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The optimal estimation method for K value of soil erodibility:
A case study in Ansai Watershed
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Abstract  Background Soil erosion has become a global ecological and environmental problem. It is
now being recognized as a severe threat to socio-ecological security and stability and it is relative with
the food security resilience to climate change and geosocial stability. Soil erosion is particularly acute in
the Loess Plateau. In order to control soil erosion the quantitative study of soil erosion must be
strengthened. Soil erosion is affected by many factors such as climate vegetation and land use and soil
properties. Among those factors soil erodibility has been qualitatively evaluated as a key indicator for
estimating soil loss and usually being measured by K value. The research of soil erodibility is significant

to understand the principle of soil erosion to estimate soil erosion modulus quantitatively and to control
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soil and water loss reasonable. The estimation method of soil erodibility is numerous but the regional
applicability of different models remains to be discussed. Methods We conducted a study to select the
optimal estimation method of soil erodibility ( K value) based on the basic data of precipitation soil
remote sensing images and socioeconomic data in Ansai Watershed. We used GIS technology and CSLE
model to calculate soil erosion modulus in 2006 —2014 and compared it with the corresponding monitoring
value of sediment. Tthe K value was calculated by EPIC  NOMO M-NOMO Torri and Shirazi model.
The comparison between the simulated value of soil erosion modulus and the monitoring value of sediments
is based on the principle that the mean absolute error ( MAE) the mean relative error ( MRE) and the
root-mean-square error ( RMSE) are closer to O the accuracy factor ( 4;) is closer to 1 the regional
applicability of model is higher. Results The mean soil erosion modulus of Ansai watershed in 2006—
2014 based on the five models of EPIC NOMO MNOMO Torri and Shirazi was 65.59 106. 00
108.47 76.69 and 47. 68 t/hm” respectively. The mean monitoring value of sediment in corresponding
year was 17. 73 t/hm’. Based on the above evaluation indexes we knew that the Shirazi model’s regional
applicability was the highest the value of MAE MRE and RMSE was 30.93 3.25 and 43.66
respectively the A, value was 4.41 The regional applicability of EPIC model took second place the
value of A; was 5.80 The regional applicability of Torri model was in the middle level. The regional
applicability of NOMO model and M-NOMO model was lowest it had the biggest difference with the
actual situation the A; value was 7.99 and 7. 88 respectively.  Conculsions Based on the above
analysis we concluded that the Shirazi model had the best applicability in study area comparing to the
other four K value estimation methods. We should be preferred to choose the Shirazi model in the future
watershed scale soil erodibility ( K value) estimation and soil erosion evaluation.

Keywords: soil erodibility ( K value) ; China soil loss equation; model optimization; Ansai Watershed
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Tab.1 Statistics characteristics of soil erodibility factor value ( K)
K-sp
Method Samples Mean Max Min Median +SD Skew Kurt C,
EPIC 0. 046 0. 060 0.032 0. 045 0. 005 0. 408 0. 946 0. 109 1.102
NOMO 0.073 0. 092 0. 046 0.074 0. 008 -0. 447 0. 956 0.110 0.775
M-NOMO 151 0.075 0. 088 0.047 0.075 0. 005 -1.079 4.353 0. 067 0.910
Torri 0. 053 0. 066 0. 009 0. 053 0. 006 -2.639 16. 872 0.113 1. 871
Shirazi 0. 033 0. 044 0.018 0. 033 0. 006 0. 059 0. 009 0.182 1.017
i Ko~ Koo~ Kynouo~Kre - Kgnw  0.047 ~0.088.0.009 ~0.066  0.018 ~ 0. 044

0.032 ~0.060.0.046 ~0.092,

1.875.2.000. 1. 872,



2017

56

7.333 2.444 K o« K N N
0 K N
K o N o
Ky~xomo C. 0.067 <10% Koo 2) o SPSS 20.0 K
; Kypic s ( 3)- 5 K
KNOMO N K’]‘m'ri KShirazi Cv O' 109 N 0‘ 1 10 N 0 °
0.113  0.182 10% ~ 100% K-S K-SP >0.05
o K o
3 K
Fig.3 Frequency distribution of soil erodibility factor value ( K)
3) o K
Kriging
3 40 K 40
K
X K Kriging K ( 4,
; K N 4 KEPIC N KNOMO N KT()rri KShirazi
N o K
ArcGIS 10. 1 o
( 2.
2 K o
o Kipe Ky xomo
C,/(C, + C) 1% <25% .

Kipre ; Kyowo~

KM-NOMO N KT()rri KShirazi °

CO/( C, + C) 52% ~49% 54 % 42 % 3.1.2 R 20

25% ~T75% Krig-
o 61.09 m 733.06 m ing R ( 5o



6 K — 57
2 K
Tab.2 Semivariance function analysis results of soil erodibility factor value ( K)
/
Method Model Nugget x 10 " Partial sill x 10 = Sill x 10 ~° Col/(Co +0C) Lag/m Range/m
Spherical 8. 06 18.54 26.61 0.30 61.09 733. 06
EPIC Exponential 2.91 24. 08 27.00 0.11 61.09 733. 06
Gaussian 12.78 14.78 27.55 0. 46 61.09 733.06
Spherical 72. 89 53.82 126.71 0.58 61.09 733. 06
NOMO Exponential 80. 32 42.05 122.37 0. 66 61.09 733. 06
Gaussian 72.24 65.97 138.22 0.52 61.09 733.06
Spherical 30. 39 16.90 47.29 0. 64 61.09 733.06
M-NOMO Exponential 31.79 0 31.79 1. 00 61.09 733. 06
Gaussian 29.44 30. 89 60. 33 0.49 61.09 733.06
Spherical 26.49 20. 80 47.29 0.56 61.09 733. 06
Torri Exponential 32.17 14.32 46.49 0. 69 61.09 733. 06
Gaussian 26. 40 22.29 48. 69 0. 54 61.09 733. 06
Spherical 13.12 14.92 28. 05 0. 47 61.09 733.06
Shirazi Exponential 20. 60 4.96 25.56 0. 81 61.09 733. 06
Gaussian 12.78 17.57 30.35 0.42 61.09 733. 06
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Fig.4 Spatial distribution of soil erodibility factor K in the study area
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5 R
Fig.5 Spatial distribution of rainfall erosivity factor R in the study area
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Tab.3 Engineering measure factor value in the study period ( E)
Year 2006 2007 2008 2010 2011 2012 2013 2014
E E value 0.85 0. 85 0.85 0. 85 0.84 0.85 0. 88 0. 88
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T .
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3.3 K
ArcGIS 10. 1 2006—2014
( MAE) . ( MRE) .
( RMSE) (A))
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in the study area 65.59.106. 00.108. 47.76. 69
] T 0.10 47.68 t/hm*.
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9

Fig.9 Spatial distribution of soil erosion in the study area
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abecde EPIC. N Torri Shirazi
a b ¢ d e refer to the results based on EPIC NOMO M-NOMO Torri Shirazi model respectively.
9 )
Fig. 9( Continued) Spatial distribution of soil erosion in the study area
4 K

Tab.4 Regional suitability evaluation of different K value models in watershed area

Simulation value of soil erosion modulus/( t*hm ~2)

Year Monitoring value of sediment/( t*hm ~2) EPIC NOMO M-NOMO Torri Shirazi
2006 19.90 44. 47 71.83 73. 60 51.97 32.32
2007 37.26 39.11 63.12 64.71 45.73 28. 42
2008 9.00 24.13 38.96 39.90 28.20 17. 54
2009 12.10 106. 29 171.53 176. 38 124. 59 77.07
2010 18. 80 39. 85 64. 34 65.99 46. 63 28. 94
2011 6. 84 32.40 52.35 53.72 37.96 23.56
2012 11.70 33.91 54.72 56. 19 39.72 24. 61
2013 40. 00 179. 74 290. 90 296. 68 209. 87 130. 86
2014 3.94 90. 37 146. 24 149. 08 105. 52 65.79

Average 17.73 65. 59 106. 00 108. 47 76. 69 47. 68
MAE 47. 86 88.27 90. 75 58.96 30.93
MRE 4.77 8.33 8.54 5.75 3.25
RMSE 65.23 114.93 117. 82 78.76 43. 66
Ay 5.80 7.88 7.99 6.48 4.41

4 © K M-NOMO
1) 5 K
KMNOMO > KN()M() > KTorri > KEPIC > KShirazi ° °
KEPIC N KNOMO N KTorri KShirazi 2) 5 K
K o EPIC. N
o Torri Shirazi 2006—2014

65.59.106.00. 108. 47.76. 69
47.68 t/hm’,
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