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THE USLE RAINFALL FACTUR FOR SOUTHWESTERN U.>. RANGELANDS

J. R. Simanton and K. G. chardl/

INTRODUCTLION

Alr-mass thunderstorms, occurring priwarily during tihe summer months of
July through September, dominate the rainlall/runotiferosion relautionships in
rnuch of the rangeland areas of tie Southwest (ltor high mountain ranges, snow-
melt is signiricant). To estimate the crosion assocldted with such darcvas, the
Universal Soil Loss Equation (USLE) (Wischmeicr and Saith, 1978) is being usced
to retlect the climatic variability and the potential erousion due to raindrop
impact. The air-mass taunderstorms in the region are typircally highly variable
in both time and space, of linited aredl extent, dand ol short duration.  Apout
704 or tie annual 11 in and 754 ot the annual 12 in ot precipitation occurs
during this summer thunderstort season 1n southedstern Arizona and central New

Mlexico, respectively.

The Southwest Rangeland Watershed Rescarch Center or USDA's Scrence and
tducation Administration has conducted rescarch on severul experimental water-
sheds in Arizonga and New Mexico which has included the use ol numerous record-
ing raingages (Fig. 1). Data itrom these locations are uscd tn this paper Lo
compute the raintall erosion index (product ot the Kinetic energy and 3u-pin
maximuw intensity) to illustrale the extreme tewmporal and spatiatl variability
ot the USLE raintall erosion index (il). Finally, a wethod s propuscd tor
estimating the averapge annual raintall ecrosion index (R) wiwen data arce uot
available but when the 2-yr lrequency b6-hr duration precipitation can be est.-

mated.

Temporal Variability

Extreme temporal variability of El on the four arecas studied 1s lound
annually, seasonally, and within a single storm (Kenard and Simanton, 1975,
Simanton et al., 1980). Total annual EI tor one long-term rdintall record trom
cach of four different watershed locations is plotted versus probability in
Fig. 2. The stuepness of the fitted lines indicates extreme annual variabili-
Ly. This annual EI variability is even more dramatic when compared Lo the
annual precipitation variability (Fig.3). For exaumple, the coetticient of var-
iability (CV) for rainfali is 0.27, whereas that tor El is 0.67.

Average annual rainfall erosion index (R), the coetticient ot variability
(CV), and percent of annual EI contributed by suumer storms at each of the

L/Hydrologist and Hydraulic Engineer, USDA-SEA-AR, Southwest Rangeland
Watershed Research Center, 442 East Seventh Street, Tucson, AZ 857U5.
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gages shown in Fig. 2 are listed in Table l. Seasonal El variability is even
more pronounced when summer EL values are plotted versus probability (Fig. 4).
The CV for only the summer storms' El on Walnut Gulch is 0.74, whereas the CV
is 0.67 for the annual rginfall EI. Summer thunderstorms are most important in
rangeland erosion studies.
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LOCATION OF EXPERIMENTAL WATERSHEDS

SAFFORD, ARIZONA (LOCATION 483}

ALBUQUERQUE, NEW MEXICO {LOCATION 47)

WALNUT GULCH nr TOMBSTONE, ARIZONA (LOCATION 63)
ALAMOGORDO CREEK nr SANTA ROSA, NEW MEXICO (LOCATION 64)

- NOTE -
LAST THREE DIGITS DENOTE RAINGAGE NUMBER

Figure l.=--Location wmap of the four experimental water=
sheds.

A single storm can contribute a large portion of the annual raintall ero-
sivity. For example, the largest storm within a year was observed to account
for 76, 74, 66, and 854 of the annual EL for the Walnut Gulch (WG), saftord,
Alamogordo Creek (AC), and Albuquerque (Albq) locations, respectively (Fig. 5).
The bar graphs of Fig. 5 not only illustrate the largest storm contribution to
the annual EI for each of the watershed locations but also exemplity the annual
El variability. We found, in a study coanducted on small watersheds on WG, that
the largest storm contributed, on the average over a 7-yr period, 584 to the
annual soil loss. The average contribution of the largest storm to the annual
ELI for this same period was 41%. Also, as another example of the importance of
a large storm, the maxim;m storm El's at Safford in 1943, 1944, and 196l were
larger than the annual El's for the remaining 22 yr of record. Similar results
were found at the other locations. Although the USLE is not intended to esti-
mate soil loss on a per-storm basis, this largest storm may be the most signif-
icant factor in annual soil loss.
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Figure 2.--Log-normal probability of crosion index for

long-term annual rainfall records trom each
of the studied watersheds.

Table 1.— Average annual R factor, coefficient of
variability, and percent summer contribution of

four Southwestern U.S. watersheds.

Average Coefficient Summer -
Locat ion annual of €1
R variability Contribution
% of annual)
LI 64 0.67 91
Safford 42 1.04 a5
AC 81 0.83 93
Albg. 30 0.58 90
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Figure 3.--Log-ncrmal probability of rainfall and erosion index for one
raingage on the Walnut Gulch experimental watershed.

Three storms were selected trom the summer thunderstorm data trom the WG
and AC watersheds to illustrate the temporal £ variability within a single
storm. The storm data are plotted in dimensionless form 1n Fig. 6. Because ElL
computation is based on maximum 30-min raintall intensity, most of the EL units
are derived trom a relatively short, high-intensity portion. of the storm.
Thus, in thunderstorm dominated precipitdation areas, such as the raagelands ot
Arizona and New Mexico, tecords from recording rain gages with depths for short
time intervals must be used to compute storm EI. Standard rain gage data or
hourly precipitation values may greatly underestimate El. However, these are
the type of data most widely available in the southwestern United States. Of
the 280 reporting weather stations in Arizona, only 124 use recording gages,
and data from these are generally available for only hourly depths. If these
recording gages were evenly spaced throughout the state, each gage would repre-
sent the rainfall pattern of 3500 mi“, Osborn et al. (1972) reported that to
describe the rainfall patterns of the 58-mié Walnut Gulch Watershed, 1000
pages would be needed to have a correlation of 0.9 between adjacent gages.

Total rainfall and LI from one raingage at each of the four watersheds ;
were correlated to determine the feasibility of using a total rainfall term §
instead of energy-related rainfall factor in the USLE (Table 2). The results »
of this analysis are not encouraging. Wischmeier and Smith (1958) reported the o
correlation coefficient increased trom 0.68 to 0.82 when they used EL rather ]
than total rainfall for correlation with erosion data on a Shelby soil. E
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Table 2.—Correlation of total-rainfall and erosion index.

- ————— e e e . S e e

Location r n
WG (63.002) U.79 19
Saiford (45.002) 0.75 25
AC (04.078) 0.64 11
Albq. (47.005) 0.61 30
500 T Y T v T T Y T v v T T v
B O SAFFORD 45002 i
O WALNUT GuLCH 63002
o O ALBUOUERQUE 47005
- O ALAMOGORDO CREEK 64 078 7
N
" o D 4
\Q\ \\ SUMMER STORMS
\

100 -1
b e
- -
- -
— L -
c
: 50- -4
S bl
B 58 | -
-l
< .
L3
v v = -
o
00
<€
3
=
~— po -
b
w
[=]
z
Z
Q
v 10 ~
¢ 't :
w o 1
- -
- -
Sr N

o

A I 1 A 1 'l i A i A 1

12 5 10 50 90 95 98”99
PROBABILITY

Figure 4.--Log=normal probability ot erosion
index tor long-term summer raintall
records from each ot the studied
watersheds.
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Figure 5.--Annual erosion index, largest storm=crosion
index, and percent countribution ot the lar-
gust storm to the annual crosion index (val-
ues in bars represent percent of annual con-
tributed by largest storm).

Spatial Variability
Spatial variability of El associated with thunderstorm rainfall can be
illustrated using isoerodent maps for individual storms and years. The dense

raingage networks of the WG and AC watersheds were used to produce the maps
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shown in Figures 7, 8, 9, and 10. The July 22, 1964 storm on WG lasted less
than an hour with almost 1.8 in of rain falling in 20 min at the storm center. .
The storm EI decreases from 100 near the storm ceater to about 30 in a rcadius
of about 2 mi. Results are similar for most thunderstorms at this location.
The isoerodent map for the June 16, 1966 storm on the AC watershed illu-
strates single storm EI for one of the largest events recorded at this loca-
tion. The storm lasted slightly over 2 hr and produced almost 3 in of rainfall
in 30 min at the storm center. The EI varied widely with alwost 260 units at
the storm center to only lO units 4 mi away.

Such spatial variability from individual storms leads to the expectdtion
of extreme annual variability. Figures 9 and 10 i(llustrate the annual varia-
bility for WG and AC for the same years used to illustrate individual storm
variability (1964 and 1966). 1In general, highs and lows of both precipitation
and El agreed for both areas, although EL unit per unit of rainfall differed.
At the lowest annual rainfall depth on WG there were 3 EL units per in ot
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Figure 6.~-Comparison ot dimensionless precipitation and rain~
tall-erosion index ror three select storms on Walnuc
Gulch (63.052) and Alamogordo Creek (64.008 and
04.001) (From Renard and Simanton, 1975).

56



Precipitation, whereas AC had 6 EL units per in of precipitation. For the max-
imum annual rainfall depth there were 15 EI units per in rainfall on WG and 21
on AC. This points out that the record from a single gage yields a value for
that point only and the results should not be extrapolated more than about a
mile to estimate the erousion from a storm or for an individual year. For ero-
sion studies being conducted on small watersheds in the Southwest, it is recom-
mended that a recording raingage be located within 0.3 mi (Osborn et al.,

1979).
Frequency Analysis
Analysis of southeastern Arizona rainfall data has shown that a log~normal

distribution generally fits the data quite well (Reich and Renard 1981). The
same has been observed for the raintall EI. The 2-yr EI (50% probability) of

RAINFALL (inches)

hundreds Mi-1onsf in )
acre he yr

EROSION INDEX {

. © AECORDING RAINGAGE

SCALE N wLES

Figure 7.--1sohyctal and 1isoerodent maps for the
July 22, 1964 storm on the Walnut
Gulch experimental watershed.
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the four watersheds are listed in Table 3. 1Included in this table are estima-
ted 2 yr EI values using various prediction equations and NOAA Atlas 1[ (Miller
et al. 1973) estimates of 2-yr 6-hr rainfall. Figure 11 shows, graphically,
the predicted EI of the three equations given the 2~yr 6-hr rainfall.

Table 3.—Actual and predicted average annual EI values using NJOAA Atlas 11
rainfall values and three EI prediction equat ions.

NOAAR Z-yr-6-hr Actual Predlctedi/ PFredicted Predicted

Location g i a1l (in) 2-yr E1¢ £l £er 2 e 3/
WG
(63.002) 1.4 54 57 57 47
{63.022) 1.5 58 66 66 53
(63.042) 1.5 56 66 66 53
(63.060) 1.6 64 76 76 58
Safford
. ) 1.2 30 40 41 37
(45.005) 1.3 38 48 48 42
(45.009) 1.3 39 48 48 42
(45.014) 1.4 48 57 57 47
AC
(64.026) 1.8 68 94 98 1A
(64.037) 1.8 70 98 98 71
(64.067) 1.9 76 11 1140 77
(64.078) 1.8 68 98 9y 71
Albg.
(47.00%) 1.0 25 27 27 27
vl = hundreds ft., tonsf in from 50% probability from Figure 2 and similar
- acre hr yr fiqures.
YVer - 27(p )22 P = 2 yr-6 hr rainfall in inches (Ateshian 1974),
271 = 27.38(P ) 217 (Wischmeinr 1974).
3¢y - 27_2}“)6)1.62 from log-loqg fit of 2Z-yr 6-hr ratnfall and actual 2-yr

£r.

The predicted EI values of the first two equations are in considerable
error, However, the predicted EI values, using the regionaliy develuped equa-
tion are very close to the actual El values. The third cquation (EI = 27.23
(P6)i —) was developed using NOAA Atlas Il 2-yr 60-hr raintall values and actu-
al El values for four widely-spaced raingages on each ot the WG, AC, and Sat-
ford watersheds and one recording raingage on the Albuquerque watershed. This
regionally developed equation is essentially an equation that represents a
thunderstorm-dominated rainfall input and, perhaps, could be extended to other
areas where thunderstorms dominate the rainfall input.

SUMMARY

Estimating the rainfall erosivity factor for rangelands of the southwestern
United States is very difficult because of the thunderstorm dyminated hydrolo-
gy. The EI values vary tremeandously, both in time and space, and, on an annual
basis, can be dominated by just one storm. Rainfall records 1lrom a single
recording raingage can be used to estimate the EL only for the area within 0.3
ui radius of that point. Because EL computation is based on maximum 30-min
rainfall intensity, most of the EI units are derived from the relatively short,
high-intensity portion of the thunderstorm. Thus, in thunderstorm dominated
rainfall areas such as Arizona and New Mexico, recording raingages with depths
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for short time intervals are needed to compute storm EI, An El predicting

equation that is based on widely available precipitation frequencies was devel-
oped for the thunderstorm-dominated regions of Arizona and New Mexico. This
equation might also be used in other regions where thunderstorm rainfall domin-

ates the hydrologic and erosion processes.
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Figure 8.--Isohyetal and isoerodent maps for the 2
July 16, 1966 storm on the Alamogordo 9
Creek experimental watershed. i
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Figure 9.--Isohyetal and isoerodent maps for the 1964
annual totals on the Walnut Gulch experiment-
al watershed.
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