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I had some difficulty in parameterizing and calibrating the SPUR2000 model for soil
hydrologic properties at Walnut Gulch Experimental Watershed, particularly for soil
horizons with abundant rock fragments (diameter > 2mm). Investigation of this problem
led to the discovery of an error in SPUR2000 code, which was originally taken from
WEPP and corrects soil hydrologic properties for rock fragment content. This error is
also found in the WEPP documentation available online (Alberts et al., 1995) and in
recent WEPP source code. Details are given below, along with the correct form of the
correction factor.

The problem

A correction for the volume of coarse (> 2mm) fragments in a soil is given in chapter 7 of
the WEPP documentation (Alberts et al., 1995, p. 7.8). The correction factor (Fy) is
shown as follows (citation made to Brakensiek et al. (1986)):

Fer=1- Vg (eq. 7.8.3)

where
V.r= volume fraction of coarse fragments and is obtained from:
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where
M. = mass fraction of coarse fragments
pt = soil bulk density (for fraction < 2mm diameter) at time t

This correction factor gives erroneous results; a computed example is shown in Table 1
and Figure 1 below. Note that as M — 1, V¢f — o0 and F¢f — -o0. It can be readily seen
that, for very rocky soils common in southwestern semi arid grasslands, use of the
(multiplicative) correction factor results in inappropriately low to negative values for
“corrected” soil hydrologic properties. Error checking in SPUR and WEPP code sets a
lower limit for these values, but better still is to correctly calculate the correction factor.

The correct correction factor

Brakensiek et al. (1986) wrote that the volume fraction R, of rock fragments in a soil
(equal to Vg, above) can be expressed as:
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o = (bulk density fine-earth fraction) / (bulk density rock fragments)
Ry =rock fragment content by weight (as decimal) = Mrabove

Using the notation of eq. 7.8.4 above, this can be rewritten as:
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where 2650 kg/m’ is the modal bulk density of rock over a variety of compositions
(Carmichael, 1989).

Values for the correct correction factor are presented in the example in Table 1 and
graphically in Figure 1, below.

WEPP code

In the WEPP source code I have (v.2004.6), the soil rock fragment content by mass has
been truncated at 50% in subroutine INPUT, presumably in response to errors resulting
from the incorrect formulation described above. The calculation for volumetric rock
content Vrin subroutine SCON appears in the same (incorrect) form as eq. 7.8.4 above.
Note that Vs computed using the incorrect formula will still be about 50% too large for
rock mass fraction of 0.5, resulting in overcorrection of soil hydrologic properties.
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Table 1. Example comparison of WEPP and original Brakensiek et al. (1986) rock
fragment correction. Soil bulk density p, = 1425 kg/m’. Ms = mass fraction of coarse
fragments; Mg = mass fraction of fine soil (< 2mm); V.s= volume fraction of coarse

fragments; F.r= correction factor for coarse fragments.

M.t Mg Vs (WEPP) Vs (Brak) F. (WEPP) Fc (Brak)
0.0 1.0 0.0 0.0 1.0 1.0
0.1 0.9 0.06 0.06 0.94 0.94
0.2 0.8 0.13 0.12 0.87 0.88
0.3 0.7 0.23 0.19 0.77 0.81
0.4 0.6 0.36 0.26 0.64 0.74
0.5 0.5 0.54 0.35 0.46 0.65
0.6 0.4 0.81 0.45 0.19 0.55

0.65 0.35 1.00 0.50 0.00 0.50
0.7 0.3 1.25 0.56 -0.25 0.44

0.75 0.25 1.61 0.62 -0.61 0.38
0.8 0.2 2.15 0.68 -1.15 0.32
0.9 0.1 4.84 0.83 -3.84 0.17
1.0 0.0 [undefined] 1.00 [undefined] 0.00
1.00
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Figure 1. Graphical comparison of WEPP and original Brakensiek et al. (1986)

corrections for rock fragment content; data from Table 1.




