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464 Lyons AND BescHTA: HYDRO-GEOMORPHOLOGIC CHANGES

is privately owned. The focus of this study was a 25-km length
of the MFW River immediately upstream of Hills Creek Re-
servoir (Figure 2). The watershed lies within two vegetation
zones of the Douglas fir Region of the Pacific Northwest
[Franklin, 1979]. Below 1000 m the vegetation is typical of the
Western Hemlock Zone; above 1000 m it is typical of the
Pacific Silver Fir Zone. Elevations in the MFW watershed
range from 260 to 2664 m above sea level.

Annual precipitation averages approximately 1500 mm.
During winter months, the snowpack is transient and of vari-
able extent within lower elevations of the watershed.

Mass soil movements are dominant erosional processes in
the MFW watershed. Unstable soil types, mapped by Legard
and Meyer [1973], are associated with the Little Butte Volcanic
Series (tuff, breccia, basaltic andesite, and basalt of Oligocene
and Miocene age).

PROCEDURES

Watershed Inventory. To index changes in land use, timber
harvest areas in 5-year intervals from 1945 to 1979 were com-
puted from Willamette National Forest records (the Total Re-
source Inventory Data File). Road density was computed from
historical maps.

Mass soil movements, because of their importance in affect-
ing fluvial sediment loads and hence channel responses, were
also inventoried. This inventory of the MFW watershed, made
from aerial photographs of 1959, 1967, and 1972, was restricted
to landslides occurring near the MFW River and its major
tributary streams. Data for timber harvest and road density
were used to determine the approximate watershed area of each
of three land use categories (forest, clearcut, and roads) for
calculating areal frequencies of landslides. An average cleared
width of 15 meters was assumed for roads.

Large flow events may cause pronounced changes in channel
characteristics. Thus peak flows greater than 100 m® s~ ' re-
corded for the MFW River between 1958 and 1980 at U.S.
Geological Survey gaging station 14144800 (taken from the
U.S. Geological Survey Water Resources Data for Oregon,
1959-1980) were assessed over the period of record. A regres-
sion of total storm precipitation and peak flow was developed
to remove the influence of precipitation amounts on peak
flows. The flow residuals were tested for the hypothesis that
changes in the occurrence and magnitude of peak flows were
correlated with increased land use. Storm precipitation associ-
ated with each peak flow was calculated from records for
Toketee Falls, Oregon (from the National Oceanic and Atmo-
spheric Administration Climatological data for Oregon, 1958
1980) from a gage at 740-m elevation 24 km south of the MFW
River. We defined total storm precipitation as the amount
occurring on the day of peak flow and the preceding two days.

Channel Evaluation. Temporal changes in channel pattern
were measured on aerial photographs from 1936, 1946, 1959,
1967, 1972, and 1980. Scale of the photographs ranged from
1:12.000 to 1:20,000. On each of 25 1-km reaches upstream of
Hills Creek Reservoir (Figure 2), 10 equally spaced segments
representing 100-m intervals were marked for measuring unve-
getated channel width and for counting low flow channels as an
index to channel braiding. Organic debris visible within the
unvegetated channel area was counted on each reach, and
channel sinuosity was measured.

Channel characteristics measured from each photoset pro-
vided the basis for evaluating channel changes (if any) on the
subsequent photo set. Increases in either channel width or

braiding index may indicate aggradation. Heede [1980] argues
that deposition is required to initiate drastic increases in
channel width and braiding. Because aerial photographs indi-
cate that until 1946 the MFW River was essentially a single-
thread channel, we assumed that evidence of local aggradation
was relatively strong if reaches showed both widening and an
increase in the number of low flow channels.

Spatial variations in channel morphology were additionally
assessed during 1979 and 1980, when 65 cross-sectional profiles
were surveyed along the MFW River. (Figure 2). Channel
width, average channel depth, and cross-sectional area of flow
at bankfull stage were measured. Local channel aggradation
was noted by the following criteria: buried trees, braided
channel pattern, and midchannel bars of alluvium higher than
banks. The absence of these criteria defined nonaggraded sec-
tions, which were characterized by well-defined and vegetated
channel banks.

At each profile location, we also sampled the streambed
surface, using a technique described by Wolman [1954]. Heede
[1980] states that changes in size of bed material is indicative
of changes in size of bedload transported by the stream.

Statistical Analyses. An assessment of the effect of peak
streamflows upon channel morphology began with a regression
model relating peak streamflow and storm precipitation. A
model of the form

Y =aX,* 0

met the assumptions of regression, where Y is the peak flow in
cubic meters per second, X is the storm precipitation in milli-
meters, and a and b are regression coefficients.

Because an analysis of the flow residuals of this model
indicated a time trend in the data, a time variable was added to
the regression, giving an equation of the form

Y = aXIbecX2, (2)

where Y and X, are as previously defined; X, is the elapsed
time between date of peak flow occurrence and initial peak
flow of the data set in days, a, b, ¢, are regression coefficients,
and e is base of the natural logarithm.

Paired ¢ tests were used for statistical comparison of average
channel width and the number of low flow channels. Regres-
sion functions relating drainage area (independent variable) of
each cross section location and channel dimension (dependent -
variables) were developed for nonaggraded cross sections.
Using these functions, we compared channel dimensions of
aggraded reaches to those of nonaggraded reaches [Park,
1977]. Differences in mean gravel size between aggraded and
nonaggraded reaches were examined with an unpaired ¢ test.

RESULTS AND DISCUSSION

Landslide Frequency. Locations of landslides within the
MFW Watershed for 1959-1972 are shown in Figure 2. The
number of new landslides on 1967 photographs is 3 to 9 times
greater than on any other photograph set (Table 1). These
landslides averaged 400 m?2. Presumably, most of those visible
on the 1967 photographs were triggered during the 1964 storm.
Landslides of 1959-1967 occurred in clearcuts or near roads 23
and 27 times more frequently, respectively, than in forested
areas, which suggests that land management activities in the

Fig. 1. (Opposite) Aerial photographs illustrating changes in
channel characteristics of approximately 1 km of the Middle Fork
Willamette River at its confluence with Staley Creek. The Middle Fork
flows from right center of photographs to left.







