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Abstract

Applicability of three soil erosion models for burnt hillslopes was evaluated. The models were estimated with the data from
plots established after tremendous wildfire occurred in the east coastal region. Soil erosion and surface runoff were simulated
by the Water Erosion Prediction Project (WEPP) and the Revised Universal Soil Loss Equation (RUSLE) of application mode
for disturbed forest areas and the Soil Erosion Model for Mountain Areas (SEMMA) developed for burnt hillslopes. Simulated
sediment yield and surface runoff were compared with the measured those. In maximum value of sediment yield, three models
was under-predicted and RUSLE and WEPP had difference of over two times. SEMMA showed the best model response coef-
ficient, determination coefficient and the model efficiency. In application of models to the soil erosion according to the elapsed
year after wildfire, all models were underestimated in initial stage disturbed by wildfire. Evaluation of models in this burnt hill-
slopes was shown the tends to under-predict soil erosion for larger measured values. Although a lot of sediment can be gen-
erated in small rainfall event as fine-grained soil of the high water repellency was exposed excessively right after wildfire, this
under-prediction was shown that those models have a limit to estimate the weighted factors by wildfire.
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Table 1. Characteristics of topography, soil and vegetation in each plot
T e I I Y e R i Al B
(m) ©) (mm) (%) (%) (%)

SC6 28.7 6.57 353 20 0.78 37.0 4.84 80-85 30-75 5

SC7 16.4 5.46 21.5 230 0.95 21.3 3.97 30-35 20-30 5

SC8 9.7 3.27 27.8 260 1.05 343 4.38 20-35 8-20 5

SC9 13.1 4.29 26.4 180 0.67 33.4 3.96 75-85 60-75 5

SC18 27.2 6.80 31.0 180 0.97 32.6 3.79 85 85 5

1W3 29.5 8.75 23.5 330 2.36 31.1 3.60 30-55 0-10 5

W7 21.1 5.50 20.0 15 225 27.2 2.47 40-55 15-40 4

IW8 67.7 14.92 16.0 280 2.45 26.5 291 45-55 15-30 3

IW9 26.4 8.37 27.0 260 2.29 264 341 65-85 35-80 2

W14 30.3 9.90 26.0 255 2.13 29.0 3.50 20-25 0-5 5

Ave. 27.0 7.38 25.5 201 1.59 29.9 3.68 54.5 359 4.4

S.D. 16.0 3.35 5.5 106 0.76 4.7 0.68 24.12 28.0 1.1
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Fig. 1 Comparison of surface runoff depth and infiltration depth with rainfall depth according to vegetation coverage
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Fig. 2 Relation of rainfall depth and maximum rainfall intensity to sediment yield according to vegetation coverage
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Table 2. Sensitivity analysis (S;) of main input parameters of RUSLE, WEPP (Schréder, 2000) and SEMMA. Bold values
indicate the input parameters that have the influence on the response variables (S, > +0.90)

RUSLE WEPP SEMMA

Parameter Sy Parameter Sy Parameter Sy
Rainfall index 1.00 Rainfall intensity 1.92 Rainfall index 0.99
Amount of rainfall 1.00 Rainfall duration 1.15 Amount of rainfall 0.95
Rainfall intensity 1.00 Interrill cover -0.08 Rainfall intensity 0.87
Rainfall duration -0.29 Rill cover -0.81 Rainfall duration -0.18
Cover factor 1.00 Bulk density 0.00 Vegetation index -1.03
Bare & fine root mass 1.00 Ridge height -0.00 Weight of fine roots -1.00
Canopy coverage -0.68 Ridge roughness -1.87 Vegetation coverage -1.03
Height of canopy 0.56 Submerged residue mass 0.19 Soil index 0.67
Erodibility factor 1.00 Initial soil saturation level 1.11 Organic matter -0.52
Percentage organic matter -0.34 Effective conductivity -1.23 Mean size of soil particles 0.54
Percentage clay -0.01 Interrill erodibility 0.28 Depth of the soil layer -0.54
Percentage silt 0.22 Rill erodibility 0.83 Ratio of soil 1.54
Percentage very fine sand 0.07 Organic matter -0.41 Topography index -1.10
Length and slope factor 1.00 Cation exchange capacity 0.25 Slope angle -1.08
Slope angle 0.98 Critical hydraulic shear -1.45 Slope length -0.86
Slope length 0.79 Rock volume in topsoil 0.16

Slop length 1.09

Slope steepness 1.07
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Table 4. Comparison of statistical analyses of the measured values in the fields and values simulated by RUSLE, WEPP, and
SEMMA for sediment yield and surface runoff (N=74)

Statistical Sediment yield (g/m?) Runoff (/m?)
parameters Measured RUSLE WEPP SEMMA Measured WEPP SEMMA
Min 2.79 3.14 0.50 1.09 2.10 1.37 0.95
Max 17994.11 5470.05 6141.60 15403.19 492.58 842.64 679.33
Mean 462.05 282.00 310.59 337.99 49.99 72.26 48.59
S.D. 2295.40 869.62 1040.74 1846.77 76.53 178.52 98.13
Conr 0.347 0.387 0.789 1.913 1.142
R? - 0.771 0.670 0.967 - 0.797 0.888
Ens - 0.525 0.542 0.933 - -1.297 0.788

C,» is the coefficient of model response (If 0.5 < C,, < 2.0, those are Bold values)
R? is the coefficient of determination (If 0.5 < R’ those are Bold values)

Eys is the Nash-Sutcliffe simulation efficiency (If 0.5<Ejys, those are Bold values)
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Table 3. Comparison of real sediment yield with results simulated by RUSLE, WEPP and SEMMA

Model Ranges Min. Max. Ave. S.D. Cur R Ens
1 16.78 834.5 | 14097 | 23146
Elapsed year after 2 11.98 | 17994.1 | 1524.84 | 4307.44
wildfire
3 279 | 2306 | 3215 50.85
. 0<Vc<30 13.91 | 17994.1 | 1039.89 | 355834
Real sediment Vegetation
yield coverage 30<Ve<70 4.19 196.9 41.15 51.29 - - -
0,
(%0) 70 < Ve < 100 279 | 475.0 86.70 | 144.48
0<RE < 80 2.79 106.9 5126 |  38.43
Ram(f;llln ‘;epth 80 < RE < 380 3.22 8345 | 103.74 | 17043
380 <RE 8.84 | 17994.1 | 281822 | 5952.71
1 3.14 149.3 4630 | 4955 0202 | 0321 0.083
Elapsed year after 2 1370 | 5470.1 | 87891 | 154256 | 0348| 0727| 0484
wildfire
3 4.15 3126 | 6823 72.17 1310 | 0283 | -0.580
0<Vec<30 6.36 | 5470.1 | 44294 | 1237.13 0.343 0927 | 0521
RUSLE Vegeta“‘(’;) )°°Verage 30 < Ve <70 29.13 326.1 | 108.33 92.51 1916 0447 | 2212
70 < Ve < 100 314 | 26915 | 21654 | 608.08 | 2902 | 0521 | -12.446
0<RE <80 3.14 143 7.60 356 | 0.105| -1.170 | -1.373
Ram(f;'rln ‘;epth 80 < RE < 380 6.16 5375 94.69 | 102.62 0446 | -0.100 0.176
380 <RE 90.95 | 5470.1 | 158526 | 1970.77 | 0347 | 0656 | 0430
1 240 | 2874 56.75 7020 | 0.295 0628 | 0274
Elapsed year after 2 330 | 6141.6 | 1003.17 | 1856.45 0.387 0.608 0.503
wildfire
3 0.50 | 442.0 5275 | 101.03 1397 | 0418 | -1.519
0<Vec<30 280 | 6141.6 | 49337 | 1453.93 0.381 0.828 |  0.555
WEPP Veg"ta“‘(’%)""verage 30<Ve <70 050 | 2159 | 4341| 5701 1070| 0946 | 0925
70 < Ve < 100 0.60 | 3821.0 | 284.66| 785.00| 3.840 | 0.550 | -23.376
0<RE < 80 2.40 385 12.90 11.44 0212 0113 | -0.902
Rainfall depth >
(mm) 80 < RE < 380 0.50 | 4309 8621 | 114.23 0576 | 0437 |  0.500
380 <RE 43.00 6141.6 1834.62 2391.97 0.386 0.503 0.532
1 1.97 | 4053 59.05 | 104.63 0.421 0.871 0.507
Elapsed year after 2 540 | 154032 | 1117.74 | 349419 | 0790 | 0966 | 0928
wildfire
3 1.09 | 3178 | 4425 63.12 1215 0.846 |  0.699
0<Vc<30 20.81 | 154032 | 777.55 | 2870.03 0.381 0.828 | 0931
SEMMA Vegeta“?;) )c"verage 30 < Ve <70 13.99 75.2 34.28 19.16 1.070 0.946 0.344
70 < Ve < 100 1.09 | 4408 | 41.06| 116.61 3.840 | 0550 | 0410
0<RE <80 1.09 54.8 22.68 1932 0372] 0.106| -0.385
Ra‘“(fr“r‘l'l'n‘;epth 80 < RE < 380 1.28 405.3 61.79 82.33 0.576 0.437 0.895
380 < <RE 224 | 154032 | 2152.57 | 483659 |  0.791 0964 | 0922
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