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|NFLUENCE OF FOREST CUTTING AND MOUNTAIN FARMNG ON SOMVE

VEGETATION, SURFACE SO L AND SURFACE RUNCFF CHARACTERISTICSA/

by
Robert E Dlsgy

PURPCSE AND SCOPE

Wth the increasing demands made on our water supplies within the
past few decades has come the realization that fundanental research con-
cerning this basic natural resource is woefully lacking. Because the
water resource is so closely linked with climte, it was the consensus
of opinion for many centuries that man could alter it no nmore than he
could the weather. This is not entirely true, for, in addition to climte
the available water supplies may be affected by the vegetation and soi
factors.  Through his use of the land, man exerts a very significant in-
fluence on both the vegetation and the soil. As a result, he also nodifies
the water resource, but the nature and extent of this nodification has been
a subject of nmuch speculation and controversy.

Because of the lack of hydrologic data, it has been inpossible in
the past to establish a scientific basis for the managenent of water as a
natural  resource. Currently, an increasing demand for such information
is being made by many public and private interests. Industry requires a
dependabl e supply of clean water. Municipalities demand an adequate, pure.
water supply. Many public and civic agencies require information for flood
control programs and power projects. The recreation and tourist trades |ean
heavily upon the nation's water resource. Fish and wildlife interests are
dependent upon clear, cool streams for the production of fish and gane

1/ This paper is a portion of a dissertation subnitted to the Gadu-
ate School in partial fulfillment of the requirements for the degree of Doc-
tor of Philosophy in Soil Science at Mchigan State College, East Lansing
M chi gan

2/ Assistant Professor of Forestry, Mchigan State Col | ege.



At the Intermpuntain Forest and Range Experinent Station (2, 3) tests
are under way to study the effects of forest, brush and herbaceous plant
cover in natural, depleted and restored condition on the infiltration, stor-
age, fertility, biology and stability of forest and range land soils; to
determne land use practices for stabilizing eroding watershed soils and for
maintaining soil stability under the inpact of grazing, |ogging and other
wildland uses. Studies are being conducted on coarse, granitic soils of
sout hwest |daho; various soils on steep slopes of the Wasatch Muntains in
northern Utah; and on heavy |inestone soils on the Wasatch Plateau in centra

Utah.

A surface infiltration study nade on the U nta National Forest in Uah
in 1951 indicates that infiltration rates averaged from5 to 50 percent |ower
on grazed sites than on ungrazed areas. Stormrunoff fromthe grazed plots
ranged from 50 to 100 percent nore than on the ungrazed areas, and soil |osses
on the grazed plots averaged six to eight tinmes more than on ungrazed areas

(28).

At the Northeastern Forest Experiment Station, a study was initiated
in Novenber, 1948 on the Lehigh-Del anare Experinental Forest (23) of about
1800 acres to determne the influence of the present scrub-oak cover on run-
off. After a period of calibration it is planned to convert the cover from
scrub-oak to a better forest type by forest mnagenent and protection measures
and to evaluate the effect of these changes in cover on runoff and ground water.

The earliest hydrologic investigation in this country concerned wth
the influence of forests on stresnflow and runoff was initiated in 1909 by
the United States Forest Service and the United States Wather Bureau at \Wagon
Weel Gap, Colorado. Bates and Henry (5) reported in 1927 that the cutting of
forest cover increased the total annual-water vyield, increased water yield from
snow and produced increased erosion. They further indicated that the results
were Dblurred by such conditions as porous soils, thin original cover and pro-
lific sprouting of aspen

One of the earliest investigations was that initiated by Ramser in
1917 near Jackson, Tennessee. He worked with six watersheds varying in size
fromi.25 to 112 acres, five of which were in mxed |and use and contai ned
forest cover varying from 14 to 55 percent. Ramser reported in 1927 (19) that
forest cover has a decided influence in reducing the rate of runoff from a
wat ershed except when antecedent rainfall has been high, in which case the

influence is slight.

In 1932 a study was started by the Geol ogical Survey, United States
Department of Interior, in cooperation with the State of New York Conserva-
tion Departnent to determne the influence of reforestation on streamflow
in state forests in central New York. Subnarginal |ands were purchased and
planted to coniferous tree species. Ayer (1) reported in 1949 that up to
that time practically no significant change-in runoff had been effected

(One of the nost recent reports is that of the Wite Hol | ow Wat ershed
in Union County, Tennessee published by the Tennessee Valley Authority in 1951
(24). The 1l7i5-acre Wiite Hol | ow Watershed was set aside for watershed studies
in 1936. Followng acquisition, watershed nanagement included extensive ero-
sion-control operations and tree planting. The study shows the follow ng
changes in surface runoff and other hydrologic characteristics as a result of
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15 years of inprovenent and managenent: (a) The inprovement in forest
cover which occurred resulted in greater watershed protection without
measurable decrease in water yield. (b) There was no shift in the sea-
sonal runoff pattern as a result of Iland-use changes. (c) No neasurable
change took place in the total quantity of evapo-transpiration plus other
| osses.  Apparently, since a greater density of vegetal cover nust be sup-
ported by greater water use through transpiration, balancing factors were
in operation. (d) Peak discharges during the sunmer season were markedly
reduced.  Reductions in wnter ﬁeak discharge rates were not appreciable.
(e) The greater part of the peak discharge reduction occurred in the first
two or three years of investigations, smaller reductions continuing after
that time. (f) Mdification of sunmer peak discharges were so great that
the frequency of peaks during the latter years was nuch |ess than during
the earlier years. (g) The tine distribution of surface runoff was mate-
rially changed. Surface runoff discharge was prolonged to produce a nore
sustained flow  (h) Conparison of sediment records based upon manual |y
col l ected sanples during early years with records obtained during the past
year (1950) by neans of an automatic sanpler shows clearly that there has
been a very material reduction in sediment |oad during the 15-year period
of  observations

It is apparent, after a review of the literature, that a direct com
parison of the results of this study with any previously reported is virtu-
ally inpossible. Many studies have denonstrated that watersheds or plots
wi th undi sturbed forest cover yield | ess surface runoff and produces |ess
soil | oss than grazed or burned forests, pastures and croplands. In few
cases, however, have attenpts been made to show changes in surface runoff
except in terns of total surface runoff expressed as a percent of the pre-
cipitation.

The study made in this report is unique in that the watershed was
calibrated under forest conditions, the forest cover was renoved and | and
use practices then applied. |In addition, an adjacent watershed with sim-
| ar characteristics was maintained in continuous forest cover, thus pro-
viding a further control. Consequently, an opportunity was provided to
study rmore detailed changes in surface runoff.

THE COWEETA HYDROLOG C LABORATORY

Wth the recognition of the need for additional research in water-
shed managenent cane the realization also that the selection of sites for
such research would be conplicated and difficult. Foresters, hydrologists
and engineers contributed rigid specifications which had to be fulfilled
if the findings were to be valid and of nore than |ocal significance

One area which nmet every inportant requirement was a 5,600-acre tract
in the Nantahala Muntains of western North Carolina. This tract, estab-
lished in 1933 by the United States Forest Service, is now internationally
known as the Coweeta Hydrologic Laboratory. Several factors combine to make
the area ideal as a natural |aboratory suitable for fundamental hydrol ogic
research. Rainfall is high, averaging 72 inches per year, and is rather
uniformy distributed throughout the year. Because of the frequency of
storns and the uniformty of the storm pattern, it i s possible to obtain

-7 -



valid results in nuch shorter time than in an area of |ess precipitation.
Approximately 98 percent of the precipitation occurs as rain, so there is
little snow to conplicate the studies.

Topographically, this particular sectionis also ideal in that its
steep slopes and sharp ridges formnatural boundaries for the nmany snall
drai nage basins--each an independent hydrol ogic unit--necessary for re-
search of this type. FElevations vary from2,200 to 5,200 feet within the
boundaries of the station.

Al though over half of the Coweeta area was cut over 25 years before
the government acquired ownership, |and use practices have altered the char-
acter of the forest itself very little. A dense m xed-hardwood forest,
typical of much of eastern United States, is predomnant at Coweeta. The
cut-over lands support second-growth forest and the remainder of the land is
in old growth. Chestnut was fornerly the nmajor species but has been w ped
out by the blight. The largest part of the forest is now in oak-hickory.
Another 15 percent is in cove hardwods: yellow poplar and northern red osk,
intermxed with hemock along the streanms. Sugar maple, yellow birch, beech
and pitch pine occur occasionally at the higher elevations.

Because of the simlarity of this area to many other parts of the
country and because of the favorable pattern of precipitation, data derived
fromstudies on the Coweeta tract can be applied elsewnhere. Consequently,
research conducted here in water behavior and managenent has national as
well as local significance.

THE LI TTLE HURRI CANE WATERSHED

The Little Hurricane Watershed, designated as drainage No. 3, IS
located in the Coweeta Hydrologic Laboratory, Mcon County, North Carolina.
Its location within the Coweeta area is shown in figure 1 along with the
control watershed, MNo. 2. The waters of the Little Hurricane Branch flow
into Shope Creek and thence into Coweeta Creek, which is a tributary of
the Little Tennessee River. Figure 2 shows an over all view and map of
the study watershed. Its aspect or exposure is essentially southeast.

Land Use History

In 1835 a hurricane is reported to have levelled all the tinber in
the Little Hurricane and the Hurricane drainage adjacent to it; hence the
names of the watersheds. Prior to 1857 white settlers pushing into this
region grazed the drainage area to sone extent. As the Indians before than
had done, the settlers practices sem -annual burning of the woods in order
to inprove the quality of the grazing. In 1857 the second-growth tinber on
the | ower ten acres of the watershed was cleared for farmng and the area
was cultivated wuntil 1887. This included nearly all of the areas which are
now the lower pasture and abandoned cornfield. The yields becane so |ow
that the fields were then used only for grazing until 1900.

In 1901 the area was included in the |and purchased by the Nantahal a
Conpany, a land speculation group. From 1901 until 1940 "third-grow h"
tinmber, largely of the oak-chestnut and cove hardwood types re-established
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Figure 1. --Individual drainage areas af Coweeta.

itself. By 1934 the donminant trees were 18-20inches in disneter. The
chestnut, however, had dropped out because of the blight.

Only the best quality oak, chestnut and vyellowpoplar was |ogged
fromthe second growth forest adjoining the old field in 1914, The re-
maining trees were |eft unharned except for the demage occasi oned by
the 1ogging

The U S. Forest Service acquired the area in 1923 and it becane
a part of the Nantahala National Forest. In 193% the drainage was in-
cluded in the area set aside as the Coweeta Experinental Forest. This
name was officially changed to the Coweeta Hydrol ogic Laboratory in 1949.

After a period of standardization or calibration starting in 193k,
the watershed was clear cut in 1940 preparatory to the "mountain farning"
treatment. Fi gure 3shows clearing operations by CCC enrollees during
the winter of that year.
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Figure 3.--Clearing operations by CCC enrol | ees, 1939-1940,

CGeol ogy and Physi ogr aphy

The Little Hurricane Watershed lies in the Blue Rdge province of
the Southern Appalachians. The underlying rock is the Archean Carolina
gneiss and schist. The thickness of this formtion, which was enornous,
was greatly increased by conmplex folding. As a result of folding and
the absence of open faults and fractures, there is little [ikelihood
that continuous channels exist to permt the subterranean escape of water
through the rock

The parent material weathers to form a relatively deep soil mantle
with bare outcrops of rock appearing only on the steeper slopes at high
el evati ons. Two small outcrops occurring on the upper slopes of the
drainage are shown in figure 2

The topography of the area is steep and rugged. The mean sea |evel
elevations range from 2,425 feet at the base of welr to 3,124 feet at the
top of the watershed. The distance fromthe base to the top is about one-
third nile. The land slopes are quite steep with north-south averages 46
percent and east-west averages 58 percent. The nean slope for the water-
shed is 51 percent and the range is from 10 percent near the bottom to
nearly 80 percent at the head of the drainage.
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The drainage pattern of the Little Hurricane Branch is dendritic,
the streamchannel is V-shaped and the slopes are concave, all indicating
the youthful stage of the stream The permanent stream channel is 436
feet long with a drop of 65feet. The average streamgradient is 14,9
percent.

The ground water table is only slightly |ess steep than the general
slope of the land surface, and at four observation wells ranges from 8to

16feet below the soil surface.
CLinated/

The climate of the Coweeta area is characterized by moderate tenpera-
tures and abundant rainfall. The mean annual tenperature is 5% and the
normal frost-free season extends fromApril 17 to Cctober 23, a perlod of
189 days. The_average tenperature during the growi ng season is 65°F . Re-
cordi ngs of 90°F, are rare, and summer nights are cool with mninuns aver-
agi ng 58°F, The three col dest nonths, Decenmber, January and February,
average 39 F. Periods of cold weat her W th tenperatures bel ow 20°F. are
short ig duration. The highest and |owest recorded tenperatures are 94°F.
and -15"F. respectively.

The average annual rainfall over the Coweeta Hydrol ogi c Laboratory
is 80inches and is well distributed throughout the year. For the past
15 years, precipitation has averaged 3.2 inches in (ctober, the driest
nmonth, and 7.2 inches in Mrch, the wettest nonth. The greatest amount of
rainfall is received in the southwest portion of the area and the |east
in the northeast corner. The difference between these two zones is about
20 inches a year.

The average nonthly evaporation, measured by a standard U S. Wat her
Bureau evaporation pan, varies from 09%inches in Decenber to 4.10 inches
in My. The average total evaporation for the year is 33.56 inches, or
280 inches per nonth.

Soi l's

The soils on the watershed are derived from Archean granite gneiss
and schist. The parent rocks weather to forma relatively deep soil man-
tle. Acolluvial fill which is nore than 20 feet thick occurs on the
| ower portion of the drainage. On the upper slopes the soil mantle ranges
from 5-10 feet in thickness. Two rock outcrops and evi dences of an old
landslide are present. The |ower pasture land shows the effects of former
cultivation nore noticeably than the areas recently cropped.

Except for the colluvial fll;L/a the base of the watershed, the soils
are classified as Porters | oam(9 ) In the colluvial fill they are Por-

3/ Al climatic values given here are based on 15years record at
weat her station #1 (Headquarters area) Coweeta Hydrol ogic Laboratory.

4/ The entire watershed was mapped by Devereux et al in 1929 as Por-
ters stony loam After the exam nation of numerous soil profiles throughout
the area and nore recent descriptions of the Porters stony loam Porters
loam and Porters loam colluvial phase, it is believed that the above classi-
fication is nore nearly correct.
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ters loam colluvial phase. The surface soil of Porters |oamranges from
6 to 12 inches in depth and consists of nellow and friable brown loam,

The subsoil, to a depth of 20-28 inches, is a red to reddi sh-brown, fri-
able and crunbly clay-loam Below this is a reddish-brown mxture of clay
loam and disintegrated rock.

Porters loam colluvial phase, is simlar in color to typical Porters
loam but is much deeper and in someplaces practically no difference exists
between the surface soil and the subsoil. This soil contains a fairly high
content of rock fragnments which have rolled down from the nountain sides

According to Devereux et al (9) Porters loam is considered as one of
the better agricultural soils of the-county. If it occupied nore favorable
relief, probably all of it would be cultivated, but under existing conditions
only a small part is in such use. The principal crop is corn, and yields
range from 15 to 40 bushels per acre. Cabbage, potatoes, snap beans, and
punpkins do well also. Porters loam is one of the good pasture-grass soils
of western North Carolina. Soils of the colluvial phase are used for the
production of corn, cabbage and potatoes, and the yields are about the same
as those obtained on typical Porters |oam

Veget ati on

Previous to clearing, the Erinary forest veﬁetation consi sted of
second-growth forest of the oak-chestnut type, with cove-hardwod and
yel | ow pi ne-hardwood types on smaller areas. The scale for the nerchant-
able tinmber cut on ten acres below the contour trail during clear cutting
operations in 1940 is given bel ow (scribner Decimal Crule with allowance
for defect):

Speci es Board feet
Pitch pine 2,040
Yel | ow- popl ar 7,750
Bl ack oak 2,310
Wi te oak 420
Chest nut 250
Basswood 590
Red oak 560

Total (141 1ogs) 13,920

H STORY OF THE EXPERI MENT

Instrumentation - Installations

Precipitation. --Precipitation or recharge to the watershed is neasured
by three standard rain gages, numbers 16, 20, and 67. Gages 16 and 20 have
been in operation continuously since July 4, 1934. Gage 67 was installed on
June 9, 1940 end hasbeen in continuous operation since that date. Previous
to the installation of gage 67, measurements from standard rain gage 21lwere
also applied to the area.
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Until June 9, 1940, rainfall intensities were measured by recording
rain gage 1, located on the adjacent drainage area No. 7. Gage 10 has been
used since its installation on June 9, 19%0. Recording rain gage 10 and

to each other in order to pro-

standard rain gage 67 are located adjacent
vide a check against the accuracy of the forner.

Charts are changed at |east once a week on the recording rain gage
and it is conpletely serviced and checked at |east once each year. The
standard rain gages are read follow ng each stormor as nearly SO as pos-
sible. Standard rain gage data are summarized and tabulated by nonths,

hydrologic  seasons, calendar years and hydrologic years.

To conpute the total precipitation of the watershed, the Horton-
Theissen Means nethod (15) of weighting precipitation is used. Figure &
shows the geometric division of the watershed for these calculations, as
wel| as the location of the different installations.

Legend

. Standard rain gages
© Recording rain gage

A Groundwater wells
, Meteorological station .
- - - Theissen-Means lines }
4% Thelssen-Means wei ght /
i
. g

factors

’ 2z

/ °

Figure h.--Installations for measuring water cycle conponents on the
Little Hurricane drainage area.
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39316

Fi gure 5.--Columbus deep-notch control for neasuring stream flow. aright of weir e the gage
houee; bel ow i s the catchment basin for collecting sediment,

Precipitation intensities are conputed fromthe recording rain gage
charts.  These data are then tabulated on precipitation intensity records
and corrected to agree with the reading of the standard 'rain gage |ocated
adjacent to it. Since the area of the watershed is only approximately 23
acres, a single recording rain gage is wused for intensity determnations.

Stream flow.--To measure the discharge from the watershed a go-de-
gree V-notch weir with a continuous water stage recorder, was installed on
July 5, 1934, In order to neasure a wider range in stream flow and to accom
nodate greater debris loads, anticipated as a result of the watershed treat-
nment, the PO degree V-notch control was replaced with a Colunbus Cl A deep-
notch control in Decenber 1939. Figure 5Spictures the latter stream control.
In addition, a concrete stilling well was installed.
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~ To convert the streamflow data into usable form the head and

tinme readingS’ e taken fromthe water |evel charts and then converted
into vol une.. va s,1.e., cubic feet persecond (c.f.s.) and cubic feet
per second per-square nle (c.s.m.). For special storm studies, inches
per:hour IS used as well. Volume data are, as in the case of precipita-
tion data; summarized by days, nonths, hydrol ogic seasons and years as
well as by individual storns. For special stormstudies, volune val ues
are plotted over time to give the storm hydrographs.

Water stage recorders are conpletely serviced and overhaul ed at
least once per year. Recorder charts are changed at |east once per week
and more frequently when major storns occur.

.80il | osses .,--In"August of 1941 the concrete debris basin shown in
figure swas constructed to nmeasure soil |osses fromthe watershed. The
design of the basin was based upon Stokes Law of the settling velocity
of particles in a liquid. The installation consists of three individua
basins each wth five baffles. The basin obviously catches all but the
finest materials as evidenced by the absence of sediment in the stream
channel below the installation.

The debris basin is cleaned each spring'if required or nore fre-
quently in seasons with major stornms producing heavy soil losses. Prior
to the installation of the debris basin, estimtes of soil |osses were
made from sanples taken from the silting basin

Gound water. --To study fluctuations in the ground water surface,
four wells were installed during the summer of 1941, Daily neasurements
of the water elevations in the wells were made until Novenber 1, 19k2,
At that time water stage recorders were installed on wells 1 and 2.
Weekly measurenents of the water levels in wells 3and & were nade unti
April 24,19Lk when, due to a shortage of funds and labor, water |eve
readings in these two wells were discontinued

Because of the restricted scope of this study no attenpt was nmade
to include ground water studies.

Peri od of Standardization, 1934-1939

On July.5, 1934, a go-degree V-notch stream control was put into
operation along with two standard rain gages (No. 16 and No. 20). A re-
cording rain gage of the float type (No. 1) and another standard rain gage
(No. 21) were installed on Cctober 18,1934 in the adjoining drainage
(Hurricane or area No. 7).

On August 3,1939 the V-notch weir was removed and on Decenber 20,
1939 a modified Colunbus type 1-A deep-notch stream control was instal | ed
in order-to measure a greater range of flows and to acconmodate greater
debris loads.

The maximum rate of runoff neasured before clearing was 110 cubic
feet per second per square nmile following a rain of 4.67inches in Novem
ber of 1938. The maximum intensity of this rain was 2.12 inches per hour

Before clearing, the rate of sediment novement, based on accumla-
tion in the weir pond, was 9.6pounds per day.
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Clearing Qperations, 1940

Logging and clearing operations were started in Novenmber, 1939 and
were conpleted in July, 1940. The nerchantable tinber on the area bel ow
the contour trail was sold to a local firmand |ogged to sinulate |oca
practi ces. The balance of the watershed was cleared-by CCC enrollees.

On the lower portion, stumps over 16 inches in diameter were pulled and
the brush was piled and burned around the larger stumps which remained.
On the upper portion the trees were cut and the slash scattered over the
ground to form a mulch. About two acres of the area about the contour
trail was burned over by a forest fire which occurred on July 2, 1940.

Mountain Farmng Treatnent, 1941-1951

In the spring of 1941 an area of 5.6 acres was plowed and planted
to Hckory King corn (fig. 6). The corn was cultivated by hoe during My
and June and the crop of about 23 bushels per acre was harvested in Novem
ber. If the 1942 season Hi ckory «king corn was again planted and yiel ded

Figure 6.--Plowing cornfield with single-foot or bull-tongue plow for first crop
of corn, April 1940,
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over 15 bushels per acre. Hog-proof fence was installed around the corn-
field during the season. Golden Prolific corn was planted in 1943 and
gave slightly less than 15 bushels per acre. The 1943 season was marked
by abundant rainfall and intense thunderstorms. The first notable wash-
ing of the cornfield occurred during this season. Due to a |ack of funds
and labor, the cornfield was permitted to grow up into weeds and shrubs
during the 1944 and 1945 seasons. Cattle, however, were excluded fromthe
area. In 1946 the cornfield was cleared of weeds and woody vegetation
and plowed again. Hybrid U S. 13 yellow corn was planted. The harvest
was 11.6 bushels per acre. In 1947 and 1948 Hickory King corn was again
planted and 800 pounds of fertilizer mxture of 4-10-4 and 4-10-6 were
applied.  The respective yields for the two seasons were 16 and 14.4
bushels per acre. Figure 7 shows harvesting operations in 1948. In 1949

Figure T,--Harvesting 1948 corn crop. Yield 14.4 bushels per acre.

Hickory King corn was planted and fertilizer applied for a third tine.
Due to decreased fertility and numerous intense thunderstorns resultin?
in soil as well as corn washing, the yield for 1949 dropped to 1 bushe
per acre. Since yields had decreased to the point where the cultivation
of corn was no longer profitable, the area was converted into pasture
following the 1949 season. Figure 8 summarizes the corn yields for the
7 years of record.
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19541 1942 1943 196 %7 9.8 948

Figure 8.--Summary of corn yields, 1941-1949.

Of the 17acres outside the cornfield (fig. 9) about 10 acres were
too rough or brushy for pasture and were permtted to grow up into coppice
forest. ~ One hundred pounds of Cherokee pasture seed mix was sown on the
remai ning 12 acres in 1942. Conpetition from trees and shrubs, however,
prevented a good catch of grass. Cattle were alternated between this
pasture and the adjacent wooded watershed (No. 7). In all there were
336ani mal days of grazing on watershed No. 3.

Figure 9. --Map Showi ng the four different types of
land US€ in 1951



During the 1943 season eight animals were grazed for 67 days. In
March 100 pounds of Italian rye grass and red top were sown over the pas-
ture area and in August the sprouts and shrubs bel ow the contour'trai
were cut back in an attenpt to inprove the forage. In 1944 a drift fence
was built just below and to the right of the recording rain gage to con-
trol grazing and to prevent concentration on the |ower ﬁortion of the
pasture.  Five head of cattle were alternated between the two portions
(designated upper and | ower pasture) for a total of 685 animal use days.
Nearly all the available forage was consumed in the |ower pasture and the
soi|l surface was severely tranpled and conpacted. During the 1945 season
simlar grazing use was permtted. In 1.946 100 pounds of |espedeza seed
were sown over the pastures. The extremely dry weather in August of that
year apparently elimnated nost of the seedlings established fromthis
planting. The fence between watersheds 3 and 7 was opened and the cattle
alternated between the upper pasture of watershed 3 and all of No. 7.

During the 1947 season, cattle were kept continuously on both the
upper and |ower pastures for a total of 588 days of grazing. In February
the woody sprouts on the |ower pasture were cut back. An average of four
head of cattle grazed continuously on the two pastures in 1948 and were
given supplemental feed the last 2 weeks on the area. Similarly, in 1949,
four head of cattle were rotated between the upper and | ower pastures and
were given supplenental feed after August 1.

In 1950 the former cornfield was converted to pasture. The tota
grazing use in 1950 was 881 animal days. The cattle were periodically
rotated between the upper and | ower pastures and the abandoned cornfield.
During the 1951 season both pastures and the abandoned cornfield were
grazed on a rotational grazing system During August of 1951 the shrubs,
weeds, and tree sprouts were cut back, stacked and burned in an effort to

inprove the pasture conditions.

Soi|l |osses accurmulated in the concrete debris basin were neasured
for the first time on May 28, 1943. Measurenents were made thereafter in

Septenber 1943, April 1946, April 1947, April 1948, April and July 1949,
April 1950, and April 1951, In both 1943 and 1949 numerous intense thunder-
storms occurred, necessitating two soil-1oss neasurenents.

The two largest flood flows recorded occurred in 1943 and 1949. (On
July 30, 1943 a high of 398 c.s.m was recorded. The maxi mum flood for the

17-year period occurred on July 10, 1949, when a peak of 1849 c.s.m was
recor ded. Figure 10 shows sone of the debris carried down by the latter
storm  An estimated 76 tons of soil and debris came off the drainage in
30 to 40 mnutes during this storm Figures 10 and 11 indicate the extent
of soil displacenent during the 1949 season. '

During the summer of 1949, surface infiltration studies were started
and have been continued to date. Following the harvesting of the 1949 corn
crop, two control plots were established and fenced in the cornfield so that
vegetative cover changes could be noted.
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CHANGES I N SOME BI OLOG C AND EDAPHIC CHARACTERI STI CS
OF THE WATERSRED AS A RESULT OF LAND USE

Vegetation  Changes

To observe the changes in the vegetal cover on the watershed
brought about by forest cutting and nountain farmng, a vegetative
survey was made in August, 1951. Due to the heterogeneous m xing of
the species through the area, no attenpt was made to construct a type
mp. In lieu of a map, the vegetation was observed and identified and
its relative abundance was noted according to the different |and use
el ement s, Figure g indicates the different land uses in 1951.

Coppice forest. --In figure g two areas of coppice forest are
noted. ~Coppice forest "A" was cut in 1939-1940 and sprouts have not
been cut back. Coppice forest "B" was cut at.the Same tine but sprouts
were cut back in 1941, The forest and herbaceous cover of the two areas
was so simlar in size, density and species conposition that they were
treated as one. Since a large portion of tree stems were of sprout ori-
gin the area was classified as coppice forest.

Except along the ridges, the forest cover was so dense that a
ground cover of shrubby and herbaceous vegetation was al nost excluded.
Along the ridges and in a few openings, greenbrier and wild grape were
still abundant. On the slopes, however, these species were nuch |ess
conmon, althou?h plant remains indicated that they had been quite abun-
dant there until a few years before. The nobst common tree species were
yel | ow popl ar, dogwood, sweet hickory, chestnut, red maple, northern
red oak, black l|ocust, pitch pine, persinmon, sassafras and bl ack oak
On the ridges pitch pine, white oak and chinquapin were nmore comon and
yel l ow-poplar less abundant than on the lower slopes.

Rhododendron and nountain laurel oceurred rather comonly near the
ridges and to a lesser degree on the slopes. In the adjacent undisturbed
forest areas a noderate understory of these species occurs. Rhododendron
and laurel appear to be slow in re-establishing thenselves.

The domi nant trees were approximately 3to 3.sinches in d.b.h. and
12-15feet in height.

Pastures .--The vegetation of the upper and |ower pastures and of the
old cornfreld 1S quite simlar. Species conprising the present vegeta
cover showed no apparent relationship to the vegetative types mapped in
1940, Tree seedlings and sprouts observed in 1951 which were not indicated
in the 1940 survey include hawthorn, swanp willow, yellow oak, blackjack
oak, green ash, spicebush, yellow birch, black walnut and butternut. The
|atter two species were probably carried into the area by squirrels or
groundhogs. ~ All species observed in 1940, however, were present on the

area in 1951.
A much nore marked change took place in the shrubby and herbaceous

vegetation. O those species observed in 1940 only nine were found in
1951. On the other hand, a total of thirty-three species were identified
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which were not listed as present in 1940, It is significant, too, that
many of these invading species, such as yarrow, smartweed, mulleln, Canada
thistle, nettle and purslane are usually associated with [and abuse.

' Abandoned  cornfield.--As indicated previously, the species conposi-
tion of the abandoned cornfield is virtually the same as that of the two
pastures even though it had been only 2 years since the area was culti-
vated. The vegetation density of the abandoned cornfield as well as the
two pasture areas varied frompractically zero on several of the "scald"
areas to about 30 to 40 percent ground cover on the best areas. The two
control plots indicated in figure 9 were fenced off in 1949 fol | owing the
harvest of the last corn crop. Cattle have been excluded from these two
plots and sprouts have not been cut back. The vegetation here is nearly
the sane as that of the cornfield in species conposition. In the |ower plot
(No. 1) blackberry and wild strawberry are the two nost abundant species.
The ?round cover in this plot is nearly conplete but in spots consists sole-

of wild strawberry. In the upper plot (No. 2) the sane species are re-
presented but the ground cover varies from 65 to 80 percent. It is apparent
that in both plots tree species will soon take over. Nunerous stens, parti-
cularly in the lower plot, are over 6 feet in height.

Trout Habit at

Several studies have been made on the Little Hurricane watershed to
show how forest cutting and subsequent nountain farmng may change a stream
as a trout habitat. Trout are known to be able to withstand a w de range
of acidity, alkalinity and carbon dioxide tension. They are, however, quite
sensitive to changes in turbidity, streamtenperature and siltation

Turbidity tests conmparing the water of the Little Hurricane Branch
with that of Bee Branch (a forested watershed) were made from 1946 to 1950.
The results of this study indicated that turbidity values for the nountain
farmstreamwere nearly three tines as great as those for the forest stream

Trout are especially sensitive to thermal fluctuations in their en-
vironnent, particularly when these changes occur near their upper limts of
tol erance. Duri ng 1948-1949, a streamtenperature study was conducted at
Coweeta, in which the Little Hurricane Branch was conpared with a stream
from a forested watershed. Greene (13) reported in 1950 that the weekly
maxi num t enperatures of the farm stream ranged from 9 to 23 F. above those
of the forest stream or an average of 11.5 F.  The maxi num tenperature for
the farm stream varied from 65 to as high as 79, whereas the forest stream
never exceeded 66, which is considered optinmumtenperature for brook trout.

Simlarly, siltation has been found to be very detrinental to the
natural reproduction of trout. The increase sediment |oad carried by the
Little Hurricane Branch follow ng forest cutting and nountain farmng is
shown in Table 1.

It appears evident then, fromthe changes in siltation, turbidity
and stream tenperature on the Little Hurricane Branch that forest cutting
and subsequent mountain farmng nay destroy a streamas a trout habitat.

Edaphi ¢ Changes

Many factors, such as climate, vegetation density, type of vegeta-
tion, slope, geologic substrata, |and use practices and the physical charac-
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teristics of the soil conbine to deternmine the streamflow characteris-
tics for a given watershed. The anount of precipitation that goes into
streamflowis to a large degree deternmined by the physical properties

of the soil. The characteristics of the plow |ayer of the soil are'
strongly influenced by the vegetation it supports. For this reason, any
practices which change the nature of the vegetation may in turn bring
about changes in the physical characteristics of the surface soil and
consequently in stream flow.

One of the nost obvious expressions of soil changes is in the de-
gree of soil erosion or in the determnation of soil |osses fromthe
wat ershed. Measurements of the soil |osses fromthe watershed have been
made since the beginning of the project and are sunmarized in this sec-
tion.

Anot her neasure used to determ ne gross changes in soil characteris-
tics, particularly as they affect water relations, is that of changes in
their infiltration rates. Exploratory tests on infiltration were nmade
using the cylinder ring test nmethod in 1949 and 1950 and are summarized in
the following pages. During the summer of 1951 a large-scale infiltration
study of the entire watershed was comenced. The results of this investi-
gation, however, will not be available for several seasons.

In order to determne nmore detailed changes in the physical charac-
teristics of the surface soil, soil core and sack sanples were collected
for analysis. Cylindrical cores 3 inches in dianmeter by 3 inches |ong
and approximately 1 pint sack sanples were collected fromthe O3 gnd 3-6
inch layers from six sites. Five sanples were collected fromeach of the
following sites from both layers: undisturbed forest (fromcontrol plots
in adjacent watershed, same soil type), coppice forest, upper pasture,
| ower pasture, abandoned cornfield, and control plots within the old corn-
field. The sanpling plots were randonly selected fromnunbered grid cross-
sections except from the control plots in both the undisturbed forest and
the abandoned cornfield. The latter were stratified at right angles to
the contour.

Fromthe sack sanples nechani cal anal yses and organic natter deter-
mnations were mde. The core sanples were used to measure permeability,
capillary, noncapillary and total porosity, volume weight, and aggregate
analyses.  The results of these various determnations are presented in
the following pages.

Soil losses.--As indicated previously, soil losses since 1941 have
been neasured using the specially designed debris basin. Prior to the
installation of the debris basin, soil losses were neasured from deposits
in the silting basin. In making these nmeasurenments, the water is allowed

to passover the weir blade before it is diverted into a trough which by-
passes the debris basins, thus providing a continuous record of stream
discharge.  Sanples of two hundred cubic centinmeters of sedinent are taken
fromeach baffle within each of the three debris basins after the sedinents
have dried. Follow ng volume neasurenments in each baffle, the debris is
renoved.  The total soil losses are then conputed fromthe dry weight of
tpe ifnples and fromthe vol ume neasurenents applying to each division of
the basin.
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The total soil |osses neasured fromthe inception of the experinment
on July 5, 1934 to the measurement made on April 11, 1951 are sunmarized

in table 1.

following the treatnent of the watershed. The actual i
to over 12 times as nuch soil loss per acre per year. Before the installa-
tion of the debris basin (watershed in forest cover until the wnter of

1939-1940) the total soil
acre per

pounds per
the treatnent,

year.

It is apparent that soil |osses have increased tremendously

ncrease amounts

| oss amounted to 1.081 pounds per acre or 154
A portion of this amunt can be attributed to
since the debris basin was not installed until nearly two

years after the clear cutting of the watershed was started. Since the in-

stallation of

the debris

basi n,

nearly 1 ton per acre per year has been neasured.

nmeasured in 1949, when precipitation ranged wel|l above average.
93-day period fromApril 9 to July 11,

The

an average | oss of over 1900 pounds or

maxi mum | 0SS was
For the

a total loss of 185,875 pounds, or

an average of nearly one ton per day was neasured for the entire area.

Table 1. --Summary of

soi |

0SSes

Peri od : No. Tr eat nent :Total loss,:Average loss:Average | 0SS
+ days : cdry weight : per day :per acre per
: | | | ; year
Pounds Pounds Pounds
7/3/34% to 8/27/41 2557 Forest cover 24,637 9.6 153.7
and initial
treat ment
8/28/41 to 5/4/43 Corn, pasture 13,928 21.6 345. 7
5/5/43 to 9/8/43 Corn, pasture 79,058 627.4 10,043.9
Aver age 118.1 1,890.6
9/9/43 to 4/16/46 1185 Fallow, pasture 44,085 37.2 595. 5
13, 507
4/17/46 to 3/28/47 Corn, pasture 16, 186 39. 2 627.5
3/29/47 to 4/13/48 Corn, pasture aoyan 42.5 680.0
L/14/48 to 4/8/k9 Corn, pasture 32,879 91.6 1,466.4
4/9/49 to 7/11/49 Corn, pasture 185,875 1,998.6 31, 995-|
Aver age 210.9 3,377.7
L2, 330
7/12/49 to 4/10/50 Past ur e 21. 361 155. 6 2,491.0
4/11/50 to 4/11/51 Past ure cay ua 85.5 936.5
Average 100.0 1,600.8
Total soil loss 8/28/L1 to %1,1/51 449,209  pounds
Average |oss 8/28/41 to 4/11/51 1, 933 pounds per
acre per year
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As indicated previously, an estimated 76 tons of soil and debris
came Off the watershed in a period of 30 to 40 nminutes during the storm
of July 10, 1949, when a record peak of 1849 c.s.m was recorded. Figure
10 indicates the magnitude of soil |osses resulting fromthis storm

These data indicate that the greatest soil |osses were sustained
while the cornfield was under cultivation. From Septenber 1941 to Septem
ber 1943, the average soil |oss amounted to nearly 1 ton per acre per year
Following this period, the cornfield was permtted to lie idle until the
1946 season. The pastures, however, were grazed. A decrease to approxi-
mat el y 600 pounds per acre was noted for this period. Soil |osses nounted
to over 2-1/2 tons per acre per year for the period from 1946 to 1949 when
the cornfield was again cultivated. After the 1949 season the cornfield
was converted to pasture. Two fenced, ungrazed enclosures were installed
as controls (fig. 9). A decrease to 1,600 pounds per acre per year in soi
| osses was noted from August 1949 to April 1951

If the losses fromthe various |and-use divisions of the watershed
could be analyzed separately, it would undoubtedly be found that by far the
greatest percentage of the total loss was contributed by the cornfield and
the lower pasture. Evidence indicating this is found in the numerous scalds
inthe cornfield and the | ower pasture where topsoil has been conpletely re-
moved and the red subsoil exposed.

On several occasions during the 1951 season, storns which produced
peak discharges of less than 5 c.s.m were observed to produce turbid over-
land flow in the abandoned cornfield and in the |ower pasture. In 10 years
of field observations during and follow ng storns, overland flow or evidence
of overland flow has never been observed in the coppice forest area.

Infiltration. --A surface infiltration study made on the watershed in
July, 1949 denonstrated how the small, heavily tranmpled area of the |ower
pasture mght be the source of a large proportion of the total stormrunoff.

To neasure the infiltration rate, a steel cylinder 10 inches in dia-
meter and approximtely 6 inches in height was driven into the ground for a
depth of several inches. Two area inches of water were poured into the cylin-
der and the time required for the water to disappear fromthe soil surface
was noted. The values thus derived were converted to inches per hour infiltra-

tion. Infiltration rates were as follows:
Land- use Infiltration rate per hour

(I'nches)

Channel area .0

Lower pasture 0.56

Upper  pasture 3.00

Cornfield 4,00

Coppice  forest 6.00

Before grazing started on the abandoned cornfield in 1950, a sinilar
infiltration study was made over the entire area and was repeated after each
period of rotational grazing. Data in the followng table show that it does
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not require many animal use days to decrease the ability of the soil to
take in water. Changes in infiltration rate were as foll ows:

Infiltration rate per hour

(T'nches)
Before grazing 3.02
After 15 animal -use days per acre 1.55
After 30animal-use days per acre 0.62

A simlar surface infiltration study was begun in 1951. The entire
wat ershed was gridded and nmonthly infiltration tests were made during the
sumrer nonths on nore than one hundred plots. These observations are to
be continued for several seasons and the data are to be used as the basis
for a special investigation on infiltration.

Mechani cal anal ysis. --The objective of a nechanical analysis is to
determne the size distribution of the individual particles within the soil
These results may be expressed by soil texture. Soil texture, other things
being equal, influences the anount of surface area of the soil particles,
which in turn affects the water-hol ding capacity of a soil. Retention stor-
age, or water held in the caFiIIary pores of mneral soils against the pul
of gravity, is greater in silts and clays since the surface area exposed to
water is many times greater than in sands. On the other hand, a high content
of sand frequently provides greater opportunity for the devel opnent of |arge
non-capillary pores and thus increases detention storage.

In preparing the sanples for the nechanical analysis, the larger
cl ods and aggregates were broken down and the entire sanmple placed on a
2 nm sieve. The weight of the material which remained on the sieve after
shaking, was noted. This material consisted |argely of pebbles, rock frag-
ments, and concretions. Fromthese weights and fromthe total weight of the
sanpl e, percentages were calculated. To determne the mechanical conposi-
tion of the portion of the sanples passing through the 2 nm sieve, the Bouy-
oucas (8) hydrometer method of nechanical analysis was enployed.

Fromthe results of these analyses it appears that the treatnent
applied to the watershed has not effected any |large scale changes in the
nechani cal conposition of the less than 2 nm fraction of the soil. There
is little variation indicated in either soil |ayer among the average val ues
for each site. The undisturbed forest and the coppice forest show the high-
est content of sand, and the coppice forest has the |owest values for fine
clay. The pastured areas are |owest in sand content and highest in fine clay.
In view of these results, the two forested areas should show hi gher detention
storage and | ower retention storage than the pastured areas. The sanples for
the cornfield indicated internediate detention and retention val ues between
the pasture and the forest.

If, however, the materials greater than two mllineters in dianeter
have an influence simlar to sand, then the undisturbed forest mght be in a
| ess favorable situation since it contains much | ess of this coarser fraction
than any of the other plots.
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Aggregate analysis.--One of the primary objectives of an aggregate
analysis 1s the determnation of the extent to which the finer nechanica
separates are aggregated into coarser fractions. An aggregate analysis
thus provides a neasure of soil structure. Soil-water relations and aera-
tion conditions are both strongly influenced by soil structure. The tota
percentage of aggregates or "state of aggregation" as suggested by Baver
(6),0ives a good indication of the erodibility of soils. If, for exanple,
the state of aggregation is high, i.e., the soil contains a high content
of water-stable aggregates, susceptibility to erosion is considerably |ower
than in the case of low aggregate stability. In the latter case there is
little binding together of the particles into granules, and, consequently
falling raindrops and surface flow tend to disperse the soil. Under such
conditions the soil takes up water nmore slowly and is obviously highly
erosive

In making aggregate analyses of the sanples wused in this study, Yoder's
(30) dunker or wet-sieving nethod was enployed. The five oven-dry core sanples
from each site and each layer were mxed and two conposite sanpl es extracted.
Aggregate analyses were then made on the conposite sanples.

The results of this analysis indicate that the treatnent of the water-
shed has effected a marked change in the stability of soil aggregates and
consequently,  soil structure. In both the surface and subsurface Iayers,
but particularly in the surface, the undisturbed forest shows a considerably
hi gher content of water-stable aggregates greater than 2 nm in dianeter
than all other sites except the coppice forest. Even here, in the surface
Iarer a difference of over 10 percent exists. These differences are parti-
cularly significant when one considers that the undisturbed forest contained
much smal | er quantities of coarse material (sand and particles 2 mm in dia-
neter or larger) than the other sites studied.

. An anal ysis of the de%ree of aggregation in the fine earth material in-
dicated simlar results, with the forested areas showi ng even hi gher aggrega-
tion here than in the case of total water-stable aggregates

Fromfield observations the greatest part of the soil |oss fromthe
watershed is obviously from the cornfield and the lower pasture. The changes
in aggregation or structure of the surface soil have no doubt contributed
materially to these differences in soil losses. The marked changes in soil
structure as indicated by aggregation further contribute to the changes in
perneabi ity and consequently to runoff characteristics which are noted [ater

Soil organic nmmtter.--The presence of a high content of organic matter
in a soil has a mrked influence on the storage capacity that a soil has for
water. Detention storage, i.e., water detained tenporarily in the |arge non-
capillary pores, is increased by the inclusion of organic nmatter because of
its influence on soil structure. Decaying roots and greater biological activi-
ty also result in the formation of the |arge hydraulic pathways which channe
water through the soil profile and eventually to ground water

Simlarly, retention storage--that water retained or held in the soi
and nmade available for plant growh--is usually increased through the incor-
poration of additional organic matter. Organic matter has a hi gh moisture-
absorptive capacity. In the colloidal state it takes up as nmuch as 4.4 tines
its own weight of water. When de-conposed and nmixed with the soil, it coats
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the soil particles with a gel-like porous and highly adsorptive substance.
Cinging to the particles, this material, in effect, increases their sur-

face areas and thus their storage capacity.

In this study, a determnation was made of the organic matter con-
tained in the sanples collected fromthe watershed. In making these deter-
mnations, the dry conbustion nmethod patterned after the work of Schollen-
ber?er (21) was enployed, i.e., measuring the amount of carbon dioxide
evolved in the conbustion of the soil and converting the carbon dioxide
content into percent organic matter using a conversion factor of .471. The
results of this analysis are given in table 2.

Table 2.--Summary of physical characteristics of the soil

Site . Volume : Total . Capillary . Non-capillary : Perme- : Organic : Sand and Aggregat es
. weight : porosity : porosity : porosity . &bility : natter : coarser : over Lmm,
. content ¢ material
Per cent Per cent Percent In./Hr. Per cent Per cent Per cent
O3 inch layer

Undi sturbed forest 0.88 56.8 36.1 20.7 171.1 7.03 81.7 85.5
Coppi ce forest .82 60.5 36.0 24.5 163.0 8.97 91.h 739
Upper pasture 1.03 53.9 39.0 14.9 20,2 7.62 99.6 64.1
Lower pasture 1.11 52.5 37.9 14.6 6.6 k.00 97.7 53.9
Cornfield .93 96. 1 40.1 16.0 12.4 L.40 99.1 59.0
Control plots

(cornfield) .98 53.8 29.2 24.6 85.0 7.28 91.0 46.2

3-6 inch |layer

Undi sturbed forest 1.05 54.9 32.6 22.3 64,2 4,87 82.8 73.8
Coppi ce forest .98 57.1 37.0 20.1 947 5.51 97.4 63.5
Upper pasture 1.07 56.2 3.7 18.5 16.9 4.41 95.8 18,6
Lover pasture 1.28 50.5 igé 15.1 2.7 2.43 90.4 56.7
Cornfield 1.06 56.1 . 15.6 8.9 4.58 95.6 62.2
Control plots

(cornfield) 1.06 51.0 37.9 13.1 64.0 4.62 89.9 40.1




In the surface |ayers, all areas except the |ower pasture and the
cornfield show val ues greater than 7percent organic matter. This is
probably the result of contributions to the litter by the slash accunul a-
tion and the heavy herbaceous cover followng clear cutting. Sinmlarly,
the upper pasture and the control plots in the abandoned cornfield show
a higher content of organic matter than the undisturbed forest. In the
case of the upper pasture, this is possibly due to mninumusage by cattle,
heavy herbaceous and shrubby ground cover, and to the fact that the veget-
ation is cut back or sprouted periodically, thus increasing the amount of
litter accumulated on the soil surface. The high average value for the
control plots in the cornfield is apparently the result of two seasons
abandonnent, permitting the devel opnent of a good ground cover and conse-

quent litter —accunulation. For the surface layer, this value is consider-
ably higher in conparison with the cornfield, which has been grazed since
abandonnent . In the subsurface layer it is noted that the values for the

two areas are approximately equal

In conparison, the lower pasture and the cornfield show val ues con-
siderably |ower than the undisturbed forest and |ess than half the content
of the coppice forest. The results of row cropping and overgrazing are
thus apparent in the differences in soil organic mtter

In the subsurface layer, 3-6inches, all values are |ower by 1-1/2
to over 3percent thanin the surface |ayer, except in the cornfield, where
the simlarity of organic content in the two Ia¥ers is the result of their
mxing by the recent plowing and cultivation, he subsurface layer of all
plots, except the |ower pasture have simlar organic contents. The organic
content of the subsurface layer of the |ower Pasture is onlz about one-
half as great as in the other plots. This difference together with the
| ower content of organic matter in the surface |ayer of this area as conpared
to the upper pasture indicates differences in the soils of these areas that are
not entirely due to current managenent differences

Porosity.--Soil porosity is undoubtedly one of the nmost significant of
all physical soil properties in hydrologic studies. Froma hydrologic stand-
point, the primary function of a soil is that of a storage reservoir. This
storage reservoir acts in the same fashion as a large dam project. In the
case of floods on damprotected streans, the flood waters accumulate first
in the reservoir. After satisfying the initial storage in the reservoir, the
wat er continues to accumulate in the overflow reservoir storage and is de-
tained tenporarily until it can be safely released to the stream bel ow. Fol -
| owing the stormperiod the tenporary storage is released as rapidly as pos-
sible until normal storage capacity is reached. The water left in the reser-
voir is retained and released slowy for use as irrigation water, for power
generation, nmunicipal supply and other uses.

A good soil reservoir should act in the same manner. The storage cap-
acity of a soil or its pore volune is divided into two classes, capillary and
noncapillary. The noncapillary pores consist of those spaces between the
soil particles or soil aggregates that are so large that absorption and film
forces cannot retain all the water in them against the pull of gravity.  Thus,
water is held in them only tenporarily, simlar to the overflow reservoir
Such storage is termed detention storage by the hydrologist.
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The small capillary pores in the soil provide the hydrologist's
retention storage. Water in the capillary or retention storage reservoir
is held against the force of gravity but is subject to the pull of evapora-
tion near the surface of the soil and to transpiration at any depth where
living roots occur. Part of the water thus retained in the soil is util-
ized by plant growth or is dissipated froman area by evaporation. This
retention storage reservoir in the soil acts as the normal reservoir of
a river system

To determine the porosity values for the sanples used herein, the
3 x 3 inch soil cores were saturated, weighed and placed on a tension table
for approximately 24 hours at a tension of 4O centinmeters. The weights were
recorded and these val ues were used. in determning noncapillary or deten-
tion storage. After weighing, the sanples were oven-dried at 105¢.. and re-
wei ghed to determine capillary or retention storage as well as vol ume wei ght.
The average val ues obtained for noncapillary, capillary and total pore space
are presented in table 2

Vol une wei ght. --Vol ume wei ght may be defined as the ratio between the
dry weight of a given mass of undisturbed soil and its volume. The usua
net hod of deternining volune weight, or, as it is frequently ternmed, the
apparent specific gravity or bulk density, is to divide the oven-dry weight
of the undisturbed soil in grams by the volume of space which this soi
occupies in cubic centineters.

The vol ume weight of a soil is dependent for the nost part on struc-
ture and organic mtter content. Odinarily, very conpact soils with |ow
pore volume and |ow aggregation possess high volume weights. On the other
hand, porous, well aggregated soils show | ow vol ume wei ghts. Simlarly,
soils with a high content of organic matter have a |ower specific gravity
as well as a lower volume weight than those with a |ow content of organic
matter. Forest soils, because they usually have a higher content of organic
mtter, show |ower volunme weights in their surface |ayers than grazed or cult:
vated s0i l s.

In determining the volume weights, the oven-dry weight of the soil <core
in grams was divided by the volume of the core in cubic centinmeters. \Were
soil cores were not full, volune corrections were nade by filling the depres-
sions with sand and then neasuring the volume of sand utilized. Table 2 show
the average values for the six sites for both the surface and subsurface

| ayers

The average results given in table 2 indicate that in the surface |aye:
both the undisturbed forest and the coppice forest areas have nore favorable
soil-water relations than the other areas. The highest values in both the
surface and subsurface | ayers were found in the |ower pasture. In the sub-
surface layer, although the two forest areas show slightly Iower values, the
variations are snall except for the |lower pasture. As nmight be expected, al
val ues for the subsurface layer are somewhat higher than in the surface |ayer
of the same area. The results tend to indicate a poorer physical condition
of the surface layers in the lower pasture, which would substantiate field
observations on surface runoff conditions

Perneability.--The perneability of a soil is ordinarily considered to
be the rate at which water noves through the soil colum. It differs from
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infiltration in that the latter is concerned only with the rate at which
water enters the soil. It is evident then that infiltration and perme-
ability together provide inportant neasures of physical soil characteris-
tics fromthe standpoint of surface runoff phenomena. A soil nmay have a
high infiltration rate and a | ow pernmeability rate or the permeability
rate may be high and a "surface bottleneck” may be present, giving a | ow
infiltration rate. In either case, or if both values are |ow, conpara-
tively little water can be stored and transmtted through the soil, and
high surface runoff results.

Since soil noisture deficits must be satisfied before water starts
perneating or percolating through the soil colum, perneability determ na-
tions were made on saturated soil cores. As nearly as possible a 1/2-inch
head of water was maintained on the soil core for a period of 1 hour. The
perneability rate was determned by neasuring the anount of water which
percol ated through the soil core in that tinme. In extrenely perneable
cores 1/2 hour was used and the resulting val ues doubled. The results of
these determnations are shown in table 2.

Permeability tests show much greater differences in the different
| and use areas than the other physical soil analyses. Both forested areas
show very high perneability rates in both the surface and subsurface
layers.  The upper pasture, cornfield and, particularly, the | ower pasture
show very low rates in conparison. The rates indicated for the control
plots approach those of the forested areas, which apparently reflect the
effects of 2 years of abandonnent. By far the lowest rates in both |ayers
are those for the lower pasture, undoubtedly the result of overgrazing
with its consequent conpaction.

According to Baver (6), Lassen, Lull and Frank (18), and Fletcher
(11), perneability or percolat|0n i s dependent upon the noncapillary pore
volume. As indicated previously, noncapillary porosity decreased as a
result of the treatment to the watershed although the decrease was only
in the magnitude of approxinately 6percent. Assuming that noncapillary
pore space determned perneability, fromthese data it appears that rela-
tively small changes in this pore volune may effect very marked changes
in the perneability rate.

The values noted for the infiltration rate indicate a trend simlar
to that for the perneability rate. The changes indicated for both the in-
filtration rate and the permeability rate indicate a close relationship
with the changes in surface runoff noted in the sections which follow  How
ever, the fact that infiltration rates were nuch |ower than perneability
rates shows that the imediate surface of the soil is the limting factor
in misture detention and is causing increased surface runoff on the Little
Hurricane  Watershed.

HYDROLOG C DATA

The basic data in nearly all hydrologic investigations are measures
of precipitation, or recharge, and stream flow, or discharge. The vol une
and rate of discharge froma given watershed or hydrologic unit is a reflec-
tion of the amount and intensity of precipitation which it receives and the
characteristics of the watershed. The manner in which these factors are
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measured on the Little Hurricane Watershed and the methods enpl oyed in
converting the raw data into usable form have been noted previously.

Precipitation

The total weighted precipitation received by the watershed, as
measured by three standard rain gages servicing the area, is summarized
by hydrologic years in the followi ng tabulation. The hydrol ogic year
runs from Novenber to Cctober. Data for 1934 and 1951 are inconplete.

Hydr ol ogi ¢ year Precipitation
(I'nches)
1935 61. 94
1936 84. 84
1937 72.85
1938 63.72
1939 Th.76
1940 56.79
1941 50.33
1942 67.81
1943 77.70
1944 66. 64
1945 65. 21
1946 79.13
1947 69. 00
1948 71.08
1949 107. 18
195C 76.22
Aver age 71.54

Figure 12 indicates the average nonthly precipitation as well as
the area inches of stream discharge by nonths and by hydrol ogi ¢ seasons.
Precipitation, vegetation, and sorl conditions are all reflected in the
discharge curve. FromJanuary through March precipitation is at its
maxi num Evaporation and transpiration are at a mninumand soil noisture
conditions are at their peak. ch of the precipitation which occurs during
these nonths filters rather rapidly through the soil reservoir into ground
water, since soil noisture deficits are very |low. Consequently, stream
discharge is at its highest level. A large portion of the water appears as
clean, non-turbid water from subsurface and ground-water flow.  The najority
of the storns during this season produce |owintensity precipitation and some
snow, which ordinarily does not accunulate to great depths to formflood
hazard  conditions

Throughout April and continuing into May, precipitation steadily de-
clines. At the same tinme vegetation conmences grow ng, tenperatures increase
and consequent |osses to evaporation and transpiration also increase. Start-
ing in My and continuing throughout June and part of July, precipitation
increases rather sharply. Likewse, evaporation and transpiration are in-
creasing and the discharge curve indicates only a slight rise as a result of
the increased precipitation. Starting in July and continuing through Cctober
precipitation steadily declines as evaporation and transpiration continue to
make heavy demands. This is indicated in the discharge curve, in that stream
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discharge is at its lowest ebb during Septenber.

Oct ober marks the end of the growing season and with it cones a
sudden decrease in both evaporation and transpiration. At the sane tine
the precipitation curve swings sharply upward. Stream discharge shows a
gradual climb until the soil moisture deficits resulting fromthe heavy
use by vegetation and evaporation are satisfied. The cycle is conpleted
in the winter nonths when soil noisture deficits are net and ground water
recharge again occurs.

I'n studies of individual storms and their effects on stream dis-
charge, a neasure of precipitation intensities as well as a measure of
total amounts are required. Recording rain gages 67 and 1 were used to
obtain precipitation intensities. The precipitation intensity values as
wel | as the mass or accumul ated precipitation values are taken fromthe
precipitation intensity records and are shown graphically along with stream
di scharge for representative storms used in this study in figures 13 and 1k.

An exam nation of individual storms shows that prior to treatment
bursts of precipitation usually resulted only in a continued steady in-
crease in stream flow Followng the clear cutting of the forest and the
initiation of muntain farmng, relatively small bursts of precipitation
resulted in imediate and sharp increases in stream flow The treatnment
of the watershed has thus resulted in producing streamflow of extrenely
"flashy" characteristics.

Stream Flow

Gage height readings recorded for the weirs used in measuring dis-
charge fromthe watershed are converted to cubic feet per second fromrating
tables calculated for the respective stream controls. Since precipitation
I's expressed in inches and in inches per hour, the cubic feet per second
val ues were converted to inches per hour to aid in graphic presentation and
analysis.  The discharge values in inches per hour were plotted over tine to
give the storm hydrographs for individual storns. Hydrographs for representa-
tive storms used herein are given in figures 13 and 14.

Definition of Storns

Frequently, precipitation is received in such small anounts and at
such low intensities that it produces no perceptible change in the stream
hydr ogr aph. Al'l or the greater part of it may be intercepted by vegetation
Sufficient precipitation must occur to satisfy initial depression storage
(water required to fill the small depressions on the soil surface) as well
as vegetation interception before it can run off or otherwise enter the
stream  Many small rises in stream hydrographs following a brief |owinten-
sity period of precipitation are caused by precipitation falling in the chan-
nel or streamitself rather than by surface runoff or some formof subsurface
flow  Unless an investigation is concerned with total water yields, the in-
clusion of all periods of precipitation is inpractical. Consequently, for in-
dividual storm studies, there nust be some dividing line or definition of what
constitutes a storm

After examning all the precipitation and streamflow data, the arbi-
trary standard of a maxi num 30-minute intensity of at l[east 0.90 inch per hour
was selected. An exception was made in one case in which the maxi mum 30-min-
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ute precipitation intensity was |ess than 0.90 inch per hour where the
peak stream discharge greatly exceeded "normal " for the amount and in-
tensity of the precipitation received.

O assification of Storms

Streans, particularly fromsnall watersheds, respond quite differ-
ently to different storms. Consequently, based upon the patterns of pre-
cipitation and the stream hydrographs resulting therefrom all storms
were classified naturally into three categories: sumrer, wnter, and
i ntermedi at e. Sumrer storms are characterized by short but intense periods
of rainfall. They are usually occasioned by frontal activity or convection
storms.  Surmer storns are further subdivided into unit or single storns
and nmultiple storms. The unit summer stormyields nearly all of its pre-
cipitation in bursts which are bunched closely together, and produces a
single peak on the hydrograph. The nultiple sunmer storm produces intense
precipitation bursts which are separated by a period of time not exceeding
6 hours, in which precipitation may stop entirely or be of lowintensities.
A hydrograph of two or nore peaks results. Gaphs Aand Bin figure 13
show the precipitation patterns and the resultant hydrographs of the unit
and multiple summer storms respectively.

The internediate stormis characterized by precipitation which comes
alternately in short intense bursts followed by periods of precipitation of
nore noderate intensities. It usually yields a greater anount of precipi-
tation than nost summer storns and is usually associated with the spring
and fall seasons. The tropical hurricanes which reach this area fall into
this classification. The hydrographs produced by such storns are marked by
a series of peaks and troughs. Gaph Cin figure 13 illustrates a typical
intermediate type storm

The winter stormgives a relatively large volune of precipitation
whi ch usual |y does not come at the higher intensities associated with sum
nmer storns. However, the winter stormis usually of nuch |onger duration
as it is most frequently the result of cold front activity. Graph Din
figure 13 illustrates the precipitation pattern and the hydrograph of a
characteristic wnter storm

Distribution of Storns

An analysis of a listing of storms produciLng peak flows exceeding
9 cubic feet per second per square mile made by Johnson®/ and conti nued
through August, 1951 by the witer, indicates that fromthe standpoint of
the distribution of flood-producing storms, the summer stormis the nost
significant (fig. 15). Simlarly, 12 of the recorded 14 flood peaks which
exceeded 100 c.s.m resulted from summer storns.

Johnson, E. A Sunmary of Flood Peaks over 9 c.s.m, Watershed
No. 3, 1949 (unpublished conpilation, Coweeta Hydrol ogic Laboratory).



- Jf -
“paysiIsqes £pnjs ayy Uo smiogs Jo sadfy 3ueasITp ol ydeaBoxphy we3I48 pue wotye31diosxd gsem ‘33ma woyyeyTdyosig--*fr oamSTL

(sunow) ImrL
~al; oy v S0Py e a0zt ooy coay ooks oo oo 0090 oaso oo o0go cdozg o0

—
i — {H 1
: UOTARQEXASTD UOTFEATAYOSLY -
P

ydeaBosplymessg

§
3

]

WO Nad SININI NI dIONNY
3 2
o~
YnoH Wi EININI ONY  £IHONI NI NOLIVLIGII TN

uoyjugydyoasd somyy

IR ooy
gh61 ‘g2 Areniqag ‘wrors adiy-JSquUTM H—
' oos
(sunon} sl {(sunok ) ImiL {SHNOH) IwiL
L hivesid fid Rl oals 208 bid b o/ [ oego 2020 095 sogo ook cogo a00z ookt o oL o9 o5t
7] | — [ 273
WOTINQYIISTP HOTIE AT
qEesFOIPLY WIS
H 3
Ho.x e
> 0o /m HaB0p4T wmazg = 001 % los oot
z 3 I 2
s $ $ S5
a % g 3
- N A 3
- 2 - S uoygesdioard esel
2 3 2 z
o o0z 3 002 3 o wIp
uoTIwpdioaad evew m m m N m
A
sﬂn&ﬁsﬂ%«c woTIRydyseag a2 3 ” m » 3
N 4 s 3
) 2 3
I ; ¥ i
N g3
X oo !WS F g
FU0  ormardrmont seem * 2 RN
EY > T w W
] X
2 ? m W
o se § 3 s
E761 ‘3T jendny ‘mioge adh3-jurpamraray U L ouy br ooy t.ﬂ.qvm
§ 8
2
H
GHET ‘Z 3enBny ‘miogs 2dA3-3Td1aTng m w
sz oo m.t ey
BOTINQYIILTP GOTIRTdioRag
5 ooy
s ooy
EH6T ‘C1 sunp ‘mioys zewmms adA3-3Tun <




I@Ml

‘poysIages Apngs aug uo Smroys Jo sadly jmeIsiJIp J0J ydeaBorplq wesiys pue uolzeyidyosad ssem ¢ 8381 aoﬂwﬁ&omﬁm:c.:ﬂ aanITy

(sunow) Iwid

WAOM) Til1,
«Mo«o ) s 0070 oot 2 2050 oo soga cozo 2010 oopy oosy coxx oory oe0y 00/ cogy oer
N
34
0 007 50 007
? 3
]
5 3
noF
s 2
: .
ot o
L Py
i 2z
] 3 3
¥ ™ ﬂ/J
3 N d
fuct P
or§ eog® &Meamw.
H $=23
3 3
E ~
: L
3 2 3
- Loz 00w § unw,ue\.m
J— 5 <
L)
b3
6461 ‘o2 denSny 2038 3dAy-zsmmg u M W
2 =
s130053
: oy
O
k]
3
b x
Id , 3
9E6T “of dag ‘micys ad pouzauy ﬁ— oc 009
e (s2inoH) awis (evnon) sivis
agy T oy L L oy R d 008;. £~ s vesr E s
17} e
® A W
by = %0y
b 3
> 3
- o w§ oor
( Ik
¥ 3
w Qm o1 P
: i
144 2 3
tor § 007 3 or 007 o szl
i 17
: 2 i3
: x
B X ol
: g =7
5 Z » 2 i 3
H 23 3
L § HE | 3
o oot AT wr lnm
} N
N N
§ H 2 € I -
H 3 m 1867 ‘61 smp ‘maoys odky-asems \gf
3 T 3
or sy s & orp™
>
i 3 2
§ s
3
H
- =
2
¥ wg o ergy
3
SEBT ‘zz asndny ‘mxojs xawmme yup U 3
§
o5 ory
£46T ‘4 asnfny ‘mwioys adf3-Jomung m
L




154
Percent
of
storms

101

Months

Figure 15,-~Distribution chart, Little Rurricane Vtershed, shows that over 39 percent of
fl ood- produci ng storms occur in June, July, and August.

CHANGES | N RUNOFF CHARACTERISTICS

Probably the nost inportant single tool of the hydrologist or water-
shed nmanager is a know edge of the stream flow and runoff characteristics
for a given drainage area. A know edge of these characteristics guides
the engineer or |and manager in planning flood control neasures or pernits
muni ci palities to sel ect and manage watershed |ands as well as to regulate
consunpt i on. Consi derabl e attention has been given to the study of stream-
flow characteristics on large basins, particularly within the past 10 years,
by the United States Department of Agriculture and the United States Corps
of Engineers. Nunmerous investigations have been made to deternmine prinarily
gross runoff characteristics fromsmall watersheds and plots.

It is the intent of this study to determne not only the percent of
total runoff, but to evaluate any changes in surface or stormrunoff in
terns of flood peaks, the frequency of floods and the manner in which storm
water actually runsoff a small watershed. No attenpt has been made, however
to study any changes in base or subsurface flow or total water yields.

Runof f Per cent

One frequently used nmethod of expressing surface runoff is runoff
percent or the calculation of the percentage of total precipitation which
comes off the drainage area in the formof overland flow To evaluate the
gross changes in surface runoff, an analysis of the runoff percent for the
wat ershed in forest cover and follow ng treatnment was made.

The total stormrunoff for all stornms fromthe watershed while in
forest cover (1934-1939) averaged 2.66 percent of the precipitation. Fol-
| owi ng forest cutting and mountain farmng, this value increased to 4.50
percent.  For summer storms only, the difference is nore marked. Under
forest conditions, a runoff percent of 1.53 was noted, conpared with 4.79
percent following the treatment. This represents an increase of 3.26.
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percent, which at first nay appear rather insignificant; however, in terms
of volume for a 2-inch storm as defined herein, this anounts to over 5,500
cubic feet. The follow ng tabulation shows the increased stormrunoff re-
sulting fromsumer storms of 1/2 to 5 inches precipitation

Storm precipitation I ncreased vol ume of surface runoff
(I'nches) (Cubic Tfeel)

5 1398
2756
5512
8268

11024
13780

CrEFwRRHO

Changes in Flood Peaks

Fl ood peak magnitudes and frequencies are both val uable tools used
to express and evaluate the effects of various |and use practices. These
factors are both used frequently to aid in the determ nation of the economc
design of engineering structures and in flood control prograns.

FI ood peak magnitudes.--One of the mpst pronounced changes in surface
runof f occurring as a result of forest cutting and subsequent mountain farm
ing is the increase in the mgnitude of flood peaks. To obtain a neasure of
this change, a flood peak nagnitudeﬁ; udy was made. Simlar studies were nmade
on this watershed in 1949 and 19509/ Arter an exam nation of the previous
anal yses, however, it was believed that the results therefromwere not en-
tirely satisfactory

The first step in such a study is the collection and catal ogi ng of
storms on some rational bases. In the earlier studies a specified m ninmm
peak was used as a basis for storm conmparison. The witer believed that a
more satisfactory bases for comparison was the stornms thenselves, i.e.,

a certain amount and intensity of precipitation. Consequently, for this study,
storms with a maxi num 30-minute rainfall intensity of over 0.90 inch per hour
were arbitrarily selected

An orientation analysis was made in which the peak discharges in cubic
feet per second per square mle were plotted against the naxi num 30-minute
precipitation intensities by periods; Three periods were selected: 1934-1939,
1940-1945, and 1946-1951. The 1934-1939 period represents the pretreat ment
period in which the watershed was in forest cover; 1940-1945, the internediate
period, in which the mountain farmng treatment was applied and in which the
soil gradually lost its original structure, organic content, and fertility; and
1946-1951,the after period, in which the maxinumeffects of land use were in
evi dence

Fromthese graphs it was apparent, particularly in the pretreatnent
period, that internmediate and winter storns 3ave consi derabl e spread to the
points. A further exam nation of the stormdata indicated that nultiple

6/ Unpublished reports, Coweeta Hydrol ogi c Laboratory.

- 40 -



summer storms too were responsible for considerable dispersion of the points,
An attenpt was made to evaluate further the data on the basis of antecedent
noi sture conditions. Due to time limtations, additional analyses of ante-
cedent nmoisture conditions have not been made.

Using only the selected storns, i.e., single or uniformsumer stornmns,
a new listing of storm peaks and corresponding precipitation intensities was
made by periods and for naxinmum precipitation intensities of 15, 20, 30, and
60-minute intervals. For ease in handling, the data were grouped into 25
c.s.m groups or classes (025 26-50,etc.) and averages conputed. The aver-
age c.s.m *s for the group or class were then plotted against the class aver-
age precipitation intensities for each of the four precipitation intensity in-
tervals for each of the three periods.

Least square linear regressions were calculated for all plottings and
straight line curves fitted to the data.

The standard error of the estimate for the regressions was cal cul ated
for all four rainfall intensity intervals in the 1946-1951 period, and the 15-
mnute interval gave the lowest error. The tine of concentration for the wate:
shed following treatment was approximately 15 mnutes;, consequently, this inte
val was selected as best for purposes of comparison.

To show that the changes were not the result of changes in storm charac
teristics and precipitation patterns, the corresponding storm peaks froma con
trol watershed were plotted againstthe rainfall intensities applied to water-
shed No. 3for the 15-minute precipitation interval for the three periods. Th
resul ting curves show ng the relation between maxi num di scharge rate and prec
pitation intensity for both watersheds for the three periods are given in figu

16.

[t is obvious fromthe curves for the treated watershed, that a marked
increase in the magnitude of flood peaks has been effected. Simlarly, the
curves for the control watershed indicate that there has been no decided chang
in climtic conditions which mght affect this increase. Consequently, the
changes in flood peaks are attributed to forest cutting and subsequent |and us

The increase in flood peaks brought about by the treatnent of the water
shed for the maxi num 15-minute period of precipitation at 2, 3, 4, and 5 inche
per hour are sunmarized in Table 3by actual flood peaks in c.s.m as well as
in percentage increases

An additional study was made to show the changes in the magnitudes of
flood peaks, using all storms with nmaxi mum 30-mnute precipitation intensities
exceedi ng 0.90 inch per hour. In this study the maxi numflood peaks in cubic
feet per second per square mle from watershed No. 3were plotted against the
maxi mum peaks recorded for the control watershed (No. 2) for the same storms
for the 1934-1939 and 1940-1951 periods. Least square |inear regressions were
calculated and straight line curves fitted to the data. The results of this
analysis are presented in figure 17

The increased nmagnitude of flood peaks is even nore marked than in the
case when only unit summer storms were used. Prior to the treatment of water-
shed No. 3, a stormproducing a flood peak of 30 c.s.m on watershed No. 2
showed a peak of 41 c.s.m on watershed No. 3. Simlarly, a storm producing
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Pe ak discharge in cubic feet per second per square mile

— Treated watershed (No. 3)
----- Control watershed (No. 2)
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Figure 16.--The effect of forest cutting and subsequent mountain farmng onmaximum di scharge
rate, as related to precipitation intensity. Based on selected uniform sumer
storms having a maximum 30-minute precipitation Intensity over 0,90 Inches per hour.

a peak of 70 c.s.m. on watershed No. 2 produced a peak of about 85 c.s.m.
for watershed No. 3. Following forest cutting and nountain farmng, the
peaks for watershed No. 3 corresponding to 41 and 85 c.s.m. values for the
1934-1939 period had increased to over 360 and 670 c.s.m. respectively.

In examning the individual storns and the resultant flood peaks,
the highest flood peak recorded for the period that the watershed was in
forest cover was 109 c.s.m. In the Il-year period followng forest cut-
ting and nountain farmng 12 floods occurred which exceeded this former
maxi mim peak. The highest peak recorded was that of July 10, 19%9, which
exceeded 1849 cubic feet per second per square mile. The two highest 5-
m nut e preciﬁitation intensities recorded during the 17 years of record,
however, both occurred prior to 1940 while the watershed was forest covered.
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Table 3. - - Changes in flood peaks following forest cutting and mountain farming

Precipitation Peak for | Peak for | Increase over |Peak for | Increase over
for 15 minutes | 1934-1939 || 1940- 1945 1934-1939 1946- 1951, 1934-1939

Inches per hour C.5.m. C.s.m. Percent C.s.m. Percent
Lo
2 11 70 003 27 245
3 27 8l 311
I 43 97 226 141 328
) 59 126 213 197 334

From these analyses it is apparent that the treatment of the Little

Hurricane watershed has effected striking increases in the magnitude of flood
peaks,

Flood peak frequencies.--Even a cursory examination of the data reveals
a marked change in the frequency of floods following forest cutting and treat-
ment of the watershed. To get a Quantitative measure of this change, a flood
peak frequency study was made. The same standard used in the flood peak magni-
tude study, 1.e., floods resulting from storms having & maximum 30-minute pre-
cipitation intensity of over 0.90 inch per hour, was used as the basis for thi:
study, except that all storms, winter, intermediate and multiple as well as
sumner, were included.

The flood peaks for the watershed for the period in which the watershed
was in forest cover, 1934- 1939, and the treatment period, 1940- 1951, were clas:
sified separately into 10 c.s.m. groups and arranged in order of magnitude.
Mass totals were then calculated in order of descending magnitude. From these
values occurrence percentages were computed. The mid-points of the c.s.m.
classes were then plotted against thelr corresponding percentages on & loga-
rithmic scale and smooth curves fitted to the data to give the frequency curve
in figure 18. A logarithmic scale was selected for the ordinate in order to
emphasize the maximum flood peaks, since these are the values which are of
greatest importance in watershed management and flood control work as well as
in engineering structures for water and erosion control.

To show that the changes are a result of the treatment rather than of
climatic fluctuations during the treatment period, the same procedure was fol-
lowed for the control watershed which was in forest cover for the entire perio
except that 5 c.s.m, classes were used to better define a curve in graphic pre
sentation, Flgure 19 shows these resulting frequency curves.

It is apparent from figure 18 that a decided increase in flood frequen-
cies has been effected. Assuming an average of D50 storms of flood magnltude
in 10 years, 12 flood peaks over 50 c.s.m. could be expected with the water-
shed in forest cover. Compared with this, 25 flood peaks in excess of 50 c.s.
should ocecur following forest cutting and subsequent mountain farming. On the
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Figure 17.--Maximum f|ood-peak relation between control watershed No. 2 and study watershed
No. 3. Based on all storms with a maximum 30-minute intensity over 0.90 Inches

per hour.
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same basis, at the 100 c.s.m level, only 2 to 3 flood peaks fromthe forested
wat er shed coul d be anticipated as conpared with at least 10 flood peaks in ex-
cess of 100 c.s.m from the treated watershed

The corresponding curves for the control watershed (fig. 19) show t hat

no great change has taken place in the precipitation pattern. Actually, the

1934-1939 period shows higher flood frequencies than the post-treatment period,
indicating that possibly, had climatic conditions been even nore alike for the
two periods, the changes brought about on the treated watershed woul d have been

even nore marked.

Table 4 sunmarizes the changes in flood peaks at the 1, 2, 5 10, 20, 50
and 80-percent | evels for the Little Hurricane \Watershed.

This increase in flood frequency, along with the increased magnitude,
aids in explaining why channel bank vegetation is being renoved and why the
vegetation which starts growing on this site is washed away before it has an
opportunity to becone firmy established.

Tabl e 4.--Frequency of flood peaks before and after forest cutting

and subsequent nountain farming

Percent of observations

Peri od - - - - - -
1 2 5 10 20 ; 5 = 80
Maxi mum fl ood peak in c.s.m exceeds....
30
1934-1939 175 135 100 75 55 60 20
1940-1951 2000+ 1000 230 130 100 30

Distribution of Storm Runoff

To show the effects of forest cutting and subsequent nountain farmng on
the manner in which stormrunoff comes off the experinental watershed, distri-
bution graphs were made for the two periods, 1934-1939 and 1940-1951. The nethod
outlined by Wisler and Brater (29) was used to prepare the stormdistribution

graphs.

Five storms, two for the "before" period and three for the "after" period,
were selected for this study on the basis of simlarity in stormtype and preci-
pitation amount and intensity. The bases of the hydrographs were divided into
j-mnute intervals and the total flow and the base flow were cal cul ated for these
intervals. Three-mnute intervals were selected to give a total of approximately
20 equal intervals or points for subsequent graphical analysis. Stormrunoff was
obtained by subtracting base flow fromtotal flow (unit hydrographs). Stormrun-
off percentages were then conputed for each j-mnute interval. Storm data for
before and after periods were averaged and these values plotted to give the fina
distribution graphs for the two periods which are shown in figure 20.
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PERCENT DISTRIBUTION OF STORM RUNOFF
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To show the difference in the volume of stormrunoff comng off the
watershed at maxinmum flood stage, a time period equal to one-tenth the base
of the hydrograph (j-mnute interval on each side of the actual peak) was
marked off on the distribution graphs and the percentages for these inter-
vals were determined by planineter. These results too are given in figure
20.

It is obvious fromthese graphs that a definite change has taken
place in the distribution of the stormrunoff. One notable effect is the
change in the time of concentration (tine that runoff began to the tinme of
the maximum peak) for the watershed. While the watershed was in forest
cover, the peak occurred approximtely 35 mnutes fromthe time storm runoff
first began. Following forest cutting and nountain farmng, the peak occur-
red on the average of 15 minutes after runoff began. 1In a few cases, with
short intense sunmmer storns, the tinme fromthe start of runoff to the peak
was observed to be as little as 10 m nutes.

It is apparent, too, that the peak percentage itself was nore than
doubled as a result of the treatment. \Vhile in forest cover, the maxi mum
value was approximately 12 percent; following cutting and treatnent, this
val ue junped to approximtely 32 percent. Apparent too, is the change to
an alnmost needl e-shaped storm hydrogsaph.

Significant also is the change in the peak percentage based on the
maxi mum di scharge for a time period equal to one-tenth the base of the
storm hydrograph. For the "before" period, this amounted to 24 percent of
the total storm runoff. As a result of treatnent, the peak percentage in-
creased to 49 percent.

SUMVARY

For many years it has been a common practice in the Southern Appal -
achians to clear off the native forest cover on steep slopes and then to
attenpt to farm the cut-over area. In this study a determnation of the

effects of this use of [and on some of the biologic, edaphic and surface
runof f characteristics of a 23-acre watershed was made with the fol | owi ng

results.

Bi ol ogi ¢ Changes

By clear cutting the forest cover and applying different |and use
practices to the watershed a marked change in the vegetation was produced.
Nearly half of the watershed, approximately 10 acres, was permtted to
grow back into natural forest cover. Eleven years after cutting and negli -
gible use by cattle, the dom nant sprouts and seedling trees are approxi-
mately 3 to 3-1/2 inches in dianeter at breast height and 12 to 15 feet in
height. By exam ning adjacent uncut areas and tinber cruise data, it was
found that there is little change in species conposition in this coppice
forest area except for the presence of wild plum haw horne and staghorn
sumac. These invading species will probably disappear within a few years
following conplete canopy closure

Shrubby and herbaceous cover in the coppice forest area is very
sparse except along the ridges and in a few openings. Many species
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associated with forest openings were observed, although nost of these will
probably disappear within a few years. In nost of the adjoining forest
area there is a noderate understory of nountain |aurel and rhododendron.

It is apparently much slower in becom ng re-established than many ot her
species since it is fairly comon only near the ridges in the coppice
forest area

In the two pasture areas as well as in the abandoned cornfield, the
-most marked changes are those in vegetation density and in species conposi-
tion of the shrubby and herbaceous cover. On all three areas vegetation
density is low, particularly in the |ower pasture. Changes in species com
position were marked by the appearance of such nore or |ess noxious or un-
pal atabl e species as mullein, yarrow, Canada thistle, smartweed, nettle and
purslane--all frequently associated with land abuse

In the control plots, established in the cornfield at the time it
was abandoned in 1949, the ground cover is nearly conplete after only two
years.- The nost abundant species in these two ﬁlots are bl ackberry and
wild strawberry. It -is obvious in both plots that tree species will soon
take over. Nunerous stens in both plots exceed 6feet in height

In the absence of forest vegetation, sStream tenperatures increased
to the point where they are critical or above the maximumlimts for trout.
Simlarly, stream turbidities were increased by approximtely three tinmes,
and siltation or sedinentation increased trenendously.

Edaphi ¢ Changes

The results of aninfiltration study made in 1949 showed marked
differences in the infiltration rates of the portions of the watershed
used in different ways. In all the forested plots sanpled on the Coweeta
area, including the coppice forest portion of the Little Hurricane Wter-
shed, the average infiltration rate invariably exceeded 6inches per hour.
The val ues noted for the cornfield, upper pasture, and |ower pasture re-
spectively in 1949 were 4,00, 3.00 and 0.56 inches per hour. Since many

of the storms on the Coweeta area show precipitation intensities in excess
of 0.56inches per hour,, high surface runoff rates would be anticipated

from the lower pasture. Simlar infiltration tests made on the abandoned
cornfield immediately before and follow ng grazing in 1950 indicated that'
even short periods of grazing caused sharp decreases in the infiltration

rate.

As indicated by sanples collected froman adjacent watershed, the
ﬁerneability of undisturbed forest soil averaged well over 100 inches per
our in the O3 inch layer and over 60 inches per hour in the 3-6inch
zone. Tests on soils collected fromthe nmountain farm area showed m ni num
values in the |ower pasture where the average rates were 6.6and 2.7 inches
per hour for the O3 and 3-6inch layers respectively.

The percent of water-stable aggregates simlarly were nuch higher in
the forested areas. In the undisturbed forest the percentages of water
stable aggregates over 4 mm in size in the surface and subsurface |ayers
were 85.5and 73.8respectively, conpared with percentages of u46.2and 40.1
in the control plots in the abandoned cornfield. The soil dispersion re-
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sulting fromthe decrease in aggregation is undoubtedly responsible for
increases in soil losses fromthe watershed and indirectly for the in-
creases in surface runoff. An analysis of the aggregation of the fine
earth mterial indicated simlar results.

Differences in organic matter content, volume weight, and porosity
are also evident. The effect of former cultivation in the abandoned corn-
field is evidenced in that the organic matter content of both surface and
subsurface layers are nearly the same. 1In the control plots in the aban-
doned cornfield the organic content of the subsurface layer is approxi-
mtely the same as in the cornfield itself. However, the 2 years protec-
tion offered the control plots appears to have been sufficient to increase
the organic mtter content mnaterially in the surface layer. The | owest
organic matter content in both layers is noted for the | ower pasture.
Apparently, grazing has brought about soil conpaction and thus inhibited
the incorporation of litter and hunus. It is probable, too, that earlier
cultivation of this area may have caused soil changes in the |ower pasture.
The coppice forest area showed the highest content of organic matter in
both layers. This is probably the result of an accunulation of litter
from slash and a heavy herbaceous cover follow ng clear cutting and the
decaying of root systems fromthe trees formerly occupying the area.

The greatest differences in volume weight in both [ayers were found
bet ween the coppice forest and the |ower pasture, indicating a close re-
| ationship between organic matter content and volume weight. In the sur
face layer, volume weight values range from 0.82 to 1.11. In the subsurface
layer all values are very nearly the sane except in the | ower pasture where
vol ume wei ght was 1.28, again showing the effects of tranpling. These values,
as well as those noted for organic mtter content, suggest that the most marked
changes in the physical characteristics of the soil occur in the O3 inch |ayer

In porosity values, a slight decrease in total and noncapillary poro-
sity and an increase in capillary porosity, in conmparison w th undisturbed
forest conditions, is indicated. In noncapillary porosity a decrease of ap-
proximately 6 percent by volune is shown. According to many witers, non-
capillary porosity determines perneability. Fromthe results of these deter-
mnations, small changes in the large pore volume, then, may effect marked
changes in perneability rates.

(One of the greatest changes in the soil as a consequence of the treat-
mnt is in soil losses from the watershed. During the calibration period,
1934-1939, and wuntil August, 1941, the average soil |osses anounted to about
154 pounds per acre per year. Follow ng the cutting of the forest and the
application of rmountain farmng practices, the average soil |osses increased
to well over a ton per acre per year. A small portion of this increase m ght
perhaps be attributed to a change in the method of collecting soil |osses.
However, virtually all the increase should be assigned to the treatnent of
the watershed.

Cultivation al one appears to be responsible for marked increases in
soil losses. These |osses increased sharply for a 2-year period follow ng
the cutting of the forest cover in which the cornfield was cultivated and
the pasture areas were grazed. During 1944 and 1945 the cornfield was pro-
tected and pernmitted to lie idle while the pastures were being grazed. During
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this period, soil |osses dropped noticeably. Following this, the corn-
field was again cultivated for 4 years and the soil |osses mounted to a
high in 1949 of over 2-1/2 tons per acre per year. In 1950 and 1951 cul -
tivation was discontinued and the abandoned cornfield was grazed al ong
with the two pasture areas, and again soil losses declined.

Runoff  Changes

A study made on the Little Hurricane Watershed indicated an average
runof f percent of 2.66 for all storms with a maxi num 30-minute precipitation
intensity over 0.90 inches per hour for the period in which the area was in
forest cover. Followng forest cutting and nmountain farmng, this was in-
creased to 4.50 percent. Summer stornms al one gave percentages of 1.53 and
4,79 for the before and after periods, respectively.

A very significant change in the magnitude of flood peaks occurred
as a result of the land use treatnent applied. Unit sunmer storns yielding
precipitation at the rate of 3 inches per hour for 15 mnutes, for exanple,
showed an increase in the resulting maxi mum flood peak from27 to 84 cubic
feet per second per square nile. At the rate of 5 inches per hour for 15
mnutes the increase theoretically would be froms53 c.s.m to approxinately
335 c.s.m

A study of flood peak frequencies for the watershed indicated sim-
lar marked changes. During the period of standarization, only three floods
occurred with maxinmum peaks over 50 c.s.m, while following treatnent 25
floods with maxi num peaks in excess of 50 c.s.m were noted. A simlar analy-
sis of data froma control watershed actually indicated |ower frequency val ues
for the later period

One of the nost significant changes in surface runoff brought about by
forest cutting and subsequent nountain farmng is the manner in which the run-
off water conmes off the watershed. Runoff distribution graphs conparing the
before and after periods show that the peak runoff occurs about 15 nminutes
after the beginning of a storm since the area has been treated. Before clear-
ing, the peak runoff did not occur until about 35 minutes after the beginning
of a storm For both periods the duration of runoff was approxinmately 60
m nut es. Prior to treatment approximtely 12.5 percent of the stormflow cane
off the watershed during the peak j-ninute interval. Following treatment, this
val ue junped to nearly 32 percent.

PRACTI CAL | MPLI CATI ONS FOR LAND USE

As a result of increasing popul ation and econom c pressures, thousands
of acres of steep forest land within the Southern Appal achian regi on have been
cleared for use as pasture or cropland. The advisability of this practice has
been extrenely questionable froman agronomc and, particularly, froma hydro-
logic standpoint. The results of this study show that forest cutting and the
application of average to poor farmng practices have a very deleterious effect
upon the physical properties of the surface soil and increase surface runoff
during storms.
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Wthin a short period of time after cultivation is begun, the organic
constituent and natural structure of the former forest soil begin to break
down, leading to soil dispersion and resultant accelerated erosion. Wen
row crops are cultivated on steep land, the exposed topsoil washes away in-
creasingly with each year and fertility declines until, after a period of a
few years, yields have decreased to the point where the operation is no |onger
profitable.

Since the farner invested a great deal of |abor in the original clear-
ing, he frequently decides to convert the worn-out area to pasture instead of
allowing it to return to forest cover.

Al'l too frequently the |and now becones overgrazed, which results in
rapi d conpaction of the already eroded soil due to trampling by the cattle.
Infiltration and permeability rates quickly decline, and the soil loses its
capacity for water storage. The cumulative effect of these abuses is to in-
crease the volume of surface runoff and to multiply the frequency and magni -
tude of floods which woul d have occurred under natural forest conditions.

At first glance, it mght appear that the injury is confined to an
already worn-out area and thus is of mnor consequence. However, once these
floods begin to occur in'increasing nunber and magnitude, it becomes clear
that the damage is much nore extensive and nmuch nore serious

Such flood source areas produce erosion on |ower |ands which nornally
would not be subject to serious soil washing. Wthin the past 10 years many
farmers in this region, who depended on the cultivation of row and truck
crops in the first bottomlands along the streans for their greatest source
of incone, have been forced to convert these areas to permanent pasture which
can wthstand increased flooding

Results such as these coul d probably be expected from average to poor
farmng practices in other areas wth similar t opography and soils. It mght
be suggested that better farming nmethods could alleviate the situation. Corn
mght be rotated with clover and small grains, and the anount of fertilizer
used could be increased to advantage. Less damage fromtranpling woul d occur
if fences were built and fewer cattle permtted to graze. However, all these
inmproved practices are difficult and expensive on such steep |and

When stream conditions in undisturbed forests are observed, one is con-
vinced that good forests, good soils and good water go hand in hand. Soi
condi tions under undisturbed forest encourage storage of water and make possible
the control of erosion. It is reasonable to believe that through the ages there
has devel oped harmoni ous adjustment of vegetation, soil and water. This natura
adjustnent, however, appears to be in delicate balance. It is inpossible to
disturb the forest wthout distrubing this equilibrium

It is oviously inpractical, however, to leave all land in forest no mat-
ter how excellent the supply of water thus assured woul d be. Land nust be used,
but must also be carefully managed in order to husband its potentialities for
human  satisfaction. As we come to understand all of the physical forces which
nust be kept in balance, we will be better able to develop land management prac-
tices which will permt us to utilize all resources without exploiting any one
at the expense of another.
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