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Abstract: Based on an improved soil erosion algorithm for the karst area of Southern China we quantitatively analyzed the
spatialtemporal evolution processes of soil erosion and used the CA-Markov model to predict the future situation of soil
erosion in the karst valley in Southern China. Our major findings are as follows: (1) The total amount of soil erosion in the
karst valley decreased from 61.86 x 107 t/a to 2.97 X 10" t/a from 2000 to 2015 and the annual average erosion modulus of
the area reduced from 21.61 t hm™ a™' to 1.04 t hm™ a™'. The area of erosion corresponding to the grades mild and below
mild increased by 76.13 x 10° hm®> while that corresponding to the grades strong and above strong decreased by 46.90 x
10° hm® indicating that the erosion situation reduced significantly. (2) There are some differences in soil erosion between
different geomorphological types. The erosion modulus in the plain area was the smallest while that in the basin area was
the largest nearly four times the erosion modulus in the plains. (3) From 2000 to 2015 the mild and above mild erosion
levels in the karst valley gradually shifted to the level of micro-erosion and the rate of shift in soil erosion grade from the
high to low grade reached more than 98% showing a general trend of improvement. (4) We simulated the future trend of
the soil erosion grade evolution in the trough valley in 2020 based on the CA-Markov model. The overall Kappa coefficient
reached 0.9788 and the consistency was the best. (5) By 2020 the soil erosion level in the trough area would be micro—
degree i.e. mild erosion and the soil erosion condition would be further improved. The results of this study could provide
theoretical and data references for the evaluation of current soil erosion control strategies and future prevention and control

measures in the karst valley.

Key Words: soil erosion; karst; spatial4emporal pattern; CA-Markov model; valley
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100m. o
1
Table 1 Data sources
Data types Data Sources Websites
Boundary of Velley http: //www.karstdata.cn/
Distribution Map of Karst
Lithology Map
( DEM) Digital Elevation Model http: //www.gscloud.cn/
( NDVI) Normalized Difference Vegetation Index NASA LP DAAC https: //lpdaac.usgs.gov
Daily meteorological data http: //data.cma.cn
Land Use http: //www.resdc.cn
Soil types
Landform types
90 (P mm) . (£ mm) (T <€)
1.3
14

A=RXKXLxSXxCXxP

A (thm™a™');R ((MJ mm) /( hm* h)); K
((t hm* h) /( hm®> MJ mm) ) ; L.S ; C P o
2, SL.190—2007 {
» o
1.4 CA-Markov
CA-Markov
15-16
IDRISI Logistic CA-Markov
1.5
o Kappa
) 17-18
2 Kappa
Table 2 Classification Criteria of Kappa
Kappa (- 0.00 0.00 0.20 0.20 0.40) 0.40 0.60) 0.60 0.80) 0.80 1.00)
Consistency
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2
2.1
2000 61.86x10" t/a 21.61 t hm™ a™'; 2005
16.48x107 t/a 5.76 t hm™ a™"; 2010 15.93x107 t/a
5.57 thm™a™'; 2015 2.97x10" t/a 1.04 t hm™
a’'e 2000 2005 .2010 2015

73.36%-74.25%  95.20%; 2000 2015

o

o 3.34 thm™a™;
752 thm™2a ' 7thm?a™’ X
12.81 thm™a' 11.82 t hm™ a™' .
1 4 - 2000

1
Fig.1 Spatial distribution of soil erosion intensity in karst valley
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; 2005—2010
;2015
3 o
3 209.59%10° hm*.270.91x10°
hm?.272.26%10° hm? 285.72x10° hm’ 73.21% 94.64% 95.10% 99.81%;
46.97%x10° hm*.5.84x10° hm*.2.09
x10° hm’ 0.07x10° hm’ 16.4%2.04%.0.73% 0.02%. 15
76.13%10° hm’ 36.32%; 46.90x10° hm’
99.85% 2000—2015 o
3
Table 3 Statistics of soil erosion in karst valley
v Erosion class Area ratio/ Proportion Average modulus/ Total soil loss/
car rosion class %x10°hm? of area/% (thm2a™h) (%10 t/a) Erosion ratio/%
2000 171.67 59.96 1.18 202.15 3.27
37.91 13.24 13.51 512.39 8.28
29.73 10.38 36.77 1093.25 17.67
23.14 8.08 63.61 1471.79 23.79
19.45 6.79 105.63 2054.07 33.21
4.39 1.53 194.04 852.01 13.77
2005 223.10 77.94 1.21 270.02 16.39
47.81 16.70 11.16 533.46 32.38
9.50 3.32 34.86 331.23 20.10
3.50 1.22 62.28 217.77 13.22
1.89 0.66 104.04 196.16 11.91
0.46 0.16 216.58 99.00 6.01
2010 206.03 71.97 1.23 253.44 15.91
66.23 23.13 12.15 804.51 50.50
11.94 4.17 33.38 398.40 25.01
1.80 0.63 60.12 108.38 6.80
0.28 0.10 94.67 26.22 1.65
0.01 0.00 203.87 2.09 0.13
2015 275.98 96.41 0.56 153.91 51.80
9.74 3.40 10.93 106.42 35.82
0.47 0.17 55.60 26.40 8.89
0.05 0.02 126.60 6.76 2.27
0.01 0.004 217.10 2.70 0.91
0.0014 0.0005 663.14 0.92 0.31
21 o
o 15
N 1465.03%10° t/a.2051.37x10° t/a 851.09x10° t/a
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Fig.2 Spatial distribution of changes in soil erosion intensity in karst valley
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o (2000—2015 )  39.80% 0.03%
o 2000 —2005 32.49% 2005—
2010 9.47% 2005—2010
(14.29%) (9.47%) 2010 2005 10% "
4 2000—2005 N
61.25%;
48.35% 36.03%; N
43.65% 41.34%.36.89% 45.36% 26.32% 46.23%
90% 2000—2005 o
4 2000—2005 /x10*hm?
Table 4 Transition matrixes of various soil erosion grade area from 2000 to 2005 in valley
2005
2000
Micro-degree 166978.55 4545.5 71.38 6.15 0.55 0.01
Mild 23233.04 12204.42 1970.15 384.46 117.36 19.24
Moderate 14372.33 10709.15 2968.04 1114.21 482.47 80.58
Strong 10099.01 9563.93 1983.15 873.23 507.76 108.76
Pole Strong 7172.01 8819.86 1908.02 840.3 549.79 153.99
Violent 1155.96 2030.04 603.52 279.1 227.93 94.57
5 2005—2010
29.48%; 61.29%
16.72%; N 62.18%  20.32%-
57.98%  25.26% 46.52%  33.68% . 93%
2005—2010
5 2005—2010 /x10*hm?>
Table 5 Transition matrixes of various soil erosion grade area from 2005 to 2010 in valley
2010
2005
Micro-degree 189679.3 30306.48 2780.25 229.22 15.86 0.1
Mild 14112.46 26666.9 6157.92 841.7 93.35 0.65
Moderate 1584.59 5824.92 1664.18 357.29 71.98 1.3
Strong 397.19 2174.81 710.58 180.02 33.59 1.26
Pole Strong 132.42 1093.37 476.38 144.43 37.57 1.69
Violent 9.27 212.68 153.99 51.18 24.79 5.24
6 2010—2015
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88.64% .86.18% 77.74% 69.81%;
N 27.83%25.29% 24.90% -
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Table 6 Transition matrixes of various soil erosion grade area from 2010 to 2015 in valley
2015
2010
Micro-degree 204283.52 1587.78 68.46 5.75 0.58 0.02
Mild 58755.67 7014.77 457.08 48.13 9.59 0.33
Moderate 10293.59 1407 201.14 33.72 7.32 1.28
Strong 1402.26 322.6 54.71 16.42 6.16 1.72
Pole Strong 193.48 58.27 16.88 5.16 2.53 0.82
Violent 2.55 1.34 2.59 2.85 0.85 0.06
7 2000—2015 N N N
98.309%+93.76% - 87.74% 77.99%
62.16%. 2000 2015 15 98%
2000—2015 °
7 2000—2015 /%10%hm?
Table 7 Transition matrixes of various soil erosion grade area from 2000 to 2015 in valley
2015
2000
Micro-degree 171563.63 60.77 0.51 0 0 0
Mild 37289.04 618.7 21.09 3.93 0.57 0.02
Moderate 27876.07 1806.54 39.51 5.94 1.72 0.11
Strong 20302.87 2710.07 114.12 9.6 1.93 0.36
Pole Strong 15169.03 3861.78 362.74 42.8 9.64 1.84
Violent 2730.05 1333.89 262.89 49.76 13.17 1.9
15 113924.8x10° hm®
98.79%10* hm* o
23
Markov 2010—2015 2010 2015
CA-Markov 2015 2020 2015 2020
3 8 2015
o 2020
0.03%
9 2015—2020 o 9 2015—2020
46.79%:;
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(

R( real calculation) P( prediction)

)

Fig.3 Prediction map of changes in soil erosion intensity in karst valley( R in the figure is real calculation results and P is prediction

results)

80.66%  58.26%;

8

/x10%hm?

Table 8 Comparison of actual and predicted erosion area of different grades in valley

Real Calculation Results Prediction Results
2015 2015 2020
Micro-degree 275984.88 274952.95 277887.71
Mild 9740.05 10370.83 8285.65
Moderate 474.86 799.99 86.98
Strong 53.38 111.97 4.99
Pole Strong 12.43 27.02 1.30
Violent 1.39 4.23 0.36
9 2015—2020 /%10%hm?

Table 9 Transition matrixes of various soil erosion grade area from 2015 to 2020 in valley
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2020
2015

Micro-degree 272893.03 2037.48 0.57 0 0 0
Mild 4862.13 5526.19 3.44 0 0 0
Moderate 100.77 645.99 53.92 0.18 0 0
Strong 23.38 65.27 21.61 1.77 0 0

Pole Strong 7.56 10.20 6.71 1.93 0.56 0.07
Violent 0.84 0.52 0.73 1.11 0.74 0.29

3
CA-Markov 2015 Kappa
Kappa 0.9788 10 o 10 N
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N N N Kappa 0.9822.0.6586.0.8390.
0.9112.0.8898  0.9353 2 Kappa 2015
10
Table 10 Verification of prediction accuracy
; -~ Kappa . L Kappa
Calculation Results Prediction Results Calculation Results Prediction Results
Micro-degree 0.9822 Strong 0.9112
Mild 0.6586 Pole Strong 0.8898
Moderate 0.8390 Violent 0.9353
RUSLE N N
14 20
21
21-22
23
o 2000 N
24-25 26
27 . /
4
2000—2015 61.86x10" t/a 2.97x10’
t/a 21.61 thm™a™ 1.04t hm™ a™' o 15
76.13%10° hm” 36.32%; 46.90x10° hm”
99.85% o
39.80% 0.03%
15
98% o
CA-Markov Kappa 0.9788
0.65
o 2020
0.03% o
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