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Abstract

Soil erosion has become a global issue threatening the survival and development of human society.
The Karst mountain areas of China have fragile geological environment, high ecological sensitivity
and serious soil erosion. Therefore, it is important to evaluate the change of soil conservation ser-
vice of ecosystem in Karst mountain area, which is benefit for assessing the stability of the ecosys-
tem and for promoting the harmonious development of nature and economy. This paper evaluated
the soil conservation function of ecosystem in Sancha River Basin of Guizhou from 1990 to 2010
based on the SDR module of INVEST model. The spatio-temporal variation and capability of dif-
ferent land use types of soil conservation in Sancha River Basin were also analyzed. It was found
that: From 1990 to 2010, the total soil conservation increased by 0.33 x 108 t/a, with a growth rate
of 12.02% the average soil conservation increased 68.28 t/(hm?-a). Significant differences in av-
erage soil conservation emerged in different land use types. Construction land has the highest
growth rate (15.88%), followed by grassland (12.86%), cultivated land (12.30%), forest (10.92%)
and unused land (10.02%).
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TIEBHMELRABRM AR SEFRARBERNERENE. EFERHFLX, BRAERES, 258
BER, TERM™E. MAZXBESREN TIBEEIEDL, ST IMEEFLXESREKRE
BE, RHFZXBHEREGEFHARBEEEER . ACURMN=ZZWMREAPRX, ZEFInVESTHE
R, A5 T S RMHRE1990~20104E 4 B R AN L RAEFE, R T =2WRBE 85
ThReRET =24k, W T AR R KRB R TIRERRERE . FFAUR, 1990~20104E =Z M ik 3%
RIFEERINT0.33 x 108t/a, HKFEFT12.03%, FHHEEFERINT 68.59 t/(hm2-a). IE
THFI AR FEPS LR RESUAHEER, PR RHAMMNMKRER, ~15.88%, EHAH
H KR IR, 571°812.86%- 12.30%, MREBFIARF FH b 38K R A XN, 451°810.92%- 10.02%.
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1. 53|

bR N S LA AR A F I B L BRI i Al , B N R R A it P [1]-[4]. BT, 1E
AR AT NG B B SE R 520 T, 42 BRYE Bl A 3842l () R B [5]-[8] . L3R AN 22 5] 2 L B Ak
TIEAE )RR, b2 REm I A AE R M DL OK TR (9], AN E NS A AR AR
JE A ERPEPA 0] J[10] [11]. HIRORFHE AL RGIRS I — D E LA IIRE, 9 E KSR
KM RS R E AL 1 AR [12]

(E IR VP T, SERVEEN IR T B BUR AT I TAE. SEESEAE 20 Al 70 4K,
P T 3 S8 7 F USLE (Universal Soil Loss Equation), %1/ F 342 i i 5 [13]. USLE 1)
B L& GIS BRI K, NIXBRE FAS ARG IR REF DR &34 7 rTRe[14]. EM 20
40 80 AT 4fiis A I8 A 3 2k 5 R X3 L 3R T s FE gk AT 1 W9, X T BRI S BOHAT T RER
PRIT[15] [16]. E A 4bEE K USLE JrfEia T X R AR S IR AR B o R . R e L 3L
SRS EZERFFT[17] [18]. Ghosh Z:[19]iz ] USLE #4517 Tripura 78 7E 1= 383 2 Al SE PR - 353 2%,
R Tripura {2 0IE L0, 708 Tripura % 5 2 2R 1 IX 5; Dabral ££[20]i2H] USLE. GIS 1 RS
XF B BE AR A6 B ) g X /N 3R phdE AT T VPAE - H B 52108 A USLE J7 R 0P Al 5 i B LI IR RR &
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AR AR A S RGN LIRORIF R R BN AE, RN RGN G T HARA, KRR E
T EHAR HAESRR. HEE[22152H GIS J7iEM USLE UL, /5 Hrif i X R B phit
B AR BOAT 5 ) R AR IR L, B FU45 H SR A I ARIE B TR 2 5 X 3 4R 1 43 ) Akl
IRBHE MG B TR K LR RS T IR I ARRAE A

USLE 2558 1 Bk st | s | R o A B [N 1 [23], 2 H RIS A B V2 i) R 3R s 1
Z TR HER b S DX SRR R, (RAE T R R R R R g T R e B e b RE R RE T,
TFE—EMZ[24]. InVEST (The Integrate Valuation of Ecosystem Services and Tradeoffs Tool)#% %4 i 1+
R HUR I IR T IXAN M. InVEST #8Y, BIAZS RGEIRSS ThRE S8 & (G I FOBUET A5 I PP Al A 7Y
A EEBIHME KT TNC MR B ARG EERETTRINAES REMS TS, BERRESRS
(AR Ak ey 51 AR NS 2 10 AR A6 [25] o 12 AR IR 13 ORFASEERAE USLE [EERl B, 3825 &R 5 S48
ECIRRRYIRE ST, A B OR R R R T B A IR R [24] . Ren Z2[26] M A InVEST BURLPRAL 7K
VLI e ) R3O & R0 5E[27)5R A INVEST 3 fRFREA, MBFFTIX . Jiids. B 3 AN RE, Xt
FURTELE AN S PR TR R AT VPR, I S AR B & A2 78 X 1) e R AR S IR 25 A

o [ W SR L X B A B 55 L AR S HURE BT AR STk e, ARSI HIRL,
AT 5 7K DR ISR G5k « 7K IR S A A A8 1) R 28] [29], #1124 1 V8 R i i et X X s 5 A A 23 & [30]
[31]. FRYEIA[32]18IR T Bt e e 1L X - 3942 i 3R AL, AR 2 PR S (33138 i X B N W J7 45 1.y [X 19 43 BT A
Foo INATTNIEIURE (L X L2, FERPFUONASHR SR A, PN AR BT, 3. BEK
EEZRRITE B, AR v R DX AR b e R, PR R R LD X AR S R G ARE, R
ML ORE. RIEMASEZ WP E, 4R NS AR, REEXIRRFSELRAFEER L. Kifiic
HY INVEST MR PFAh = 25 i 1990 4. 2010 4F 3R LRHF R, 0 = F iR s L3 ORaF i I 284k, 45
IRAN [ A I SR IR OR AP RE T AR AL, Ay BN DAl = 2 TR A S IR AR AL, (B X A AT R 2 g
B SCHRHER
2. TRXHEAR

SN G = AR T R4 104°59'~106°18", L 26°09'~26°49' 2 [, AT BIL) 4860.69 km? ([
1) =AML =2 TR, WA 325.6 km, RIETSNE HEH S5 LT E . =2 i
BE AT BRSNS . 2eE . KIRE . BT, PO SERRX ETR L i e .
AT AL AR i ) B e o R M AT, ISR AE 866~2279 m 2 [A] . XIS i S 1L A 7 80%,
JR LR 2 & 15%, ~FHLZ) b7 5%. =25 AT bR vh A0 50 e 7 B A 5 s i X TRl ok, R X 38
TR SR, SAERANRNE,  HBE 304 R R A T AR A

3. FEEHIE
3.1 HEFFER

INVEST ALK BAL AL R G5 DhRE LI IR R IR, I s a0y . BB ek
Bt PKESIEN I Z A ASCHURI A INVEST B b 1 e R IEFBI PP AL = 20T At g - 1%
RIFRETT o 12T IRORFF TR MM AN S A VP AV A 3R Ok, e e Y R0 2R 5 R VAl
TIERFFAE S, HIRRFF RO SR ETED R . AT AR AN T [13]
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Figure 1. The location of the Sancha River Basin
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J Ao

Xof AN [ M 2 B s A - 3R P ) P S 5 R v A AR AT EE RIS B, B RKLS 9%

USLE Bl 38 (R & .

WEE T A5k 0 S 2 R SRS - AR A KV AR E ), R RIRRIMI EES 2 —, BRI S
SFL Al A I AR e 2 B T A T I A T i PSR 5 W 3 B S5 AR SR Ik Rl 98 A SCR F Wischmeeier [13]
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Horb, p AR E, PNERAERNE.

AR KR IR T R E R AR, AR SRR PR R U, E s ok 7 R e
K R bR e/ X ALK TRl PR () R 3 Ak &, AR A Williams %5 [35] A #2521 EPIC (Erosion-
Productivity Impact Calculator) A xCiEmiih&, Bl

. . 0.3
K =10.2+0.3exp —0.0255an[1—s—”j S L
100 cla+sil

c snl
x[1-0.7
c+exp(3.72—-2.95¢) snl+exp(22.9sn1-5.51)

(4)

{1—0.025

Hrp, san. sils cla. ¢ 7 AR LR yb R, kL, Rk, AWK & & (%), snl=1-san/100 -

MR E 7 LS JB 13 FE A ORI 2 [ B OC 2R, 2 T BRI VD I 3 L B Re BV R N BB B, IR
Hi Y SRR X 3R Bk ) s . BRSO TR R ISR, Be A BRI T BE, AR SEBRIE L, A
SO B REBIE L BN 25%, 43 RE/IN T3 RE I, TR VA[36] 1T

LS:(Fa.CS j sin(s—0.01745) " 6 5)
22.13 0.09

Hr,

0.5 S>5%

he 0.4 3.5%<S <5% (6)
" 10.3 1%<S<35%

0.2 S<1%

YRR T BIE R, MR R X [36] 40
LS = 0.084°%*P°® @)

H,

C, flowdir =1,4,16,64
(@)

1.4C, other flowdir

KA, Fov Cov Su Py n A BURFOMIDK BB M A B, EAMHORE . BOKISEL.

ML ZE T AP T C RARTE LM, MR MRS R, S M2 (EER B SRR Bk F 1
W S B 5 B 5 1T R R T 2 L, TS M . MO 7k RO PR AR AL S B
BRI S ) L A R E RS BB, AT O~ 208, IR R T P AR 4]
0 5 - M 2B 5 UL 1 M R (L, SRR B B B M2 31 R Ik R 22 ),
AL R BB T, LI E7E 0-1 2.

3.2. BUIREFKIR

IBAT R AR T R I s BRI, DEM, BENEEGE, IR Bk, Rk
BUBRE) & e . b, R S G 4E = 25 d8 1990 4F. 2010 4Ff) R % th 973 T H iR
FIRAEIE s o] = \V (€7 T ) w8 Al 1 6/ TP TN~ 6157 ol 5 T 8471 P w747 VAN % VAN (L VAN
A HUBR ) B O SRR T R} 2 B B R PR SR 2 o
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4, RS54
4.1, Z&EIMRETFIAENL

AR R S AU S, AR 40% LA 1, HUORBH, HLE KL 30%. AL,
PR PR TR AR o IR 2590 b, kIR, @A M. CRFI AN, A 1%,

M 1990 FEF] 2010 4, =FNAIVRIBARIL . KA R R A RIS . Hodr, AR AR OR
bk b T AR T 22.80 km® (1.81%) (4 1), LKk, #K T 5.62km’ (26.42%), i MG K T
0.56 km? (5.14%); #k-Hi 2 b A0 A F 2 52 /0 (e 3, oA i/ d 22 (1 2 it k2D T 28.79 km® (1.35%),
HUGEHHE, 9/ T 0.18 km? (0.01%), AFIHHLE /> T 0.01 km? (0.85%).

4.2. TIBFFR=TL

S R R R R AR F AR E E R (K 2). 1990 4, = EA LR R
0~131631.11 t/(hm?*a) =[], 2010 4F, = #rmyuis ) 1 fHF B4 0~135913.33 t/(hm*a) 2 [A], %5[A] k-, =
T IE IRARRE BB X R BRI AR M 5, S E X B A E AL

1990 4, =it i TR M 2.72 x 10%/a, i I8y 564.0.7 t/(hm%a), 2010 4,
AR ) R R B N 3.04 x 10° ta, P HE{R R RN 632.65 t/(hm?-a), 1E [ ARAIHE 2R KA IL
FISZIA R, =tk IR FF R0 T 0.33 x 10° ta, MK FAIAEI T 12.03%, “T-H s &
T 68.59 t/(hm?a).

25 F, M 1990 4EF] 2010 4F, = Z TR IR R R 2 AR N, HInELE 0~18,000 t/(hmP-a)Z [d]
A&, B RE K ZAE 0~50 t(hm*a)2 (], 504 T3 BOA FHHPEIL. RAOLRARRE X, HAlhX
AR oA, 78 A p R B A et DRI 78 3 b X 38 i 8 K 276 50 t/(hmP-a)Lh |, A 4 X
I AR R RAE I/, YD BAE-6000-0 t/(hm?a) 2 [ AN, {H 2 % #E-50~0 t/(hm*a) 2 [a], HZ 44T =
IR R HLX (] 2).

4.3. AREILH0FI A B L IRORHFFRHE

AN R 2R LR AR B R R 2R . AR R A SO LIRS ENR BN T
M>Hrh> 2B SRR . o, BRI E RS, SR 40%0L F (5 2), MR RIELREF
BRI 30% A A, B SR 200075 4. FH, ARHURIEFHBSR AL T IR AR R R 5 B R 90% LA
. 1990~2010 4F, LRI AR LI FE SR A 2 I AR, SRR R R R
P, K FH 22.08%, HK T 0.05x10°t/a, #HiH. M. BHOAGBE K RIE 12% 44, BEKES T

Table 1. Land use changes of Sancha River Basin from 1990 to 2010
Fz 1. 1990~2010 FE=EamE L A ATk

1990 4 2010 4E
AR (km?) K2 (%)
T (km?) i H (%) TR (km?) 5 L (%)
Bt 1434.97 29.52 1434.79 29.52 -0.18 -0.01
il 1257.61 25.87 1280.41 26.34 22.80 1.81
Hiih 2134.78 43.92 2105.99 43.33 -28.79 -1.35
KA 21.27 0.44 26.89 0.55 5.62 26.42
jeiasaicbiil 10.89 0.22 11.45 0.24 0.56 5.14
R H 1.17 0.03 1.16 0.02 -0.01 -0.85
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Figure 2. Soil conservation in 1990 (a) and changes of soil conservation from 1990 to

2010 (b)

2.1990 £ +IE{R¥FE ()5 1990~2010 FHIFRIFE K (b)

Table 2. Soil conservation and its changes of different land use types from 1990 to 2010
7% 2.1990~2010 FARI L FI A X B HIRFRIFERH TN

PR R ¢/(hm?-a) R R M B (108 t/a)
1K 2K (%) K2 (%)
1990 £ 2010 4 1990 4F 2010 4
HiHh 418.92 470.46 12.30 58.15 65.28 12.28
b 670.87 744.10 10.92 81.1 91.61 12.96
i 640.00 722.30 12.86 132.14 147.11 11.33
RV 230.19 266.74 15.88 0.24 0.29 22.08
AT FH 49.87 54.86 10.02 0.005 0.006 8.42




Rk, Afh

N 7.12 x10°t/a, 10.51 x 10°t/a. 14.97 x 10°t/a, ARFIFHHAIK R EN, SEMK T 8.42%, HKE
14 1000 t/a.

AFEFIH A R LR R D Re B B A B2 5 . P R ORFE R BNy R > B > 1o >
AV > AR (7 2), 1A 1990 4EF 2010 4, R R B 2RI (1) 73 R R RIS A AR
s, e A 1 b P 3 K SR A RN 15.88%, PR K B 36.55 t/(hm*-a), BRI L b (1 3 K S A
12% 747, PR R4) 3y 51.53 t/(hm*a). 82.29 t/(hm?*a), Ak AR FI I K S AE 10% 7045,
SEH K )0 73.22 ti(hmPa) . 4.99 t/(hm?a).

5 W5 aEL

AR RGBS . RS MBS, BRI . AKIESIDL R A S AT N R Y
M, INVEST #EMLZEAHERE] T UL EZAHER, HIPhgs RECNHER . InVEST BEAPPL 45 R E7R, 1990
A T PRI R S 2,72 x 10° ta, PR EHEE R A 564.07 t(hmP-a), 2010 4F, —Zndii
(-3 R B BN 3.04 x 10° ta, P HIRREREN 632.65 t/(hm*a), FL&k Fmfik FilFm . WS,
FEFRET: =@ EoE 8 v e g, SRR AL RSB MR IRRRE, XA
N MR, BRIRFIIREE 2 (B 1000 & H a8, DU T Al X3, =20 itk - e R r T R 8 55
MM 1990 4% 2010 4F, =Z iR LEREFEA RN, =2l g R A & T
0.33x10° t/a, MK FNIAF] T 12.03%, T35 I~ RF =N T 68.59 t/(hm*a). A 20 140 90 AEARA LK,
RESLAT T “CEPHEMEE” BUkE, X8 E KBRS TR KSR, R KRERE gk 1 R E KK
TR AR, oSSR TR IIER .

ZR0A) b, AR R A X B AR RIS AR 0, R E X E ARG AT, F
JEIN, —J5TH, SRR A, MR, XIS EAER R E R, W EMAILA R
BN, WO XA DR E R BEER, HOrH, BT R SR, EYEE S A
—, ER T EIEORRRRE 1 E R Ik, TR T = B TR P A R S AR K R 2% 1 SR T

AR [F) () R 28 R S RN B > bkHE > #FHL > @A > RFIH
My, FRCHL, ARHUREEHLPR AL T R R N R R 90% A b, = AR R F SRR S DL R
MR, A EHIAR 40%0A b, HEHURURR S B TR o5 L AT TE 209 0L b, T AR A M. AT FH b D AR
FIXHEE N, =FhSRA S AR & BT 10%,

ABRGUEL RS Mg E R LR R ILE AR, AT AR R A BE R VeV . AN R et ) 2 2
TR AN YYD I RE IR, MRHORE 4 70 55 B, IR RIR, WO IR RRRE U B A RS
MR B 26 fE, ATCARHSA YRV, I ORFRRE 0 %m: PR PR AEY), T B — e R s i, fE
BHESYEVD, /b L3RR hE, IR RRRRE SR TR AN B bt g IRl SR A M IR AR RE AR
BN, BRI R T ANE K )Z BRI R i, AR R ) IR AR RE R B2, AR Hh B AR R O b T
JUFA STV IR i g

gE LRTR, =@ R RS A A, B AR KA SR U R RN E N, iRt
BRI AES ARG T EEBERERE, FTUAEFRRE, MRESRGNEEMEY, ZWA
MR, WM TG, UK IRMAFRESESKEBERRAR, AR RIE X AT k4L
R
& H

IR 5% HL A S RAE 70 2 F8 1K1 (973 141)) (2015CB452702) 5 [F 5 [ SR A} 2 3 42 (41501192) B 45 7 B o
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