335 48
2014458 A

b BERL o E R

Progress in Geography

Vol.33, No.8
Aug. 2014

e R AN EEFRIK LN AR IR RE
KEN ERE KR, EAS

(1. BT M B S HF VAR, T BT 210093 5 2. S 24 B M 5 i , 5% fH 550018
3. ERIMYE I MRl 2R 2R B, TR 4000475 4. SeMIBRERE L HUFERBFSE T, 5EBH 550001)

B B el R R N AR A S R G RN Y KU, MK S T KSR R, A K S ) &
BERT NZET 31y P Ho i) A AR RS AR A S AR . 5 VA XN 3l R B AR AL A7 AL SF PR R TE X)
LD AR SOKIR IR R B 17 BRI, A BEIR R) R B e i DR e Y T BRI A 3R . ASSCAE XA
A FRGE LK SCER SRR A S, A 3t M AR A B 7K SRR, A0 Sl 0 P K — AR B B 52 A 7a K B¢
URAYTT SR T AT T K5 Gt KR SCBERITE 5 8l DX 15 25D T, ARS8 s DX N 35 3K SO AR G
WFTEBUIR S AN , S T A M XSG ShoK SN Y 5 AT TSRS, IR T BT rp A B i [
XS R AT NI B KOCRN 5 K B R

doi: 10.11820/d1kxjz.2014.08.013
1 515

IRAG IR R Bk 2 0 b — A W e — K
S K HER R Z RS A Ry At
A7 IR A5 2 il M 7K SCUE PR 53 1Y) & e i 34 (Oki
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DX T BB A R M, B R AR, 1 em
A 398 A s i) S A AR R B B DAY 10 45
ik 2000~3000 4F LA _I- (32 85 45, 2008), A L A A
KGR EE , A B A AT HA
PEo JIAMET T IERRE TR 2E , B 2 AR T e A
T T OB, 1A R AL, B A B
TR IR B RRR R DOE T AR
BEPE RIS A o S 2 1 A T T AR R V%
SEY & 168.62 thm', 5 Al 2 1 B X
AMR(170 t/hm?) FIFE R A 1 X G2 Ak (150 v
hm?) 1 A 9 AH T (I 22 55, 1991), £ S R4
A 1S3 T R R e T 22 BUSMER , 5 5%
SRR fE . LR, SR A A AR A
BEm R, S0 B TE K0 TR A5 b 3 b T i SR
KE WAL R T R R R T = 4K
S5k, FROKB I, I T AR RS RN
55U

TS KR 3R M A B o0 = 42 [ i
IKEEFG oh— B AFAE 4 KB s A AR
B3 i N o 3 B e R NS (3 e s 1 R 2R
5, 22 BUEE IR RETL , A2 S 2 5 I A R X
g, ZRIE B, Z AN N .
IR EAT Rk 2B A ), S 0 R B A 38—
P, 1K 5 4R K 32 ik, 7K 8 )1 R g8 %F A1 B
IR SO RS . A AR A R G e 55 U
KR SO RR IR | 1 B T RGN TN AR
M [ P8 7 5 Tk BURR A | B8 B HEAT ) A S e A 205
TN

3 NZET BN K SO AT TR

3.1 T HbF) A B7K TR

et 15 1) P N 2K 955 3 S5 30 = b R A A i
MoK SCAR R B IR B R 2 — (2 B I 5,
2002) = HiuUFI] P =5 B a0 b A i) X 3
W M R R U R TR
PE R T SRR . A S RS R
PRG54 SO T A6 b /K SCRN o AR TR
- o Oy 2 A A K SR | e A
P J5 S T 5% ) 3 B 1R 7Y I A R 5 3R £ 5,
2010), 3410 T 7K S35 A Bk BR A5 A i o (R
HETT S, 2013), A b B SRS 37 T [R) S R Ak i 3
T Y77 i i (Jiménez et al, 2006), 34 i1 T + B iR 2k
0] 5 i )2 5 e = 48 O ) ey 1) B
(T B e (IRAE 5245, 2007) , BV 70 R bl B bk B 47
IO, R R AR IBAFAE ™ B (B 1), 4
b7 3 e e K A S B R L ) A R — P AR
HRRIASEIR A AT, s LR A E M ZE A,
WA Tt — . BRI RS SECA R
TNKAK BT B, it R A R B4 i iR, HL
GYATHE R 5 A R AR SR HAG R A DG (B
45, 2003), LAk, AL IX S ARV BEE KEA
AN+ Mo A & AR HETS K R A K 7 45
il it A N ETE Bl , B A X O R 2
T 8 i IX A 25 A b X K SCHBERfb 2 Pk S = A T
I (BT 45, 2004), #i 7K 7K SCA2F 4R E
E AR R B k. (H H A s X+ R

1 AP RS RE A AR BT T A TR G

Fig.1 Soil loss under forest vegetation cover of the Karst region in Puding, China
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(7K ST AT 5T 22 46 v T 23 Hr G B — K A 3 22
FRAFZI , W0 ek AR A5, X R 2
F89 7K SCOKAE P 828 B S A 88007 R G i 25 A8 A 45 G

TEAE
32 ARARELEALEHXN EREK—RRY
=210

T XN Bl K SRS 5 o7 45 b5
A OKSCEZ TR R IFATLRA IR . 20 42 70
AEAR, AP A M X A A S A AR A
WERS RGN EZNE A S KRS MRk
Kb R KB B BIF 5 (Legrand, 1973), BUiS T4k
HERE, WEIEEs SRR, KR | AR 5
NI B A B K — R U AR AR S e I A
— B, AU RGO R L A T RK
I 2% 43 A3 2% 4k B4 5% Wi (Labat et al, 2000a, 2000b).
TSR B AE , CO M A s 5 R, RS
IR (GCM) AL Z5 5 B A & K262
) B PR M 5 i - S 2K B 5 Bk (Loaiciga et al,
2000) 17 A [ 3 3 AR I 0 A PR A8 1 1 et
ANTRY, AR o 07 A7 7 S 25 0 SR A I ) 25 7
(FFEIHS, 2013), XL T80 T AR R KR AR 1L
S U R AT S v, FEE A R B A
16 o) 2 B A AR R AR AR R
BKPGFR SRR (RIS, 2003), 50— 30 42
TR L, FEAR AR 2T Kk X, N2&% shin
SR R R R B R K A L A AT AR I R A
Y 3 9K 3 f5 (Milliman et al, 2008; 7K 2% 45,
2010), —SEHF oY AR AR AT, N 2T Bl o0 5 v 1l
DX VS S A 1 R ) 2 o <A A8 AR Y 52 1) (Haao,
Wang, Wang et al, 2009; Hao, Wang, Zhu et al,
2009), {H B IE SRR 30 HLAM R, 45 3 = 3
i, AT /NRE T . X% A
ANRUEE b, NS5 Bl REAE 6 1 [i) A s 2l 28 T 44T
T, AnAE B A B . B AR S R SR A B
FECZ A 25 TE A DG HECR/NEEAE, 2005), fin |
P S KR AT R R AR A N R S UL K
AE 18R (White, 1977), i — 2 Il T A7 R )ZK
PG ZR Gext S FL AR Ak e o7 () Rk | R, A2
BAE/NRUEE (/N0 18 L P XA B R S e R B
AR TR

ER eI R LIS AE AN E M At
Hh [ P R A DX 3R] 1956-2005 4F A2 I A8 AL BT

e, BAR T S e 1 F RS o, (H A AR
A b7 FAEH R EE S48, 2007), DRUE A
15 3 T B K SCE R B TR o A K TG A R G
BARMNEA G R M EAER G R G STER
TR L= Az BNALN , 2 A5 2 il HAE R R
BE b= A AR L e AT ERAEAE AN 2 L XAl
FEC T RURISR B K S R PR L R 4k

WA, RIZ A K—HEY— IR GRS
i 5 T A R AR R SRV i IE
] 3R (DL R IR S5, 2010), Horp £ 38 CO, FHFE FR 2
RIZEERG AL F 20K 3] J) (Yang et
al, 2012), )22 AR 2k A8 X5 P14 A8 b e FE
JB /N RUEE R B NI T Blyid ik X AR A 4150
SEVEN, HiESBERIZ G R 80K U=
A, A KT CO iR e A SR EA
B ARG EIRAGIR AR . Rk, 55 77 2L
PN LR ZU T Bl 65 05 22 Gelin il ) 52
5
33 EAKAMIREBERKEZEFEF AKZ

iV

TENEHHT 22 XU A T X, Bk AR 5 L (H
Mo B IR, W R AKME LIAEAE , K1) TR 15 il
R R KBRS R B IR AR . T A
Hi DXRRR 7K SCIRBE R, (A5 TR 4 917 75 T (] R
MERE IR, KR T AR B AR A DOE BE TR, 1
AT o A M DX KR T RRE 3R K SRR R
W P DX/ NS TS T BB, [ s = A=
T UUF — 2t 8500 O R /K F K T+ 8R4
VIS , I3 25 s 2R B R 2 B IR ) 9 Tl R TR
HHT A3 T (Bonacci et al, 2009); 22 X 3l T 7K v A8
AT X I U 2 ok R TR A, AT A B
T ISR SE TR0 ()8, (7K 2R K A7 o) 4
THk S5 DR R R R ST R E . Bk
TRV IR SCE S R GRS %
SN R BGE ) S Dy Re i s Bl AR BR T
DL TARPERORJZ T (R KR TR 200 i
WK SCA 2 R Gek s PR R A i 3 R AL
AR o [RIES, ZKOR) T AR it 09 AR SR KB
SOV (CARZK A T RERE ) - 20 [ SR KB PR R i A
PR A 22800 R, iy ke = 2 F AR A 5 AR

U L DX R K SCHb LA B A5 0 S BT AR
PR K ISR Y, KGR 0 1 S B e ke
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TGRS e [ R ) A A it . B AT, A M X K
U % R B PR R B 2 | AN s /K B8 A1)
FHERAE FIRB =K RZK 3R T 7Kk S
FIH A o KBTS A S 3 A 28 7K SCA8U [R]
LT J T —S6fff oY TAE, AHOCHFSR R, 1)
H KR T RERE it S o T 7K T & 55 T 8UA T R K
KB 14 K EAEH K BUK &8RP e 2= R
KA (RN, 2006), F1H0, AZEAEHEF#b
5 B KM it 23 ™ B 52 M 7K B UE B9 R FH (Loaiciga
et al, 2000) ; RARERAK | FFFEFh b T B0 K GE I
b MR K B IR S EOR e EI 2R TR
1R, A AR A P 2R T R, O e T b
TR A Z R

ST, AT IX KA T AR KoK B U5 I &)
HIFR 2 AR )Z I, S = SEREE LAY . It
Hh, B TR = A A] A B I SR, KR TR
T AR BT IR & A 5 E 2 oK g i &
KR, M A E R e t: e RS
S 46 55 Dy RS e 5] R 45 5 T B9, X BE AR, i
R,
34 AEBFHXNERMTKTLERTLEIHTR

IEH R

i A b R 3 B0 v R AR Ts e 22 A0 ki A
% Tl B gl A 7= 02 A s oK 15 Y i) 32 215 YL IR
(Leon et al, 2009) X H [ P4 g 7 75 1l XA i A 45
RN TEA T T KA FHRAUA 8%~15% 1%
FOSRANAE, 2006), 41 F K EI5 Y™ I LS
YU Z AR TG Y ) T AT A LTS G S 0L
TSP IR RE A AL, A HLIX TS YL ) 3 A i
MY B AES XA L AEE 22 5 o FETS 3 o7
M, 2T AR = RS B R RS &
Bsf (] 43 o W 25 SR R B e R 2L D - IR
B 217 55 7% 31 ] Bk JE 75 1% 7K 2 (Mellander et
al, 2013). 5 YL HG RE 2 BAKSE A A R R G
PBCRON , A Y B i AR 155 (Binsiedl et al,
2010), TEV5 YRRy B4 J7 T, 15 YL )l
b 75 K B A B2 bR 7K R 58 (Morasch,
2013), ZH 05K 4 A B I RS 3 E v
TKIE B ) 2 1 SR E A Ml R 7K 2R 45 (Vesper et al,
2003; Schwarz et al, 2011), {5 4<YHiERY B
W58, R 43 A 20K SCR RS SWMML, SWAT
(Campbell et al, 2002; Baffaut et al, 2009) X} 7 % 45

TE IR SCR G5 Y )i B8 RIS 1 #8471 AL
TR A ST AT e A i K ) v AR5 R A
IF BRI

FT LR K e AR S SR BN 5 TS YAk
WA O, IR 5 HE N K RSBk SCSEEEIM
K(Magal et al, 2013), ¥ H X REARAMAE T A
T, A SR Hb T T HEE R SR 0, A KRR
B T AEH A THAE , HEHH: DX RS I B A7 355 L 7
P HL N K2 TS YRR B R, AT L R
SE G RE Y B R R S AR TR AR MRS
b R A, X AR R ECA T L IX T K5 B SRR
FEMERE R A = R IR . B ST 3 R R
B2, AT IS 5 1 8 1B AR 240, TR
JE TG A BT RS T A N AR T T 5 7K A B )
JE S O PR S Bk K HORAETEAR K AN
Mo PR, R[] il X5 G g B K K 52 5 R 1 A
ANl
3.5 KRBV A X Y A A

A W CE T AKIE B & ST T 2 Fl
K SO . White(1969) F1 Shuster(1971) 43 5]
PR T A KO A ALY 48 H A R S oAb
AR K E RGP RALRIAFEIR K25 5% AN
AL A K A 2R AT AT X 4. FOE |, Atkin-
son(1977, 1985) & H} T = A JTAL AL, 5 2 &
IKIZAEAEALER PR 2 A B A I i i
B A AN T A TR, TR R A _EAFAE IR P IR
KRN THEZRARA. XEELREL
% Quinlan i — 48 T VU A FIRIAY A Ry ki
b Bk Rl FLBRTE b R K B R IR R T —E
PIVEFH (HENE S, 2005),  H [ 27 25 X0 e TR —A2 Tt
TE B AE , EME AL SERE S T — RS A S
TRSCHETRY 81N 78 Tt M A A DR 23 i 3 T 1 3ot 254
BT , i 1P P 2R SR AU PR gt R i i
IKZBOE AR A PP (PB4l 45, 1985), LAk, Fl
67 2R B B BRI e ik A in DA s An
TR AR AP AR SO | ML T KA | b 5 I B
B 2R AR S TR K SCRIF G R B BUS T RC Y
N R o L FR T T i X R 14 A 7K 45 ) B
IR A FE A 5 PR AR SCRERESRAS R ME S A
XK SCRE R AR5 22 B T PR IR

Bl TR GIS i B AR B & Je SRl 1l
FRIETF AL I 3S B AR 434 K SRR AU 2R
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W & J7 , G0 Ml 5 7K B 5 HEC-HMS , HSPF . SWAT .
TOPMODEL . % i Ji 4% 51 4% , H: i SWMM . SWAT
FRFRI N FH#E 22 (Peterson et al, 2006), 4347 207K SCHR
RUAE A A R/ 37 55 28 A (LUCC) 1 7K AR
TRk = M X K SCHHR AR S K S0 K BRI
G B T HEAEM . R, @R K
T 43 A SOK SO M R — 2 2 R (R
A, 2013), {H 5 A 20K SO R A7 7 B 25 43 ¢
RRFIA Y P I ML ) S 2 B AN 2 P )
TV M DX K SCIR SR AR A N T AR R A
et IR, N TR RER AR B H 25 78 %0 A T A
D) 28 (ANN) 25 56 AR A W7 I FH T2 7 T 3K SOl
(Kurtulus et al, 2007), A T 0 28 % 45 155045 )i 15 9t
A ik (AR R TR A REAS TR H R A i = ) 3
ps O L 5 R || 4 RN N S DY i A i | s
VPR, 52 EH R

SR L A b XK SO TR B RS
SR T EL A K SRR IR A o v i X ) e AT 3
2t e K SOBERLA A 2K SRl —
JE I DX sk A st () e 270 SR e, 235 45 R (8 B
ZIGEE ST T T ik BN T A2 2% e A
A IARE ik S R B G A, (R
&, HFAE RN TILBE B ER SR RS
FEZS ) oA b B e B S ot a5 xfE LA A
15,2 A BERITCTE 78 & I WEETR 22 Bk i
HEATR K T G R | 4522 2 (1452 W VR FH 5 &
ANBEAT B A 4 2 L VR T SR S K IR AR AL Y
S R, (AR A 1) 1o 27 3] — g BR il . R,
HAL G SATRE—KLRGE—EEREN
AR AR R R EE T 22—,

4 NI SRR SRV e B

SURASAAIR T A BROKAG B I i 14 5L T
IKBYAEPRAE AR BN XK G ER 5 AL 5 4 BR 1
IKIEIALAETAT , [ R PP AL 32 IX I P 5
5N B L 22 S LR G R . AR R AT
ST AR HLIX AT 2 2 B R SR AR S K ) TR
B NIH B R KGR 2R GE IR R AN BT IR 5
EEA WS04 i DR OK ST B2 T, A2
S ERE S RS AR KIEI R G CE Rl
ST T W B B IE AN o 1R P

PR, AR A b XN Bl K SCRUN 5T, g
FLLF Ly :
4.1 SETU ALEDSSBKIMENBESIIE

SERE AL (GCM) B 58 40 M oA SR S A AR
A0 TR B 2 8] 43 BRI HE DL B
TN S g ma iR (B BRAE, 2012); X
B A5 2 (RCM) X 1l I A = A2 IR ARIOR 85
U ABBHA) S EE R A PRAS R AR K, 3K (A
ST 5T W A S 3 5 A K AE B 0 i
IR A ATLELA 58 S0 R ME . A AR 45 SR B, 7E
B ANZEIE Bk B A CO MBS R T, A&
IR A 32 3] 77 F ) S TET S 1 K 9 R R (Loa-
iciga et al, 2000), PRI, BB NS0 30 5 A 5 KT
B me) o7 #E 5 AL A O B ane] T BR A AR A 0
VKPERRMIVER . ARk Ak 5 1v L an
AT RS DX o0 S A AR AL A2 2 1Y) BTk R X — 6
e -, HRTEORESE BAE— SRR oM T
AN N Sl 7K SCRE R Y TR, R A5 e L
YER B 3 A 15 B — 20 A 9T (BE 4R 12 45, 2012),
HWFIE s , AR (41 ARIMAX  PGSM #5541 45:)
PRI LS AT AR 22 5 (H R ki, BB R AN
JEYE B A 52 AR FH AE 7 8 34 55 (Hao et al, 2012;
Hao et al, 2013), FAAMEAY b 7 e R0 245 SR A 1
FEAER RN P, O T A28 (o FH 2 A7 K
AT A B AN T, DS B0 AR ADURG BE (R 2R . [
i, A b X S — S s A R e e 5 4%
R ARG R E A BARAT, T 32 K37
AR S R R RS O R TR A BT
TagE X NSRS, 25 L RTIR AR AR R A
ANKTESRIZITE T AR KGR R G o 1 45
) SEF R, A RKTEA R G T A A A
SR— N7 1) /KGR IR S pIL I, A R R AE—
TEVEIE N OB I E R 2 . RO R KA PR A
GRS ST, I ST il G AR AR A — K B IR —At:
SO —E R RE R GHEQRBIR EYA
M 234 e K K IR A 7 20 5 48 Bk
AR SR LR G R .
42 NKEDHRNEBKLBERSRBRBEABS

T E RN

Shy I 4 R A AE AR AR [ 2 R At e )
i (Schindler et al, 1999), 4 ¥ 1 BB G AT 5245 2
TR SRR AE Ry 2 Yl i, AR
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FEPE M AETEG L, I B[R] A57 R ABE0 X6) 5 ] R v
b T BT A5 SRR W, 5 b B T B AR DX
R MK BREE, 2012). 53 AMA A B 7 PR F5 S A
AT b BRI T ELA F AR, s B
X AR A b S I R, A %) I 1 Y X2 7 e o
A AR E T . B U SR h R i oE 4
R TG AR HE R AR R AR R A 9
A5, TR M FAB A A5 AV B B
TR #E4T (Zhang, 2011), 4 7 HL SRR I 2 ht—
IK—EEIEIR I R G FE , RGBT I B AR K
TG S K CO, & f i FR 2 o Adamezyk(2009) 1Y
WF SR 45 SR I, 7K ik R 179 15 i R 500k 3.45+0.15,
B ARG T30 3 IR 1Y 6.35, WK Hh COL iR 5 M
TR, A K COo, FEOR IR T+
CO,, MMl N3 Bl il (4 AE 9 3 B 8 Ak A Ak K
90 G S PR ) M B 145 CO, B i, AT
YERFAT AL . N80 gl T A % K a3
IR KK A COL %, 57200 s b S O B4 R AR
PEFIHEAR . PRI, NS S U HE RO AR 771 oot
U R M R R M [ B ) 5 AR PEA , RTOAR
— AR B SRR A, TR E P
A XS it ) R 25 5 A A IR ST PR 1 5
s TR A E A R IR ARG
43 BAKFRFZF A B ETEMN KX RN E

S EZ=Ae 3z 0b Al

SRR E R W S R Gl 1A
FH ot A s e e AR 2 ), A ik A K
Joi B 4 52 0 (Mlikkelson et al, 2013),  H Rij /K %895 I
RN G 55 1 D I 9 S S A A R R 1Y
HIHE T, DAZK G IR IR B AR R /K IR 75 oK & 4%
P, R ReRE SMRAR b B N Bl i a0 A B7K B2
Jifi 555 M PEAN AU 45 B o T (R 24, 2012), X
TE— o TR BE B RRAR T K5 5 e 55 1k D AR ) 4
PRI SEBRROH o ARV 7K 9% U5 ME 553 14 PP R
R B, N ZR5 % BB AR AL NI 5% e Rl
VS 7K AE I 22 G 28 A0 55 X0 5 1 7K B8 R 1 255 52 1 [+
R, R ET  K R UR A I & R A 58 7 T TR
I 2 FEGR . ARSI T AR R 12
R A IRAS B R RCR AT 29 K I PRl 5 R
T TR i (F 5, 2013), L RR2A & BRI /K 5%
R FHAS BB O 2 o T K 0 R 2 1) ) S e
FEA TR GENRTE R AR AR T 10, o T2 0 i X

PRI K SCIRBERHE AR SR T X LA S 3
A Rl A 1, 7 e e DA 2 SRR AR SR it i b T 7K
IR AR o B AT Hb T oK R B R U T — &
HI B 58 B (Krishnamurthy et al, 1996; Shahid et al,
2000), (7T Z b FRAEYE | K53 KR M A i
Je X IR TR Z RO, TAER R, M
PR L (R, ] R FH 5 b DX AR R S AR e ]
1 (e ] G R i X 2009-2010 4 1 K 2 409, 3T
FHYEAR R 50 M T /K Z (R SR M: , A1) i
AR 5 -3 A [T AR w45 B (ND VD A2 1k, AR Pt
B AR EE R 22 5, 455 kS B2 DEM U
Ko 3 HEAT A AR, SEB e T R KRR FLBRK 5
AR, it PR T ARSI

4.4 BERANEFSHIFET TR AT KTE

7Nz op=Al|

NG Bl &R 52 I KGR S Ak ) £ 5
Tt 22— FE SR G IR IR 1) ZR G52 sk il R SE 80
IRGEWRE T RREL R, PRBEA T S e T AT Hpak kR i 5L
filte AERFERWALE BT NEESFWN, ERM
R[] P 58 Y, D22 AR 28 R 43 T 434 B
BEER R W I O ) A ST SR ERR N R TE R
BRI /B S5 A A8 5 R R BRI TR i
o HARA XA L, ST IX AR T R AR
AR A K SCOKAE PRSBSOS H0 A A% PR B 000 5
s . HBTE 75 X 528 b
A 7K SCRAOE ) A 9 A /b i HE PR — B R Y F R
A= A8 52 J B 7K SR A 5T 2 24l #E LUCC
B9 7K 3CRL B (Mahe et al, 2006; Rodriguez et al,
2010).

I KR TR AN ) 43 0K e i, iy
K SCIE e AR 25 73 FeAK Jmy K AR SR S 4%
M KIS M —E W TR R e i S AT
Ty B REATOK SCE B R G 58 e K Ty fig - A=
TURIEFEE . N2 ST 5T A b XA v
KA AT R /K TR, i o 24T
T/ N K L TR AR A PR BN O BF 5 W R B, /N A
K TR A AR AR A B AL 22 37 w5 T R ARK R T
R (Kibler et al, 2013), BLAk, 28 it w15
it & 25 KR IR GEIR TR, FECA T LT K
Ak BEFE R K 5 G [l H 25 0™ W, CX A LT
AR GE R A Y R AR ) 2 M i U
Wo HRETHAT 150 PR 7R AR ERF2= BT Al,



5 811

SRZEPL A TR HLIX SIS BB 7K SO 5T B A e R 1131

I HIHB 73 W b o A1 16 A7 BR 4 20 B 5 (Sills,
2013), KL, NI RG MR RE—H B RS
—IKCRG" 1) LA KPR, s A E
T IET AR PR SRS, 24T KU 1
i, AT E A A R G RS T AR ) RO
TP SR S B T b DOK 58 I 00 B
(R, AR R R A E T 1)

5 NIET K ST FEME R

NI Bl S I 1) P 3 ) o 9 A S BB L
AR AR 5 R e i — e AR TR, XA K
SCHGER M ASWTHE K, 07K BER 28 4 i T ™
Jr o FURIT, i l DXON SR Bl 7K SO0 Rl
FE, AEIERPENLERITIE i A 70T RPAPAAE 573K
SR R R 22 57 2 7 AT s o AR
it ZEE A B R R A R S S | 7K
WR—t 2R — BRG] LSRRI,
FHAEZ W AR A Je N2 176 Bl K ST T T
g EEREE B IT, 8 R AT 5T HER AT
PRIATUS V8 3 XN ST Sl R B 7K B PR AL pL
i, 5 BHC B K TR, i 5 AT PR B R S 1L B
WSCRE, LS BUA T b IXOK SR AL 2 B AR
ARG PP ATHFLE R TR . aia AL, W AiE
i XN & B 18 7K SRS A5 7 T A e LA 7
AN TR) A

(1) B A5 7K SO A S i S HAN T P AL T
FTo NRAL BTG 3 B O 52 R i KA 0
Py EZRE, B K SO F X AT 3 L
FECIRIEITR I B 2 o ST Bl A A 2 25
KA 2K IRER I AR, 3 T A — K B
— A S AT A B THERAY I G OK SO, 45
NS T ESE IR R R LR S A L] 2 R
S5 N R OK SR AT RREE A S A 2 B nl Rk
JEBFERIPE RS . 5350, FE R T FETY(GCMs |
RCM) -5 fili 1t 47K SCRR R 25 45 A Bl O A5 R
FEHP, KT RIS 2 7 2o BB A T SE ™ A AN
B PERZ WL, A AR AT I Hh 23— A0 T, 4
AR T AR R A R B T HE

(2) NFEXF RS2 AR By i L S KGR AR AR B S5
BHLHIBETE . A1 Bl 7K SO I fin =T 3 7K
SORGERAE AT, A T NS AR 27K 3

IK BB AR T SR I I SR BT . R TR M AR
JZ L H B & TRV 25, R EOR R XIS TE
VX AW B RE LAFAE2E 5T o TEENRE S VE T, AT
ST DX T] 9 2R 5 SR IBGE 1 AT 30 6 R AFAEAR
K25 (Bohensky et al, 2012), 3l 117 Ji & B iR 54K 111
TG MEAT O R A R AR b X AR B o R
IKAE AR A58 o Bl AE A 2SR K 5 U5 R 5 AR
JBEXE NG s AT Rt s B N80 3 =
PRI, i 25 75 b DX Nl sh xS A K B R AR 1k
14 S5 ;SRS A IT TR A SR P AR 3
PRI T B
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Status and prospect of the hydrological effects of human activities

in the Karst area

ZHANG Junyi’, WANG Lachun', SU Weici**, ZENG Chunfen'
(1. School of Geographic & Oceanographic Sciences, Nanjing University, Nanjing 210093, China;

2. Geography and Tourism Department, Guizhou Normal College, Guiyang 550018, China;

3. Geography and Tourism Department, Chongqing Normal University, Chongqing 400047, China;

4. Institute of Mountain Resource, Guizhou Academy of Sciences, Guiyang 550001, China)

Abstract: Under the background of global climate change and due to the vulnerability and sensitivity of Karst

ecosystems and rapid exchange of surface water and groundwater, Karst hydrodynamic systems respond prompt-

ly to human activities and environmental change. Human activity has already become the main driving force of

environmental change in Karst areas. Environmental degradation caused by the use of Karst water resources and

human activities directly or indirectly influences the Karst water system. For example, biodiversity of caves

have declined due to groundwater pollution. Vegetation degeneration, soil erosion, stone desertification, and oth-

er environmental problems caused by human activities have had a serious impact on the hydrological processes
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in the Karst region. Thus water problem has become an important limiting factor to the development of the
Karst region. Based on the research of Karst ecological system and hydro-environmental characteristics, this pa-
per focuses on summarizing works on the following water-related issues in Karst areas: hydrological effects of
land use change; impacts of vegetation change caused by human activities on precipitation and runoff; hydrolog-
ical effects of Karst water conservancy projects and water resource use; groundwater pollution and transmission
and transformation of the main pollutants. On this basis, the paper summarizes the coupling mechanism between
human activities and Karst water environment in the face of global climate change, the impact of human activi-
ties on the hydrological cycle and geological carbon cycle, as well as Karst water resource use, vulnerability as-
sessment, and cave biodiversity, including the impact of environmental change on water cycle in Karst areas ow-
ing to short-term development, the effects of water conservancy projects, especially large-scale projects (such as
cascade development) on hydrology and ecology. In recent years, concerns of global environmental change, es-
pecially global climate change promote the rapid development of the global carbon cycle research. Further study
of the global carbon cycle and carbon accumulation process is dependent on a better understanding of the social-
ecological-hydrological-Karst system. This system restricts material recycling and energy conversion of the car-
bon, water, and calcium cycles in the Karst area. Current research of such system focuses on the impact of hu-
man activities on Karst system structure and function, which ignores the variation of human adaptation in re-
sponse to global climate change. Because of the fragile natural environment in Karst regions, the impact of glob-
al climate change is more significant than other areas of the same latitude, which results in more significant
adaptive changes in the socioeconomic systems. The study of adaptive changes in socioeconomic systems in
Karst areas and ecological processes and their environmental and hydrological effects, therefore, will further the
analysis of environmental impacts of human activities from the systematic and global perspective, which has im-
portant theoretical and practical significance for further understanding of the role of human activity in global en-
vironmental change. The research of complex hydrological models and uncertainty quantification, and the study
of human response to environmental changes and water cycle feedback mechanisms are the focus of future re-
search.

Key words: Karst area; human activity; hydrological effect; Karst water resource; prospect



