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ABSTRACT

Almost all runoff from small rangeland watersheds in the Southwest is the result of intense thunder-
storm rainfall, and the variability of this rainfall is an important runoff-influencing factor in such
areas where high intensity rainfall dominates watershed hydrology. Thunderstorm runoff estimates for
small rangeland watersheds can be made using a multitude of estimating techniques ranging from simple
table and graph procedures to utilizing high-speed computers, and even the most sophisticated models
greatly simplify the rainfall input. In this paper, the combined effects of rainfall quantity and inten-
sity, and the rainfall energy factor, EI, in the Universal Soil Loss Equation (USLE), were analyzed, and
simple procedures for estimating semiarid rangeland runoff volumes were developed. Equally good correla-
tions with runoff volumes were found for EI, and for total storm rainfall times maximum rainfall intensi-
ties for 5, 10, and 30 minutes and the square of the maximum 60-minute rainfall,

[NTROBUCTION

Almost all runoff from very small (less than 1 mi2) rangeland watersheds in the Southwest is the
result of intense thunderstorm rainfall. Thunderstorm runoff estimates for small rangeland watersheds
can be made using various estimating techniques ranging from simple table and graph procedures to utili-
2ing high-speed computers. Most of these models greatly simplify the actual rainfall input to the sys-
tem, For example, the curve number method, developed by the Soil Conservation Service (Kent, 1973),
incorporates rainfall volune, along with certain watershed characteristics such as soil cover and antece-
dent moisture conditions, to estimate runoff volumes. The method does not allow for varying rainfall
intensity, although the effect of intensity is known to be imporatant (Simanton et al., 1973; Hawkins,
1978). Linear regression is another rather simple procedure for runoff estimation. Schreiber and Kincaid
(1967) and Osborn and Lane (1969) applied multiple linear regression analyses to semiarid rangeland
watershed hydrologic data and found that 70% of the variance in predicted runoff was attributed to dif-
ferences in rainfall amounts. They also found that, because of the interrelation between rainfall quan-
tity and intensity, there was no significant improvement in the prediction when both parameters were
included in a stepwise linear regression.

In this paper, the combined effects of rainfall amounts and intensities, and their relationships to

runoff, are analyzed, and simple procedures for estimating semiarid rangeland runoff volumes are discus-
sed.

Study Area Description

Data used in this study were collected from the Walnut Gulch Experimental Watershed located in south-
eastern Arizona (Fig. 1). There are 95 recording raingages and numerous instrumented subwatersheds with-
in the 58-mi2 experimental watershed. The semiarid climate of the area is characterized by a bimodal
precipitation pattern, with approximately 70% of the 12-inch average annual rainfall occurring during the
summer months of July, Auaust, and September. Almost all watershed runoff occurs during this summer
rainy season, and is a result of short-lived, high-intensity airmass thunderstorms. The sub-watersheds
studied (63.101, 63.104, 63.105, 63.201, and 63.214), ranging in size from 0.45 acre to 372 acres, have
similar physical characteristics, and are typical of the many thousands of acres of semiarid rangeland
with mixed grass and brush cover in southeastern Arizona, southwestern New Mexico, and northern Sonora,
Mexico. Creosote bush {Larrea divaricata), white-thorn (Acacia constricta), and tarbush (Flourensia
cernua) are the principle species making up the 40% canopy cover of the brush-dominated vegetation, The
soils are a well-drained, gravelly loam formed in calcareous old alluvium, The soil surface has minimal
vegetative basal cover, with up to 60% gravelly erosion pavement. Watershed side slopes range from 3 to
15%, with about a 9% average. Grazing has been eliminated on the smaller watersheds (63.101, 63.104, and
6£3.105) since 1963, but cattle have been continuously grazing the larger watersheds (63.201 and 63.214)
at the rate of about 5 animals per section per year. Rainfall data were tabulated from 24-hour recording
rafingages located on, or very near (within 1,000 ft of), the studied watersheds. Runoff was measured
with small flumes or broad-crested weirs equipped with water-level recorders.
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Figure 1. Location of Walnut Gulch Experimental ‘latershed.

RESULTS
In the initial analysis, a basic rainfall-runoff linear regression relationship
y = ax + b, (1)

wher2 x = rainfall factor, EI, in the Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978),
and y = runoff, Q (inches), was develcped using runoff events from the smallest watershed (63.105, 0.45
acre}). The smallest watershed was used because it best represented a homogeneous plot with no channel
abstractions. The EI factor for each runoff-producing storm was computed from recording raingage data
and an equation expressing the relationship between energy and rainfall intensity. The EI units are
usually expressed in hundreds of ft-ton/ac-in. hr. The El factor is the product of the total storm ener-
gy per acre (E) and the maximum 30-min intensity (I). In some years, over half of the annual EI (or R)
nas been the result of one storm (Renard et al., 1974). The probability distribution of total summer EI
values and summer rainfall amounts for a raingage near 63.105 are shown in fiqure 2. For the period of
study (1965-1975), summer precipitation varied from 5 inches to a little over 10 inches, while El varied
from about 30 to about 200. The range of EI values is a direct measure of the-varying rainfall intensi-
ties, and is a much better indicator of potential runoff and erosion than is total summer rainfall, The
correlation between EI and runoff, for 63.105 and the rainfall-runoff equations (with and without the
record event), are shown in fiqure 3. The regression equations were:

y = 0.018 + 0.015 {2)
and
y = 0.020x + 0.005 {(3)

When the regression equations, developed from the data without the very large event, were used to
estimate runoff from the large event, there was only an 18% difference between the actual and estimated
volume. This suggests that the sample size was adequate. Either equation would be acceptable for pre-
diction, although Eq. (2) is preferred.
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Figure 2. Occurrence probabilities for summer rainfall and summer erosion
index (EI) (Paincage B3, 1963-1975).
2.40 - v Y Y v v T Y v v v
63.105 (1963 —-1973)
2.10}F
1.80F
1.50}
.20}
.90
.60
.30
<
° rid 1 1 A L [ i 1 s [l A A A
o] 10 20 30 40 50 60 70 a0 90 100 1o 120

€1 (100 FT. TONS/ACRE IN. HR.)
Figure 3. Correlation of EI with runoff for subwatershed 63.105, Halnut Gulch.
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The regression equations were developed usina E] values from runoff-producing rainfall only. Before
the equation could be applied to larger watersheds, it had to be modified to reflect the influence of
drainage area. Antecedent storm conditions are usually dry, and the sand-bottomed ephemeral stream chan-
nels associated with semiarid rangelands absorb a significant volume of runoff (Keppel and Renard, 1962).
Larger watersheds generally have wider channels which abstract an increasinaly larger volume of runoff.
Furthermore, runoff-producing rainfall is limited in areal extent. Therefore, average annual runoff
decreases with increasing watershed size. Rased on analyses by Renard (1977) for larger watersheds and
data from very small watersheds, the relationship of runoff volume to area was determined as:

7=1.06A--13% (4)
where = runoff volume (in.), and
A = area (acres).

Runoff estimates for the larger watersheds, based on £Eq. (2), were reduced using £q. (4) and the ratios
of watershed area for the larger watersheds to 63.105.

wWatershed Runoff Estimates:

Storm runoff estimates for the four larger watersheds are shown in table 1. Runoff was badly under-
estimated for the two largest watersheds, which may suggest less channel abstraction than anticipated or
an inadeguate sample of runoff-producina events, or both. Also, one must remember that Eq. (4) repre-
sents the average for Walnut Gulch subwatersheds.

Table 1. Statistics for rearession of actual vs estimated storm runoff esti-
mates from area-modified basic equation developed on 63.1065.

, Std error
Watershed Area (ac) n Slope Intep of est r2
63.105 a5 .- - - -- -
63.101 3.2 54 0.975 0.000 0.038 0.94
63.104 11.2 50 0.972 0.008 0.034 0.93
63.201 110. 32 0.690 0.006 0.021 0.92
63.214 372 25 0.656 0.023 0.014 0.82

Other Precipitation Parameters:

Other precipitation parameters were correlated to the runoff from the smallest watershed to deter-
mine if a simpler, more widely-available precipitation parameter (other than EI) could be used in water-
shed runoff estimation. Thirteen rainfall factors (Table 2) were correlated to each other, to runoff
volume, and to peak runoff rate from watershed 63.105. The rainfall factors and their correlation matrix
are given in table 2. 0f the six parameters that were highly correlated (r > 0.95) to runoff, the (Pso)z
(the square of the maximym 60-min rainfall) parameter appears to be the simplest single rainfall param
eter to use in estimating rangeland storm runoff volume. Because most of the runoff-producing rainfall
is associated with short duration (1 hr or less) thunderstorm events, and because there is usually only
one event a3 day, the 60-min rainfall can be estimated, with some confidence, from the daily total report-
ed in NOAA monthly climatological reports. In figure 4, actual runoff is compared to _estimated runoff
with linear regression equations using various precipitation parameters, including (PSOZ).

The analysis included only runoff-producing storms, and a sinale very large event (EI > 120) was
included in the data. Therefore, a modified inear regression technique (Diskin, 1970) was used to esti-
mate runoff from all sunmer rainfal) ((Pso)z) and runoff data, and both the Diskin method and the regres-
sion/reduction method were made on the data exclusive of the largest event. The analyses indicated no
significant difference between using the Diskin method and the basic equation.

Peak Runoff Rate:

Runoff peaks and volumes are highly correlated on small watersheds dominated by thunderstorm rain-
fall (Table 2; Osborn and Lane, 1969; Renard et al., 1974). Therefore, the correlation coefficients
(Table 2) also indicated that the peak run-off rate was correlated to Pg,, EI, and (Pgo) %, though not as
well as was runoff volume. Of the linear regression equations associating Pg,, EI, and (Pgo)? with peak
runoff, the Py, gave the best estimate (fig. 5).

Return Frequency Runoff Estimates:

Widely available precipitation frequency information is found in the NOAA Precipitation Atlag for
the western United States (Miller et al., 1973). These l-hr amounts (Pea)2 were then used to estimate
runoff for various return periods. The ratio of estimated runoff to rainfall were plotted versus return
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period and compared to the plot of the return period versus the ratio of actual runoff to rainfall for
63.105 {fig. 6). The return period of the actual runoff and rainfall was calculated using 22 years of
data and the Gumbel method for estimating frequency functions of extreme values {Gumbel, 1958). &Esti-
mates based on NOAA Atlas 2 were significantly lower than those based on actual data.

Table 2. Correlation coefficients of 13 precipiation parameters and two run-
off parameters (only runoff-producing rainfall used in analysis. N
= 69) (A1l values are significant at the 1% level).

Pr PeoP3o P1s ProPs El Emax PTx30 PTx15 P1x10 P1x5 (Peo)® @ Qpr

Pr .94 .92 .83 .77 .70 .87 .66 .89 .92 .92 .91 .89 .87 .82
Po .98 .90 .85 .78 .92 .71 .93 .96 .96 .95 .92 .93 .87
P30 95 .90 .84 .90 .73 .91 .95 .95 .95 .89 .91 .88
Pls .99 .94 .73 .80 .79 .87 .88 .88 .76 .82 .89
P\y .97 .73 .80 .73 .83 .84 .85 .70 .78 .87
p 68 .75 .68 .77 .79 .81 .65 .72 .83
3 .56 1.00 .98 .98 .97 1.00 .97 .81

Emax .57 65 .67 .66 .55 .63 .73

Pre30 .99 .98 97 1.00 .97 .82
Pixis 1.00 .99 .98 .98 .88
PTero 1.00 .97 .97 .89
PTxs .96 .97 .89
(59)2 .97 .80
0 .91
PT = Total storm amount {in).
Peo = Max 60-min storm depth (in).
Pig = Max 30-min intensity (in/hr},.
Pis = Max 15-min intensity (in/hr).
Pio = Max 10-min intensity (in/hr)
p = Max 5-min intensity {in/hr).
Ei = USLE rainfall factor (ft tons/ac in hr),
Emax = Max energy within storm (ft tons/ac).
PTx3¢ = Total storm amount x max 30-min intensity (inZ/hr).
Pry;s = Total storm amount x max 15-min intensity (inZ/hr).
xio = Total storm amount x max 10-min intensity (in%hr).
x5 . = Total storm amount x max S5-min intensity (inZ/hr).
{Peo)? = Square of max 60-min storm depth (in?),
Q = Runoff volume (in).
Qpr = Runoff peak rate (in/hr).
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Fiqure 6. Return periods of ratios of Gumbel fitted precipitation and runoff and of NOAA
precipitation and equation estimated runoff for 63.105, Yalnut Rulch.
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CONCLUSION

Linear regression techniques can be used to estimate runoff volumes from small rangeland watersheds.
In the semiarid Southwest, where thunderstorms dominate the runoff-producing rainfall, there are two con-
tributing factors: rainfall quantity and intensity. These factors are reflected in the ! term of the
USLE. This term, when regressed with storm runoff volumes from a small rangeland watershed, produced a
Vinear equation that could be used to estimate watershed storm runoff volumes. However, because of the
inverse relationship found in semiarid rangelands between watershed drainage area and runoff volumes, an
additional step to regression is needed in the method before it can be applied to larger watersheds.
Runoff estimates for various-sized watersheds indicated the procedure could be usefyl if the est imated
watersheds were in the same climatic regime and had similar, but not necessarily identical, vegetation
cover. These conditions are found in large parts of southeastern Arizona, southern New Mexico, western
Texas, and northern Mexico.

In comparing different estimating parameters, we found that (Pgo) 2 gave a good estimate of runoff
volume, and that P, gave good estimates of runoff peak rate. The Pg, parameter can be estimated for
different return frequencies from the NOAA Precipitation Atlas. Data from this atlas can be used with
the runoff-estimating equations to give runoff estimates for various return frequencies. The estimated
runoff volumes for the shorter return frequencies were lower than actual volumes. These differences can
be attributed to the low NOAA precipitation estimates (Reich and Osborn, 1982).
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