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Abstract: Based on an improved soil erosion algorithm for the karst area of Southern China, we quantitatively analyzed the
spatial-temporal 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 10" 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.
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Table 1 Data sources
BAiZEH Data Types AR Data Sources R4k Websites
A X R Boundary of Velley W AR 2 R s http : //www.karstdata.cn/

W& 3455347 [ Distribution Map of Karst
A Lithology Map

B MR ( DEM) Digital Elevation Model Hb S [ 5 = http ://www.gscloud.cn/
JH—ALAE B8 0 ( NDVI) Normalized Difference Vegetation Index NASA LP DAAC https; //lpdaac.usgs. gov
H A S84 Daily meteorological data o [ S S E ) http ://data.cma.cn

o ERL A B B IR IR B R 2 B =

T3 HH Land Use

T HEFA Soil types

HiFRZEH SR X, Landform types
TR AR EIRELIEDTIEIX A KA 1 XK 90 A3 AU AFERE (P, mm) Z8%& (E, mm) SAFHRREE(T, C) ¥dh
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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)
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Fig.1 Spatial distribution of soil erosion intensity in karst valley
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1Rk B R A AE VO )1 b DA K0 rp 23 b i H A b X2 SR DAL 4R Tk tR 05 2005—2010 4F ifE RS 5 KT
HRN U I VIR S 0 L DR B M e D DX A T S I R AT B A R B B AR, 5 [ L 2 LA
K VU1 g3 bty phy B D E AR L Sy R R DL R AR s 3] 2015 4F A X AR 420k ok =, 4 3R 4R bR I E—
WAL

FEVHE A X AR T A TR R G 5, X6 PO~ B 30 ) = 3842l i AR ok g AR A T B8 3, 45 SR
3PN,

H% 3 T LA 588 R LA R ik S5 4 1) T FRZE AN TS, 23531124 209.59x 105 hm* ,270.91x 105
hm? [272.26x105 hm® A & 285.72x105 hm*, 5 AFFE X G TR 73.21% ,94.64% 95.10% LA} 99.81% ; 1fif HiAth
1R A5 2 P TR Ak L | JF b B R R DA b A ol i ARUAE D B A 4331 R 46.97% 105 hm? |\ 5.84% 105 hm? |
2.09%105 hm? A} 0.07x105 hm?, 5 XIS ARG 16.4% 2.04% 0.73% VA 3 0.02% . 15 SRR MR BE DL
RPN T 76.13x105 hm® | 3135 36.32% ; 53 K & LI FRph ALK /D> T 46.90x105 hm?, [#
ik E] 99.85% . MM B E M X 2000—2015 4E2 1 2540 sk b i & A R AE ARG R
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Table 3 Statistics of soil erosion in karst valley

=8y I in} yANY S A A2 Frh A (= ph 2 (= h 04 B
e mwsmam 0L Todai e ARG
Year Erosion class (x10°hm?) of area/% (thm2a™) (x10° t/a) Erosion ratio/%
2000 T 171.67 59.96 1.18 202.15 3.27
BpE 37.91 13.24 13.51 512.39 8.28
g 29.73 10.38 36.77 1093.25 17.67
CiNi 3 23.14 8.08 63.61 1471.79 23.79
e i 19.45 6.79 105.63 2054.07 33.21
J N 4.39 1.53 194.04 852.01 13.77
2005 U 223.10 77.94 1.21 270.02 16.39
L) 3 47.81 16.70 11.16 533.46 32.38
HhEE 9.50 3.32 34.86 331.23 20.10
GiV; 2 3.50 1.22 62.28 217.77 13.22
& 1.89 0.66 104.04 196.16 11.91
JZN 0.46 0.16 216.58 99.00 6.01
2010 U 206.03 71.97 1.23 253.44 15.91
BE 66.23 23.13 12.15 804.51 50.50
T 11.94 4.17 33.38 398.40 25.01
GiV; 1.80 0.63 60.12 108.38 6.80
T 0.28 0.10 94.67 26.22 1.65
JEZN 0.01 0.00 203.87 2.09 0.13
2015 TUEE 275.98 96.41 0.56 153.91 51.80
B 9.74 3.40 10.93 106.42 35.82
W 0.47 0.17 55.60 26.40 8.89
Gy 0.05 0.02 126.60 6.76 2.27
&N} 0.01 0.004 217.10 2.70 0.91
JEZN 0.0014 0.0005 663.14 0.92 0.31

MAR BB R, 21 a0 DO 43 [X 452 1l A5 20 (0 4= il B i AR 3R S oDk e e (3R R ik A
R P (R i SR 5 i/ v B AR ot R 2R D/ TG i S/l i o K TR DL R ik R AE R W D, 15 4R
) , Rk A Aot DL R R B e 23 S8 0 T 1465.03% 105 t/a,2051.37x105 t/a i M 851.09%105 t/a,
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Fig.2 Spatial distribution of changes in soil erosion intensity in karst valley
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H & 2 FTLAE 4 A Bl As X R I S U 7% 7 AR, 39 3 60% 1 i IX. + 142 1l 45 9 fR 5
FaE . BFFERTBEN (2000—2015 47 ) A 39.80% HY DX 35 32 1 A 4 BEAIR , A 0.03% 1 IX 35k 1 (= inh A5 0 T
15, MR IR AP A Hr 2000 4E—2005 AR 4 0 T AR AR, 7 # T RIFSE X TR 32.49% ,2005—
2010 AEAFFE AR B /N A W58 X TRTAR Y 9.47 %, B4k, 75 2005—2010 4F 3% — B, 1= HE42 h S 9 Ak 1Y X
R (14.29%) M3 T 1R X8 (9.47% ), 3X 2 T 2010 4F 1% b IX [T 488 2005 AE34 N T 3 10% ) | /{2
Tl 7 8 T DA T 5 5 AR P i (LA R A XY R AR DA 1) G Y ) R R

H 3R 4 W LIE ) #E 2000—2005 45X — BT B R BEAR il | v BE AR i DA R o B AR ok DA 1) fBE AR Ik S R 75
3 R B AR Dl DL R R R AR LA 1) R AR I A G RS S L P R R I S G T B A R R RS 3R
P i A g T B ] R R DAL R 3 RS R 61.25% 5 P BEAR ph ) G KA AR I S R AL R o 2 HiA%
00 R 48.35% 1 36.03% ; 7 B W o B LA KGRI ZUAR b [ DA 1) $ R M BE AR I A 9 e B R 32, LG 75 5%
) 43.65% 1 41.34% 36.89% 1 45.36% LA Iz 26.32%F1 46.23% , 1 J&F N 7 3 DA AR id S5 20 1A IR = oh 45 2 ) s
FERABIBEN T 90% LA I, FRBATE 2000—2005 43X — i BEFE 23 X (1) - 42 1R Ol I 35 455

R4 EBX 2000—2005 £ T EFMEREBIERLE/(x10°hm?)

Table 4 Transition matrixes of various soil erosion grade area from 2000 to 2005 in valley

2000 4F 2005
AR BRI w2 Rk AR e E ARl JZ 2k

BRI Micro-degree 166978.55 4545.5 71.38 6.15 0.55 0.01
BRRE R0k Mild 23233.04 12204.42 1970.15 384.46 117.36 19.24
S (Rt Moderate 14372.33 10709.15 2968.04 1114.21 482.47 80.58
{2l Strong 10099.01 9563.93 1983.15 873.23 507.76 108.76
e T 4= Pole Strong 7172.01 8819.86 1908.02 840.3 549.79 153.99
I ZU4Z0 Violent 1155.96 2030.04 603.52 279.1 227.93 94.57

H 3 5 AT LUA 7 2005—2010 453X — B B, e B4R Dl DA o) OB AR I A8 R B o 1, P B b B DAL AR
PEFAR LA 2 BEAR M A R 2 Horh BB AR i A G0 TR SR ORFESEAR RSO 12 AR I A 0 32 2 o)
TR RS 3 HEG RS R R 29.48% ; v B Rl ) 48 B O AURE AR D A R G B kg 3 FLER RS 5653 51l R 61.29%
1 16.72% ; FJE MR B DL R R ZUAZ b DA 1) 2 B B b BEAR A R A5 B LGRS R R 62.18% i1 20.32% 57.
98% M1 25.26% VA J% 46.52%H133.68% , T & J T 5 LA AR S G M IRAR T S5 0 0 G B8 AR SR TE 93% LA |, 3%
BB ARG AR i N LA 1] U R T A% S S AR Sy 1) R BE AR I AE O 2 e R AR — A AR
i BEAR  AEATI SR 52 B0 3 4 ol A5 G I IR AR Tl B8 R A i 3, R HE 2005—2010 4F3X — B B 4 X i) + 4842
THARBRFLLLT 4%

R5 BEHX2005—2010 £ T EFEMEREBIERE/(x10°hm?)

Table 5 Transition matrixes of various soil erosion grade area from 2005 to 2010 in valley

2005 4 2010 4E A
TRl BB 2Rl HEER e AR JZ A=k

T 42l Micro-degree 189679.3 30306.48 2780.25 229.22 15.86 0.1

R RE {2k Mild 14112.46 26666.9 6157.92 841.7 93.35 0.65
(24l Moderate 1584.59 5824.92 1664.18 357.29 71.98 1.3
{2 Strong 397.19 2174.81 710.58 180.02 33.59 1.26
W EEE Rl Pole Strong 132.42 1093.37 476.38 144.43 37.57 1.69
BRI Violent 9.27 212.68 153.99 51.18 24.79 5.24

H13% 6 i LA i, 1 2010—2015 471X — i B A B Sl T 12 DA 4Rt L 1) Gl B2 4R 25 R 5 76 O 2 TRl
SRR ) FE R R LT AR AR GRS . FLrb, Bl AR I A A TR AR SR R AN AR R R
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JE DA Kbl o B AR ol A T B AR I e By LR RS 30 88.64% (86.18% \77.74% L I 69.81% ; il ZA=
RS ) E R R DA SRR A AR D A L 78 LR 3 0 IR 27.83% \25.29% VL J2 24.90% , T EE Ko
BE DL _FAR I A 1 AR I ZE R R R AR B T 97% LA |, FWHE 2010—2015 43X — I} Beti 4 X (1) 139842
THUPR 0 B 45 |

x6 HEHKX2010—2015 F LIEEEMEAFER M ( B AL x10°hm?)

Table 6 Transition matrixes of various soil erosion grade area from 2010 to 2015 in valley

2010 4 2015 4F
WU A BRI RS AR AR e AR JE ARk

U 1R 1l Micro-degree 204283.52 1587.78 68.46 5.75 0.58 0.02
R Mild 58755.67 7014.77 457.08 48.13 9.59 0.33
(20 Moderate 10293.59 1407 201.14 33.72 7.32 1.28
TEE R Strong 1402.26 322.6 54.71 16.42 6.16 1.72
% 5 Rl Pole Strong 193.48 58.27 16.88 5.16 2.53 0.82
JRIZUAZ 4 Violent 2.55 1.34 2.59 2.85 0.85 0.06

H12 7 WTLLE L, 7E 2000—2015 43k — I B TR 12 D A 40 i T BRI A PR RS R R P B TR R
JE DA K R B4R e R LA 1) B B AR i S G e 78 Oy 3 LR AL R 3 51l 98.30% ,93.76% \87.74% 77.99% LA K 62.
16% ., 2000 % 2015 iX 15 4F[H], fl 75 X £ R i A5 i S SR R R E B R Rk 8 T 98% L b, R #¢
2000—2015 4F3X — i BoAl A5 X (1) - 2 otk vl i+ i

£R7 HEHIX 2000—2015 £ T EEMEREBLERE/ (x10°hm?)

Table 7 Transition matrixes of various soil erosion grade area from 2000 to 2005 in valley

2000 4 2015 4E A
ARl R R 2Rl R e AR JEZ A=k
TR0l Micro-degree 171563.63 60.77 0.51 0 0 0
ARl Mild 37289.04 618.7 21.09 3.93 0.57 0.02
P {24k Moderate 27876.07 1806.54 39.51 5.94 1.72 0.11
H R Strong 20302.87 2710.07 114.12 9.6 1.93 0.36
¢ 5 J¥ {2 0d Pole Strong 15169.03 3861.78 362.74 42.8 9.64 1.84
JRIZUZ I Violent 2730.05 1333.89 262.89 49.76 13.17 1.9

L5 L AT nl A R A DXGIT 15 AR - (R potR ol B B 23 B IIFGE IX A 113924.8% 107 hm® ) X I £ (it
FREEWES , AA 98.79%10° hm (1) X IR Bl R BE AR . Bl 342 SR T, R s SR R IR R R A 5575
() LGSR ZR T I 5 1R I S AR o 5 SR R AR SR R RS R R B D R ok SR G L e B AR I A A
I, RIS HT K PR FEE A R A T RG2S DX 3R iR O
2.3 FEARIX SR AR S A

T Markov FEAIBLT) 2010—2015 4F 4 42 1l S5 G0 5 A4 50 4 7 (W 45 K], DA 2010 4FEF1 2015 4528
TGy, FIIH CA-Markov #E AU 2015 F1 2020 4F (1) 1342 i A G o3 A 6 Jmy , 7551 2015 47 A1 2020 4F + 4
(EuEE GURIESN

H I 3 A 8 il LU H A A X 2015 4F A 3R 1l 14 S PR 115548 5 000 (18 78 A5 A2 b S 40 ) T AR A A Y
ez [ oA s Jm AR, R T 25 R A — @ TSk . 1 2020 4 FEA X 4 842 il AR G SEAC S 1 Fn
BRPEAR D, v B B B LA AR A G T RS 9 XTI AR 0.03% , 49843 Tl B8 Ak [ i 2 (R R 4 K e

9 ALK 2015—2020 4F IR RMZ M SF ORI, B3R 9 FTLLE H 7E 2015—2020 43X —
BB, (R S AR S AR P AR R B . L SRR AR GO AR AR S LIRS ol 2 5 R B AR D A 2 D )
1RIMEER LR T R RN 46.79% ; v B N o B4R 1 S5 9% LA 1) ol B2 4R 1k S5 9 6 B R =, U A% 32 5 80.
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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)

66% 1 58.26% ; B T B2 K Jil B4R ity 458 2 ) T JEE LA AR P A e A% o LA DL Ay 45 SR 3R T, RS A A
DX SR PR DU 0 — 2D P | it e [ 05 S BOR AR SRR AT 1 A R B P o 22 5 DR O LA 5
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#8 EARAAEREMHEARERESHUEILL /(x10°hm*)
Table 8 Comparison of actual and predicted erosion area of different grades in valley
SEBR{E T
Bty Real Calculation Results Prediction Results
2015 4F 2015 4F 2020 4E
T (R Il Micro-degree 275984.88 274952.95 277887.71
R R Mild 9740.05 10370.83 8285.65
rhEE 4Rl Moderate 474.86 799.99 86.98
TR Strong 53.38 111.97 4.99
e F = 1h Pole Strong 12.43 27.02 1.30
JEZAZ A Violent 1.39 4.23 0.36
F9 HEHX 2015—2020 F HIEFEMERNEBLIER/ (x107hm?)
Table 9 Transition matrixes of various soil erosion grade area from 2015 to 2020 in valley
2015 45 2020 4E
TR R A R R R H AR e T AR JEZ ARk
U 1R 1l Micro-degree 272893.03 2037.48 0.57 0 0 0
R RM Mild 4862.13 5526.19 3.44 0 0 0
U {= 1 Moderate 100.77 645.99 53.92 0.18 0 0
TEE R Strong 23.38 65.27 21.61 1.77 0 0
W 242k Pole Strong 7.56 10.20 6.71 1.93 0.56 0.07
JEZZ A Violent 0.84 0.52 0.73 1.11 0.74 0.29

3 Wit

T sE Y UE CA-Markov AERLTTEE 45 R AR B2, %) 2015 4F 342 b 45 9 1) 3 33 (B A ST HDL(EL 6 A7
ZRG L, A Kappa 2808 0.9788 , &N R BA R AN 10 Brzn, |3k 10 TLE RO R M B
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B4R P R ARl T REAR R T R AR ok R R BRI S LR X IV ) Kappa ZR 04371k 0.9822,0.6586,0.8390 0.
9112,0.8898 #i10.9353 , iR 44 2 1) Kappa ZE/rIEFRiE T 15 2015 4F + AR Dl SE 20 () TN 25 AT 25 R 3k
A — S50 3 (USRS B 2 i (S0 | SRR B S5 T (5 AR &

F10 FANBERIER

Table 10 Prediction accuracy verification table

il“ﬁiéﬁ% i‘ﬁi}flu.éf% Kappa Llﬁéﬁ% ﬁ‘i‘zlﬂu_é*'%é Kappa
Calculation Results Prediction Results Calculation Results Prediction Results

U 4Rl Micro-degree TRl 0.9822 || FE {1l Strong R 0.9112
B2 2k Mild BRI 0.6586 || & TEJF {21 Pole Strong e R {5l 0.8898
B (20l Moderate rpEE Rk 0.8390 || WIZU{Z1l Violent JE Z A=k 0.9353

ST RUSLE OB BT R4S E 30008 T s w7 A2 00 1 S 2, S5 W T 00 | MM IR L) Bl o
MR X2 PR T K 38 P ORGP A B W T MM IR T M0 R 3 1A %
MO & R 1 MR B XK R (BRI . DRI, 7 2 0 1 02 o 75 £ 3 220 A
TR R -4 P BB AR ™ TR 7 7 f5 S ke T -4 B O PR AR B 2% ,
SRR X0 R PR 8 -1 4003 O 2 0 R /N 222 ) 36 0 00 1 7
SRR 1k T TSR AT IR 2 AR T A 2 S M i R A B e B R s
FHG— L ARSI, 1 SRRBRHER A [ 2000 4F LA , g HFARHE 45 X TF J T S B Mo 5T
B AL G TAR KRR TR RO A5 TAR ) (A 6 e 50 5 | 3
P T I S TR 3, RS S A B A R TR
A SO0 I A X 1 5 B I A 278 30— A O M T I B0 o L % 7 A 5/ A R
PR A% 1 B2 e,

4 Zig

W HTRERE AT X 2000—2015 4F B8Rl 40 A LABE =00 3 R BlUE i Y 61.86X107 va 870 % 2.97x10”
Va, KIRAEF-H R A H 21.61 t hm™ a ' JEKE 1.04t hm ™ a™'  2PUIRIERARLE IR . 15 4RI KR
DU R 2540 A0 T LS N T 76.13x 105 hm® , 341§ 35 36.32% ; 8 & X & B LA F =2 i B 0 T 46.90% 105
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(RS EIR T, 35 BIF S DX A DA A 30 DO £
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TRPRFREE NG, 15 A [RIRE A DX A B S B A A o S5 G 20 0 ) Bl B AR I S R 75, 3R I S5 90 PR R SR )
RS AR IR BN T 98% LA I, MRS B dF 55 a3

T CA-Markov REAVBIRE 23 X+ HEAR 1 S90Sk AR fa 3 BV Kappa REGAH] T 0.9788, H4 +
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