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ABSTRACT

The quantity of sunmer soil noisture oss fromlogged forest
openings was related to the length of tine since the creation of the
opening in a study nmade in the subal pine forest zone of the Sierra
Nevada west-side near the Central Sierra Snow Laboratory, California,
within the elevational range of 6,000 to 7,000 feet. Soil noisture
depl eti on was neasured in | ogged forest openings which were created in
1959, 1955, 1950, and 1948, and in the forest surroundi ng these
openi ngs. At the period of maxi num soil noisture depletion, openings 1
year old were found to have 6.9 inches nore soil noisture per 4-foot
soil than did the surrounding forest which is an expression of the
quantity of npisture saved as a result of the | ogging operation. In
openings 5 years old the savings has decreased to 2.9 inches, after 10
years to 1.2 inches and after 12 years to 0.7 inches. A projection of
the regression in-dicates that the noisture savings at maxi mum
depletion will reach zero 16 years after cutting. Soil noisture
depletion is traced through two sumrmer depl etion seasons and into the
fall noisture recharge periods. The effect of soil field capacity soi
depth, ground cover, and sunmmer precipitation upon soil noisture
depl etion trends also is di scussed.
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“The annual supply of rainfall . . . was received
by the country, in all its abundance, into her bosom
where she stored it in her inpervious potter's earth
and so was able to discharge the drai nage of the
hei ghts into the hollows in the formof springs and
rivers with an abundant volune and a wide territorial
di stribution.”

PLATO, "Critias”



| NTRODUCTI ON

The demand for fresh water in the United States will reach 600 billion
gal l ons per day by 1980, according to the U S. Public Health Service (1958).
This amount equals the present fresh water supply. Wen the denand exceeds
the supply, as it has in many parts of California, efforts nust be nade to
satisfy that requirenent, if the economc growh of an area is to continue.
Therefore it would be desirable if, in our tinber nanagenent practices, we
could increase the quantity and the quality of the water flowng from
nount ai n wat ersheds as we comercially harvest the forest, and assure
delivery of this water to the consuner at the desired tine. W need to
understand the basic principles of water disposition within a watershed
before we can effectively manage ti nber stands to augnent or be conpati bl e
with the existing water values of the area. Such information is the over-

all goal of the Cooperative Snow Managerment Research Program Y

bei ng con-
ducted by the Pacific Sout hwest Forest and Range Experinent Station, U S
Forest Service, in cooperation with the State of California Departnent of
Water Resources. This study is a portion of that program ¢
Thr oughout history man has considered a forest and forest conser-

vation as synonynous with sufficient quantity and good quality supplies.
As popul ations increased and requirenents for water becane nore critical,
man, in seeking nethods to augnent existing water supplies |ooked to the

forested areas for an answer.

¥ Anderson, H. W Proposed program for cooperative snow manage-

ment research. 1956. (Unpublished report on file at Pacific SW Forest
and Range Expt. Sta., U S. Forest Serv., Berkeley, Calif.)

2 Ziemer, R R Sunmer water loss as related to time follow ng
| oggi ng and associ ated vegetation recovery. 1960. (Unpublished report
on file at Pacific SW Forest and Range Expt. Sta., U S. Forest Serv.,
Berkel ey, Calif.)



Not until the establishnment of the Wagon Wheel Gap study in 1909
(Bates and Henry 1928) did the problemof the effect of forests upon stream
fl ow come under scientific study In the United States. Watersheds were
calibrated for 8 years after which one watershed was conpl etely denuded by
| oggi ng and burning. In the 8 years after treatnent, the denuded water-
shed devel oped a noderately dense stunted stand of aspen, whereas the
untreated control remained relatively unchanged. As a result of this
treatnment, an average annual increase of 0.96 inch of streanflow was
cal cul ated which was attributed to a decrease in interception and snow
evaporation | osses.

This study by Bates and Henry aroused interest in watershed re-
search which resulted in the devel opnent of several simlar study sites
made possible by relief prograns begun during the econom c depression of
the 1930's. The establishnment of the Coweeta Hydrol ogi c Laboratory was
the result of one of these prograns. In 1939-1940, an area with heavy
overstory and understory vegetation was clearcut (Kovner 1956). In the
first growi ng season heavy sprout and brush pronptly covered the area.

An increase of 14.45 inches in streanflow was reported for the first
year followng treatnent. By the thirteenth year this increase in
streanfl ow had decreased to 4.99 Inches. Extrapolation of the regress-
i on suggests that increased streanflow is a decreasing |inear function
of the logarithmof the tinme in years since treatnent which becones
negligible after 35 years and zero after 50 years.

The Wagon Wheel Gap and Coweeta studies are the classic works on
the effect of vegetation renoval upon streanflow. Several equally
i nportant studies by Savina (1956), who worked in Russia on forest thin-
nings of various intensities; Johnson and Kovner (1956), who did research

at Coweeta in which only the laurel and rhododendron understory was



renmoved; Kihl berg (1958), who worked on clearcut watersheds in Sweden; and
Johnson and Meginnis (1960), who reported on streanflow from watersheds in
Chio after pine plantations were established, indicate an initial increase
in streanflow i medi ately after vegetation renoval with streanfl ow subse-
quently decreasing as the vegetati on becones established.

If we are to manage our forests to increase water val ues, we nust
understand the duration of dimnishing water yields with tine after treat-
ment so that we can effectively and rationally renove vegetation or
harvest tinber at a period which will maxi m ze the water value to be
derived.

The objective of this study was to relate soil npisture depletion
resulting fromevapotranspiration occurring during the summer drying
period to time after | ogging. Soil noisture depletion was neasured in
forest openings created by logging in 1959, 1955, 1950, and 1948, and in
the forest surrounding these openings. Soil npisture was determ ned at
nonthly intervals through the 1960 and 1961 sunmer drying and fall re-
charge seasons. Depletion trends were related to the length of tine
after the creation of the opening and the effect of soil field capacity,

soi |l depth, ground cover, and sunmer precipitation upon these trends.



DESCRI PTI ON CF THE STUDY

Locati on

The study area (fig. 1) is located in the subal pine forest zone of
the western slope of the Sierra Nevada within the 6,000- to 7,000-f oot
el evational range in areas consisting of the better comrercially forested
portions of the zone. The dom nant vegetation consists of forest stands

of California red fir (Abies magnifica) and | esser anpunts of | odgepol e

pi ne (Pinus contorta), Wiite fir (Abies concolor) and Jeffrey pine

(Pinus jeffreyi).

U. S. Forest Service records ¥ indicate that the high el evation

forests were cut extensively during the period from 1880 to 1910. The
wood was used primarily for m ning purposes and for construction and
fuel by the Southern Pacific Railroad. It was not of particularly high
quality, but was available. Only in isolated instances since 1910 have
t hese forests been considered economcally inportant and the resultant
ti nber sales have been Iimted in extent. Recently the forests of the
subal pi ne zone have begun to be included in future tinber nanagenent
pl ans.
Soi l's

The general soil pattern of the area is characterized by variability
in both type and depth as a result of glaciation. The forest sites studied
were restricted to the Lytton soil series (Nelson 1957). Lytton soils are
wel | -drai ned, noderately coarse textured cobbly sandy | oam forested soils
devel oped in place fromandesitic aggl onerate rock. The effect of gl acial

action and the anobunt of glacial debris generally in negligible except in

8 Records on file at Big Bend Ranger Station, Big Bend, California,

and Supervisor's Ofice, Tahoe National Forest, Nevada Cty, California.
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| ocali zed areas where the soil is classified by parent material phases.

The parent material phases conprise areas of Litton soils w th nunerous
norainal granitic erratics, basaltic rocks and rhyolitic rocks naking up

a significant part of the parent rock. For purposes of this study the

sites have been grouped by field capacity characteristics for conparability
anal ysi s.

Preci pi tation

The |l ong term average annual precipitation for the area is 51 inches.
O this anmbunt 42 inches of water is present in the maxi mum snowpack which
occurs on or about April 1 (California Departnent of Water Resources 1962;
U S Arny 1956). The summer soil noisture depletion period extends 4 to 5
nont hs, from June into Cctober, with a total average precipitation of about
3 inches. The summer precipitation generally occurs as |ight showers, but
wi th an occasional high intensity convection stormof short duration.
Consequently, this climate is ideal for a study of sunmer water |oss by
measuring soil noisture depletion.

SO L MJ STURE SAMPLI NG SI TES

Selection Criteria

The | ocation and characteristics of the individual sites may be
found in figure 1 and table 1. The criteria for selection of a soi
noi sture sanpling site require the site to be an opening created in an
originally forested stand which was conparable to the surroundi ng forest
before logging. The sites were |ocated on well drained soils with no water
table in evidence. Generally, a stand of trees with little or no evidence
of logging and with a definite boundary surrounds the openi ng.

Sanpl i ng Desi gn

A transect was placed fromthe forest into the opening and then
into the forest on the other side of the opening. In the case where no
definite forest boundary exists on the opposite side of the opening, the

transect extends fromthe forest into the approxi mate center of the



Table 1 -- Characteristics of soil noisture sanpling sites

: : : : Ave. soil : :

Plot Year :Elevation: Slope : dept h : : Cpening
No . logged : (feet) :(percent) . (inches) : Aspect : size =
L-1a 1959 6170 5 35 N 1/ 2H 1H
L-1b 1959 6350 5 31 N 1H1-1/2H
L- 2a 1955 7200 5 54 N 1H+
L-2b 1955 7120 10 45 N 1H+
L- 3a 1950 6200 5 37 N 1H+
L-3b 1950 6230 2 37 NW 1H+
L- 3c 1950 6160 2 32 SW 1H+
L-4a 1948 5430 5 32 N 1/ 2H 1H

(1923)
L- 5a (1949) 6860 10 42 N 2H

(1955)

Y Opening size is aratio of the diameter of the opening to the height of

the surrounding trees (e.g. 1/2H opening is one-half tree height).
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openi ng. Spaci ng of sanpling points along the transect is in ternms of pro-
portions of the average hei ght of the dom nant and codonmi nant trees
surroundi ng the plot, based on the assunption that the effect of trees upon
soil noisture loss is sone function of the height of trees. The hei ght of
trees and the angle of incidence of solar radiation determ nes the distance
shade extends into an opening and hence is related to the evaporation rate
at various distances into the opening.

Moul opoul os (1956) correl ated seedling regeneration in openings of
various sizes and shapes wth the heights of trees and the incidence of
solar radiation. He arrived at a general fornmula for determ ning regener-
ation opportunity for any opening and derived an "ideal" opening size and
shape by computing the anmount of area wi thin hypothetical openings being
shaded at selected tines during a day, for selected dates during the
summer, at latitudes ranging from35° to 41° N, for all exposures, and
for slopes ranging fromlevel to 100 percent. Mul opoul os neasured the
distribution of regeneration within natural openings and found that seed-
| ings were concentrated in the southern or shaded portions of the opening.
Thi s measurenent was highly correlated with the pattern of avail abl e soi
noi st ure.

Ander son (1956) found that the height of trees determ ned the
"effective opening size" in snow accunul ation and nelt relationships. He
al so found that the quantity of shade within an opening was a function of
sl ope, aspect, tree, height, and the incidence of solar radiation. The
conbi nati on of these factors determ ned the snow abl ation rate.

Soil noisture sanpling points proceed fromthe edge of the opening,
as represented by a vertical projection of the canopy, at distances increas-
ing logarithmcally away fromthe forest and into the opening. That is,
points |ocated at 0-H (the edge of the canopy), 1/8 H, 1/4 H 1/2 H 1 H,



etc., into the opening where H equals the average hei ght of the dom nant
and codom nant trees. Two points were |ocated within the forest at

di stances of 1/4 Hand 1/2 H Therefore, an opening one tree height in

di aneter was sanpled at 11 points, beginning within one portion of the
forest at 1/2 Hand 1/4 Hin the forest; 0-H at the south canopy border;
1/8 H 1/4 H 1/2 H 1/4 H, and 1/8 Hin the opening; 0-H at the north
canopy border; and 1/4 Hand 1/2 Hin the forest. (fig. 2). The
sanpling point 0-H was | ocated at random al ong the south forest border
with the transect oriented perpendicular, north-south, to the border.

A transect based upon a logarithm c progression was used on the hypothesis
that the gradient of the soil noisture |oss curve is greatest near the
canopy edge and will dimnish with distance away fromand into the forest.
(fig. 2).

Several authors support this hypothesis. Wssotzky (1932) re-
ported on a study conducted in 1899, which used graphs of soil noisture
conditions extending froma stand of mature hardwoods into an adjacent
cutover area. In Septenber 1899 the soil noisture content under the
forest was 10 to 15 percent less than that in the cutover, after
correcting for precipitation, with the noisture content gradi ent being
greatest near the tree canopy boundary.

Aal tonen (1926) found that in an opening about 20 years old, the
seedlings in the center of the opening were the tallest and becane
relatively shorter as the edge of the nother stand was approached. This
he attributed to the | ower conpetition for water in the opening.

Toonmey and Ki enhol z (1931) observed that during the driest periods
fromtwo to nine tines as nuch noisture was available to plants in
trenched plots as in untrenched plots. This difference appeared to be

wholly due to the elimnation of root conpetition.
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Lunt (1934) found in practically all cases that the | owest soil
nmoi sture content was found i medi ately beneath the tree crown, close
to the base of the trees. Misture content increased ns distance from
the trees increased.

Kal ashni kov (1955) working in an area having little snow observed
that forest strips caused considerable increase in soil noisture
content on fallow ground, in the order of 16 - 17 nm in the top 2
meters of soil, which he attributed to a decrease in evaporation.

Coutts (1958) indicated soil noisture content under the canopy is
| ower than that in the ride.

G ulinmondi (1960) designed a study on the effects of Eucal yptus
shel terbelts, upon soil noisture in adjacent cultivated soils in which
he nmeasured soil npisture at distances of 3, 5, 9, 17, and 25 neters
fromthe shelterbelt. The noisture lost fromthe soil at the 3-neter
sanmpling point was nearly twice that of the 5-neter sanple, 3 tines
that of the 9-meter sanple, and 13 tinmes that of the 17-neter and the

25-nmeter sanpl es.

Dougl ass (1960) worked in a thinned loblolly pine plantation with
the remaining trees spaced 20 feet apart. He found that the noisture
content increased with distance fromthe tree and becane great est
m dway between the trees. The differences in noisture content between
trees and under trees averaged 3 inches the first year and 2 inches in
the second year. He attributed this decrease to possible root

extension into the cl eared area.
SO L MJ STURE MEASUREMENT

Neutron Soil Mbisture Determ nation

Soil mpisture determ nation was nmade with the use of a Nucl ear -

Chi cago P19 neutron soil npisture probe and a nodel 2800 portable
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scal er. Neutron scattering is becomng a w dely acceptabl e nethod of
determ ning the soil noisture reginme. The theory and mnet hodol ogy of
neutron scattering under a wde diversity of soil, vegetation, and
moi sture conditions have been described by many workers.?

The P-19 probe contains a 4- to 5- nmillicurie, radiumberyllium
source which enmits approximately 6 x 10* fast neutrons per second with
gamma rays (Nucl ear-Chicago Corp., n.d.). Wen a fast neutron contacts
hydrogen atons it becones a sl ow neutron. The nunber of returning slow
neutrons is detected by a sensing tube within the probe. The chem cal
content of inorganic soils is such that the primary hydrogen present
is in the soil noisture. The nunber of slow neutrons detected per unit
time can be related to the quantity or noisture in the soil in percent
by vol unme, because the rate of emtting fast neutrons is known. A
single calibration of the probe would apply to a w de range of
inorganic soils. Soils with high organic content would require a
calibration related to the content of organic matter. The sphere of
i nfluence of the probe, or the effective volunme of soil in which the
noi sture measurenent is nmade, is a variable which is inversely related
to the noisture content of the soil and can be conputed by the

formul a:

3 100 percent
Di aneter (inches) = 12

per cent HZO (by volune) in soi

(Nucl ear - Chi cago Corp., n.d.).
Under the soil noisture conditions of this study, which range
from50 percent by volunme to 10 percent by volune, the dianeter of the

sphere of influence of the probe would range from15 to 26 inches,

4/ Burrows and Kirkham 1958; Davidson et al. 1958; Gardner and
Ki rkham 1952; CGol dberg, et al. 1955; Letey et al. 1961; Merriam 1959;
Mortier and de Boodt 1956; Preobrazhenskaya 1959; Van Bavel 1958; Van
Bavel et al. 1956.
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respectively. Carlton (1957) indicates that noisture contents froma
singl e sanple nay be determned with an average accuracy of = 1 pound
per cubic foot of soil or about + 1.6 Pv (percent volune). For
repeat ed neasurenents, the relative accuracy increases to £ 0.4 to 0.8
Pv, or 0.05 to 0.10 inches of water per cubic foot of soil in a
2-m nute counting period (Merriam 1960).

To nmeasure soil noisture we |owered the P-19 probe into an
al um num access tube which had previously been placed in hol es augured
at the desired sampling |ocations. The augured access hol es were of
about 1-inch larger diameter than the al um num access tube. The access
tube was then installed and the soil was back-filled around the tube in
the sequence it was renoved and tanped to the approximate density of
the surrounding soil. The volune of the soil disturbed in relation to
the sphere of influence of the probe is quite small, hence the effect
of this disturbance upon the neasured soil noisture would be
negligi bl e. Hanks and Bowers (1960) found that the access tube had a
slight effect upon soil tenperature adjacent to the tube, but no
nmeasur abl e i nfluence on soil noisture content. The access hol es were
augured to bedrock or as deep as was possible after several attenpts in
the stony soils encountered. In sone cases it was probably not possible
to penetrate the rocky soil to actual bedrock.

Soi |l noisture neasurenments were rmade at depths of 6, 18 and 30
i nches and at successive 1-foot intervals to bedrock. Follow ng periods
of sumrer and fall precipitation neasurenments at the 3- and 9-inch
| evel s were al so taken. Since the radius of the sphere of influence of
t he probe ranges from7 to 13 inches, dependi ng upon noi sture content
of the soil, a correction to the observed soil noisture reading at the

nore shal | ow dept hs becones necessary because of neutrons being lost to
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t he at nosphere when the calculated noisture content is |ess than the
actual noisture content. The nagnitude of this correction has been a

matter of conjecture for several years. However, a correction based upon
rel ati onshi ps established by Anderson el appears to be a nore realistic

correction for the conditions of this study (fig. 3). The correction is
actually less inmportant than one night anticipate in the range of soil
nmoi sture of 20 to 50 Pv if the difference between sanples from one
measuring period to another at the sane site is used. For exanple, if
the soil noisture, corrected for shallow depth, varies from44 Pv at one
measurenent to 34.5 Pv a nonth later, for a loss of 9.5 Pv, the
uncorrected noisture content for the sanme nmeasurenent would be 40 Pv at
the first neasurenent and 30 Pv at the second for a |loss of 10.0 Pv. The
error in the exanple would be 0.5 Pv or 0.06 inches of water in the top
foot of soil. If plots of equal noisture content were to be conpared
there woul d be no error in the conparison with or without correction
There woul d, however, be an error in the actual anmpbunt of water
contained in the soil without a correction, but in many instances we are
interested in sinply conparing two plots or two neasurenents rather them
having a requirenent to determ ne the precise account of water in the
profile.

Cal cul ation of Soil Moisture

Soi |l nmoisture neasurenents for 1961 began early in June when the
soil was at field capacity. Measurenents were taken at about nonthly
intervals until |late Septenber when fall rains becanme frequent and soi

noi sture recharge was initiated. Soil noisture neasurenent for 1960

el Anderson, H W Soil noisture probe. 1961. (unpublished report

on file at Pacific SW Forest and Range Expt. Sta., U S. Forest Serv.,
Ber kel ey, Calif.)
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began in July, was taken at nonthly intervals and terninated in
Cctober. The field capacity measurenent for 1961 was used as field
capacity for both seasons. Depletion of noisture below field capacity
for 1960 began in late May after a rain and snow st orm of

approxi mately 2 inches of precipitation which was the cul m nation of
the spring storns for the year. A conparable stormfrom May 30 to
June 1 termnated the spring storns in 1961.

The amount of soil noisture present at each sanpling point at
the measuring period was determ ned by taking the nean of the percent
vol une noi sture content at the 6-, 18-, 30-, and 42- inch |evels,
whi ch corresponds to a central measurenent of the 1-, 2-, 3-, and
4-foot depths, and multiplying the nean by 46 inches, to obtain the
nunber of inches of water in a 4-foot soil. In cases when the soil at
a point was not 4 feet deep the noisture content at the deepest point
attained was lineally projected to give an estimate of the | ower
depths. Since we are interested in the relationship of the change in
nmoi sture content of the soil over the sunmer period, rather than the
absol ute noi sture value at any one tine, this action is justifiable.
Wthout the projection to | ower depths the point would be biased by
the upper levels which dry at a nore rapid rate due to evaporati on.

Li ght sumrer precipitation also is usually wholly confined to the
upper soil layers. Knoerr 5 found that the wetting from sunmer
precipitation on natural sites in the Sierra Nevada was confined to
the surface foot of soil and no increase in soil noisture occurred
bel ow 2 feet. Summer precipitation was also found to have little

i nfl uence upon the general rate of soi

&/ Knoerr, K R Exponential depletion of soil noisture by

evapotranspiration at forest sites in the Sierra Nevada, as rel ated
to avail abl e soil npisture and vapor pressure deficit. 1960.
(Unpubl i shed dissertation on file Yale Univ. Libr., New Haven, Conn.)
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nmoi sture depletion in that the water is rapidly used by an increase in
evapotranspiration with the result of a rapid return to the soi
noi sture conditions before precipitation.

Correction for Summer Precipitation

In some cases plots were neasured shortly after the area received
precipitation. The data indicated quite a variable pattern in the
effect of this precipitation upon the soil noisture reginme of the
plot. Further analysis indicated in some cases all precipitation had
been intercepted by the tree crowns or had been ot herw se evapor at ed
prior to measurenent. |In other cases where no interception resulted
owi ng to the open position of the point, the soil noisture in the
surface foot had increased to an anount conparable to the recorded
precipitation. In sone cases where precipitation reached the ground,
under a canopy cover, the shade fromthe trees decreased the rate of
surface evaporation and all owed neasurabl e amounts of noisture to
enter the soil. In several cases the noisture content at a point had
i ncreased an anount which was greater than the anount of precipitation

recei ved, which indicates probable surface runoff from sone areas and

pondi ng in slight depressions near the sanpling point. Dougl ass 7

observed that on plots near Union, South Carolina, rmuch of the high
intensity rainfall is lost as runoff which begins when as little as
0.3-inch of rain has fallen. O the total rainfall between May and
Sept enber 1959, 53 percent + 2 percent of the water ran off a nearly

| evel plot. These various processes cause the variable wetting pattern

observed on plots in the Sierra.

" per sonal correspondence with J. E. Dougl ass, Cctober 14, 1960.



The increase in neasured soil noisture since the previous
noi st ure measurenent is perhaps the best indication of the
anount of water received at a point and renaining in the soil as
a result of intervening precipitation, runoff, and interception
Soi | noisture data obtained follow ng sumrer precipitation which
indicated a rise in noisture content in the upper |ayers al one,
while the | ower depths decreased or remained constant, was
adj usted by the anmount of increase to obtain the anount of water
received at that point since the |ast neasurenment. The anpunt
was then subtracted fromthe nmeasured soil noisture at the point
to obtain a corrected noisture content had precipitation not
occurred. This was necessary so that conparison could be nmade
with plots which were nmeasured before the precipitation
Wi ghting of Area Sanpl ed

To obtain a quantitative value for noisture content in the
opening to conpare with the noisture content in the forest, it
becane necessary to weight the data so the sanpl es which
represented a greater area would have the greatest weight, and
t he val ue obtai ned woul d be representative of the conditions of
the opening rather than of a logarithnically spaced transect.
The sanpl e was wei ghted according to the di stance between
sanmpling points. Misture val ues between two points along the
transect were averaged to obtain the mean noi sture content of
the interveni ng di stance between sanpl es. These val ues were then
wei ghted as follows: 0O-Hto 1/8 Hand 1/3 Hto 1/4 H equal a
di stance of 1/8 H between sanples and received a weight of 1
1/4 Hto 1/2 H equals a distance of 1/4 H and received a wei ght
of 2, 1/2 Hto 1 H equals a distance of 1/2 H and was wei ghted
by 4.

18
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Correction to Conparabl e Periods of Measurenent

The soil noisture data for this study was coll ected over a
relatively large tinme range. The data was adjusted to conparabl e nmeasuring
periods for purposes of plot conparison. Tinme al one has been proven to be
a poor determ nant of evapotranspiration through a noisture depletion
season or in the conparison of different seasons. The climatic events
providing the opportunity for evapotranspiration are the nore highly
correlated factors of noisture |oss. Consequently a sinple index for the
noi sture | oss opportunity was desirable. Several basic nethods and nmany
specific applications of these nethods have been proposed in the past for
estimating potential evapotranspiration.

Vapor flow nethods are generally estinates of the turbul ent
transfer of noisture in the air near the ground. Energy bal ance nethods
eval uate the energy requirenents for the evaporation process related to
the energy received fromnet radiation and advection. Tenperature index
met hods are probably related to the energy bal ance nethods, in which
tenperature beconmes an index to net radiation and this in turn becones
related to evapotranspirati on. Evaporation pan index nethods relate the

evaporation from standardi zed pans to evapotranspiration fromvegetation

Knoerr & reviewed the nethods of estimating potenti al

evapotranspiration as applicable to the Sierra Nevada. He found an index
of vapor pressure deficit, which is a portion of the vapor flow nmethod, to
be closely correlated to the soil noisture |loss rates experienced during
his 2-year study at the Central Sierra Snow Laboratory. Vapor pressure

deficit has been used as an index to noisture | oss by a nunber of

8 Knoerr, op. cit.
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i nvestigators in studies of evapotranspiration from seedlings
of western conifers (Bates 1923), from seedlings of oak and
pine in the Piednont region (Kozl owski 1949), from scrub oak
forests in Pennsylvania (Bethlahny 1953), from cl ear-cut
forested watersheds in Sweden (Ki hl berg 1958), fromforests in
Russi a (Pogrebnai k et al. 1957), fromgrass and | upi ne (Porkka
1956 and Haude 1952), and evaporation from bare soil (Penman
and Schofield 1941 and Lowy 1956). Knoerr chose an index based
on those used by Hal stead (1951) and Haude (1952).

Q her investigators (Tucker 1956; Prescott 1938, 1949) used
essentially the sane approach to evapotranspiration approxi mation

Knoerr's application of the vapor pressure deficit index
for evapotranspiration was based on the vapor pressure deficit
at 2 p.m adjusted for relative day | ength. Tenperature and
relative humdity data was obtained from Bl ue Canyon Airways
Station which is a first-order U S. Wather Bureau station
| ocated at 5,280 feet on an exposed ridge. Cbservation at this
station would be representative of the air masses at ground
| evel passing over the Sierra. The 2 p.m vapor pressure deficit
is generally the maxi numdeficit for the day. Tenperature and
relative humidity observations at this tinme are nore stable than
at other times during the day. Hence variability due to tinme of
t he observation would be at a m nimumduring this period. The
day length correction was included on the assunption that the
period of active transpiration is correlated with the |Iength of
day, in that this is the period in which solar energy is
avail abl e for evapotranspiration. Day |length corrections have
been used by Hal stead (1951), Haude (1952), Thornthwaite (1946),
Crowe (1957), and others. Knoerr's formula for potenti al
evapotranspiration then becones:
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In which Eis the evapotranspiration index for the day, Dr is the ratio

of day length of the particular day to the length of day on June 21, the
| ongest day of the year. VPD 5 o n is the vapor pressure deficit based on

the 2 p.m observation

The index of vapor pressure deficit times day |length was comnputed
for all days of the 1960 and 1961 sumer soil npisture depl etion seasons.
A summation of the index was then nade for the two depletion seasons
(fig. 4) bringing the fornulation of the index for accunul ati on of

evapotranspiration potential to:

Et ~ Dr x VPD 2 p.m

in which E is accunul ated evapotranspiration over tine t in days
initiated when the soil is at field capacity and term nated at the
concl usi on of the sunmer depletion season

Conparability of 1960 and 1961 Depl eti on Seasons

The climatic conditions of the two seasons were simlar insofar as

the noisture contained in the air masses passing over the Sierra is
concerned. The 1960 season had the greater accumnul ated potential for
evapotranspiration owing to slightly drier air mass conditions toward the
end of the season, and a |onger depletion season, extending until OCctober
1 before the first precipitation of any significance. The 1961 depl etion
season ended on Septenber 15.

For purposes of conparing the two depletion seasons neasured and
for conparing plots neasured in the sanme season, but on different dates,
the soil noisture data were i ndexed and adjusted to periods of conparable
evapotranspiration potential in which E was equal to O (field capacity
taken to June 1 in 1960 and 1961), 20 (approximately one-half of the soi
noi sture depleted; July 1 in 1960 and 1961), 67 (end of the 1961
depl eti on season, Septenber 14 in 1961 and Septenber 6 in 1960), and 80
(end of the 1960 depl etion season on Septenber 30, 1960). The adj ust nent
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of soil noisture data to desired periods of conparable

evapotranspiration potential follows the general fornula:

SMy = SMy + 'OQESNH ’E'Og M (E1 - Era)
t2 t1

in which SV is the adjusted soil noisture for correction to the
desired Et value a, SM{ and SMp are the neasured soil npisture val ues

at tinmes 1 and 2 respectively, Et1 and Eto2 are the correspondi ng E

i ndex values for times 1 and 2 respectively.
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RESULTS AND DI SCUSSI ON

The primary purpose of this study was to relate the quantity
of summrer soil noisture loss fromlogged forest openings to the
length of tine since the creation of the opening. To understand this
general relationship it was necessary to determ ne the pattern of
soi |l noisture depletion occurring both within each plot at various
| ocations in the | ogged opening and in the adjacent unl ogged forest.
The depletion pattern was determ ned for each plot at nonthly
i nterval s throughout the sunmer noisture depletion season and into
the fall noisture recharge period. It then becane necessary to
determ ne the effect of site variables, which we were unable to hold
constant, upon the pattern of soil npisture depletion. Finally it
was possible to subtract the quantity of noisture used by the forest
fromthat which was | ost from openings of various ages to determ ne
the effect of opening age upon soil noisture |oss throughout a
sumrer period. By use of regression analysis it was then possible to
determ ne the age at which the noisture loss in the | ogged area and
the loss in the unl ogged forest woul d approach equality.

SEASONAL TREND OF SO L MO STURE DEPLETI ON

Figure 5 is a graphic representation of the noisture
conditions present in a recently created opening and within the
surroundi ng residual forest at nonthly intervals throughout a summer
soil noisture depletion season. Figure 5 traces the change in
nmoi sture conditions as the sunmer depletion season progresses to
termination and enters the fall soil noisture recharge season (see
also fig. 6 and Appendi x, table 3.). The general pattern of the
di sposition of soil noisture within the other plots studied during
the depl etion season was consistent with the exanpl e presented and

only a graphic representation of the nmaxi mum depl etion,
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occurring on/or about Septenmber 9, will be presented for these plots.
However, a tabulation of the basic data for the entire series of
nmeasur ement s may be found in table 3 in the Appendix. Early in the
sumer season, June 22, 1961, noisture had been actively depleted in the
forest to the canopy border with isol ated areas being present in the
open and forest in which the soil noisture was above field capacity when
measured. This is particularly evident near the south edge of the
opening. Wthin this portion of the plot, snow would have accunul ated to
greater than average depth during the winter period. The subsequent nelt
of snow fromthis area during the spring ablation period would be
del ayed due to the increased snow depth and to the shading effect from
the forested area (Anderson 1956). Hence, the soil water within this
portion of the plot would reach field capacity at a |ater date than the
remai nder of the plot because of the nelting snow adding water to the
soil for a longer period of tinme (fig. 10). Toward the center of the
opening the soil remained at field capacity with evidence of noisture
depl eti on occurring only within the surface 6 inches of soil

One nonth later, July 20, nost of the available noisture within
the surface foot of soil has been lost to evapotranspiration fromthe
forest beyond a distance of 1/2 H fromthe edge of the opening, with
progressively nore noisture being present as the center of the opening
is approached. Differences in soil noisture due to the delayed snow nelt
at the south edge of the opening have di sappeared by this date. About
hal f the avail abl e noi sture has been depleted fromthe soil within the
forest at this date, with 10 to 20 percent of the avail able noisture
bei ng | ost fromthe opening.

Twenty-one days later, on August 10, only 10 percent of the avail -

abl e noisture renmains within the forest. The gradient of soil noisture



Fi gure 6.

Figure 7.

— Plot L-1a,

— Plot L-1b,

| ogged 1959.

| ogged 1959.
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Fi gure 8.

Fi gure 9.

Pl ot L-3a,

— Plot L-4a,

| ogged 1950.

| ogged 1948.
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Fi gure 10.

Pl ot L-5a, |ogged 1923, 1949, and 1955.

Note the snownelt pattern in southern

edge of opening. Photo taken June 7,
1961.
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near the south edge of the opening has becone greatest at a point

| ocated a distance of slightly less than 1/8 H or about 10 feet beyond
t he canopy border into the opening. The gradient of soil noisture at
the north edge of the opening appears to have shifted slightly, being
greatest at a distance of 1/8 Hinto the forest. A nore refined
sanpl i ng desi gn woul d be necessary in order to determ ne the

expl anation of this phenonenon with any degree of confidence.

By Septenber 9, one nonth later, the maxi numtotal seasonal soi
noi sture depl etion has occurred. Nearly all the avail able noi sture has
been depleted fromthe forest with a rather definite and abrupt
increase in soil noisture content being evident as one noves toward
the center of the opening. Soil noisture loss within the opening
primarily occurs within the top 6 inches of soil. The central portion
of the opening is only slightly below field capacity. The shift to the
northern or downslope portion of the plot remains apparent with the
vertical gradient of soil noisture appearing |ess steep than in the
southern portion of the plot.

Soi | noisture neasurenment taken after |ate Septenber and early
Cct ober precipitation indicates that soil npisture recharge has
occurred in all but the |ower depths of the opening, but renains
confined to the surface foot of soil within the forest. This
difference in the effect of the extent of noisture recharge is, of
course, explained by the quantity of water required to recharge the
dry forest soil being nuch greater than the quantity of water required
to recharge the nore noist soil in the opening which was near field
capacity at the tine of initiation of recharge. By Novenber little
additional precipitation had fallen since the previous nmeasurenent,
with the result of an insignificant change in the soil noisture
pattern. However, a slight novenent of noisture to | ower depths in the

forest becones apparent.
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Effect of Field Capacity
The wat er hol ding capacity or field capacity of a soi

determnes to a large extent the quantity of noisture which is

avail able for use by a plant. As the quantity of available noisture is
i ncreased or decreased we woul d expect a corresponding change in the
pattern of noisture depletion by a given type of vegetation. The
quantity of water below field capacity used by the forested areas

sanmpl ed over tinme, as a function of the cumul ati ve vapor pressure
deficit tinmes day-length index, Et and adjusted to a conparabl e period

of initiation of noisture depletion below field capacity for three
ranges of field capacity in Lytton soil is shown in figure 11. Several
general relationships becone apparent. First, the total quantity of
wat er used by the vegetation in soils of lower field capacities is

| ess than that used by the sane vegetation in soils of higher field
capacities. This is to be expected since physically |less water is
avai l abl e for use. Second, the rate of water use decreases at an
earlier date in the lowfield capacity plots and at a later date in
the high field capacity plots. This is reasonable, since the rate of
water loss is a function of availability (Thornthwaite 1954; Hal stead
1954; Zinke 1959). The sooner the water beconmes unavail abl e the sooner
the rate of water loss will dimnish. The initial rate of water |oss
was conparable for all plots, but decreased as the availability of

wat er becane linmiting. Misture becane unavailable in the lowfield

capacity range, 13.6 to 14.5 inches per 4-foot soil, after 50 units of
Et had been attai ned on approximately August 11, 1961 with a total of

6.4 inches of water being used during the depletion season (fig. 11).

In the mddle range of field capacity, 15.6 to 16.5 inches, noisture
becane unavail abl e when 59 units of Ef was attai ned on August 30, 1961

with a total of 9.4 inches of water being used during the depletion
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season. The noisture use pattern in the high field capacity range of 17.6
to 18.5 inches is of a nore conplex nature covering a greater range of

noi sture depl etion. However, it is apparent that water was stil

avail able for use at the end of the summer depletion season and noi sture
continued to be lost at a rate of 0.4 inch of water per week with an

average of 9.6 inches of water being used by the end of the 1961
depl eti on season on Septenber 12. Knoerr el found that total depletion in

his red fir sites ranged from6.6 to 10.0 inches of noisture per 4-foot
soil. The range of depletion encountered during this study for a
conpar abl e nmeasuring period was 6.4 to 12.0 inches per 4-foot soil.

A greater quantity of water is being lost froma forest grow ng on
soil s of high water hol ding capacity than on soils of |ow water hol di ng
capacity. If the object of future treatnent plans was to augnent water
supplies in several areas, one of which had a soil of a high water
hol di ng capacity and the others had soils of |ow water holding capacity
-- all other factors being equal -- the proposal would be to treat the
area with the higher water holding capacity or the higher potential for
water loss in the untreated condition. Treatnent of this area would have
a potentially greater effect upon the quantity of water being used by the
forest. In the range of water hol ding capacity encountered in this study,
a difference of 3.0 inches of water per 4-foot soil exists between the
use of noisture by vegetation on a soil of low field capacity as conpared
to use on a soil of high field capacity.

Ef fect on Soil Depth
The total depth of soil did not have a significant effect, upon

the depletion rate of soil noisture for the plots studied. As previously

£ Knoerr, i bid.
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stated, we were unable to ascertain the true depth of soil at any
given location -- only the depth to which the soil could be renoved
with a hand auger. Onng to the rocky nature of soil encountered, nany
of the sanpling points probably do not represent the depth of the soi
to bedrock, but only the depth of soil to a concentration of norainal
mat eri al which we were unable to penetrate.

The soil noisture depletion rates at individual depths fromthe
soil surface to a depth of 4 feet produce significant effects which
can readily be observed in figures 5 and 13. Soil nopisture was
depl eted fromthe surface downward and was recharged with
precipitation fromthe surface downward. Several points in which
deeper sanpling depths were attained indicated a continuation of this
rel ati onship.

Ef fect of G ound Cover

It was difficult to separate the various ground cover

conditions into various conponents and to determ ne the influence of
t hese conmponents upon soil noisture depletion. This is due primarily
to the nature of plots with which we are dealing and to the origina
condition of the stand before and after |ogging. The ori gi nal

sel ection of plots was designed to eliminate as nany stand vari abl es,
except age of the opening, as possible. Consequently, the conditions
of the remaining stand were fairly uniformin aspect, sl ope,
vegetation, soil, etc. The selection criteria would, in essence, be
effective in elimnating a great anount of variability of understory,
litter depth and conposition, and general surface cover conditions
within the forest. Originally the openings were of a very uniform
cover condition, in that they were essentially conposed of scarified
bare soil without any vegetation cover. Wthin a year or two, snall
tree and brush seedlings germ nated, but the soil was stil
essentially bare. Wthin 5 years after |ogging there was at |east a
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partial cover of trees, brush, and grass over the opening. This cover
becane nore conplete with tinme, with the trees and brush

predom nating. Inspection of all plots concerned indicated this to be
the general pattern of events leading to the re-establishnment of a
forest stand within the | ogged openi ngs sel ect ed.

Seasonal Soil Misture Depletion in Logged Openi ngs

We have observed that the pattern of noisture conditions within
a recently | ogged forest opening changes as the depl etion season
progresses. W now are interested in the effect of the age of the
openi ng upon the pattern of soil npisture depletion

The soil noisture depletion in | ogged openi ngs of various ages
within the soil field capacity range or 15.9 to 17.8 inches of
noi sture per 4-foot soil, adjusted to a conparable period of the
initiation of noisture depletion below field capacity for the 1961
depl etion season is illustrated in figure 12. It becones apparent from
the figure that the I oss of noisture froml ogged openi ngs increases as
the age of the opening increases. The availability of noisture for
| oss appears to be a liniting factor prinmarily in the nore recently
| ogged openings with the limting nature or noisture availability
beconing |l ess as the age of the opening increases and reproduction
becones established. The reason for this relationship may be found in
t he nethod by which noisture is |lost fromthese openings. In the nore
recently created openings, noisture loss is due primarily to surface
evaporation frombare soil since very few seedlings have becone
established by this tine and the use of noisture by those few
seedlings do not as yet contribute to the noisture |oss pattern
Moi sture | oss by evaporation begins at the soil surface and proceeds
to subsequently | ower depths with time, with the dry surface

acting as an insulator against further loss. In the ol der openings
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nmoi sture is lost through both surface evaporation and transpiration of
the reproduction within the opening. The availability of noisture in the
ol der openings is limted only by the distribution of the roots of the
reproduction throughout the soil profile and does not limt noisture |oss
until all the available noisture is tapped, as is found in the mature
forest, even through the total quantity of noisture which is lost is

greater than that of the bare, nore recent openings.
10/ , . , ,
The results of Knoerr — which reported noisture depletion in

natural forest openings for the initial 20 units of VPD and al so for
total June to Septenber depletion agree closely with the quantity of |oss
observed for the openings of this study which were created in 1950.
Knoerr found 4.3 inches of soil noisture had been lost in the initial 20
units of VPD, which in the 1950 | ogged areas of this study had lost 4.0
inches and in the 1948 | ogged areas had | ost 4.5 inches. Total June to
Sept enber depletion was 8.4 inches per 4-foot soil. For a conparable
period the 1955 | ogged openings had | ost an average of 8.1 inches of
noi sture and the 1948 | ogged openings had | ost 9.4 inches for each 4-foot
soi | .

MAXI MUM SO L MO STURE DEPLETI ON
Effect of Tine Since Logging

The soil noisture pattern at the period of nmaxi mum depletion would
be the best single indication of changes in soil noisture resulting from
the age of the opening because a nmeasurenent at this period would
represent the summati on of the seasonal depletion within the plot.

Any differences in soil noisture depletion between plots would be

10/ Knoerr, i bid.
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compounded by this tinme and subtle differences could be readily
ascert ai ned.

We have described the soil noisture pattern in openings 1 year
old in a previous section. Wthin openings 5 years old (fig. 13) the
soil noisture content remains greatest toward the center of the
openi ng, with an abrupt change in noisture conditions occurring at 1/3
H, or about 30 feet fromthe canopy border. This represents about a 20
foot shift in the noisture depletion into the opening in the 5 years
since the opening was created. Misture | oss near the center of the
openi ng extends downward an additional 6 inches beyond that in the
year old | ogged opening. Vegetation in the 5 year old opening consists

of small and scattered Abies nagnifica and Pinus contorta seedlings

and a snmall er nunber of Ceanot hus seedlings. The effect of this
reproduction upon soil noisture depletion is slight. The primary
change in noisture depletion within opening in the first 5 years since
| ogging i s probably caused by extension of roots or the residual

forest into the opening. The determ nation of soil noisture at point 1
of this plot, located at 1/2 Hin the forest, was influenced by the
presence of a large dead root at the 30-inch depth. The entire profile
at this point contained a |large percentage of organic nmaterial which
not only contained a large quantity of noisture but also influenced

t he nunber of nodified neutrons returning to the soil noisture probe.
The neutrons are nodified by any hydrogen atonms present in the nmedi um
bei ng neasured. The val ue of noisture obtained is a value which would
require a special calibration curve based upon the organic content of
the soil. Consequently the point was not included in the anal ysis of
data. By the next five years the influence of the reproduction wthin
t he openi ng had becone apparent (fig. 8). Soil noisture stil

i ncreases toward the center of the opening but the gradient is nuch
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|l ess striking in this 10 year ol d opening. Reproduction within the

openi ng averages 6 feet in height and is conposed of Abies magnifica

and an occasional Pinus contorta with a scattered understory of

Ceanot hus cordul atus, Ceanot hus cuneatus, Arctostaphyl os nevadensis,

and Ribes roezlii. Misture loss within the opening extends throughout

the entire 4-foot profile. Except in the center of the opening bel ow
2 feet, all available noisture has been I ost fromthe plot. The effect
of roots fromthe residual forest appears to extend a di stance of
1/3 Hinto the opening, as was observed in the five year old opening.
In a 12 year old opening (fig. 9) all available nmoisture within
the plot has been, depleted except at the | owest depths near the
center of the plot. The roots of the reproduction have al nost
conpl etely occupied the site. The total noisture |oss pattern of the
openi ng has essentially returned to the uncut condition with very
little noisture being saved as a result of the |ogging by the end of
the sumer depl eti on season

Ef f ect of Canopy Cover

The effect of forest canopy density in the 10 percent of the
hem sphere above the soil noisture point was found to have no definite
correlation with maxi mum soil noisture depletion

SO L MJ STURE SAVI NGS

Seasonal Trends

Soil noisture savings resulting fromthe creation of forest
openings vary with the seasons of the year as well as with the age of
the opening (table 2). Figure 14 depicts differences in the quantity
of soil noisture between forest and openi ng as the depl etion season
progresses. On the recently | ogged plots, where reproduction is

| acki ng, differences between the forest and the opening increase at a
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rapid rate until the end of the depletion season is approached. At
that tine noisture availability becomes linmiting in the forest and the
rate of increase in savings begins to | essen. Misture loss within the
opening in the recently logged plots is restricted to surface
evaporation and to use by the surrounding forest.

Differences in noisture | oss within openings 5 years of age and
the surrounding forest follow the same general pattern as that of nore
recently | ogged opening; that is, a consistent increase in the
di fference occurs throughout the depletion season. The rate of
increase of this difference is less than in nore recent openings due
to increased use of noisture within the opening by young seedlings and
by the adjacent residual forest.

The savings pattern becones variable in the 10 years after |ogging
and i s dependent upon the quantity of regeneration. However, a lag in
wat er use by the regeneration in the opening becones apparent. Mdisture is
generally depleted fromthe forest at a rapid rate owing to the conplete
nature of root distribution within the forest and noi sture becones
unavai |l abl e before the end of the depletion season. Apparently, the root
distribution or the reproduction within the opening is nore variabl e and
patchy in nature with sone areas and dept hs | acki ng conpl ete occupati on
As a result, the depletion of noisture fromthe opening is at a sl ower
rate but continues for a | onger period because water is still available
for loss. The seasonal pattern of noisture depletion wuld then becone one
in which differences between forest and opening are small early in the
depl eti on season, becom ng greater by mni d-season and then agai n beconi ng
smal |l er as the season progresses toward cul m nati on when noisture use in
the forest has di mnished due to availability and noi sture use

by reproduction in the opening continues at the sane relatively sl ow
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Table 2. -- Plot soil noisture (inches per 4-foot soil), adjusted for 1 H
openi ng size, by year of logging, plot nunber, and tine - 1960-1961

Year | ogged
1959 1955 1950 1948 1949
Pl ot
L-1a L-1b(R)L-1b(T)L-2a L-2b L-3a L-3b L-3c L-4a L-5a
1/ (16.5)(16.5) (13.7)(17.8)(17.8)(15.9(13.7)(16.7)(15.9)(17.8)
1961
2/ Et = 0
snow
For est 20.0 18.1 14.5 18.0covered 14.9 13.1 16.7 12.7 19.9
Open 17.9 16.7 13.1 19.8 18.0 15.0 14.6 16.7 15.2 20.8
Savi ngs -2.1 -1.4 -1.2 1.8 - - 0.1 1.5 0.0 2.5 0.9
2/ Et = 20
For est 14.4 11.8 11.3 13.6 15.8 10.7 8.8 10.7 10.7 13.8
Open 15.5 14.4 10.6 16.6 15.8 11.3 10.3 12.8 11.2 14.4
Savi ngs 1.1 2.6 _-0.7 3.0 0.0 0.6 1.5 2.1 0.5 0.6
2/ Et = 67
For est 7.3 6.8 7.9 9.0 12.0 7.3 7.2 5.9 6.0 6.2
Open 12.8 12.3 8.4 12.0 12.9 8.5 7.2 6.9 6.0 7.5
Savi ngs 5.5 5.5 0.5 3.0 0.9 1.2 0.0 1.0 0.0 1.3
1960
2/ Etr = 67
For est 6.4 6.6 7.8 8.2 9.6 7.7 7.1 6.8 6.5 6.1
Open 12.7 13.4 9.4 12.3 12.1 9.0 7.2 8.2 6.5 7.4
Savi ngs 6.3 6.8 1.6 4.1 2.5 1.3 0.1 1.4 0.0 1.3
2/ Et = 81
For est 6.4 6.2 7.8 8.2 9.6 7.5 7.0 6.5 6.2 6.0
Open 12.7 13.2 9.4 12.2 12.0 8.8 7.1 7.6 6.4 7.1
Savi ngs 6.3 7.0 1.6 4.0 2.4 1.3 0.1 1.1 0.2 1.1

1/ Numbers in parentheses indicate plot field capacity.

2/ Et is a cunulative index of evapotranspiration conputed as a function
of vapor pressure deficit tinmes a day length ratio.
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rate. The result of total noisture use in the forest and openi ng woul d
becone nearly equal by the conclusion of the depletion season

At Maxi mum Depl eti on

The uncut forest surroundi ng the | ogged openi ng was assuned to
be a representation of the soil noisture depletion pattern within the
openi ng before the | oggi ng operation. This assunption requires the
soil properties within the forest to be the sane as those within the
opening and is probably a reasonabl e assunption for the openings
selected for this study. The difference between the quantity of
nmoi sture used by the forest and the quantity of noisture lost in the
openi ng woul d be the anobunt of noisture which would be saved as a
result of the | ogging operation. Wien the quantity of noisture used by
the forest equals the quantity of noisture |ost within the opening the
anount of npisture saved by the cutting would, of course, be
elimnated and the area nust be cleared again if the function of the
cutting was to increase water yield fromthe area.

The depl etion of soil npisture was conputed for all plots for
the 1960 and 1961 depletion seasons and is tabul ated for values of the
evapotranspiration index, E of 0, 20, 67, and 81 (table 2). The
negative val ues of saving at E = 0 indicate nore noisture being
present in forest at the period taken as field capacity than in the
opening. This difference is due primarily to variations in snow nelt
rate in the exposed open and within the shaded forest. Several plots
were above field capacity when the E = 0 neasurenent was nade. The
value of E = 0 was useful to determ ne the point at which depletion of
soil noisture below field capacity began

To deternine the effect of the | oggi ng upon soil noisture |oss, the
wat er savi ngs at nmaxi num depl etion was plotted over the logarithm of the

age of the opening in years (fig. 15). The period of maxi mum depl etion
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was used because by this tinme of the season the rate of water |oss has
decreased and the neasured soil noisture is nore stable at this tine.
Hence, variability due to tinme of the observation would be at a
mninmumduring this period. It was observed previously that the two
plots with low field capacity reacted in a manner which was different
fromthe rest of the plots. Therefore these two plots were anal yzed
separately. Aregression was fit to the values of water saved in the
various plots with field capacities between 15.6 and 18.0 i nches of
nmoi sture per 4-foot soil as defined by the line:

Y =6.891 - 5.728 log t,
in which Y is the water savings at maxi mum depl etion in inches of
nmoi sture per 4-foot soil, and log t is equal to the |logarithm of age
of the opening in years. The fit of this line to the data was found to
have an expl ai ned variance (r? of 0.928, or 93 percent of the
variation in the water savings at maxi mum depl etion is expl ai ned by
the logarithmof the age of the opening. The standard devi ati on was
+0. 6404, that is, 2/3 of the observations could be found within the
range of £0.64 inches noisture content of this line. Soil noisture
savings resulting froml oggi ng becane zero 16 years after cutting.

In plots with field capacities between 13.6 and 14.5 inches of

noi sture the regression

Y =1.304 - 1.295 log t,
fits the scatter of points with an expl ained variance of 0.8367 and a
standard devi ation of +0.364. Mbisture savings beconme zero 11 years
after cutting.

The tinme between the 1960 and 1961 neasurenent seasons resulted in a

change in the quantity of savings for each particular age opening -- an

anount equal to a change of one year, indicated by the regressi on equation
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SUVMARY AND CONCLUSI ONS

This study of soil noisture depletion was carried on in an
el evational range or 6,000 to 7,000 feet in the subal pine forest zone
on the west side of the Sierra Nevada, near the Central Sierra Snow
Laboratory. Soil noisture depletion was neasured in | ogged forest
openi ngs which were created in 1959, 1955, 1950, and 1948 as well as
in the forest surroundi ng these openi ngs.

The quantity of sunmer soil noisture |oss fromlogged forest
openings was related to the length of tinme since the creation of the
opening. At the period of maximum soil noisture depletion, openings 1
year old were found to have 6.9 inches nore soil noisture per 4-foot
soil than did the surrounding forest. This is an expression of the
quantity of soil noisture saved as a result of the |ogging operation.
In openings 5 years old the savings had decreased to 2.9 inches; after
10 years to 1.2 inches; and after 12 years to 0.7 inches. A projection
of the regression indicates that at the period of nmaxi num seasona
depl etion the soil noisture savings will reach zero 16 years after
cutting. This inplies that tinber cutting operations designed to
reduce sumer water |oss becone ineffective in 10 to 15 years.

For purposes of the study soil noisture depletion was neasured
at nonthly intervals through the 1960 and 1961 sumer depl etion
seasons and fall recharge periods. The rate of noisture |oss was found
to follow an exponential depletion pattern -- being greatest early in
t he season when noisture was readily avail abl e and decreasing as the
summer progressed and noi sture availability | essened.

Data indicated that the field capacity of the soil had an effect

upon the rate of npisture loss. Misture in soil with low field capacity
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becane limting to plant use early in the season and the rate of water
| oss decreased. Active noisture loss in soils of higher field capacity
continued for a longer period of tinme resulting in a greater quantity

of noisture being lost during the summer depl etion period.
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Table 3. -- Soil noisture data by plot nunber, sanpling point,
and soil depth
(Data in parentheses are estimtes Y)
PLOT L-1a; opening created 1959; 8/10/60
Av. soil noisture in forest, 7.5 inches; in opening, 13.0 inches
Soi | noisture (Percent vol une) Soi | moi sture(inches)
Sampl i ng at depth in inches of --
poi nt ¥ 6 18 30 42 Total¥  Precip.?
1 13.0 14.5 14.5 (14.5) 6.8
2 16.5 15.5 12.5 (12.5) 6.8
3 15.0 13.0 17.0 19.0 7.7
4 26.5 27.5 29.5 (29.5) 13.6
5 26.5 27.0 28.0 25.5 12.9
6 30.5 31.0 31.0 (31.0) 14. 8
7 24.5 27.5 29.0 24.5 12. 7
8 28.0 27.5 27.0 (27.0) 13.2
9 12.0 14.0 14.5 (14.5) 6.6
10 10.0 11.5 11.5 (11.5) 5.3
PLOT L-1a; 9/9/60
Av. soil moisture in forest, 6.9; in opening, 12.6 i nches?
1 12.0 13.5 13.5 (13.5) 6.3
2 15.5 13.0 11.5 (11.5) (6.2)
3 13.0 12.5 15.5 16.0 6.8
4 26.5 26.5 25.5 (25.5) 12.5
5 28.0 27.0 27.5 26.0 13.0 .2
6 29.5 30.0 30.0 (30.0) 14. 7
7 25.0 26.5 28.5 27.0 12.9 .4
8 24.0 25.5 25.0 (25.0) 11.9
9 12.5 13.0 14.0 (14.0) 6.4
10 10.0 11.0 11.0 (11.0) 5.2
PLOT L-1a; 10/7/60
Av. soil noisture in forest, 6.8 inches; in opening, 12.5 i nches?
1 13.0 14.0 14.0 (14.0) 6.0 .3
2 32.5 13.5 12.0 (12.0) 8.4 2.2
3 25.0 13.5 15.5 15.5 8.4 1.6
4 33.5 29.5 29.5 (29.5) 14. 6 2.1
5 34.0 30.5 29.5 29.0 14. 8 2.0
6 32.5 30.5 30.5 (30.0) 14. 8 .1
7 32.5 26.5 28.0 24.5 13. 4 1.0
8 28.0 23.5 24.0 (24.0) 11.9 .5
9 31.0 13.5 13.5 (13.5) 8.9 2.7
10 12. 0 11. 5 11. 5 (11.0) 5.6 !

Footnotes | ocated at end at table
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Table 3. -- (Continued)

PLOT L-1a; 11/9/60

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)

Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥

1 13.5 13.5 13.5 (13.5) 6.5 -

2 32.5 15.0 11.5 (11.5) 8.5 0.1

3 30.5 13.5 15.5 15.5 9.0 0.5

4 31.5 29.0 30.0 (30.0) 13.8 -

5 34.0 29.0 29.5 27.0 14. 4 -

6 34.0 31.0 31.0 (31.0) 15.2 0.4

7 34.0 27.0 28.5 24.5 13.7 0.3

8 28.5 22.0 22.0 (22.0) 11.3 0.5

9 29.5 13.5 14.0 (14.0) 8.5 -

10 13.0 11.0 11.0 (11.0) 5.5 -

PLOT L-1a; 5/25/61

o 1 26.0 39.5 42.0
& 2 46. 5 48. 0 54.5
& 3 43.0 52.0 53.0 46.0
5 4 52.0 47.5 50.0
o 5 46.0 48. 0 47.5 45.0
o 6 48. 5 52.0
& 7 35.5 51.5 45. 5
¢ 8 33.5 48. 0 45.0
¢ 9 34.0 42.0 47.0
10 22.5 24.0

PLOT L-la; 6/22/61

Av. soil moisture in forest, 15.1 inches; in opening, 16.1 inches #

1 19.0 29. 0 30. 5 (30. 5) 13.1 -
2 34. 0 36. 5 42.5 (42.5) 18. 7 -
3 29.5 38. 5 39. 5 31.5 16. 7 -
4 34. 0 35. 0 34. 0 (34.0) 16. 4 -
5 28. 5 34.5 34.5 31.5 15.5 -
6 39. 0 35. 0 35. 0 (35.0) 17.3 -
7 27.5 35. 0 33.0 32.0 15. 3 -
8 28. 0 34. 0 32.5 (32.5) 15. 3 -
9 23.5 29. 5 32.5 (32.5) 14. 2 -
10 19.0 21. 0 21. 0 (21.0) 9.8 -



Table 3. -

(Cont i nued)

PLOT L-1a; 7/20/61

Av. soi
Soi |
Sanpl i ng
poi nt ¥ 6 18
1 12.0 18.5
2 19.5 22.0
3 17.0 28.0
4 21.5 31.0
5 24.5 29.5
6 23.5 34.0
7 20.0 30.0
8 24.0 31.0
9 13.5 18.0
10 11.0 15.0
PLOT L-la; 8/21/61
Av. soil noisture
1 10.0 15.0
2 16.5 14.5
3 12.0 20.0
4 24.5 28.5
5 26.5 29.5
6 28.0 32.5
7 21.0 28.0
8 20.5 26.0
9 13.0 14.5
10 10.5 13.0
PLOT L-la; 10/2/61
Av. soil npisture
1 10.0 13.5
2 15.5 18.0
3 15.0 17.0
4 21.5 27.5
5 21.5 27.0
6 23.5 30.0
7 21.0 28.0
8 11.0 22.0
9 27.5 30.0
10 11.5 11.5
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30 42
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Table 3. -- (Continued)

PLOT L-1b(R); opening created 1959; 8/9/60

Av. soil moisture in forest, 7.2 inches; in opening, 12.3 inches Z

Soi |l nmoisture (percent volune) Soil noisture(inches)

Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 15.5 15.5 15.5 (15.5) 7.4 -
2 12.0 12.5 13.0 15.0 6.3 -
3 13.0 19.0 23.0 (23.0) 9.4 -
4 31.0 21.0 26.5 (26.5) 12.6 -
5 30.0 27.5 31.0 (31.0) 14. 4 -
6 30.5 29.5 (29.5) (29.5) 14. 3 -
7 32.0 (32.0) (32.0) (32.0) 15. 4 -
8 16.0 17.0 17.0 (17.0) 8.0 -
9 16.0 20.5 19.0 (19.0) 8.9 -
10 12.5 15.0 18.5 (18.5) 7.7 -
11 12.0 14.0 (14.0) (14.0) 6.5 -
12 17.5 15.5 17.0 (17.0) 7.9 -

PLOT L-1b(R); 9/8/60

Av. soil moisture in forest, 6.7 inches; in opening, 11.9 inches 2l

1 14. 0 14. 5 14. 0 (14. 0) 6.8 -
2 11. 0 11. 0 11.5 13.5 5.7 -
3 11.0 14. 0 17.0 (17.0) 8.1 -
4 30.5 20.0 26.0 (26. 0) 12. 3 -
5 28.5 26.0 30.5 (30. 5) 13.9 -
6 30.5 28.5  (28.5) (28.5) 13.9 -
7 33.0 (32.0) (32.0) (32.0) 15. 5 1
8 17.5 16. 5 16. 0 (16. 0) 7.9 2
9 16. 0 19. 0 16. 5 (16. 5) 8.2 -
10 12.5 14. 5 17.0 (17.0) 7.3 -
11 12.0 13.5  (14.0)  (14.0) 6. 4 -
12 16. 0 13.5 16. 0 (16. 0) 7.4 -

PLOT L-1b(R); 10/ 7/ 60

Av. soil noisture in forest, 6.5 inches; in opening, 11.7 inches Z

1 25.5 15.0 14.5 (14.0) 8.3 1.5
2 22.0 12.0 12.0 13.0 7.1 1.5
3 18.0 19.0 16.0 (16.0) 10.0 3.2
4 41.0 24. 0 30. 0 (30.0) 15.0 2.7
5 32.0 27.5 30. 0 (30.0) 14. 4 0.6
6 51. 0 40.5  (28.5)  (28.5) 18. 3 4.4
7 53.5  (45.5) (32.0) (32.0) 19. 6 4.2
8 26.5 16.0 15.0 (15. 0) 8.7 1.3
9 16.0 17.5 15.5 (15. 5) 7.7 -
10 28.5 17.5 16.0 (16. 0) 9.4 2.3
11 16.5 14 0  (14.0) (14.0) 7.4 1.0
12 30.5.  19.5 16.0 (16.0) 9.8 2.4
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Table 3. -- (Continued)

PLOT L-1b(R); 11/9/60

Soi |l nmoisture (percent volune) Soil noisture(inches)

Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 25.5 15.0 14.0 (14.0) 8.2 -
2 24.5 12.5 11.5 13.0 7.4 .3
3 22.0 21.0 15.5 (15.5) 8.2 7
4 42.0 23.5 27.0 (27.0) 14. 3
5 33.5 27.5 31.0 (31.0) 14.8 .4
6 46.0 31.0 (31.0) (31.0) 16.7 -
7 St andi ng water in tube.
8 27.5 15.5 14.5 (14.5) 8.5 1
9 16 5 17.0 15.0 (15.0) 7.6 -
10 28.5 17.5 16.0 (16.0) 9.4 -
11 16.5 14.0 (14.0) (14.0) 7.0 -
12 30.5 19.5 16.0 (16.0) 9.8 -

PLOT L-1b(R); 5/25/61

8/ 1

8/ 2

53 25.5

8/ 9

8 g5

5 6 49.5 39.5

8 7
8 28.0 24.0 25.0
9 17.5 26.5 27.0
10 23.5 24.5 30.0
11 25.5 34.5
12 29.5 26.5 29.5

PLOT L-I1b(R); 6/22/61
Av. soil moisture in forest, 12.9 inches; in opening, 14.0 inches 2/

1 24.0 24.5 25.0 (25. 0) 17. 3 -
2 17.0 27.0 31.0 32.0 12.9 -
3 13.0 19. 5 35.5 (35. 5) 12. 4 -
4 27.5 22.5 29.5 (33.0) 13.5 -
5 25.0 28.0 34.0 (34.0) 14. 5 -
6 36. 0 34.0  (34.0) (34.0) 16. 5 -
7 36.0 (34.0) (34.0) (34.0) 16. 5 -
8 22.0 22.5 21.5 (21.5) 10. 5 -
9 21.0 24.5 23.0 (23.0) 11. 0 -
10 20.5 21.5 26.0 (26. 0) 11. 3 -
11 25.5 26.5  (26.5)  (26.5) 12. 6 -
12 22.5 20. 0 25.5 (25. 5) 12.0 -



Table 3. -- (Continued)

PLOT L-1b(R); 7/20/61

Av. soil moisture in forest, 8.2 inches; in opening, 11.5 inches #

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 21.0 23.0 20.5 (20.5) 10.2 -
2 10.5 15.5 18.0 20.0 7.7 -
3 8.0 18.5 27.5 (27.5) 9.8 -
4 24.0 21.5 28.5 (30.0) 12.5 -
5 22.5 27.0 34.0 (34.0) 14.1 -
6 25.0 31.0 (31.0) (31.0) 14.2 -
7 18.5 (24.0) (24.0) (24.0) 10.9 -
8 17.0 19.5 18.5 (18.5) 8.8 -
9 14.0 20.0 19.5 (19.5) 8.8 -
10 13.5 18.0 21.5 (21.5) 8.9 -
11 9.0 15.5 (15.5) (15.5) 6.7 -
12 11.0 14.5 18 5 (18.5) 7.5 -

PLOT L-1b(R); 8/21/61

Av. soil moisture in forest, 6.8 inches; in opening, 10.6 inches 2l

1 17.0 22.0 18. 5 (18. 5) 9.1 -
2 9.5 12.0 14. 0 14. 5 6.0 -
3 6.5 13.0 18. 5 (18. 5) 6.8 -
4 24.5 21.0 27.0 (28. 5) 12.1 -
5 25.0 25.5 32.0 (32.0) 13.7 .3
6 29.0 30.5  (30.5)  (30.5) 14. 5 .5
7 31.5  (22.0) (22.0) (22.0) 11.7 1.5
8 11.5 16. 5 16. 0 (16. 0) 7.2 -
9 14. 0 16. 5 17.0 (17.0) 7.7 -
10 11.5 16. 0 19. 0 (19. 0) 7.8 -
X 9.0 13.5  (13.5)  (13.5) 5.9 -
12 11. 0 13.5 16. 5 (16. 5) 6.9 -

PLOT L-1b(R); 10/2/61

Av. soil noisture in forest, 6.6 inches; in opening, 10.4 inches ?

1 21.5 24.0 18.5 (18. 5) 9.9 .8
2 11.5 11.0 13.0 13.0 5.8 .
3 8.0 13.5 17.0 (17.0) 6.7 .3
4 28.5 21.5 28. 0 (30.0) 12.5 .4
5 28.5 25.5 32.0 (32.0) 14. 2 .8
6 31.0 31.0  (31.0)  (31.0) 14.9 .9
7 36.0 (24.0) (24.0) (24.0) 11.0 .8
8 13.0 14.5 14.5 (14. 5) 6.8 .2
9 11.0 15.5 15.0 (15. 0) 6.8 -
10 16.0 16.0 17.0 (17.0) 7.9 .5
11 9.0 13.5  (13.5)  (13.5) 5.9 -
12 12.0 12.5 15.5 (15. 5) 6.7 .



Table 3 -- (Continued)

PLOT L-1b(T); opening created 1959; 8/9/60

Av. soil noisture in forest, 7.3 inches; in opening, 9.3 inches ¢

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 13.0 14.0 16.0 (16.0) 7.1 -
2 19.0 20.0 22.0 (22.0) 10.0 -
3 14.0 16.5 (16.5) (16.5) 7.6 -
4 24.0 19.5 19.0 (19.0) 9.9 -
5 24.0 23.0 22.0 (22.0) 10.9 -
6 22.5 19.0 21.5 (21.5) 10.7 -
7 16.0 17.0 17.0 (17.0) 8.0 -
8 15.5 15.5 16.5 (16.5) 7.7 -
9 12.5 13.5 13.5 13.5 6.3 -
10 10.0 12.5 13.0 13.0 5.8 -
11 9.5 11.5 12.5 13.0 5.6 -

PLOT L-1b(T); 9/8/60

Av. soil moisture in forest, 6.8 inches; in opening, 8.8 inches 2/

1 12.0 13.0 15. 0 (15.0) 6.6 -
2 17.0 18.0 19. 0 (19.0) 8.7 -
3 15. 0 16. 0 (16.0)  (16.0) 7.6 2
4 22.5 18.5 17.0 (17.0) 9.0 -
5 24.0 22.5 21.5 (21.5) 10.7 -
6 22.0 19.0 21.5 (21.5) 10. 1 -
7 17.5 16.5 16. 0 (16.0) 7.9 2
8 14.0 14.5 15.5 (15.5) 7.1 -
9 12.5 13.5 14.0 13.0 6.3 -
10 11.0 12.0 13.0 13.0 5.9 1
11 10. 0 11.5 12.5 12.5 5.6 1

PLOT L-1b(T); 10/ 7/60

Av. soil moisture in forest, 6.7 inches; in opening, 8.8 inches 2/

1 16. 0 13.5 16. 0 (16. 0) 7.4 .8
2 31.0 18. 5 19. 0 (19. 0) 10. 5 1.8
3 31.5 28.0  (20.0) (16.0) 11. 8 4.4
4 22.5 18. 0 17.0 (17.0) 8.9 -
5 29.0 25.0 24.0 (22.5) 12.0 1.3
6 34.0 23.0 24.5 (23.0) 12.5 2.4
7 26.5 16. 0 15. 0 (15. 0) 8.7 1.2
8 26.0 15. 5 15. 5 (15. 5) 8.8 1.6
9 22.5 22.5 13.5 14. 5 8.7 2.4

10 20.5 27.5 24.0 15. 5 10. 5 4.7

11 22.0 13.0 12.5 12.5 7.2 1.7
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Table 3 -- (Continued)

PLOT L-1b(T); 11/9/60

Soi | nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 19.0 14.0 15.5 (15.0) 7.6 .2
2 30.0 22.0 19.5 (19.5) 10.9 .4
3 34.0 28.5 (20.0) (20.0) 12. 3 .5
4 23.0 17.0 16.5 (16.5) 8.8 o
5 31.0 24.5 23.5 (23.0) 12.2 .2
6 32.0 22.0 24.5 (23.0) 12.2 -
7 27.5 15.5 14.5 (14.5) 8.6 .1
8 24.5 19.5 19.5 (18.0) 9.8 1.3
9 25.0 22.0 14.0 13.5 8.9 .4
10 23.0 26.5 23.0 15.0 10.5 .3
11 23.0 13.5 12.5 12.5 7.4 .2

PLOT L-1b(T); 5/25/61

&1 26.0 29.0 38.5
52 41.0 45.5
&3 36.5 33.5
4 32.5 25.0 28.5
5 32.5 27.5
6 29.5 24.0 28.5
7 28.0 24.0 25.0
8 24.5 29.5 31.0
9 22.0 27.0 29.0 28.0
10 31.5 32.0 30.0
o 11 28.0 23.5 35.0 36.5

PLOT L-1b(T); 6/22/61

Av. soil moisture in forest, 11.4 inches; in opening, 11.5 inches 2/

1 19.0 24.0 27.5 (27.5) 11. 8 -
2 16.5 29. 5 31.0 (31.0) 13.0 -
3 24. 5 24.0  (24.0)  (24.0) 11. 6 -
4 26. 0 22.5 24. 5 (24. 5) 12.9 -
5 24. 0 24. 0 24. 0 (24.0) 11.5 -
6 25. 0 22.0 24. 0 (24.0) 11. 4 -
7 22.0 22.5 21.5 (21.5) 10.5 -
8 20. 5 25. 5 26. 5 (26. 5) 11.9 -
9 20. 0 21.5 24. 0 21.5 1 0. 4 -

10 27.5 20. 5 21.0 22.0 10. 9 -

11 17.5 18.0 21.5 22.0 9.5 -



Table 3 -- (Continued)

PLOT L-1b(T); 7/20/61 2/

Av. soil noisture in forest, 8.4 inches; in opening, 9.4 inches ¢

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 12.0 15.5 18.5 (18.5) 7.7 -
2 17.0 23.5 25.0 (25.0) 10.9 -
3 11.5 20.0 (20.0) (20.0) 8.6 -
4 15.0 20.5 21.0 (21.0) 9.3 -
5 14.5 23.5 23.5 (23.5) 10.2 -
6 16.5 19.5 22.5 (22.5) 9.7 -
7 17.0 19.5 18.5 (18.5) 8.8 -
8 15.5 19.5 19.5 (19.5) 8.9 -
9 12.0 17.0 16.0 20.0 7.8 -
10 11.5 17.0 16.5 16.5 7.4 -
11 8.5 14. 0 16.5 15.5 6.5 -

PLOT L-1b(T); 8/21/62

Av. soil moisture in forest, 7.4 inches; in opening, 8.3 inches 2/

1 13.5 14. 0 16. 0 (16. 0) 7.2 3
2 12.5 18. 0 21.0 (21.0) 8.7 -
3 12.0 17.5 (17.5)  (17.5) 7.7 -
4 18. 0 17.5 17.5 (17.5) 8. 4 .3
5 21.0 23.5 23.5 (23.5) 11.0 .8
6 20.0 19. 0 19. 0 (19. 0) 9.2 4
7 11.5 16. 5 16. 0 (16. 0) 7.2 -
8 13.5 15. 5 15. 5 (15. 5) 7.2 -
9 12.0 14. 0 15. 5 17.5 7.1 -
10 13.5 15. 5 14. 5 14. 5 7.0 3
11 8.5 17.0 20.0 13.5 7.1 -

PLOT L-1b(T); 10/2/61

Av. soil moisture in forest, 7.2 inches; in opening, 8.2 inches 2/

1 10. 5 12.5 16. 5 (16. 5) 6.7 1
2 16. 0 18. 0 20.5 (20. 5) 9.0 4
3 17.5 20.5 (20.5)  (20.5) 9.4 1.7
4 15. 5 15. 5 16. 0 (16. 0) 7.6 1
5 11.5 24.0 23.5 (23.5) 10. 0 -
6 22.5 20.5 20.5 (20. 5) 10. 1 1.3
7 13.0 14. 5 14. 5 (14. 5) 6.8 .
8 14. 0 15. 0 15. 0 (15. 0) 7.1 1
9 9.0 16. 0 12.0 15. 0 6.1 1
10 13.0 19. 0 17.0 (17.0) 7.9 1.2
11 12.0 12.5 13.5 12.5 6.0 4
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Table 3 -- (Continued)

PLOT L-2a; opening created 1955; 9/9/60

Av. soil noisture in forest, 8.2 inches; in opening, 12.3 inches Z

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
L] 21.0 23.5 30.5 22.0 11.6 -
2 19.0 18.0 18.0 18.5 8.8 -
3 17.5 16.0 16.0 13.5 7.6 -
4 18.0 17.5 18.5 23.5 9.3 -
5 16.0 18.0 18.5 (18.5) 8.5 -
6 21.0 34.5 32.0 (32.0) 14. 4 -
7 22.5 28.5 34.0 36.0 14.5 -

PLOT L-2a; 10/12/60

Av. soil noisture in forest, 8.2 inches; in opening 12.2 inches ¢

7 30.5 24.5 32.5 24.0 13. 4 1.8
2 38.5 35.0 30.0 19.5 14. 8 6.0
3 35.5 30.0 21.5 14.0 12.2 4.6
4 39.0 26.0 19.0 22.0 12.7 3.6
5 34.0 29.0 21.0 (21.0) 12. 6 4.1
6 28.0 35.0 33.0 (32.5) 15. 4 1.0
7 30.0 30.0 34.0 36.0 15.6 1.1

PLOT L-2a; 6/19/61
Av. soil moisture in forest, 15.7 inches; in opening, 18.2 inches #

Lo 38.0 45. 5 45. 5 42.0 20.5 -
2 28.5 36.0 36.0 40.5 16.9 -
3 37.0 31.5 26.5 26.0 14.5 -
4 36.5 36.0 38.0 36.0 17.6 -
5 33.0 35.0 34.0 (34.0) 16. 3 -
6 35.5 44.5 40.0 (40.0) 19.2 -
7 34.0 40.5 44. 0 43.0 19. 4 -

PLOT L-2a; 7/13/61
Av. soil noisture in forest, 12.2 inches; in opening, 15.5 inches

Lo 30.0 34.0 40.0 36.0 16. 8 -
2 20.0 26.5 27.5 28.5 12. 3 -
3 28.5 27.5 25.0 21.0 12. 2 -
4 28.0 30.0 36.0 32.5 15. 2 -
5 27.5 30.0 30.5 (30.5) 14. 2 -
6 21.0 36.5 39.0 (39.0) 16. 2 -
7 24.5 33.5 39.0 39.0 16. 3 -
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Table 3 -- (Continued)

PLOT L-2b; 6/19/61

Av. soil moisture in forest, --; in opening, 16.9 inches ?
Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
8/ 1
5 2 48.0
3 30.0 34.0 40.0 (40.0) 17. 3 -
4 31.0 41.0 44.5 44.5 19. 3 -
5 33.0 34.5 24.0 35.5 15.2 -
6 32.0 34.0 34.0 45.5 17. 4 -
7 26.5 31.5 33.5 44.5 16. 3 -

PLOT L-2b; 7/13/61
Av. soil moisture in forest, 15.6 inches; in opening, 15.0 inches #

1 30. 5 29. 0 37.5 (37.5) 16. 1 -
2 26. 5 29. 5 37.0 (37.0) 15. 6 -
3 28. 0 29. 5 35. 0 (35. 0) 15. 3 -
4 29. 5 40.5 40.5 40.5 18.2 -
5 29. 0 34. 0 23.5 29. 5 13.9 -
6 24. 5 30. 5 31. 0 43.5 15. 6 -
7 14.0 28. 0 31. 0 37.5 13. 3 -

PLOT L-2b; 8/10/61

Av. soil moisture in forest, 13.8 inches; in opening, 13.7 inches Z

1 23.5 21.5 33.5 (33.5) 13. 4 -
2 21.5 25. 5 33.5 (33.5) 13.7 -
3 25. 5 29. 0 33.0 (33.0) 14.5 -
4 27.5 37.0 40.5 38. 0 17.2 -
5 26. 5 30. 0 21.5 31.5 13.5 -
6 18.0 26. 5 30. 0 42.5 14.0 -
7 11.0 21.5 28. 0 34.5 11. 4 -

PMI L-2b; 10/2/61

Av. soil moisture in forest, 11.4 inches; in opening, 12.6 inches Z

1 17.0 18. 5 27.5 (27.5) 10. 9 -
2 19. 5 18. 5 24.0 (24.0) 10. 3 -
3 25.0 28.0 32.0 (32.0) 14. 1 -
4 28.5 35.5 36.5 37.5 16. 6 1
5 27.5 29.5 22.5 24.5 12.5 1
6 17.5 21.0 26.5 39.0 12.5 -
7 12.0 20. 0 25.0 30. 0 10. 4 1
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Table 3 -- (Continued)

PLOT L-3a; opening created 1950; 8/30/60

Av. soil noisture in forest, 7.8 inches; in opening, 9.1 inches ¢

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)

Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥

1 15.0 15.0 17.0 (17.0) 7.4 -

2 16.0 17.0 18.0 16.0 8.1 -

3 13.0 14.0 17.0 (17.0) 7.3 -

4 13.0 16.0 19.5 (19.5) 8.2 -

5 13.5 16.0 19.5 19.5 8.2 -

6 13.5 15.5 23.5 28.0 9.6 -

7 16.0 17.5 25.0 (25.0) 10.0 -

PLOT L-3a; 9/30/60

Av. soil noisture in forest, 7.5 inches; in opening, 8.8 inches ¢

1 15. 0 15. 0 16.5 (16.5) 7.6 -
2 16. 0 16.5 17.0 15. 0 7.7 -
3 13.0 14.5 16.5 (16. 5) 7.7 1
4 13.0 15.5 17.5 (17.5) 7.5 -
5 13.5 15.5 18. 0 18.0 7.8 -
6 13.5 16. 0 24.0 25.0 9.4 1
7 17.0 17.0 22.0 (22.0) 9.4 -

PLOT L-3a; 11/8/60

Av. soil nmoisture in forest, 7.5 inches; in opening, 8.8 inches ¢

1 26. 5 15.0 16.0 (16.0) 8.8 1.4
2 30. 0 21. 0 16.5 15.0 9.9 2.2
3 24.0 14.5 16.0 (16. 0) 8.5 1.4
4 24. 0 17.0 17.5 (17.5) 8.0 1.3
5 26. 5 16.0 18.0 18.0 9.4 1.6
6 29. 0 20. 5 24. 0 25. 0 11.9 2.6
7 34.5 20. 5 22.0 (22.0) 11.9 2.5

PLOT L-3a; 6/5/61

Av. soil noisture in forest, 14.7 inches; in opening, 14.8 inches ?

1 27.5 33.0 32.0 (32.0) 14.9 -
2 29. 5 33.0 31.0 30. 5 14.9 -
3 22.5 28. 0 33.5 (33.5) 14. 1 -
4 24. 0 30. 5 33.0 (33.0) 14.5 -
5 25. 5 31. 0 33.0 32.5 14. 6 -
6 26. 5 28. 5 33.0 33.0 14.5 -
7 31.5 32.5 32.0 (32.0) 15. 4 -
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Table 3 -- (Continued)

PLOT L-3b; 9/30/60

Av. soil noisture in forest, 7.0 inches; in opening, 7.1 inches ¢

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 12.5 14.5 16.0 (16.0) 7.1 .1
2 11.0 14.5 17.5 (17.5) 7.3 .1
3 10.5 14.0 16.0 (16.0) 6.8 -
8/
¢4
5 13.0 18.0 22.0 (22.0) 9.0 .1
6 13.5 14.0 13.0 14.0 6.5 21
7 11.0 13.5 15.0 (15.0) 6.5 -

PLOT L-3b; 11/8/60

Av. soil noisture in forest, 7.0 inches; in opening, 7.1 inches ¢

1 26. 0 22.5 16.5 (16. 5) 9.8 2.8

2 25. 0 20. 0 17.5 (17.5) 9.6 2.4
3 25. 0 14.5 16.0 (16. 0) 8.6 1.8
L

5 37.0 21.5 22.5 (22. 5) 12.5 3.6

6 31. 0 13.5 12.5 14.0 8.5 2.1

7 24. 5 14.0 15.0 (15. 0) 8.2 1.7

PLOT L-3b; 6/5/61
Av. soil moisture in forest, 12.9 inches; in opening, 14.4 inches Z

1 29. 0 27.0 26. 0 (26. 0) 13.0 -

2 22.5 27.5 27.5 (27.5) 12.6 -
3 25. 0 26. 5 29. 0 (29. 0) 13.2 -
L

5 30. 0 29. 0 27.0 (27.0) 13. 6 -

6 32.5 40. 5 33.5 25. 0 15. 8 -

7 25. 5 30. 5 29. 5 (29. 5) 13. 8 -

PLOT L-3b; 7/5/61

Av. soil moisture in forest, 8.5 inches; in opening, 10.0 inches Z

1 15. 0 17.5 19. 5 (19. 5) 8.6 -

2 12.0 18. 5 20.5 (20. 5) 8.6 -
3 11.5 16. 5 19. 5 (19. 5) 8.0 -
8 4

5 19. 5 25.5 24.5 (24.5) 11. 3 -

6 18. 0 22.0 20. 0 20. 0 9.6 -

7 17.0 22.5 23.5 (23.5) 10.4 -



Table 3 -- (Continued)

PLOT L-3b; 7/27/61
Av. soil noisture in forest, 7.7 inches;

Soi |l nmoisture (percent vol une)

Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42
1 11.5 16.5 17.5 (17.5)
2 11.0 16.0 19.5 (19.5)
3 13.5 16.0 17.5 (17.5)
8 9
5 13.0 21.5 23.5 (23.5)
6 13.0 16. 5 14.5 16.0
7 12.5 18.5 20.5 (20.5)
PLOT L-3b; 9/5/61
Av. soil noisture in forest, 7.3 inches; i
1 14.5 20.0 16.5 (16.5)
2 11.0 15.5 18.0 (18.0)
3 9.5 14.5 16.5 (16.5)
8 9
5 17.0 20.0 22.0 (22.0)
6 16.5 13.5 14.5 15.0
7 13.5 15.0 17.0 (17.0)

PLOT L-3c; opening created 1950; 8/31/60

Av. soil noisture in forest, 6.9 inches; i
1 12.0 13.0 14.0 17.0
2 15.5 14.0 14.0 (14.0)
3 13.0 13.5 16.0 (16.0)
4 12.0 15.5 19.5 (19.5)
5 13.5 16.5 20.5 (20.5)
6 16.0 17.5 24.0 (24.0)
7 13.0 13.0 15.5 (15.5)
PLOT L-3c; 9/30/60
Av. soil noisture in forest, 6.5 inches; i
1 12.0 12.0 12.5 15.5
2 15.0 13.0 13.0 (13.0)
3 12.5 13.0 15.0 (15.0)
4 11.0 14.0 17.5 (17.5)
5 13.0 15.0 17.5 (17.5)
6 16.0 15.5 21.0 (21.0)
7 13.0 12.5 13.5 (13.5)

i n opening, 8.2 inches
Soi |

Total * Precip. 2
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Table 3 -- (Continued)

PLOT L-3c; 11/8/60

Av. soil noisture in forest, 6.4 inches; in opening, 7.6 inches ¢

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)

Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥

1 22.5 13.0 12.5 15.5 7.6 1.4

2 25.0 12.5 13.0 (13.0) 7.8 1.4

3 27.5 20.0 14.0 (14.0) 9.2 2.8

4 27.0 13.5 17.0 (17.0) 8.9 1.9

5 28.0 14.5 17.0 (17 0) 9.2 1.8

6 31.5 21.5 21.5 (21.5) 11.5 2.7

7 32.5 14.0 13.5 (13.5) 8.8 2.5

PLOT L-3c; 6/5/61
Av. soil moisture in forest, 16.4 inches; in opening, 16.5 inches #

1 27.0 34.0 37.0 39.5 16.5 -
2 31.0 36.5 33.5 (33.5) 16.1 -
3 28.5 36.5 37.0 (37.0) 16. 7 -
4 30.5 37.0 40.0 (40.0) 18.1 -
5 29.5 35.5 39.5 (39.5) 17.3 -
6 33.0 33.5 35.0 (35.0) 16. 4 -
7 32.0 28.5 34.0 (34.0) 15. 4 -

PLOT L-3c; 7/6/61

Av. soil moisture in forest, 10.4 inches; in opening, 12.6 inches Z

1 13.5 23.5 26. 5 28. 0 11.0 -
2 15.0 21. 0 23.0 (23.0) 9.8 -
3 15.0 23.5 27.0 (27.0) 11.1 -
4 19.5 27.0 28. 5 (28. 5) 12.5 -
5 17.0 28. 5 30. 0 (30. 0) 12.7 -
6 17.0 25. 5 29. 0 (29. 0) 12.1 -
7 20. 5 22.5 25. 0 (25. 0) 11.1 -

PLOT L-3c; 7/27/61

Av. soil noisture in forest, 7.6 inches; in opening, 10.1 inches Z

1 12.5 13.5 18. 0 18. 0 7.4 -
2 12.5 13.5 24.5 (24. 5) 7.4 -
3 12.0 16. 0 19. 5 (19. 5) 8.0 -
4 15. 0 19. 0 23.5 (23.5) 9.7 -
5 14. 0 21.0 25.5 (25. 5) 10. 3 -
6 16. 5 25.5 29.0 (29. 0) 1 0.8 -
7 14. 5 20. 0 24.5 (24.5) 10. 0 -
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Soi | noi sture(inches)
Total ¥ Precip. ®
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76
Table 3 -- (Continued)

PLOT L-4a; 6/5/61
Av. soil moisture in forest, 12.6 inches; in opening, 15.2 inches #

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)

Sampl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥

1 20.0 29.5 32.5 (32.5) 11.3 -

2 18.5 28.5 28.0 (28.0) 12. 4 -

3 29.0 31.0 30.0 (30.0) 14. 4 -

4 28.5 29.0 33.0 (33.0) 14.8 -

5 28.0 35.0 33.5 38.0 16.1 -

6 38.0 28.5 27.5 (27.5) 14. 6 -

PLOT L-4a; 7/6/61
Av. soil noisture in forest, 10.5 inches; in opening, -- ¢

1 22.0 23.5 27.0 (27.0) 11.9 -
2 19.0 22.0 22.0 (22.0) 11. 2 -
3 8.5 19.5 18.5 (18. 5) 7.8 -
4 14.0 23.0 23.0 (23.0) 10.0 -

9 5 17.5 25. 0 25. 5 30. 0 11. 8 -
6

PLOT L-4a; 7/27/61
Av. soil noisture in forest, 7.3 inches; in opening, 8.3 inches

1 10.5 17.0 16. 0 (16.0) 7.2 -
2 12.5 15.5 16.5 (16.5) 7.3 -
3 15. 0 16. 0 15.5 (15.5) 7.4 -
4 12.0 17.0 18.5 (18.5) 7.9 -
5 12.5 18.5 20.0 19.5 8. 4 -
6 16. 0 20.5 20.5 (20.5) 9.3 -

PLOT L-4a; 9/5/61
Av. soil moisture in forest, 6.2 inches; in opening, 6.3 inches

1 8.5 13.5 13.5 (13.5) 5.9 -
2 11.0 13.0 14.5 (14.5) 6.3 -
3 10.5 13.5 14.0 (14.0) 6.2 -
4 9.0 13.0 14.0 (14.0) 6.0 -
5 11.0 13.5 12.5 14.0 6.1 -
6 12.5 14.5 16. 0 (16.0) 7.1 -



Table 3 -- (Continued)

PLOT L-5a; opening created 1949; 8/10/60

Av. soil noisture in forest, 7.6 inches; in opening, 9.3 inches ¢

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sanpl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 12.0 12.5 13.5 16.0 6.5 -
2 19.5 15.0 15.0 24.0 8.8 -
03 16.0 20.0 28.0 30.0 11.3 -
g 12.5 23.5 32.0 29.5 11.7 -
5 12.5 17.0 19.5 28.5 9.3 -
6 11.0 16.5 25.0 (25.0) 9.4 -
7 12.0 18.5 20.0 23.0 8.9 -

PLOT L-5a; 8/30/60

Av. soil noisture in forest, 6.3 inches; in opening, 7.6 inches ¢

1 10.0 10.5 11.5 14.5 5.6 -
2 16.0 12.0 11.0 19.5 7.0 -
103 13.0 17.5 25.0 27.0 9.9 -
g 11.0 21.5 30.0 29.0 11.0 -
5 10.5 13.0 16.5 27.5 8.1 -
6 10.0 13.0 22.5 (22.5) 8.2 -
7 10.5 10.5 14.5 19.0 6.5 -

PLOT L-5a; 9/12/60

Av. soil noisture in forest, 6.0 inches; in opening, 7.4 inches ¢

1 9.0 10.5 11.5 14.5 5.5 -
2 14.0 11.5 11.0 18.5 6.6 -
1003 13.0 16.0 24.5 26.5 9.6 -
g 12.0 21.5 28.0 30.0 11.0 .1
5 11.0 12.5 16.5 27.5 8.1 .1
6 11.0 13.0 23.0 (22.5) 8.3 .1
7 11.0 13.0 14.0 17.0 6.6 .4

PLOT L-5a; 10/17/60

Av. soil nmoisture in forest, 6.0 inches; in opening, 7.1 inches ¢

1 10.5 10.5 11.5 14.5 5.7 .2
2 18.0 12.0 11.0 16.5 6.9 .5
10/ 3 22.0 15.5 24.5 25.5 10.5 1.1
14 19.0 22.5 28.5 29.0 11.9 1.2
5 19.5 13.0 16.0 26.0 8.9 1.1
6 24.0 13.5 21.5 (21.5) 9.6 1.7
7 22.0 13.0 13.0 14.5 7.5 1.7



78
Table 3 -- (Continued)

PLOT L-5a; 6/7/61

Av. soil moisture in forest, 19.4 inches; in opening, 20.4 inches

Soi |l nmoisture (percent vol une) Soi | noi sture(inches)
Sampl i ng at depth in inches of
poi nt ¥ 6 18 30 42 Total ¥ Precip. ¥
1 24.5 35.0 50.5 52.5 19.4 -
2 36.5 45.0 56.0 43.0 21.6 -
03 52.5 49.0 47.0 47.0 23.5 -
g 34.5 54.0 59.5 56.5 24.5 -
5 32.5 47.5 60.0 40.0 20. 4 -
6 36.5 43.5 46.5 (46.5) 20. 8 -
7 41.0 38.0 41.5 44.5 19.8 -

PLOT L-5a; 7/7/61

Av. soil moisture in forest, 13.2 inches; in opening, 13.6 inches #

1 17.0 26.0 32.0 34.0 13.2 -
o 30.5 34.0 36.5 34.5 16. 3 -
103 31.0 36.0 37.0 39.0 17.2 -
g 24.0 38.5 44.0 44. 0 18.0 -

5 21.5 34.0 29.0 32.0 14.0 -

6 23.5 26.0 32.0 (32.0) 13.5 -

7 23.5 29.0 28.5 35.0 13.9 -

PLOT L-5a; 8/2/61

Av. soil moisture in forest, 9.1 inches; in opening, 9.5 inches ¢

1 11.5 15.5 24.0 20.0 8.5 -
2 21.5 20.5 20.5 18.0 9.7 -
1003 14.5 23.0 30.5 31.5 12.0 -
g 10.5 29.0 34.5 35.5 13.1 -
5 10.0 18.5 23.0 29.0 9.6 -
6 10.0 20.0 26.0 (26.0) 9.8 -
7 10.5 19.0 22.0 24.0 9.1 -

PLOT L-5a; 9/19/61

Av. soil noisture in forest, 6.1 inches; in opening, 7.6 inches ¢

1 10.0 11.0 11.0 12.0 5.3 -
2 17.5 16.0 11.0 13.0 6.9 -
10/ 3 23.0 15.0 24.5 26.0 0.6 1.0
14 12.5 19.5 30.0 29.5 11.0 -
5 17.5 12.5 14.5 27.0 8.5 .9
6 20.5 16.0 23.0 (23.0) 8.7 .1
7 23.0 13.0 13.0 14.5 7.6 1.5
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Tabl e 3. -- Footnotes

¥ Data estimated owing to shallow depth of sanpling point and is

a projection of the soil npisture nmeasurenent at the greatest depth
attai ned at that point.

2 Average soil nmoisture in the forested portions of the plot and
in the opening, conputed on the basis of a 4-foot soil depth, adjusted
for precipitation, and weighted for equal distance sanpling.

3 Points 1 and 2 are located within the forest: all subsequent
points are |located within the opening, except that if a plot contains
nmore than eight sanpling points, the first two points (points 1 and 2)
and the last two points listed are located within the forest and the
internmedi ate points are |located within the opening.

4 Total of soil water present in the 4-foot soil at the point
sanpl ed and on the date neasured. Conputed fromthe nean of four 1foot
increnents tinmes 48 inches.

5 Soil noisture increase since the previous measurement owing to
preci pitation, surface runoff and pondi ng.

8 Measurement nmade while the soil was above field capacity ow ng
to snow bei ng present on the plot.

" point elimnated fromanalysis owing to effect of adjacent
tree stunp and |l arge roots upon the neutron count.

8 Ppoint elimnated owing to position in road.

9 Point not measured at this date.

19 point elimnated fromanalysis owing to surface and
subsurface drai nage.

1 Point elimnated fromanalysis due to the effect of point
(see footnote 1),



