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Chapter 5

The REVISED UNIVERSAL
SOIL LOSS EQUATION

K. G. Renard, J. M. Laflen,
G. R. Foster, and D. K. McCool

The Universal Soil Loss Equation (USLE) (6), has been the workhorse of
srosion prediction and conservation planning technology in the U.S. and
sven worldwide. In 1985, at a meeting of U.S. Department of Agriculture
‘USDA) and other erosion researchers, it was decided that the USLE should
s revised to incorporate additional research and technology developed af-
ter the 1978 USLE handbook. Work on the revision was initiatcd seriously
late in 1987, and resulted in a new handbook and technology called RUSLE,
the Revised USLE.
RUSLE maintains the basic structure of the USLE, namely

A=RKLSCP (1]

where A is the computed soil loss, R is the rainfall-runoff erosivity factor,
K is the soil erodibility factor, L is the slope length factor, S is the slope
steepness factor, C is the cover-management factor, and P is the support-
ng practices factor. This empirically-based cquation, derived from a large
nass of field data, computes sheet and rill crosion using values represent-
ng the four major factors affecting erosion. These factors are climate ero-
ivity represented by R, soil erodibility represented by K, topography rep-
esented by LS, and land use and management represented by CP.
Whereas the basic USLE structure has been retained, the algorithms
1sed to calculate the individual factors have been changed significantly in
AUSLE. Perhaps most important has been the computerization of the tech-
10logy to assist with individual factor determinations.

e
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106 Renard, Laflen, Foster, and McCool

R-FACTOR

The rainfall-runoff erosivity term in RUSLE is calculated as the prod-
uct of storm kinetic energy times the maximum 30-minute storm depth
and summed for all storms in a year. The R-factor represents the input that
drives the sheet and rill erosion processes. Thus differences in R values
represent differences in erosivity of the climate. Of the RUSLE factors, R
is the one most exactly computed from input data.

In the western U.S. (Figures 5.1, 5.2, and 5.3), new R values have been
calculated using over 1000 point values, a significant addition to the infor-
mation available in Agriculture Handbook 537 (6). Whereas the old R
isoerodent maps for the west had maximum point values of about 50 units
(hundreds of foot - tonforce - inch/acre - hour - year), new values are as
large as 350 units along the Pacific coastal areas (Figure 5.3). Some changes
are also involved in the eastem states (cast of the 105th meridian) (Figure
5.4). Another change in the R-factor is to reduce R values where flat slopes
occur in regions of long intense rainstorms. Ponded water on the soil re-
duces the erosivity of the rain. Finally, an R equivalent approach is being
used in the frozen soil areas of the Pacific Northwest to reflect the com-
bined effect of rain or snowmelt on frozen or partly-thawed soil.

Part of the R-factor calculation involves a seasonal distribution to per-
mit weighting of the soil erodibility value, K, and the cover-management
factor, C. To facilitate these calculations, climate data files have been de-
veloped (called a city code) for climatically homogeneous areas. These
computer files include information such as the frost-free duration in days,
monthly precipitation and temperature, and 15-day distributions of R. Typi-
cal values are included in the computer program for at least one station in
each of 120 climatic regions (Figure 5.5) of the contiguous 48 states plus
numerous stations in Hawaii. The computer program includes a provision
for addition of new climate data sets using data provided by the user. This
also allows casy use of RUSLE in other regions of the world.

K-FACTOR

The K-factor is a measure of the inherent erodibility of a given soil
under the standard condition of the unit USLE plot maintained in continu-
ous fallow. Values for K typically range from about 0.10 to 0.45 (U.S.
customary units), with high-sand and high-clay content soils having the
lower values and high-silt content soils %mi:m the higher values. Users
have little difficulty choosing a K-factor value because the Soil Conserva-
tion Service (SCS) has identified K values for all major soil mapping units

i
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Figure 5.2 California isoerodent map.
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The Revised Universal Soil Loss Equation

Figure 5.3 Isoerodent map of Oregon and Washington.
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112 Renard, Laflen, Foster, and McCool

in the United States. However, the site-specific K value, and its seasonal
variation, can be quite different from the K value given in soil survey
information.

The soil erodibility nomograph is a popular tool for estimating K val.
ues, but it does not apply to some soils. Updating the K-factor for RUSLE
involved developing guides so the user could identify soils where the no-
mograph does not apply and estimate K using alternative methods. Erod-
ibility data from around the world have been reviewed, and an equation
has been developed that gives an estimate of K as a function of an “aver-
age” diameter of the soil particles. K-values for volcanic soils of Hawaij
are also estimated with an alternative algorithm to the erodibility nomo-
graph.

RUSLE also varies K seasonally, a major change over the USLE pro-
cedure. Experimental data show that K is not constant but varies with sea-
son, being highest in early spring and lowest in mid-fall or when the soil
is frozen. The seasonal variability is addressed by weighing the instanta-
neous estimate of K in proportion to EI (the percent of annual R) for twice
monthly intervals. Instantaneous estimates of K are made from equations
relating K to the frost-frec period and the annual R-factor.

An additional change incorporated in RUSLE is to account for rock
fragments on and in the soil, a common occurrence on western rangelands.
Rock fragments on the soil surface are treated like mulch in the C-factor,
while Kis adjusted forrock in the soil profile to account for effects on runoff.

An example output from the computer program which weights the in-
stantaneous K values in proportion to the distribution of twice monthly EI
values is given in Table 5.1. For this illustration, the nomograph K was
given as 0.28 (customary U.S. units) and the average weighted K was 0.25,
The maximum K was estimated to be 0.707 with a minimum of 0.104.
Note that the corresponding observed K values were somewhat lower. In
other instances the difference between the nomograph and weighed K go
in the opposite directions from this cxample. K., and K,,;, are determined
with regression equations relating K; to the annual R factor and the frost
free period.

L- AND S-FACTOR

More questions and concems are expressed over the L-factor than any
of the other USLE factors. One reason is that the choice of a slope length
involves judgment; different users choose different slope lengths for simi-
lar situations. RUSLE includes improved guides for choosing slope length
values to give greater consistency among users.
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Table 5.1 Measured and calculated monthly K values for a Barnes loam soil near NI | I
:Morris, Minnesota (R=100, K,r=0.28). gt K
% of o ’ h;‘g
annual : ; i,}
Date EI t T.CF)  K'(cal) BELK; K;(obs.) ol ,
e
01/01-03/15 0 37 15 0.104 0 0 | e
03160331 1 8 3 0.612 0.612 BRI 1]
04/01-04/15 1 98 40 0.707 0707  0.404 DR
04/16-04/30 1 113 40 0.672 0.672 R i
05/01-05/15 3 128 57 0.548 1.644 0.393 : 1
05/16-05/31 5 143 57 0.447 2.235 - «
06/01-06/15 12 159 66 0.360 4.317 0.229 et
06/16-06/30 13 174 66 0.293 3.814 Metarht
07/01-07/15 13 189 72 0.239 3.1 0.328 11
07/16-07/31 14 204 72 0.195 2.733 !
08/01-08/15 14 220 71 0.157 2.199  0.205 I
08/16-08/31 13 235 ! 0.128 1.665 1
09/01-09/15 5 251 60 0.105 0.525 0.042 z .
09/16-09/30 3 266 60 0.120 0.360 ol }
10/01-10/15 1 281 50 0.137 0.137 0.065 e
10/16-10/31 I 296 50 0.157 0.157 A
11/01-11115 0 312 34 0.182 0 0 Ay ;
11/16-12/31 0 342 20 0.104 0 s
Total 100 24.888 el
K,, = Z(EL)K/100=0.25 b
toax = 110 tmin = 250 :
K s/ Kom = 2.5 K pnax = 0.700 Bl
Kl Ko = 6.7 Kyin = 0.104 Al
*K; values are given in tons/acre per erosion index unit. For Sl-units of t-ha-h/ha-MJ-mm, A
mulitply K; values by 0.1317. H
y, = Julian day for date interval used in calculation (interval midpoint) Y
K; = soil erodibility for day t; 3
Ko = nomograph soil erodibility .
The attention given to the L-factor is not always warranted because %4 ¢
soil loss is less sensitive to slope length than to any other USLE factor. et
For typical slope conditions, a 10 percent error in siope length measure- .
ment results in a 5 percent error in computed soil loss. s

B YR AT T

RUSLE uses four separate slope length relationships (Tables 5.2, 5.3,
5.4, and 5.5). Three are functions of slope steepness as in the USLE, and




Table 5.2 Values for topographic factor, LS, for low ratio of rill to interrill erosion, such as for rangeland and other consolidated

e | e

soil conditions with cover (applicable to thawing soil where both interrill and rill erosion are significant).

Slope length in feet

Slope <3 6 9 12 15 25 50 75 100 150 200 250 300 400 600 800 1000
%
02 005 005 .005 005 005 005 005 005 005 005 005 005 005 005 005 005 0.05
0.5 008 008 008 008 008 008 008 008 009 009 009 009 009 009 009 009 0.09
1.0 0412 0.2 0.2 012 0.12 013 0143 0.4 014 015 015 015 015 016 016 0.17 0.17
20 020 020 020 020 020 021 023 025 026 027 028 029 030 031 033 034 035
30 026 026 026 026 026 029 033 036 038 040 043 044 046 048 052 055 057
40 033 033 033 033 033 036 043 046 050 054 058 061 063 067 074 0.78 082
50 038 038 038 038 038 044 052 057 062 068 073 078 081 087 097 104 110
60 044 044 044 044 044 050 061 068 074 083 090 095 100 1.08 121 131 140
80 054 054 054 054 054 064 079 090 099 112 1.23 132 140 153 174 191 205
100 060 063 065 066 068 081 103 119 131 151 1.67 180 1.92 213 245 271 293
120 061 070 075 0.80 083 101 131 152 169 197 220 239 256 285 332 3.70 4.02
140 063 076 085 092 098 120 158 1.85 2.08 244 273 299 321 360 423 474 5.8
160 0.65 082 094 1.04 112 138 1.85 218 246 291 328 360 388 437 5.17 582 639
200 068 093 111 126 1.39 1.74 237 284 322 385 438 483 524 595 7.13 8.10 894
250 073 105 130 151 170 217 3.00 3.63 4.16 503 576 639 696 7.97 9.65 11.04 12.26
300 077 116 1.48 175 200 257 3.60 440 506 6.18 7.11 794 868 999 12.19 14.04 15.66
400 0.85 136 179 217 253 330 473 584 678 837 9.71 1091 1199 13.92 17.19 19.96 2241
500 091 1.52 206 254 300 395 574 7.4 833 10.37 12.11 13.65 15.06 17.59 21.88 25.55 28.82
600 097 1.67 229 286 341 452 663 829 9.72 12.16 14.26 16.13 17.84 20.92 26.17 30.68 34.71
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Table 5.3 Values for topographic factor, LS, for moderate ratio of rill to interrill erosion, such as for row-cropped agricultural and
other moderately consolidated soil conditions with little to moderate cover (not applicable to thawing soil).

Slope lcngth in feet
Slope <3 6 9 12 15 25 S0 75 100 150 200 250 300 400 600 800 1000

%

02 005 005 005 005 005 005 005 005 005 005 005 0.05 005 005 006 0.06 0.06
0.5 007 007 007 007 007 008 008 008 009 009 009 009 0.09 0.10 0.10 0.10 0.10
.0 011 0.1 0.1 011 011 042 013 0.4 014 015 016 0.17 0.17 0.18 0.9 020 0.20
20 0.7 0.17 0.17 0.7 017 019 022 025 027 029 031 033 035 037 041 044 047
30 022 022 022 022 022 025 032 036 039 044 048 052 0.55 060 068 075 0.80
40 026 026 026 026 026 031 040 047 052 060 067 072 0.77 086 099 1.10 L.19
s0 030 030 030 030 030 037 049 058 065 076 0.85 093 101 113 133 149 163
60 034 034 034 034 034 043 058 069 078 093 1.05 LI 6 125 142 1.69 191 211
80 042 042 042 042 042 053 074 091 1.04 126 145 1 .62 177 2.03 247 283 3.15
100 046 048 050 051 052 067 097 1.19 138 171 198 222 244 284 350 406 4.56
120 047 053 058 061 064 084 123 153 179 223 2.6l 295 326 381 475 5.56 6.28
140 048 0.58 0.65 070 075 100 148 186 2.19 276 3.25 369 4.09 482 6.07 7.15 8.1l
160 049 063 072 079 085 1.15 1.73 220 260 3.30 390 445 4.95 5.86 7.43 8.79 10.02
200 052 071 085 096 1.06 145 222 285 340 436 5.2i 5.97 6.68 17.97 10.23 12.20 13.99
250 056 080 1.00 1.16 130 181 282 3.65 439 5.69 6.83 7.88 8.86 10.65 13.80 16.58 19.13
300 059 089 1.13 134 153 215 339 442 534 698 843 9.76 11.01 13.30 17.37 20.99 24.31
400 065 1.05 1.38 168 195 277 445 587 7.14 943 1147 13.37 15.14 18.43 24.32 29.60 34.48
500 071 118 1.59 197 232 332 540 7.17 878 11.66 14.26 16.67 18.94 23.17 30.78 37.65 44.02
600 076 130 1.78 223 265 381 624 833 1023 13.65 16.76 19.64 22.36 27.45 36.63 44.96 52.70

uonpnbg sso7 110§ [0S1241U[) PasIadY ]

ST

\

e T L S T e e
e T e e =




Table 5.4 Values for topographic factor, LS, for high ratio of rill to interrill erosion, such as for freshly prepared construction and

other highly disturbed soil conditions with little or no cover (not applicable to thawing soil).

Slope length in feet

Slope <3 6 9 12 15 25 50 75 100 150 200 250 300 400 600 800 1000
%
02 005 005 005 005 005 005 005 005 005 005 006 0.06 006 006 006 006 0.06
05 007 007 007 007 007 007 008 008 009 009 010 0.10 010 0.1 012 012 0.I3
10 009 009 009 009 009 010 013 0.14 015 017 0.8 019 020 022 024 026 027
20 013 013 013 013 013 016 021 025 028 033 037 040 043 048 056 0.63 0.69
30 017 017 0.17 0.7 0.7 021 030 036 041 050 057 064 069 080 096 1.10 1.23
40 020 020 020 020 020 026 038 047 055 068 079 089 098 1.14 142 165 1.86
50 023 023 023 023 023 031 046 058 068 086 1.02 116 1.28 151 1.91 225 255
60 026 026 026 026 026 036 054 069 082 105 125 143 160 190 243 289 3.30
80 032 032 032 032 032 045 070 091 110 143 172 199 224 270 352 424 49|
100 035 037 038 039 040 057 091 120 146 1.92 234 272 3.09 375 495 603 7.02
120 036 041 045 047 049 071 1.15 1.54 1.88 251 3.07 3.60 4.09 501 6.67 817 9.57
140 038 045 051 055 058 085 140 1.87 231 309 381 448 511 630 845 1040 12.23
160 039 049 0.56 062 067 098 164 221 273 3.68 456 537 615 7.60 10.26 12.69 14.96
200 041 056 0.67 076 084 124 210 286 3.57 4385 6.04 7.16 823 1024 13.94 17.35 20.57
250 045 0.64 080 093 104 156 267 3.67 459 630 7.88 9.38 10.81 13.53 18.57 23.24 27.66
300 048 072 091 108 1.24 1.86 3.22 4.44 558 7.70 9.67 11.55 13.35 16.77 23.14 29.07 34.71
400 053 085 1.13 137 159 241 424 589 7.44 1035 13.07 1567 18.17 22.95 31.89 40.29 48.29
500 058 097 131 1.62 191 291 516 720 9.13 1275 16.16 19.42 22.57 28.60 39.95 50.63 60.84
600 0.63 107 147 1.84 219 336 597 837 10.63 14.89 18.92 22.78 26.51 33.67 47.18 59.93 72.15
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Table 5.5 Values for topographic factor, LS, for thawing soils where most of the erosion is caused by surface flow.

Slope length in feet
Slope 15 25 50 75 100 150 200 250 300 400 600 800 1000

%

0.2 0.02 0.03 0.04 0.05 0.06 0.07 0.09 0.10 0.10 0.12 0.15 0.17 0.19
0.5 0.04 0.05 0.07 0.09 0.10 0.12 0.14 0.16 0.17 0.20 0.24 0.28 0.31
1.0 0.06 0.08 0.11 0.14 0.16 0.20 0.23 0.26 0.28 0.32 0.40 0.46 0.51
2.0 0.11 0.14 0.20 0.25 0.29 0.35 0.4} 0.46 0.50 0.58 0.71 0.82 0.91
3.0 0.16 0.21 0.29 0.36 0.42 0.51 0.59 0.66 0.72 0.83 1.02 117 1.31
4.0 0.21 0.27 0.38 0.47 0.54 0.66 0.77 0.86 0.94 1.08 1.33 1.53 1.71
5.0 0.26 0.33 0.47 0.58 0.67 0.82 0.94 1.06 1.16 1.34 1.64 1.89 2.11
6.0 0.31 0.40 0.56 0.69 0.79 0.97 1.12 1.26 1.38 1.59 1.95 2.25 2.51
8.0 0.41 0.52 0.74 0.91 1.05 1.28 1.48 1.65 1.81 2.09 2.56 2.96 3.31
10.0 0.48 0.62 0.88 1.08 1.25 1.53 1.77 1.98 2.16 2.50 3.06 3.54 3.95
12.0 0.54 0.70 0.98 1.21 1.39 1.71 1.97 2.20 2.41 2.78 341 3.94 4.40
14.0 0.59 0.76 1.08 1.32 1.53 1.87 2.16 241 2.64 3.05 3.74 4.31 4.82
16.0 0.64 0.82 1.17 1.43 1.65 2.02 2.33 2.61 2.86 3.30 4.04 4.67 522
20.0 0.73 0.94 1.33 1.63 1.88 2.30 2.66 2.97 3.25 3.76 4.60 5.31 5.94
25.0 0.83 1.07 1.51 1.85 2.13 2.61 3.02 3.37 3.69 4.27 5.23 6.03 6.75
30.0 091 1.18 1.67 2.05 2.36 2.89 3.34 n 4.09 4.72 5.78 6.68 1.47
40.0 1.07 1.38 1.95 2.39 275 3.37 3.90 4.36 4.77 5.51 6.75 7.79 8.71
50.0 1.19 1.54 2.18 2.67 3.08 wn 435 4.87 5.33 6.16 7.54 8.71 9.74
60.0 1.30 1.67 2.37 2.90 3.35 4.10 4.74 5.30 5.80 6.70 8.20 947 10.59
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of the susceptibility of the soil to rill erosion relative to interrill crosion. A
slope length relationship has been developed specifically for the frozen
soil area of the Pacific Northwest of the U.S. (3, 4). A guide in the com-
puter program and users manual helps identify the appropriate relationship
for the particular field conditions.

Soil loss is much more sensitive to changes in slope steepness than to
changes in slope length. In the USLE, a 10 percent error in slope steepness
gives about a 20 percent error in computed soil loss. Thus, special atten-
tion should be given to obtaining good estimates of slope steepness. RUSLE
has a more nearly linear slope steepness relationship than the USLE. Com-
puted soil loss for slopes less than 20 percent are similar in USLE and
RUSLE. However, on steep slopes, RUSLE computed soil loss is reduced
up to about half that with USLE. Experimental data and field observa-
tions, especially on rangelands, do not support the USLE quadratic rela-
tionship when extended to steep slopes. RUSLE also provides a slope steep-
ness relationship for short slopes subject primarily to interrill erosion and
a steepness relationship for the frozen soil area of the Pacific Northwest,

In most practical applications, a slope segment previously estimated as
a single plane or uniform slope can be a poor representation of the topog-
raphy. In RUSLE and its computer program, complex slopes can be readily
represented to provide a better approximation of the topographic effect.
For example, a 300-ft slope having three equal scgments at 5 percent, 15
percent, and 10 percent slope has an LS value of 2.9 for a moderate rill to
interrill ratio. The same slope described as 300 fect at 10 percent has a LS
values of 2.44 or a 20 percent decrease.

C-FACTOR

The C-factor is perhaps the most important USLE/RUSLE factor be-
cause it represents conditions that can most easily be managed to reduce
erosion. Values for C can vary from near zero for a very well protected
soil to 1.5 for a finely tilled, ridged surface that produces much runoff and
leaves the soil highly susceptible to rill erosion.

Values for C are a weighted average of soil loss ratios that represent
the soil loss for a given condition at a given time, to that of the unit plot (a
unit plot is one maintained in clean-tilled fallow). Thus, soil loss ratios
vary during the year as soil and cover conditions change. To compute C,
soil loss ratios (SLR) are weighted according to the distribution of erosiv-
ity during a year (i.e., from the information in the city code and climate
data). In RUSLE, a subfactor method is used to compute SLRs as a func-
tion of four subfactors (2) given as
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C=PLU-CC-SC-SR [2]

where PLU is prior land use, CC is crop canopy, SC is surface or ground
cover (including erosion pavement) and SR is the surface roughness. In
the Pacific Northwest area where fallow is used to replenish soil moisture,
an additional term is included reflecting the moisture status of the profile.

For cropland, CC and SC and the associated below-ground biomass are
calculated from a crop and operation file. A residue decomposition calcu-
Jation (1) is used to make estimates of the amount of residue cover on the
soil surface and buried residue in the soil profile. The crop and operation
file gives the amount of below ground living biomass, canopy cover, and
canopy fall height by 15-day periods (see Figures 5.6 and 5.7). On range-
land, the user inputs ground cover, canopy cover; below-ground biomass
is then estimated from above-ground biomass using ratios that arc specific
to different ecological zones (5). Surface roughness values are also speci-
fied by the user from a list of typical values for different rangeland cover
conditions.

Ground (surface) cover is the term of the subfactors having the greatest
effect on crosion. The inclusion of erosion pavements results in large
changes in the value of the subfactor. Figure 5.8 illustrates the sensitivity
of the elements considered in the subfactors on the final C-factor.

Grazed effects on rangelands, pasture, and meadows are reflected in
the grazing-induced changes in canopy height, surface cover, and root bio-
mass. Finally, surface cover, as used in the USLE, reflected vegetation
and litter; in RUSLE, surface cover is given as 1.0 minus the amount of
bare soil which reflects the addition of litter in the form of rock and stone
to the conventional vegetative litter.

In Agriculture Handbook 537, SLRs were given in several tables for
differing crops and crop growth periods. In many instances, the SLRs were
developed for row spacing, crop varieties, and practices no longer used
and in other instances, the SLRs were just not available. In the RUSLE
approach, with a farming operation (Figurc 5.6) and crop file (Figure 5.7)
for which some fundamental data are available, SLRs can be calculated
and weighted at 15-day intervals to obtain a crop or annual
cover-management factor. Thus it is possible with the computer program
to assemble SLRs for most agronomic crops used in modern agriculture.

P-FACTOR

Of the USLE/RUSLE factors, values for the P-factor are the least reli-
able. The P-factor mainly represents how surface conditions affect flow
paths and flow hydraulics. For example, with contouring, runoff flows
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Field operation: moldboard (5-7 inches)

Effect #1: 2— % dist.: 100 roughness: 1.3 % left: 30 depth: 6
Effect §2: 8
Effect #3: 1
Effect §4: 1

Effect #5: 1 Operation effect list:

1. no effect
2. the soil surface is disturbed
enter effects in the 3. crop residue is added to the surface
order in which they occur 4. other residue is added to the surface
S.
6.

crop residue is removed from the field
the crop is harvested

7. the crop is planted

8. the crop is killed

9. call in a new crop growth file

Figure 5.6 Field operation example for a moldboard plow.

crop name: corn: category: 1
- weight per harvest unit: 56  residue-to-yield ratio: 1
i carbon: nitrogen ration: 100  stem constant u/R: 0.00120
residue at 30% cover (§/A): 1250 harvest units: bushels
Days Root Canopy Fall
After Mass Cover Height
Planting (pounds/acre/inches) (%) (feet)
; 15 0 0 0
30 23 10 5
45 45 50 1.2
60 68 80 2.5
75 136 100 5
90 136 100 6
105 136 100 6
120 136 100 6

Figure 5.7 Crop file for corn as might be grown in Indiana.

around the slope in channels formed by tillage. The grade and flow veloci-
ties could be much lower than in up-and-down hill flow paths. There are
many interacting variables that determine the effect of contouring. Size of
storm, antecedent soil water, and tillage type to name a few of these vari-
ables, interact in such a way that a contouring factor may vary widely
from storm to storm and field to ficld; these interactions have made it
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Figure 5.8 Sensitivity of soil loss ratio to subfactor elements.

difficult to document in the limited number of field studics dealing with
contouring. Likewise, identifying these subtle characteristics in the field is
difficult when applying RUSLE. Thus, P-factor values represent broad,
general effects of such practices as contouring.

RUSLE P-factors are treated as the product of subfactors computed
based on practices applied to the landscape. In RUSLE extensive data (both
field and model) have been analyzed to reevaluate the effect of contour-
ing. The results have been interpreted to give factor values for contouring
as a function of ridge height, furrow grade, and climatic erosivity. New P-
factor values for the effect of terracing account for grade along the terrace
while a broader array of stripcropping conditions are considered in RUSLE
than in USLE.

Finally, P-factors in RUSLE have been developed to reflect conserva-
tion practices on rangelands. The practices require estimates of surface
roughness and runoff reduction.
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COMPARISON OF RUSLE AND USLE

To illustrate some of the differences between RUSLE and USLE soil
loss estimates, calculations were made for a continuous corn field with
conventional tillage near Indianapolis, Indiana, and for a rangeland field
near Tombstone, Arizona. Table 5.6 summarizes the comparison and illus-
trates differences in individual parameter values.

For these illustrations, the changes in R-values are relatively insignifi-
cant. K-factor changes using the time varying factor in RUSLE led to a
smaller K value in Indianapolis and a larger value in Tombstone, a trend
obscrved frequently in our experience to date. Breaking a 300-ft-long slope
at 8 percent into three scgments (top of slope to the bottom) of 100 ft at 6
percent, 150 ft at 10 percent and 50 ft at 6 percent (the same total eleva-
tion change) produced greatly different LS values.

On the Indianapolis location, the 1.72 LS value in the USLE increased
to 1.94 in RUSLE, whereas the LS value for the RUSLE rangeland loca-
tion decreased to 1.52, from 1.72, indicating the reduced rill to interrill
erosion ratio on rangeland over that for cropland in addition to the slope
segmenting.

The C-factor values in both instances were lower for the RUSLE esti-
mates when compared to the values from Agriculture Handbook 537. In
still other instances, the C-factor values have been observed higher from
RUSLE than from the USLE.

The estimated soil loss for these two illustrations arc both less with
RUSLE than with USLE estimates from Agriculture Handbook 537. This
should not be considered to be the case for all locations.

Of greatest significance is that C-factor values can be estimated with
RUSLE for crops where SLRs were not available, i.e., there was no data
in Table 5 and 10 of Agriculture Handbook 537 to cover the particular
crop and operation. Given that the user can obtain data for developing a
crop file to cover the specific conditions encountered in his climatic con-
ditions (data to describe at intervals after planting the root mass in the
upper four in., canopy cover, fall height, carbon/nitrogen ratio, residue to
yield ratio and characteristics of the residuc stem), SLRs with which to
calculate a C-factor can be made for any crop. Furthermore, new tillage
implements can be added to the operations file to cover an infinite range
of activities with which to simulate their effect on soil loss.
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Table 5.6 Summary of RUSLE and USLE soil loss estimates for two locations.

e

Location

Continuous corn/Indianapolis, IN Rangeland/Tombstone, AZ
Factor RUSLE USLE RUSLE USLE
R 180 175 65 70
‘K 0.32 0.37 0.32 0.26
1Ls 1.94 1.72 1.52 1.72
C 40.236 50.252 10.014 *0.038
P 1.0 1.0 1.0 1.0
A 26.4 28.1 0.44 1.19

*Used a Miami silt loam in Indianapolis and a Stronghold gravelly sandy loam in Tombstone.

1Used a 300 ft slope length at 8 percent in USLE and a three segment 100 ft at 6 percent, 150 ft
at 10 percent, and 50 fi at 6 percent in RUSLE.

tUsed continuous com with 8-in. deep moldboard plowing on 4/10, tandem disk on 4/15, row
planter on 4720, row cultivator on 5/15, and harvest on 10/13 with 120 bw/A yield.

$Used continuous corn with SLRs from line 1 of Table 5 in Agriculture Handbook 537.

Jsed 0.8 roughness, 60 percent ground cover, 25 percent canopy cover, 4000 1b/A root
biomass in the upper 4 in., and a canopy height of 1 ft.

tUUsed Table 10 of Agriculiure Handbook 537 with grass, 25 percent cover, and 60 percent
ground cover.

SUMMARY

RUSLE retains the basic structure of the USLE with soil loss estimated
for a slope profile as the product of the terms reflecting the climatic ero-
sivity represented by R, soil erodibility represented by K, topography rep-
resented by LS, and land use, and management and conservation support
practices represented by CP. Incorporation of the technology in a com-
puter program facilitates the calculations.

New climatic erosivity values have been calculated which reflect the
variability of R in the mountainous conditions of the western U.S. Correc-
tions have been introduced in high R-valuc areas with flat slopes. It is
recognized that in these areas, ponded water on the soil reduces the erosiv-
ity of the rain.

The soil erodibility term K is varied seasonally being highest in spring
and lowest in late fall synonymous with soil freezing. Although the K val-
ues are generally obtained from the erodibility nomograph, alternative
methods are used for volcanic soils (such as dominate in Hawaii) and an
alternative proposed for use as a function of average soil particle diameters.
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The topographic factors L and S are evaluated using four separate slope
length relationships. Three are a function of slope steepness and the sus.
ceptibility of the soil to rill erosion relative to interrill erosion. A specific
slope length relationship has been developed for the frozen soil areas of
the Pacific Northwest where rilling and freeze-thaw phenomenon domi-
nate. In RUSLE, and its computer programs, complex slopes can be readily
represented to provide a better approximation of the topographic effect.

Soil loss ratios are calculated with time dependent functions that ad-
4&: dress subfactors reflecting prior land use, crop canopy, surface or ground

b cover, and surface roughness. For time invariant conditions encountered
Eﬂ. on range and pasture land, the user inputs ground cover, canopy cover,
and below-ground biomass. Grazing effects are reflected in the grazing

induced changes in canopy height, surface cover, and root biomass.

The conservation practice value represents broad, general effects of such
practices as contouring, strip cropping, subsurface drainage, and terracing.
P-factors have also been developed to reflect conservation practices on
rangeland and require the user to cstimate surface roughness and runoff
reductions.
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