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A Study to Determine the Slope Length and Steepness Factor of Universal Soil
Loss Equation with Determining and Adapting Major Slope Length at Field Scale
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ABSTRACT

Universal Soil Loss Equation (USLE) is to estimate potential soil loss and has benefit in use with its simplicity. The equation is composed of five
factors, one of the factors is the slope length and steepness factor (LS factor) that is for topographic property of fields to estimate potential soil loss.
Since the USLE was developed, many equations to compute LS was suggested with field measurement. Nowadays the factor is often computed in GIS
software with digital elevation model, however it was reported that the factor is very sensitive to the resolution of digital elevation model. In addition,
the digital elevation model of high resolution less than 3 meter is required in small field application, however these inputs are not associate with the
empirical models’ backgrounds since the empirical models were derived in 22.1 meter field measurements. In the study, four equation to compute LS
factor and two approaches to determine slope length and steepness were examined, and correction factor was suggested to provide reasonable precision
in LS estimations. The correction factor is computed with field area and cell size of digital elevation model, thus the correction factor can be adapted
in any USLE-based models using LS factor at field level.
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Sites Location (m?) (%)
Site 1 Jeongsan-—ri, Buron—myeon, Wonju—si, Gangwon—do 293.4 43,43
Site 2 Hwahak-ri, Annam—myeon, Okcheon—gun, Chungcheongbuk—do 338.3 9.90
Site 3 Gaya-ri, Gangcheon—myeon, Yeoju—si, Gyeonggi—do 511.5 6.61
Site 4 Gaya-—ri, Gangcheon—myeon, Yeoju—si, Gyeonggi—do 581.1 7.44
Site 5 Gaya-ri, Gangcheon—myeon, Yeoju—si, Gyeonggi—do 612.5 5.20
Site 6 Deoksong-ri, Jeongseon—eup, Jeongseon—gun, Gangwon—do 787.2 30.95
Site 7 Jeongsan—ri, Buron—myeon, Wonju—si, Gangwon—do 1,171.9 25,70
Site 8 Bunje-ri, Hoenam—myeon, Boeun—gun, Chungcheongbuk—do 2,169.0 12.69
Site 9 Deokeun—ri, Sotae—myeon, Chungju—si, Chungcheongbuk—do 4,0791 13.01
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Fig. 1 Measurement topographic information of nine fields
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Table 2 Equations to determine LS factors

No. Equations Model parameters
£>0.05:m=0.5
E . —
Eq.1 LS=(\/22.13)™ X (65.4SI2 3+ 4.5 5in3+ 0.0654) 0.03 <3< 0.05:m=0.4

0.01 <3< 0.03:m=03
B<0.01:m=02

(10.8sin3+0.03),if3 < 0.09
Eq.2 LS=()/22.13)" x{(lG 8sing—0.5),if3 > 0.09
(3sin’8340.56),1fA < 4.5

m=F/(1+F) _
A>4.5: F= $in53/0.0896

sin”®340.56
A<45: F=0

Eq.3 LS=(7/22.13)™ < (sin3/0.0896)"

Eq.4 LS=(m-+1)x()\/22.13)™

X (sinB/0.0896)"

Table 3 Methods summary to determine LS factor

Methods Eq;a;tlon Determination of LS
M cen 1 1. To designate A is cell size (CE) of which flow direction is 1, 4, 16, and 64 (flow direction type 1)
Mz, cer P 2. To designate A is V2 CE of which flow direction is 2, 8, 32, and 128 (flow direction type 2)
3. To determine slopes for each cell
Ms.cer 3 4. To compute LS for each cell
M celn 4 5. To compute mean LS of all cells in field
M wajor 1 1. To determine major flow direction
2. To determine As by flow direction, A, is multiplication of CE and the number of cells if flow
Mz jor 2 direction type 1, A, is multiplication of V2 CE and the number of cells if flow direction type 2
M3 major 3 3. To compute mean A
4. To determine slopes for each cell and compute mean slope
Ma Major 4 5. To compute LS with mean A and mean slope
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Table 4 LS factors by four equations and two approaches
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Min, 0.898 1,336 0.809 1,133 1,745 1,065 1,602 2.242
Max, 1,807 1,769 1,465 2.051 7.021 3.523 4,590 6.425
Site 1 Mean 1,607 1,543 1,337 1,872 3.781 2.032 2.839 3.975
S. D, 0,224 0.135 0,166 0,232 1.608 0,738 0.914 1,280
Ratio 2.013 1,323 1,810 1.810 4,024 3.308 2.866 2.866
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Min, 0.059 0.779 0.073 0.103 0.280 0.370 0,278 0.390
Max, 0,169 0,836 0,174 0,244 0.436 0,545 0.459 0,643
Site 3 Mean 0.135 0.809 0.145 0.203 0.358 0.455 0.368 0.515
S. D, 0,031 0.017 0.027 0.038 0.047 0,052 0.054 0.076
Ratio 2.874 1,072 2.371 2.371 1,559 1,472 1,649 1,649
Min, 0,058 0,799 0,088 0,123 0,295 0,376 0.299 0.419
Max, 0.183 0.865 0.200 0.280 0.526 0.631 0,552 0.773
Site 4 Mean 0.143 0,830 0,171 0,239 0,390 0.483 0.407 0,570
S. D, 0.036 0.021 0.031 0.044 0.070 0.079 0.079 0.110
Ratio 3.178 1,083 2.286 2.286 1,786 1.678 1.847 1,847
Min, 0.053 0.729 0.055 0.077 0.166 0.218 0,132 0.185
Max, 0,131 0.791 0,111 0,155 0,290 0,378 0,291 0,408
Site 5 Mean 0.110 0.758 0.100 0.140 0.215 0.289 0.203 0,284
S. D, 0.022 0.020 0,015 0.021 0.039 0,049 0,049 0,069
Ratio 2,484 1,085 2.020 2.020 1,750 1,735 2.200 2.200
Min, 0,483 1,386 0,557 0,779 3.454 2,656 2,757 3.860
Max, 1,629 1,517 1,463 2.048 5,591 4,274 3.991 5,588
Site 6 Mean 1,268 1,451 1,192 1,669 4.411 3.375 3.321 4,649
S. D. 0.335 0.040 0.260 0.364 0.663 0.494 0.383 0.537
Ratio 3.370 1,095 2,628 2,628 1,619 1,609 1,448 1,448
Min, 0.330 1,283 0.418 0.585 2.909 2.589 2.426 3.396
Max, 1,135 1,388 1,119 1,567 4,102 3.474 3,165 4,431
Site 7 Mean 0.871 1,335 0,902 1,263 3.493 3.035 2.794 3.911
S. D, 0,234 0.033 0,201 0,281 0,368 0.273 0.228 0.319
Ratio 3.438 1,082 2.679 2.679 1,410 1,342 1,305 1.305
Min, 0.110 0.97 0,173 0.242 0,771 0,780 0.809 1,133
Max, 0.392 1,032 0.461 0.646 1,222 1,247 1,194 1,672
Site 8 Mean 0,297 1,000 0,372 0.520 0,967 0,973 0,980 1,371
S. D, 0.082 0.020 0.082 0.115 0.138 0.144 0.119 0.166
Ratio 3.562 1,063 2,671 2,671 1,585 1,599 1.476 1,476
Min, 0.121 1,007 0.185 0.259 1,605 1,759 1,475 2.065
Max, 0,472 1.040 0,544 0,761 1,968 2,213 1,752 2,453
Site 9 Mean 0.344 1,023 0.421 0.589 1,773 1,968 1,605 2,247
S. D. 0.103 0,010 0.103 0,145 0.110 0.137 0.084 0.118
Ratio 3.909 1,033 2.940 2.940 1,226 1,258 1,188 1,188
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Fig. 7 Ratios of LS (computed with DEM resolution 0,15 to 3,00 m) to
LSo.15 (computed with DEM resolution 0.15 m) with Ma yejor
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Table 5 LS factors with the adjusting factors
Sites Stats. MB,Major,Cor MA,Major,Cor Sites Stats_ MS,Major,Cor MA,Major,Cor
Min, 3.841 5.377 Min 4117 5.763
Max, 4773 6.683 Max, 5.106 7.148
Site 1 Mean 4,188 5.863 Site 6 Mean 4,449 6.229
S. D. 0.255 0.357 S. D. 0.305 0.427
Ratio 1,243 1,243 Ratio 1,240 1,240
Min, 0.711 0.996 Min, 3.254 4,555
Max, 0.867 1,213 Max, 4,013 5.618
Site 2 Mean 0.750 1.050 Site 7 Mean 3.575 5.005
S. D. 0.047 0.065 S. D. 0.237 0.332
Ratio 1,219 1,219 Ratio 1.233 1,233
Min, 0.475 0.665 Min, 1,126 1.577
Max, 0.606 0.848 Max, 1,221 1,710
Site 3 Mean 0.520 0.728 Site 8 Mean 1.163 1.628
S. D. 0.040 0.056 S. D. 0.025 0.035
Ratio 1,275 1.275 Ratio 1,084 1,084
Min, 0.540 0.756 Min, 1,777 2.488
Max, 0.609 0.853 Max, 1,827 2.558
Site 4 Mean 0.561 0.785 Site 9 Mean 1.794 2.512
S. D. 0.018 0.025 S. D. 0.018 0.025
Ratio 1,128 1,128 Ratio 1.028 1,028
Min, 0.261 0.365
Max, 0.301 0.421
Site 5 Mean 0.275 0.385
S. D. 0.012 0.017
Ratio 1.154 1.154
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