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ABSTRACT: The long-term effect of logging on low summer stream-

~flow was investigated with a data set of 36 years. Hydrologic

 records were analyzed for the period 1953 and 1988 from
Watershed (WS) 1 (clearcut logged -and burned), WS’ 2 (unlogged

" control), and WS 3 (25 percent patch-cut logged and burned) in the
H. J. Andrews Experimental Forest, western Cascade Range,

Oregon. These records spanned 9-10 years before logging, and 21-

25 years after logging and burning. Streamflows in August were

_the lowest of any month, and were unaffected by occasional heavy
rain that occurred at the beginning of summer. Angust streamflows

increased in WS 1 compared to WS 2 by 159 percent following log--

ging in WS 1, but this increase lasted for only eight years following

the start of logging in 1962. Water yield in August for 1970-1988

observed from WS 1 was 25 percent less than predicted from the
control (WS.2, ANOVA, p=0.032).

Water yield in August increased by 59 percent after 25 percent
of the area of WS 3 was patch-cut logged and burned in 1963. In
contrast to WS 1, however, water yields from WS 3 in August were

" consistently greater than predicted for 16 years following the start
- of logging, through to 1978. For the 10 years; 1979-1988, water
. yield observed in August from WS 3 was not different than predict-
ed from the control (WS 2, ANOVA, p-0.175).

The contrasting responses of WS 1 and 3 to logging are thought
1o be the result of differences in riparian vegetation caused by dif-
ferent geomorphic conditions. A relatively wide valley floor in WS 1
allowed the development of hardwoods in the riparian zone follow-
ing logging, but the narrow valley of WS 3 and limited sediment
deposits prevented establishment of riparian hardwoods.

Low streamflows during summer have implications for salmonid
survival. Reduced streamflow réduces the amount of rearing habi-
tat, thus increasing competition. Combined with high water tem-
peratures, reduced streamflow can lead directly to salmonid
mortality by driving salmonids from riffles and glides, and trapping
them in drying pools. Low streamflow also increases oxygex deple-
tion caused by leaves from riparian red alders.

(KEY TERMS: streamflow; logging; salmonids; water r vee; water

storage; evapotranspiration; dissolved oxygen.)

INTRODUCTION

Many studies have shown that removal of vegeta-
tion by clearcut logging results in increased annual
water yield (e.g., Bosch and Hewlett, 1982; Harr,
1983). This increased streamflow is caused by reduc-
tion of the water loss associated with vegetation
through interception, evaporation, and transpiration.
1t is generally assumed that some time after clearcut

logging, annual water yields will approach prelogging

values as vegetation regrows (Kovner, 1956;
Rothacher, 1970). The rate of regrowth and concomi-
tant reduction of water yield depends on a number of
factors, among which are climate, plant species, soil,
and altitude. Studies at the H. J. Andrews Experi-
mental Forest in the Cascade Range of western
Oregon (Figure 1) predicted that return of annual
water yield to prelogging levels might take about 27
years in this environment (Equation 1, in Harr, 1983).
Whether water yield actually returns to the prelog-
ging level, or to some lJevel above or below it, has not
previously be established in the Pacific Northwest of
the U.S. Few studies have sufficiently long periods of
observation with which to investigate long-term water
yield following clearcut logging. In addition, short-

" duration studies have covered only the period of

increased water yield immediately following logging
(e.g., the Alsea Watershed Study, Harris, 1977), being
terminated before regrowth of vegetation subsequent-
ly reduced logging-related flow increases to pretreat-
ment levels. This study examines the long-term effect
of timber harvest, taking into account the period of
vegetative regrowth following logging.

In certain environments, water yields might

-decrease following logging. Instead of the expected

increase, a small (<20 mm) decrease in annual water
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yield was observed after 25 percent of a watershed
was patch-cut logged at Fox Creek, Bull Run
Municipal Watershed, on the western slopes of Mt.
Hood, Cascade Range, western Oregon (Harr, 1982).
The experimental watersheds at Fox Creek extend in
elevation from 840 to 1070 m, where fog is common.
Interception of wind-blown fog by 46-55 m-tall
conifers is an important source of moisture in the Fox
Creek watersheds, and fog interception was reduced
by removal of vegetation, thereby reducing the annual
amount of moisture available at the soil surface (i.e.,

precipitation plus fog drip) by up to 30 percent com-

pared to prelogging levels. Fog has also been shown to
contribute significantly to annual precipitation in

coastal forests in Oregon and northern California

(Isaac, 1946; Azevedo and Morgan, 1974).

‘N
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Figure 1. Location of Watersheds 1 and 2 in the H. J. Andrews
Experimental Forest, Cascade Range, Oregon
(after Rothacher et al., 1967).

Forests have a substantial effect on water yield in
environments other than fog zones. Interception of
precipitation and transpiration by trees have a pro-
nounced effect on water balance in regions with mod-
erate to high annual precipitation (above about 1500
mm) and dry summers (Pearce and Rowe, 1979).
Many of the production forests in western North
America 'occupy such environments, and freshwater
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resources could be affected as second-growth forest
replaces mature forest. -

Diminishing water flows from June to September
can adversely affect stream inhabitants. Even small
reductions in water yield in summer can be detrimen-
tal to salmonids. Several studies have suggested that
volume of summer rearing habitat is a significant fac-

tor affecting fish production (Smoker, 1953; Everest

“and Sedell, 1984; Elliott, 1985; Hicks, 1990). Also

when flow is reduced, stream temperatures may
increase, causing increased stress, disease, and com-
petition among fish. Temperatures preferred by rain- -

 bow trout (Oncorhynchus mykiss, formerly Salmo

gairdneri), or optimum for their growth, range from
12 to 22°C. Temperatures of 25°C or above may be
lethal (Cherry et al., 1975). Increased yield of coarse
sediment following loggmg can increase the effect of
low flows, causing shallowing and widening of stream |
channels (Lyons and Beschta, 1983; Tripp and Poulin,
1986).

METHODS

Predicting the response of summertime stream-
flows to forest management activities requires a long
period of record, preferably from paired watersheds.
One of the few long-term records of changes in water
yield from paired watersheds in an environment with
moderate to high annual precipitation and dry sum-

“mers comes from Watersheds (WS) 1, 2, and 3 of the
H. J. Andrews Experimental Forest (Figure 1). The

study basins have areas of 96 ha, 60 ha, and 101 ha,
respectively, and are underlain by volcanic rocks,
including andesite and basalt lava flows, and. tuff
breccias (Rothacher et al., 1967). The watersheds
range from 442 to 1082 m, at which elevation the vast
majority of precipitation falls as rain (Rothacher et
al., 1967). Snow that does fall between 400 and 1100
m elevation in western Oregon is transient, usually
melting in 3-4 days during subsequent rain (Harr,
1983), and thus is of little significance to summer
streamflows. '
Streamflows were calibrated by taking baseline
measurements in the unlogged watersheds from 1953
to 1961 for WS 1, and from 1953 to 1962 for WS 3.

‘Logging began in WS 1 in 1962, and continued until

1966. Remammg vegetation and logging slash in WS
1 was burned in October 1966 (Rothacher, 1970). In |
late 1962 and early 1963, 25 percent of the area of WS
3 was patch-cut logged, and these cleared patches
were burned in September 1963. Watershed 2
remained unlogged as a control, with precipitation
measured at a climate station in WS 2. Months were
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grouped by water year (October 1 to September 30)
for analysis of streamflow and precipitation.

Water yields for WS 1, 2, and 3, analyzed by Harr
(1983), were derived from data transcribed from con-
tinuous records using methods that visually estimat-
ed instantaneous flow from the water level traces
(pers. comm., Don Henshaw, Pacific Northwest Re-

search Station, Corvallis, Oregon). We have re-
analyzed results from data digitally transcribed from
the original records for part of the prelogging period
(1953-1959), and we have added seven more years of
data to the analysis of Harr (1983).
Data from the prelogging calibration period were
‘used to relate annual and summer water yields in

millimeters from WS 1 and 3 following timber harvest.

to water yield from the control watershed (WS 2).
' Calibration periods were nine years for WS 1 (1953-
1961) and 10 years for WS 3 (1953-1962). Least-
squares regression was used to derive the prelogging
relationship between streamflows in WS 1 and 2, and
between streamflows in WS 3 and 2. The linear model
Y=a+bX was used, where Y=observed water yield
from WS 1 or 3 (treated watersheds) and X=observed

water yield from WS 2 (unlogged control). Observed -

water yield from WS 2 was then used to predict water

yield expected from WS 1 and 3 before and after
logging on the basis of the recalculated regression
relationships in Table 1.

RESULTS
Water Yield After Logging

Slope and intercept for regression relationships
between WS 1 and 2 from this analysis were very
close to those calculated using the same methods by
Harr (1983) for July to September (Table 1). The
recalculated regressions of prelogging water yields for
WS 1 on WS 2 were significant for all months and
combinations of months (Table 1). Regression rela-
tions for prelogging water yields for WS 3 on WS 2
were also significant for all months and combinations
of months, except for July. The regressions of total
annual prelogging water yield for both WS 1 and WS
3 on WS 2 were also significant (p<0.001, Table 1).

The. period of increased summer flow observed fol-
lowing the start of logging in WS 1 compared to the
unlogged WS 2 was short-lived (about eight years,

TABLE 1. Results of Least-Squares Lmear Regression Analysis of Summer and Annual Water Yields Before Logging for
Watershed 1 (1953-1961) and Watershed 3 (1953-1962, depending variables, Y) on Watershed 2 (independent
variable, X) in the H. J. Andrews Experimental Forest, Western Oregon Cascades (n=9 for WS 1, n=10 for WS 3).
Results from Harr (1983) compared to those from this paper for digitized data. The model used is Y=a+bX.

Significance of
Time Period - Slope (b) Intercept (a) r2 Regression Model (p)
WATERSHED 1 - Clearcqt Logged

- (this paper)
July 0.461 2.06 0.62 0.012
August 0.544 0.14 0.67 0.007
September 1.001 -2.60 0.89 <0.001
July to August 0.513 1.70 0.72 0.004
July to September 0.704 -2.84 0.80 0.001
Annual 0.944 -97.92 0.96 <0.001

HARR (1983)
July to September 0.731 -2.74 0.72 0.004

WATERSHED 3 - 25 Percent Patch‘Cut Logged

(this paper)
July . 0.629 8.61 0.20 0.198
August 1.018 0.89 0.74 0.001
September 1.275 -0.14 0.92 <0.001
July to August 0.823 8.59 0.43 0.040
July to September 0.861 1143 0.63 0.006
Annual 0.839 110.63 0.94- <0.001
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Figure 2A). After 1970, observed water yield from
WS 1 for August was generally less than that predict-
ed from the model; reduced water yield has occurred
for 18 of 19 years (1970-1988). In contrast to WS 1,
however, water yields from WS 3 in August were con-
sistently above predicted through 1978, 16 years after
the start of logging (Figure 2B).

Differences between observed and predicted water
yields for WS 1 were compared for three distinct

periods of record (Table 2). The three periods were:

- (1) 1953-1961 (prelogging calibration), (2) 1962-1969

(the period of increased water yield that included log-
ging and burning, and (3) 1970-1988 (the following 19
years of low water yield). Means were compared with
single-classification ANOVA. Differences between
observed and predicted water yields for WS 1
increased dramatlcally followmg clearcut logging for
1962-1969. The increase in water yield for August
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Figure 2. Differences Between Observed énd Predicted Water Yield for August from Watershed 1 (A) and Watershed 3 (B)
in H. J. Andrews Experimental Forest, Western Oregon Cascades, Before and After Logging (1953-1988). '
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