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Abstract

Introduction

Soil Water Trends
After Clearcutting
In the Blue Mountains of Oregon

G. O. Klock. Research Soil Scientist
W. Lopushinsky, Principal Plant Physiologist

A 20-percent reduction in evapotranspiration as neasured by a
20-cm increase in soil water content is expected to result in an
insignificant increase in streanflow by clearcut lodging in the
study area.
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The influence of nmanagenent activities on soil noisture in the
forest and their potential effects on streanflow are concerns
of forest managers. Activities that increase streanflow could
i ncrease channel instability and turbidity and |ower the qual -
ity of streamwaters. K ock and Helvey (1976) showed that
renmoval of vegetation by wildfire in a stand of mixed conifers
in north-central Washington had an inportant inmpact on the

m ni mum content of soil water in the fall and caused watersheds
to yield nore water through increased streanflow. Ross (1971)
al so showed that soil water was influenced by strip clear-
cutting and selective cutting in an even-aged m xed conifer
forest in northeast Oregon. |If logging influences soil water
and streanfl ow on east Cascade slopes, the extent of its effect
shoul d be defined.

In 1965, the USDA Forest Service established a programin the
Uratilla National Forest, Oregon, to evaluate the effects of
current nmanagenent practices on water yield, sedinent produc-
tion, and flood reduction. The Umatilla Baroneter Watershed
consists of basins of the North and South Forks of the Umatilla
River, which flows into the Colunbia. The H gh Ri dge eval ua-
tion area, in the upper elevations of the South Fork, was
chosen for intensive evaluation of managenent practices in the
Baroneter Watershed. The analyses and prescriptions for the

H gh R dge area were designed to describe streanflow and its
response to current techniques of tinber harvest, prescribe
managenment practices for highest water yield and |east pro-
duction of sedinent, and evaluate techniques for predicting
water yield. W describe changes in soil water in areas clear-
cut during the evaluation period.



The Hi gh Ridge evaluation area is in the Blue Muntains of
northeastern Oregon, about 22 km northwest of Elgin and 8 km
sout hwest of the Spout Springs Wnter Recreation Area (sec-
tions 31 and 32, T. 3 N, R 38 E., and sections 5 and 6,

T. 2N, R 38 E, Wllanette meridian). The evaluation area
consists of four small watersheds, (table 1). Elevations range
from1l 439 to 1 617 m and the gentle northeast slopes range
from2 to 25 percent. The dom nant vegetation is a m xture of
grand fir (Abies grandis (Dougl. ex D. Don) Lindl.), Engel mann
spruce (Picea engelmannii_Parry ex Engel m), subal pine fir
(Abies |asiocarpa (Hook.) Nutt.), and western larch (Larix
occidentalis Nutt.), with sone associated Douglas-fir

(Pseudot suga nenziesii (Mrb.) Franco) and |odgepol e pine
(Pinus contorta Dougl. ex Loud.).

Tabl e 1-Average annual runoff and tinber harvested in August
and Septenber 1976 from four snall watersheds in the H gh R dge
area, Umatilla National Forest, O egon.

Aver age Ti nber Portion of

Wat er shed Area annual vol une st and

runof f r enoved r emoved

Hect ar es Centi meters M bm Per cent
[ 24. 4 43.9 1, 233 43
I 29.6 51.6 2, 348 50
111 53.3 51.8 0 0
1V 118.1 47. 8 1, 562 22

The area is underlain by Colunbia Rver basalts (Baldwn
1964). Soils (Helter silt loan) (CGeist and Strickler 1978)
are of both aeolian and residual origin. The Helter series
has a 0.1- to 1-msurface layer of ash from relatively recent
(less than 6,700 years) volcanic activity in the Cascade Range
overlying the buried soil horizon. It belongs to the associa-
tion of Western Brown Forest, Regosols, and Lithosols and is
known as a typic vitrandept. Al though both the upper and | ower
horizons are classified texturally as silt |oanms, they show a
marked difference in physical properties. Bulk densities of
the upper soil average nearly 0.65 gmicn? and the buried soil
hori zons above the weathered basalt average nearly 1.3

gm cnt.  The upper soil has high water-hol ding capacity
because of its ash conponent.



Met hods

A description of the climate and hydrol ogy of the area is being
pr epar ed. ¥ Average annual precipitation for 1967-78 was
142.47 cm ranging from 73.15 (1972-73) to 190.25 cm
(1973-74). Between Cctober 1 and May 31, 87 percent of the
yearly total falls generally as snow.  Maxi mum snow depth was
reached in late March to early April and averaged 153.6 cm for
the period 1972-77. About 80 percent of the annual streanflow
occurred during snowelt in May and June. Average annual run-
off fromthe four watersheds for 1967-76 is shown in table 1.
If we assunme no deep seepage occurred, seasonal evapotrans-
piration was over 90 cm

Watershed 111 was designated for a control and remained uncut.
I n August and Septenber 1976, watersheds I, 11, and IV were cut
as prescribed (Johnson and Cal ane 1977). Watershed | was patch
logged in two blocks of 3.64 and 8.50 ha. Logs in clearcuts
were piled by nmachine and burned on Septenber 21, 1976. The
unburned fuels were nachi ne-scattered after burning. Hal f of
each clearcutting was seeded with a mxture of grasses to con-
trol erosion in Cctober 1976 and planted with Engel mann spruce
and western larch in April 1977. Watershed Il was partially
cut, and all unmerchantable material was yarded and burned. No
plantings for control of erosion or reforestation were nade.
Wat ershed 1V was patch logged in snall areas of 0.81 to 2.43 ha,
totalling 19.92 ha. Tinber volunmes and percentage of the stand
removed are shown in table 1.

In 1972, access tubes for a neutron probe soil noisture neter
were installed at two midel evation |ocations each in watersheds
|l and IV and at one location at the |ower elevation of water-

shed II1. Tubes were installed in watersheds |I and |V about
30 moutside the boundary of future clearcuttings. No tubes
were installed in the partially cut watershed |l because of

the high variability in selected tree locations and the high
cutting variability. At each location, three tubes in a
triangle, about 4.5 mon a side, were installed to about

150 cm which is below the major rooting zone. Volunetric
nmeasurenments of soil water were nmade at 15-cmintervals,
begi nning at 30-cm

In 1977, two additional sets of 3 tubes were installed at two

| ocations (12 tubes) in both watersheds | and IV. Each of

these sets was paired with a set installed in 1972, 30 minside
the clearcutting. Measurenents of soil water were nade peri odi -
cally during the summer from 1972 to 1978 in the undi sturbed
tinber areas and in 1977 and 1978 in the clearcuttings.

'!Report, "Baseline climatic and hydrol ogic relationships for
the Hgh R dge Evaluation Area," by W B. Fower, J. D Helvey,
and C. Johnson, to be published by Pacific Northwest Forest and
Range Experinment Station, Portland, Oeg.



Results Water measurements in the soil profile from30 to 136 cm are
nd Di ion pool ed for all dgtes from 1972 to 1978_|n f|gsh 1, 2, and 3.
and SCUSSIO Val ues neasured in 1977 and 1978 and differential water content
bet ween uncut and clearcut areas are shown in table 2.

60 -
WATERSHED 1
@
L A0+
D
E
b=
@
3 =
o
{u
<L
2 2F
___1 N
3
| ¢ DATA COLLECTED FROM 1972-1976 BEFORE CUTTING
O UNCUT
X CLEARCUT
0 ] 4 1 i
JULY 1 AUG. 1 SEPT. 1 OCT. 1

Figure l.--Seasonal content of soil water in the upper 150 cm of
the soil mantle in the east aspect of watershed I. Solid line
connects periodic measurements taken in 1977 and 1978 after clear-
cutting, fall 1976.
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Figure 2.—--Seasonal content of soil water in the upper 150 cm of
the soil wantle in the control watershed III. Solid line connects
periodic measurements taken in 1977 and 1978. 8So0lid dots are data
points collected from 1972~1976 before cutting.
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Figure 3.--~Beasonal content of s0il water in the upper 150 cm of
the soil mantle in the north aspect of watershed IV. 8Seclid line
connects periodic measurements taken in 1977 and 1978 after clear-~
cutting, fall 1976.



Table 2—Soil water contents for the Hi gh R dge area during 1977
and 1978 (15- to 136-cmsoil profile depth)

Wat er shed ][ Wat ershed 111 Wat ershed 1V
(control)
Dat e
Pat ch Pat ch
Uncut logged Diff. Uncut Uncut 1logged Diff.
----------- Centimeters - = = - = = = - - - =
8/ 23/ 77 24.3 44.0 19.7 17.6 24.4 457 21.3
9/ 27/ 77 29.5 50. 3 20.8 26. 6 31.5 54.1 22.6
6/ 28/ 78 45.5 50. 7 5.2 41. 4 47.1 53.5 6.4
8/ 8/ 78 24.5 40.0 15.5 21.6 28.9 42.8 13.9
9/ 6/78 28.1 45.3 17.2 19. 4 21.4 45.0 23.6

Seven years of records indicate that mninmm soil water con-
tents are reached in late August. Because precipitation gen-
erally equal s or exceeds evapotranspiration denands after early
Septenber in this area, soil water generally increases after
this date. Trends in water content should be simlar in nost

m xed conifer stands to the upper elevations of the Blue
Mountains in Oregon and Washington. Sinilar trends were also
observed by Ross (1971), but he could not fully substantiate a
reduced depletion of soil water for all years in clearcut areas
tested in mxed conifer stands. Qur data, however, indicate
(table 2) that soil water depletion is nearly 20 cmless in the
patch clearcut stands at High Rdge for 2 years after cutting.
Differences may result from nmeasurenent techniques. W placed
the three tubes in an equilateral triangle at each site; Ross
(1971) wused the transect nethod, with one tube at a |ocation.
Qur experience indicates that the equilateral placenent is nore
effective in nmeasuring changes in soil water than the transect
met hod because it accounts better for spatial variability.

The 20-cm reduction of the estimated 90-cm average evapotrans-
piration, shown by increased soil water after patch clearcut-
ting, would be expected to be reflected in increased streanflow
fromthe Hgh Rdge area. In watershed I, 43 percent of the
stand was clearcut. Thus, the reduction in evapotranspiration
could potentially show up as an increase in streanflow of 86 cm



which would be a potential increase in total annual flow of

20 percent. In watershed IV, 22 percent of the stand was clear-
cut, which could contribute 4.0 cmto streanflow, or a poten-
tial increase of 8 percent. Past experience on watershed |
(see footnote 1) has indicated that detecting such increases in
runoff is extremely difficult. Therefore, although the reduc-
tion of evapotranspiration on watershed | may lead to increased
streanflow, variability in hydrologic characteristics and pre-
cision of streanflow neasurenents appear to prevent its detec-
tion by streanflow nonitoring. The streanflow calibration on
watershed IV is better than that devel oped for watershed I.

The additional increnental runoff fromwatershed IV will be so
smal |, however, that it nay be undetectable.

As the area continues to revegetate, the evapotranspiration
will increase toward precutting rates. Thus, maxinmm poten-
tially detectable increases in streanflow fromincreases in
soil water were to be expected during the runoff year from
Cctober 1, 1977, to Septenber 30, 1978, in the H gh R dge area.
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