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THUKDERSTORM PRECIPITATION EFFECTS ON THE RAINFALL-EROSION INDEX
OF THE UMIVERSAL SOIL LOSS EQUATICK

by
Kenneth G. Renard and. J. Roger Simanton

The Universal Soil Loss Equation (USLE) is widely used for estimating annual and fndividual
storm erosion from field-sized watersheds. The equation, which was developed from thousands of plot
years of data and from rainfall simulation runs, accounts for most soil, vegetation, climate and
cultural practices that affect erosion. Wide field testing has demonstrated that this {s an excellent
method for estimating erosion on small areas (Remard, Simanton, and Osborn, 1974).

Predictive equations are based on indices of measureable factors. Consequently, the 'nredich:"tion
is no better than the measured fndices. The Unfversal Soil Loss fquation s given in equation 1 as:

A = RILSCP )

where: A * estimated sofl loss (tans/acre/year)
R = rainfall factor .
K s sofl-ercdibility factor
L = slope length factor
S = slope gradient factor
C = cropping-management factor
P = eroston control practice factor.

Of the six varfables of the USLE, the rainfall factor is perhaps the most difficult to describe
in teras of distributfon and probability in basin and range topography that has orograghic influences.
An additional coaoplication s the unpredictabjlity of the air-;ass thunderstomm, which is character-
1zed by high intensity, short duration, and Vimited areal extent. Such stoerms produce most of the
runoff (except for snowmelt cn the highest oountain areas) in the semfarid southwest. Since thurder-
- stora precipitation varies widely 1n space and time, a method to estimate the average annval erosfon
it causes is difficult to develop. .

Wischaefer and Smith (1965) presented an {soc-erodent map of the United States for areas east of
the 104th meridian. For locations west of the 104th meridfan, erosfon fndex (EI) values must be com-
puted from rainfall data or estimated with some predictive scheme. Ateshian {1974) attempted to
define the rainfall pattern and the resulting EI of the entire United States with two distribution
graphs. He then developed prediction equations for annual EI based on the 2-year frequency, 6-hour
rainfall depth. Renard (1975) and Renard and Simanton (1975) showed that rainfall patterns of two
watersheds 1n the scuthwest do not fit the curves presented by Ateshian and that prediction equations
generally underestimate actual El values. These studies.aand others have shown that rainfall varfa-
bility 1s a major factor in the hydrolcgy of the semfarid scuthwest. . ‘ ’

Experfuental .watersheds of the Southwest Watershed Research Center are used to {llustrate the
rainfall €I varfability. in Arizona and fHew Mexico (Figure 1}. The €I in a1l instances was computed
using the procedure described by Wischmeler and Smith (1958) for precipitation data digitized from
charts collected from continucus recording rain gages. Breakpoint depth readings are made using an
analog=to-digital converter at fntensity changes reflected in the cunulative trace. By using this
procedure, the intensity at gage locations can be estimated fairly accurately for time intervals of
2 minutes and longer (Renard and Osborn, 1966; Sutter, et al., 1972).

SPATIAL VARIABILITY

Spatial varfability in rainfall from air-mass thunderstorms has been extensively documented
(e.g.., Osborn and Renard, 1969). The {sohyetal map for a storm on July 22, 1964, on the Walnut
Gulch Experimental Watershed shows the high intensity portion of this storm, which lasted less than .
an hour, with aloost 1.8 fnches of rain falling in 20 cinutes at the storm center. As would be .
expected, the EI for this storm s also quite varied (Figure 2), decreasing from 100 units near the
smrt:icu‘qter :o about. 30 units in a radius of about 2 ailes., Results are siaflar for most storms
at this locatfon. . N - . - ‘

The authors are Research Hydraul ic Engineo:r and Mrolcgic Technician, respectively, United States
veparwent of Agriculture, Agricultural Research Service, Western Region, Southwest Matershed -
Research Center, 442 East Seventh Street, Tucson, Arizonma 85705.
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The isohyetal and {so-erodent index maps for the June 16, 1966, storm on the Alamogordo Creek
Experimental Watershed are presented (Figure 3) to fllustrate single-storm El and precipitation
variability. This storm, one of the largest measured by this precipitatfon network (Renard. et al.,
1970), lasted slightly over 2 hours and produced almost 3 inches in 30 aminutes at the storm center.
As expected, the El for this storm varfed widely, from almost 260 units at the storm center to oanly

. 9.5 units in the northeast section of the 67-square-aile area. This storm occurred over most of the
watershed, whereas most storms wet only a portion of the area.
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Such spatfal var{ability from {ndividual storms leads to the obvicus expectaticn of appreciable
annual variability in both precipitatfon and El. Figures 4 and § {llustrate the annual varfability
for Malnut Gulch and Alamogordo Creek, respectively, for the same years that were used to fllustrate
the individual storm varabilfties. In general, highs and lows of both precipitation and €1 agreed
for both areas, although EI unfts per unit of rainfall differed. At the lowest rafnfall depth on
Walnut Gulch , there were 2.7 units of €l per inch of annual rainfall, whereas at the maxioua rafa-
fall depth, there were 14.8 units of EI per inch of annual rainfall. (In other years at Walaut Gulch,
the arnual paximm precipitation depth has been almost twice the ainioun depth, with no apparent
pattern to the posftion of highs and lows on the satershed. For the lowest rainfall depth on Alamo-
gordo Creek, there were 6.4 units of El per inch of annual rainfall, whereas at the maximum rainfall ..
depth, there were 21.1 units of EI per inch of danual rainfall.

Thus, we sust conclude ihat the record from a sﬁgle gage yields an €I value for that point .
only and the results should not be extended to sore than about a mile to estimate the erosion from
a storm or for an ind{ividual year. .
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TEMPORAL _VARIABILITY

Because El computation is based on maximum 30-minute rainfall fatensity, most of the €l units
are derived from a relatively short, high-intensity portion of the stormm (Figure 6). The September
10, 1967, storm produced 1.45 inches of rainfall {n only 86 minutes. and most of this fell in one
hour. The dimensionless EI and rainfall points essentially coincided for this storm and for the
July 20, 1972, storm. The first 5 hours and the last hour of the latter storm probably produced
very little rainfall exceeding the infiltration rate and, therefore, most of the El units dtd not
result from these low intensfties. The August 21, 1966, storm produced 5.46 inches of rainfall,
lasted for 13.5 hours, and resulted from a thunderstorm superimposed on a slow-moving cold front.
Of the 266 EI units resulting from this storm, almost 80 were produced during the first 2 hours,
the period of highest intensity. .

Thus, in thunderstora dominated precipitation areas, such as Arizona and Hew Mexico, one must
use recording rain gages with depths for short time {ntervals to compute the EI for the Universal
Sofl Loss Equation. Standard rain gages or hourly precipitatica values may greatly underestimate
the EI.
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PROBABILITY OF ANNUAL ET

Rain gage records from four experimental watersheds maintained by the Scuthwest Katershed
Research Center were selected and El computed for the entire rain gage record. The resulting data
were ranked, plotted, and a least-squares strafght line calculated to fit the data {Figures 7 and 8).

The two frequencies for the Walaut Gulch ‘qages differ markedly even though the gages are only
about 7 mites apart. In additfon to appreciable differences i the mean EI (54 vs, 683. the standard
deviations (or slope of the Vine) differ markedly. Less difference might be expected with longer

. records, even though the precipitation data indicate that thunderstorms occur randomly and that any

. ,t‘l;;gmce {n annual rafnfall assocfated with elevatfon {s mostly a winter phencmencn (Osborn, et al.,

The Safford gages, 2, 5, 9, and 14, are oa four small watersheds that are, respectively, 11

niles east, 5.8 miles west, 15.8 and 28.2 niles south of Safford. These four gages have similar

. 50% probabilfity values for El unglng from 26 to 37. That gage 2 had the lowest value probably
. reflects the slightly lower annual rainfall for that location.
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In New Mex{co, the gage on the Albuquerque Watershed {s 22 niles west of the city,
do those from the other locations. closely fits a log-normal probability distribution.
as have occurred on the Alamogordo Creek area have never been measured at Albuguer-

storms (Figure 3)
for the relatively low annual 25 EI units at the SOZ probabilfcy.

This accounts

The 50% probabilfty EI value for gage 78 on Alamogordo Creek is 68.
Alamogordo Creek 1s shown, variation aeong gages o
on the Walnut Gulch Katershed, N .
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CONTRIBUTION OF THE LARGEST STORM TO THE ANMUAL EI

Unusual -storms are very Ex...é.:n {n the amount of erosfon they produce (Plest, 1963). Osborn
and Renard (1969) cbserved that cn semfarid watersheds, "individual exceptional storms produce as
much surface runoff as several years of normal runoff.” The single largest stora‘s contribution to

the annual EI was {nvestigated
Safford Watersheds. ’
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and reported (Figure 9).for one gage each on the Albuquerque and.
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The bar graphs show annual total El, Iargest annual storm €1, and the percentage of the amnual
EIthat the largest storm contributed. As an fllustration of the importance of a large storm,
caximum storm El's at Safford fn 1943, 1944, and 1961, are larger than the annual EI in the other
23 years of ‘the record. The varfability in annual €l is not as wide at Albuguerque, aithough the
largest storm in 1968 produced a higher EI than the annual value for all but six of the 31 years of
record. Although no conclusion can be drawn from this analysis, it does lllu:trate that a single
large storo is very {mportant ln estimating average annual erosion.

DAILY PRECIPITATION AS AN INDICATION OF El

The enmlly reater availability of {pitation data from standard and recording gages
repcrting daily or hourly totals suggests {zportance of developing a method to estimate EI from
these data. About 12% of the 280 remninq weather staticns in Arizona (Climatolggical Data
Arfzona, 1973) use recording gages, but the data are gererally available only for hourly depths,

If the 3J recording stations were evenly spaced throughout the state, each gage would be represent-
ative of the rainfall pattern of 3500 square miles. Osborn, Lane, and Hundley (1972) reported tlut
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to describe the rainfall patterns of the $8-square-mile Walnut Gulch Watershed with a correlatfon of
9 between adjacent gages, one would need 1000 gages.

The problem of reliably estinating E] in Arizona is obvious. Total precipitation and El from

411 watershed locations previously menticned were correlated to determine the feasibility of using a
tatal precipitation factor as a rainfall varfable in the USLE. It must be recognized that the EI
cozputation (nvolved indirect use of the rainfall depth, so complete independence is not present.
The correlation coefficients obtained from this analysis are shown in Table 1.

Results of this analysis are not particularly encouraging when the use of intensity to compute

El 1s recognized. Wischmeier and Smith (1958) reported R? increased from 0.68 to 0.82 when they
used EI rather than total precipitation for erosfon data on a Shelby sofl.

Table 1 indicates an improvement in the correlation when fndividual stora EI for Alamogordo

Creek was used instead of the annval total. However, annual EI for Kalnut Gulch was better correls
ated than fndividual storm EI. This difference is probably attributed to the differences in rainfall
characteristics (Figure 6). Additional work may {mprove the predictions.
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CONCLUSIONS

Records from a single prectfpitation .nnuo in climatic areas dominated by thunderstorms can be
used to estimate the EI only for the point 1n questfon on individual storms or for a specific
annyal «o_gn. mxc.auo_wn.am the ..nn__.uc.cnmm_-mo.. more than about a mile leads to serfous error in
estimating the erosion by ule of the .

Short tize intervals must be used to cbtain an adequate estimate of the EI when using the USLE.

The var{ability of the anaual EI can be approximated with a log-normal distribution. Gages 2
to S miles apart may differ appreciably in both the mean and standard deviatfon of the EI.

Although €l §s correlated with annual precipitation, it is better correlated with individual
storms for the Alamogordo Creek area but not on Walnut Gulch, .

Investigations are needed to facilitate estimating the average annual EI from precipitatfon
data as reported in state climatological summaries for states west of the 104th meridiaa,

Adgitional work 1s needed to facilitate estimating the EI value from the precipitation data
available in most areas of the scuthwest where thunderstorms doafnate the raiafall pattera.
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