,  peaks with 
r e t u r n  i n t e r v a l s  i n  excess o f  t h a t  of 
-the mean annual peak (2.33 years ) .  

Peaks o f  t h i s  s i z e  appeared t o  have 
increased on only t h r e e  experimental 
watersheds i n  western Oregon. Each 
of t h e s e  watersheds had a t  l e a s t  1 2  
percent  o f  i t s  a r e a  occupied by 
heav i ly  compacted s o i l ,  mainly as a 
r e s u l t  of  logging roads,  t r a c t o r  
skidding,  and t r a c t o r  windrowing of  
s l a sh .  Thus, s o i l  d is turbance and 
i t s  loca t ion  r e l a t i v e  t o  stream 
channels appear t o  o f f e r  a ba s i s  f o r  
developing a method f o r  r e g u l a t i n g  
t imber harves t ing  t o  minimize channel 
erosion.  However, t h e  dynamics .o f  
channel erosion and sediment t r a n s p o r t  
a r e  i n s u f f i c i e n t l y  understood a t  t h i s  
point  t o  allow assessment of  t h e  
e f f e c t s  o f  t imber harves t  a c t i v i t i e s  
on t h i s  type of  erosion.  

Summary 
Resul ts  o f  four  s t u d i e s  show 

c e r t a i n  aspec t s  of  stream flow i n  
small watersheds i n  headwater a r ea s  
i n  western Oregon were changed by 
roadbui lding,  c l e a r c u t t i n g ,  and o ther  
t imber harves t ing  a c t i v i t i e s .  Annual 
y i e l d s  and summer low flows were 
increased s i g n i f i c a n t l y  a f t e r  c l e a r -  
cu t t i ng .  Such increases ,  however, 
have only o n s i t e  importance, because 
under sus ta ined  y i e l d  f o r e s t  manage- 
ment, inc reases  i n  water y i e l d  from 
c l e a r c u t  a reas  are g r e a t l y  overshad- 
owed by water flowing from uncut 
a reas .  Thus, y i e l d  increases  i n  a 
l a rge  bas in  a r e  extremely small. 
Both roadbui lding and c l e a r c u t t i n g  
increased small peak flows. Large 
peak flows appeared t o  be increased 
where a t  l e a s t  1 2  percent  o f  a water- 
shed was s e r i o u s l y  compacted by 
roadbuilding, t r a c t o r  skidding,  o r  
t r a c t o r  windrowing of  s l a s h .  

Timber harves t ing  p r a c t i c e s  t h a t  
do not  severe ly  modify s o i l  p r o p e r t i e s  
on more than about 5 percent  of  
headwater bas ins  i n  western Oregon 
probably do not  have any appreciable  
effect on l a rge ,  low-frequency runoff 
events  which cause ex tens ive  down- 
stream f looding.  These l a rge  events  
are 'wet-mantle f loods caused by such 
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g r e a t  amounts of  p r e c i p i t a t i o n  t h a t  
d i f f e rences  i n  s o i l  moisture content  
and in t e rcep t ion  between cu t  and 
uncut areas become i n s i g n i f i c a n t .  
Thus, cu t  and uncut areas should 
respond nea r ly  t h e  same during these  
events .  Moreover, d i f f e rences  t h a t  
do e x i s t  are f u r t h e r  masked by water 
flowing from uncut areas. In addi-  
t i o n ,  s l i g h t  effects  of  c l e a r c u t t i n g  
on storm runoff  may be overshadowed 
by t h e  occurrence o f  o t h e r  hydrologic 
phenomena t h a t  may be i n d i r e c t l y  
r e l a t e d  t o  c l e a r c u t t i n g .  For example, 
l a r g e  organic deb r i s  may plug c u l v e r t s  
and cause them t o  f a i l  during major 
runoff  events ,  even though t h e  cul-  
v e r t s  are adequate t o  ca r ry  t h e  water 
produced (Rothacher and Glazebrook 
1968). 

The supposed r e l a t i o n s h i p  between 
inc reases  i n  annual y i e l d  and increases  
i n  peak flow cu r ren t ly  serv ing  as t h e  
b a s i s  f o r  r egu la t ing  timber harves t  
i n  t h e  nor thern  Rocky Mountains (USDA 
Forest  Serv ice  1971, Delk 1972, 
Galbra i th  1973) does not  e x i s t  f o r  
western Oregon. 
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The mission of the PACIFIC NORTHWEST FOREST 
AND RANGE EXPERIMENT STATION is to  provide the 
knowledge, technology, and alternatives for prescnt and 
future protection, management, and use of forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and 
levels of resource managcment. 

3. Achieving optimum sustained resource prodirctit.ity 
consistent with maintaining a high quality forest 
environnien t. 

The area of research cncompasscs Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Kesults of the research are made 
available promptly. Project headquarters are at: 

Fairbanks, Alaska PortIand, Oregon 
Juneau, Alaska Olympia, Washington 
Bend, Oregon 
Cowallis, Oregon Wenatchee, Washington 
La Grande, Oregon 

Seattle, Wash in gton 

Mailing address: Pacific Northwest Forest and R m g e  

P.O. Box331431 
Portland, Oregon 9 7208 

Experiwttrnt Station 

G P O  998-248  



The FOREST SERVICE of the U.S. Department of Agriculture is  dedicated 
to the principle of multiple use management of the Nation's forest resources 
for sustained yields of wood, water, forage, wildlife, and recreation. 
Through forestry research, cooperation with the States and private forest 
owners, and management of the National Forests and National Grasslands, it 
strives - as directed by Congress - to provide increasingly greater service to 
a growing Nation. 

The U.S. Department of Agriculture is an Equal Opportunity Employer. 
Applicants for all Department programs will be given equal consideration 
without regard to race, color, sex or national origin. 
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