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Tab. 1 The basic data and their sources

iG] e 135

rhE R 7 8 A A TIELIX A FH Z IR R G R AL http://www.geodata.cn/
AR W RERLE A http://www.karstdata.cn/
DEM H P2 (AR = http://www.gscloud.cn/
NDVI HHRZS [ 5 = http://www.gscloud.cn/
H 7K rh G H R http://data.cma.cn

+ A H rh R =B BT R 2R rhol http://www.resdc.cn
TR rh Rl AEBE T IR R 2= R P http://www.resdc.cn
-1 rh Rl AEBE T IR R 2 A P http://www.resdc.cn
FIE L SRR 2 A A E
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HE, BVHFEKE=12 mm; dio WWEITREX S AR iR M AR, RIPH BE/K = 30 mm.
3.2 AANLER
W HT R G A 11 3R YR TR KRR, A3 A U 2 B A R/ N T Bl R
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89.7 mm/ka Z [A], 2 A A7 M R 55.27 mm/ka, A7 MK g B4 il 2 oy 96.72
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Tab. 2 The types of rock assemblage in the carbonate rock region
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Tab. 3 The P values of different land use types
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Fig. 3 Rainfall erosivity of different algorithms and its minus and improvement rate
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Fig. 4 Soil loss tolerance and its spatial distribution of different lithology
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Tab. 4 Statistics of soil erosion of four algorithms

= g g S A =y =k

RAERE Rt T 96.06 49.99 1.14 10.93 12
(551 s 42.43 22.08 13.09 55.53 6.11
R 17.43 9.07 36.3 63.28 6.96

SR 10.15 5.8 63.94 64.88 7.14

e 10.93 5.69 109.97 120.24 13.23

iz 15.17 7.89 391.72 594.11 65.36

Fri = A T 107.09 55.72 1.11 11.86 2.09
(R Rl 4332 22.54 12.94 56.05 9.88
o 15.71 8.18 35.73 56.15 9.9

SRJE 8.9 4.63 62.76 55.87 9.85

PR 8.74 4.55 108.48 94.84 16.72

JIZA 8.41 437 347.71 29231 51.55

PP R AL GE % 131.58 68.47 0.7 921 1.93
i) s 28.69 14.93 12.9 37.03 7.77
U 10.94 5.69 36.22 39.62 8.32

SR 6.36 3.31 63.99 40.68 8.54

i g 7 3.64 110.21 77.17 16.2

JEZN 7.61 3.96 358.32 272.56 57.23

T 131.87 68.61 0.69 9.11 1.92

BRRE 28.51 14.83 12.91 36.8 7.74

HEHAS IE g 10.89 5.67 36.22 39.44 8.30
(=) SR 6.18 3.21 63.59 39.28 8.27
e 7.08 3.69 109.19 77.33 16.27

JEIZY 7.66 3.99 356.72 273.23 57.50

{8, XREFRR BTt s , WF9E X0 2 AN 13.39x107ha, 7 B AR T
69.66%, +IERMEE N S56.71x10° t yr', PRI 29.51 t ha! yr', H5EGHA L
AEE, S — ekt I AR T AR R T AR B AR B R R 4.83% . 37.61% .
37.61%,

PR R 2 L DX ) A KA R AE S R 4 R VP A i B, %o g Bt X 1 £
R TR, A XN R R B AN 10.25%107 ha, 5T 53.32%, +
AR S 47.63%10° t yr', “FIRPEAECH 24.79 t ha! yr'. SAEGHEAMLL, B
M R RN | R FPP R BB 3 TR 27.14% . 47.60% . 47.58%.

T i X B S, R DX R P A SR SR TR X BRI ST X L N A T R
VERE— ST IS RS, A=A LAY 38200, P i ) B SR i
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JE PR TR | AR ik TSR R o3 3 T B 27.79% . 47.72% . 47.72%.

AL T R R 0CE & O N IR, SRR RN, R I SR s
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Fig. 6 Soil erosion rating of different algorithms
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Tab.5 Contribution of this study compared to traditional methods

EESS TR R R R BRI BTN
R =1 ) AR BT I 22 S 00 B TR T AR Il AR g 0 30 e 5 =l g 0T R A [ 1) o T 8 T A X0
WA, R TR AR TR — 1L PO A H A PR AE AT RBUR R K B

FVFBLRAE R I DR A RIS PR A AT i, B R TR TR AN R A 28 AR B A O A g
AR R T SCBR IR B, AR MR, TRRE ARy AR 2% o il A SR ok

s Al o HATRIE
X I8k e SRR XA AR LR R R X R AE DB BN B RS, A
BRI IR X

WS T RE G N W B e R AN, sl NS . 2, SEPRp s/
HES R . KRGS R AR, W8 TR X Y 102 ko B DAGORE 42 B 4=
TR A, AR SR b DX A AP 0 2 i B 2 ph 1 3R PR, BRI TR kb X 3 4R
Xt/ B R BR P KBS PR R AR . I, 2R — 10 H T e
XA AR Dl o 28 bR E S KBS s BEAh, AR e i rh e Wi &R
GNZEE R TR RS . BAREMES N Y FAAE I AR A . BB R
A K Lt fe, MWHEANRIEECEE, wiiRihny LI ERR N RS
th, FURHAE R T AR, BRIGE 1 A R SRR T B E S, fE
FREE b3 1w e D b T AR

LR 6 HXT LU AT, SE kX IR A I 2k, BRI A A A B R R 4=
Tl Ty B S B - RO A B S A R TR R 22, PP LR iRy - SRR i ] AR A7 SR
e, SEEL T X R - R i RS A AL

H TP SRR RR IR B 4k —Jub g i), (145 5 R R M E 7 b2 i 2k 5 b T T 2 7
i1 = W = B U D N Sl I o T S A PO e e < = RPN i
T e REB o 2P sE, A FREEE

#6 ETRUSLEFEARMRR TIEEMEL

Tab. 6 Soil erosion modulus in different research areas based on RUSLE method

FEEH FFEIX Fisf i) S F ALt ha'yr )
(o= T VAR i ek 2010 26.09
RN IR DivAKep i SN 2002 28.7
G =X 1999 45.28
2009 39.89
B V% LTI % 1960-1986 38.35
1987-1997 52.80
1998-2004 40.24
AR BT M8 IX 2015 473
AR K T8 IX 2015 24.73

(1) R A AFRERTARIT RN R AR iy, Ay e e DS i g 42 ok 9501
REZES . BOEAF AR R B ES , ARrE R R P R AR ok g A 25 1
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2579.41 MJ mm ha™ h™' yr', AR DXk 0 S 24 R AR ok o SO 224 1 S s R X s )
59.91%, AN[RIEPEXTFEAK = AR il AR T A 22 A5 3 78 4 M AR B

(2) FEBRFREL 75 Mo X R[] 2 AR 2R A0 ) B - R 2 500K, 7R 1 SE R R R A
IR EL I B A . IRIREL A S A B2 P A R 5058 0.21 t ha' yr',
12 tha'yr', 2.89 tha' yr's MRIREEFHLIXAFAEZAN AV R, HAA PR .

(3) BFFEIX PN H S TR R A 70.82%10° ha, 5 XIS AR 3.65%, JHEHBAEZS[H] |
P SRR ER A B o X AT G . P B i g 4 2, 25 (B o3 A A
T, (H R A /N s AR S R A B A X A D S 1) A0 A A R AR R
—, HEARESE RO, X A R Y 25 Sk R

(4) AHLL TR 250k, St 20 IER Y R AL T 3.91x107 ha,
B IEMREE 1K 27.79%; 3R BRI /D T 43.38x10° t yr', BIEIREEIA 47.72%; FHi=
PBCBORAR T 22.57 t ha' yr', BIFIEREIA 47.72%,
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Assessment of soil erosion in karst critical zone based on soil loss
tolerance and source-sink theory of positive and negative terrains

QIAN Qinghuan?, WANG Shijie"’, BAI Xiaoyong"®, ZHOU Dequan’, TIAN Yichao"**,

LI Qin"**, WU Luhua"**, XIAO Jianyong"’>, ZENG Cheng"*>, CHEN Fei"*
(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, CAS, Guiyang 550002,
China; 2. School of Geography and Environmental Sciences, Guizhou Normal University, Guiyang 550001,
China; 3. Puding Karst Ecosystem Observation and Research Station, CAS, Puding 562100, Guizhou, China;
4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Traditional classic soil erosion models are not applicable in karst areas. In this study,
the effective rainfall erosion threshold was obtained and the rainfall erosivity was re-estimated,
according to the lithologic difference of the karst critical zone. The soil formation rate was
calculated and used as the soil loss tolerance, based on the chemical composition variation of
carbonate rocks. The spatial distribution information of karst depression was extracted by
geomorphologic- hydrologic analysis, and the soil erosion algorithm in the karst critical zone
was modified and improved. The results showed that: (1) The traditional algorithm ignored the
specificity of the underlying surface of the karst critical zone. The average rainfall erosivity
was estimated to be 47.35%, and the average rainfall erosivity in the karst area is only 59.91%
of the non- karst area. (2) The soilless or less soil areas could be miscalculated as the high
erosion region by using the conventional algorithm. However, the soil loss tolerance by
continuous carbonate, carbonate clastic, carbonate and clastic interbeds were about 0.21, 1.2
and 2.89 t ha™' yr ', respectively. (3) Sloping lands and croplands in the depressions are
generally regarded as the high incidence area of soil erosion, but the depression of the karst
should be the sediment area of surface erosion. The spatial distribution of karst depression was
basically coincided with that of carbonate rocks. (4) The traditional algorithm overestimated
the soil erosion area at about 27.79%, while the soil erosion amount at approximately 47.72%.
Generally, the traditional classic model could greatly overestimate the soil erosion amount in
the karst area, therefore, an accurate and applicable model should be established. In addition,
due to the slow soil formation rate, the thin soil layer and the less total amount of soil in karst
area, the soil loss tolerance was far lower than the erosion standard of non-karst area. The
classifying and grading standard and risk assessment method of soil erosion applicable to karst
area should be set and established.

Keywords: karst; rainfall erosivity factor; soil loss tolerance; depression sedimentary;
theoretical soil erosion; actual soil erosion; southwest China



